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Nuclear Physics in Energy Region of Tandem Accelerators

Abstract

A conference on the nuclear physics in the energy region of tandem accelerators was held at
the Tokai Research Establishment of the JAERI, for three days from December 19 to 21, 1968.
In the conference, about eighty physicists of the JAERI and of other institutes participated, and

the following six sessions were held.

Session 1. Present status of Tandem Accelerators

Session 2. Some Topics on Nuclear Physics Using Tandem Accelerators
Session 3.  Optical Model

Session 4. Nuclear Transfer Reactions

Session 5. Isobaric Analogue State

Session 6. Compound Nuclear Reactions

This report is a collection of thirty-two papers presented.

April 1969
The Conference Organizing Commitee : MiTsuii Kawai, Micsio MARUYAMA, and
SHiroH KIKUCHI
Editors : MicHio MaruyaMA and SHiROH KIKUCHI
Tokai Research Establishment
Japan Atomic Energy Research Institute
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1. Topics on the Tandem Accelerator

Kineo Tsukabpa

JAERI

Recent developement of the large tandem accelerator and prospective researches on the heavy ion

reactions are described together with plans of some tandem laboratories including JAERD.

L $UFLEBEY vFLIMESR

1.1 &5 nsEE

2T AMBREE D HEONRE 1 2ERMNE V7
LABTH BN, TALF—FWEELTRE MeV kb
RFRDs —o vBEZE OB 2 TORBATH 3.
FVTAMBROKETH BT IV F—HEESD
DAF YV E—LA, HFEVREBRIZ VY - E— L THE
KBREBCUB, BEE P0RBERIEBEBELDE
FICBPALLS LI EROTICHRAE 125 HRT
5. LirL, & vFrmBEBROSEOKREIL, Nk
TWMOHEBICLVES & VinROEBEHLL Y, BT
FORE L VFATR, BICChBHEOEFARE LA
3. Thitk->T, BxavF—gPEORER, 20
IR TARECHET 2 ENBRHEING. B 2+ VinE
BRFEOBRHICEER DI,

a) BEAAVREIBICK > THREFABDP SAFLRTH

fehE FREGEBLUBERE 2 32 & BT

3.
b) BARKSBOAEBHBREZHLAL T ENTE 5.
© AHEAFVILKZ7—u ViR, BRI —

O VEBSBOBADL I, BHILk - TRBEG

EROBBHICE > TRIRGE ZHAKICHIIS &

3 5.

d) AHEAX VOBRRTOEHEHTESE V-

Y, BRESEOREICRESHPTU.

ULh U, BEA L VINERS  ORMEKE S, %
72, BAA VERTRELDOF + VA vMdh, NE

PN HERBELL, REGERBELHRELTAS.
BA X YRIGOERIE, $§TRSAF v o944
e YRES>THHERINDOH M, KBZ VvFoD
HBEKE->TY 7 VETHERUES 4 VI, Bz k
WF—FEE, BXURBRv—aBBOhALSIC
D, R COBEOHMIKRELHETETESS.

1.2 $UFLAIMEROES EBEDOKEL

L2.1 SrFLmEROES

ArLvarez (1951) K K »T & ¥ 7 & S0 FEH
revival ¥, HArRE S0 HNICE - CRKEW R — D
IESENTAREL 12D, DT Van de Graaff g T~
4 ¥4 P HVEC) itk b Chalk River iz 10 MeV
g v7Fa (ENE) o Shi (1958). BEAEHRA DI
3% 50 B4 7 alESE GEEP, BIUERHBO

TABLE 1 HVEC tandem accelerators

w5 e L
m MFEERLE = ISR e e
V) o) B )| (R MeV) |(mm) |(1568)
(MeV) : B
EN [ 1.56~6 | +1 3~12 <2ﬂAat§MeV 3¢ 25
3 12
FN | 2~7.5| 1 | 4~15|/ 4 4 104 | 13
8 10
( 4 15
(18.9)
MP | 3~10 | x1 [ 6~20 [/15 6~12 | 5x10, 9
as5)t (25 12~15
10 15~20
XTU* 3~16 | +1.5 6~32|/ 5 6~12 | — |Suferh
(20)%* <1o 12~15
5 15~32

* TURORIBE. TU BiciZFHE D injector, solid state
stripper BLUEA + v ABEREMEBNE OIS
naFE

o RETBEE
T SFe f£F, MATH.
tt LASL o572 b.
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TABLE 2 Negative ion beams obtained using the diode (*),
duoplasmatron (**) and radio frequency (***)ion
sources. (refs. 1 and 2)

B4 4 144+ vE 1 % VB
H- A Z—F* 600 ©A
He- DP** 3. 1A
Li- L e detected
B- RF**x <1 A
c- RF 4uA

(NH,)- RF —
N- DP —_
o- RF 25 uA
O- g4 F—F 20 A
F- RF 25 A
Si- RF 2-3 4A
Cl- RF 25 uA
Cl- FAF—F 50 A
Br- RF 10 A
Br- A4 x—F 50 A
I- RF 2-3uA
I- A4 Ex—F 30 ¢A
Bi- £ F—F 0.2 1A
TaFs LA Zx—F 1¢A
U- DP —
UF,~ A Zx—F 1puA

bOEED) BH DY, KEHs HVECOBRTH 5.
BEHORADOS i MP BT, 1 £BiZ Yale k%
(1966) Db DTH 5. ZHIIHTFEE IOMV TH3.
Bt Db D2 TU (Trans Uranium) E 3% KT,
HTEF 16 MV GRstEE 20MV) ThHA. TABLE T
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HVEC 2 vFAm#EREOT 15, TABLE2 T4 &
BEroBons84 4 YEROFV? %, F/ TABLEI IC
BAA YD oBA A VICEMT BEMA LY v/~ DFh
ROFIY 21T, BEA A VED 1 D2DHEE LTI,
200MeV 130pA U 4 4 v (U 7)) 8BS TH
% (1966).

1.2.2 KBS P ALRES

BZEEF O Brookhaven E Y ZH Db DOEAT
b5, chiz2H0 MPRAESICOIRNWIE3IEE V7
LNRERT, 1965 fEicEEsthE b, 1970 FiCEHEE
ENBILITETD 5.

TU BAERTIHETRADOSOIX, KE HILAB
HETHB. Fig.1 BXY Fig.2 it R_rdLHic?, TUH
BIUOMPREIABENICHESIBRZ vyFANERT, A4
Avax TU ik inEL, MP oBERFICE bl
Z—%y F &k RUBEERDI TU &Ko MP
OTF —AICBELUBBROWO Bdd, H30VIEEER
Fickdrked: + T vVATRIBZEAL, TOKRMES
OBRHY 7 F T —2NCGEFET 3. @A+ VOR
HOREEVRBNDE I3 yFRATRCES. FHEsh
B4 % VEROHIA Fig.3 1IKRTY. R E¥siz TU
BLU MP 0 3BIMEDBETHY, TEH3 TUR
2 YFLOLEDOENTHA. Figd [T)— o v EREAE
Z TS A RETS target-projectile phase space %-7R4 .
Z @ HILAB gz ANL, BNL, MIT 7z PO RS &
HVEC o#hitk ~TETbhb. HVEC 2 TU &
MP 2BE L, ZOHMAKHEFRBO OB FET

TABLE 3

Percent populations of ¥I charge states as a function of energy after stripping in 10 #g/cm? carbon foil or

in 34 yg/cm?® oxygen gas,

ANDREWS et al. [1963] (ref. 1)

Beam

energy  Stripper 74+ 84+ 9+ 104+ 114+ 124+ 13+ 144+ 154 16+ 17+ 18+ 194+ 20+ 21+ 22+ 23+ 24+

11.7MeV C-foil 2 9 6 21 21 6 9
12.0 MeV Oz-gas 26 15 8 4 2 1 0.3
16. 9 MeV C-foil 0.5 2 5 1 18 21

13 7 4 2 1 0.2

17. 4 MeV Oqz-gas 13 8 4 2 1 052 0.2 006 0.03 0.01 0.002

38.3 MeV C-foil
39.3 MeV Oz-gas

3 8 12 17 17 15 13 8 4 1

6.4 35 17 1

Txperimental
AraC
|10 Yon Crane

Camtrol

& Ton Crase

I [[FFIT
LT

{8 Ton Crane

Fig. 1 A simplified plan view of the HILAB Accelerator. (ref. 3)
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Equipotential
::r(.:! Analyser Steippers Shield Inflection
e

MP A TU

Fig. 2 Functional diagram of TU-MP Accelerator. (ref. 3)

Bromine Iodine Uranium

Analyzed Target current as a function of cnergy, in the terminal of the MP

— T T T T T

ot Br

18-10

g 20-12
i
H

200 300 400 500 600 700
MoV

Analyzed Target current, as a function of energy, in the experimental area A

1o Br

Particies/Second
[}

10"

"
106200 300 400 500 0156 206 300 400 5060 o
Moy MoV

. L 1 s L
100 200 300 400 500
Mev

Fig. 3 Expected maximum intensity of analyzed Br, I and U beam at HILAB.

(ref. 3)
Upper half: TU (16 MV)+MP (10 MV) or
TU (20 MV)+MP (12MV),
Lower half: TU (16 MV) or TU (20 MV).
W TH%. BEHHTER 1970 4.
9ok - % ] coft, TU 2 v 5 AMBEERDOEHEA & - TV
sl % % A3, ORNL, MIT, UC % & ¢ % [E Manchester,
.::‘:’: é Birmingham, Liverpool X H &1L ETH B.
70+ % ﬁ 1
_ 60} 1 | 1.2.3 KBS Y7 ANEEEERT SRMEOHE
M ) 7 | o momEmmETcLsERS
= IANFE—NELBBHEONTHARKIEDE S 133
™ a0r 1 - THERSOESHSAELY, KISOREARIICK
30k 7 3. ELBLVEISNTVE DR,
’ Inelastic scattering i€ & % collective state ¢ excitation
208 & deformation parameter (B3 2 BT,
101 1 One nucleon stripping or pick-up reaction £k %
0 A ; . % LS . , R spectroscopic factor on parentage coefficient O HI5E, two
0 10 20 30 ?(Prg?e ct?l(c)e) 7080 %0100 nucleon stripping or pick-up reaction {C k& % nucleon
Fig. 4 The target-projectile phase space available for pairing effect, (p-n) residual interaction, high isobaric

reactions above the Coulomb barrier. At the zone spin state DOFFFE L,
boundaries A, B, C and D in the figure, the pro-
jectile energies with 1% relative intensities are equal
to Ecs. (ref. 3) state DAL,

Elastic and inelastic scattering i€ & % isobaric analog

A: TU (16 MV)+MP (10 MV), (gas+foil) Elastic scattering ¢ optical model analysis, {RF#E1

charge strippers,

AV » B— AKX D spin-orbit potential @ ,
B: TU (20 MV)-+MP (12MV), (foil +foil), P it p W

C: TU (16 MV), (gas-+foil), BETHE. AMERICENTHZOHDN L DHFE

D: TU (20MV), (foil +foil). BMELTEDDTONTNA.
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DERRTH 5. Fig.5 IT/R L7z nuclear periodic table® ¢
LT, REROHE 3 opEFREKOHIE LT,

"o L v 1 T Bl A 1 L) T
82 126 184
126
120 | :
7 N7 Y
100} AN Y SR
- . 9 -
[ so — —— -
g 80F " ] 82
c 14 ( DA
S $OF ozsao |\ L/ 1
¢ w
& vl 4 T -
Be. 28
20[{SF L 20 1
e
e
0 : 2 l 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 (80 20

Neutron number

Fig. 5 A schematic representation of the nuclear periodic
table showing the closed shells of neutrons (vertical
solid lines) and protons (horizontal solid lines). The
dashed vertical and horizontal lines represent semi-
closed shells, which have an effect on regions of
deformation. The thin banana-shaped curve appro-
ximately encloses nuclei that have been experimen-
tally studied. Regions where nuclei have been ex-
perimentally observed to be deformed are indicated
with cross hatching. Additional regions where it is
reasonable to expect to find deformed nuclei are
labeled 1 and 3. (ref. 4)

"Br + 33Cs — 2*Th+4 n: Ecz=326 MeV, Emnax, =346
MeV

07Ag-107Ag > 2Py 4+ n: Ecp =465 MeV, Epaxe=
465 MeV.

doubly magic nuclei *#2 5haBEH 21 Xiu
RS RIBOAE LT,

2445 Puiso+11%4sCdes %142 Y 218> 2°%114X 154+ %225 Nias.
TNHDEINWRIETIE, HEKERD QMEE LT,

Q+Ecs=0
ERBTEMBEELL. RS SITRHEICLS L,
CDEIBERUBE L DBRCHRLINELITHB.
© 7—urpig

7 — o VRSO collective IRHEH 2T~ D
CHEABRBRTHS. 7—o YEEIDDTHIBENA
HrrxrvF—7, BENKBVEEAHTZONEHT
HB.1-EZ I, PPb @ 2.6 MeV collective 3-octupole
state @ 7 0 — VN ERIT, 20MeV afi F7130. 5mb
BETHBH, 350MeV ™Br 4 4 T3, #1000 {5K
&<12%. i, BHENS U 0B4A, EsilEFLLT
ANF-DEAL VLK BZEEI — 0 VEHETIZ, A
A Z vHt 80 I L 88U T2 most probable spin value
MENENIBRP 28 LD, KEREEELS.
d) 7—ovBHR

B4 vOBRBEHICLIRARIT, BOAKKFICK
5 H DI~ T saddle point fF#TD energy deformation
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curve ZEHMICLORBZDOKEUTHZ. BESHBOL X
WEIE Fig.d IKRONBXDICY BOEREOZICER
CRKFETEITHAS. ERRKEN/ A VEARLT
adiabatic K AEE I 5 L, BKRBETxLF—IRAE
KRN IRGRERET.

-7

4¢ (180"
“(IGO ) (mb)

——— -t

E(CM FRAME) (MeV)

Fig. 6 Differential cross section on the center-of-mass
system for fission, for A (incident projectile mass)
=100. (r./4)? is the elastic Coulomb cross section at
180°, and is the maximum possible. The arrow
indicates the point where the closest approach r.
equals to the range of nuclear force, assuming ro
=1.4fm (ref. 5).
4B=Bs—po
Bo: equilibrium deformation,

Bs: deformation at the fission barrier,
I=I (B),

I: rotational moment of inertia.
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BERMALTEZL SN TS £ 7 A8 HEIE, RO
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2.1 BRAR

HETF—<2EBHRTEE,

a) BOHBERFBIUCHETICX 3RRIBE#EED
R &, pEFirX 36013, RERohFE
BOZERT, THFr i v¥F—@EDILA, FED
HFick aRERE.

b) HEA A VREBIKE->THETRERK, BLIUBY
7 VYRR ELERL, TOBRBEOHELTE L,
BLUEA + YRIGK K BERE, B#E Ba%
BB OME.

DEiogBEOBRIKE, BORFBEYOEAZ Y - &
—LDRECL ZEAROBBOEARNIIHE, BLUKN
FLERBETOMEBEMERICES L I HEOWME (&4
& channeling B, ARAEXKB OTHZ DBRFAF
BULBERIBEBORE C > T oREBSBCEbh
%) BEZS5NTWA. ¥ implantation £ & 3 doping
bERAKRDOSZBETHSS.
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PlED &S 5RO ID TUR 2 ¥ 7 anfdz 2R E
T5. AB®RMHE LTE, 7—Z0EHER, on-line mass
spectrometer, electrostatic analyzer 35 & UF hot laboratory
BEBKETHS. BY 7 VIROWAIKE, Kiclh
TCHRUABRIENFEEHRNICERT 2 200
RERMTS.

23 FW, Y446 -Rrva-), AE

FHERI,

a) TUX % v7 AMmEREKE 214&H

b) MERAAKOMERM, BIUTAREERE
13f& M

2 VP AMBERICONT 5
c) BEBIUMEHREK 7&HA
gr41&M

BEBIUTA MNCETAIHMII4EXTHS. Ei
B2UBRHETBIRY, =¥ Y24 ARERRORE
BYE, BLUBBHEREOMEDEIIC, RHFEAD
K%, MEBBEOLREHEICIHEINIS.
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2. On the Kyoto-University Tandem Van de Graaff

Jiro Muto

Kyoto University

Technical experience on the Kyoto-University Tandem Van de Graaff is presented. Especially, the

quality of ion beams by the use of gas-stripper as contrasted with the use of foil-stripper is described.

HKEVFANYFSS —7319664F1 H, LD
TFa b vEe—20Mm#EESs T ORE 10, 11, 12 A
WCERHRA A voEEB Ly, HETOPRICER L
B8, EOHAN T ) —OFEA, InEEBORED
D 1ERRETH - 7. 1968FEE X D IEW AL M
#HU, REBFRLsLCiik@AEL, SMV %8253
CE -7z #E—24% analyse 849 0.2 A 2B TH
5.

PER, B stripper & LT Or-gas i LTHT O
H, In#% O analyser magnet Fij¢(D Faraday cup T, B
KE D AHAA A vEE ERAEHRE %7~ 3 (stripper
gas OWBICKE) CEARRLUL. ChiRZBHAHO
R, MEEANTERLEL2DE Mo O-on hfimE
TRTHRTCVWBCEICEBEHBALL. D O-ionizid
THFNF—EBEEOE L DMAGDLENDHD 5 50T,
analyser magnet 2B LU THE DL —a% EDHLTH
Zohica 2 1L UTRATEDOTHED UTHRT
BAEDNFH 5. Stripper AT T A NVF—D/NZNRIK
BRI sweep TAFERENE, EDORT LB
N3, bhbild oxygen-gas-stripper % carbon-foil-
stripper ICZEE LT OHRICET) U 2. Foil-stripper {X
5 pgfem?, 10 mm¢ D CHoil # 10 EAEALH SHBIEL
5B5ARICED DTS O T, foill KOFMIT T M
RTE TRV, BRTR p, d ot LE 10 B2l Bz R
2 TV3. 43— 2ORRRB—HF 25 F5 & deut-
eron 6.6 MeV D& X ABA 14 4pA, InHk 1.4
LA, analyse % 0.25 pA, target | 0.22 A TH 3.
analysed beam MBI H X stripper D & ZTL LRTH

SfEFEM EL. 20EHIIEE LT, HIEL stripping
canal QEE L foil DHAEE DRMEMRECL L EE
Zohs.

EEOADE B ODESHC ion-getter pump %A%
U7 D THEWR L O BEAR S & DD THEITK - fo.
S b7 —FORB%E 20mm 5 28mm K EFC &
Kk, "V rOBRCEDLEERTSIBLDICE -
7z. Analyser magnet & switching magnet ORI % &
BTEADZ LRI T A VF—EEREDOHTHEIC
ot BREOEADHER B T 12572538, belt-drive
T— Y —DR—=NRT Y ¥ IEFHK 800 BT 0F
BTHEGEZBCITBAIE-TVE. COWHIIEEE
Bicnb, RETTEHERET 2320 T, AEOH
THLELEEESBIROATOESY, Lzt~
Vb oFa (1000 KRELIE) KO R BB X5 UET S
FETH 5. REOEERRIZT D5 » ARICK 800 Iy
81T, proton, deuteron, oxygen-ion DA B L 12 - T
W5, BEIT oxygen-ion D72 gas stripper A3
FLTOEH, ¥k stripper #H3% gas H3R, foil
ROVTNICHAMWRIETURL S B XD uFkiEs &
DOUF B ERERFTTH 3.

BYFANRYFST—73 5 TvDRNEAIE, =
OO THENDPTVEETHD, FE2ZOMEEATER
BETTES. LR FAOREEOERFTLICH
BLONBEIBILVER -TOS. FIT0ERE
EHELULTREA A VREBARCELTED, thiRK
T4 & VBRSO RBREEEB LN IOEZEZLTH
5.
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3. Control of Beam Transport System

Isao KuMABE

Kyoto University

Three new control methods were applied to the beam transport system of the tandem laboratory

in Kyoto University and are being used successfully. (1) Beam position indicator and stabilizer in a

scattering chamber. (2) Simple control method of beam transport system. (3) The biased quadru-

pole: A method of steering accelerator beams.

1. EX2NE

HAkZ vFLAEMBEZREOE—~ A FF v2E— MR,
LTI~z 3250FLha v ra—vEEZRNE. C
DlieHILE—LDa Y bao—REFICHBIE >0
T, THIOVTHET . F£#3FHO ORIV Vb
VREBCBOTERENbDTH2M, F1BELE
2EHOBORDLDNDOUBF LI EZERLIDDTH 5.

2. HKEBCHEFIZIE—~LRIREOD indicator &

stabilizer®

E—aMTRABRAEOHORY v P EHIED E— 2
al) ¢ —&—"T®D edge scattering (T IEMMEE.D EE
KBNT, FIFAICk S background tail Z{E3%.

YA i hAEBD E R B fediT, ROL S BHESE
BELE HMABRAOHRORY v P TO edge scat-
tering |3 supplementary magnet &8 15/¥y 7 v 2 H
WHZEicky, BAseoh, IoREEMEICIIY—
AN A —F =R,

UL L5, COXINRE—La ) A—2—1RLOD
EaiiR, EEMEOAEDE X, HE50EIE—LDT X
WE—RBEZ L FICE—ARBE—4y P ORRITRKT
WALESIHLETHSE. ThEHS DI, E—L4fl
B indicator & stabilizer system BELHN, bhrbih
D& VFARBRETAHOLARI LTS,

Z @ system (D schematic diagram {3 Fig.1 IT;R& N

*BE KT

Fig. 1 Schematic diagram of the beam position
indicator and stabilizer system.

. HOR Y v b S2 @ beam image (2R5 FEEA
M2 & QEHA M3 &itk-T, 2—4v b TEICE
®Ehb By o7nvTha E—oiGs~-¥v L%
T - 7zi#ic Faraday cup it A%. & D Faraday cup @ h
RY v S35k 5.

S3D2HOBHBOBWHEIIEZMES DA THIEX
n, ZTOHAR M2 DFSHLICHE~Nwakwya
A4 v HC ~AEhhn 5.
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BTV ZIE, S3IBVDTE—AMEN stabilize X
h3D0TH-T, TETRIL. LhrLisd, TES
3 DB EEREIZ HC & S3OMDEMIC 5Ty S
BAEODT, TETE—ARBIERMIC stabilize X
h3. EHICHCOBKIIEBRBICBNTIAdE—2L
ArBo indicator & ULTHRWVWOR 3.

Fig.2 3 ZHHIEROE¥ETHS. 250 FETT1 &
T2RAHERELTHWONRE., R v FOBEERKI
1I0M oERABE->TH D, E— LEH integrator Bl T
Brhs. FET O0FFCHOAAER (5108 4 —4)
D tzHic, Faraday cup & Bl O TOEROELIIE
BTE3REDII.

O+24v
15 %
8K 47K 5.1K
O +12v
SKYR
NaU_Y T 12 L%PUT
nom 500VR : 10M
O
ov
47K
A
13
10K 15K %!.ZK ﬁ 8.2
-
-i2v
O
YO Bl
TI.T2 3S5K!14 T3 2SC476 T4.T5 25BIt7

T6T7 25B222 T8.T9 2SB248A

Fig. 2 Circuit diagram of the difference amplifier.

Z ORIERIT 2.5x 108 @ current gain 24D, TS
bbb, AHiKB3 0.4nA OBFEIZ 0.1A O HH
BRICEET 5.

TMeVEEFDES, 0CIADDHCERRZT Lo
beam spot @ 0.5 mm DB E)ICHEd 5 beam deflection
ABrd. 50nA o~ ALEH, beam spot 2mm D
& %|i3 stabilization factor |3 62.5 &715.

bhbhid<=4 5 —7 4w A LI ZoS 2% 1o HD
Z2—4 v FERWT, TO system 25 R b L. M2
BAE 0.1% EiLx€ 3L, HCERIZ0.1A LTS
B3, #—4"v b LD beam spot DBEHIIR LA LDD D
BN EWTH -7

3. Beam transport system (D R§BL7%: HHED

R OMEBREESE T beam switching system 53§
VWohTH3S. E0HIEEL OQBHREA L RABEA
BRAVLRTHA.

I, ThoDBHRADEN I3 operator KL -TF
BTy FENBE. 22—y P ETE—LDIWVWEEREE
Bo10iC, ThoDTERAIZ Faraday cup 5 i
viewer ZFNT, TELLBBINBL TR ST,
E—AIRZNF—%BEZRC3EERARROFRE
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BUETH?B.

b LEL OBRAORKHAMNER I NI L 5B
AD set-up time FARIBICHEL L, MEZEOHRIT G
IC excitation function ORIE DFE L IC) WinT 2 TH
53.

C TICR~ 5 &#RI2 beam transport system (T34
BT o SHBRTH B.

31 R =

£ HD beam transport system T3 R BRAIRZEEL
EERICED 10 DIFEB\BI T3, Fig.3 3EE1L
EBg O fFBi7L block diagram T3 5. Reference |37Ké8
BHEERF v/ YIA—Z =251 5T 5. Reference &
feedback-loop DRIDED ¥ v L 75 3 & 9 IT regulator
amplifier L XD HEI|I N 5.

Regulator Magnet coil
Reference amplifier power supply

Continuous

feed back

Fig. 3 Typical magnet-coil power-supply regulating
system.

FTE RO LAEETS. 1) WEo®wZiIZa
A VERCERBICEATS. @) ex7Y) Y Ri3FEE
W&,

BRA T4 VERRFe 4RI AEBRERNLEE
BicErcEfm SIS, 3185bb5, b U Fig.3 @ reference
DIKEREHAS variable voltage supply (VV) kKEX#
Ao, Ry, Re SBYLEICEY PINBLLHIE, VV
DEEZEMARINTOERAERORKOELEVEE
¥ 2hwz, EBROREDOS LTCRINTOERA
DEWIT VV @ manual control 04 TREICEIBH I

]
)
1
1
i
1

BYE I S Y |
s 's Same as i
- | left E
R | E

,]WLlM ‘ _____ -

Fig. 4 Circuit diagram of the simultaneous current
control system for magnet-coils. VV: variable
volage supply. CA : chopper amplifier. PA: power
amplifier. M1, Mpy,... : magnet-coils. R;, Ra...:
potentiometers,

5. L LBKNE, SVWBHAT DLTHLOERT Y ¥
AWH5. RABRAEOOLTLOEARATY YRiZZDH
O2Y v bTHYOE— 2 shift EiEdT3. Y v b
stabilizer 2%} 32 L ic kD, COREHIIRRTE 3.
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BEWAOBOR) v b oDREFESELEZENIBRTH
BEL, BREOAB24 A ~BFEIN. cokdrT
hid, v—2al3RY v b stabilizer ickD, XY v+
hiRAES LD ICHEIRICHB I NS,

EVESERL L OQERAOCERERARD IV TS
ELROODT, EAT Y Y AOMBERERLTIL.

Simultaneous current control system ¢& slit stabilizer
OEEFEEI T LK LD, BHROBRADORE DR EIZ
VV @ manual control 77 CRIRHCHIBMINS.

3.2 WRYVFLRRENOHER

Bilic R~ 7z simultaneous control system [2E A% v
F AEERZE D beam transport system (CHEE Xirfz.
Fig.5 iC % beam transport system */R3". EEEEEI
Fig.d LIZLAFRAUTHA. COEARKREBESTER
F o slit stabilizer & U TR BIHID & — 4 4L @ indicator
& stabilizer pfEbh 3.

| Tandem
AM Ql
— =Sl

SM
Eﬁ HC
i Q2
i\ )sc
1 &fs2

Fig. 5 Schematic diagram of the beam transport system
including the beam position indicator and stabilizer
system. AM: beam analyzing magnet. SM : switch-
ing magnet. SC: scattering chamber. Qi, Qz: Q-
magnets. S1: exit slit of AM. S2: slit in Faraday
cup. DA : difference amplifier. HC: Helmholtz coil.

NRYFT -7 EBOEC—LHTABRARKD 2
DOEMIKEDIR TS, E—azixv¥—%0HT 5
Z & &, terminal potential QRFEALIC Xt % energy
error signal 2832 ¢ ThHA. THbbL, HOXY v
MO DIETREBEIBR THE LN, terminal ND 3
R4V oD atHEE regulate 5. £h
Wi, HWRABRLGD A VEREE/LES T -4
T ANF—BHBRIICENT B.

IhSDEBERAVWACEIREYD, dLEA ST
ANE—DE—BIOERYTE~7 v P EICERL
1o, £0%iE VV 2R ¢ 570 T beam spot %
=4y bOPRIERSFEET, t—nzir¥—%

E—AbFFVRAE-TPROA Y P —IZDNT 9

BEHICEZ B ENTEB.
bhbhid~A 5—7 4 va BT ZnS %8 - 1z B
2—5y bERNT, CO system 257 R b L7z, 6MeV
o 8MeV ETOBRTFIANF-DEMICH LT, £
—%" v b _E® beam spot Ok & E DEAL, NEBOE/LIZ
BEAEDLLLIRRWNL BINTH - I

3.3 F—Ad—-R0EZ

BT ERAICE AL ~Aa— DY Z L Fig. 6D
A cHEPhS.

power
supply

Fig. 6 Circuit diagram of beam switching system. SS:
slit stabilizer, AC: auxiliary coil. SW: switch.

H LR, Re o BMBHURBEZSEINZRS, RAG
BREA O reference voltage i3 X4 v F SW H# 3 I
FORERIKEDY, DFLI—ANE—LHBAB. &
ST g Bslit stabilizer & QEM A R AR £y b
h3 A LTE—aBOZLa—-202—4v O
RRICEERINS. E—-adhRoAH»EMN, b
Z0REMD AT oD EEB a4 VERE
WEIRZTINEREZOOT, POHEE S ERHNRE
5.

3.4 Variable Voltage supply

Variable voltage supply & UTER I3 C &iZEWL
HBhH4 vE—F vz, BOREE, B\ zero-drift, (KM
BETdH 5.

Fig.7 ;R &N B & 513 operational amplifier %4 p
ElEg A C DEMICEY 2 DTH 5.

» A D IC operational amplifier {3 D ¥4 4 .
A4 vE—F 2 200MQ, zero-drift 9 uV/°C, #ZF
104V ThH3. Zhoofiid 1.35V ol hBEIC X

p—=_0

out put

-0

777
Fig. 7 Variable voltage supply. OA:
operational amplifier
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LT 10-° LI Fo stability icsa g 2.
Zero-drift LT AHES /NX { 4 2 Fi:id chopper-
stabilized amplifier S{ERMAH N2 ETH B.

3.5 ETEOBBEA DR

—BUZ, BT T & T 3 EA OB R o fn
KEEDIDIC, BOMLO L X KER,>TNE. O
BA IR ENCR~ 72 simultaneous control system {Z % D
FETREZIZ.

COMEEMET AL S, A EYoBEED
DEBEEEACNIBEORSI COREZOAHNEE
CEBHICHHT X515,

T OHMITH L S nonlinear amplifier o [[A]% D —4F] 4
Fig.8 I[C7Rd. Z DFED transconductor {27 # ) # TH
FEINTNA.

T}

———0O0

out
put

—

breed

0

Fig. 8 Nonlinear amplifier which has
inverse character with magnetiza-
tion curve,

4, QEBEAICELHE—LEFITEHEK®

MEBLSOE—~ARNEBOEUED LEZBEZE
DHEMBLLTNEC ENndB. ChEBET B0
{38 steering O BRA % RBERABEDOT
w3,

CZRBREBDIIE— 2% QEBRAICE » THBIC
TS HETHB.

Fig.? {TZ D circuit diagram ZR3. +HbbEF v
VAA—2—REBMITCEICED, QBRED/ T v
ZEHLEELFULTE—L0FAXHF28DTH 3.
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R,

Fig. 9 Circut diagram showing quadrupole
biasing network.

—RICBQERARITHVOONZDT, —FH4ETF
RictBFE2EERICRANE CLNTX 3.

COHBERBEZIZERERT VY 22— 2 —770%2Q
BRAIKOT B0 TE—A0 LT, EAORR R
IKTERENTH 5.

COFEDOREIZEMTH A EE, E—ATRLE
—REZEEFRQERAORIBEZ 20 THIT S A
EXNBIC—ETHD, —ERARLTBIE—2z30
F—2EZ THBRABOLENRIINT ETHS. Steer-
ing AOEHA, BERAKOLEER, W5FTHiL
BARBOMSLEND B.
BREVFARSCOFEERA L (Fig. 5 0 Q1).
Q ERLOIANDOLERMBER 70 T, Ru R 3%#h
Zh 100Q, RiF 1kQ iclL7. R 2EHhoEECH
PFCERIVE—-L%2W4m T BNLEFR S T34mm
BEIEICENTES.
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4, Charge Exchange Studies of Tandem Accelerators

Hirovuki TAWARA

Kyushu University

Some of recent results on the charge exchange studies with tandem accelerators are reviewed. The

charge exchange of low energy helium ions in various alkali vapors has recently aroused interests

for the production of intense negative helium ion and an example of the negative helium ion sources

with lithium vapor electron adder is shown.

In the charge distribution in the equilibrium of high energy heavy ions, the shell effect and the

target density effect are observed. The multiple acceleration system of heavy ions with tandem acce-

lerators, based on the target density effect in the charge distribution, is discussed.

1. FC®HIC

Tandem Fin& 2R B4 T charge exchange 2 RAIR
THORILTRD 3DichiFbLs. (Fig. 1):

CHARGE EXCHANGE IN TANDEM

* HIGH, oy ace

EYrriYYy Foertirg,

positiv ion, .-\~ - Se======;
®

Sour e‘/,,‘< “y
E ; T |
1 2 3

Fig. 1

The charge exchanges in Tandem.

1. Low energy T ® positive-to-negative (neutral) ion
conversion (T3} % double (single) electron cap-
ture
#: H*->H-; He*—>He~

2. High voltage terminal {€ 351} % high energy @
negative-to-positive ion conversion g} % dou-
ble or multiple electron stripping
# : H->H*, He —He*, Het*; Br-—Br'*

3.  JniE&D T high energy positive ion @ multiple
electron stripping
WJ: Br4+_)Brl7+’ Br18+.

Tandem @ EICE - T high energy heavy ion @
charge exchange CBI§ ABKEH LT —2 0B oH5 X
A 15 -1z, Tandem iC & BHFITD charge exchange D
HETROSNIFERICOVTONS.

2. Positive-to-negative ion conversion

P Tandem Ti3iZ & A E, positive ion ¢ double
electron capture {T X - T negative ion (BT 7258,
B 12 D © B D negative ion 2 duoplasmatron
» PIG &4 4 Vv EHrbEERBONBL DI -7
(direct extraction)*®, Z 5|3 charge exchange T
BohdbD XD, VWAANMT beam quality A4
CHhTHBY, DALHEAS L TV 32, Hem ok Sic
electron affinity O/NX WS DREEEA A VEISELN
9", BIFEIT charge exchange itk 5T 3.

H*—H"~ process (D cross section 11 {3 10717~10"18
cm?/atom T HY* @ 1~2% {442 H B85 3.
L L He™ 220 Tid 01-1 8 107%em?/atom TIEEiC
N&L, Het @ 104 EBE D He LaEBESHEH. &5
i He OBE (01-max 5 E(He") =140keV itdh 3 7=
¥ Tandem AHICRETELLVLHIREDH 5.

& T ADEN alkali vapor i€ & % charge exchange @
i Het © 1~2% BEEDO He” 8B OB LS5 - 72

2. 1.  Alkdli vapor & (D charge exchange

He* ¢ alkali vapor (#c& % id Cs) & @ charge ex-
change TIIR®D 2 DD process 2~T He™ 82K 6
BLEZONTHEY.

a. He*+Cs—>He?(1525)3S,+Cs*

b. He®(1525)%S,4+Cs—> He™ (15252p) *Ps/2+Cs*



12 VT LAREBOBEYE

Process (a) {3 nearly resonant charge exchange T
cross section |3 ~10"Ycm?/atom TIEHEICKEW. T
U THE SN 7o excited state i€ % He® 23X &I process
(b)) Xk - 7T Cs & charge exchange %3 25U elec-
tron % capture LT He™ (15252p)*Ps/2 113 5. T @ He™
{* metastable state itk ¥, 107 %ec FBEOHFHE S -
TNBEW,

2.2, {BHED akali vapor D HE:

He beam ¢ alkali vapor & & charge exchange cross
section 2D b DORER, BEALEBI bR TVIZL
H, EEIC He/Het LS~ S H, Cs-, K-, Li-
vapor I LE3LEH 2keV, 17keV, 30keV T (He/
He*) |3 max {273 %. Tandem ¢ beam transmission s
54 7iT He™ @ energy {3 BYICEHN T EBHKRET,
SE[E, Pennsylvania Tandem % Li vapor 2Fi 3 &
& X 5T machine loading 3, &I 74

Li-vapor OF| &3

a. ZHUNEWVOT multiple scattering HS/NX o,

b, HEBMEERIDODTE D H oM HHE,

c. (He/He*)max i3 30keV itdh 2 DT beam tran-

smission 28X,

d. melting point 37z DT (180°C), trap L3

{, high vacuum system DAL,
e. He® 0 recovery 2%, iR HREBETH 3,
WEBEL OGNS,

2.3 EEOH
Alkali vapor % electron adder & L TR 7-4l% Fig.
2 GC7T'\"§-(5).

adder canal
Li-vapor

tocus
acceleration

—
|

ion
source

a00¢—0il cooling

IKEAEEEERETE RN ERRE >

\fI'—fI.“

w1 -v2 -v3 e~ i_meta)

| l radiant
heating

A negative helium ion source with lithium vapor
electron adder.

Fig. 2.

He™ £2¢ 314, 7-& Z 1T duoplasmatron ¢ Het %
24 Y, mELT Li vapor % % adder canal %*&3
EHIB D process I LD He™ 3513, T T T adder
canal i¥, BOBBEKNE >THWAHODT alkali boat i3
indirect radiant heating itk -~ TiHNE I N 3. T OHHE
KT, 10uA BED He- 85510 TW 3.

RUEBICK T, D negative ion, 72& % ¥ Li-
HEBBECEMTES. T DAY adder canal WicH 3 Li

JAERI 1184

molecule |3, canal iIC A 5T{ % H*, At 73 & D positive
ion X - T dissociation %51, Li~ B TL 3. F
A2 VYEOFHAE#EZ B L, canal KAHT20I1: H
DIESNE. TDHEIR corrosive 73 element T Li
DOHHYIC canal NBATHIY, 42 VBICEEXBXIZ
3 & 173 { negative ion 3B S B.

anode

I———» g — :J—_anegative

ion

alkali
boat

Fig. 3 A possible negative helium or alkali ion source
with off-center direct extraction.

Comment :

Fig. 3 IC;RT L DI, He gas TEEL T A duo-
plasmatron QhERE L 7/ — FORIA alkali vapor %
HAL, Het & collision &# 2 & arc OAFiCE - T
H* o &Lk He 8 8&ET3E FHRIhS. T/
— FEEBOEAR, #V—FEBREXDLVVOT, #
Y — FERE~EY 5 alkali vapor DRI, 747
AV IRECBIRTHEBRLULVWERDNE. 745
A Y rOFEFEEZLY NIE, He gas & alkali vapor
ZREC, 7V —FRANARTH XD, COFETR,
fiEsic alkali negative ion (7:& 21T Liv) d8BSHh 3
THEHE DD 5.

50, PHAEBDERICHKET metal rod 5 5
sheet Z 171X, high density arc ¢ vaporize X711, X
51iC ionize ¥, HEIL XD negative ion BE LB
TEMPRENS.

3. High energy T(® charge exchange

Tandem T H1F % charge exchange, 41T multiple elec-
tron stripping {3 high energy heavy ion #1582 FTE
BHTha.

TaBLE 1 € Tandem jc X % charge exchange ODEFZE
OREWIBSDERT. K, bTHoO ion KBTEF
— 2 LPRONTHRL.

3.1. Equilibrium T® charge 5375
Wk, 2K DHBED ST foil ZF-LBTH,



JAERI 1184 V7 L MARLARER 13
TABLE 1. Experiments on the charge exchange of high energy heavy ions with Tandem.
References; (6), (9), (10), (13), (17), (26). Energy in MeV.
Chalk | ornr | Liver | micp | fledel | ornL | HEC | AWRE | AERE
Year 62~3 63 65 65 66 66~8 67 67 68 68
8O 24 30 22 37.5 30
oF19 40
165% 20 70
17Cla7%8 40 43
33AS75 70
3sBr”? 40 170 170
sal1%7 40 120 70 170 210
73Tal80 120 140
92U%8 70 150
C, O; O C, Au, Au, Ni | Au, Ag,| Formv. Be, C, C, C+Au Ay, C

- Al Ni Hg, N3, | Au, Al | A, Hs,

& Air, UFs, Nij O:

& Be, C, | Ha He,

Au N3, O,
Ne

ion |3 charge equilibrivm 1Z5#E4 % & Wb TV,
high energy heavy ion TRRIZ LBV ERRNLX
N1,

fo& 21 100 MeV Br4* (~1.5 Mev/nucleon) 23,
charge equilibrium €& 3 % T3, 40~50 pg/cm?® @D
carbon foil BHRETH 3.

Equilibrium T charge 37 Zov 280 B30T
Z (jon @ atomic number) DIEL A DFIT Fig. 4 I
RT LI, Wil Gaussian TEUYUINS.

1
Fi=m=y exp [ — (Zov—21)?%207%] (1)
EQUILIBRIUM CHARGE DISTRIBUTION
100 MeV Br'™*
80 Mg/cm? CARBON FOIL
F.:-1— 2
"o exp("(Zav‘Zi)/Q a?)
o-18
021
Fi
01F
0 e 1 { 1 1 1
4 16 18 20 22 24 26 24
ION CHARGE
Fig. 4. Charge distribution in the charge equilibrium of

100 MeV Br!'* on 80 gg/cm? carbon foil.

Fi=: equilibrium T charge Z; @ ion OEA.
Zay: ion @ ¥ (most probable) D charge.
¢ : Gaussian D} {EIE.

Gaussiam D%fEIE 0 13 ion, target, energy ICiZ, &
FOWRELROEODITY % 33, heavy ion & light
ion”? TIILIDEIT T3 (TABLE2). Z i ion D
shell structure K BABRLTVEdDEEI LN
5. 2z Fig. 5 KRT KHK, 140MeV Bris* 23
80 pg/cm?® ) carbon foil %3F - 72 D charge 5341,
Gaussian 2> 522720 §°4, shell structure effect 23 &
LT %. Br(Z=35) @ electron configuration {& K-
shell: 2, L-shell: 8, M-shell: 18, N-shell: 7 T&% %
5 Brdt 24X % & L-shell @ electron stripping 53
MELIS. LU, TZTI3 binding energy 5K &
{72, stripping BT DK K, charge S
Gaussian 5 FNTL . FRKIC, peak OB I N EH

TABLE 2. Values of ¢ of various ions.

E(MeV/N) P

Br 1.37 1.940.15
I 0.79 1.7+0.1 heavy ion
Ta 0.556 2.1+0.1 carbon

0.42 1.6+0.2
B 0. 06~0. 57 0.65 light ion
N ” 0.80 R
o " 0.83 Hs, air,
Ne . 0.76 celluloid
1. Nearly independent of energy
2. ” ” ion
3. ” ” target
4. Correlated with shell structvre of ion
5. Smallest in closed shell
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SHELL EFFECT
140 MeV 4, Br's*
80 ug/cm? CARBON FOIL
3sBr
i K= 2 M-SHELL
L— 8 EMPTY
M—18 l 7—Z.ay= CLOSED
02 L N — 7 SHELL
Fi
01F
P ! 1 1 | K'\’]"\
16 18 20 22 24 26 28 130
ION CHARGE
Fig. 5. Shell effect on the equilibrium charge distribution.
140 MeV Br!5* on 80 gg/em? carbon foil.
AVERAGE CHARGE OF IONS
44=1-Cexp(-Z"B/K)
r-%
Be[C_JAu | Air ,
7 [IN[107001 96| 286Mev S
10 :
5 L -
et ;
5
LA g
01 oF *S— Au
. sC—C
- .’ vAs— Formvat
++ L = Br—
N aCl—C
+ . +1 — Air
+ L]
+ 14
00t +
2
1 1 1 1 1 1 1 1 N |

0 2 4 -6 -8 10

Fig. 6. Average charge of various ions as a function of

E/Z¥? E is in MeV/nucleon.

(5D, PEIENEELE-TL B, chiz I (Z=35)
Td Z;=25 (N-shell-> M-shell) ©F L’ < shell structure
effect 23 5hbHLTL 5.

3.2 FEHBEE lon DRI FE—DREFK
WANAD ion & target DIALET, BoLNIE
BN ZavlZ & E(MeV/nucleon)/Z%? DE8{%% Fig. 6
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WRd (BB Tandem THOLNIZE DD B).
light ion Tb A 5N 3 X 5iC, gas RO target & foil If
DEThETRYHLHIRERS NS,

UL, B4 ion, target ITi3H T VEEEHRNI L, 13
RERLECHE. LB-TROLSIGEURTEDL X
h3.

Zav
Z
C,n: ion, target ILX ~ T ¥ 2EH

ﬁ:lc,—, V:ion OEE, c: ekl

=l—Cexp(—Z"’§) (2)

a: fine structure constant
gas T, Kizh» '72%’6‘35@, ho B<l, C=113

543,

ZBV

7=Wﬂm 3)
&1, Bohr pRAPic& L 11 5.

Zav 1T foil DA gas T SRTHED KXW, X
51 foil T% atomic number T ko TH L F DR
5. & zid 32.6 MeV S(Z=16) Ti3, Be(Zav=11.1)
C(10.7), Au(10.1), Air(9.6) TH 3.

DENSITY EFFECT
154 Mev 12771 %+

02f

INCIDENT

Fi

20 ag/crh
CARBON

1700 pcm Ar

0 i 1 2 1 i 1
4 16 18 20 22 24 26 28 30 32 34 36
ION CHARGE

Fig. 7. Equilibrium charge distributions of 154 MeV I in
1700 #em A gas and 20 gg/cm? carbon foil.
The incident beam is 154 MeV T2+,

154 MeV 1%+ % argon gas 3 X UF carbon foil 2@ L
748 charge %' 13 Fig. 7 KRT LS5 KFIZE IR
Zaw=20, $HETIT Zaw=29 T foil & gas target D=
B, B-oxDLTL 3. Zhi, target density effect &
FENY, RoXHICHAIN 5.

Gas Tl ion & target atom DEZE D mean free path
BEEHEL, 1BHOHET excte I on B,
WROFEEE TS T2 ground state iCd & 5.

LU, foil @4, mean free path G DT, —
B excite INTh S ground state ~& K AHFTIC, X5
CROFEREA BT 3. Excited state t&H 5 electron {2
ground state |23 % electron X ¥ strip NPT VDT
foil Tl Zav 7% gas KO K& 105,

Heavy ion €155 &, T @ density effect 2B ic7s
D, 7&Zid T0MeV U D4, Zav(foil)/Z.w(gas) =
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AVERAGE CHARGE OF IONS

E(MeV/nucleon)

1 1 ! 1
0 025 0-50 075 100
7€ /7

Fig. 8 Average charge of ions in gases and foils.

2 iIchETEY.

Light or heavy ion ¢ data Z ¥ 7D »3'? Fig. 8 T
REH—T T, Wi Za(foil) > Zay(gas) Th 3 25,
V2E[Z¥3=0.6 fiETlL, Zav(foil) =Z,y(gas) &13 0,
ZhLl T2 density effect 2375 185, 2 & S 1
density effect {$ vapor DIEATHA L, $ 10MeV I
% Hg vapor 2@ U7 & %, 5x10%tom/em® {5 5
Zey MAREL 13D, foll OFEIIESNTL 31,

3.3. Target density effect % (‘7= heavy ion (D multiple
acceleration
Target OFEHA (gas or foil) I X - T ion OFEIFER
Zow B, BB ENVSTEHMS, Tandem i X » T,
heavy ion %< D Z Lina# (multiple acceleration) 3§
5T EHTHRICIL B

Vi V2
+ TERMINAL ~TERMINAL
et L L 1L
=
source foil stripper gas stripper 4
Fig. 9. Two stage Tandem accelerator of heavy ions with

the multiple acceleration system.

fe& 213 Fig. 9 WWRT XS, Tandem (ZDHAEA2
EZEBHORADBEFICI » T 5 Tandem) OAHM (B
SUBBEZ — 3 FETORHD) I foil stripper, HE
FE#4 — 3 F AT gas stripper b DIBALEEZL 5.
RUHTFNF— Eo @ ion 8 foil 2F-T (ZO
EEDEBERE Zo'(E) £92) RBES—IFn
(=V2) itZELI ion Dz 3 NM¥— E T
E\=E¢+Z'(E0) V (4)
Icisd. #—3F D gas stripper ZBO§TEBLE (F
BEHAE Zof(E) &93), ion BEHEEZH, Tandem
FHhaL &R
Ey=Eo+Za!(Eo) V-Zar* (ED) V (5)
DIFNF—TILD., Lich->T, Tandem £F -7-C
ERXSTROTZANF—ZBIC LIS,
AE=[Zs'(Eo) —Ea*(E))]V (6)

& V7 AMESR L HEER 15

L1 oT, Za'(Eo) —Za#(E) >0 THNiE, Tandem
BBBIOR AE 2 2 2 v F¥—%(8T, L bHZ LN
HIN, Zo(Eo)=Zat(E1)) TERE I V¥ —iCEYT
5.

Up & 512 heavy ion {TX43 % density effect D57 —
213, BEAERDS, Fig. 8 WWRTT—4H, LD
S ERET T, EiICD~7: multiple acceleration T8
SNEAEE T A NVF— Enx 3, RO&LDICEDIN
5.

Emax=0.125 AZY3 (MeV) (7)
chick s s, UnEE, Enax=12GeV (50 MeV/nuc-
leon) €4 3.

UL, EBICZ, Uk 57 heavy ion D exited
state DFMi3, light ion it S, XD EL XD,
2 E DLW energy T Zav(foil) =Zav(gas) KisbETF
BENhB0DT, Emax i3 (7)) R 5%, HIRDHSL
A5 LEDLNB.

Pl E3R~<7- multiple acceleration system (& Tandem
EEE LI <~ TH XA, Horte™1® (3 1H50
Tandem G, mirror magnets %\, { OhZ UhN#EL,
1GeV BEFTIET X 2 WML R Uk (Fig. 10).

O

A multiple acceleration system for heavy ions
proposed by Hortig.

—# i foil or gas stripper %38 - 7c#% D charge 4345
i3, (1) XTHZoh, X5 Zow DT FNVF—IRE
¥eps, (2) RTEZLOSNEDT Tandem H5ESNB
ion O TRANF—DHEBLUOBREDFH %S estimate T
5.

T
o]

>

——

Fig. 10.

3.4. Electron capture cross section

Equilibrium charge 4% ®i3 3>, electron capture or
loss cross section {3 heavy ion OE4, F—T HFrF—
T@ ion @ charge (Z;) DEEHEN, Lobhz0D
THBKEEN. 7L 21F, Fig.7 0k Sic, gas or foil
stripper ZBfFH 352 LIk V# 20 @ ion charge state
BESNE. X5 R, Tandem BELFH
BERTHAS. Lo, heavy ion OTZOFEHOWHE
3, 27, BUE-dLDTHS.

Bohr PR IC X 5 & capture cross section Ocap {3 ion
@ charge Z; Q2 FICHHFITIETFRINSH, Fig. 11
DL, HBRE Zi 9, NEBBHLZOTFHD»S
HIDTNT, RN EABLLNHZT. (N
BXU lion). ZoOHEMAIIR, F-F0 L3, Ao
electron cloud i€ & % shielding DF%EH 21 T charge
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ELECTRON CAPTURE ELECTRON WWOSS CRUSS SECTION
CROSS SECTION " S4MeV 1 (N,)
o 24MeV 1% (Hg)
0-43 MeV 9
[/ weizon x 54MeV I (Hg)
o~~~ .16 -
10—\5 | g1 B O}_1=A(Jv:)azi b
i o { | X 03n=Cn—1O'11
§ * C-05
3 ¢
o =17
< : -16 10 A
Nz 3
‘l-)’ -
6 L
n
{ 1 1 | I
6L 0 2 4 6 8
NUMBER OF STRIPPED
ELECTRONS
™ Fig. 12. Electron loss cross sections of high energy heavy
| | | | ions as a function of the number of stripped
1 5 10 20 50 electrons.
ION CHARGE DT BT B4 C~TH 5.

Fig. 11. Electron capture cross sections of high energy

heavy ions with energy of 0.43 MeV/nucleon in
nitrogen.
@ polarization Lk - T, ion O EMF ED charge #3
INEL R oF EKBEEFEZONS. ThiE, THK
£ OBMO ion LDV T L OB BERD .

3.5. Electron loss cross section

Ion OFEBENAE L5 & EDIC electron H3 stripping
IhPd{acLid, Bohr oBRH»STFHEINS.

X 5it, ion @ charge Z; 1%, K& L Bit>oh,
electron @ binding energy 3k & { 7135 DT loss cross
section Oloss 13/NE L 73 5.

Empirical formula & L T¥® 1 {E® electron #3 strip
X112 loss cross section 0-; {3, ROXSKHobX
h3.

01(Zi,v) = A(l’—)azi-b (8)
(4]
vo=ca
A : ion, energy, charge stripper CHEDIKEL
ILOER
a,b: E¥

X 5z multiple electron loss cross section 0-4 %
0-2=C"1l0,
C: multiple electron loss factor®
TEMEN S (Fig. 12). C i3 ion @ charge Z; 13 &IC

54MeV I it2o00T
A=6.85+0. 18 X 10~ 6¢cm?
a=0. 682
b=1, 298
NEoh k.

4. BbhbIC

Tandem RBEHE O FHIK O 4 72 5 9, high energy
heavy ion @ charge exchange # U 5~ 3% FcdkEicE
ERRETHY, ThMic, Tandem » 5, XV high
energy (O heavy ion %2782 /:¥iCid charge exchange
OMENBELIL-TL 3. L L, TOFEOHH
FHRLEL, WANWAITE ion ® fail or gas target T
FIGER Zw OF—2EBDIZD,

1. highly charged heavy ion ¢ exited state & 2>

{3, metastable state DHFH ORE B.32K)

2. EFHéo foil stripper OB (heavy ion itk 3

damage I light ion it &5, RAEDLIAEL)

3. electron capture or loss cross section (D ion charge

¥ & U energy dependence (Z 315 @ cross section
» 5 equilibrium TOFEHERH, HETX5.)

BEDHBRDE. ChoDF—42%5DHBTLIC

& » T super heavy ion (#2& Zi¥U) @ multiple ac-
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5. The University of Tokyo Tandem Machine

Norivukr TAKAHASHI

Tandem Group, University of Tokyo

Present performances of the University of Tokyo Tandem machine are given.

A4 vFoT, BEBRERICERTACEEERL
ExiC, BRETFIRTHALY—A0HEIZ, ROXS
BbDOTHB. chid, BEHI1IEMORE—FEIC
HBICERAIWE— 22— 0B MENZ DTH
5.

TiRnF—- *RIONTFES:

2~7.5MeV, BF IR EBRTF
E— ABREE:
BF: 0.3 ¢A4.5MeV PITF)~0. 15 A (7TMeV)
TEBT: 0.15 uA( ” )~0.07TuA( » )
COEBEREI MM OE—AF I A =VIR
Yy bPEBLTE—Y v P 2BEHTEIE—-LET
* AREZEORRCRRTED S V7 LARED—H
TH5.
** Note added in proof—% Dtk 9.4 MeV I THBF

Y 3T & Atk (0.04 #A), 8.8MeV (0.1
pA) ETHIEMRERIE L.

5. RV v POEBKENEEICRERED 1.5
~2ERBONE. T4 A VER, BELEERE
HERIEET, BAFOXEEWKIZE 5K LS
~2EDE—LEHELS 5.

BER:

E—sBEDLDLDE: B 30%

ITANFE—: KRIELHR 100050 1 BELED
ha.

BE=x:

BRE: KBEFCADOLIBIEFT A T CHbGE
BL, TORCTERICERTELS E — A KE
i3, 50~80%

RFDIDIE VI BT BELLVE—1%

BEETHWLI A2 3. 441, 1BIK<n}b

RBDIDICE 7 %H T Teh, Thllksr vy

BT TN,
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Some Topics on Nuclear Physics Using Tandem
Accelerator

(Chairman : KazuHisA MATSUDA)
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1. Nuclear Physics Using the Tandem Accelerator in Heidelberg

Toru NoMURA

University of Tokyo

Some of the interesting experiments recently carried out using the tandem accelerator of the

Max-Planck-Institut fiir Kernphysik, Heidelberg were discussed. They are as follows: 1) gamma-rays

following heavy-ion bombardment on light nuclei, 2) measurement of static quadrupole moment by

Coulomb-excitation, 3) test of T-invariance from compound reactions, and 4) heavy-ion transfer

reactions with identical and final states.

TALFNRVITR, 2 VFaraefoTEARYE
EDLTHEDE, i, TEELZOEESLHIVITD
DEZELTIELL] EVSOMBKELONIRETH
ate. UL LA Ty TRENID, 0EETH
OEBL, SEBBATICERTERLL, EHY KD
I EPhTVED D, CCTRAMEED, HERE
i EREBASETOREL LTS, ENT,
OV NV—TOHEBEL B 57D LT, TEA
BFrosspaThrdctisfboLTsan. &
AL ER, ACE-TRFNESHETHZ220
CCTELTACEIINDICT . R oBArotE» B,
0120 L SBOMOYBEOHEDF &, IS DHE
WHEBEDLNIEENTHS.

. X F

TABLE 1 |3 1967 EE D & ¥ F L OEEREERT. &
B, Zhilgs 6MV 0BELHIEE.2L-TV S
2, HTOEMAETRYINIE 6.5MV ¥ITBEX LT
ZCEMTEE. I0MV 0 7o b 1967 E0KP 5
EbhTnadh, TRERT—-2RILOREEKL (1968

TABLE 1
i UGl 6580 hours
7 5 1.5~6.5 MV
Y=V EA L p 43 days
d 24 days
SHe 60 days
a 32.5days

B|A & v 74.5days

F£EH) TBNWTHEETREVDOTIITREBIFTHE
7Z<.

ZDREATZRODLCTER, E4FvE—aitHL
DORNEPLPEINTVBCETHEN, Chidz vFa
BINEROREAZILFALTVE, L3z Licin?
ohb L. COEA L VRED DDA 4+ YEIC
i3, HorTic W2 L X 3T KRNI Z2DTHMA L. &
4ROV EFELTR, 8@, TS5 X<vtav
BETEAZVEILD, CNEFTAAF~NVITELT,
—WEAA A VEBRTEEBBILDATN S,
COFEREEAZ v B4+ VY ~OEBORIT—
BTN OH S, SBOEA A V2T 2L 5RGHIE
257, ILFEHIERTH -0, REELBHT RLEY
KHEATRRMELNVENHS T ERIESE. LT
HorTic & I3{LZEMIC &b TEEN He ®© Kr OEA
A vEFTOLY, TOEAZF VERTEREREEUVR
HBOILEMICEEZ R TAAZT Vv EDL D Z LI Fg.l
CENERF—2T 4V 7IKRLTHSB. FHUIXERIC
WaELT, COFETLEINGDIR, 14 vE~
LDOREBRROFERERTOELBELRDI LAY
P, EVSCLETHEMN, EBOKR, ULv dHAHEZ
T LhREN, AR, BRAFTVEELTHOE

Foradaykifig!  Abstreikonal

Analysatormagne!

Lrapotentiol qungeroly
\-w kv Linsenpotential og 15KV F80eyAaNg 3
\/bky:wnnung.. - 708V

Extrokfor -4 RV
Erdpolentiol
o+ oV

Fig. 1

From ref. 2).
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BxL{fEbhT 3.

BAZX YMED~Y V24 s0hicid, HEREIDPD
DlHTRL, It AIFHIEFOMACOEDATH
BRFMBP D C EED2IMATEL. —HEH T LE
RAE T fission-track-method EWVSD 3H 3b. Th
i2v 5 =% A® spontaneous fission {T & % fragment 33,
crater glass % tectite DI DL AMPFOKAENLEZ B
LeERELT, ENODERFREREST 2 FETH
3. ChRFEHEMFEOFEI K& RELR Atk
BHLEOTELDTHEREONDIED, £0HICRIEN
BEREY, Eh5VDIx v F—DRFREARESR
OREEZ DL B EVIHEVNEETHS. TORHK
- FPORDOA A VA2 E VYFLTMEL, ThiEdA
5 AAIC bombard UCTHAETEIRBEZTFE sL> &
BBIEHOOLTNAY,

2. KEIGIC &S Gamma-Ray Spectroscopy

BRISIC X - TRIBEAZDL D, 22h 50y i
ZRNT, BBESIVEIERIGOMREEBCESCE
3, BETTITRARBOEBRE > TE T3,
WRIZBHIC ASI00 L OBOEREE LTHRITERIT
T3 B (CZTIRASOELTEBTI) KB
WTh, MBEREMIRIS, & EREEEAEZAL
AR vBatFEriiEbhTs b, LD spin-
parity OREPHFMOAERB C EbHh T &/ Lp
L, BOROBAKRBT 3 (o, m) FE® HL m) K
BDXHiC, BOBEL A VvF—-2b0HANERET
AREGE, BORIMLTE2{FIAEh T, -
feEWVWA b, LoD BEAKRREIGZ, EILILENR
ErEbOREEMEBRBETALVLSFAED T

Vv FLAEBOEBR

JAERI 1184

b, $, BHBEHBOARI ANV F-Da R TPEA
A VT bombard 32 &itkY, XxbHTAIXIEEK
EERKICEZ 5 93T %, gamma-ray spectroscopy
CEEZFRESZ 5133 TdH 3.

ETAH, ERoXHik, BB UTREAKRK
BICE DTS v BROMERRERITILAER INTEDS
T, BERHRTF— 286 Bhot. 2T, N TN
NI TR, BAFVYE—L2A0TERNEZ—7 v b &
% bombard L, v#DR~R7 bk RENICHET 3
EMETBCRDH. —HlE LT O+"N RIGIC
EHS v ROBIERHER % Fig.2 BLU Fig.3 KR T
ThhrobhdLdiC, v BRI bvidEbDTHEM
T, BOAERRENE  populate LTV 3. Th
i, HEARRPHTHEICELES yBARS bk
WELBLORBER LTS, RiT, HAED» S
OOOHWERNTFORE" MRKXVEATE-THWEC L
Bbh b BOKIKEONTR, 7—o VEBMNSOL
5, CRRYUROKETH B, EA44/E—LDDDL
CUREBHETROID, a KFBFRICKRHINT
3.

Nomura et al® i3, TORIGOEAEE °P) S5 4
ORTFNERIN S EAMNHNERD X © /kERE &K
BEROTHE L. BRE Figd IORT. HoRTE
Z ORRIC & D AR T 2 # % OBt BB SEEH T %
WTHR, EARERTHIAIhBCEER L TC
TLORBTREERBLIC2HORFREAEL» K
HENTEREINBZDT, ¢k >RBAOHEERI
Y RARI PVORER K > TDHEDODTILAES
hainsceriEHLTEL.

HABRBICX - THEI N LB BEN LTS
Trit, ZLOEBRE-THLLR I T 328,
magnetic substates ¢O population {2 A HEBEIC X - THRE
ANnb. 25MeV @ N v — 2% UN(O, pn)

100 200 00 00
2y T T T T T T T 310
S s 58 3
=, ;' | " ]
7\4\',_:3 L | 917‘ (A) :
© i -‘-r.‘.‘a'-n.x,"‘g,._ A ]
2 R Y | O ..
e ‘7”*'*":\?46-&5.»'#—\;
3 3 v 2
A 10
s [ lame " * Ju
: vl ?‘5 :'Imzs::v ]
x - = [ .
s e W " T
b e |3940° 4495
. A s1o* T
s 18)
g ¢ V\" l )
o'l A 5110 =
~ - boeast 6800° 3
«) | 561 6490° | .
] 1 ‘ 2 7388 . 3
?’ s P u—7‘l7 1
i }m na Dt in N m‘s‘:
" N, a,
L i ] ] ] L 1 L
00 200 300 400
Kanalnummer

Fig. 2 Gamma-ray spectra from the 04N reaction measured by the
Ge (Li) detector. The single-and double- escape peaks are denoted by
one and two primes, respectively. Energies are given in keV.



JAERI 1184 1.
MeV .
8.56 6
26 — |
29
7.80 3*
29
7.38 t
+
6.88 7 334 3"
6.27 3t
4.97 - o
4.61 Ll 4*
+
34 ———g—— 9/2
.96 5/2+
. —_ ] +
.7
L6 7/2+' 8 2
+
0.97 32
+
0.58 112
+ +
0 5/2 0 0
25 28
Mg Si

Fig. 3 Gamma-transitions observed in the ¥O+4N
reaction. Only strong lines are presented here.

4.0 +

0.8 [H 08

0.6

0.4+ H P

02}

0 Ay i -
0 5 10

SPIN

Fig. 4 Relative evaporation probabilities vs. spin for p
(protons), n (neutrons), d (deuterons) and & (alphas)
from the compound states in ¥P populated by the
bombardment of a 25 MeV MN beam on a 1O-

target.

85 RIHETHEENS S @ 6 REOA E Vi, A
itk - T NoMura et al.® Kk - TREI N3,
ZoIVEBOAERLE FgsS KBEZ . chidENH
NENI EGATVEY, COREDOREVE, BK
BICEB vy ARETREINEREOODOTHYD, ¥
NoBRE2EISEDLLTVWEEREDNS.

Brog—4 v vikic, B4 A % bombard L7c&
EHTIRBEOERNEREE TABLE2 KT LD TEHL.

NAFNRVI DR VTP ACK DGR 21

Population Parameters

state at 8.56 MeV in 5120

16

for 6%

+ N‘“ reaction

populated in the 0
O‘6~
0,4}
4
0.2p/
/// / A
/<// // [

0 1 2 3 4 5 6

P(m)

Fig. 5 Relative populations of the magnetic substates of
the 6* -state in #Si at 8.56 MeV populated
through the ¥O(N, pn)®Si reaction at the 25
MeV incident energy.

|
32s . 24M°

1500~ 55.6 MeV =

ol }

1000}

{ __ Oy =-025barn
—_—2_ .2
Sw - X /E(x )' 2.7 —
' Q,. =0 barn
T xE(x®.95
Y
i L 1 e
E 140 145

Fig. 6 Energy distribution of the gamma rays from the
first 2*-state in #Mg at 1368 keV populated by
the Coulomb excitation. Energies observed at 0
degree with respect to the beam are given. Solid
and broken curves show theoretical values for the
given quadrupole anoments, respectively. (from ref.7)

Fig.d 25 RONZ X 5 i, WENTFIREOKEREL,

TR OMEEERES EEb s T AN, ThH

EOBEROKITO I »R, ERLERS ZHET
&5,

Reorientation effectic X U, Fhiil#EAL Dstatic quadrupole
moment % Coulomb piiR KIH%EMF ~TRIET 5 Z &3,
IikzhabhTd. LdL, BOKTRETRENE
DHTNEL B 10, FEMEERENTERIET 5%
REBRLEECRECES. —F, FEEREANTOA
£7itt, CoulombRiiE S 7-#afrh ST s Y RO
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TABLE 2
Projectile 1B 12C UN uUN UN 10
E, (lab) MeV 25 22 25 25 25 25
E, (cm) MeV 13.6 11.0 10.4 11.5 12.5 10.7
Target 12¢ 12C 108 120 14N 12¢
Sggllg?sund 22Na UMg %Mg 26A] 285 2855
Ee, ® 30.8 24.9 39.3 26.6 39.7 27.5
Relative Relative Relative Relative Relative Relative
Reaction channel intensity Q intensity @ intensity @ intensity @ intensity @ Intensity Q
(%) (MeV) | (%) (MeV) | (%) MeV) | (%) MeV) | (%) (MeV) | (%) (MeV)
n (6. 2) (—2.6) (12.3) 3.7 (10.0) 9 (—0.4)
p (10.5) 28 (2.2) (17.2) 8 (8.8) (15. 6) 35 (5. 2)
o 6 8.7) 48 (4.5) 3 (19.5) 4 (5.6) 4 (17.2) 44 (6.8)
pn—+d 40 3.7 (—10.2) 46 (4.7) 40 (1.4) 21 (2.6) (—17.9)
2p 2 (—2.5) (—6.6) 12 (8.4) 10 (—3.3) 30 (7. 4) 12 (-3.1)
an (—0.4) (—12.3) 6 2.7) (—5.4) 0.7) (—9.8)
ap 11 (3.1) (—8.2) 33 (6.7) 38 (—1.1) (5.5) (—4.9)
200 24 (4.3) 24 (—0.1) (14.8) (—2.9) 45 (7.9) (—2.5)
apn+ad 17 (—10.0) (—18.7) (—3.8) (-7.9) (—6.9) (—17.3)
Projectile UN 150 UN 180 UN 160
E; (lab) MeV 25 25 25 30 25 30
E, (cm) MeV 13.3 12.5 15.8 18.0 16.7 19.1
Target 160 160 Mg 2Mg 28] 285
ggélilg?sund s0p 325 BK 10Cy 425, “Ty
Ex » (MeV) 31.6 29.0 33.5 34.2 30.7 30.5
Relative Relative Relative Relative Relative Relative
Reaction channel intensity @ intensity @ intensity Q intensity @ intensity Q intensity @
(%) (MeV) (%) (MeV) | (%) MeV) | (%) MeV) | (%) MeV) | (%) (MeV)
n (7.0) (12.7) (7.9) (4.3) 0.4)
p (12.7) 32 (7.7) (12.6) (7.8) (9. 2) 2.7)
fod (7.9) 23 (9.6) (11.0) 9.1) (7.7) 6.2)
pn+d 53 4.3) 11 (—4.6) 45 (3.8) (—5.2) 40 (0.9) (—9.0)
2p 16 (0.4) 15 (0.4) 20 (3.9) 55 (1.5) 20 (0.3) 67 (—2.2)
an (—3.4) (—17.6) (—0.6) (—6.1) (—4.3) (—9.5)
ap 31 (1.6) 11 (-2.0) 30 (5.8) 45 (0.6) 40 (2.6) 33 (—2.1)
2a (1.5) 8 (—0.4) 5 (4.3) (2.5) (1.0) (—0.9)

ANF—-DHTRETE 3 &3, Coulomb HE Ik B
RkAEERTHLEHLLY, CORER, RENKEL,

BADI A vF-HRBOAXOBOKICENTIR, KRR
A E Td% 5. BAMBERGER ef al.” i3, Mg iz 2S v
— 4% R0z Coulomb phfgic & b, *Mg OFE—FRE
¥Efy > static quadrupole moment *#Z O HEIC Lk - T
WE L. 5 ORERER & BT O—Fl% Fig.6 IKRT.
Zhiz v BBRHEBOT SN REETHAICHE LA
EWVWZ BN, ZORIFITIRWANSLIBEEEEATHA.
Lz, RBsAkE00T, RMEZYLEFRZD
BFobohlcril¥LonhTEb, L K-orbit @ s-
BFEBBEILTH B ETHiE, #2x10% Gauss DR
BEBROBHRTEZ52E185. ChidvROBIG%
BEMICEZTLED. ChidREURREZ T 25
A, BCBCrMETHIN ThEFBLT YR
spectroscopy ICAWVAC EBFREHN T LTHA .

3. KIS <& Particle-Spectroscopy

a) Time-Reversal Invariance M5 Z b

VT LEMBEEO DT BERO—DIL, AL
DoTHIEEICEE L define ahfcx 2 F— % HE
BEMICEA DL EMNTEDLENITELILHBNEAD. %
Nz, N4 Fv s T b fluctuation DEERDIE T
CENTEEBD 1. CTCTIRZDEERE - - ER
& LT, Von WitscH et al.® KX 2 BRI RER: D
BT R PEBAH L. b L detailed balance A3pX
Y25, 2720HENICHEHIE a+A=b+B O
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NAFRNIDE VTFARE BEHE 23

N (pa) EpWe\ﬂ —_—

10,10 10.20 10.‘30
T T

1040 10.50 1060
T T T

88 . d 3 11 RI8
b e F e PMglam Pl %
Ppent 27 24 v
a - e“"";‘;’e o Y et 1 S
g =168. N 3
% o cM. ~ a
= I
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N
R . | 1001
1330 1340 1350 1360 1370

Mg (a.p) E,MeV]

Fig. 7 Excitation functions of the reactions ¥Al(p, &%) *Hg (crosses) and
%Mg (@, po) Z7Al (circles) on a logarithmic scale. The statistical error
is indicated for some points at the high-energy end of the curves.
The different measurements have been normalized at the top of the

maximum. (from ref. 8)

SHEEEIL, —BHICEUT2{RTTHSE. LT
RS O WA IER A X R, BOMELER
L LTORNORBHRERERET v 795 LNT
7. LhLl, SBSMEEOHENEL X OEETRD S
CEHEEc &, detailed balance DF R D BHIC
124 { Dreaction channel HBHN TV B &5 ITEHERR
T2 3 g sensitive TN Z &Ptk D, Von WiTscH
Btk x 75 fluctuation 24 & D 2L v F—FHRD
HAKEEERY, b UREREOMhSEETNIZHK
U TERE OHHE D A 72 5 37, fluctuation D shape & D
LOMREDLBCEAFAL . BRI *Mg
+a=?Al+pT, KHEKEOHRIO LRIZ (2~3) xX10-3
TdH 7. Fig7 WELOBBO—FERL THL. &
CTCRINTY B HAMERES, fluctuation KX B &b
WTA X1 peak T normalize SN TVWB T LEEEL
THLICEED, FHIXMEBRLTIELL.

b) Heavy lon Transfer Reaction

Bock R. 513, heavy ion transfer reaction IXHWT
&, ASTEHER O 73 diffraction pattern %7R9°C &8
BT &% B0, N)C UKL & W\ TERIICHED
W, FNAAEHEO matching Itk > THPETEBC
EERLI®. T3 b, transfer SNZAEBHE%E [y
grazing collision iZx$3 % ingoing particle & outgoing
particle OEEHEE ZhEN Lo, L &35&, Th
2

| Lo'— Lo'| =1t
Lith. COLEEEENICELTEASAE LT, Von
OerTZEN 51t A (B, A) B BloRIE% & b & 1F 122
Fig.8 ILBNT, ASHORFOABAI, "C+¥0 B
J O 2CH1B KIHICB N TA &1L diffraction structure
AR STV ChizBEREIL 0TS TR, 2C (10,

T T 4 1 1 T T T
= .
i € ]
o 0 0 %%, 05 5) o5, I5MEV
104 12,1919 @ -
- re s TCUF, Fgg) Cgg 4OMeV A
- 000 "c(”a_”eﬁs)"“cas_ 18MeV ]
ok .
. -
= :
'E‘ b= —4
P — -
E
0 .
8 L N
<k -
N 3
o' \ =
1 1 1 1 1 1 | ; 1
o 20° 20° 6&0° 80 100° 120" wM0° 1600

Fig. 8 The elastic scattering of B, 10 and ¥F on 12C
at energies which correspond to nearly the same
Coulomb scattering. The absolute cross sections on
12C and B on 2C have to multiplied by 1.2 and
0.95, respectively. (from ref. 11)

12C) 180 FH B i 1*C (B, 2C) B o & 575 transfer
reaction iIC X 23D TH Y, 1*CHYF FIHT structure 3
Bbiloid Li Xk 57 transfer BE DL HTED
Ml dE LTI HEHEINS., COoBORIGIR, BEA4F
VERBWNTR UDTHETH D, K, spectroscopic
factor % cluster O ERERBFREL DI 2L
hize.
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PEdbFrZo0foidshic, BEERIBIRNALFLX
NI THEBATHY, BRIGR particle spectroscopy i€
LOBHEEDE  OBBNBBONTVEN, TR
ATEDHFIEh o1, F /o analog states DPFFZEICH
ELOENMREEHBNTELY, TTIRELDAIEKL
MOENTHWBERSOTEK LTS, 7272 BETHGE @
Bhickd Li omEsEHRIN, $TIKI, Z0HK
BOEBRBLEINTORCEEMNRL, Eiidchn
JRFED cluster #EEMPICKEL BEERTTHAS
TEERRBICE LD 0.

4. BHOIC

CCBALIET, ZOFEBN, " Frrs o
Max-Planck BB D & v F A% FE -TD “F” 13 HER
WHTETRIBNCLEESDDZILBLELZET. BU
Bitbhrck i, CHBROEEEDOSDDN
KOPEMALVILORTES, BEELSOZEHDORE
BHOELTOEhE LATEA.

7335, time reversal

JAERI 1184

invariance OEERIZ, HESTREHEBED ITEA T
WholebDTI, COHT L KREB3ERICNLZT
BEEIETHEaE L.
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2. BAFVICKBEFBITRIEGORI
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2. Analysis of the Heavy Ion Induced Transfer Reactions

TeTsuvo KaAMMURI

Osaka University

Analysis of the heavy ion induced transfer reactions by use of the finite-range DWBA method

is briefly described.

1. A ME

B E B TRSEEST BRI, —7 ORTFR—HD
Wis DT ~BHEA & ~ transfer RIS D REWIL
LT, Ligis o Bret® o b VAL PR OBERM D -
fe.

& Bapic AT, Coulomb barrier XU 9" » &{ENT A
WE—DREETIR, ZoOKRVBIEAESEEEHL
xvh, PROBEOHASRENATS. BreT OFZ
7z mode 3BT P YA VFRICE > TZoDEKDMEIC
% % potential barrier 23D RITTHI D5 &K DT
3. coLE, BRATOEHIHFELTOELOLS
I HGER THRbN B, 7272 L Coulomb barrier X0 &
WA MF—ERTR, AUORUESREDNBRR,
BrET BRIBELELELTS.

CDEAHNITFNE— T O transfer RIG D BHTIC,
DWBA B4R HET5E %, ITHATELLID
DRI B, e i 0 & MCra BT, VB
® @ transfer ORI, O & VB ORESSNED
Lx, WMEERAMALCHRLE-T, ¥C, 1B, a D=2
ZAMBENCA THEESESEZTHOTREONEEZL
7:¢ 10%. DWBA O@EATREKELOS~NZDIIZ, &
BIcHBEERBIN-T, EREDEVLNOZF|LD
MBFELE DR,

Coulomb barrier DI T T v ¥ —4HIRT, DWBA 8
AEhEWS ¢ & BUTTLE and GOLDFARBPIC X » TR
N io. UN(UN, BN)EN RIEZFIC & - T, Coulomb Fic
X 0B > 1WA - - DWBA (3, spectroscopic fac-
tor 20X HTORBERTH L EMTE~LNTNS.

B, #.7:52i3 Coulomb barrier 3 O x x v ¥~
FIRTOBROILED transfer KJHIcoC DWBA o
BRAME LS~ BF transfer OFRICIE, Ao LR
SEZE7ZV I DWBA TRbE BT ENTES. K
L, « cluster transfer {2, ZOFRSFREDOI L b b1
WZESERLT, B-oxb Lickmtheiah-r.
2T, TOHERREL B L LT, 3MT
2, B4 A VRIE% DWBA ®ETHEITT 58RI, XD&
Wt BECXAZEERIEEENS EBDbNhET, =
OHBATLNZ T EITT 5.

2. DWBA B OD#EER

fEHTICHE - 7= optical parameters DfEIT TABLE1 €&
& ¥ 7-. Optical potential @ EI D i3 Woods-Saxon El
TH 2. Tz, transfer I BKTF (a cluster 4%
T) 2 H®J 5 potential & U THMRBTFHE XU
Woods-Saxon FlA& & 7. BEFEOEEGIC D &, TABLE2
THHMEOEE LTV 5.

WN(UN,BN)SN FIEP TR, &5 50 “N 58 neutron
2% 5> TN KIZZDOhbH 5N DT, RAFMEsssk
BETHD. 12.3MeV 12ED low energy T 0° HHIC
MT<L % BN i3, #\ Coulomb T o7 180° 4
ithhrz Ihi: target "N h5DbDTH S (Fig.1).
HETIR, KRB E SICERREBE LTV A,

WHEHOAIHORFICH SN IBEDERE LT
%, potential #E, fluctuation, 43F resonance % tran-
sfer RIS EE, WAWARRFBH -T, %0
LR MBI INTH Y. T TR 2C(*0, 0)12C
BEIEPI2WT, Z0B AN % a transfer K& L
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TABLE 1

Parametric values used in the calculation

Reaction M) M) G dm B d e
UN(“N, BN)SN  (a) 50 5 .25 1.25 0.65 0.65 1.25 7 0.25
(b) 50 25 1.25 1.25 0.65 0.65 1.25 0 0.25
12C(16Q, 180)12C 59.5 2.38 1.075 1.55 0.45 0.45 1.25 6 0.5
UB(1Q, BN)12C 59 6 1.10 1.4 0.58 0.58 1.25 0 0. 38(p)
6 0.5(c)
27A1(*0, 15N)3Si 50 25 1.15 1.15 0. 65 0.65 1.25 0 0.96A-1/3

Columns two to eight list the optical-model parameters, and column nine gives the value of the lower

radial integration cutoff. The last column lists the size parameter of the harmonic oscillator wave function

of the transferred particle.

TABLE 2

Comparison of the absolute magnitudes of the experimental cross

sections with the DWBA predictions using Woods-Saxon wave function.

Reaction Lal(’M":R;; gy C. M. angle Ex;(;;n‘{:)xlue Cal?:llg‘)tion
UN(4N, BN)SN 12.3 80° (3.7+1.4) x10-3 1.4x10-3
14 80° (3.6+0.4) X102 2.7%x10°2
16 80° (2.1+0.3) x 10 1.6x10°
18 80° (3.6+0.2) x10°! 2.9%x107!
12C(160, 1C)0 35 170° 14 12.6
uB(6Q, 1BN)12C
p transfer 27 33° 1. 4i8 % 1.9
30 20° 0.8+0.06 1.7
o transfer 27 141.5° 0.185+0.045 0.24
NN, ) N 18MeV TET L7 (Fig. 2). ZoD& %, BIFASLFHH» S optical
Woods-Saxon w.f. parameter 2 & 5N B EWVSFFEHH 5. Transfer X
0.2 h3 2p2n NTFHRE—ED a cluster THEENZZLS
THERNZ, a & core EMRERVASIERTREL -
0.1 T, a cluster state i shell model states Iz &1 AT
0.05 WY, £ 50 transfer KIEADOHEEIR/NI W ERE
= LT, radial cutoff Zff 5T 3.
}é. 0.2 UB(160, BN)2C KI5 T, %O 3, ¥O0->BN+p &
301 2Cta & @2 BAOHPNNLETS. HETREE
.go. o DF BRI AT (Fig. 3). a transfer o0
TIRPIY cuteff ZE-TB. ZDHHHRIBLD
Y 7y i, | pammeter OEALXBLHEDHDEOT, BICKL
0.02 ? fag 7z a transfer OFHBEIT HF Y HEEKIZ. Proton
I 12.3MeV transfer ¢ radial integral IC > TRIENH 288, 4
0.01 & P il CRBWTH & - & 50 5.
L { {{ # DT FTAI(CO, BN)BSI RIEPIiICo0 T, BEE,
Woods-Saxon ¥ BIEEULME - 7B EIZ T & 2o 1o
' 1 ‘ X . ‘ harmonic-oscillator B % 4f - 72384 % Fig. 4 KR LT
o 0 e 258, MaxHEZEREICH~2H/MESL. 2hid tail re-
Fig. 1 Comparison between the experimental “N(*N,N) gion ZIELS BOUD > 712D EEX TS,

18N cross section and the theoretical curves at Enp=12. 3,
14,16 and 18 MeV. Woods-Saxon wave function is used
for the neutron bound state. Each curve is normalized
to experiment arbitrarily.
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; l?C(l60‘ 160) 12C
r 35MeV
10%-
r el. scat. cal.
3 4
- L
&
£
5 10
3 o
I 0
s -
I

30° 66" 96" 1210" 15;0°
OcM

Fig. 2 Comparison between the cross sections of the ex-
perimental 2C(160, 60)”C ground state reaction and the
theoretical curves at Eip=35MeV(normalized). The dash-
ed and solid curves were obtained by using Woods-
Saxon (interaction range £=4.4fm) and harmonic oscil-
lator wave functions, respectively.

llB( 160’ XSN) 12C
30MeV

10

do/dw(mb/sr)

1072

I i
6(I!' 96' 120° 150°

o a0
Ocm

Fig. 4 Same as in Fig. 3 except for Eup=230 MeV.
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llB( IGO’ IGN) 12C
27MeV

P transfer

do/dw(mb/sr)

1072F

1 i |
90° 120° 150°

BcM

1 1
0° 30° 60°

Fig. 3 Comparison between the cross sections of the ex-
perimental MB(*0, ¥N)12C ground state reaction and the
theoretical curves at Enp=27MeV. The dashed and solid
curves were obtained by using Woods-Saxon and harmo-
nic oscillator wave functions, respectively. For the «
transfer part, HO calculation uses »=0.5fm™2 while
WS one uses £=3.9fm. All curves are arbitrarily nor-
malized.

3. DWBA D BEHAICH->TOMEE

3.1. Optical potential parameters M HVE VX
BEAA ViIck ARBEBILOKBRERIT, HTVRET
12720, UL d optical parameter D3, HET 5 24
OHROBEIE - T, pROSPbEE>THS. 110
D 12C T @ﬁﬁB),@, 180 D 10.11B -—G @ﬁﬁ!)) bi%n
EZRLTVAE. CORDERRBERZEREATLIT
transfer K5 Tl3, distorting potential @ & ¥ FITER
HHHTL 3.

505 M EELOMRITIE, potential DEIOEE Vo
% 50MeV fIicd: o THEINT VB, »IEDD am-
biguity 22 B EFEIN 3™ d,t, @ OEIELLOH
#T, target oA lon ZE ST O FOEZTVOD
kX3icssss, Vit 50X (AH ion DEER) MeV
TH-Th&W. Ft a-a HIHOXSIK, =20kt
ZhENTRLEBIN TV ALY, HI - THEOH
@ coupling BFNEEZ BUDL, VoldT -L/NELK T
20 MeV DIFDMEICIE > ThEWObFIRIEB.

BRUECKNER et al'P. |3, Thomas-Fermi o statistical
model @, %0—1%0 R potential ZFHE LT, short
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”Al( uo’ “N) 285§

{ 36MeV
107 t
5
3L !
R
Q; [
o
30MeV
10

i ] 1 | N 1
0° V30° 60° 90° 120° 150°
OcM

Fig. 5 Comparison between the cross sections of the ex-
perimental Al (10, 5N)%Si ground state reaction and
the theoretical curves at Enp=30 and 36 MeV. For 30
MeV case, the dashed curve was obtained using V=50
MeV, W=5 MeV, ro=1.25fm, and a=0.65fm. All
curves are arbitrarily normalized.

range OfTf] core DEFEER L. ChiRKIomaT
Bicks2b0TH5. H5DEXH L potential (real)
i1,

Va(r) = Ae P — V‘,[ljte::(p(’“aﬂ)}_1 (1)

A=100MeV, B=0.6fm™!, V;=30MeV,
a=0.25fm, Ry=6fm, C=1.2
EFxbLS3. TODFEA, potential DEIA, XET
KD, corePETATEL DOPRERHVIKBEHEEH
TIZU,
BUREOERERNE - L EHEIhBTE, 2LT
T/l core D AIHEMES LD AN TOELWEIFNIIZH
BLEMBETHHEEDNS.

3.2. Finite-range M3

BBRICEAHELT, BHOREETO transfer Eh 3
KF & core LOMIOMBEIERD, WEOHEMERE» ©
E¥ V() oBTHEDNI. CONTRBDICHEES
ENOoRBicisnE X3, V() %2 SRIGEUTS
", finite-range @ DWBA 3#HEA LBy hiZR o1
W MC Lo LoESAEEEEO0ICE 5T, YO=1C
+a pd C A o transfer 2% % 5 & X T, zero-
range OFEE LTHKH, #HRIL finiterange D& &
ERNRI S, SLi=a+d model G, (d,SLi) KIb%
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~ 2'..

&

1

=2

O

=

R

ST

t

0
0 5 10 15

R (fm)
Fig. 6

zero-range & finite-range THELTAT, HT O B
BB KPDERZFENLNS.

Finite-range OFHE T, (2) RTEHIN 3 radial
integral R=EESTH 3.

I ‘L-L:,:S:fadfaS:rhdrbXLb“’ (ko 76) Firyr, (7o, 72) X

XL (kay 7a) (2)
2T, X(k ) i3 distorted partial wave DEIRIES
THY, Firyr, 2 form factor % spherical harmonics @
double series ICBBH L7<BETH B, & iiE, UN
+UN CHEER¥EE R=ri(A'3+A,3) 2 6fm fI
ThH-T, (2) AoBHKKiZ 16fm LFTUw S A
L DT (Fig. 6), B %M 5D mesh point D
B33 COXIBLLEHIOBEDLVEHEL L
DEOBIRB LS OBBFHE TS, —F, AES)
B LREZNBEREBVOT, ZOESPODOHE
~OHIRIZZT 12 - e,

3.3 HARRBORBEE

Lt~k diL, ookt EEhTBEL
Ao bBETFOBTREIEONEDT, ZOoNERE
TOEBEEOD tail DO EHMEETH 3. Emw=12.3
MeV @ “N(“N, B¥N)SN RIS THERIRH TR @ poten-
tial % & 3 & %, size parameter v HSEHERY7S 0.32 fm™2
Tl Gearc/Oexp 1T 0.01 TH b, »=0.25{fm2 = 0.33
&2 A, B, v=0.32fm? D&%, Ew=18MeV
Tl Ocae/Oexp 12 0.05 THB. Thid, ZxrF—28
F2EEMEDESORECABEERTCLEEEDL
T 3. Woods-Saxon %! potential G, catc/Texp 37D
o 1icis .

3.4. Radial integral (D L dependence

W, FERIGE DR S KL T i3, distorted wave
2ol (MEEE L) KRBT sLE, L L (F
HMICZ>oEd L & 5 EET 23X RAEHE) i
WHEDEINRENTVS. T1bb L>L, OB OME
HRIBE O DIDBEANT/NE V. L<Le O RiZZD
BORWABEARASZD, T THROBRRESH, K
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0,.
15 27Al(]60‘ ISN) lei
E »==30MeV
L..=L|.+2
100
3
=
T
=
+
=501
1
0 5
”C(NO 12C)160
10f ’
a transfer
Elab=35MeV
L,=Lb
I
~J
[
= 5r
-
+
o
]
S
0 5 10 15
Ly
(b)
IIB( 160, ”C) 15N
6or- proton transfer
E| .b=30MeV
50 L,=Lyt+2
5
5‘ 40
-T_; 301
n
g 20r
10+
L
0 5 10 15 20
Ly
(c)
Fig. 7

BEHEMBNEODT, k) BAM~OETE LR
n, BT L, I, B/hEL 785 (L-space
localization). Z D& &, EEEMICENTS, AHK
F-& target DR ERDH S KOBER» SOFE
1270724y (r-space localization). Z D&k 5 ZFH AT,
Loyl Thhid, RHMmEllE L b Aht diffraction
model PAEATE BT LTI 5.

22T (LatLy+1)|I2)? %, Lv € UTERL
7- DM Fig. 7 TH . A0, N)#Si FIHTid, L-
space localization HA SN 55, 6fm D radial cutoff
A -THIREAEIDLRVCERD, BEEMTD
localization MEBZRBbLRTNBE XS5 THSB. YAl &

XLALILSIE, KEWVEBWOD optical potential Z{f
- 7= UN(4N, BN)SNR G LT s, radial integral i
LEETcHERTHS. Zo0D o transfer BT L
Ti3, 6fm cut 2 57 & %, i3 L-space localiza-
tion NV T -7z F4T 1B(O, N)1*C R idD proton
transfer part T&% -, L 2T volume BDHHER
F. Zhic cutoff 203 LANHBENMLESITHS.
Z @ p transfer & 5D a transfer &3, W H/HhEWH
OT, B LEOERN» & DFENKEV 2B IT no
cut Tl volume B ThH T, cut Hid &, REEIC
BODEN LOFSBROZTLN B XHXR-THWEER
bz, 72720L cutoff @ ¥ I BlicER I hITR
51TV,

References

1) BrerrG. PoLAk]. A, and TorcHIAD. A.: Phys.
Rev. 161, 993 (1967) and references therein.

2) BUTTLEP.J. A. and GoLpFARBL.J.B.: Nucl. Phys.
78, 409 (1966)

3) KaMmuriT. and YosHIDA H.: Nucl. Phys. A 129,
625 (1969)

4) HieBerT J.C, MCINTYREJ.A,, and CoucH J.G.:
Phys. Rev. 138, B 346 (1965)

5) von OERTZEN W. et al.: Phys. Lett. 268,291 (1968)

6) BockR. et al.: Phys. Lett. 18, 45 (1965), 22, 456
(1966)

7) NEwMANE., ToTHK.S. and ZUCKER A.: Phys. Rev.
132, 1720 (1963)

8) GOLDRING G. et al.: Phys. Lett. 258, 538 (1967)

9) OxuMAY.: J. Phys. Soc. Japan 24, 677 (1968)

10) Eck J.S., LasaLLE R. A, and RomsoN D.: Phys.
Lett. 27B, 420 (1968)

11) BRrUECKNER K. A,, BucHLER J. R,, and KELLY M. K.:
Phys. Rev. 173, 944 (1968)

12) DenEsL.J., DAEHNICK W. W., and DriskoR. M.:
Phys. Rev. 148, 1097 (1966)

13) AUSTERNN. et al.: Phys. Rev. 133, B3 (1964)

14) KAMMURIT. Prog. Theor. Phys. 28, 634 (1962),
Suzuki T.: Prog. Theor. Phys. 39, 83 (1968)



30 AV FLEABROEYE JAERI 1184

3. 1s0d BMEOBEMCKIHTR

XRx=aE BH B B A

3. Structure of sd-Shell Nuclei

AxiTo ARIMA

University of Tokyo

Conventional shell model is applied to calculate properties of 1504 shell nuclei. Although agree-
ments with observations are generally satisfactory, a few characteristic discrepancies between the shell
model calculations and observations are found. They are

(i) the positions of the K=2 band,

(i) the positions of states with 1/2*,

(fi) transition probabilities of excited O* states.

Some considerations are examined to remedy some of them.

a) Hio; %O ZH@E T3,
b) U, &L-Si; YO, F ;bR 3,
c) U=+kri-Uo (F513),

. B X d) Vi ZBYBEEEREES LITE %iC potential
EERTEHH B,

Shell model DEFEIL, p-shell it > Tiz KuraTH 5 @ Vij=—{BV 5PV BSpLuy,up
% Oak Ridge @ group ILX T, »RLVLTARD +B3VSPH(r)  (FudAELD
NTW 3. sd-shell koW TDHHbD group i shell ® matrix element <ds/?|v|ds2>ete. % free
model DHEARICBNT, TEIXYRARHEELC parameter & LT y’—fitting X4 3.
72y, shell model ILOVTROK ST LET~ES ()i2 Inoue, Haciwara, SeEBe, ArRMAY B L 7F Axl-
&Lt YAMA, ARMA, SEBE® T

1. Collective model & D3}t @)i3 AriMa, CoHEN, LowsoN and MACFARLANE®G D

2. Effective interaction F

3. Shell model PRFRECICH B ©Oak Ridge 0 group 136 h¥ TOEARFABC
AERETE sd-shell DWEATORLHT, 5~8 4% 5T 3BY. £ K-matrix %453, Hamada-
Tid, SUs BERHWO @b E B T35 72290, Johnston DR H s & K-matrix £k % T renormalize

L7z Kuo-Brown”® effective interaction %{f T
3. (Zh#% K-B potential LEERZ Lid 3)

2. FFED shell model DRETHERIH
2.2 EBEIOLE
BO~®Ne FTRIRTOEEEZE - TWHBOT Oak

2.1 {RE Ridge & bhbhOHEE OEEAID potential 7713 T
Hamiltonian {3 Elliott-Flowers @ L3l L7cd D %4E $3.

3.
H=H%o+(Ti+Ui+§L:-S:) +.§‘VU
i i>j

zZ’T
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4+
8r 4
—_—
71 4+ 3
=
Q
Z6r 3* 3+
—3% —Ot
= 0
g 5 2+ o+
5 0+
i —o+
g4 (2): PAS— F 4+
8 4+ 4% —lt 4+
2+
2l 2+ 2+ 2+ 2r
1 =
oL o+ o+ o+ o+ 0+
Exp. Yukawa Yukawa Gauss K—B
£=2.03 e=1.27 £=2.03 e=1.15 £=2.03 e=1.27
V=27 3W=—13.53=27 Y =—]3,5 3W=45 ¥W=—225
{y=0.15)
Fig. 1 180
3+
Ar 2(+)
—1 3 2+ 1+
2+,3* 2+
A — t 3
52
E v mgz,r
5 5% 5t =1 5
L - 3+ 3+ N
@1 Qi T= 1o mmp iy —3
------- 0+T=1
ot 1+ 1+ 1 1
Exp. Yukawa Gauss K—B
£=2.07 €=1.27 §=2.07 e=1.27
=35 HW=(0 W=60 V=0
Fig. 2 18F
2.2.1. 110

Excited O 2B TR I ADLEBLENT & 3.
zhid, 1s @ wave function 24 ULEZ hIZLOK
EMARETHB. ExcitedOF i3, BEME/EHOBEIC
FEICHBHET *Ne OB/ ORAROBER LB TN S.

EEATIL, excited O state 5 first 2% state THRL
E2 BB gflsh s, ThiEHET 5, O
(3.63MeV) & 2+(1.98MeV) DOWMjH D state iT core-
excited 4p-2h state p8 256~30% METH 5 EHNTD
hTH3B®,

2.2.2. ¥F

1. 13 MeV LIF ofEVE#EIREEIX, K-B potential T4
bhbhoHAETLI(BMTE 3. 20l 177
MeV) XU 2*(2.53MeV) I, HPATE . ¥~
fitting iIKHHLTH D 1+ & 2* 2RJEF Eh0icdd
HABECEMTELD. 2V K20 TR, 7Yy —HEFNH
BIHE LTCERTHIEHRHATE 2 NS 2%, 1Y 1
core-excited 4p-2h state TH B EEbLNR T 5.

Z OEBRMISBILE LTR, ROZOBELONS.

a) Binding energy ¢ systematics

6 5/2*
many 13/2+
levels 5/2*
5/2*
. 1/2*
>
9/2*
g . /
N 9/2*
B 9/2* /
s 3/2+ 3/2"
s 2r
3 /2 372"
1t
j£34
5/2*
5/2* 5/27 5/2*
ot 1/2* 1/2* 1/2* 1/2*
Exp. Yukawa Gauss K—B

1y=35 1y=27 1BY=60 V=45
V=0 BY=—135 NW=0 V=—225

£=2.03 e=1.27
Fig. 3

Zhit Curisty BL U FowLer RIEREL /2 & T,
ZHEFHAWT AriMA, HorwcHr 3 XU SERe® itk 5T
“F fik o oBERBOEEMNRL S hik.

b) a-transfer K&

UN(SLi, d)1®F*, UN('Li, t)¥F* FJET 1.7MeV &
2.5MeV it K & R RIGKERSBR I N LY. chid,
p-shell T a iF 5O FZL LD ENFR—EHL
sd shell Iz aiFAEo>Mh F X 51T S B3, spectroscopic
factor MRKELREDTHS. THLDORIBICEL T
K E 5 level i3 4p-2h component HIK &>
VRVTHDBEEZOND. LIcht->T2.5MeV o 2¢
bF /Y~ NTRBLITILEBILIIEZITH 5.

2.2.3. F

K=1/2+ground band 8k { BHEIN T 3. HRH
iTiz, 4MeV H7:0p 52250 band BN BiZT
% 5. Ground band 23 prolate THADILXFL, D
2-5¢® excited bands {3 oblate TH A EFHRINh B
&% ArRiMA-HAMAMOTO LXK DRI NTWV B, F15b
b, K=3/2 ® K=572 EHRAULOETIHETELY
yEEZ T K=5/2, K=1/2 [t2% - i 5 42 energy
BT BEDTHSD.

COBDC EXRBEIDBICE, &AW, "C 0k
CHObH T BHAE target £ LT “C(He, °Li)B
DXHSNERLETHE, B3 gs i3, EoEEEDD
EEZONIHTHDIM, TORBICE-T B 0AD
ERAESDVNNVERDT B EBAETH 5.

2.2.4. “Ne

(1) ground K=0 band I, FEHEICLLAD. LT A
TZO band i3 E=A+BJ(J+1) »hoTNTHNEM
%. SUs ofElR (8, 0) THHEMICERPSTLTS
B EImERHLIITY. Q-Q Fi pairing H %
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—8+
137
several
+ 8+
12} g+ gf4+ levels
8+3+ 3+ 2+ 6 levels
11 many 2‘:“ 6 levels
levels 3+ g+ 4+
10} =—===2+T=1 0+ =3+
. —2% —5
2 2 4t 2+ 6+
A S S p—
- 0+6 0+ 6+
81 6+
5 7t —'81 2+ 0+
5§ 2%
og 6 L 0+
b= 0+
<
g 5r
4+ 0+ 47 4+
47 4+
4+
3t
2r 2+ 2+ 2+ 2+ 2+
1t
0o+ 0+ 0+ 0+ 0+ 0+
Exp. §=2.03¢=1.27 §=2.03¢=0£=2.03¢=1.27K—B
Yukawa Gauss
BY=35 331y=27 1BV=60 V=45
HY=0 3W=—13,5 WW=( IY=—225
Fig. 4-a
14
> 12F
=
~ 10
&
s 8
Q
56
s a4k % Obs.
E e Full calc. (Yukawa £=2.03 e==1.27)
2 o Calc. with only (80)(The same
_/T 1 . . interaction)
02 4 6 8
I——-b
Fig. 4-b

MR 3 EArnEnsc Lid, Kaman Sick - TREO
-‘Cb\%ll).

F18bhb, 0, 4%, 8% o state {3 (8, 0) state Hp 5
oFThh 2%, 6 DZhIDIRENVT EERLTY
3. RRELTEZOhAC L,

(1) residual interaction fETE Q-Q HHh ST

Té&,
@ Ls 7yt [4] (8, 0) ir [31] (6, 1) state %%
o EEnd 5,
D= OBEZ oNB.

(@) Excited 0 (K=0 band) i3 Yukawa ZOEHEHEHE
fERATRES T ¥5. fitting OHAICLERELT
—2THACepbd, RAMAEFROREEZMS LT
RUTHRZ ENbhE. TRERTIE TMeV fHific
2D 0" BROP->THWEOIEHETIE1MED 0F L

JAERI 1184
¢y B(E2)
TABLE 1
(a)
J:—)J/ ['7 obs (EZ) F«, cal (EZ)
2,0, 17.6 17.6
412, 15.1 20.7
614, 28+7 18.1
81-6; 11.0
022, 3.8 0.51
220, 0. 002
2202 8.32
(b)
Q/e (barn) Qofe (barn)
21 —0.16 0. 552
4 —0.20 0. 550
61 —0.22 0. 544
81 —0.22 0. 52,

HFETERY ((Pfitting THIME) 2&hd, 5
—H®D 0% i (sd)* 23 TIZBBHT X134 core-excited-
state T3 % A REHEHSBRL.

WRICEBRTRIZNSD 0" D it 2 KD 2*(7. 46 MeV,
7.90MeV) BROMH->T WS M, HETRIIARLIH
7124, K-B potential 2T 1KLL B SNIT
ZENTEHENE., TS D 27 state o5 0* state ~
D E22R[ETECENINLD 28 BEBLLD 08 O
rotational band B4 3% M5 L TRk H 3.

¢ B(E2)

Effective charge & LT 0.583e %&3&, B(E2
210N IR0 4S5, D transition 3 SU; model
T O prediction B 5 £ ABITNEL. Fsid 07> 21
BB TEREBHIMEO THEOAE. TR0 Kk
J 5 0t>21" i d RRRICE X S5, core-excited state
DEELEDLNS. TOFHEIL, StroTTMAN D., BROWN
G.E. & ARmMA®P L DIRITEBCZ DI TIHA.

Qle ZEHE T3 & excited state DfEipt ground state

I, Tnax
—
Fig. 4-c
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7 13/2%
13/2+ Mmany
| i':z':}l’s many /2 levels 13/2*
levels 13/2+ ;:::{s
s 4l 32— 72 levels
e e M,
B et = =
g /25 /2 12 5/2 ?ﬁz* 3/2*
g 3/2(” 11/2* 5/2+
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e 3/2 9/27 sz o 5/2+
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32+ LD BBRELNBLIRELSNTV D, EHEiIC
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—~ + . PN
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o +
= 372+ Vo ToB M, BOBTR Ina~100 KK LEHS TN
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21 e e e THBID, COBANE XD DRLEOBHTS.
s . L 32+ 5/ 52 3;2: HOTEE LTI Fig.4c DESRBZEDERS. T
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572 D I BEVETIE ~2, BOKT ~10 LObDER
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£=2.03 e=1.27
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DEIDLLTD2RILBSTEZZ EBbrE. Th
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Fock THIEELEULTH B, T energy %8
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5. ¥Ne T2 T O projected Hartree O34 5 UNE
KL ->TRUCEBEIED SN U, ¥0+a cluster
model 7» & & HorwcH! itk > TR & 3 1S ENE S
hTnz®,

2.2.5. %Ne
ANe DI FCRZBLHE N T & 2h - 7 DT Nilsson
base T SU; base &Y 60 RIS OLWVWETE T

6+
. 6+ —
T | L
g —0r 5. S
—3 9+ . —50‘; — 6t (1)+2(+)+
—2(1,3,4) 4+ 2+ ?:4* E— 0 4
+
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E— T 4+
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4+
PEY C 4+ 2+
2+ 2r g
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Fig. 8 Mg
HEL L

K=3/2 ground band i3 X ¢ &5. L» L, BAR
12* BELHMTEECLETHE. coCtizd, "0
WTHRL & Hic 128 BECH T & 5. CofRR
K-B potential i J: 5 Oak Ridge OFRTdHE -72<{H
LThs. o REERL 2, 3 %0 T 1/2
state A fuMic LT L~V structure & transition % L -
DORELTIRLL.

2.2.6. Ne BLU Mg

2ZNe (0 K=0% ground band {2 X1\ iCA& S, ex-
cited K=2* band #31 MeV B BT X3, 2 &
3+ & level spacing {3 OK) *Mg THRIUFEET K=
2+ @ band PEL T X 3. Bo7- wave function
% check 4 3%izi3, branching ratio % B2 AEHH 3.
ZhRBEEHESTH 5.

3. MERE 2 3 OEA

PlER~t: &k 5, shell model icHESLEHERXD
DI X RBRE—ETIHR-RERL. LL
a) K=2* band 2K BT ¥5. (*Ne, *Mg)

b) ot REEMEL BT ES. (PO, *'Ne, #Na)
¢) Ehta 0+ (0, *Ne)
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L EDRER sd B TRV SEQEHFTH S EL
RATERVDOTIRELA S . yfitting Ik 3 & 0
D 12t BELB-oTVBLEDDS, FOXESKKEL
TLESoREHPEENTY. LU a) BXU ©)
KOWTRHBETHS. 22T a) BLU o) €D T
DRBEBTEL.

a) K=2* band i£DWT

FTMPICOEBENRET 2 hZ0EHETH.
Hotwnic (s) 11z & & @ Nilsson diagram ZH
NTAHLSH. ®Ne TT A =0" O vuBH - T
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O M==+1" DURNICAS. £5FT3LKi20BX
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52507V FpskEBT 5. CcoFEHIR SUs T, b
> &—#D H.F.model C&RUTHB. £2T v HHA
DERETEIRANTHBELL LWV HIELFbD
5. Lz AH Ok Ridge OFELHEERZ LRIV L
D2HDY FREELTEDLLTL 3. bhbhodh
71L& Oak Ridge OB EDBT N RAES12DDTH 3
CEHS, TOBIR sd shell DBETRETISODT
BV EEZIONE. 22Tk, RBEORERS
L pf shell KB 5 AM=0" Qr~_uwhBiERELT
BEEbiT, BCT-TRZCENDNLB. £CT sd
shell A>Tz 2{E% MM =+1* DLV HBTD
A =0 v~ ~FELUREELZL TRS. o4
i3 sd shell(AT1 =0") iICA 72X ETH B0 D, 24KD
KiimHOT&é-ﬁﬁﬁﬁﬁKﬁ“ﬁ%ﬁEﬁﬁm
24k%7T T=1, J=0 ik T=0, J=1 (8=1) ok
ROBIDARENTAEREZRD. TROLLEKIRIMG

DELRESNS. LIehsT
<(sdfK=0 L| V|(sd)*(pf)?K=0L>



JAERI 1184 3.

7
<(sd)*K=2 L| V|(sd)"(pf 2 K=0 L>
KL ORTT o EREVIRTTHS. FR
<(sd)°[42]1(82) K=0 L| V|(sd)*[41(80) L(f*[2]S;
L>~3MeV
-5
<(sd)*[42](82) K =2 L| V|(sd)*[41(80) L( f*[21S;
L><0.5MeV
THBHTENHBERIDRENE. LTAT ®Na DV
SOV TOERIC X 1 i 4.5MeV ¢ BT 7/27
BEBCERDP2TNEDT, (sd) OEALE (sd)f?
ORMDT )NV F—212 10MeV ¢ SVIFMELTIY
THAS. LB-T2ROBEORER, (sd) © K=0
DV FiRE 1MeV zavF-—_pBLIFONE. &
SLTK=0v & K=2Drv FOIxvTF—2R
ERMEICIZLALEELINS.
Lz AT L DEENKYIE LFhid, ?Ne(p,d)

L% 1MeV
’¢K=3
o

(Sd) +(Sd)f* (5d)

Fig. 10

21Ne 77 & pick-up FIEEB TS & fr,2 % pick-up
T3 ENARITEBTT, 20K D EEBRBA ICHKE
%2LCATHB. ppick up i3 0p O pick-up »» 1p
@ pick-up HEEMBOLIEO» S EOBEMICIZEE LS
. & E (sd)ift ORATIEER

o= <(sd)5K=OIZIIEV|(sd)‘fZL> ~109%

L2z oh3. (JE~10MeV<|V|>~3MeV)

b) OFBEIE BT TR,

¢) oW Tid 2 hole-6 particleDiRAE 4 hole-8 particle
OREBOFBOOTERNCH D, B RETL
ic

<(sd)[47(80)S| V|p2[2]1S(sd)*[42]1(82)S; S>

15 0d i OWMRIC X ZHE 35

ZEHELND 1I0MeV ELIZETHD, TOED
DTRECEDAERBALERT20HRFTH 5.
Blic 2A0=30MeV EHAT2ROBEIT A VF—%
HET B L

_I<IVI>2 100y v
JE = 30MeV 3MeV

TEEREN 3MeV LT RRNRZC LS. b
L Lo dRTOVAVBECEBERLIYGH, L
T TEREHEERZESY K VCATBHEEED
shell model TXWNWX S ->THBOhdANIIL.

FENAVAFERLNCEBEEM, HEBRLTELD
BLiTORBZ ETT B,
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RK#E /N K "

4. Experimental Researches at Rutgers

Hirosur OcaTa

Kyoto University

A brief description about the tandem Van de Graaff accelerator and the experimental programs

at Rutgers is given. As an example, the isospin forbidden %*S+p reaction which was used to locate

the T=3/2 ground analog of *P in 3Cl is described. An s-wave resonance, having a width of 125
+16 eV, was found at an incident proton energy of 3.371+0. 004 MeV (corresponding to E*=5, 558

MeV in *Cl).

Rutgers (IEFEICIZ Rutgers, The State University) T
iz, HIVEC # FN R Tandem Van de Graaff jn3s
BREINTED, PROERTHESBCTbATY
5. DT ZOBBEICO>VTHRNS.

Ahn#said FN & Tandem & LTRHRTIES L
I 2ERT, 1965 ELEE LY THFRICBH LT
%. Terminal voltage {3:@% 8MV LITFTHERZXNS
b3, A 8.5MV ITCRETEXS. AHBiE, L
B, B fALU1IBURKHN cEFRIN TS
D, 1966 F£1 A5 1967 £ 6 HZTD 18 » AREDFI
FARBEITROBOTH 5.

KEBREOMEL Fig. 1 KRU7I. (office &t D/
ZIIBRHTH 5.)

Ion source {3 2 AMLAENTH Y, FERFLIMZ CTHER
T%5%. —Ki2, duoplasmatron & O, gas adder D&
HFEORDH DT, fihid He™ A ion source T % Duo-
plasmatron ¢ He* %457-#, charge exchange i€ Li ®
ZRJEFALT Hew 225< 5. Z® ion source 3%

72, Ox gas 2figC Eick D, WHED ion source & L
T, 7c&Zi3 proton, deuteron 73 & OIED F2dIC & F
Ahsa.

Fig. 1 [C/R L7z beam line OBBEIZL LEH IS DT,
BT analyzing magnet TS SNIZOERE line ©
52 ® switching magnet 3% 3, ZDH b b analyzed
line @ switching magnet %, HZ& (beam £ - T)
@ line ORICEMDOATRUMBICE 2 d switching
magnet A1, O line 2% 5ic 5 FRITRS T 1=
£ beam line {3, HH D Q-magnet & electronics i
@ cables DRIFEMEMINTH H, —>DEE group
BENLH beam line & scattering chamber 73 & DH]
EBREHEALTVS. coicid, B#0b 2ERITE
g3, FHFI i beam line DFZ i split pole
type (D detecting magnet MSFRBE I, BHEITLA LS
RLTH3.

Control ZLHAZRIFKATH 2. cikkiF, 2BD
INSHEBMHREBEINTE Y, data taking iz SDS-910,

TABLE 1 Distribution of Van de Graaff time among various activities

Activity Time (hrs) % of total
Normal operation (Research) 9866 90
Scheduled repairs, maintenance, tests, modifications 911 8
Unscheduled repairs (Tank openings) 216 2

Total 10993 100%
Distribution of beam time among various projectiles
Protons 5724 58
Deuterons 1067 11
Oxygen 1506 15
‘He 1163 12
3 406 4

Total 9866 hrs 100%
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Rutgers O THZE 37

Accelerator room

Door

/] Experimental Area|
Target room’ 2f/
Control roony

Cable
4 trench

—
otor control center
S
&
=3
S

ZCHGAANRN

Taget room 2

£ l : A Door

i A AR

Magnet power supplies

E{ﬁ»_mw

Control console {-Experimental area
Target room ‘1

Fig. 1

data reduce iz SDS-9256 MERHINTVS. T D data
process (D system [ZIEVIER, X DAL Sigma-2
L Sigma-5 » 573 system CBINLAONE FET
H5.

Rutgers T Tandem ZBWNTOERAPIZERR, 7
SEED group KHLNTEIROLHLTED, Zhbd
group OWREDTF—<RBTDEBDTH 5.

1. Collective 3 EEZ DBV BLURERKII X
%, proton, deuteron, 3He Rtk ks L OSIERiMEEL
oW

2. Reorientation effect % #l%E L T, D excited
state (O quadrupole moment Z3K¥ %

3. Doppler shift ZFf L T ® excited state @ life
DORIE

4. Isobaric analog resonance MAEFZE

a) #Ei%icir % isospin forbbiden resonance MW
ki

b) Deformed X {F transition nuclei K BT %
analog resonance DEFZE

5. Double scattering iz & % polarization DHF %L

a) Polarization OHIEIC L D, isobaric analog state
O JOBRE

b) DWBA treatment D test & LT® (d, p) reac-
tion [z} 3 polarization DEIE

6. FEWICROKOWRE

a) p-n final interaction OHFFE
b) a-p, p-p bremsstrahlung DT

7. Particle channeling & blocking D%

W& LT, UTF, NMEOBEKLL 42) Ko20TAHL
WRTHID. zhid 1C, 0, #Mg, *Si 72E D 4n
¥% target & LC, proton DRk E X UIERMERI DO
e E Ak, compound nuclei L ZH LD parent
@ analog state (T=3/2) ZRW1EZ£5LTE5HDTH
3. EEOKIOWVTIR, T Rutgers TEERMB T
febi, B EN7: analog state DIERWVTHIEE
1B ¢ (100 eV @ order) isospin DF ¥ psFEwic I3
WZEERLTVE. ThbiconTid, RREBRER

BELBVT, §TRRRT A THBDT, T TR
2 THONTO~RS. 325 P4, compound nucleus |
3Cl < lowest T:S/Z X, ¥Ar 5 @ delayed proton
DEEIcE D 5.55+0.05MeV ic locate I THY,
incident (@ proton D energy & LT 3.36 MeV £}iLiC
735, Lidst->TZhid Tandem @ energy region @
EEE WD X DIZtr LA Van de Graaff @ energy region
EETHBH, Tandem 2EDRRE % TEL energy D
HRICERATEEhEVS—HITH 3.

ZDOREIWEZD B nuclei @ level diagram % Fig. 2
R U7z, lowest T=3/2 state |3, T ODEE» ST =0
JI=1/2* @ resonance & LTEHbNh A EHFHEH
%. T energy region BT 5 S+p OFEEIKIZT
T OLNEss HL2ICE 5 THIEEI N T 348, 3.379MeV
BT I=3 Dresonance KRNI EINTHBEDATH
-, 1=0JT=1/2* ¢ resonance |2 H]FE D energy step
DH SN IDPRDIZIN T,

%Exi3 differential pumping 4 Fi 7z entrance win-
dowless (D gas target Z I THB T 7% 5 7z. Target gas

+
7.01 2 T

=1
(11.6) (172
B3Ar
7.50
6.996 (3/2%)
4.287 (6.49)
3.78
2%p+a
2.237
(2.29) 0t
*2S+p

3/2*

330
Fig. 2
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T LI | L 1 T v 71 L T LA | T
E,=3371keV $25+p Elastic
2 b
OL=165° 1
2+
1t 1 . |
NI, s R
E#=3379%eV .
< .
EI .
2F : ]
1-— . D) ‘
s“-"':' ...'-:.'"':'.\‘v L
el | 3 1 . 1ol 1 | " . Lo L& .: L sl
50 100 350 400 450
Channel
Fig. 3
25(p, po) S RR%E Fig. 4 1IT/R U7 3.380 MeV AF5EDB&LY reso-
" First T=3/2  state . ] nance [IFTRD =3 D resonance TH by, OLNEss 5
[\\' ORRLEDLDTEIL—FKL T 3. 3.37T1 MeV 58
35)- T=3/2 “ \‘ 4 H H5—DDFHL resonance LR LN B8, Thh T=
P i \ 3/2, JI=1/2 ¢ resonance THA 5 & Ebh 3. 1=0
t
a0t l i ‘\, xi/2 | THHLER—RLTHLH»TH 5.
i \ R-matrix anglysis O R+ EZE TR hic;R L 7=
2 _Ou=165 ,* \. i background & L Ti3 coulomb hard sphere phase shift
ol ., X . * ’l‘ \ | 2&0, FU I parameter 3RDEBOVTH B.
e / Y r=125+16V
15f . :‘\ a r'yr=1.0
OL=140" . { JI=1/2+
50[- L.
= T \/’1\“} - ] E,=3371+4keV
?E’ 401 i tect ) I'y/'=1.0 73 % assumption |3, proton B LI v Li4t
3R /  eL=125 et iCiz open channel {272\, 7-I@IZ—AZ I, 2SS @
(] R $e e . 2+ 1247{ inelastic proton |} resonance {ZBIVTE - 72
60: v Ceer CERAXNEY, TEiEED D reasonable Tk 3.
/'}\ 1335, 3.379 MeV /=3 D resonance {2\ T& [p/[
1001 2 \ =0.4, JI=7/2, [=1keV 2F T fit RESN
180 \ i T3, T SREPUCABRTR L.
ok x‘ A 325+ p reaction Tk %, R UL S THEIL Poiant 5
‘\\' . Kk -THZIbh, BOoOKRREORRLE I —K
1o \ i LT 3.
150 1 B#icC 0FEERIZ/ME L RicHARD VAN Bree i€k -
T e B TEBIUDONILDDTH L EEMTT .
3370 E(keV) 3375 3380

Fig. 4

12 1mmHg BE®D HS TH 3. JEIZ 3.34MeV »n
5 3.40MeV T 1keV /HE 0.5keV step TRIFFIC
4D@ angles TEHL L -7, Fig. 3 iZE 57 pulse
height distribution % 2 -2 energy ICBWTRL 1.
3.371 MeV BTt 2t @ state FF -~ BiEX N
TN ERERIN.
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1. Topics in Optical Model of Nuclear Reactions

Mirrsujt Kawar

Tokyo Institute of Technology

(1) Recent developments in the derivation of optical potential parameters for nucleon-nucleus

scattering from the two-body nulear forces are discussed. An arguement in favour of the assumption of

non-polarization of the target nucleus is given in terms of the coupled channel calculation of (p, p)

and (p, p'). Possible sources of error in using the shell model z-matrix as the effective two-body inter-

action are pointed out.

(2) Optical model for deuterons is discussed. In particular, potentials used by HAEBERLI et al.

and by RoBsON to account for j-dependence of (d, p) reaction which have a spin-orbit potential with

a shorter radius than the central potential is discussed in some detail.

1. # W

FeEER2, KRBT L3 BT oM K,
REBSORE L T O %28 U TX 0 EEEOBRRIC,
JOBBRBEALRLA TR BBERICESLOD
5. BrxORED DWBA i 0#EH%E LT
WAREES RO,

ABBTFELTE, BF 4 a oiEdpic He, t @
£S5z A=3 OEHEP, EA X VERBAICANLONS
X3y, TSI % optical potential ASFEVTHL
BRAEBINTNA.

T 7, EROBITBHEELT 5ICDh T optical poten-
tial ¢ spin dependence (spin-orbit }j, spin-spin JjD
W, #X, dickdd 5 tensor spin-orbit HODEELE),
potential ¢ isospin dependence, /€35 ¥ # — D ambi-
guity ORHEE, /€5 A & — D systematics % 4 fE £ DFE
HHEFEBHINTOE. —F, 2HK0EHD 5 optical
potential ZEHE L L LWV HIRABBAKLE >TEDDDH
A.

CCTRBEDFBOIIrd SEBMC, EHHSHEK
A#o7-, (1) proton {Txid % optical potential % 2 {&
HhHHETEES, (2)(d,d) @ vector polarization,
(d,p) ® DWBA i X 2 58 hhf, F range

@ spin-orbit 7% %> d @ optical potential Z& O EiF
T&HMmT 3. REBICEE, U, BHEBIUEERBL
17 MC KX B e FOREDH LLETOEAD S
preliminary 3R AEBNT 5.

2. Proton [C%}d B optical potential

2851 SRETFICHET % optical potantial 2EHHET 5
RKLBEL »SH - T, Watson HOSEBIAERICE
S BV, SO HBRNERNICSDPER H 5P
DWTENHBEEEBARBICE T E VLTI D5
.
& & AP, GREENLEES 5 ¥ X ¥ SLANINA & Mc-
MaNus¥hs 572 7: 0 O REA & Y B, 2ok
SEHBIED S LICEBREFEEICK { —%KT 5 optical
potential 2 & >3 L AR LIz, ThoOHEBRINT
NLELELOMERETELTV AN, Thicdbdddb
57, CoOMRREBTI~REHDLEDLNS.

GREENLEES 53 [a. M3 polarize L7Zly. b, A
R FEEARFEO KXAFMEL = B8R 9T5. 1 0250
REZBUOI. E a it hiZ&RoBEIREEIT

T=¢(3)p(xro, so, to)
DL B, T Tk, Y& RENKO KB, @,
so, to) ZASBTFOWEBE, 1o, s, o RENLTHRR
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FEOLLE, spin BXU isospin LIETH3B. ¢ O3
Schrodinger FEFR i

(T0+S¢*~§1u0i¢d€_Eo)¢ =0 (1)

e, ToZBTFOERT A NVF—, E RAHT v
F— uoi 12 I-BBORNET & DORICE < B D poten-
tial ¢

©0i =tatuyToTit U (Co )+ ty(Fo+ ;) (TooT)
F[urtutyTor7:] S12+uls%[(r0_ri)

X (Po— Py)+(ao+0;)] (2)
OHELTVS. EMESE B TS 2EAKIR
(1) kRbOLAHEFIKIT (2) ROPD (00-0:), (o0
o) (To-7:) I B4 AT L U8 tensor operator Siz ITH:

g 3HRFS L.
LichsT,
Uo:Sd)*.%luogqbde Ur+ Us+ Uso, (3)
i,
A
Us={g*Sugae=fpulrud|r—mal), (&)

Us={{Coutr)—pu(mTus(Ir—rol)drfees,  (5)

Uson| 5 L L putra)] ustntay fu-o (6)
k rodro 0

LR LBEHEOSDR m OEBREEMICEATEI OE
EBTBLEVIEUEB C 2> T B, (4), (5),
(6) RT op, 0 RENTHEATOBFBLUhHTF
DEESHERTH 5.

Al
oo(=(* S —r)dr—rogat,
i=1
A1
on(®)= {0 S5 (A Ta)dr -,
F 72, Om 1% nuclear matter OHHFH A K4 :

pm=t oa={4* 00 —ri)gde. (1)
(4) RS Us & 1 & 2R SRORMEY 1.
(= (Dt (D, (8)
Ta=ATs (9)
el —Ric
= fwyrar[{rwar,
‘ik,
Ja=—(Usr)dr, Jo=—{udriar. 10)

(9) Rid (4) K& (7)) A»poEBKEDPN, (8)
Rz (4) K& (9) KEAWTCEBICEHIh 3. &
i€ Ux(r) H Woods-Saxon #Y,

— -1
Un(r) = Vg(l—}—expr :R) (11)
THBEER
Tx= V'L R(1+ tantRed). (12)
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T, GREENLEES LIZRD LI RINELEFRZICE »
TEBROBERE L. sTFEHoHiIc

on=Npu/A, pp=Zpy/A, (13)

Uy=—Cua 14
ERETS. ELLRERTHE. £5T3&

Urs=Ur+ Us= Ur[14+{(N—Z)/A] (15)

L1323, £TT, pm % Woods-Saxon Hlj, wus % Gauss
Bz hBRETSE (4) RE (16) Rk S Uss 8
i (6) Kb Uso BBEEL, #-7T (3) X b
U MEZBCEENRB. L LTE-7: potential {2
real TH - T, ZHhid optical potential (D real part %
BEz2b0EEZ 0N %. #C T imaginary part,

W(r)=Wr)+Ws(r) (16)
EFICHAL, UtiW %4 > TEEED optical po-
tential &3 %. T Zit, Wy(r) i3 Woods-Saxon Z,
W) i Woods-Saxon @ #AEI T HELBORERE
diffuseness 2> T3 LIFET . »{ LTBLh
optical potential iCiZkD 8D ,¥F x 4 —&Eh
A:

Tm, am (0m O¥# & diffuseness), 7, a1 (W(r) D
Fix L diffuseness) Vis (Urs DI E), Vso (Uso DIEE
&), Wy, Ws (Wi(r), Wir) DBER).

ZRICH UTEBD optical model T3k 10 FHD
NI AE BRGNS

TR, ar; 71, a1; rso, aso (£NF{ real, imaginary 3

XU spin-orbit potential @ 4% & diffuseness para-

meter), Vo, Wy, W5 Vs (FH1F4 real, volume

imaginary, surface imaginary # X7 spin-orbit po-
tential OEX).

COEICHEEXD ZEL IV N X2 -2 AT
automatic search % U RO—F% Fig. 1 ©Rd. C
i3 Eo=30.3MeV L4 2 bDT, ZoBADONE
Bicxtd 3 %.® % SATCHLERY D 10,95 X & — DIRIF &
HBRUTHBE Tasel OkHicish, LLAH8/e5 1
B—EFNOQEIBINCEMbLS. RO LR
TosBRibhifhd 2 20Tk VvF—, Ey=145MeV,
40 MeV BN THRON T2

ML LTESNT: best fit potential /€5 x &4 —%
TABLE 2 [Z7RY. Chid Ei=14.5MeV & 40MeV i
MTBEDT, FHa=2.25fm? L Lt ExDb DT H
5.

Potential @ integral &> Tid

Jrs/ A=[1+{(N—Z)/A1J s, an
25, Je/A & (N-Z)JA KD\ T plot §3 LERIC
BARBTTHS05, TOAREMFEDLDS Ja & [ ¢
FEMICIETZRTTHS. EZBiE Ju/dA OBER
REELBILS (TABLED). LAeMoT, Jo { itdlEE
NET . EBE, ( BREBKE TRERTETH
5. Ja OfEiZ

Ey=14.5MeV it LT Ja=425+25(MeV fm?)
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29.6Mey A /\‘:‘
NAYAYS
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3: : ¢ f’& 1 g:
=H S NIAY “* Jot
oo % \/ V 102
5 & s
g gg (\\f; \‘V 3 -CG
~N N r
gt Y \ I
: -6 406
o -08 104
A IARE

AR

AN Lo P4 g:
08 "
. c g an A
- IMAVATAC
2 o -os} H ]
-08 :
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CM ANGLE (degrees) C.M ANGLE (degrees)
Fig. 1 8 parameter analysis of cross sections and polarizatrions of
elastic scattering of protons at 30. 3 MeV, taken from Ref. 3
TABLE 1 X2 Q. Eo=30.3MeV.
% o 8N 59Co 60N 1208 208P}
10-parameter model 5.51 5.72 5.40 4.07 1.13
8-parameter model 4.98 5.59 4.50 3.21 0.95
TABLE 2 Eo=14.5MeV & 40 MeV ic4d 3 best-fit parameters. Bf7 3B X i fm, T A V¥ ~13 MeV
14.5MeV it LT We=0 E{REL .

B OB S8NJ{ 60N} 907y 1205 S8Nj 907 208p}
E, 14.5 14.5 14.5 14.5 40.0 40.0 40.0
Vs 55. 22 53.08 52.74 57.15 51.53 52.50 56. 67
We — — — — 5.64 5.54 5.61
w. 7.59 10. 96 7.07 10.01 2.16 3.60 4.27
71 1.344 1.339 1.374 1. 280 1. 410 1.379 1. 458
ar 0.644 0.503 0. 659 0.672 0. 520 0.510 0.587
Vo 6.55 7.27 6.70 6.55 6.07 4.85 5.09
Tm 1,189 1.221 1.243 1.203 1.116 1.158 1.118
am 0.442 0.511 0. 436 0.494 0.613 0.572 0.716
Xe? 4.0 4.2 3.5 1.1 8.0 26.0 27.7
Ap? 6.4 5.1 3.4 2.4 30.5 18.7 6.1

TABLE 3 Jrs/A

¥ & 58N 208},

E, 14.5 30.3 40.0 30.3 40.0

Jrs/A 421+16 409+20 377+15 411+12 37114

Eoy=40. 0 MeV &3t LT Ja=380+20(MeV fm?)
THD COBER2EN w TOBOWEERELLT
— 3 THIMCDOEIT TR us % Gauss BIE{RELD
CTHOBHERBET2CERRETH 8, BOKORK
I, resonating groups MRV L EFHINEHUE
DOk H D integral {3 Ja=400 MeV®OT ED#ER L L —
BLTWHAS.

wic, P & Da EBOHRELE Hn ZRTH
k5. TaBe4 ICENETRT. O ' REFEEL

MPOERE SBFD r.ms, 2 IDKEHTHS
CEBRONB. ) B
{r2yp={(r%)cn+0. 6

oKD EDTHB. HIZLLEBEBTOENDTH
3. CoTEDBPHTFO roms, rHa2 i3 (2 &
DREL, LR ThEFRBFXOACHTNEL
EIT13 %, CORHEIE, e/em=ZIN L{ELITEL
FfET 555, GREENLEES S LN L DD error i
NEL, TOREZEDTHRBRIEDLSTL. £,
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TABLE 4 rms LHEEST (Ref.3 k1)

Element %&f@{ (DR A(F) | (rBVF) | (r2aV2(F) <,2>;f>;’_ () | (nucloons F-2) | (protens F-%) (neutrons F-9)
58N} 14.5 | 3.94-0.23*% % 3.74 4.12_0,62*0-44 0.71+0.14 0.136+0.012 0.076 0.060+0. 012
30.3 |[4.12-¢.07*%-07 4.45 0,140 14 0.131+0.016 0. 055+0. 016

40.0 [4.13-0.16%0-17 4. 47 9. 51+0-3 0.135+0.017 0.059+0. 017

5Co 30.3 | 4,119 0700 3.75 4,39-9.13+0- 1] 0.64+0.12 0.131+0. 015 0.072 0.059+0. 015
ON{ 14.5 | 4.14_5.20%9 %9 3.77 4. 44_¢ 3779-17) 0.70+0.10 0.125+40.012 0.073 0.052+0. 012
30.3 | 4.16-0.05%0-% 4, 47 _9.09%0- 11 0.128+0.014 0.055+0.014

07y 14.5 | 4.64-¢.11%0-19 4.22 4,94 _g,20+0-18 0.72+0.20 0.121+0.019 0.071 0.050+0.019
40.0 |[4.64-0.11%%17 4.95_0.20+0-3 0.126+0. 019 0.055+0.019

1208 14.5 |5.05-0.15%0-14 4,59 5.36-0.31%0-%4 0.67+0. 20 0.123+0.016 0. 066 0. 057+0. 016
30.3 | 5.02-0.15024 5.30-0.25%0-24 0.126+0.012 0.060+0.012

08P} 30.3 |5.84.0.51*0-28 5.44 6. 08_0.570-48 0.64+0. 40 0.130+0.016 0. 063 0.067+0.016
40.0 | 5.84_¢.5;%0-34 6. 08-9. 1956 0.150+0.018 0.087+0.018

{rEyal/2—(r)p!'2 123 spin-orbit potential & 1) Fpsk
ENREEEEZ 20T, (6) ROELUT error DR
EWBD BB, LD20D error i3HbHT, 2Pb
Ba Dt 2—{r?p? % 0.33 fm overestimate 43 &
FHINTNS.
FLRONTOB LT, FDal2>{rt)p2 T LT
X, WAWATL evidence & anti-evidence H33 % 73,
U EORRBEED—D2L LTEREDHBDDTH A
3.
¥ potential [IEMIMO LS IKEHE 2K N L BT
DIV, CHEHET A ICREEFHRBHCERTO
mean free path 4 £ T
1
2m 2
POHETIHEBEL OB CDLDA T B, 2 o5E
243, Fermi-gas &EZ AT & AHNTOFEED
ERWEHE A, Pauli FEZERCAN TEHE T 5.
GREENLEES 5 D17 W(r) BB ERNICCOBOHRT
FHSNZ T EWRIN TR, EHHEHEROH
el L T 2hoEROASABER IR TN,
DOREPRELPR-ED UL KREBBICED>TY
1B COELMRBEROHETIERAVShEEDE
TERARD LS ICEL LN TN, ChiEBRETS
CERZhBERETRRVWEISIREDNS. LiL,
TDZ LDV TRFNOBRCED 2 ERS.
Spin-orbit coupling potential Uso 2\ TidZ D%
A3 real potential Urs DRE X D /NI T & p3E84M
TH5. T3 Uso 8 pom KL ->TREZDICHL,

UﬁﬁSwmﬁ-T&i%%K;%%@T,&%ﬁ%%

£V 2N D range DEEAICH TV AT LILEE. C
DOER, @ED 10 parameter ITORHRES—KLT
N,

RBIC, D IED0TTh %M, Sicib~i 2.25
fm? &5 {EIZ, 2m-exchange potential ¢ range izt
B30 THZ045 LN EKROSBHDT
B, COBEEBAIKEZ T search 2 LTHSB &,

ZHELY)

2.25x0.6fm? BEHINICITRTOKDT~NTOF—
FEBUTHBINIBWETHI Ebh 7z,

3T, LTI E2ERNIcATIETICR L
T3 LRGN, MEADBWL>20bsLH5ICBD
03 CCTROOHIEBREE a, b, 3#ICHTEC
EELUT, TABLE2 TRONIINTAE—RRTHD &,
ZERNODBDIEY E WRELTHBEZ Ebh b, 1k
THROELODIZ an T E L EbicaBMickE {2
STHWBZEMbIE. am 13 n KETNEZEDTH
BPoA% Ey KIRETHCERARAETHS. 21,
dL A7) Lx2XFEEBD E0E, Jo 3 2kATd
BI5 Jrs b Eo WR-TRBSBOVEIILE. LT3
%3, optical potential M X i energy dependent T 2
CEEFXHmonTBY, —FH Us OFiL om & wa @
ZNTE->TLESD D, Jrs d energy dependent i
BoXBEBRV. ZOBMTOETITbAT: energy #i
BFATIZ TABLE4 IT/RT K DI, Jrs 2H F D energy
RS ote (ZRTHRLBRKERTRITN) 28, X
YIEW energy HWFAZROFZZ IYREECRETHA
.

ZOEHIEMEIR, v 220N ED S D EEZ
ZROBME LT, UL, w AR MERELE
RS B 7D effective interaction THEREXTH -
T2HROBACODVTEROYE, XF I hiikeE,
OB FOEEEE L TOMEIER, Pauli FEZ4D
BRBBMOANSNTNBELEEZIEZRXBDTHS.

Z D X 515 effective interaction D % i3 SLanINa &
McManus ORI KR BEHILSBD AN S T 3.
8 513 optical potential DFKILL LT

V(r)=A\(|r—r'|)oe(r")dr’

ZRE U, TR I3 GREENLEES S 1B ARSE
adlbBLEEIZTEREINTVS. 132D effective
potential (—fRICHEFZI) DFEEKID spin & isospin |
B3 3¥ETHS. 1 & LTE (1) Impulse ] (off-
energy shell |3 Hamada-Johnston potential® % fjt>C 2t
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Re Ve(r) [Mev]

Fig. 2 Real part of the central optical potential calcu-
lated from the effective interaction of Green with strong
and weak density dependence compared with “experi-
ments” by FRICKE et al.'® and GREENLEES™ ez al.
(Figure was taken from Ref. 4)

Fricke et ol
Greenlees etol - — =
Strong V(2/3) e
Weaw V(2/3) = -

1. REERONT

r{tm)

30
420

<10

430
<20

<10

3¢
<20

Io

Kolr) [Mev]

Fig. 3 Spin-orbit potential calculated by impulse ap-
proximation compared with the “experiments” of FRICKE
et al.'¥and GREENLEES et al.l® (Figure was taken from

Ref. 4)

Fricke ot ol
Gregniees etal — ==
IMPUts APPIOR cesvesecs

A

'
N W O

1

1
~N ("] o

r (fm)

TABLE 5 rms. & optical potential @ real part D{KREES
{r®yaal?= 24K D rms, (rH=FESTED rms
<r2>=<rz>2n+<7'z>-

Un={Vo(r)dr (Ref. 4 %)

10

“CalrHm=11,37

SENi{rHHm=14.79

Oullmd) | DEM) | voras | m ¢r® ~Us
1A 3.27 14. 62 12030 3.28 18. 05 17 480
KB 6.76 18.07 14570 6.75 21.47 21410
Strong V(2/3) 4.07 15.43 15710 4.36 19.15 23 240
Weak V(2/3) 3.72 15.08 12920 3.88 18.67 19020
GREENLEES!!) 16.78 17 160 19.72 23 690
FRICKE!?) 16. 43 15330 19.51 21770

1208n{r%)m=20. 88 208Ph 72y =29. 55

{rHm ({r%) —Ur {rDm (r%H —Ur
1A 3.30 24,17 36 370 3.29 32.83 63 200
KB 6.71 27.52 46 620 6.70 36. 14 82180
Strong V(2/3) 4.59 25.48 47 420 4.90 34.45 82 300
Weak V(2/3) 4.01 24.90 39 560 4,19 33.74 68 920
GREENLEES'V 27.79 50120 37.10 88 090
FRICKE'? 27.60 45 140 37.19 79 230

The exchange term was considered for #Ca with the weak V(2/3). For the exchange, Ur=—1420 and
{r2=19.0 yielding for the direct plus exchange, Ur=—14340 and {r%)=15.46.
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B

BLHD) 2851 Yukawa F7:12 250 Yukawa
HEELULedD. (2) (s,d) shell pHBEIcENSOH

7= Kuo-Brown D effective interaction!® :
tpp=%V,e(r), t,,p=—;—( Vise(r)+3 Vie(r)) (odd state

Ti20)
Vee=uwvee(r), r=>ds: =0, r<ds
Vie=vee(r)—8 ve®(r)/240, r>ds: =0, r<ds
s=1.05fm, di¢=1.07fm., ve, vie {Z Hamada-Johns-
ton potential 5.
(3) s-state TO A GREEN (D potential'® : tpp, tnp
BEERLU.
Vee=Cs(1—asp¥?) VK, r>ds: =0, r<ds
Vie=Ci(l—awp¥¥) VKX, r>di: =0, r<d;
ds=1.046 fm, d:=0.924 fm.
strong density dependence: Cs=1. 157, as=0. 323,
Ci=1.623, a=1.845
weak density dependence: Cy=0.992, as=0. 035,
Ci=1.071, a:=1.454
Ve, Vif* |3 Kallio-Kolltveit ¢» potential'?,
—%, o(r) &L Tid Woods-Saxon FA{R5E L,

oo=2p L LTCNEREAGL BRDE 0 oY

3 &5 Woods-Saxon D5 # 2 —%BE LT, »e
LT 5Ny potential (D central part % Fig. 2 iC,
spin-orbit part % Fig. 3 17”3, Fricke 5% L U
GREENLEES OWHIRERDENH» OB dD Lk
(A>TOBTENDDS. TAES IiE Jus=| Vo ()
dr & e & D GEBIRBIERLUL) % 9°Ca & 2%Pb
I U TART. 7270 FrickE 533 X 18 GREENLEES
oW o “EKERE” & HRTIV—FERLTNVAEC
EWbh B BE—EMN LW DL, Green (O potential
@ strong density dependence %#f - 7-& DT, Impulse
EPRBALLIC—BNE > TS, Thid, hERET
@ Pauli FEOEEERTHOE L TERTNETH
5.

StaNINA & McManus (2, X 5iT, FIDDREDS B
b AT, exchange DZHRDA S ET~I. TOREIT
optical potential 2 non-local &73 8, % % local energy
DEPLT potential @ energy dependence ThExE 3
&, BBRHRIKALHhTNS,

V(r=0)=Vo+EVe+((N—Z)/A) Vo
O Ve=—0.22 TN LT, BRfE Ve=-0.21 B885h
3T Eam LTV A. Non-locality i3 Perey-Buck!®
A BB LD potential DEFTIEILL, TL—
CEETAICGEE Y, #1T equivalent local potential
@ energy dependence 23BN 5 S EEH XN 3.

PIE 2 DOf##ri2 optical potential % 2 fkA1h» &<
ARACRORDOFEEA»EEbDTHS. CCTH
ML, Th oI BRRE 2 B polarization
BERLSZ] T, EE, closed shell core DiFHh

JAERI 1184

/N OR F4 & DBIC DT, valence nucleon %
R orbit [CHl & Fif 2 EMBEBEOMMTICL S L',
AMBFECOKFED effective interaction (3 2 KD
BHOREEL b ZD¥53E core % virtual T po-
larize +23HRICEBHDTHBCEBAONATNS.
BUHREO L S SARTEBRBORBLBNELSH?
CORREIT UTid, BERE & FERERIEL TR
RICKEWRERD D CECER LT RTRE S0,
Tibhb, EWEEIHIKBOTIRARKTFE core &0
HEERA®, core ORMEAEZEZ ITNTFIERIT distort-
ing potential 2 U TDAHA ->TK 328, BEHITIR
IR ZNBERITNEHEMFERAOFERES LS
ETHB. LEdo THREEED BES it polarization
ORI, AFHRTFEEAKTFO virtual phonon DI
BTENODMD effectvie interaction MRE/LT 2 &
Sb0DEMIC, AHKNTI X3 phonon DFA LRI
KEpHBzANMF-BDdbOLNHpbCLiLii3d. T
NoD2FDS ETHREORERTELILES, LS
CEREBORIMHEBLORSUBENS L2 bDLTFHE
hz. EEE AIECBOTIHMHRET energy Z2RF
LBV, BECBVTRRELSS. LEd-T,
CDER AP~ 3 ITiT vibrational state % & oiTx L
T (p,p) & (p,p') 2#AED 7 coupled channel @
TABLE 6 S5SFe+p {1} % core polarization itk % op-
tical potential MZE(k. V’, Wy’ i3 V, Wp % distort-
ing potential & L THU /- coupled channel DFED
elastic scattering & &% optical potential D X. EiX
AH energy, B 12 deformation parameter. Optical po-

tential {2 U(r)=— V(1 +e*)" +4i Wo(d/d z')(1+ ')
+L-o(fi/mec)?Vier~Y(d/dr)(1+e=)'. 7KL, z=(r—

1.25 AY3)/0.65, z’/=(r—1.25A1%)/0.47. (Ref. 20 it
& 3)
E 14 Wbo B \4 1%%°%
10 49.2 11.5 0.1 49.4 12.0
0.2 50.2 13.4
0.3 51.9 15.7
0.4 54.1 18.5
12 48.6 11.5 0.1 48.8 11.9
0.2 49.4 13.0
0.3 50.-8 14.6
0.4 52.5 16.0
14 48.0 11.5 0.1 48.2 11.9
0.2 48.7 13.0
0.3 49.9 14.6
0.4 51.5 16. 2
17 47.1 11.5 0.1 47.3 11.9
0.2 47.8 13.0
0.3 48.9 14.7
0.4 50.7 16.1
22 46.6 11.5 0.1 46.7 11.7
0.2 47.1 12.4
0.3 47.5 18.2
0.4 47.8 14.2

mﬁ E: V» WD’ V,’ Wp/ i MeV,
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SHEi % 35 C 151y, vibrational state & @ coupling D BitE
#E O channel ~OEELRTAHAN T LWV, —FlEL
T, PEREY & SATCHLER'73 %Fe (T LTE T - 728K
HFEEROFER A TABLES (T/RT. DXL, coupling A3
iU & % optical potential % coupled channel DF#
@ distorting potential [Tz & X, B o s elastic
cross section % 3-7:7:78 coupling X LOHETHET
ATz ENI & optical potential £ ZEAL S F XX AR
LT3, By 2 &, WFROEAICD real part
DR XHDHTHTHT, ABHOZE{L imaginary
part kXL TRLETHRATVWAE T ETH B, HhE
BB DK X153 D8 couple & 7-FERYL channel
e & % &2 FEANTEBERICERLP TV, <
LT, 2* @ 1phonon state ¢ coupling Z:EZE T A
D i3 core polarization DEYEITEZ B TEWVENZZ
ATHDL. TNLANDES, ¥ core %359 3 phonon
HHEZIEARILLTESITH 0 EH%D 5HETH
5.

iz, 24k effectvie interaction D& O HEMRE L
TaES. StaNiINa-McManus OEE Tl effective in-
teraction & LC, shell model @EtticAN D ER
UbDEROTOEM, BEICHD EhIKRBKRDOED
1SRN S A L B b, (1) Separation distance ds 13
2RO T AN F—IRKETZIT TH B (2)
thStk 82 C ¢ Pauli principle ©F| % FiZ PR D AH T %
¥ iz X %. Bound state () t-matrix 2 FD T XM -
}DTRCOHENBHRCAVBE L VAT (3) Shell
model {C AW t-matrix |2 A3% valence nucleons R
HMEERCH LTHESh b0 TH S, ThEREBO
shell ILHARTICHLTH 2D F FHOTIOR?
CNOORE—ERRICKIELTA S LRBEENL
EEBDLNS.

¥ 72, OB TIE optical potential ¢D isospin depen-
dence ILX LT, EEMNUBRELEL LM TENEDL -
1o, ThAH S, d A IC i3 isobaric analog state (T
WM quasielastic scattering O RED I Hhicid, —HEHD
isotope 1€ & % ILOMITA ZOBA» SPVELTAH
BT EMBIERZOTREIVNEEDLNS.

1k 1c optical potential ¢ non-locality {2 DU THRES
L& 5. Non-locality o BRI A LT (1) AT
LM N T @ exchange OZhE, (2) elastic channel ¢
0 effective hamiltonian %3 { ERic > channel Z 7
HULHBOHRD 25hH 5. SLANINA-McManus (3T
OF10HROAERV ST . E20HRICOVLTIR
Yazaki'® SR LTHNT, TOD7¥HD non-locality %
local energy @iEfI?> T equivalent local potential (%%
& L& XDHF D energy dependence i3, HEIN
7= channel MO%hE D energy dependence & & 5 K47
BLA-T, #BELUT energy itk 5721 local po-
tential RESNB CENMON TV B, LM,

WA DN T 45

energy dependence % ¥ & L CTRMFMLICRD & 5 &4
2Dl reasonable THBEWNZBESIKEDbNA*

3. Deuteron [T} B optical potential

3.1 F XD ambiguity

HEARF O optical potential L FEORIEE LT po-
tential parameter ¢ ambiguity M B C LR L HI S
TV 3. Fig. 4 L7k McFADDEN & SATCHLER®D o) fRify
REOMEIEHTHS. Thid, real potential DEI %
¥k &, THITE UT best-fit potential DD
G A B =, W BOHLEATEDE pot LESDT
b, chicks &, #EBEMICIZEAEREO potential
HH AHHS, Hic, ¥¢ A% minimun K723 V OEKTE
BTHEMBORE sets BHHTLBHDS.

1.4

3 13

M NN

AA NN
WARRAYA

N i|+a
24.7MeV

,J\/\/\

T PNEA L,

Y s \\\¢ﬂ/\ A
MAVAVAVANAN

0 50 100 150 200 250 300
V (MeV)

Fig. 4 Parameter values which minimize %% for Ni as a
function of V. The dots represent the values correspond-
ing to optimum values of V which are given in table
1. Also shown are the predicted values of the reaction
or absorption cross section 0a. (Ref. 21)

* ZOARRBEMNEHINI-bDTH .
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&S5 ambiguity A< — oo HEEl, optical
potential ZFMMNCHE T2 L THA. BRI
UL, T icxdd % optical potential %, #HAK T
ONMEBC>EVETH b D THD. Deuteron D
£, OHMURA?? X > TB IO LIHETE, BT,
i Fic 3 A optical potenticl Up, Un D energy de-
pendence FTHREL,

UR)={p*(r)LU(| B47[2], B+ Un | R—7/2],

Ey)1g(r)dr (18)
T deuteron @ potential Uy(R) DEHEHINTN 3B, C
zig, ¢(r) ix deuteron ONTKEIEKTHS. HlEL
T, Us, Un iz, R=38.75fm, a=0.65fm » Woods-
Saxon %, ZEX Vo=—58+0.3E, Va=—48+0.3E,
Dy DA & 5L, central real potential |3 Ry=3. 652 fm,
aq=0. 856 fm @ Woods-Saxon BT L EPUINZTDOE
i,
[(—10640. 3 Eq4) x 0. 954412 < 0. 320]
=—97.2+0.286 E4

FREADE 2L, Uy, Us O energy dependence i
Bk 2HETHE. chickhid, Us LTI ~9
MeV fIDdDBEIEEHTH 5.

L L, deuteron 3 hDTHNKEEDOLDTH B H
5, ZOEEAZZBEICANTOHEREIRABDHD 5
T#H 5. Jounson?? |3 deuteron @ break up FTHREL
1eHEA L. CoETIE, PEREBELTEENE
break up OIKEEIZ, 10 energy ICEDLL TS E
L, €D energy 204+ F5EVIEPEE > TS,
d OELITXIF % potential {2 non-local T,

(R|Us| R'y=vo( R)J(R—R')

1
22 2 !
o R)p 0o R KR | =o'

DOFAELTVE. T w(R) i3 (18) RoAHATE A
54 % ¥ potential ThH 5. FHAAEHE ORI *°Ca(d,
d) W UTEVRRBE LN TV S.

%7z, (d,d) & (d,p) channel & coupling %%
AR ELBI DR TV 3 2958, OB/
i3 effective potential {2 [EFRY7S ambiguity 23% % D
THEXETZ?®. coficshTideetcldchlll
2. —F, D& D1 3KEEN L approach (T

JAERI 1184

%} LT AuUsTERN & RICHARDS?® % core DR b &R T
RECEAZFRELTW AR, chid, dp) KBTS
sudden SERPVM 3ARBEOBERICEINCIL 5 T &A%
ABbEDILEERTREENTHESD.

a-$f F@ potential O FEBIEBLNIC D>V TIREBREK
DEC#ES.

3.2 Deuteron (D optical potential (21T 3
spin-orbit coupling

550 deuteron ¢ optical potential ¢ spin dependence
1T 24T HAEBERLI 5T & - T polarized deuteron beam
ERAVEERE ZORNH S & h)d THKED 5 ARKE
537z, SchwanNpT & HAEBERLE® |3 Eis=7~11 MeV
DEIFT PAl 25, ®Ni iz k5 (d,d) & cross section,
o(0), vector polarization, 7T, tensor polarization, T,
T 2RI LIz, FH % optical model 1Tk 3T L7
HERELNICEAXE KT S E, (1) tensor polarization
A30B89 % 1C13 tensor # > spin-orbit coupling 23MAZE
ThsB. (2) 0(9), Ty i3 optical potential,

Uz — V(1465114 i W2 (14e5)
. dx

4 V2 L1qem )y 1(L-S)
r dr

L,
x=r—roA”3’ z,:r—rwA”s’ x,,:r—rsoA”:’
ap aw aso

L - THREINSB. 70=1.05fm, ar=0.861fm ICEE
L, 7so, aso Z#HMELT V, W, Vs, rw, aw % search
FBE, 05<re<0.9, 0.3<an<0.7 O RHENTER
EHEBICIN—FBDESNI. Tae 7 BN T
AA—DEFRT. TOETR 70=0.75{m, aw=
0.40fm EEEL, Ve bIEWAOMEICEE L T search
ZBTH->TVS. (3) HEHINRE L LE, 70<r T
HBHET, bL ro=ro &THEEREO—BITHSH
WEL 12 5. (Fig. 5).

Z @ potential {Z, DT Yure & HAEBERLI®® [T X
>Thcbht (dp) BIGOERE bXHP L.
Fig. 6 12 “°Ca(d, p)*'Ca T 2 Ps;z & 2 Py iCrpiEF08
HWEIN2EADOWER, vector polarization D analyz-

TABLE 7 Potential parameters ¢ optimum values. 7o=1. 05 fm, @o=0. 86 fm, r=0.75fm, a,,=0.40 fm &

BEELTH3. (Ref. 28 £b)

Nucleus L M) M) (fm (fm) R s 2T
7l 7.0 112.05 14.68 1.573 0.625 (9.0) 4.8 8.6
9.0 110.38 17.58 1.567 0.577 (7.0) 3.9 51
11.0 106.89 19.35 1.516 0.580 (5.5) 15 64
i 9.0 117.0 18.88 1.59 0.54 (7.0) 2.6 120
®Ni 8.9 112.9 | 16,14 1.37 0.72 (7.0) 0.7 3.9
10.9 10.8 1 19.21 1.32 0.69 (5.5) 1.6 10

( ) M D parameters {3 automatic search D XWEE S /.
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TABLE 8 %Ca (d, d) iz3td" 2 YULE-HAEBERLI D potential (Y-H) & ROBSON & potential (R) @ H#k
14 } ro ‘ a w ‘ ro’ ] a’ | Vso ‘ 7s0 ‘ aso rc
Y-H 94.1 1.177 0. 798 10.0 1. 602 0.472 17.9 0.78 0.52 1.25
R 118.6 1.0 0.81 10.0 1.55 0.60 10.0 0.65 0.50 1.30

Bifir: V, W X MeV, Vso 2 MeV fm? fhid fm. Y-H {3 Ea=TMeV, R {3 Eq4-9IMeV 49 3 D.

asl - Ni®, 109 Mev asf N®, 109 Mev
as Tw
ae
N EET ‘tx lu
Q3| Loy T n{ l*l‘t
a2
ai
a3
azf i T
al
At * g
N ' ity
<l tay [[
o2 lcm oseim a2r
asr FIT 421 o3 FIT 421
% & % =0 =0 0 e 9% 10 &
9; eL

Fig. 5 Optical model analysis of ®*Ni(d, d), cross section,
vector polarization and tensor polarization after Ref.

28.

ARAAARRAARARRAR RRN]
-LE(64), Ed=7.0MeV
—CALC, Ed=7.0MeV
| Ex=3.95MeV | 0.8 T T T 71T 7
10, £=1i=1/2 1 -+ E=1.95MeV .
3 0.6 2=1 j=3/2 |
| v Ey=2.47MeV i
D) 2=1 j=3/2
2 0.41 A
,g B A
0.2f :
S 1 paol— ¥ /t iﬁ |
® | Ex=0.00MeV Ny & ]
16F 9=3 j=7/2 3 \H/
: 1 —0.2F -
1k i i
—0.4F A
0 ] —-0.6- PR T SIS R
0 30 60 90120150180 0 20 40 60 80
@cm (deg) Ocm (deg)

Fig. 6 %Ca(d, p)*'Ca differential cross section and vector
analyzing power, experiment and DWBA calculation
at Eq=7.0MeV, after Ref. 29.

ing power DFEL DWBA oBHBEOHELRT.
CCTHBRERTNEC LR, ANHL, analyzing
power ) j-dependence BMIFEEIC LIS FRIN TS
EThA.

Rk C &Iz iy D% Rosson3®iz X 5T 4°Ca(d,
p)*Ca, 5*Fe(d, p)’Fe o 2 p-state ~DEBEHICK UL TR X
Nt ¥id 4 icxd 5 distorting potential 1T 750<70 D
LDOAEBREINOLORIBDASFTD j-dependence 23
FBBHINBCEERLAEDTHS. chbid, X
z @ j-dependence 33 DWBA Ci3HREETIIL WD
LELNTED, CCHEROBEELNL >TORHDK
ks ks ZERTHY, Ue 5 RABERICHE
THELDTHS.

ECATH L Caicst LTHE 2 btz YuLE-HAEBERLI
@ potential & ROBSON ¢ potential B L TH 3 &
(TABLE8) IIITTRI > TNAB T EN DL, B, HHEIR
F77 5 72 energies (TMeV & 9MeV) it LTEZ &
NbOTHEDT, COERTNICEE D, H2 0
I3 2 DORI%TE potentials BH 5D BHETHS. %
7z, T OFED potential HE LTk, o xuF
—TOEIIOVEREEZ 20, i, HERIPAREE
XN Tx7 (d,p) © proton (D polarization TN TE
SWHIRRESZ 2B ERNTNEHENREZ L. Th
KOWTRAEEBR I,

ABEZTLDHDY ST, £LOH 4 LHERIH
WERBRETRN . i BT EELIC 0T}, FR, &
g, A HE, FE), B8, BHEKSELOHRICASIECA
BE. T, BERFEILICOWV T, YuLe-HAEBERLI
ORERZHRANCER (BRI LZBEC ML THOL
fo. TZRINODHAWEL BRHOBERTHRET
5.
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2. Fr o RILEEEICEKD *Clp, p)°C DB

woE ok W F &
HEAKE B 3 T
EAKE F 2OR 0 fE i3

2. Coupled Channel Calculation for the Elastic Proton Scattering by “C

OsaMuU MIKOSHIBA

Tokyo College of Science

MaxkoTo TANIFUJI
Hosei University

and

Tokuo TERASAWA
University of Tokyo

The elastic scattering of protons by '?C exhibits several intermediate resonances in the energy

region of Ep= 0~8MeV. Analyses of the elastic scattering data have been performed in terms of the

coupled ‘channel calculation with a realistic generalized optical potential. Some preliminary results and

comments on further developments are presented.

. EANE

12C(p, p?C DREKER 5 L, E,<30MeV O
FE-RHET, WHW3 “hRELE OREMBE LN
2. Lhl, $L0Ea, HREMORELZRL,IC
T2 ERBHEDECAULTH L. £TT, BN
HHEEELLOTHAO LELNS. Bz arF—H
W (E,<8MeV) Tkl (Fig.1 2]R) ZiEicy

5.

B .
£l 572
£
1 3
=
- 5/2* .
3 5/273/2
+
% 3/2" )
B
i 1 5 1 1 J A1
01 2 3 4 5 6 7 8
Ep(MeV)

Fig. 1 12C jc & 2 BT HEL OB

COMBEROES HEE LT,

1) Shell model

i) Feshbach O

iii) Coupled Channel ¥
D 3oEZ LA, Shell model i€ &k % 5HEIT SeEBE?
CE - THLRDRTOEH, FKED v F—DERME
EO—FRKV LS. Ff, shell model % dfEEH
Bic2D0ETAVE LB HERS S, Fic, Bk
KA BRMICHET A CEIRATETH S, KT,
A B ks Feshbach o B i3 *C(n, n)?C T
elastic channel A HEINT I % BRI L TRV S
H, HIELOERENDTOE,Y, PClp, p'*C DB
LSICREEAVSIATHEL. 22T, bhibhid,
LEHORBEICETBRY, KOHBERBERDS T &
% 7% coupled channel O FHEAZFHE T Lic L.
7272 L, couple 4% channel {3 elastic channel &, %
Nick < couple 3% F—RHEIRE (2Y) ~D inelastic
channel &iCfRBA.

CDREOEHEIL BARNARDY [Tk » T TRE DR
T B, %3 generalized optical potential & LT, F§
MAEF Ve, BICKEEE R=4.5im (F#, AL
SHTWVWAER 2.9fm) DLDEMNTHBY, EHIT
coupled equations DX HiIL b K XMWEMPEL TS,
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Zh Wi realistic optical potential ALy, W DOIEREK
Lz Eitk - T, MAOHRBLIBORRNMD X HHA
T2 ESDERN, HHET, generalized opt. pot.
KOV TOLDROAHMERE S & TH0N8ZOHED
BMTH 5.

2. HEER

Generalized optical potential & L Tid,
U=~ Vofary+ Vao(fi/r) (a-1) (0 f[0r)
— Viss(a-I) fry+ VoedR- (0 F[0r)
~ (Vo/2) (BR)2(0% f [0r?)
—e(Vso/2) (B2[r) {6R-(a 1)
+(a+1) -8R} (0 f/or?)
2L,
f(r)=1/(1+exp{(r—Ro)/a}}
6R=Ro§a2,.Yz,.

2RV BMEOL IV F—FHRTE, 2° UA~ND
channel {213 & A EBENTWIRODT, EBEBHMIO0 &

Utz. LU, Ep>7.66MeV TIIEEEIRE (O)
A® channel 3380 < O T, BTOREMWABHLEL
A9.

BUIiC, Rz AVF—DseF 2 4 —REHZHEND
7oBdit, ROLINFAEEZ BB T2HBL, o
=1.25fm, 2=0.65fm, V=0, e=0& L, 2V3iREEZ
B==£0.2 OERENRE REREDE SicE, £Wx
WE—RBBOFBICK SN LT, Vo, Ve 2ZEAL
X, ZOREIIFg2D X HICIE 5. Fig.1 & Fig.2
EORBLLHELMIECEL, B—ICRHERORILIRHE
BOREYDIEFMNIE LL BT &, K, E<4.8
MeV T 3/2* B b BT L TH 3. (Ep=0~2MeV i
%% 1/2*, 5/2* | single particle resonance #{, &
73 optical potential THW/ILWHEERTE T ENTX 3.
Lzds» T, PIFTid Ep=4~8MeV DHEALICFR - T
W9 5.)

22T, ERICEDLN B A VOIEFZ 85 Atk %
XEARDIT, ROBA/ITDONTHE <. (i) spin-orbit
potential WAL DR EAND. Tib DB ex0 &9 3.
(ii) spin-spin potential 2& % %: V0. (i) 2% iR
REEEEEAE LTROED.

(i) &2\ TiE, flid polarization, asymmetry DE
HICAVWORTHWAED, e=1~1.5 2B WTH~ Y,
RRICRIBEALEENE, - RIT, Vs OHEICD
WTREREL e I BART—EBBOOT, Mkt j—J
WAEERANTHMUILELA, K 2MeV &7 H
B4 L, BOREMOBEE2ZERTSE, COME
POoRYUTNECENTRINGY, —b Vi=2MeV
EUTHELY.. COBEAOHBLF vF—iT, 27%M
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R (=0.2) L L7 Z5DHDEADET, Fig3iC
RLUTHB. COMhSb» B &L, (1) spin-spin
potential 3B 4iE, LR LA EVDIEFRBELL H
3. (2) f=0.2 QEIZHEMN L LIDTRIZHTHY,
Fh, f==-0.2 LLTHI L DR
DEDTEMD, WELTHEMBRETRS S8, RO
AERZL OSN3, (1) Vex0 Thhid, 8520
parameter search 2B 119 T EITX - TE LOERM
Behs. (D) Fig.3 itk s &, 2F ZEKRMEMNE Ui
ARBAIhBELS AR S LhL, E2BBPERM
HEHEDOERD 5128 =0.4~0.82 £1L > TNEDT,
18] =023 UL/NITERLHITHS. BE HATYH
FEROAD LB A NVF—2RE S IFICHFHET S &,
AT, HEDOHPRLOREVEEANTHELDAEY
IEERELNE S THS. BE ChooAEREI>D
THRETTH 5.

F v VA NVEEAEEICK B Clp, p)°C DRRHT 51

B, COREIKE, 47 - @TE - FRICk - TH
XN/ coupled channel @ code 2R 7 e,
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3. HENFORERTUI v I

3. Note on the Optical Potentials for Composite Particles

Kicuinosuke HArRADA

JAERI

In the theoretical estimation of the optical potential for a composite particle, the distortion and
dissociation effects of the projectile cannot be disregarded. WITTERN calculated the real part of the
optical potential for alpha-nucleus scattering, taking those effects into account. In the first part of
this note, his paper is reviewed briefly. In the second part, the real part of the optical potential for

three-nucleon system is calculated with his method. The depth of the real part is found to be about

100 MeV.

.

HAKNT (d, t, *He, @) OFRTHIC X 2 BHHKE %
RBEEATHITTALE, W D2DORT Yy 2
— & DD BRI X\ fit 2532, best fit /€5 2 —
SM—BPCEZT SRV LRI GEhTHE2D,
K, BONEO useful tool & LT—BFH LUK
FEORROERBBEAEBACBIRONLTEDZOTF
— 213 DWBA B ECHIT I T 28, BEMNIL
{EFEEDEL information 283 7o) iCREAKTF D}
2RT V¥ VT ambiguity BN ERET L.

WEERT v v vid, TTHX multi-channel problem %
one % 7-iz a few channel problem i reduce 4 %Kiz
HbNERTF VY v VDT, TD5 24 —Z OBEHRD
REROGTOLLY. WEET, HERTORERT v
+ VOERNFMIE, LELERKAKE SO TBCD
n-c—é f\:l'vlo).

U ={ 20 @) 1g:(B) (1)

LT $(E) REAKTONEEBEY, » BEA
HTcazha8FH Ui@) & Ulr) Rzheh
BFLEANFICHT ERERT Y+ THB. (1)
RTKZEE Uc i3, Ui D7 + VvHIZ 6:(€) TEY
LI:bDiEh o

UexnU, (2)
E15B. BedE BT S 50 DI HAKT BAR

DIEMDEd DT EICED. COHFBEDERRBEN %
explicit TRAWIENWEATH 3. R AHELSETO
distortion % dissociation DEENRERIN TR NAT
H5. (@ERNTIHZOBFEOFMMIHR 5iIciREhT
W5.)

EARTIE, BHORETRZORE IMNINDOT
HEBARY PR ODPSoETHRY—RICEN-T
WBEEZLNEH, BRICASE Pauli FRick -T
Fermi :BHEPIT OEBERDL cut out ¥ 3. £0
¥, BRTOHEAz A vF—REBHREToFN LT
F713 0, distortion % dissociation BSEEZ 5. WITTERN!D
RCDTEEEBLTAHFOERRT vy v VOES
ZEHE L. BEFIC AL, distortion % dissociation |3
BAKE-THOERC SN B Y, BOERLEOIR
Pauli HEIT X - T induce N B4 CTdH 5. WITTERN
DOEZDOERIIXE 12, 13 RO 2H, COPED
EBWFMZ LcORENBHTTHS.

EBRD X Sic WiTTerN DFHER, ESHTO¥NER
TV VOEROBEBRMFMcELTIZ (1) Rick
3bDIDTNTNELEBEDLNEDT, 2 THROHBX
OBBEBEALE I Y %2T 5. 3 TR, BOFET=E
KR (¢, *He) OEFOEIXXHEL, BohigREL
BRI 5.

2. WurerN DERILOD Review & X b

A RNTFONERT VY + VOELOBEE Vo ZMEIC
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4%. £F V¥ %O radial form % non-locality 7% &
IR L7LLS. Surface effects 0 %1 % foddic, 12
Bt Fermi ¥R TROLINBZEMELTS. a-BOD
AREMBERROL S LEDLT.

O D= A {Qa(r) Pa(x1) K ) (2)
TCTT, ¢ad ¢a RENENENKE o KTFORER
MO B &, oK iz e FOELEE2EDT. i=1
i a BFBERICVEEE, (=2 1384 (Le d3A
BH) KVBRBELDT. ¢ad ¢a EOEIZDH OV

BdHo, OP IR, ‘xR VF~%
Ei® =Sq><f>* HOW er / Sq)w*@wdr (3)
THET 5. A~Wb—7/%a®iowﬁﬁ?5
H= HA+Ha+j§1 EIVG"’ zx) (4)

2o, Ha & Hy BZNENERK & a KT O3
W=7 T, BIFERWEOMOMEMERAERDT
(4) ROBHBA%E OV TRIATT AF—%HHEL
7=b DiC bound, PP TR XA D DIC free DIRFEED
T

Etot“):Etot(z) (5 )
OHEFEREHFXETL
Ebound | F bﬁund_}_ﬁzj<1 +U(K2) = E \free
t E e LS IZZ (6)

L1%. CCT
UKD = {005 V(r, 2 00de / fowromac
ik

(7

TH5. BATOaRTFOBELOI A NVF—% ELEL
E(6))XDp 5
e ﬁm

+ U(KIZ) + (EAbound —F tree)

Ry, (8)
afgb RBF Vs VOBE Vo lid
0= — {U(Klz) + (EAbound EAfree)

(B E e} (9)
ThHEibhBCLicliss. HEDQHEFR, (9)XT K
OEHELT Vo 2R, (8)AEFIALT Vo(E) i€
B, (R0oF1HIFTZ(1)XTKRE 3 borB
L, B2HRWERAL TV RECDPS L TREBICE
5. BIROHZDRW3TIOKRESTH 5.

() RZAVT Vo ZHETH7DITR, ¢4 ¢a B
KU A DWTREE LT hiZE 530,

¢a i3 Fermi EFE k=1 14{m-! (Er=27MeV) %
32 Z=N @ Fermi #zx&T35.

BAhRAy 2Bob DA ED, mixture |3 Serber &,
Serber & Rosenfeld 73 9:1 TRU - DD 2EH
THELTWSE. §bb

Vu= - Uo exp(—ﬂ;ikz) {w—-%m

3. BANTONERT ¥ ¥ 53

(A+a0) A+070) +%b(1+a&‘k>

—%k(l +7Ti -‘Z'k) } (10)
LY.
Pa IR
14 -
pac exp(— 3 a3 (B-Poals) (D)

Z2RETB. gals,t) BRAY Y, TAYVREVYORDH
{EL7-EHTHE. a NFOERDAELDTIF 4 —4&
a OfEIZ

a=0.535fm™2 (12)
LT3, COBEEREL etk i3 Efc=—-29.3
MeV c&E[<.

E o 22 H T 2 fodic

P=gae™T (13)

ERE R OBEERTRIET 5 L

gocgals 0{dhakakdk
oy Baloof -2 £ G-
sy L 20 /= 1Ty

X 8 (Ri—Ty— ez — ks — kg) (14)

£13%. ceT, Pali FEEEMLT ,,,, OHRE

DB EICTE. HiC, FHEOHBLD BT (14)
ROFNV 2 EEEERTE. hid ¢o & LTADRT
1275 <

1 4
Pacs exp{—Fa 3 2#Joa(s, 0 15

EZRNBCZERCMBTEOT, Bl Ab ¥ BHIC
OPDHD ¢ WD U AEFES T LTS, (15)XEH
T Epfree 23H 43 L Eff*=—12.5MeV L 13D,
EHEFFNLEALLCE RIS aNFOBAT RV
F-DRZBRP 1TMeV L1350, TOBER (B
—E,) TRIEERINZELIEDSTVE.
PEDX S BREEZBOT()RNOBHEHETZ L
E VR

AE = E\ound _ E,free—(

AEQ — Eabound — Eatrce
_2R L _3a_ Ki*
T M, {Iz 2 16 } 6
. é._ a 3/2}
euum+mﬂh Qﬂ+J

UKH=—-U, (16w—4m+8b—8h)%7ck35 (4zB)—3/2

+Uo(4m_16m+8b—8h)§5
[

2T, Mo BBFOBERTL 3R TrELONB LD
BESTH 5.

- {3+ 13)?
11=Sk>dekkzeXp[—Z(k—'zKl) }

> (7 12\
L={, . d% exp{—;(k ~-7k }
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Is =S dFyd ey d ks d by 6 (Fy+Fa—Fs—Fy)
ky>k

j=l-4
18 [+ 15\ 1 5 =,
XeXp[_2—a1§1(k'_zK‘) a—ﬂ(kl—ka) }
a7
A& dF LS (m-1izr)
I‘zgk»h k zexp{_%g( vy ’) }(4/9”>3/2
=12
—_ —_ — . \2
L={ dz dkexp{—l(k—im)
z< ke k> kr a 4
_1 {7 =
4/9(“ oY

Is= (4Bm)321,

Ll 2HEBTEENICRDT, BonlEEln
Fig.1~4 1C% 5. $7 Fig.1 37T, dE, MR ET LK
H5L. E = AE,+E, ¢, E,f*c=_12 5MeV 72
5, Fig 1 B OBATO a LT OREA T H v F— Egoud
B77ZATUhdILRBORENTLDLLS. k<kr D
cut out 72713 C a BFlT dissociate §3. DT Ehb,
aNFOEMRT vy v+ VEBETFOBEDH4EENS

[4.3 [+ ~ o
o o o O
T T T T

H
(o]
T

n
Q
T

)
:

DFFERENCE AE, IN MeV
3

1 " : L L 1 N 2 A N 1
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K:in fm?
Difference 4E. of the binding energy of the

alpha particle between the “bound” and the “free”
configuration as a function of the momentum K.

Fig. 1
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Fig. 2 Expectation value of the interaction potentials
between the cluster as a function of the momentum
K;. The curves d, dd repressent the direct term,
s, ss the sum U(K,?) and the differences x, xx the
exchange terms. The curves d,s are calculated
using pure Serber forces, the curves dd,ss using
a mixture of 90% Serber and 10% Rosenfeld forces.

JAERI 1184
2 o}
2 q,
zZ 160t
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Fig. 3 Potential depth Vo as a function of the momen-
tum K; for pure Serber forces (curve b) and a
mixture of 90% Serber and 10% Rosenfeld forces
(curve bb). The curve a gives the kinetic energy
of the alpha cluster in the bound configuration,
and the difference between a and b resp. bb. the
energy E.
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Fig. 4 Potential depth Vb as a function of the energy
E of the alpha particle (c. m. energy) for pure
Serber forces (curve a) and a mixture of 90% Serber
forces and 109% Rosenfeld forces (curve b).

BEZEEAR (1) ) 2H LIV X S5 KEBZ3B.
dE, © K% {EEEHED Vo LKL T, Vo BAH X
WE-LILICHATS (Fig. 4). COEBEBEFDO Vo
NEDEFNERWHTHB. WITTERN B LDOR T DL
LEBALTOEN, TZTRaTFD Vo (1)Ab»
SR ENEE (~200MeV) XDz /N&L# 130
MeV THaZ LiCERLTBL. TOERBEENLIHO
TEEDO L OBEEEOBITERCLEFE LRI &
RNABBRER.

PIET, WITTERN OFHEDOHNEK 208, ROHEHE
THRINEEED, ZbFs L

D Ri-ki-h-k-k) 2EHLICL.

ZoEQIT Ki? WHhEER L. K,
i 4dE. @ overestimation {CE< B 3.

2) Sharp f;SmFd‘k“ DEIBR.

Pairing correlation 4 #Z& 3 % & smooth cut off (T 13
D, dE; 2FTNISTEXS.

ERBORS Vo 2R 31, FEHEEILOBHED
ERLULREAIE SO, Thieadnd tHBERER

Z D
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KEHliciz3. 2h&bid, kLicdiriz 1) opx®ER
LT, Thomas Fermi #& T, Vo, 4E, 75D radial
dependence A~ C LIZHKEND. THhICX-T a
REFBEBEADEDAT I HNELBOPEEAIPLT
b5,

5. =R &, *He) 123395 Vo OHRE

SEERIE L LT, WirTeRy 0 HASARICSA LT
2%. (DRIHETE6DE LT
V0 _— {U3 (KIZ) + (EAbound_EAfree)
-+ (Egbound _ Fyfree)} (18)
B ILL, HLOEFRRDOESICES L EBTES.
AEs= E\bourd . Efree—()
_/,Es:Esbound_Eafree

R
~stnorm{-() )
Us (Ki®) =3 Ua (K1)
zee, I oRIADAT
%K"ﬁ%z (20)

LEBXRIZELRECALTHS.

LoHEa— FiEE TRV, SEKRIKCSOVTD
afFoalRLaedESC&icT 3 &, WEL L/L
A BT, &l WITTERN O Fig.1,2 20T
SHREAD Vo AHETBRIENTES. TOLHIRLT
BoNHER% Fig.5~8 LRT.

501
401
30t

AE; (MeV)

20t
10}

K} (fm-2)
Fig. 5 The same as in Fig. 1 but for the three-nucleon
system.

ZRETH dEs R F7ATREREEZDE, Vo3l
100MeV &72%. BEEIT~R& L, a HFOBAX
D K2p/NELREDT S BPEELETIAEUBELR
STNBZETHD. ZRRKODVTafFO a xR
ZCLEOBEAF v I ThchiTasel ZHEL ..
BHIFCRBFERILOERTED O FHARERD
SEFR DV 2exp BEZ DN, B 2TICT D rBHV2exp IT
&5 Sk icaDEEEA LK. TDax2AVT,

3. HARNTFORFERT Y ri 55
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Fig. 6 The same as in Fig. 2 but for the three-nucleon
system,
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Fig. 7 The same as in Fig. 3 but for the three-nucleon
system.
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Fig. 8 Potential depth Vo as a function of the energy
E of the three-nucleon system for pure Serber
forces (curve b) and a mixture of 909% Serber forces
and 10% Rosenfeld forces (curve bb).

WITTERN OO THE LAz A Vv F -, e %
NE—DEREEEITLEATCEL.. KYOfFIC
12 WITTERN B3z @ DfE(0.535fm™2) 2RO TEHE
LA T AN —DEBRINTND. AT HVF
—ICBALTRAL e ZAUIIEIN B .Elep & &0
—EDBESNEH, DV DEICEEAT XILNERY
BETHDT (Fic®He & a &T), WITTERN D & » /-
BhHD»5 2 — 2 bHERSELHICEZS.
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TABLE 1 Size parameters for composite particles

‘He 3He SH
(2 2, 1.61 1.97 1.68
a 0. 434 0. 258 0. 354
(B.E. )ear 23.9 2.1 3.9
(B.E.)exp 28.3 8.5 7.7
(B. E)eat 29.2 6.2 6.2

XHR3ickB & *He 0FEBF — #1245 175MeV @
Vo % prefer 925 LA, COERCCTHEIN:
bOL DD DZEY. WITTERN O R, alFOHS
WD EWELY Ve 252 L BbndDikk, He @
BACR—EAE5Z20RRBEEAS . EHEREED
O BHAEULLERLUTS 4Es=~0 [ct32EB30TH
Lk SwicBi 3. Wittery DSEEA U 7z 2 R HOME
{2, WILDERMUTH® )t @ 7 5 2 & — R OHEFETHW\ -
HDRDT, 4 FERIEODVTRED DI OELICIE-T
WAEBZRRICR DI X BV O S ENIT (TABLE
1 B2R). VooFEEIKL, a OEEEHOMEREY
& { DT, L& *He icxd LT Vox175MeV HE
%75 51F, WILDERMUTH D & i3& S a LN AZFA LR
WEERREKRROE—MHEICR LIz L HicE
bhs.

RO ICHBEHED—BEFE> TS NIcEHIEHE, A
BHEOWMBRERHAN LIS,
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4. BEBEFOXEFERTUIwIL
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4, A Comment on the Deuteron Optical Potential

Hinako Furukawa and Mitsuji Kawarl

Tokyo Instituto of Technology

The deuteron optical potential recently introduced by YULE and HaEeBERLI and by Rosson which
have the spin orbit potential with rs,0< 7 are investigated. The optical potentials were used in the
DWBA calculations of 28Si(d, p)*Si, “°Ca(d, p)*'Ca, *Fe(d, p)**Fe, 56Fe(p, d)**Fe and %°Ni(d, p)®*Ni cross
sections and proton polarizations. Good agreement with the experiment was obtained for the 2 » neutron
transfer reactions of #Ca(d, p)*'Ca, %Fe(d, p)*®*Fe and %Fe(p, d)*Fe. On the other hand, the
agreeement was poor for the 1d neutron transfer process of 22Si(d, p)**Si, the 2 p transitions of $°Ni

(d, p)*!Ni and the 1 f transitions of %Fe (p, d)**Fe.

1. # W

B3, (d, d) @ polarization, [E#E 4 ic& 3 (d, p),
RIS B+ 3 vector analysing power O EBERDEN D>
5, HaeserL™? Y d ¢ optical potential & LT,
spin-orbit potential M¥E reo ZHLHDEN 70 LD
INEL EBRECEEMRL, ChICk > TEEDEER
F=2@E»0VTIEL, W p) KEOARHEDO DY S
j-dependence & DWBA |t & » THHAT 2 A0 H 5
z &% 9Ca(d, p*Ca B, (E4=T7.0MeV) ThEF
D8 (In, jn) =2ps2 BLU 2p12 BLBIKHEINBHIC
DNTRL. &3 ML, Rosson® & REkIC L
T, rs0<ro 7% potential itk > T EERE L “Ca(d, p)
4Ca R (272U Ea=9.0MeV) XU *Fe(d, p)*Fe
(L, ju) =2p3r2, 2P12) DB FH D j-dependence Hs
DWBA THITEZ L AR L. b, ANMH
@ j-dependence »t DWBA Ti2BilRH# & —iRicEB
FNTVARRFTRHIBERTHEHANE &2 LS.

Z TR, LB potential 2X D EVHEED (d, p)
BLU (p, d) K50 DWBA ek 23 EICHER L
A, VDR BERTCIE D0 ERE Ui preliminary 1385
BAded s, ZCTEBRULERIZ, (1)Yuie-Hae-
BERLI & RoOBSON (D potential 2R, (2) (p, d) K~
@A, (3) p D polarization ~D#EH, (4) Ca, Fe @
2psi2, 2p12 neutron transfer RIAADIBESDDEDHI~

Discussions are given.

DHERAETH 5.
2. H B

D.W.B. A it & 23t #icid, zero-range OEHERA
INS-DWBA® | X - TfT7% - 7=. Distorting potential {2,
U=— V(1+er)-1+4iwdi(1+er')~1

xl

BNy oL 0 qq ey
() Vart g Qe oD (D)
oFEROI. 77U
xzr_roAl/3, x’=r_r01’14~1l3’ x//=7'—7's,oA”s
a a Qas50

(2)

A 3 target FLOBEETH 5.

Potential D¢ 5 #* — & i3, dit3 L Ti2 YuLE-HAEBERLI
XU RosoN 5 X 7cbp(Tase 1) T/ p KL T
12 RereY® 235 Z 7c& @ (TABLE2) Z R 7.

Form factor MEf# i3 separation energy method iz
& 5 TIRBY, hEEF D single particle potential i

2
Un= = Va(l+em) 4 Vano 2 L o2
(14-¢*n")"? (3)
et
_r—raAl’ s _T—TnsoA!3
" Qn o @nso
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TABLE 1 The deuteron optical potential parameter sets
Nuclei Ea(MeV) 14 ) a W ro a’ Vo 7u0 Qs re Ref.
40Ca 7.0 118.6 1.0 0.81 10.0 1.55 0.6 10.0 0.65 0.5 1.3 2)
9.0 94,1 1.177 0.798 10.0 1.602 0.472 9.0 0.78 0.52 1.25 3)
Fe 9.0 94.1 1.177 0.798 30.0 1.602 0.472 9.0 0.78 0.52 1.25 3)
80N 10.9 110.8 1.05 0.86 19.21 1.32 0.69 5.5 0.75 0.4 1.3 1)
285 9.0 117.0 1.05 0.86 18.88 1.59 0.54 7.0 0.75 0.4 1.3 1)
TABLE 2 The proton optical potential parameter sets
Nuclei Ey(MeV) \%4 7o a w ro a’ Vo 72,0 @r,0 Te Ref.
4Ca 13.0 53.0 1.2 0.65 11.0 1.25 0.47 8.0 1.2 0.65 1.2 2)
15.0 45.0 1.25 0.65 7.0 1.25 0.65 8.0 1.25 0.65 1.25 3)
56Fe 18.5 47.7 1.25 0.65 11.8 1.25 0.47 8.0 1.25 0.65 1.25 5)
SINj 16.4 48.0 1.25 0.65 12.0 1.25 0.47 8.0 1.25 0.65 1.25 5)
25i 17.8 47.0 1.25 0.65 10.46 1.25 0. 47 5.57 1.25 0.65 1.25 12)
47.0 1.25 0.65 10. 46 1.25 0.47 6.17 1.0 0.65 1.25 12)
OFERY, Va Ao 7x—22EEL, Va % 1Ca @ 2p32(Ex=2.47TMeV) {RIEE 2p1/2(Ex=3. 95

search L CIE L\> neutron separation energy &5
Y SR Uy it

. B B

3. 1 “Cald, p) 4Ca

4Ca (d,P)4:Ca
Eda=7.0MeV

——DWBA by W.Haeberli
---—-DWBA by B. A.Robson
oo o s Experiment

—

—
o
e
=

PR

10.0]

dd/dQ (Arbitrary units)

1.0

| | |
30 60 90

c.m,
Comparison between the differential cross sections
calculated for %°Ca (d, p)** Ca reactions at Eq4=7.0
MeV useing the optical potential parameters pre-
dicted by W. HAEBERLI(——)and by B. A. RoBsON
(roeee )} The parameters are listed in TABLE 1,2.

1
120150

Fig. 1

MeV) REEAD BB I DWW TIiE, Ei=9.0MeV T
RossoNn DEtHE & E4=20MeV T® YULE-HAEBERLI (D
BE2H50MED d @ potential NIRRT -TNS
(TABLE1). £ T T, ZH 5D potentials 2 WTHHHF @
Es THELUTHB LT3 & (Fig.1, Fig.2) mi#idizs
AMERUASHZEZ B EMbr3. Lich- THHE
DEIR E« DEICXZ DT, MERCOFHEICHE
THRYIZIZEE 2Ho0D, £33 potential sets & A
BIRETHB LN B, ¥Cad 1f2(ground) R

‘oca (dv p)"Ca
Ed4=9.0Mev

———DWBA by W.Haeberli

----DW LA,
100.0 BA‘. by B.A.Robson ]
seses Fxperiment

do/dQ '_(‘Arbitrary units)
o
2

1 1 1

30 60 90
.8

20 150

Com

Fig. 2 Comparison between the differential cross sections
calculated for “Ca(d, p)*'Ca reactions at E4=9.0
MeV useing the optical potential parameters pre-
dicted by W. HAEBERLI (—) and by B. A. ROBSON

(--++--) The parameters are listed in TABLE 1,2.
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BEBADEBICBY 3 p OF % RossoN (D potential
ZROTHE Lo b O Fg.3 ICERY LHELTH
3. BEEROTHEHALBEBENI S BRI TV 00
Ronas.

AOCa (dv P)“Ca
E4=10.0MeV

Ground state 1fy

10.0 .
/a o...t...
het L
s L
g 4
o
g
:é = Theory s
~ .
< eseee Experiment
1.0 4
3 L
= 30 60 90 6 120 150

H 1 1 1 |
30 60 90 120 150

c.m,

Fig. 3 Comparison between the data for the differential
cross sections and polarizations of the #Ca(d, p)
4Ca (ground state) reaction at Eq=10.0 MeV and
the DWBA calculations. The optical potential
parameters are listed in TABLE 1,2,

3. 2 %Fe (p, d) 5Fe

RoBsoN (I $4Fe(d, p)*®*Fe @ 2ps;2, 2puz © B 537
(¥1c %2 @ j-dependence) %3t HF Lichs. €NDEEHR
IS AEEORIGICEL B Ep=18.5MeV TD 2psn,
2p1/2 neutron O pick-up OBHHEHELTH. T
@ j-dependence {35tk D. W.B. A 0 ETCIIHAT
XM dDTHB?. Fig. 4 KRONABLSIL. &
BPLo—FLhED XL, ASHO j-dependence ik
CHBAINTNS.

R URISICL B 1fm2, 1fs:2 neutron ¢ pick-up % &
HLbODH Fig. 5 THAH, ZoDHFA T j-depen-
dence [ZEAE T, H 1D peak FiZIT—KL, 2
peak LITH j=u: OWERMWNS S HEEANBR LN
BT EFTER L O—BUI L LT

3. 3 SONi(d, p) O'Ni
Ca, Fe DIAA DR ICD WO T D test 2BTITH fzib,

8INi  2psz (ground) JREB, 2p1/2(0. 29 MeV) RAE~N
DOBBOANTE % Ei=10.MeV oW THE LD

EBETOXERTF /Y + 59

*¢Fe (pr d)“Fe
E,=18.5MeV

—
(=
e
(=]
T

10.01

do/dQ (Arbitrary units)

1.0f

-———Experiment

30 80 30 120 150

c.m.

Fig. 4 Comparison between the data for the differential
cross sections of the %Fe(p, d)*Fe (ground state)
(2P2s) and 55Fe(0.42 MeV state) (2P1s) at
E,=18.5MeV (:+---- ) and the DWBA calcula-
tions (——). The optical potential parameters
are listed in TABLE 1,2,

1 T T 1 T

B 36Fe (p,d)**Fe ]
Ea=18.5 MeV

10.01 0.92MeV state 1fx 4
2
21 |
=
>
-
E _
..E
S ~1-38MeV state 1f% |
g
~
5 ]
Theory »
L —---Experiment _
1 i ] 1
0.I——=5 ) 30 1260 150

Fig. 5 Comparison between the data for the differential
cross sections of the 5Fe(p, d)%Fe (0. 92 Mev state
(1£5/2) and (1.38 MeV state) (1 f7/2) reactions at
E,=18.5MeV (------ ) and the DWBA calculations
( ). The optical potential parameters are listed
in TABLE 1,2,

% Fig. 6 IC/RY9. ASDFHD j-dependence 313 LA LR
BNy, EERYEH—FKLIL.
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L T T T T T 1 T 1 T
i $ONi (d,p)**Ni T **8i(d,p)**Si
Ed=10.9 MeV E3=9.0 MeV
100.0f _ 100.0} ]
~ » 1.28MeV state 1
3 L Ground state 2Py 4 pe - eV state 1dx i
=} =
=} =
o 2
g | 1 g L ]
3 |
<10.0- _ <10.0F -
0 Tt |
] <
Lok Theory ] Lo 2.03MeV state 1d% .
------ Experiment
\ / L
L \ / 4 -
N/
\ ,’ L ! | ! L
~ 30 60 P 90 120 150
1 1 1 | 1 C.m.
30 60 % o, 120 150 Fig. 7 Comparison between the data for the differential
cross sections of the 8Si(d,p)?°Si (1. 28 MeV state)
Fig. 6 Comparison between the experimental data for the (1d 3,2) and (2.03 MeV state) (1d 5/2) reactions
differential cross sections of the ®Ni(d, p)¢!Ni at E4=9.0 MeV(-----) and the DWBA calcula-
(ground state) (2 a2) and(0.29MeV state) (27 12) tions(——). The optical potential parameters
reactions (- } and the DWBA calculations. The are listed in TABLE 1,2.
optical potential parameters are listed in TABLE 1,2.
T T T 1 T
] 83 (d,p)**Si l
3. 4 288i(d, p) *Si E4=15.0 MeV
1dss2, 1daz IRE~OEBEBIC OV THRENT5 720 ¥8i
~10.0F Ground state 2S % 4
D 1ds2(1, 28MeV) {REE, 1ds2(2. 03MeV) REEADE 3
BARHELUTH K (Fig. 7). AOMIRERYE0—FKIZX 5 1 .
>
{15, i 1dsiy MBI Z O T OB KREW. 2512 &
(ground) REEIZDOWVT, Es=15.0MeV TOD p DIREE % L 4
RHEUIEREHBROLER L TAS & (Fig. 8), 13 S o |
DI H->TVBEHBUY HBRATIEY. GOLDFARB {1 T g :
D354 d o spin-orbit potential & O p D Z LIC sensitive %P(‘V)P §
THBEFHLUTABW. ZLT, pd spin-orbit poten- 30r 1
tial PRI AN I potential® % - THE LTH3 2T ]
LFig.8 CHLONALIREREDTNRIA->TKRS 0
< f; 2 f:. —10+ .
.._2()._ —
_30-— -
4' a Eﬁ 1 1 1
30 60 90 120 150
Aol des . 0 4 54 Fig. 8 Comparison between the data for the differential
AEHME L ERoh T, “Ca(dp)*Ca, *Fe(d, cross sections and polarizations of the 28Si(d,p)*Si

p)%Fe, %Fe(p, d)5Fe @ 2pss2, 2p1/2 neutron transfer
DBEDH. EEBE XL —FKLU, HicAaNTHD j-depen-
dence MBAE NI, ThEDBAR, WIhd L=1

(gnd. st.) (2s1/2) reactions at Eq=15.0MeV (---:)
and the DWBA calculations; the full curves are
correspondence to the set (7,,=1.25fm), the dotted
ones to the set (rwo=1.0fm) in TABLE 2.
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THY, D neutron H (magic+1) B TH3. h
DBRLUTERTH 55, $50E, L>2 Ti3do D-
state DX S UHOREAEEZL 3 &1 0», i form
factor ~~¢D configuration mixing QEENEEITDTH
2OhEIEIR, BKROHIMETHS. L, CoOX
SRECESENc, RLUTHEORELOTWENT
optical potential &% BICHKIIY 5 T &k » T*Ni(d,
P)UINi ® 1, >2 OBEB T RO F—HEMEHTEH»
ESDhAEBRBCEN YHLBETHAS. X
YuLe-HaeBerLl @ d ¢ potential ¢ search TiZ 780, Voo
ZEAELTOEBCORBRERMT LI, Bii—&N&
(B dEmhiily. # 7, neutron ¢ binding potential
KBFE Vi DEES L b > ERFINRET ST
DL S RBAKY > T, &ILHEORBROYTE1T
By EMBHTEETLNEBRDNS.
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5. Neutron Depolarization in the Elastic Scattering

and the Spin-Spin Interaction

Keny1 KATORI

Institute for Solid State Physics

University of Tokyo

In order to investigate the target spin dependent interaction (i.e. Vis I-Sf(r)) in the optical

potential, neutron depolarization in the elastic scattering has been measured at En=1.36 MeV for the

non-zero spin targets, 27Al, 5Co, 63-65Cu and 2*°Bi. The values obtained for the depolarization parameter
s p

D(0) were 0.59+0.13 at 6;=120° and 1.13+0.25 at 6,=27° in *Co.

The general feature in the angular distribution is

demonstrate evidence for a spin-spin interaction.
similar to the numerical results of Stamep.

to be found in a spin-spin interaction.

ground state configuration of an individual nucleus.

1. FF

T

1952 £E j¢ BarscHALLY %3 0< E.<3 MeV fHig D
HFicd 2 2NEREE . SHREIC OV THEEL, W
bWz gross structure AR L7z % O KBRER%E
FEsuBACH, PORTER, WEISSKOPF? 18 fE3{IE 2- & 1r potential
model THH L T & @ BHWICKII L. ZhERZD
optical model |2 F& 4 O A& F O B EL I & UG WTE &
OEFCER SNFEFBRDIELSH TV EY. T
12 i F o R EELIC IR » T A 4% 5. Potential O rh
CERAGW) ZBAT B T &I D3 T19544F Apar?
512 shell model 7 5 ¥i# LT 2 & VBB (VesI-5) 13
optical potential hHic78 < TR H BV EEZ, fRiaH
HTF asymmetry ZRETEIERE-TZDOELESE
B Ui, Z0#IEES X CREBRE DS ES
+T2EEBICBEDBVERN T X, form factor %
4-¢s optical parameter O¥EEMNNHL LS L AL L.
LT EiLE T, EFBE®D gross 1§ structure {ZD\
THIZ oS EHHIE LT & . 41 symmetry 1]
(¢ -T) off, BTLEMOBE, ERHAD form
factorit DWW TEIEH LVAEMBE OB XS I » 1.

These observations clearly

The mass and target-spin-strength dependence seems not

But that interaction seems to be strongly dependent on the

Optical parameter ZHET A BAHNTFE LTHET%:
AL AEADEMHIZ, 2NEEMERELXCANSGCES
Y UAWEE WMAOKER REROKXEIBEFHZEOL
BEERICDO-TVH U3 LLRBELST, HEBEKEF
HABUTHFREKRERDIEE LD B.

ZZTONLEROBNIE, 4FTOERKKE—F
$E¥ T 3 [O|#kEL parameter (B IZEEBHMEF @ depolari-
zation) ZJ|ET 5 C LIk - T optical potential D £
~7 Y FREVIRET PR (V) 2R0ETTEICH
5.

JE3EE U optical parameter T, #—4"v P ZAE VYD H
20 ERVHOOWHEEEBSWTRES X FRED A
NF%E fit TXAHCERRBRICBEDOh TS/, £CT
2= 9 FREVIRENDOARESBLUZOR LRSI
DITEENELTAL S ETERALBNL D2 INT
&t 20 120HERFEES -7 v MK 3 REHHE
F o transmission ZHIETZ L THB. 0.35 0.92
7.85MeV o RiEE#ET & FHE 'Ho ORITRIENBC
Bhhi® 3HEFEILINHERHE LS, REV-X
EYHEEAOKR X SN2 Y VEEREERLD 1
order /NINTENREBXHICBDLNE. COER
XD ICHEDID B D ICRERE ¥Co it Td EER
BBIEDLATNEY. &5—20HEREEDOHET
BTEHRVWAE YRS D2—4 v ey 3 REBPHET O
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depolarization ZHET 2 ETHA™. Thid Bohr @
EEY KEOBREL 5T, TRbE, BERET
RETEBVREVES D8 —4 vy MG HRISFEICE
BER#IKBELTRE Y7 ) v PEELS. Stame® 2 4
MeV thih:F- > Bk #EL1c U T optical potential D i
—VisTo8 f(r) &V HSEABA L TZOHRE VA=
5/2), #Si(I=1/2), S'V({I=7/2) DOV TRARL. TOD
BRRIZLBAOWEFS XUREBTRHIOLBU
2 LRI H SHhd depolarization XU rotation
parameter DH B BETEOYHRBEBL Hbobhb T &
R LT

bhbhdEET, depolarization parameter D (6) %
FETEZCEICE -T2y P A VIEKET SHE
Ve OBELEERE~N, ®Ric D 0) ORESHEHIL RAE V-
ZEVHEEROEBLUKRE S, TOERBKERES X
UE—4y bR VEEWNETNB T ELEZENET 5.

2. EBAE

Sample DFRFHIC 2B —FEREREEREL £L
AELTVEHOTERBBLIURE YLERICDS
CEAEZEE LT, TAI(I=5/2), %Co(I=7/2), ®*%Cu
(I=3/2) 2Bi(I=9/2) #Z A7, EBZREETHET
& LT C3, n) N RIGEZFL, En=1.36MeV, p=
—0.38+0. lOPHEBROHUTERES R, ThE, d%
2.5cm ¢ DA ERE 5cm EX 5cm @ sample i€$H
T, BEPETORBELBEK~ Y ¥ 4 time of flight
R—F Y 2 —Z—THETIHEEZL - -, EBROKE
K% Fig.1 TR

COFERKRDATHELS LLHRENIDIL3
BHHOEBRMS AR o7, (L)R—=FF4¥—&L
THATELBEANY VAZHVTREEK 10 £
ez, (2)v 759 v FplEFERL T dic, e
59 4 @ heavy shield |EIhic 3 D coincidence %
BRALICETHE. DFDHEKEA) v A THEFIC

Cryostat

T @ Depolarization DRBRRE L 2 v v-2 ¥V HEER 63

o TR &N He BRI BV v FL—va vited
¥:F counter 5 Hi3 linear pulse & ORJT fast coin-
cidence 2 & 0, @ pulse &tk F D n~y discriminator
% &5 -7 pulse & T slow coincidence 2% 751y, A
5 ic time of flight spectra % & @ fast-slow coincidence
pulse © gate U7z, T@FHBEIC LD true #f back ground
DO HiE 30%~50% L8 »7c. Fig.2 i& ¥Co D FH A D
gate L7z time of flight spectra %7R7.

3. EBRER

Sample 2B/ & XDOHEH» S F 5 {EU geome-
try T, sample ZB» & O BEEI LV LI
& T asymmetry 2183, FHEOBHNEEENLT
TP FERREEAERHCEIRCDDA LT o . &
—53 )2 —2OEBEFITICAELL p OETE
DIEAE % ¢ &tk - T depolarization parameter D (6)
55, SEKEANET 52K 0RICKER asymme-
try MEELBOLEZL LD B DI, £F—7 v P2
Y0 DB SDEE D depolarization 2E Z XL &
WHEEAF 2. §HbH DB natural Ni TRILAE X
@ sample T D) %2BIE L& T A 6:=120° T 0.89
+0.25 LV S FEREG. KL £72=-008&L 5T
WA, ETHMANERKSE/NCIELAE 0:=120° 22
SAT D(@O) % ?7Al 5°Co, 6*65Cu, 20°Bi {2\ THI
£ L1, 100%FE LTzl ToBe, R—FEA

<o 3 MEFL#% O polarization {3 p3i=LDP_1 EED
1+ p2p1

N3, bhbhOWEZTHRE L 22 OEEDDD
L ¥Co it Tid 6:=120°+12.5° © D=0.59=+0. 13
6,=27°+7.5° T D=1.13+0.25 L\ H5 R EEKL. 12
PO DV TIE 120° THEE L 1 2 DENRBVDT o2
=0 LT 6:=120° pRIEME A3 & YAl ity L T
D=0.41+0. 27, 86Cu jc3 LT D=0.58+0.17, 2%Bi
izt LT D=0.64+0.18 %87,

Lo DORRIR, R V-2 VHEERBEET S L

&‘mp
yl, !
‘-“ ((Z)arbon target

b ¥

Fig. 1 Schematic experimental arrangement.
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| —e+— (+)Current s'Co  6,=120°
—o— (—)Current °
 —x— Back ground
- ‘;.
L ° o0 °°‘°
° o3 °.°
100 o ‘o °
0p © ..h'. oo. %
2 Te, ¥ .
. o e L ) .

g . }l : i

@] r . . '~. °° . ° °
.Y 4 R T

50k .8 . o w .
o: ... }l .lo o0 X 0. 8 x " .. :
G AL g e T,
G ) . LS xx . .
PP A TV W A <
%y li‘ “FEM % m X A X gi.‘ X
L :} a‘m&’n;“ x * "\5"& L 1
L 1 L N 1 n 1 1 n 1 I 1 wigo.

0 50 100 150

Channel

Fig. 2 The time of flight spectra for the elastic scattering from 5Co
gated by the fast-slow coincidence pulse.

LARLTVS. #Co 1t T depolarization o f4 4>
RO IZ Stame® OFEF R OBEME L —K LT
3. 2V DoB/MEREAWEBIOR/ MEDOABKICH
2 0 % 7z polarization T2 E % & 2 AFFICAIE LTV 5.
Al CuBi L2\ TR FETD p2 H 5 KHE LI E™
2RV CEELTAY V-2 Y BE/ER © kit
BEIhop DO oREE» SHRT I ENTES.
2o 1 -RcoEEERAOREREFHIRANEZINGL
5 KBEbLNE. 2023 COMEEMERNL - v 2
Y VICEET A8, BhAT -y PAE VK
FE+arEmizaLDdDONTNEISKCBbNRS. T TIE
ZOHEEERMNE 2 DFETHOEERED configuration
KDL EAIhTVWE LS IKRAS. hoAETOD
6) oERBEELTHT, AESTBHERETE 2L
3% LBFEEOTRHBE SN ERRHC, FMTL 2
Cy-2EVYOMEITILBEANS A S, 350 RE
v-Z2E VHEAOREIBLUZOFICONTIRE D
@) DBENH OB R IR ST,

4, REV-ZRFVHBEEHR

BRBRICAEY-2E VHEEROAREIBIOHEIC
STk~ 5. Optical potential oficHobhd D
AP v-2 VHEERAOKE &4, RO effective two
body interaction D& ¥ EEED OB X HEIT O,

Stamp? A T-& 4 —4" v P AKFOBO &K
» (i) Rosenfeld mixture % & %, (i) form factor A%
separable MSH:F 415D & RE LT, 2% V(nirs) =
— Vilaot+ar0a) F(r)) F(r2) THoHb L. HES N

LEME—T v F OBEREDOERBEEI VTN
fliEEzBLa s Vil
V3="- VodpF(rl)dl<0|ZF(?‘,‘)G.‘IO>

LD i) OFEELTEZ—4 v b (odd A) % core+
1EL, 2—4 v b2 VT core ABETOAMNBEE

T5ETBLE,
Is)Ia} (is)]
V== PO o RS sy RV
=— Vi, F(ir)l-oa=—F(r) V5=

EHobes. T R=(R2(F()rdr T3,
Al [t 2T shell model OFEEBEEHNT Vi, 23
BUHERIZ 2.8MeV 2157, HBH S HBEKENMR
HEORVESIKBZIBDT, ChEHET S L LTEH
BT Vi, @& —4 v P 2V IRELRVERR S
5.
REERAED magnetic moment %3 Schmidt line 7» 5
AlCoCu Bi Fhdb k< ThTWaZ LEMNRVD
core polarization SSFFEHET B C & %7K LT 5. Magnetic
moment »BE T L1iH35 core polarization (spin wave
i) AERLUICHHEZETBC R >THT, Vi o
W OHEET X 2N D effective K NM REFH T
—HU7EAEE 2 ERDEKRED. RO 2AOHEE
TEROHT R & VITRET 2 BRI BDe -0 DAL
>3 tensor Fich T/ Rk LS BbHEETEP. C
5D Vi, A contribution {C DT fine 73RS
T &l BTG oY & IS LT depolarization
DEBNREFHRICHT 2 HENnRe— ST Lic
8HD.
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1. Two Nucleon Transfer Reaction

TakesH1 UDAGAWA

Kyoto University

Nuclear stracture information obtained from the two nucleon transfer reaction is discussed. In

particular, the spectra of nuclei with the mass number A=56 (and 56+2) are analyzed based on the

interaction matrix element of Kuo-Brown. It has been shown that the calculated T splitting between

0* states with the same intrinsic structure is smaller than the observed one and also the predicted

excitation energies for particle and hole 0* pairing modes are too low as compared with experiments.

The predicted energies for the quadrupole pairing modes are, however, fairly in agreement with ex-

periments. It is also suggested that the 2. 64 MeV first excited 2* state observed in *Ni will be of

one particle-hole state.

. I oI

CCHAER, BRIBERAVTEBELZR~Z LV
Hw 2 “Particle Spectroscopy” D EHid, REFXKO—EKF
BARG, FEREHELD DR TBITRIEANEBVED
2o0H5EXHIBbhE. BEbhbhogBEEicdd
AEMIBAKF ORI FEBEERIC, £ THRY
BINTVWABREBEMERICE SIS K hEEZRLLE
DEH&K) HEOREEMOHICTSEEVHSHHTHEAT
W3, —HFBIRINIZOERE L AT OWRIIKTF
EHoBEEEHEOMC LT &7, TERBEREI LI
BB S bORTF—EHEENEEL LTHRRLGNT
X7, TN LTZHFBARIGTREEED S 5
—oDQEBEELTEATH rHEEZEURTF—RT 2
—ZAMEE 2 hicE S BT — Vit 20 To M
Boha® LER->THROZ2OERICL -THDS
N23EEEEbes L, bhbhORTEEEICETS
BREI—-BEDONECEBHFENS.

ZHREEORDIhFREOEBIEKETS. FIZEH
BT O ORI IR FEBICE 3 —KE— M8
FTEXEHBRBEBEL, shicFBEBD ULnb3 &
WHRTEDLNRS. COLDRERTIRIAMEEREV
PHYICE A OHEBER L OAEI LD T ENT

 , 2hEBNEDEIRONATHESLS. ToOVE
— P TRZOXIBEEOHE LT ¥Ni & ZEEK
(FELT A=56 B) 2L B TTRFBITRIED
LD OEEED L D MRG0 ERENICH
CTHID. AKRIKAZEIICARERMOERTED
EORBDLNEZHZBELTEHCH. LI THBETHE
TMAEEZ THS. —EER &Zd Sn @ATER
BNCENMEEAESLVIETHAS. COLINK
XTI, —HKBpERE J =0t ORF—HFEREA—
A CHEE) kKBS HE— FERPREIEES
TRALTVS. Baiisds, ZOBRELT—HE
DRI — =302 D LV THENZXH>TBRALKD
RERERENREDONEY. DX )1 —EHORBEEED
Fe L k2o copiERd bAANT—HTF, B
—ZFMERE S bDTHS. chicd LT—EDR
FROHMOBRIE LEOHEOZENES Db » TR
20, —kE—~ FRXENTHE. LTATEALEKT
RIERKZS 4 FYORTF—EAHEESNE LS LMK
3. opRERZOBEABEEKOZN LR E 574
BIZo1bDER5. BAREOROBRNEEREEA
F—kEoho—@EERE LTRLNLIZOR DL IR
WE4L 4 7ONF—2AMEO LD TH S EBRAD
CETHDE. COLINBBAXKTORNBEEBRBEER
BEGEELTVATELELAONTVEY, CDB
A HERKTF—2AEBEEEVREEICEETEILD
K155, Cokpict LITERKADOR A KOBERE
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& AX2 BOEE Y FO 2 BBNH, NEES A 7D
ARV E—TEHEREINS VD &5 BEMNIER
NBEFTE. ZETFBETRERSR DX S EBFREER
FICBRIEL T b doliiRINs. REFEROKE
PEBEROKOKBERIBRELONONOERENS - &
HEBLNTVRHEBTH A, “HKFBARIENC ekt
TEHIRBESLA T NBADEIDESDECAHL,
TREVBEERBZOFRTABRRKWICE I EbI 3
TEMEEING.

2. A=56 BEOREZRRY ML

AFBICH & - T Ni JLEMO M FBITRIRICK 5
THEOLNZMBICOVTR~RE. T3 A=56 KZicdW»
TH~B. Fig. 1 {3 ®Ni, %Co, *Fe Dz <y b
2EEDRBOT, VTR ETFBITRIG, *Nip, t)
$6Ni®, 54Fe(He, n)*Ni#®, 5‘Fe(*He, p)**Co®, 54Fe(t, p)
86Fe®, #Ni(d, a)*Co™, » e/ oNnicbDTHS. K72
LZORTR, *NioRERELZ A VvEF—DRAICE
by, %Co, %Fe izt LTk /7 —u vy x v ¥—DRIL%
BTl o7z, ZORMIERIZ %Co @ 1.45MeV RfEL
SNi @ 7.92MeV @ 0* REFEWNCT A VY v/
THrue—7 (LA) Th3LEE CHEFBITRIEOE
BEEBIUBEL/— o vyIxvF—ARILS5OTH
EFBELIEW) L, F7- ¥Fe 0EEL *Co @ 3.58
MeV 0* RERHEWVIC LA, ThHa LS EREEDL
ﬁ 7.

2.1 0* (2-p, 2-h) KAk

58Ni(p, t)*Ni, ‘Fe(*He, p)*®Co, *Fe(t, p)*Fe KT
BB AESHEE OB L=0" or—27 LT
BTz AvF-—REBICHETEECATREIRTY
3.

5Ni(p, t)*Ni : 0.0, 6.58, 7.92
54Fe(*He, p)%Co: 7.92, 10.04
54Fe(t, p)*Fe 10. 04

FLIANF -2 0ZIRICREINIREZIEN
LA Tha. LT T 0EVEERTLIER
WEEhizR B ESh 0 REZ 0.0, 6.58, 7.92,
10.04 0Ft4 47 TH 5. Ni ITEMABRK TEHHEE
XVERTREHEBTH 5 5. chiEEICL 3 &
6.58, 7.92, 10.04 BIEFABOWNICL > TTEBIRET
Bohr® DRI Ute bt » T NATHAN® 3]0 =0%, T=1
ONFBELUEANRGETT L2 _FFRETHA D
L LTV, n, m, T 2227, HFSREFTFO
B BIXUOELOLDETFOLRTA VALY ETHELR
ORER (110), (111), (112) T5ELLHBP. b
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o+ (112) 0 (112) 1904
sFe 9.9
9.54
9.40
9.21
8.75
N
8.54 2 8.48
1 §.40
Wy 7.8 (111)
+ +
0 7.92 o+ (111 79
o+ 7.56 %; 7.56
- 730 ;—41_ 7.42
- 7.12
7.06 [
3* 6.63 o+ (110)
47 6.47 658
----- 6.38
5¢Co
@) 54
9+
(2") 5.33
0 4.95
4 3.90
.
2 2.64
0+
anT—0-0
Fig. 1 Excitation spectra for nuclei with mass number
A=56.
DORBIAEIC T=12KF22HT, 2EARETK

PEARTAVAECYDRORKX >TETIRETH 3.
DD o DRENOZEFBITRIEO HEEDORE
i3 Clebsh-Gordon ¥ Cit & 2 —CEOBEZEMNH D, £
BTroBEfRERELIOL TSR

%Fe, ®Ni 07 ~4 (KEA*RX) »oHRBEFFO
THENF—2H A MeV TH 3. Lich-THEFRED
T AAF—RIEFNEMRLO ETHIE 8-MeV T (110),
111D, (112) @ 3 >DOREBRIMWE L CELETHRTT
b5, EEICIZCh 6.58, 7.92, 10.04 L AxHE
EhEh, FRMBEOFEELERLTNS. FFHEKT A4
YAHT—ERI E-ROFF—EFHHEEER B
ME) RETHE, ThiRL->TEFREDT A NVF —
WAVBEL, TOX VI
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AE(n, m, T):nma+%b{T(T+1)— To(Tat1)

— Tm(Tw+1)} (1)
5z oNB. 72U Ta Tmidzh®h n, m D
B, HFEFOARTAVAEYTHD, T/ 2 —
22— a, bRFEFHTFHHEEMERAOTA VRAHT7—,
Ry A —-WHAOWEMERAERTHD. ERNICAKEEh
frx A NF—OEP O ZONEERERERDTHS &
aexp=0. 76 MeV (2a)
bexp=1. 16 MeV (2b)
LVThdRERFAEN S, COBEEADSI BT A4
YRy E—DOBWHARBEFROEESLANKE—-D DI BON
B i —THiCHMTEb0TH 3. ’
LEATHBEFRE (n, m, T) 3=V 7400D
{507, (722} 115 shell model REBEEZE T
LbTEx3. TDEEx /L OB, j: ORNTHICHES
AAEATZE, ThicE S HEERAVF—R]
(1) REF-HRAULERED 5 EMNRENBY.
DLt a b3

a=—(V143Vy) (3a)
b=— (171—‘73) (3b)
Vi=342J +1)V(j1j2J ; T=0)/(2/1+1)(272+1)
(3e)
V=342 +1) V(jrjed ; T=1)/(251+1)(272+1)
(3d)

TEZoh, CTT V(isd;T=0), V(jij.J;T=1) i&
fij2 OB TFEREERO T=0, 1 5 TH5. RAIK
A=frn j=psp ZREL, Kvo-BrowN® D= b v
JTVAVINEEST a, b 23 ETLHE,

aca=1.28 (4a)

bear=0. 86 (4b)
L35, CORREINTEAMCKEL BDhIEMES
AEZTHZTHEEELRBNVTHDD. acm BERMEL
DRExL, b FHITPNEL. b YT BRI RNV
F—IEH Kuo-BROWN D= F ) v 7 T L 2 ¥ b TR/ME
(T B tReoBARAKB—BLTHTL 3L
EHEICE - THIREDOE L2 2 v FEhi.

PlLER~RFEFMEREMBEAEZEATOROEAE

LTH- COBRKTRTEAHOREEARBRE
Th3. LT AT Bour OEZRHEZE J=0" oxik
gy — F,shell model THWildt=al) 47 4RXF— 4
AWRARABESOYRIESTHAHI>0? CoRICHE
4 2 %513 Bour @ BEROIMIBICIL » T Bour®s, %
4- shell model D ITIEICIL - T HoriE-Ocawa'™® 3BT
15T 3. Ref!¥ 7 Ocawa T *Fe [CDOWOTHRZD
EERRE0DIC (2TQ24)0 2 4 7OEA MK 30% 2L
BALTWBTHAHD EIEHLTVS. *Fe R T=20
RETHENMMBARBOL TOBEIIKLSTHSD.
T=2 PA T BERABANE S BELERNT
A5 LIFHKEN. COMER J=0" & 2" ONTF
—8F, BA—ZAHBEDOKSD T-dependence DRIE

ZHEFBEORRDE 69

Th5.

2.2 T=1, 1p-1h K&

6Co D F B ORIE BB FEALICZEH, rhikFECAL
WHFodH2 T=1 0 lp-1h RETHA 5. EMES
WNRINEEEREIC (fr2 pan)r=1 T J=2%, 3%,
4%, 5* RERBOLNZRT TH 3. ChboRBicK
BT 260N EE (CHe, p) TEMRLZ ST 2.
ZhS>OREEICK LTid 272 BerTscH!P & Ocawal® At
(fr2™Y, puz), (fae™l, fsn) ORMOBAZERUIE
FABLU - TEEIBERBO L AV F—Rp2D &<
EREERFERINATOVS. L L Eofssd -
<Zhiz 1Y RET 1p-lh L HET AL A VF—D
BEREIOTNLIET XS, - tHVEMEA, &
ZBEBT L4 7OMBEEARD ANS Z L OLBEHNK
FEhTHB®.

%Co THREZINTVWS T=1 T lp-1h RAED L A.
13 NI KEELTWVWBIRTTHS. FEE Ni(p, t)*Ni
T 2%, 4t BE O - T B, 3%, 5% % unnatural
parity OIREEIZ (p, t) TREE I NI,

2.3 T=0, 1p-1h IREE

®Ni i3 T=0 @ 1p-1h REBRIZINZRTTH
3. ZORE, BiEVBREOZhIBEEFEIRE
L LTHEDLh, EnEEBEETHIBEI NS Ll
5Ni I3 RZEL D OERBIIAARETH 5.

88Ni(p, t)56Ni T 2.64-MeV € 2+ oRENRHE I
T3, ZoORER T=0 @ 1p-1h ORETI>IZVHL
EETEZ LN B. Kuo-BrowNP = b v 7 2T b
AV FAEEN, RPA TZORED T A VvF—%FMHL T
#35E, E2)=3.08MeV L1z 2.67MeV K% T
=0 @ 1lp-1h REELEZHCERENIEFLERTIAE
V. 3.90-MeV icgHIZ T3 4" RS FERKIC 1p-1h
REERNL LD B THAOD, BENIHERERZ I
(p,t) DT BHLBETHAD.

b 2.64MeV, 3.90MeV o 2%, 4* % T=0 0
1p-1h REL R U 5 2NN 2 H 5. 2hid
Ni(*He, a)"Ni OEEVT “Ni i BlED 2%, 4* ic—
KEFREgEA L TTaiRENRE SN, Fhdi1h-2piR
BTHHTEDD 24 4 28 Ip-lh RETHAH D T &8
#HmIhs.

2.4 J=0* LA @D 2p-2h K&

5Fe OE—FIEO 2° RBIX (2p)o+@(2h)zr+(2p)®
(2h)o) =2 EEALOD 2p-2h RETH S 5 &0 D #iwHs
OGAWA® [Tk o THRINTWHA. ZoRREI> /- 0,
2t 24 70RE— FORABLERBE S LA ETHS
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5. WEg 5 LA i %Co, SNi RS2 &H
HFENEMERTRBEIZ ST,

Co 2t RBICHIET 2, BAIREBLT ToRLIR
BEM %Co & NI THATZZ EMNTHIIE. M
IANE=D, ZROOREIE T FvF—HITEN &
CARRHBZ EBP/EEINE. —DODERIZ %Co &
78 ®Ni @ 8.40MeV & 8.48MeV o 2* SREETH 3.
i3z xv¥E¥—Wic 7.92MeV @ T=1 @ 0* 2%
BICE -l sOF—FED 2* RELHEZ o0, T=
102t RETHA). THEXBEHELT, T
F—HERORIMICZ ORE~D (*He, p), (p,t) OWE
i 7.92 o 0 ~OWEHEEEECASVNCELD
Fonsb.

UL L OREAZFICEZ 7o & 2 B RALD AT
FBREEEZDZCLRBTERNLTHAS. F—iK, B
—FhEDIREEE LT 7.92MeV D 0t 25543 & Eex=
0.48MeV R OADOHDOE L + /v F— 0.8~1.5
MeV it RTETEECE, BT (d,a) RISTHH
BB PRINTHBCETHS. (da) THLES
hashy T=0 2Fb, Likh-T T=1 O 2-h 34§
BLEMTERNIDTHS. EHCOBLICEET S E
Bbhz lp-lh REBHBVEALTHEDTR I,
A5, (He,p) RIGT T=2, 1 2@EKICREL, B
i (a,d) BRIST 4T=0 &2 5P LILBA
STBEMBAOBRENEI ShEhdahio.

AULEEMEd> T=0 OREBICOVTOERNIIE
BIADLT AT 1 HNEDTHS. ORI
Wit (CHe,n) b » ERBEDQ XD EW HIEREBO R
PEUEBRNREING.

3. A=56%2 BORHEARYT bIL

SNi 2EEICE S L&, A=54, 58 KIIKNT—KTF,
TA—EE—- FOEBRBESEONAIKLE L TRLE
ERLDOTH L. BEUMNOINSOKAEBEETS
EANTHRTFBARBICBREZ~Eboniz . “Cr,
%Fe, Ni REETHIDTHELDERNAHETHD %
DETHEINS.

Bour OHREEROTIZ Fe, Ni 0XERAE
REICE T —FFRELAL IS, J=0" oxt=
—F¥ThB. chicgl, 285 0 KOE—FED 2*
REWR Jr=2" OxfE—~ FLAHDBEMTELD. TO
T~ FRETNIRTFHNT, FA-EFAEBOmBZR
WTN_HTFBRITRIEOERT — 2 & 2 0BiTiciE >4
BV, BAZANVF-—LHMIOERMLLBLNE
27 b v% Kuo-BROWN D2 b w7 2« L X VDD
Bohr2BBRELUANTHD C L BEKEND A D.
Fig. 2 iz %Fe, %Co, %Cu, Ni 0 #HRIRA <R b &
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E(MeV)
of
8,
7166576 __2 T - g 4F
[ A 6.021
| 270N 2" 27 . 2+/ 1*
ol o* - 0
—r \ 0" ot 0+ / 3*
4_
cal %Fe  5Co 8Cyu %8N cal
3»
2._
1_
ok

—
Fig. 2 [Excitation spectra for nuclei with mass number
A =54 and 58. The calculated spectra were obtained
by assuming pure configurations of f7,2-2 and f3,2% and
Kuo-Brown interaction matrix element in estimating
the diagonal energy shift.

fr2 2 BEU pa® AZIRE L TRD SN/ R R~
7 b vERR L. BT avF— Eex i3

Eex(MeV)=¢(A, Z)—£(5Ni), (5a)
€(A, Z)=—B(A, Z)—¢e( A, Z)+12.4604,  (5b)
ee( A, Z)=0. 69;121—;(1 —0.76Z-213), (5¢)

(U BAZ) @A ANVF—) hORDI. (55)
DTz T FNF—=12.460 MeV [T 5Fe, *Ni o
HEED Eex BRICIKIEZ XD IKEAK. A=b4, 58 @
ZR7 b 6.657 MeV B &8 6.021 MeV o S5
BENZN fr27? el AN O BRI 7 v ¥ — T Nj,
FCoDFEAL INF ~DERBEICE SO THERD S d
DTHB. “Co, ®Cu DEERT— 213 (CHe, t) KIEPH
CRONIBDTHS. ERBRER LY, K T=
0 DRREIESVTORBREIEALBEIATHRVDT
HERREEREAENZC LRI TERVE, T=10
0%, 2% KOV TREABAZES U L HEHRIER
KHERTETES. BARES Uicdi- THEOXEL T
B 7eHIC RPA WESSHEERBINL - THIZ. fu,
D3z, fsiz, Prz, 8oz BLBEZERT 3 & BEED 0F, 2¢
O xVF-Z

A=541# T 3.12MeV, 5.61 MeV

A=58#% T 2.62MeV, 5.17 MeV
Lz chicHs 5 ERBRER

A=54#; T 4.07MeV, 5.48MeV

A=58%; T 4.07MeV, 5.52MeV
ThHb. JI=0" @oizh THOTE, T/ 2° REY
A=58 TR TR T ¥ 3. EBRkddsde—FT
i3, BEREHEER G T fr2? BUBERSTH S
2, NFNTREMESOEEREL, BHEBE0d 5
TEERLTHSE. ZNODARBRVTRS BEFBTR
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BICE->TRERTRALENETHSS.

4. B U

PlER~TERESIC, ZEFBRITRERDhbIIT
BEEcET I OMRESZ T NS, BICHRE
BrrTAEEICET AEENRARESZ TINT,
chirEzo kS BHEERZOE BT HROEKRE
WEERKET 2bhbho#Es X D EBICT 280
123, cORMETRILEDE S KIBRTFBITRIGEHK
BEmEBE TR UTREY, Lk LIRFBITRIES
5XDMEDLVKBEORMBE D B HIKiE, RIBX
# =X AT AEENED ShRIIE S, BRED
LT AT BTRGE zero-range ® DWBA ER®T
BIFINTVBA, COREERDSDVTIEL > 5AR
~NENTHRE. ZEFBITRIG 2 —#% i momentum
transfer 3k &, Uiodsi-> THR TR 5 RIEKEE
BICKRE SN TL AR S B. COXSBRIET
12 DWBA oZ4#z0 b0 ic itz R#EGH0, 4
BOBNICX N BHBETH 5.

1)
2)
3)
4)

5)
6)

7
8)

9)
10)
11)
12)
13)
14)
15)

16)
17)
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2. ZRERFBTRECEISEALLORFE

gEw A KR OB —
2. Properties of the Product of Initial and Final Distorted-Waves

in (t, p) Reaction

Ken-1ca1 Kueo

Institute for Nuclear Study, Univ. of Tokyo

Concerning (t, p) reactions, we investigated, not the features of each of distorted-waves, but those
of the product of distorted-waves in both channels according to the selection rule about angular
momentum. They are compared in compact form with form-factor and peak or valley features of

angular distribution of proton. Such a product of distorted-waves may be usefull to understand the

characteristic properties of DWBA-results.

. B X

Jempt AP FHREL KO DOEE T — 2 DDWBA
K& BEHZ, bhbhicETEOEEEICEY 5 g
FBEOBWERERELE LELLEVWIERT, ¢hbdo
FISBRICE T 5 DWBA O FHIZ— SO RII A I 7=
EWVE LS. ZEFULOBTFEREZE LB HSMBLIK
BOROFNR, £L0EE, —BTFHEXRIGORE
WEZOEIHBLTNT, BEOBEVWSRZEHETS
ZHEBREILIN TV DI TR, ZETHEEIR
WBRR-THBE, THETREBALDOAILBIRE T
DWBA i TZORBEOFBREINTETHBY.
L L, WTFhoB&bHBEINRIEOMEE DK X
i3, HBRELETIOLIRELEEL, AESHOERME
ED—FKIL, VbW lower radial cutoff Z%FEE 33
BAMBED. THIOSLBEEERREL, _BTFHEIR
BOBHENC U 5 BARFEEEILLTH 2R,
BRUMENRZETHAH. 4% DWBA 0 FH:IL, =K
FHBEIRIBICBVTZORYMERTF X PINBETHA
L, BRIBDOA A=X sk OEEX ERT 25
~DOREDIHICH, DWBA o4, RBEA:RL
POALBHELLRITACENBETHLLEELS.
STIHFHELRIE% DWBA O TR & 5 k&
KEIMRIBERET 2 VBERRRD 2OIKHFTE3 L
EZohd. 1 2RBEFEOEBECOAIEET 20D
W% form factor TH b, FHho 1DRAH, HHF»

F v ORXHEBO W EIEIT H 5. Form factor |3
¥ BEBROREBOALZLTAH (BA0iREE) 43
RHFoRBREBEGEELTVE. ChETOoBETHE
BZRBOBRBENFDOENIZ, O form factor % &5
ERINEDPEVIRLD > L EFE-TEWVTHHD
L, 4% %@ form factor 0FER/IIEIT ST &
Bbhz. —HHEESHOWEEK (\WHWY3 distorted
waves) LT 2EED Lw I RADL ShicbyTld
O, FTRDLEEF ¥ 20D (EXLHE (,p) TR L),
(p, p)) distorted waves O3 FE (T, ¥1,) O—>D—>D
oHEERMACLORMPIIK, ThoEAEHEBORER
@+T=L, L BEHS3BEBHR) I LichioT,
T, Tip OFEDKD, Iy b KOVWTORZEL 572D
OVEEMY, HYEOS LU LR, HEHEETH
Bh, THINSRER, ChIT—ESBINATVE
.

ZTT, TOHETIE, T distorted waves DFER
O¥TF, BEICOVT, T18bb, BROEK, EEO
5#, RIEOS, form factor D43 & DR, AEES
Hmol, £&0BHE, CFOABKRBEOLOBI» SO
FEE5RHLPERDOTEREBCRE - THLL.

2. Distorted Waves ORI

Kis A (a,b) B itd9 5 DWBA ofaiEm do/
dQ i3, ROTELEBLLENTELH.
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29 0 Sl 0) |7 (1)

zzit fum(0) REDTEL 32DEHEMP B - T
%;
Bu(6) = Bt Litd™ frul P (0) (2)
el
T8 = ib—la—L(20,41) (WML, —M|L:0)
- (BOLO|L.0) V (L= M)+ M)T (3)

flbl.L=AM/Ii;Z-:Sdr-rzllflb(ﬂl\%r)FL(r) L) (4)

(P1M(0) i3 Legendre EHO

IR Hobh T2 >VTHALTEL & LM
REhFWREICE > TERSNIREAEGRLZO
z BEATHE. L BENTHAS, BHEF IV
o distorted wave ¥, T, OR-OEE (RoK AE
BETHD. kb BENENRT a,b DELRTORK
¥, M M 3zhZhilfik, BREROEETHS.
EER IR T 2 OAHFHZ 2 MICGRUBESFRR 2x-
FHEICBATHE. (4) Rho Fulr) @ISO form
factor TH 3. (4)ROBEMEIZ overlap integral &IF
EhThHa.

X7, ()REROTELEBEXRBLTHELD.

B (8) ={dr Guu(r, 0) Fu(r) (5)
Tcic
G r, 6) = (Y22 )2 B - T (327)
() - (0) (6)

T bBRIBORIE An(0) ZRETIRE, BHE
DA KET S static 38 Fu(r) LzhPA@ dyna-
mical 738 Gu(r,0) &S LTHB. ()AL OAL
nz &5 Gl 0 3F%K Nu'™ 2ELTAELHE
OREN AR 72 LSBT by la KOV TORBL
BNTNG. COLE, A0 OFOICK - T Legendre
ERCEEHEAMBPIT ONTVS. COX I UEER
3 Gu(r, ) RERADH &N 1 distorted wave (superposed
dw) Sz EicLES. TOEKD () KIBICE
LRI AFRBZOBCOREDHNTH 5.

3. EEBLUBESH

L TRKROFEBIC DV TOEK Gun(r, 6) ZEREY
5.
Ca(t, p)2Ca (5.85MeV,0%), E:=10.1MeV
40Ca(t, p)*Ca (gnd, OF), E=30MeV
90Ca(t, p)®Ca (5.85MeV, 0*), E:=30MeV
413hH E=10.1MeV, 30MeV 0 22DV THE
UBERER “Ca 0RERRE, 5 8MeV RED 25

2. THRFBARBIET 2EALLOHFE 73

ABALE. 158, E=10.1MeV TEERBA R
OV TIRER Gu(r, 0) OEEKT LTWELD
T, MERROBSICETRVIL BESHIKONT
12 Ref. 3) 28D &). Distorted wave e LTAy
541732 potential parameters 13, BHBIEHRT
X ZWD TaBLe 1 T ebDEALI.

TABLE 1

The radial form of the optical potential is shown
below and these parameters, taken from Ref. 4), are
given in the table. The uniform charged Coulomb
potential was also included into the distorting potentials.

-1
—-V. {1+exp£_—rﬂl —is W((I—Cv3)4a’Cvsi
a dr

-1
r—r o’Al’a}

Optical potential parameters

-[1+ex

al
E{MeV) Vo a W rod a Crs
01 |®0] 144 1.24 0.678 30 1.45 0.841 0.0
‘ (v,p)| 53 1.25 0.65 15.51.250.47 1.0
s | 0] 146 124 0. 678 25.1 1.45 0.841 0.0

43.3 1.18 0.7 7 1.3 0.6 0.714

(p,p)

F 7=, form factor Fi(r) iZ ref. 3) TR LdD%
Atz Tbb, “Ca 0EBERER |(1DL2: 0 >0
Ehr, 5.85MeV OIREEIZ | @p)o?: O*>THB&E LT,
b Woods-Saxon Bz Lk B form factor (ref. 3)
BH) AV, TD& &0 form factor {FIRD Fig.1 iC
FRENTV 3. HoREHIREERICIE>TVBEOTH
iz it form factor DHEIHMED ADBREN T 5.

(ep)i;0*
2t ————(1)7 ;0"

4
r(fm)

Fig. 1 Form Factors

LI ko form factor 35K T TABLE 1 D% potential®
ARV E XDOFHENTIL Fig. 2~4 KRN TV 3.
Fig.2 D AT ERBOBEA A M S 1odic, REREYD
Bk A b— KA & & DR E B TR RE (KR
B LTRLTH B, (I, AESHOFEIL 40
=10° B ERETIN.)
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4. Superposed distorted wave (Gru (r, 8))

“Ca(t,p)4Ca (5.85MeV, O¥), E:=10.1MeV (Fig.
2) oA, ARSI, HIA, 60°, 100° 180° €&
2, 30° 80°, 135° T/EDL >TW3. ChbDf
BEicxtd 3 Guu(r, 0)13 Fig.5~10 IR EN TV . (Fig.
10 {3 0=135° T 180° 2R L TH %.) ThooD
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Fig. 6 Superposed distorted wave

Fig. 9 Superposed distorted wave
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W EETFDIE I form factor D43, BLUBRESH
OBTFEREMCEEI YR EDTELNERES.
ZNIIRD Fig11~13 THb. ZOR D AB*% Fig.11
(#%Ca(t, p)*Ca (5.85MeV, O, E=10.1MeV)) i
BICOVTHIALTEC S, COMOHE I bR
& - TETFESTORSEESh, Thedhs 0° »pb
180° FTEICTRINIZ L 180 HEHE N THA. h
JEESICR I N IR, coMo¥Ess 10fm TH 3
zEERLTOAS, Ric, RPoiidEtg Gw(r,0)
OBMEERLTVS. Tbb LicBE- cAELHKE
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40C, (t, p)“Ca
Ex=5.85MeV,0*
E.=10.1MeV

Fig. 11 Distributions of wave-planes
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‘°Ca(t,p)"Ca
E,=0.0,0"
E,=30MeV

Fig. 12 Distributions of wave-planes

4°Ca(t,p)*2:Ca
Ex=5.85MeV, 0"
Et=30MeV

Fig. 13 Distribution of wave planes

O einid, 0% 12895 Gu(r) OFEE %
r=0~10fm FTHRTNL. 2D L % Guu(r) NBAE
(i) F7-RB/ME (B) ERAEZBERESA»SHE

0 2RERER BB > TV, EEME G, 0) @
EHIE, TERCREEREER-TH5. SAKIC
DNTZOBK, BNRERDIS, FAETHETS
BAREOCR BMEDKR) 2X4—RCHEAT, ROk
SIHRER . HROBIBABRTRLTHSDIRE
hEXOANOBELRASTHSHTHS. Khak
dOMiZ Fig.1 @ form factor OBAME, BWIMADEER
FT(BEAAFRATOEERLS). TRz
ECAESmMILERE LT (@) %, BERBLE
itk (V) 2F&RAATHS. UETROABIRRER
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TxH-EES.

T Fig.11, 12, 13 TR Liciiigid 52 b e AS
energy FRIGOQ-ETEE % L=0 0BBIES T 5
“Bhdb Xh i distorted wave CEH ) OWE" &4
2T EMTED. TNLOEORRRPIC—KOHRE
BOTRICBED A - -l I TOROERES.

XThLD “EWYE OMEEZTEDHTHBE,

(1) FEIRS TERCEFEELD IO TEORY
ORERREBIEELHRIARELLS.

(2) r=0~5.5fm FTIHEETS BEHO AR
BEALAETD & 0=0°"~180° pZfLicw LT
E.=10.1MeV (Fig. 11) 04 R A 3 fHE
L, E=30MeV (Fig.12, 13) 043 4 M
mLTnas.

(3) to#mEaEIHORKE 1:1 8B LT
WD form factor OAEIOBAELZETS S
ETBECATHESTOLUBIDEZ TV S.

(4) zh>ORTRRINTOIENS, HEORIE
13 0=0°~180° OZEALIC DN THKRNSIZ-T
e ok T Fig.11~13 oHiT a, b LEEh
7o BT OIRIEDZELIZRD TABLE2 DT ELT,
Ch o RIEMEELOBRT EV-TE Y. (&
BB DV T b R ER)

TABLE 2 Amplitudes of the typical superposed
distorted-wave-planes.

10° 30° 60° 90° 120°  150° 17¢°
a1 03 006 008 006 005 0.04
e 1l 16 —0.1 —0.3 —0.1 —0.1 —0.1
L, —8 0704 —0.2 —02 -0z 0.2
e 12,0 11 -2 —0.8 —0.4 —0.4 —0.4
L g —65-0.4-03 —0.2 —02 —0.2 0.2
- 13,1 _89-17 —0.7 —0.5 —0.4 —0.5

(5) #HHDOHEICE »> THHKONETORIBIZRE
TORBICHLTRRY /NEL (Fig10) HH~
BEORNOEERELNAENS T LG, TO
BERA NI T

XT, CCRRENLEEERA UEEZR O HBER

PIERBDTH B & ZNIFFEE Born ELICH S /B
T Bessel BT HBC Ebbhb. THROLEEE
r%j.(qr) =r*-sin(gr)/(qr) (7
i, [gl=F—T OBEO~OKREWEEETS L,
SEMERICIE Fig 11~13 KA DN A RO TEZRT T &
NT&B. 20T, COEEERNT Cutorr Born @
HHETHRSWERERDTHS E, gR ELTRROE

BriEdc ENERING.
E.=10.1MeV D4 ;
{q1(180°) —q1(0°)} Ri=4n (8)
E:=30McV g4 ;
{2(180%) — g2(0°)} Ry =67 (9)

A TR LGP TH B RIBIZBNTE

2. TEIBARBICETIRA»LOFE 77

1 (180°) =1. 96 fm™, g1(0°) =0. 285fm™!
¢2(180%) =3.29fm™, g2(0°) =0.581fm™
THIWAL

{ Ry=17.5fm (10)
Ry=17.0fm an
ERDHOLNSD.

zhdo Ricd LERER-¢ L5 & Thid, KK
KEE5T AHEBESEOBLL S RimORTHEEVD
CETHBY, AEBIUFHN~IILHITEER
it 457 56.5 fo OFEBBRBCEFES L TR 2O
X351 Rtk { 72 »7- B i3, superposed distorted
wave {3 potential DEEE 51T TW T, EHIIHFH
energy o XWONABDE DAEL BTV ABT L
ZEETLRENSDD. THNDE ¢ ZRDLEICI Ay
kp iz potential MFHEE IR LT, JIFH energy » 5
XFBMEIEDAEL LD effective 17 g KL EIBTH
ERH-LNZ LD,

Fig. 11~13 QLTI LTHHEF R EERSBSAT
W3z &R, RicREmE Born BN B 1) 25 #E
1% momentum OEALEEZZ B LEMINL. —HK
FRENSOEAEHBTHHTHECLREZLEITH
3. THOEELHOTIN/NE {15 5T potential D3]
HBABBEL, Liht- THENSLZTLBEBA 6N
EMh6TH5.

6. & U

z C T~ (L, p) KIEDEA D superposed distorted
waveld WERII BB REE 2 - T . B0 RIG (p,
), d,p) ZHkBNT, T Lx0 OBAIO2NVTTD
Gu(r,0) ORHEARANTADIC LR, BESHERE
@ dynamical 738 & OROBEREBRSICHSPICLTS
NBEEVSERTHEERRCL L THD EELL. O
G(r, 0) HEED B ETERERD Bk H 2 HED B
[NEBFETBEEOS T ENBNT, RBEXS G, 0)
RPFENRB LREREFOTHSD. CORETRIM
FHEZ K54 DWBAD A ETRY & 5 KD dynamical
HEE L static WYBERLZ 2V 87 FREELT
DWBA O HEQHEAEDH B—2D FkxRE L.
Ok S BEMEE DX IHF 3 DWBA oFHicE
FAREASEOAIC LT LTHEMRFEREBID
HIBTHAHD.

B, COoMERFEAOFHENEREEFETTED
NedbDTHBC EEZELL, FHIKESKBHERIIER
BB bhC EICRB L. RICEFOMARIC
HESETTFIVE L EaHEAR—RICRET S
R, MECBOTELOHRELTTFS B M
BEOHFRTLP LORBMOEBERLET.
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3. (He, p) RIBGICDIVT

3. (He, p) Reactions

Kazunisa MaTsupa

The Instituts of Physical and Chemical Research

Experimental results of the reactions; *C(*He, p)"*N and #’Al(*He, p)**Si, are presented. For the
former case, the difference between (He, p) and (@, d) is emphasized, while for the latter the strongly
excited groups at the high excitation energy (10MeV~20MeV) of #3i are discussed. The isotopic spin

dependence on the two-nucleon transfer reaction is mentioned according to the stripping and pick-up

theory.
T 1% -7T, “N shell model HEER &MY LW —FK%E
R &AL . GLeEnbeNNG T X HE®, TBKF
BRSO MERER,
1. izjﬁ% d_O;z 2 CST22|E GNI..S]T Bngz (1)
ds 18T M T

TEFEBRIGORIGBBEHO ML, Thitk-
TEBECHETAHLVARLTEATIC LR, BEK
Bs—oo7F—<&:EL o003 EEREOHED

DIRBABEEFERORIGHEF £ L5, deuteron-

transfer ORJGIC L - T, THAIBEOMBMBPRTE
3. bhbhoMERIFAENTFEBICRH IV AHI
WOT (((Hen) RIGZEBWT), ¥3 (*He,p) RIb%
By Bt EBIEWY A7 e o yOfE, TH,
A, B, RERBCEok.

2. 12C(*He,p)*N

TTRRREEZHFE LY. ToBEERDOhDLIID
L, SLANHEOHEE O EVEED, MONGERSON,
Harvey 178 GLENDENING? [Tk - TBZEbhi.
#5132 % Sz GLENDENING i ® DWBA T TH

OFICEINE. CCREBEERTF VY it (L-S) B
BRHEL, TRHREBTFIEFROBEAEGRERTE
L U7. N Of coherent LA - T BT ENEET
5. BIRFRES>ORBIICW S D, TR (hp) &
(a,d) RIGOEZBICONTIER Uiz, Tase 1 AU
J=T) Ths (1%,0) O=2>DREBIY, chEi
#L7z (04,1 o lo0oRBRMT 2 BOWEROMED
& GLENDENING 52 iz X % shell model it ¥ S5 A
EARR U, FReBRAMBUELUADXHOR % Fig. 11
AUt

CDEP LML XS, ground & 3. 945MeV ~fT
(HEBOAEER (hp) & (@,d) T/ FERL
TWT, (hp) OWEEOKRIHZBEZHKFAMY v
v v 7D shell model MEEICAS 8, (a,d) DHERST
4> DWBA O#REZRBLTH, T X 5 RFEE—
F L. (DWBA oH B>\ TR EELREER
CHRA—-FEBEDRTH ) HEXBREL SO
mechanism 2EZ TiREWVWHEF R H 0, BEDEL

TABLE 1 (h,p) & (a,d) O¥ER®D HE
RO x R w¥~— J*T a(h, p)¥ a(h, p)® o(a, d) Cohen-Kurath True
0.0 1+0 1.37 1.73 0.98 1.0 1.0
3.945 1+0 1.51 2.45 0.31 2.06 o
6.21 1+0 2.24 4.98 (0. 60) —_— 3.47

2.31 0+1 1.04 1.27 — 2.86 0.98
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Fig. 1 The angular distribution of the !?C(3He, p)“N
reaction.

5, ELKBTIR&H 35, (bp), (@,d OEVIZHEI
(a, d) FURIZ B THE DR (72 & 213 “N @ ground)
et LT, knock-out OFEN KEWN1DTHAH EE
ATW3. (hp) & (a,d) KitokKiZX S EbhTY
BXHICHIED 4T=1 2432 EDE M IT,
knock-out DFHREB X FENiCBE T B RED B EIEK
KOWTORHERZ ETHEMTHAH>ER T 5.

3. ZRFEBRIGICEIBZREY -T4a4Y
AE VMR

® (1) wBHT*
Csit=bst?| <trms TMz|timi> |? (2)
s =D (0)%0se0m1 (p,t)
= ; [D(0)20s0011+D (1)*0s1010] (p, h) | (3)
=D (1)20s1070 (a,d) I

* LOROHFARMOLHICERINTV B8,
IR EERICHERD T 150 .

2Tk
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EEINSE. i D) BXU DQ) BEheh
(=0, T=1) XV (S=1, T=0) A543 2
CYEBOERDTHS.
Harpy, TowNErR® {3 72 & Z 1T “N @ 3.945MeV
0%,1) ~o (h,p) HEEEANT
1
ZRDES>EL, T Freming D.G., CErNY J. BL U
GLENDENING K.5 |3 odd #® (p, *He), (p, t) OWHE R D
oz 0EERD . WThOBAILIBDKRER
AEYRBMADEENMBELL S, —FHlkiz@3HED
T=5-T=3 OEBICHTS (b o) (4,d) OEEE
DHEICE > TH ELROHURERAEBXEINIRTTH S
2,
rgl@d)_ Dy
o(h p) %{%D@V+Dmﬂ
1

LD, COKRAYVRBADKMCE 2T, 2~

ORICIEE 5 708, HEOBREBEBENDT, TOAIRBYE
HETH5.

—7h (t,p) RIETHLBEINZREDT > u /iRfE
% (CHe,p) RIGTHIE X € 2 BAEEZ TAH & .
DWBA $HhB%BIE LT, LB D Csr® OAX XY T
R3E, 2= 9 ET4v2EY T icHl,

a(t, p)

a(h, p)anatog
&3y, —#ic Tx0 okicxt LT (He, p) DOMERR
@ reduction FHITHKELKRS. (a,d) RIEZR <=7 b
FLLEDEDD AT=1 Q¥LL % identify U, —F#]
FHATO yield D ER,H S L=0 OEENERMNET &
LTd, EREI—RICHIOBRETRIELNLBESS.
7o & 2 %Fe(®*He, p)**Co DERORZDHTH 5.

2

=2(T+1)

4.  ?Z7Al(*He, p)?2%Si

B4 BROBBEBOERIZ, F4BEBEEKELTD
D, LULE—F v FEBEL BB E, BEREDS
MRRELS. FEZOBAECOAIRIEBICE B,
—HEBEREBEOREC VBERTHEDT, —RBILFIH
3 L 0EBERLLYD, AXGELOEON LM
B—RicZ LI atihvd b, (Fig. 3 (a), (b) BR)
DT EEHEED LT YAl(He, p)*Si K I 0 #43Mri
BOERE 22MeV TBLIE 72, 24 + 5 20—
% Fig. 2IKR Le. THhDOEBIKOIBC &id, EAL
T ANF—HENAD vield BIEFEICDLBNCETHB.
ZDM5TE% Fig. 3(a), (b) IR L7z, Chid YAl » 5
P8 ANDZRTF M X 2ER D BEFICEHNCE, B
WhHZNEBEEOEEREDMIC, X EbhTWV3X
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2 The energy spectrum of the #Al(*He, p)®Si
reaction.
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Fig. 3 (a) The angular distribution of protons from the

27A1(SHe, p)®Si reaction leading to the low lying
states of #Si.
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Fig. 3 (b) The angular distribution of protons from
the ZAl(®He, p)®Si reaction leading to the
low lying states of %Si.

ARKEBEROE DB LWERTHIENT &
%. chic LT, 10MeV~20MeV H3E0D B iE T #
WE-TBOTRARY F 5 A, BERERSHEEDOE
RN - BRBEEINE. ChoDNEBE
U yield 12 Fig. 4(a) 33 X ¥ (b) IT7R L7e. {ERLEEAI D BT
BichklLT, chbov—7 olEKEIR 10 7hE 100 £
K x. ThRES TAIHd LERLD O KOREN S
DCZDXIBEOFHREL A NVF—ITERNICSHHE LT
BT EARLTOS. YAl @ BEERED GRERK) — (1
B iEORE 51T, 28 och b oRBEIVWHOWYS
two particle-one hole state LW\ 223 THA 5. BHERR
WHIE iz YAl(He, d)*Si OETE B ->THD,
DR TAISHSi OORRY OFBLDEEZLDE D
DERS. F1 YAla,d)*Si DRIEETFELTV 5.

5. LIV

bhbhBchhoDOEE LTEA TR EER
NTHTUE LY. TTHIONEERMELT, Th
Kk o THABROEMDSBEAZ TR S LY, —H L=



82 3. 2VvFLEBOEYE JAERI 1184

100+ Q_@ii&%b@%@'@% BIORFAEEAKAESRTS.
=y rELTIE N=28 DF7A4Y - b~VREZT
| 27A1 (%He,p)?*Si 3
3. —F p shell T (*He, p), (@, d) D HBRIC b B
501 61.,=90 BAd - THNE.
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Fig. 4 (a) The differential cross section of protons at the (1963)
laboratory angle of 90° from the ZAl(3He, p)2Si,
reaction. The anresolved states in anexcitation
energy range of 5 to 8MeV were neglected and
the background due to the break-up reactions
was substructed.
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Fig. 4 (b) A emitted spectrum of #Al(®He, p)®Si reaction shows very small
yields to the slow lying states and large yields to higher excited states.
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4. The (*He, p) Reactions on Light Nuclei and the Isospin Pairing

Collective Excitations

Norivuk! Takanasul and Yoseo IwASAKI

University of Tokyo

The neutron-proton correlations in light nuclei (A <40) are discussed from a viewpoint based on
the recent theoretical works by Goswamr and KissLINGER as well as by DANos and GILLET. A possible
new mode of collective excitation (called here isospin pairing mode) which might be observed in the
neutron-proton pair transfer reactions is suggested. This collective mode is due to the isoscalar part of
the residual interactions in contrast to the pairing collective excitations which is brought about by the
isovector part of the residual interactions (i. e. the pairing interactions between like nucleons). Relevant

experimental results of (3He, p) and (@, d) reactions are discussed in the light of the suggested view-

point.
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PEERCEEROFEICL > THET S L2 ERL
TPk, nuclear spectra {£xf4 % like nucleons DD
pairing correlations OFRITDONTOEBHHTE L.
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Fig. 2 Proton energy spectrum of the reaction #Mg(*He, p)®Al at fnp=10°.
The proton groups are numbered in correspondence with the level numbering

in TABLE 1.

PEoBHABRENNTOOL LTRAST 2ERE T
BEBF-2RBEOECIARLALNEL. L LR
5 (a,d) FBEBANT, KO@E R E VIRE O HEH
Berkeley @ HARVEYB.G. 07/ Vv—FiIck - T o6h
TLIE, BATIREZ vFoin#EdRicks SHe £ — 00
Fid two nucleon transfer reactions o FEHIBITICE
W AEBEIRE-T, (Hep) BLU (a,d) FUBIKES
RO OBE I NRRBBAICIEDDODH 5.

Harvey B. G. 72 bic & 2 —#O B ICxd % KR
i1, (a,d) EVHIBREDIVEZ A TORBT, Lbb
high spin states DA, kinematical | enhance I
3 XS BERKEXRAVT, HiC high spin states B
THERREREDLCENERTH-T, HT Lbbhb
NOMBEBOHICEERY >bYTREL. Ll
f;bi B C < ﬁﬁ‘cﬁ” 5 12C(3He’ p)HNlO)’ 160(3He, p)lsF
and lﬁo(a, d)l&Fll)’ 40Ca(3He, p)4ZSCIZ) 7‘; E@;Eﬁ-—c‘\‘i’
WAWEREL L CLNEEOHEM L DERICE 5T,
2 -7y MEOBEERES X UBEROEERE S B
REOKBER, BEHIERABHE~NOh. EBRER
KBNTIE, 7c& 2 “N T3 Ez=6.21 MeV, Jr=1*
A, Ex=6.44 MeV, J==3* 1{f8, E-=8. 96 MeV, J*
=5+ RIEN E~OEBOWER 0 15 DK S LEER
LTW3HS, REEAE base i LAHERRTHUED X
S AbELR TV B, BFe, “Sc KDV THRMKTD
3. (Sc oEERRE, J°=0%, T=1 >V TRAED
N EMBEINTINGA, O region Tit, BY
HEFER O isoscalar FE4r & isovector FRArM & bIC K&
nHEEbOEHTRBEVREEZEZ SN B.) LaL,
NSOV TI S spherical core+two nucleons &
WOIRGBERERTHD, ThThOBKICDWVTERIN
BN EREMEEREZE LT, HEEEEREIGE
ST EMTAETHAD. LHLEBL, Tabd
DOVTNDOEAICS, neutron excess DIEVEVE, &
iC ASA0 KB AEREROEE, 2KICOI > THE
—HIEETAREZTINT VIR VY bhbhil,

* Ky VYRYY ARCBY AEIFTO MaTtsupa K. 7w

~7ick 3 AICHe, p)®Si BUSORERIKO>WTORE
ERREE.

BoRBNTEEEZMEICT20TRIZL, BOBKOL
WEERICH 7 > TH—IICEBT 3 D O—D2OFnHh
0 & LT, isospin pairing correlation & #  icE-3<
isospin pairing collective mode &5 RF%#EHR L7z
EHBD.

2.  Mg(*He,p)°Al RRIGODF MR HER*
COERI, IN.S. 44 7utovh s 2TMeV
SHe*t ©¥— 4%, EX 0.31mg/cm? QE#HE “Mg 2 —
Fo bCYTBECLERE->TRENE, 2= v M,
0.8 mg/cm? @ Au backing o _Lic #Mg0(99.96%) @
BLRESZSE-TEONT. EEEFIZ L N.S. broad-
range magnetic analyzer T3, BFREREHICE
ganis. BFLSNORIGERK FRERORHEICED
7z 400 pm Alfoil KX - TRHIEE i, ¥Al Ofy 12
MeV o FHi2REBRSHT 2 T A VF—FTOHEF R
7 rvEonic. TANF—RART PIVRBTAHE—~
7 OREIRIZK 60keV THote. BFRERERKCE
B3 5°,md 90° T UMERBOTEEIIN .
EERERD 10° KB B F R/ vk Fig. 2 iT
AR, WL OhD# L populate INFFF IV — TS
Rohsd. R o0BFIov—73BEAIShII) -
fz. BAIDZNSDBF I NV—TDN L DOPICDNTOD
FHBAESGE Fg. 3IRT. Thdid, BERK
BEIOMBZINE LG, BT LN nppair KX -T
B2 AEHECH L TRHRENEELLTVAS. 2O
BHE, RO &S (*He, p) RIGOERAZ R DT B
Fi=T+S+L
S+T=1
Te=mi(—)*
LIk -T, BIREEDRAE v, Y F 4 BIUTA VR
CYRRETBCENTES. 2K, wBiEfRE
* KER, BA - B, BESE, BORG, S5k,

BHEF, BRXEBLUOBERKO S v—T LT
BaEnbDTHS.




86 FVTFLEHBROEKDRE

E,=0.229
10F J=0+T=1
F L=0
1
=
I3
A
-
£ 1t
2L
Z10f
E: r
38
N—
1E
10k
1

0 10 20 30 40 50 60 70
fem.(deg)
(a)

JAERI 1184
100
1 E,=1.852
3 J*=1+T=0
i L=0+2
10
1 -
e E,.=3.746
L J'=(1%)
10k L=(0+2)
7 I
s I
=
-
g1 E,=4.595
B L
1 5
Z 10f
EF
3
b]cg -
el
N—

0 10 20 30 40 50 60 70
8 c.m(deg)
(b)

Fig. 3 Anglar distributions of the proton groups observed in the reaction 2#Mg(*He, p)?*Al
at E(®He)=27 MeV. The solid lines serve as a guide to the eye.
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TABLE 1
ao
Relative{—~
tevel | BMev)| - T L ()
) Present l ROSNER B. et al.
0 0 ’ 5* 0 4 9.3 5.7
1 0. 229 0+ 1 0 37 48.5
2 0.418 3+ 0 2+4 44 14.2
3 1. 059 1* 0 0+2 31 40.1
4 1,760 2+ 0 Very weak 4.1
5 1. 852 1+0 0 0+2 100% 100.0
14 3.159 2* 1 2 27
20 3.746 | (11)® (0+2) 65
29430 4.60 82

Experimental results of the reaction #Mg(°*He, p)*Al
b) Used for normalization.

a) New assignments.

LT AT, bhibhoBENg, WEBROMEICH S8,
R E:=1.8MeV, Jr=1*, T=0 ORE~D

(Z—E) | OFE, Erochk EVRE~DZHICH
pea

LTREVC EBSEBRBENS. $ Mg(He, d)*Al B
J U PAI(He, a)?Al 72 & single paticle transfer K&
BT, TORBADOEBIIHILD hinder SHTH
%17, PosNER et al. |3, CHODEEMD, E-=1.852
MeV, Jr=1*, T=0 ORI (1ds;2) (2512 725
BB LTHWAENS T EERELTNS®, LiL
BRS, THIVF—EUERPALLILTEIDOLIQ
AT, (He,p) RIKIC B 35 ORE~ D EBOD
enhancement MM TEXZ D ESDIIEKRENECZAT
H%. RosNER et al. DEETIZ, Al © 5MeV % T
OFERELULER I THROIN®, bhbhoR
cihid, TS5 RBACHETAVF—ILB LT, #<
populate XNBZE L DREBELELTNS. b5AHA,
Zh 5@ enhancement A kinematical IR SED
5H0TRIEL, KBEREOREICFEEONESDT
HBPEIPE, FHCETOKRESBITRIELR
WA,

bhbhoBeH3, h b enhance Sh 2Rk
L, Nilsson model o ¥Bikisk% v T DWBA #ir%
Ao, MEROERMEEINESNEEELETECL
itk - T, EEBHIC enhancement factor ZRIZF &
Thy, Thoxb LI UTHETRMEREICE
STHREZEDBLETH 5.
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5. ‘The Structures of “'Pr, *Pm and "“In by (*He, d) Reactions

TosHIYUKI ISHIMATSU

Tohoku University

Experiments of the (®He, d) reactions on °Ce, 12Nd and 11°Cd were made with a *He beam from
the INS fixed frequency cyclotron. Deuterons emitted from the targets were analyzed with a broad
range magnetic spectrograph.

Spectra of deuterons from the (*He,d) reactions on the neutron closed shell nuclei °Ce and
uzN{ are very simple showing six and five distinct peaks, respectively, up to an excitation energy of
about 4 MeV. These spectra are in contrast with deuteron spectra for the (*He, d) and (d, p) reactions
on the proton closed shell nuclei of tin isotopes, where far more peaks are seen in about the same
range of excitation. Values of the orbital angular momentum transfer / and the spectroscopic factor S
deduced from the DWBA analysis of the angular distributions of these deuteron groups are well consis-
tent with the simple shell model picture.

Deuteron spectra for the 18Cd(*He,d)!?In reaction are complicated. The ground (9/2%), first
excited (0.314-MeV, 1/27) and second excited (0.589-MeV, 3/27) states are weakly excited in this
reaction as expected from the shell model configuration of the target nucleus. There are, however,
several states excited strongly below an excitation energy of about 2 MeV. In particular, /=2 tran-
sitions to the 0.66- and 0.88-MeV states and an [=0 transition to the 0. 75-MeV state are observed.
Some authors suggested a possibility of the £#=1/2 rotational band in In based on the 1/2*[431]
state. Evaluated spectroscopic factors for proton stripping transitions to members of the proposed ro-
tational band are in serious disagreement with the present experimental ones. Moreover, an [ value of
2 for the transition to the 0.88-MeV state obtained in the present study is inconsistent with a spin-
parity assignment of 7/2* to this state assumed in the proposed rotational band. It remains open to
question why the /=0 and 2 proton stripping transitions to these low-lying states in !"In are observed.
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Fig. 1 A typical spectrum of deuterons from the (*He,d) reaction on 42Nd.
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Fig. 2 Angular distributions of deuteron groups from the
u2Nd(®He,d)*Pm reaction. The curves are DW

predictions.
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TABLE 1. Optical potential parameters for incident and outgoing channels used in the DWBA analysis of the angular
distributions of the (*He, d) reactions on °Ce and #?Nd.

V(MeV) W(MeV) | ror(fm) rc(fm) ror(fm) agr(fm) ai(fm) Csp
3He 172.0 16.0 1.14 1.4 1.54 0.70 0.80 0.0
d 101.4 15.25 1.085 1.3 1.293 0. 857 0.788 1.0
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TABLE 2. Values of cy,;? evaluated for the rotational

band based on the 1/2+[431] state.

CNUZ
l J
n=2 n=4 7=6

0 12 0. 084 0.137 0.171
2 3/2 0.001 0. 000 0. 000
2 5/2 0.708 0.488 0.377
4 7,/2 0.175 0.289 0. 306
4 9/2 0.032 0. 087 0.145
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6. Effective Proton-Neutron Interactions in the Nuclei of 90<A<140

Kousuke YAGI

Department of Physics, Faculty of Science, Osaka University

The Z dependence of neutron-single hole (particle) energies in 3°Ce, !'"Sn and *'Zr is
explained on the basis of effective p-n interactions. A tensor force with the radial dependence

of 72 type is effective.

Recently, the energies of neutron single-hole states of 1%%Ces; were measured from a 4°Ce
(p, d) reaction (Ref. 1,2) and those of !'"Sns; from a '18Sn (p, d) reaction (Ref. 3) by the use of
a 55-MeV proton beam (Ref. 4). In these analyses, the energy-weighted sum rule (Ref. 5) was
applied so as to eliminate the splitting of levels in each single-hole states due to the long-range
residual interactions such as those of the quadrupole-quadrupole and octupole-octupole types*. In
the case of 117Sn, single quasi-particle energies E; were obtained by means of the energy-weighted
sum rule which contained the correction due to a !'8Sn (d, p) reaction (Ref. 6):

. 1 n n’ n’ n'

where the S: are spectroscopic factors. The effect of the short-range residual interactions between

neutrons was removed by using the pairing-interation approximation, where the half-gap energy
4=1.4MeV** was adopted. The single-particle energies of 9Zrs;, were obtained from an experi-
ment of a *Zr (d, p) reaction (Ref. 7).

The neutron single-hole (particle) energies &; of 13°Ce, 1?Sn and *'Zr thus obtained are shown
relative to the &g, in Fig. 1 The energy shifts presented in Fig. 1 have the following distinctive
features :

(i) The 1g7: and 1Ay states drastically come down with increasing number of protons.

(ii) The 2ds. state has no shift between ®Zr and !1"Sn, while it moves downwards between
117Sn and 13¢Ce.

(iii) The 3sy/, state shows no significant energy shift with increasing number of protons.

In the present note, these results are interpreted on the basis of the effective proton-neutron
interactions. Proton configurations in these nuclei are reasonably assumed in the following manner :
no protons occupy any orbits above the Z=40-subclosed shell in °Zr; ten protons fully occupy
the 1go/ orbit in the proton-magic nucleus Sn; eight protons occupy, in the first approximation,

* For more details about each energy level, see Fig. 4 and TABLE 1 in Ref. 1, and TABLES 1 and 3 in Ref. 2.
** This value is calculated from neutron-separation energies.
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(a) (b)

Exp.
—--— Cale.

Vo=—98.5MeV - fm’ Exp.

-—=-Calc.

V.= —145 MeV +{*
Vi=0.050 MeV - {77

Fig. 1 Neutron single-hole (particle) energies. Broken lines are due to the calculation with a central force (a), and
with both a central force and a tensor force (b). The mixing of g7,2 and ds/z-protons is taken into account in (b).

only the lgz, orbit. The interaction energy between a neutron in a single-hole (particle) state
|jo>and all the protons in the closed shell [j,>can be expressed as a sum of the diagonal ele-

ments of the two-body matrix :

2ip+1 . . 27p+1 . .
BE ;=<3 0)jus T=ol Veal 5" (0) s T=j>

N L R, A
——fz’zjn +1<]”J"J | Venl jpdnd "> (1)

where eight values of the relative energy shifts 4Ej, — 4E,, were experimentally obtained (Fig. 1).
We calculate the matrix elements of the V,, with assumptions as simple as possible.

The central force. A d-function interaction is employed: V3,=(V, +V,0,:0,)0 (1 —72).

Thus 4E;j. in eq. (1) becomes, as is well known (Ref. 8,9, 10),

AE,=2j,+1) VoI5, 22),
where the I(%, %) is the Slater integral (Ref. 8). Employing the *harmonic-oscillator wave
functions in the calculation of the I(Z% 2) (Ref. 8), we obtain a fit with V;=—98.5 MeV-fm?;
see broken lines in Fig. 1(a). The large shift of the g7z (A1) state is well reproduced because
of the strong attractions between a g7-neutron (an hi.-neutron) and goyz, 72 protons. The shift
of the ds; state between 7Sn and **Ce, however, cannot be explained at all.

The configuration mizing of the 1gq» and 2dsq protons in *Ce. Prior to refining the
interaction V,,, the configuration mixing of the g7 and ds. protons in 1*Ce is taken into account
by using the pairing interaction approximation. Thus we have

AEjn=2 V?p'AEjn(jp) s ( 2 )

Jo=0s, de/a
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Fig. 2. Deuteron spectrum in !4%Ce(3He,d)'Pr at 6.=33°
Angular distributions of deuterons to the ground
(dss2) and to the first (g7,2) states are inserted. Solid
curves are DWBA predictions (Ref. 17).

where the V%, is the occupation probability of the j,-orbit. The values of Vi tabulated by
KissLINGER and SorenseN (Ref. 11) are V%,=0.7 and V?,=0.3. These values have been ex-
perimentally confirmed by the use of a 14°Ce(*He, d)!#'Pr (Ref. 12), where the spectroscopic factors
are given by S;, *He,d)=1—V}. As is shown in Fig. 2 the Au.-proton state is well above
the ds. state so that the summation in eq. (2) over the gv. and ds., states alone is justified.

The tensor force. In order to explain the shift of the ds. state between !'’Sn and *°Ce, a
tensor force in a simplified form is introduced. The tensor force in more general form has been
examined in the nuclei with N=29 so as to explain the shift of the pi. state relative to the ps.
state (Ref. 13). We adopt the following radial dependence: Vi(r)= V7,2 Then our tensor force
is expressed as (Ref. 14).

VpnT= (30.l e o1 '02) Vi(r)

r? -
=16 V(01X 87) @+ (20D (1) +72CD (@) =V 6717 (CH (1) x CV @) ), (3)

where C,® (i) =(4r/2k+1)/2Y *(£2,). Since the diagonal matrix elements due to the term C™)(1)
x C™M(2) vanish, our tensor force is the same as that used by SILVERBERG (Ref. 9).

The explicit expression of the matrix elements of V7 given by Ref. 9 yields a selection
rule: the matrix elements vanish unless a condition j,+ .+ I =0 is satisfied. Therefore, the
introduction of the tensor force given by eq. (3) can explain the experimental result stated in
the item (ii). A fit with Vo= —145MeV-f3, and V?°=0.050 MeV-f-2, is shown in Fig. 1 (b).
The agreement with the experimntal data is quite satisfactory, although only the very simplified
forces are employed. Therefore, the tensor interaction of the 72-dependence is effective in the
nuclei of 90<<A<140.

It is worth to notice that the nonvanishing terms in eq. (3) can be rewritten as

V= —V10V%{r*(e: X C®(1)]1V a;) +7;%(a,-[a: X C@(2)])}. (4)
On the other hand, it is proposed by Sano (Ref. 15) that a spin-dependent @ —@ interaction 742
r2([a, x C®(1)]®-[@, x C?(2)]®) between like-nucleons is effective for the excitation of 1%, 2*,
and 3 states in inelastic scatterings of nucleons on even-even nuclei, and for the appearance of
the so-called anomalous-coupling states (Ref. 16). Then the present results suggest that the 72
([o; x C®(i)]®-a;) interaction in eq. (4) is possibly another type of the spin-dependent effective
interaction of the lowest order of r;.

The two-body spin-orbit interactions are neglected in the present calculation. This assumption
is only based on the fact that the main contribution of the pi2— ps. shift in the nuclei with N=
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29 is due to the temsor force (Ref. 13).

in fine detail.
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Calculations with including the two-body spin-orbit
interactions are, however, necessary for obtaining a better fit with the experimental energy shifts
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7. Remarks on One-Nucleon-Transfer Reactions by the Sudden Approximation

Maxkoto Tanirujr and HirosHr Nova

Hosei University

Qualitative features are investigated for the (d, p) transition amplitude by the sudden approxima-

tion. It is pointed out that the amplitude consists of the momentum-distribution term studied in high

energy (p, d) reactions and the term similar to that by BREIT and EBeL for the “N(™N, 3N)*N

reaction.

terms.

1. ¥2 8=

(d,p) BISIc LT DWBA Ic & 2 MBS 11X
NTERN, F2ORUBICHOVTRENHITNDI TR
V. 7eE R, BORIK ORTCEBTFBT - &K
wWitbhhhrb o, EBFORBEHOEN, BEBETFO
SR EDYBEN L w S BAREDARLNTHIIN.
DWBA 52 @ & 5 13K T tightly bound OHEIR % -
FERTHBETEE, ChERMIC, ERETH loosely
bound DERTIHNP TV & ZHBHKED AN
2EHEEZ S 3. Sudden 5ERlLICEK B (d, p) RIGOE
BLDE ZO—DTH5B. LITTIE, sudden sELUICE S
PURND out line 2O N T, 20 BBIRECEKREH
LML, BEOBMEEOBRO—MERMNT 3.

2. Sudden ;E{lIC & 2 BBIRIE

ERFUMELDTVC EREAEEBL L, BFREOD
ESTh sEETFOREL, TOBREXTHIBT
L FOENTNOEHETHODLTZ EBERITDH
5. HERBEBFORATEELZ 7~V Z40WT5L, T
DI REBTFORIEUNICROLICETZTHA
5 1)-

8
¢g(+) =ﬁ(—;— —;_Unl)pl lpd)wsdkd(k)¢kpvp(+) (rP» aP)
X ¢knvn(+) (rn, an) ( 1 )

The numerical result on the 4°Ca(d, p)*'Ca (g.s.) reaction is discussed in relation to these

ZZT, Prowe®, Pk’ BBF, FHEFOEHEZE D
obl, ak) ZLico~tcy— ) zREICB T 2:EH
Bk DiRIETH B. F7-, Clebsh-Gordan FEXIZBEF &
THFORECYDPLERFAL YRARINE AR
. O TN ERNBEE, 2V (U M) 28 572
Hicd 3 (d, p) IS0 BBIRIER, BEKORAY Y
Z (o M) L5BE, ROXHICEGF B,

=(T‘tf)3 dk a(k) Tu(k) (2)

Talh)=3( &5 vl 1) (=) (B2
X <P, V1| Sp| ke, Yp)
XDy Mi(€; Ty On)] ¢|£$Z,(Tn, :2)01Mi(€))
(3)
2T S REFOREBEIADOS <Y v/ R T,

2 3
(1, 211 Sel ke, 25> =ZEL OB k)

Ts

—2ni0(Ep— Exp )Py, 1| tp| Kp, Up) (4)
THEiohd. kp ko BAHERTF, REBFOEHE
D Pt ZRHOTRO K S cES 5.

ky=ipi—k, kn=—1 (%pﬁ/lk) (5)

2 A+1
EERORMEF I tp ZWAWICEER LT k=2 K&
BLo2Q2)DBEASERTI s EL-THC DN
298, TORARMEBRNRIXERLiCES. LTTR(3)H
FT(OHREAVTEBRIBOBEETARZ C LT
3. BEcbr LT, i) PHTFOREERIZ
{bound state|scattering state (kn))
OETHLbNAE. i) Tyid Sp O 1IFEE 2Hicw
BLT, BFoBICRERLZE (Ty) LBFO#HKILD
t < b)Y v 2 RAEDE (T) OMELTHoSHEN 5.
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ZET DL $ia(gr) & julgr) 12D, EoiKr i
BT 2892 % cutoff 25 & Ti i3 Butler 9 AKX %L,
¥ 7z, cutoff B 2 12 b iz i, (Ria(Br)| $1a(qr)) 13
bound state @ thit FHEFEROEHBSMEE L, 190
MeV = CHEW & GOLDBERGER® 2%, 95MeV ¢ SELOVE®
A% impulse SEZ RO THE LD DICHIBE L TN 5.
zok S iEwT, Tiidd#T O bound state iILE 1T 5
HEHEROFMEZHOoDTLDOTHELERZTENTE
5.
T, 28T 5icid, NH(NY NN FRies LT
Breir & EBeL #3RIE L 7-EHR> S HETLONERT
b3, FTORHITR, BROBDICHEST, BTFEE
BEFERBICHL T 2 BAKSVEREL, Pk
FREZBFORMMEKRTE S LICERLUTEHET
3. 2T ThHERY, WHETFOEMAET Vv v VEER
F5E(8)RICBY 3 kIcET ARSI
{@i(r1), Var @i(12))ko=p;

LEAXESTCENTES. r, r: BhEEFORELE, £
hehEBne:, BFrofl-b0THY, Va3l
FLENZEOBMEERTH S, (prltplky B LRI,
BrerT 7obDiEELIICH - 70 NY ik 5 NY o#Elic
HELTHEDT, T: TRZOHEICH > THEFD
WAL C &I, BrREIT kb D transfer OEHEL
BFH¥HICE 12D >TW 3. ##ZL, Brerr
bR PUTFORSE + YA NVHROEHDL SHEL
DIH/LT, 22 TR Var iK &> THEBHICET 5
DEUTHEBELIC &L A,

CDXSIEZDE, sudden AP ICKD T OHEFEN
{2, Butler W% impulse {75 transfer ## & Breit-Ebel
HOBED—22& %, ThoMHAE L TREOKIGH

Sudden ELlic & 2 —BFBTRG 97

HERGIONBEEZBL LRI -TVS. Lizhio
T, BEMRHBELBOT T & T BEDIHSEE
TH5DP, FhZThThoBRBEBZIVF-LEbiILE
DEICEZDOMERBC EBEEKBEN. ¥, £h
5%E LT, HFd bound state o ¥E)EER DD
EDLILHOobNEDERLICLLEETHS.

3. “Ca(d, p)Ca (g.5.) [T I ERBFER

Fig.1 IR L e d i Ea=12MeV ¢ B1} % “Ca(d, p)
“Ca (g.s.) RIGOWERE (E#) T, hHEFERERBOW
FEHE LT, REMIC, Woods-Saxon BF v & + VIC
& %% ®, harmonic oscillator 7 58 5 2 FEIEAE O
tail ZHALHICH S LHSBEL 2 b 0%, XU
BEEETHRVHDD=E2BATZRENICDWVTE
BL* ChooBEBERR Fig.2 KRE N T3,

+°Ca(d,p)**Calg.s)

10 E

R e
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Fig. 1 The cross sections for the 4Ca (d, p)*'Ca (g.s.)
reaction at Eq=12MeV. The curves are the
theoretical cross sections calculated by the sudden
approximation, the solid lines and the broken lines
being the totals and those neglecting the proton
scattering, respectively. The lavels a, b and ¢
discriminate the bound-state wave functions of the
captured neutron. The details of these wave
functions are shown in Fig. 2 and its figure caption.
The dots represent the measured cross section.

0 60°

* 2EBOLOTRERATCHBBEAR N >UNI LK
fio Zx ¥tz BHROLOTIE, FERENTIHIH.,
EHERMSAMICO LD - BEORBER >SS ¥
BB NEN fo ZRATL.
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YRia(r) in arbitrary unit
s e o
(4% o -3
T

e
—
T

Fig. 2 The bound-state wave functions of the captured
neutron. The dotted line (a) is the pure oscillator
wave function, Zw=1,7MeV. The broken line (b)
is obtained by the Woods-Saxon potential with V.
=53.9MeV, V,=5.51MeV, ro=r,=1.25fm and
@o=a,=0.65fm. The solid line (c) is the oscillator
wave function, the tail being modified so as to
match with the correct asymptotic form at the
nuclear surface, iw=18.6MeV.

“Ca (p, p)*Ca

and
9Ca(d, p)**Ca(g.s.)

1000

Elastic

210°
E
_3{0}

10* -

l()‘y'

Stripping
10° PO AT T .
20 40 60 80" 100° 120° 140° 160" 180
B

Fig. 3 The cross section for the *Ca(d, p)*'Ca (g.s.)
reaction at Es=12MeV and the calculated cross
section for the corresponding *'Ca(p, p)*'Ca
scattering. The curves show that some of the
stripping peaks are due to the diffraction behavior
of the proton elastic scattering.

Fig.1 oIz T 0ARLAMEELHODLLTLAS.
it F B LB TFOEMET ¥ » Vicid RosEN 2B
Ob0ERVE. RboHohIELSic, WEBEOMAEE
K AELLOSEKOER (L2 BEC—2ZCZ1dH
topEied 2EFD B FREBEBICERIIKEFEL
T8, T DAREZSOLAUBEAIZS - T 3.
chiz, MEBROAEAFTOAREN Th KKXEIhTH

JAERI 1184

22E2bRLTVSE. Ti DA IC X5 HEHEOPETF
BRI OIREML Fig.2 28T 2 LASICERT
3. $1bb, NSV rdLTAkEREEL KB
BEHRAKELLBIIYEPhIETIMEREH L
3. ChiZEBBRSHO—BHNBEICARLTNS. %
1o, WEBOKREIN T 2HFCLODANB L EICX
> T12~14 CRBAT B EMFigl Hobhp 3. TO
S BEBRIMOENEK, hoBHIANVF—THET
STW5.

Fig.3 iTi3, FEIE XN 7 harmonic oscillator D
AU T (d, p) RIGOKTER & HEIC X 3 BF O
BEOMEEE DBFEER L. TORM» 5, stripping
DOEIZRIITS peak BBTFEFEL D diffraction pattern & D
T oETI ENbdE. COEELMD (d,p K
Bz LIELIZROH3Y. ERICIZELR (6)~(8)
POBRECSNBTIECLETHS.

4. Remarks

Fig.1 ICEREA* O HITRL oM, CHEBRMBE LB
2Ebh3d ko, ZDBEE, BEXIN osscillator B
OhHFEEBMBOL DILBNTERBEE LA, C
DT Eid, TOBRICK - THEE P FHEIBEKE B
BTEAAREHEERLTHS. LEALXR2ZIKALNIS
LI, BRT VY vy VAEETE T B & Woods-Saxon &
DLDTHEREPDEBZTLENTES. LEEMN-T,
REDECH, BYREBHERBUC OV TOMRITZ—FA
TR, hHEFEHERICOWTIIREE « DEHENI
EhTVEN?, ¥X BOI AV -ITEHEAT ¥
vy VBHEETHE, PRTFEBHREBICOVWTIDEFL
VHEBEOLNETHASD. &, DTHLTRDHEH,
WThOEBAETF VY VWL TH T 2V F -2
1WA EBHREEBO—BBI RIEANHLNEP.
i, impulse ELOINIEH SABNBENTHS L
Bbhz. B, DWBA O EEEOBEAEHLH»
KTECEMEETHIEEZLONDN, ThiITDNT
RzzTiRshizo.

References

1) TANIFUll M.: Phys. Lest. 6 276 (1963), Nucl. Phys.
58, 81 (1964)

2) BUTLER S.T. et al.: Ann. Phys. 43, 282(1967), Phys.
Rev. 162, 1061 (1967)

3) CHew G.F. and GOLDBERGER M. L.: Phys. Rev. 77
470 (1950)

4) SeLOVE W.: Phys. Rev. 101 231 (1956)

5) Breir G. and EBeL M.E.: Phys. Rev. 103 679
(1956)

6) ToBocMAN W.: Phys. Rev. 115, 98 (1959)



JAERI 1184 7. Sudden Eflic &k 3 —BFBTREE 99

7) ROSEN L. et al.: Ann. Phys. 34, 96 (1965)

8) PeARrRsON C.A. and Coz M.: Nucl. Phys. 82, 545
(1966)

9) KawAl M. and Yazaki K.: Prog. Theor. Phys. 37

638 (1967)
PHILPOTT R.J., PINKSTON W. T. and SATCHLER G.
R.: Nucl. Phys. A119, 241 (1968)



B 5®

TAYNY)Yy 7 - TFu—~7 - 274 b
(R : GREZ FRER

Part 5

Isobaric Analogue State

(Chairman : TosHivuki ISHIMATSU and ToKUO TERASAWA)



JAERI 1184 101

1. BMROBRIEICHEITEITA IV v - KEVDOZHR

HRIKRE = N A

1. Isobaric Spin Effects in Nuclear Reactions

HirosHl TAKETANI

Tokyo Institute of Technology

Experimental aspects on the isobaric analog states in various nuclear reactions and transitions are
briefly reviewed. Possibility of using these analog states as a powerful tool to investigate the nuclear
structure is discussed. At the final section, the splitting of reaction strengths in single nucleon transfer
reactions on singly or doubly closed shell nuclei with sizeable neutron excess is discussed in some detail.
Possible isobaric spin effects involved are suggested.

. a2k &

WL HEADE M L analog states [CEHT 3 re-
view 2R > TH LA LOERENR H b, BEI&F
JUTRRAEbODO T NicBET 3 X#Rid 1962 £ LUK
BAISEICED, LTHEIONTRBHEAANKS TEW
TEXZHERBO -, L0 IHFHERTOHD
T—IORASE L TAHT. Licht-> TRBLHEE P
ERLULDBAREDORGS 2 HZLRBH M, ZoHA
CRERXESRL TR C LI UTHABERE 121,
DEoHEBER LU LET, BRiTbhbhbc CHER
& D - T& 7z doubly % 7242 singly closed shell(magic)
nuclei {32 single nucleon transfer FINiIC BT 3
transfer strength QI ORIfE%, isobaric spin effects
OR#H» SR UMBRERE L.

2. Andlog states FFDITIE

B L Uid analog states ICBILTEIP 5 C &4
HZOhEVHIEMEZG S, chicw LTHES 5]
KehiEcomuEeailbhbhdchsok#E» o
MEBRL, POBEORBTEC ITERINTNS
hEEZTREOLEERTIZH S T, Analog states D

MEDUBRREL BT ELRD2ODH7TY) ~0E
BopRBTALHICBRDbNS. THbLET
® Analog state Th BHOBE, ERDOX # =X 4
ZXMET BB T, & Zid analog states
iso-spin purity, mixing &\ - BN KBS
3.
5 —o0DIEIT
® Analog states DYEZFIHA LU TEBE, ZOHIF
FERHEOEANMEEKRH T 5. $72bBH spec-
troscopic tool & 5 W2 F DB IC B T 2 ERH
FO tool & LTZHhERVITERTS LV
Thb.

T.¢
N
(p, p2)
(p, py)
(b,po) | AT
&
X
[
target %
X+n
Bo Parent analog states

X+p
Analog states
(compound)

Fig. 1 A diagram showing the relationship between target
states (X), analog states (X+p: T-%o, T-¥4,----+-) and
parent analog states (X+n: @o, ¥y,eeeee).
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@m3rt (#5C spestroscopic tool & UL TDIE) %
B4 3 1oOP&E LT Fig. 1 5RY. CORTIRE —
Fyt2XELZWICAELANF—-DBETEZHTT
(X+n) ORicEBF 5 low-lying states: ¢o, ¢1, P2, -
@ analog states T-¢o, T-¢1, T-¢ha, -+ THEREES
EAEZRULUTHAB. 4 T-¢ 135 analog resonance
AT target X OBERE~BT MBI NG
Ba () (pp2), o AEZD. COLS BRI
J&d % transition strength 2R3 & (X+n) 1325%

D FIRHESL ¢1 @D core DD, o pEF % pickup § -

DEALBERSTONE. TibBEHERES target iT
Lz (p,d) KISHEEMICAHEE 12 5. (Z ORIEICD
VTR 3.2.2 TER&HNE) Fchid (b p) RIBIC
R ST DT 4 D analog states % L TORIBIC b FH
BOZRMNTET, T TO transfer URICBT,
target OBRBERBLEEAZOEE I LRBERELD
BERELIPO P LD -T2 b O BPERERTOMOBEER
(spectroscopic factor) ZEFERH AT ENTELLIIK
1ot H3bITHS.

b 5—D20MELT (X+n) ORDOHHRE, Fi

212 o b5 (X+p) OFRAD B B Bo, By Bay -
%, analog resonance T-¢o 5 [E UIRE~D v BK
Yo, Y, Yoo CRBENZBGEAEDT D (Fig. 1 BR).
COEA BBROEER RS IV EYROB—E—J 1
Bapiorscs, ERCIBEMIhEINWT AV = —
DA DREEMN»>D B BBEAEHEEERLS> S L
(T-ghr, T-pa, -+ HPOOYBBICE-T) T4BL2DF
AndHs.

D& I analog states AFEMATHIRETEGESE
BOESHEAS—BRELTD, ThETERTE D -
ek SREBROTRMEMETE . dBAHA, TDLD
1H@OMEAZLUTEDTRT 20 E I »IZODILE
REBHERL v 5 HADESIChD - TS, BR
TRCOBEHITRTOATHRETHZ LRV ED
B, W ODPOBAITONTRTTIKHZVRE LIE
SNTW3. bhbhiLTit, @QOXEMB—KBRLL
THZBBACR T EERBHICER L TkBEZ ofh
DOHIBESDPTRETHBL, B LUVEAICE
QONEILSDF— 2 2L HLIERL TOOMEITHT
ZHEABRREZRBDTHLRETHAD.

1966 4E {cERAn 417 “Isobaric Spin in Nuclear Physics”
@ Conference ¢ summary talk»¢ Wikinson D. H. i3
"OEHaA VY 2 LTVS. T8 B analog states
HET ABEDBREIRD & 5 & 1950 £R D H5% BuTLER
S. T. # stripping RISICBIT A HimE i LcC AIAT
3. 2D AR huht spectroscopic tool & L TARY
KRB ESILPRLT LLGRAETRIIDP - 7208, BE
TREOEKRI—IBEDONL LT HETE- L.
£ stripping RIGHBREO B EED 2 L TIKEB DT
D OMFTHH - 7. UPNIFERO O HBLERTS

JAERI 1184

<D l-value ZPH B EMTERDORTUAFRLEIN
5% T, DWBA ZET4 5 LNARRELZD—IB S-
factor FTCHEB LSRR IZDRMWIOENL . |
B3 2 £id analog states IZDOWVWTHWVZ B b
V. TROBLBE rough RFFEE ZRTHO TS~
OERLERELTRESHELZVOL AN
bhbhé LTREZTIVELOREROVFE2HAH U
TR BOWEHZERTH2RER LIV DIEG S
AADT ETEHE---- .

3. BREHSHEL]- ondlog states

KICBRREH» S analog states 2K & { 2FEICHET
-
(i) discrete final state & LTEbLIBZdOD
(i) resonant intermediate state & LTEHbL3 3
@D
LS Eicisn. T LDV TRENIZFION S
Ohakd D HIFEBIC survey LT & 720,

3.1. Discrete final states & L THRHNBI3HD

.. (pn) RIS
FEs2#1Ci3 ANDERSON 72 522 L V) analog states B35
CREBINKEBORIET, nkpTEEMLIBLND
T e RRORMH LIRS CORFETFRLY
TORIBTH 54, EREFOmD S5 Rhid T-O-F %
ANTd T A F—3REE(AEZ100 keV) D E T E—
DRU D BAREBRBENEITHSE. L{ALGNT
WA XHIC target DT A Vv REVE T E4iZ final
states & LC T= T:—1 (configuration states)®, T (an-
alog states)® Ti+1 (double analog states)® @ &HEAIH
BEEh S5 FHREA UL Anderson fcbid Te=1
@ target (“C, O, *Mg %) ZRWTD quasi-elastic
(p, n) scattering i€ & 1 effective two body force DI :
V= Voot Ve= T Ti)(b+a0u-00) f(ror) % BARHIIC R
T35599 (p,n) RIGIK K 3 analog states 28] 5 5D
HEElL techniqgue & LT (p,n) KI5 D analog state &
VB EBENTHREBE SN AT [(pnp) EELS] 2BREIT
B3HENSBY. COBABBBT O 2 xvF—22Y
FVEAHBFOZIANF —REARNOEDOEENE
FTIEAERTNLE, D DRI PVDARBNE—7
DEFFTHEES (Fig. 2). hiEFoRHEENHRES
MELARAUERZGOTRIGE LT (PHe t) IR
ZOMTEENE LNV OBBRTHS.
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()
300} Isospin
2" splitting
200} /
T( / _T>
Ioo.-
Isospin
At / splitting
)
oo % LT,
2™} P N
B 200F Fig. 3 Isospin splitting which occurs when a proton is
] added to the proton sea above the Fermi level of
§ wol neutrons or a neutron is taken away from the neutron
sea under the Fermi level of protons of the target
ﬁ nucleus.
2000} 280 p stripping Tt L T*
()
g 20 S - D,”j
® ool >"N-Z+1
- Dt
S< =T p1j——si—
1000} "TN—-Z+1
TEz b3, it N, Z 3% 4 target DT
soo} oo BEOBTFE, Ty, vuj 3K 4 target O (nlj) BE%E
L 53 BTFE, PREFROPRHE, Twj b BRALL
5" ' TS (nlj) BBICd BT hole 3, hiEF hole B s

A PRI S |
%0 100 150 200 250
CHANNEL NUMBER

Fig. 2 (a) Proton spectrum resulting from the bombard-
ment of %Zr with 12.35-MeV protons. (b) Proton
spectrum resulting from the bombardment of #Zr with
12.95-MeV protons. {(c) Sum of proton spectra corres-
poding to incident proton energies ranging from 12.35
to 12.95 MeV in steps of approximately 120 keV (from
ref. 7)

3.1.2. Single nucleon transfer [7/

ZhicEM T 3R6& LT 2 stripping [(d, n),(*He, d)
etc.]¥ 9% X U n pick-up [(p, d),(*He, a)etc. J10 11212252
2 o005, HiFCRLTR2DZ7 2 v bRk b
K PpMABIEAE, BRECHLTRIDT = I bRk
DFoasthHENEEA isospin-splitting HSHED
single particle (hole) strength #¢ T>(=T:+1/2) B&
U T«(=T—1/2) iz (Fig. 3). T @ splitting
& b isospin-dependent potential D K& X435, T
£ 2 iCxt 53 B spectroscopic factor S», S< KKOWT
RHcHAN French-Macfarlane @ sum rule!®33
3. Zhit n pick-up T LT

_ Tmiy
S>“N—z+1

Tnis

S<=Unl!_'N___Z_H

HTH3.

Neutron excess D% % % ICKd % nucleon transfer
strength {2 T< ORDSROVTOAHEL FEERT T
BHEHBFHONBEYW., chdb—EDOT4 VRAEVHRE
RohBHicHPULELIRD BT TR,

3.1.3. Two and more nucleon transfer [

2 AL L OBTFHBTEN 5 KIETIREREK O isospin
T 5 T>T.+2 %) BNBEMNAETHS. C
hicB LTz Cerny 7cB50—HD (pt), (p, *He), CHe,
‘He) St T A HEF OV ONHD ~20 MeV CEBH
B ETCRECHEL TS (Fig.4). ZDKHIK
TOBNEER D member HSHIS>E (Fz&Zid T=3/2
quartets ®, T=2 quintets DR 4B} % T. ORI
% member DT F ¥ —{HH X ¥ B &) isobaric mass
formula: M=a+bT:+cT2 OF4EL NS I HBER
HEELF 2 v 7 THTEMTEEID,

3.2. Resonant intermediate states & L THRPHNB3H D

3.2.1. MiE#IEL (compound elastic scattering)

Analog resonance % #Ef9 2 BMEHFE. O % GRS

* XER (18) O IT1EH (7) Ao S>, S< oERRAL
BT A.
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. Ti*®(pNTi** 25° E,=38.7 Mev e
. Ground stote
0 Ti44 Jeo 1oz
4
306
Fe*4(p,1 Fe®® 25° £ =38.7Mev
« U]
%10 Fe't Jo0 Te2 ot
3,
750 o 55 :
Mg28(p,t)Mg2* 60° Ep=38.7 MeV Mgt
100 . Ground stete
80 Mgt* J20 Te2 0" (p.n0" Mgt*
. Ground stete I.BTM'IV
4 Mgttai2-4.24
’ Lj\,.>Vm
80 uéo I;D 200 2510 2"0 !60

CHANNEL NUMBER

Fig. 4 Energy spectra for the (p,t) reaction on *®Mg, *Ti, and %Fe at
38.7 MeV. The states labeled J=0, T=2 are analogs of the ground
state of the corresponding T'=2 isobar. (from ref. 14)

BALBT LICX>THEL, analog state ICBHY 5

Iy
Spp=(2Tt+1)Tp,j 2L

zzic Ti: target @ iso-spin
Tpl:1,j %% M9 5 proton partial
width
Tt : Ficxdls 3 % single particle
proton width

—FEALZ—5 v bic (d, p) RIE%3 T &+ T parent
analog states % J)#2 L spectroscopic factor Sap AHE L
LT ALrAkELT Spp=Sap MERDIALD.

Licht-T (d,p) RISICk 1 541 % spectroscopic
information I3 HHIAICL - THBONE T L TR
xh (d p) Bisic & 3 ki Ki#E DWBA @A
s ambiguity H33 % £ & %2F 2 % & analog resonance
LB HEORIBTCATVELIKRAS. RO
EZERAEESLE Sp & Sip OXBRBRETRES DN
£ H8, 138Ba(p, po) DFIPOD K S iC factor 2~3 Y|
BOHTVEHDbHS. L L DEFEA D, optical
model it L2 BBEM T 2beALHELWVLDLWY D
absorption correction ZME#ITLDELL Spp BB SN
2THAHS. Efz (dp) © data KIRABERRED D
doublet & —AD L~ E LTHBEZBLTNETLED
B0E 42 DBAIOXBETRNBBETESS. 0T
e LTd Spp O ELLERLEHELTOTEIN
@ spectroscopic tool & LTHORBLRHZVLHOLE
bha.

spectroscopic factor

3.2.2. FEWMEME: (pp) K

Analog resonance %3 % (pp) RIBICEY B
HEBFDR <7 b EHMICHHTT 5 &, & shell-model

P GardpWer + [B (92)p Gar2dnlPrratbes +

( +[§ () Gaalnllsran Ve +- -«

Fig. 5 Schematic diagram showing the particicle re-
presentation of the analog of the ground state of *®Pb.
The figure shows on the first three terms for the
configuration of the wave function of the ge,2 analog
state in 2%Bi. The remaining terms are (proton, neu-
tron hole) configurations of 3 pssz, 1712, 2 f1/2, and
1 hgs2, coupled to the gos2 neutron. These remaining
terms are two-particle-one-hole configurations similar
to the second and third term as shown. The wave
functions shown must still be antisymmetrized. The
proton and neutron hole are coupled to be zero. (from
ref. 21)

orbit {4 % itk F particle-hole L RUER XD

TRCEMTES. COBEFELLITICHBICHRAT 3.
£ —4y MCBFEMATTE % analog state Ta i3

%@ parent analog state Tepx Z2HVTROD L HKKED

TEMTED.
IR S o S Se: P
WA—(—ZWT ZFPA——(ZTt_*_l)”z(?t, Y ea

zzic Ti: target (D isospin
ti: BT “i” ICYE B4 B isospin-lower-
ing operator
TH5.
zhaBE&MIIH 2Pb 24 —4 v PICLTEF%EH
T analog resonance A*#EZ ¥ € ABAKITRHTR
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5. &z *Ph oEERE

analog 4 U754 % Fig. 5 i€ schematic IT/R L 7z,
CODORT Ta=T2mi+ O 2HLITIZ N=126 DI FOD
orbit ICHEAETAPMETIRH LT & 2R 4 EEA ST

HOIWIET 5. L LTHE2HHIT
p-n particle-hole YRAE X (go/2)n, 2B 3

4 % p-n particle-hole 4k i€ X (go/2)n- -

IFICHEYF BIREED & 21/ proton DS

2 L BIT (guan(prr2)n THid & 3 particle-hole states
DD, AT 3TED 51t (guzn(fs2)a™ 13 5 states B3
BAENOIDLUITHS. EEBELCZOLIBHANTEIN
DLz TP, p)IPY OREET DR < H A OH

2 ORIBICBE 3T AV v - ALY DR

{**Pb+(ges2)n} @

Pz orbit XS B
TilZ fss2 orbit T
&8 B. CDE2
P ELTHEEN

B0 ERD.

% Fig. 6 [C7"9. go/z analog resonance 771} T2 dssz
~, Si/2—, Z12-, daz—analog resonance I{CBIF HBFDHF 3.2.3. (p,n)ip, d) WIS
Mz 2 7 b ABZIHCE N T 3. ¥Ba(p, p')'%Ba*

KEBOTHEERESAD S analog resonance T T 3
B EF OB ML & N WBa(d, p)1**Ba LU ¥Ba
+p @ analog resonance M7 — & L HiIRG B ik
h 38Ba* D% L QEEALIC DT J*, shell model-con-

“®Ph(p, p')  6=90°

9,,.9,,, E,* 17.40 MeV

n .
.,5,,M@J'L&il', Ag‘ﬂgL.MJ% ,JLMM LAl L, p _

S, E,= 17.00 MeV

E, = 16.45 MeV

B

[
e
>

=

o
S
M.

.zc*! E, = 14.95 MeV 92
] 1
Tl
i 1& A M g as A }1 ) J J v A
7 6 4 3

Fig. 6 Inelastic

Excitation Energy (MeV)

proton spectra taken at 90° near the goz analog resonance,
Ep=14.95MeV ; the ds/z analog resonance, E,=16.45 MeV ; the 51,2 analog
resonance, E,=17.0MeV ; and the g72—ds,2 analog resonance, E,=17.4
MeV. The ground state elastic proton group was deleted from this figure in

order to expand the region of interest. (from ref. 21)

figuration DHEENRLIN TN 5.
REHZZ <RI AT ED K S S particle-hole state
DEAD SBEFECHAULTTL LELBE L LI
DIVT assignment BNTETLEIDRI RKNAHREY
Th3. CcOFMICEATIIOLSOMBRCNLED

op) BIBicE b v EWD CETHHD.
hick - T J*, shell-model configuration {ZB89 % & D
EHERERBELNBETH A ).
hole states MJE & 705 analog state configuration 3%
21 doorway configuration T D ¥ K@ microscopic
RERCHTABERF— 22 chb o b B EIREL
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Fig. 6 IC;RL72&D

Dk S 15 particle-

—#%iC analog resonance Z#Ef1LT®D n-decay ¥k
U¥ a-decay ¢ channel {3 isospin forbidden 72T, &
oo yield |3 analog #E47¢D isospin impurity Z 3
ZFRMVEEZD. COLHRERT NS DARH
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Fig. 7 Elastic proton yield from “°A(p,p)*°A.
(a) Data of Iowa State University taken with a 6 keV target, for com-

parison.

(b) Duke date from 1.77 MeV to 2.05MeV.

(c) Expansion

of present data near the 1.87 MeV analog resonance. (from ref. 26)

RIZED B 5 MG L H» 5 OHARITE LDERS
isospin mixing L DN THLNETHA .

3.2.4. Andlog resonance DM HEE

1962 £ LANE, SOPER D3 * T & % & isobaric ana-
log states i A>80 st LT A wCEBERICK 200
keV & estimate RN T 5. FEEICHRA X472 analog
resonance |, iz D Z OBEOIEMND 2F - /o gross
structure ZR LTV 308 1keV BELTOESFHET
G EA%A & B & FEiZ T D resonance [ MAHELF -
T8O, ThdD envelope H3_ED X 5 75 gross structure
ZRUTNB T END-T & 722920 thtd Duke
University 2 /v — 7 @ {E3E2-213 B R EERREIN ©
EREE N SDT, BEANY) Y LTHAITE S cryo-
genic target chamber %Y *Ar A2 &£ —4 v bicx
LT over-all energy resolution & LT 200~250eV %
BTt COERICED 3 MBI EIRERE Fig.7
WRY. DX DS (3 analog state (T>=T,
+1) ;BB B A normal state (T<=T:) @ enhance-
ment & fBIR X isospin-mixing DREEZRTHDTH
3. BB DELIZ analog state (T>) iKBF 3
fine structure (T'<) width & mixing D73V VEA DM
77 fine structure width L DT DR TH S ERNLX
N 22829 EpmEEEl X fo g I B WV T ana-
log resonance T FVF —X D ENHOE D B EHHRK

4 X Y3RYY enhancement Z/RLTWA. DFY ana-
log resonance 2 % DILEIC B U T fine-structure level
(T<) ZHELTOEbITUvo HEERICHL
THLOERZERT2A8ELRLTN 3.

3.2.5. Isospin forbidden resonance

INETEY HIF TR isobaric analog state DT
BT ANVF-BHECRE Y+~ THD TOEHSE
L T#%® decay channel @1 (p,n), (p,a) 5B isospin
forbidden TEAX I N T\ 2 e MM ZEISHEALE L
TEELYI B OKEEIN TS, LMLTZD analog
state @ formation channel |3 isospin allowed T3 5 7=
¥ decay channel & LTA{ &% formation BFEEME
L (p,p) @ channel {3 allowed 7LD Th B4 5 decay
DHETNRETFTELELIN T BT TR,

—7% Rutgers @ TEMMER 539 1p JhE sd shell i€
B35 T=0 Ok 2C, %0, *Mg, Si IC& V7 Atp
SOBFEHTT T=312 DBMEBELTNS. O
B2 formation DJFRIT BT F TiC isospin forbid-
den T, decay KX LTHZD (p,n) threshold AHIEFL
&, BEKD T=1%4[XD b resonance M TFITH
B2 L1 EDTDIC decay channel & LThThic v-
decay DAMEINB LD COBERSNIRIZIHE
HICNEK RS 100eV DA —F—THAHEEINT
W3, 2D 51 v~ 713 resonance % Duke iZ 1
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3 XS RESRERTRETHIEZ O isospin mixing £
OB BENBONITHAS. FHEED analog
state DT V¥ —fHICEF 357 — 413 Coulomb displa-
cement energy 5 FRENS T A F —{HICTH 4 100
keV QREANTE > TV 3 T & EZRLTW B0
systematic 73ZE)b H D shell-effect Zd Rlih 5 in:
ENTVED. DX BHiPOEERD systematics
RNy »— 71525 0 isospin forbidden resonance
OF — 2 2L EX D LHESREBENTESLTHALD. %
7= Stanford ¢ HANNA S.S. SREHOFET T.=0D
Bies 0T T=2 0EMEREZLTVE?. 50D
- RIS YF+p->2Ne*, #Na+p->#Mg* T, cas-
cade K N3 4T=1 @ ¢ transition BET S C
LICXDEDPD TS, TSR RARCE 2 FEICB~
72 %k T double 8 decay it d b 4T=2 O 7 tran-
sition DFEIEENTVB LD T &% ) TERMICHE
hy .

3.2.6. 7 decay

Analog resonance (D v decay X 2EICENTIT
lcR~ 7z X SHiT parent analog state Ip 5D 8 decay iz
i U, spectroscopic tool & L THE#ER RS b AZERT
B decay iCH ~ T HRIBANE W, B decay DHFAE
<« decay DEZEHEE, 85N % nuclear matrix ele-
ment (N. M. E) oikiZ

B ¥ N.M.E.
allowed «> Ml o>
1st forbidden «— E1 Gy

TEAFTOERAR Fo—> (El, M1) KRLHT
Y 2 390,30,39)

ZONHTOERPITF DI KB Ge(Li) Bitids
OHBREEBIRZNDP OB NANA LHKRD ZHEELR
LT NBbDERS. LD LRI E T LIRS
C B 9 ER L B (=neutron excess D3 TEWY) ICB W TH
I X HIC 3.2, 4. TR~ 72 & S 13 analog state HE D
MBS, SHBEOEBRETE S A C OMME
FEORLACBOTRLT THENKY pure THBhE
WHRIBETH 5. (WHHEELEESTESFEDFERIT
BOTEREBEORZIIEA) DDA NIC fdecay:
DOFF ydecayTEH L7 C LRI BDHEDh, LTS
- T nuclear matrix element OFHEHIE L Bbh b h
EShEHBHTRSE. UL LAZDL S RHER
IO OLDOLDFMIIERT —2ICEDRETHSHD.

Analog state @ 7 decay LW TR T OHELTD
COBOEROT A DREBETH 2 A, KRAFK®D
BENHOHELOLR—- FORHEEINZCEBTREIN
A0TChRIESNITNT EiT L Fg. 8ICIIFAKICE 5
WPr it B3 2 E1 transition®® D Ge(Li) ¥ &Bic Xk %
AT P NVERTICEED D,

a2 OBBUSIRBIETA VN v 7 - REVOBR 107
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140
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CHANNEL NUMBER

Fig. 8 Expanded energy spectra of the ground-state
transition (7o) at Ep*b=9.768 MeV (2 f1,2 resonance)
and at E,=10.087 MeV (off resonance) in “!'Pr at =
90°. (from ref. 34)

2e99(p,p) 2,90 Oy~ 140.4°

POLARIZATION

L-08

Fig. 9 Polarization versus incident proton energy for
99Zr(p, p)*%Zr at a centre-of-mass angle of 140.4°, The
bracketed points are the data of Moore and Terrell.
(ref. 38) The solid curve is a calculation assuming a
d3/2 resonance at a proton energy of 6.78 MeV with
I'y=15keV and I"=55keV. The dashed curve is a
corresponding calculation for a ds/z resonance. (from
ref. 37)

3.2.7. Andlog resonance [Z 351} 3B polarization

Optical model X D &Ehmh % B ERIE & single-level
resonance formula & A4 44 H+4 analog resonance R
BTOBFOMMHKE O polarization ZFHETSHEZD
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resonance () j-value |C 4584975 pattern H3E b 537,
—Ji%ic analog resonance @ [-value {3 < D DEHEL
ATHEEEE L CEICLDROONEBEND j=
I+12 00 TNTT I chTREE SR, —KIC
WANAEIEA TOEBRTIRBESICRDONTE J %
unique [ 9 C LIRBE LWV T EME DT T D polariza-
tion DEERIT spectroscopic tool & LTHEBRTNEHD
L% 5. Fig. 9 1€ Moore 53z k T iibhi
9Zr(p, p)**Zr iC¥VF % polarization @ BIEHR ZRL
2. CTICTRTE DI dse & dorz DFHEBIIERELT
BEYHIRREOBNIIEY. 2Oy j-assignment 721 A8
HEyD B4R resonance HiROHADREL T THEREY
2b0LBbNs.

LI ETARE D review- talk OIIZKR D TH 3 BLLEIC
stz Wibid spectroscopy proper TERIHELISATH W
¢ S OERNITSEIEIC analog state O BLILHE 3 F]
AI3hTha.

#- & % | transition region OB -FRZIC B Tid excited
0* state A% ground O state & deformation 23K &
13 BBANE LN NE analog state D THVF—D
Coulomb displacement energy #» & P I N3 HEL LD
2l (~100keV) 5L HRAOMHS. T NoOLEN
et al. © BETHE et al. |3, %13 analog state DT A
WE = SEFHOFOPETAAD roms. HEIE
FHHEO r.ms. EFRID VL S REVEV IR
BTN,

4. Excess neutron DHBAKICXTT B single
nucleon transfer strength D537

bhbhidz CHERBERO D TR DPERKIC
$4d 2 e T pick-up KIIC X D IEEKOK 13 MeViC
T 2 B SR B A RARICER T B8, TORE spect-
roscopic factor OAHIEHTREBHOH 5 DICEAH
WD, 2 2 TR i R magic D#%ICH U TRIEF
¥ HSmagic THELEDPICHhb 53D & EHRIC
BohdOEHEN—FEOTA VAEVYHRE LUTHRYT
& % C &, % BT ¥k magic D% Tl itk FEHs magic
TRINEA UEEBR NN EEEA LY.
HMEE AL BICEBIC S LN ZHIC N>ZTHD
ik T3, BFHE b magic THE LI UKEZ—4
vy M LT ik FE—D2 20 b EfcidThipof
WFE—oRENBRIEEEZ S, BARMICIZ2 -7y
FELT gcazs, Zgnglzs LM HICEY URELNENS
CHIGENSDE LT $Srs0, 39Zrse,  g5Moso, 13%Bass,
WCes, '@Nds DMH T NS, RinE L T hiEF
pick-up RJ&E& LT (pd), BGF stripping KIE& LT
(He,d) 2 D B, COXHIBRTH F2RE
shell-model orbit {ZIXE 503 B WV IZHHETNEKEWS

JAERI 1184

(a) (a") ®)

Fig. 10 Distribution of the transfer strengths in single
nucleon transfer reactions.
(a), (a’): proton stripping reactions.
(b), (b’): neutron pick-up reactions.
(see text for further detail)

naE, bUNHREERBTTREHERE LTERERK
|z pure single particle (hole) state & L T#& orbit {c—
DTFODUVRMBEDLNREKEFIKIEEETHALD. & T
ANEBRRENHEAOEED 2 HIC K shell-model
orbit [ %33 transfer strength (spectroscopic factor) (%
BULDE AR T, COREDOLEFEDLUFELL 8
LTHID. G FEidn&k 54 —7 v ric (*He d) RIG
BB S>THFEDT A% Fig. 10,(a), (@) 1T,
(p,d) RIBIC & - THHET £ KXW - k4% (b), (V)
4 % schematic [C/R L7, TC T a bid&dichi
FELIUBTFO7 20 VbRV ICREENLEDD
orbit BT A4, a/ RHdHFOT7 LI Lk
FEo orbit KBEFBABRES, YV BEBEFOT7 03 R
WED T o hETREDRINEBERZIRT. KEE
RAEHTIE & b IKELUTRERD VRVIRFERIC
T4 shell model orbit € T< YT S 1LKTD
DL~ UhEBEbhd, LizdisT S factor 138 4 full
. =%, b oA 1.2 KB TheN
2k Hic£ orbit itxtd % S-factor & French-Macfar-
lane @ sum rule IKHE->TEF S>(T>=T+1/2) B&
U S«(T<=T:—1/2) T4y 5 (isospin splitting). 3~
BhbARIES obit ji, j2 C—ETOEFMNAD 1D
D_BhREHRELEHEEEL E® £ itk 0D
DORMOBELOLFVF—, JE®@ % T=1 & T=0
DEELIANVF—DE LT B, 257 5 L 1HD
e BTFEn D hEFR: (WMere EOMEIERRE
@ monopole part DA A& 5 &
HjpeSmonopole) — ME_(z—) + [ETZD( T‘O ,;3
LT ntl HOBFROT A VF—

E<"+1>=nW+4€52){T(T+1)— Tof T0+1)—%}
L1z TIRHOWTO¥EHEEBE @ T+1 O weight

EDTTRTE)

E@+D — nE(Z)

Ty = To+%, T<=To—§ EES I

ET>(n+1)_ ET<(n+1)=(2T0+1)£1—E'<‘53
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TABLE 1

BAOBRRIBICBIEZTA V) v s « 287 OHE

109

The . values and spectroscopic factors from the %Zr(p, d)®Zr reactions. Spectroscopic factors C%Sexp normalized such
that $C%S.xp (J*=4*) is equal to 10 were extracted with the effective binding energy procedure. For levels of which
the J value is not certain, the two possible J values are indicated in brackets; those indicated on the left are more
probable and were used to extract the spectroscopic factors. Errors in C2Sex, are probably within 15% except for

those with asterisks for which they are 25%. Errors in Ex are all 0.02MeV.

(from ref. 11)

E.MeV) In J* T C2Sexp 3C2Sexp C2Sw
0 4 2+ s 9.5
2.76 4 #* - 0.41 10 10
9.04 4 3t 11/2 0.077*
0.590 1 i- 2 2.1
8.11 1 i 11/2 0.13
1.09 1 3 s 2.7
1.72 1 - ) 2 0. 27* 6.0 6
1.86 1 3, 1) s 0.42 (J=} and })
3.34 1 3, ) ¥ 0.12
9.62 1 3 11/2 0.26
145 3 . s 4.0
2.10 3 G-, 1) 2 1.1
3.02 3 5 3) 3 0.52* 7.4 6
3.54 3 - 3) 3 0.42 assuming
3.76 3 (5=, 1) 3 0.43 J=}$ only
4.10 3 G, 1) 2 0. 27*
9. 86 3 § 11/2 0.62
12,15 3 ) 11/2 0.12% 0. 12(C’S>) 0. 73(C2S>)
only olny
. Mev
m{ ¥Zr (p.d)%°Zr g (B)y-——-—----- 1215
COUNT 000
3
2 ¥ E
SF 1
fy  F .,.[F 1 % 175 95.(3) 986 -
@ o F 9%z & ¥ 151 35 (1) 962 '
1000 L g‘ s = | ¢ 1000 + +
: e ¢ i 7% 093 %' (@)--——~ === 904
: s o3
1 [ Y 0 %2 —————asu
o e Y
Praki 80
5 ) 00 50
COUNTER NUMBER
Fig. 11 A deutron spectrum from the reaction *°Zr(p, d)®Zr.
(from ref. 11) 596
. . . (unresolved) = ~= == ~=~— 514
{ > z .
E 1z uht isospin splitting T&H 5' (unresolved) —— — - ——— — 265
¢ LT isospin dependent interaction (Lane term) @ goo======- 426
I 410
@ B 517 analog state (T>) @ S————376 -
K& x JE Gi%ﬁi’?‘%bﬂf analog Sa\e( >? §? 376
T 3 ¥ — & configuration states (T<) OELD T 3V "(? \3.?% [,
- %::::::@ )
HopELLTRHONE. ZOHERLBAARTHIC 4= === \\é ‘522
E5Th, 53VRBAUEFRTS jICk > TR B ﬁf—*&——“é »
= . A ) _.——————\Ao-
JE®x A (BRE) B0 HOEFHRICE 5T —RICE X \;ﬁg —
WME (2120~130MeV) ARLTNE. coXSicl %0 \.0:%3 B
T& jicktd % single particle (hole) strength {37 %@ 0-
b 2K hNED, iz T< 0EEMIZ X SICHIP < JT 10

M (fragmentation) A Z LT A DIKKAL .
CoEx “Zr(p, d)Zr @ F— 2O EFELKRE

LTHES. Fg 1 KiBohic ¥Zr TR BHED R

7 FvE Fig 12 IC, ThEFBILTELRIVNVR

8
4:2"49

S
C‘zse)(p.

Fig. 12 Level scheme of 3Zr from the *Zr(p, d)®Zr ex-

periment. Some of the low-lying states in Y are indicated
to show the correspondence to the analog levels. Spect-
roscopic factors C?Sesp are also shown. (from Ref. 11)
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F—LERT. THhODEMI DR LT LR
1gosz~, 2 p12~,2 parz-, 1 fsiz— hole state 2338 { Fhid X
NTHY analog state (T5) & configuration state (T<)
ATFRBOODEREC s TWWBCETHSB. 1guz iC
%95 9.04MeV o analog state #3fiids LB
TV DIL Fig. 10, b, Y ;R U2 X S BT 1 gosz
orbit KB TFMIZEALBNTEERLTVAE® Dk
% {T analog states {3 # parent analog Y o low-lying
level LDxEDIZ-& D LT BHMTH B con-
figuration states D13 5 I3 BWE { OOV UV RUMELEL

50
£%
L L
40 py =y U1 11
7 Py

Zr(37)
10 10
+ /i { I

& 121 configuration state (T<«=9/2) OS5 FEbT
W2HD AFICRINTVBED, chicid JINbe B
IC 2 pae p-hole ZEUbONRELELTEINTE
Dz DOHT 1gez2 pn particle-hole pair 23 Jo=0 (To=
5) i€ couple Lzt D& Jox0(To=4) {T couple L 7=
DL H B {analog state (T5=11/2) jTiZ Jo=0 (T,
=5) LOBE LEBRNZ EItEE]. ¢ Jox0 (To=
4) @ core {T 2 ps;z p-hole A3 couple LT T& BHEEAT
% “core-polarization” states® F U OHBTRERIL J5=
3/2- 25z 2345 —213 Jo=1, 2, 3 ©3DOTHAB. C
NEQENIZT T A D 2 p3z n-hole state [T LT
BHBRETZLHIC n-p K%k L7/ YT nucleon
configuration & LTIRE{AUTH % ticERLE
V. XD IBEEMID (p,d) RIGOEE 2 p327 @ T< 5]
43¢ mix U transfer strength {15 DE¥EALIINE &
LENADBTHAD. L UT (s BRSIDAE spec-
troscopic factor 3XS=4 {2 1 KD analog state (T5) &
4 A configuration state (T<) iC43#d 2T LTz 5.
Fig. 13 {TZ @ transfer strength OB ERRILL TH
7. (pd) KIBICE O 1E S L7z parz DfEF-hole &
core & coupling MFF & ERROERTRTLII
# 8.5 MeV Dfifd { %2+ - 7= isospin doublet 23T & %
72T & B H coupling H355 < 7L & X3 “core-polari-
zation” states HS—7FE (D giant resonance OEIF T T« state
i€ mix 3 %. gz p-n particle-hole pair i€ X - THE
I3 core states ILHBWVTIE To=4, Jox0 DIREEM
To=5, Jo=0 ORBLOSHITRTL I IEL H 3.
Z (D core states {T paz-hole % couple 8T, T<=
o2 OREEAEBHA, (Tord) HEMFRIC L >TZOT

* =gk (D spectroscopic factor 0.077 i French-Mac-

farlane @ sum rule 2@ P9 2 & Zr ORBERRBICEBY

5 (gor)y? OWERIT 42% LI DELWMEEINT S 37
9% & consistent T 5.
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T, ZOHRENET > & L. L L DWBA #ific
XoTEBOLN B L <D [-value, spectroscopic factor
(TABLE1) X D Z hd DLV VUV RIVDORFHB LI H
W12 4 >0 single hole T strength OB LI2bD &
RI32enT&s. T X517 T< states @ frag-
mentation % BT 2 1 2ORLFLITFICHREICHEN T
611),41),42)‘

& 7y @ 2 p3z orbit kY 1 @Ech#ETFH8 pick-up X
N-BE%EEZ B, BYEEK ¥Zr OBEEA schematic
gL E

._.|.5
—
[\
—
T
34
\‘.
¥
N

|
ER
l o

FF—3 To=4 DIRMEIC couple XHBZLEVIED
BB L To=5 ODIREBIC couple X¥3 ELENIZEHIT
®EIT 5. DL HIT “core-polarization” states S weak-
coupling DEBAD T« state D LICH AL TICH 2 2
LEo 2EOMHEEAO KNER O DRBNIC K B.

8Zr OF— 213 Jo=0->Jox0 KK BH¥EAD “THb”
kob (Tod) HEERICES “EMD” 0125 BAX
W EERLTNS. OO orbit KB LTHERD
ZFHRDIR D LD, —BIT n ] j-orbit X Y bl T35 pick-up
2L (hoRU orbit KB FHELET IES), Z
0 transfer strength {3 1 &KD T state & 2 7+1 AD

/|
/N

To=5,J,=0

~8.5MeV
_________ 4
S
T =470
________________________ _<
To:49Jo=
Y V. S S - <
To=4,J,=3 e
- _-___--——-“ , \
i (a) (b)

07Zr+(2P;})n

Fig. 13 A diagram which shows the way how the 2pa/-
neutron pick-up strength is divided into several com-
ponents.

(a): The splitting due to isospin splitting only.
(b): The splitting due to isospin splitting and core
polarization effects.
(see text and ref. 11 for further detail)
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Fig. 14 The distribution of spectroscopic factors in the (*He,d) and (p,d) reac-
tions on singly and doubly magic nuclei. Spectroscopic factors corre-
sponding to the individual shell-model orbits are shown by the lengths of
horizontal lines. The positions of these horizontal lines do not necessarily
correspond to the excitation energies. Vertical lines which separate different
nuclei show the limits of full spectroscopic factors. Data are taken mainly

from ref. 11, 44, 45, 47, 48 etc.

T« states [T iLH*

foRTHICBE&ELTALS. N=81 XU N=
125 oh#:F hole state KB LTIRAKE 5 @ 45Ces
(p, d)'**Ce B LT BPbu (p, d)*"Pb @ F — 2 %&b
%. 3%Ce izl T3 F o 51~82 [ shell model
orbit {t%fd % hole states b, BFNHOL SHELET
% orbit: 2ds2, lgifs BN T T« state T T 5
transfer strength {23 ~T1 KDV _icEh LT 3.
F 7 2Pb kB TiE N=83~126 [0 6 FD orbit iC
B LT3 ~T T« transfer strength (3% 4 1 KD L ~w
WWHEBLTW S,

(He,d) RIMCBI L TR &2 AR K 5 0 BBas,
WCess, '2Ndss £ —4 v M THF—4 b5, C
OEANET BT ENTFEENS 82 Pl LD orbit 1LH
4% proton states FERISN TS H 51~82 oD
T« transfer strength LA L Ti3 Eo» 0 #la %2 BN T
BrlRDVAAMRKERLTHS.

PIF i3 rhkF-BAikic % 4 single nucleon transfer
strength OAFICEAT 2 1 SOH S35 TH 3 HMuc
SEHLHERENTHAIH»? KEAE 2Y 3 F
o collective core states iC single particle (hole) %3 couple
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Z T n-p hole-particle pair 2EDE 573, ZhbeLR
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@ “core polarization” theory i€ X %5 & T'> (analog)
state (3G Y T state DAHHU L DI HHIKG
%. —F collective state & coupling Tik T>
state KL TEORTTHB. *Zr(p, d)*Zr D
7 — & (l-value, spectroscopic factor) |2 §1& % X
LT3,

®@ %Zr, 'Ce, 2Pb(p,d) OF —2icBWVTiL, B
FD7 v LRWELTO orbit s & dif: FH3 pick-
up INBZBADHBL VRNVDFIEEBT LT
3 (Pb(p,d) ICBIL T3, R < b &ilo
TE—7 L LTRENZNTOLRIY). chidzo
XIBHAK DS, BFT S orbit iLBNT peon
exchange 238 W[HET L 7o 43 5T “core-polarization”
states DFEEMNTAERL 72D T H 5. collective state
& D coupling TR DD NEHRIHIFTE L.
1388, W0Ce, 142Nd, 2%Pb (*He,d) iz 17 5 BiBi7S
VRvOERS EREOCEEAZRELTN .

chEToMg (PEFEREZBEBEFROV I E

TR ABEEORZE S SRICHLT) k¥d 5 (pd)
XU (He,d) K5 transfer strength OHHDF —
2 A BBICRRL Lz b D% Fig. 14 IRT*. chdid
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BFE hHETFHE S magic DBELWThHLFHTOAH
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R ERMNICRETOL S EEBBDH LN S.
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magic THLBENH 5. T FIEH magic TH 3
BIsE =4y bietd s S-factor OSFIZIKE TR
CRLUIXIBEBEHEERE - TR ENNDE. i
BFHD A magic Tl FHA magic THEVEHS (Sn
isotope, 2°°Pb) iz FEED & 5 1SMEE AR L T 18104440,
B, FRLLEFEFEFOT7 20 I VRV O orbit
B33 S-factor IKHLTHHRYOHERESLNS.
78 H isospin @ align LTW2 T8 (=dhkF)
7% closed (magic) THELEMNIK L - TV XIVDFIED
BREBKODICRZ - TL 3. chiddT53BIRVLD
DPELONIVOTHOIRENLBVIBVDT, ¢C
TRIDOI I T—MRGHAERBEALE LTERHI 3iIc s
ED 5.

5. 8 b

VI E analog state IO % “FH HHE OHEE L
KB MEFHE “Th%E tool & ULTHEATS” ABic
S0 WMFLZoXICHRICHT LNBVEALE
W), final state 38 % F resonance & UTHbLI B 4
D analog states XMz U TRBLTIHER L -,
WikinsoN D.H. ¢ [analog state IO BREDEK =
1950 ERDBILICH T 3 (d,p) RISHEDOBRE] 25
7o ZWEDFTH L analog states ¢ spectroscopic
tool & LTOFABRIIRITETREL TV DE
Bbhd. FL LA analog states 3% &ML
ANF 2T 4—REATWBETIR, Bahic dp K
BELOEFUBYOEZ 0SB E} 32 FHEICIEEH
HEVWERDLNS.

BHROHTE Y LIS single nucleon transfer [ J5ic
B} % reaction strength O A HDOMBEI bhbhDHE
DRRT —<TH > ledFCHFH L&D Eif k. [KFE
BiC B2 Bhit et ic B3 A RIER O T T 4 v ¥ — 53 Hk
DIVETANF —OIMER (FE 21T 30 MeV 2 V57
L)BBNTLOBBERRBOTE &80/ 5.
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2. Configuration States in (f,p) Shells

TakesH! Opa

Tokyo Institute of Technology

A comment on the determination of the effective n-p interaction, making use of the core polariza-

tion, is given.

5S¢ 73 & D odd-odd ¥%Ti3,
FEABHE, BRI

EJ(np)____;T (E,T=14 E,T=0}

Fig. 1 X 51 E AL %

O—RKESELTRDLINS. 20, E, ZEEE
EfEBD 1, J: MO _HRETHERTHD. K-THE
F—hHEFHEERIC DV TESIFLWVEREES -
Hitld, MORMBEBICEI2BRICL SBTFNIENTS
A¢/AN

(He,d) %3003 (d,n) RUSHIC & » TEMEL (core
EAH129) 1T particle B4 hole omb -7 &
XICH U % core excitation (T (a) core DRENEDRL
FEIZZALT core @ spin #B L7 isospin DED B H
#{t3 % core polarization &, (b) HHERI DK T-EIHEIC
& % core polarization &H3E X S 5. ERsKINEPE LU
ARrMSsTRONG® |2 *¥Ca(®*He, d)*°Sc D EERT °Sc @ T=7/2
states IZBIE D core excitation I Xk 3 & Bb B REL
BouTn3. 4,%Ca it pyz 50T fsr LI EOH
B () KBFRA-IEAEELS. BTFHBASLE
@ core D isospin BX Y spin ZENTN To=4 X
U Jo=0 TH5. BTN joitA-t, £ @ 0

X 5173 core polarization #34 U 72854, core O isospin,

P N

T

Fig. 1

BX U spin OAJREIS{EIZ Tc=4, Je=0 BXU Tc=38,
Je=1,2,-,7 TH 3 (Fig. 2). L7zt ->T *Sc DAHE
RN j: OREE LT T=92 OoREMN1ME, T=7/2
DIREEM (2 jo+1) Db 2 (PCat ). KIED strength
i3 core polarization H7giFhid doublet (*#*Ca o
isobaric analog state & configuration state) IZhHhi 3
A3, core polarization A3k % &, T=7/2 O strength 2
IV OPORERRDST SN B. £ D fine struc-
ture [T X - T, effective interaction TS5\ TO &4
BHETEMNPRFEENS.
Bansar®id, HHMELERICHLD
Hip= {Vo+ V (01-02)+ Vi(T1T2)
+ Voe(o1402)(T1-T2)} g(7)

EREL, LEDOK S BEMAEFZR LT J=j2j2=pua,
Pz forz) DRBIC OO TRE, TaBlel O K 5 IR Z
B, 2L, WEMEADMS D parameters Vo, V,,
Ve, Var BE U range parameter {34 4D j: OREEIC
DT D reaction strength D sum rule L %Co @
I vF —HEMC least-square fits 2B 1L - TRD -
BEERALL. —RLThr3XIHBRE-TEDS
NIREBOMEER» O/ & 1 72RO ¥bs —F Lk
UM, fc7Z, reaction strength #3E M & 720 OIREEIC £ h
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SNIRERTNT, LICEZ kS BERADKRETRIR
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1% 1fx hd 7
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TABLE 1. *Sc spectrum calculated by BANSAL with experimental measurement of ERSKINE and ARMSTRONG

Calculated ERSKINE et al. ARMSTRONG et al.
1y g;fggg c:S 1IJT=% e(‘ﬁ;%}; cs 1JT=1 ?‘ﬁ;%,y) cS
frra,12 0. 00 0.10 3(3) 0.00 1.0 3(37) 0.00 1.0
2(3%) 2.223 0.05
03" 2.382 0.005
2p3s2.172 1.81 0.59 1(37) 3.092 0.68 2p3s2 3.10 0.61
4.94 0.01 1G°) 4.507 0.31 4.51 0.28
5.02 0.11
8.73 0.17
212,172 4,91 0.81 1310) 5.035 0.13 2p1s2 4.76 0.02
9.64 0.08 1(3°) 5. 686 0.30 2p12 5.09 0.07
1G°) 6.555 0.03 5.69 0.24
1) 6.742 0.04 5.83 0.07
1) 6.836 0.11 5.9 0.03
1(47) 7.081 0.15 6.3 0.05
6.6 0.09
6.9 0.10
forz1r2 4.59 0.71 3(%7) 3.819 0.15 1fss2 3.86 0.14
7.00 0.03 3(57) 4. 080 0.20 4.11 0.20
7.38 0.06 3(3) 4,756 0.10 4.34 0.08
8.00 0.00 3($7) 5.100 0.35 4.76 0.13
10. 20 0.07 3(37) 5.392 0.15 5.09 0.34
10.59 0.02 5.39 0.15
JONES et al.
P32 12.00 0.11 11.45
pPrz,0r2 13.67 0.11 13.55
fsr,92 14.90 0.11 15.77
a) See Ref. 1.
b) See Ref. 2.

¢) Jones K. W. et al.: Bull. Am. Phys. Soc. 10, 479 (1965).

1<, fuz BV dasz Sz HOEED SO pair ex- THHT LD S06aAY Lk - TIEBEINTS.
citation 2 &4 & S HEMORBTHEZ L dLw D

BAEZ ONB. TDX S5 core polarization %FZ References

2&, J=j: ORBIHOV TR 2 & &, THERKC

1 T=i L E, 150 | N - s ol E,T=1 1) ERSKINE et al.: Phys. Rev. 142, (1966) 633

2 {ES=HE) PAtofaDE, il 2 tEs 2) ARMSTRONG et al.: Phys. Rev. 140, (1965) B1226

—ET BT B. LT (f, p) shell @ odd-odd 3) BANSAL: Phys. Rev. 153, (1967) 1084

B RE o 4) Ocawa K.: thERKOECEEIRE JAERI 1158
BTRD & 0BT hEEFHREFRCO @ AT (1968)133 Horie H. ez al.: Proc. Int. Conf. Nucl.

l{EJT'I—-EJ"':"} DEEZRHBENTES. BB, T Structure (1967) 119
2 o 5) HuGHES and SOGA: Nucl. Phys. 116, (1968) 33
DX 5175 core polarization At %°Sc ORMICx LTERE
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3. The Spin Flip Probability at the Isobaric Analogue Resonance

Kenyi KaToRI

Institute for Solid State Physics

University of Tokyo

It has been observed that the spin-flip probability increases at the isobaric analogue resonances.

The measurement of the spin flip probability could give a new information on the properties of iso-

baric analogue state.

1964 4Ejz Scumiot 5P A8, F—EBERE 2* ~0D
(p, P, ) RIGORIRT, KEFEICEEL#ICYLTE
z 3BF 0 spin-flip probability 2527472 KBEE
13-tz ZhLIk spinflip # B FTHEEEZEAT S
DI 4 REFHT, Ao, TavF—EBEoNT
7. 30 MeV, 40MeV itxd LTREREBREE UTRY
AOY—7EXRATERCEND - LU E
=10 MeV~15 MeV, B 8L UHEK TR EZERE
& LTizBiBT 2 5u>. Kavasinski 523 Ni @ isotope
BICOT 58 ;D 64 FTHERIETH, BITEK
flix > spin-flip probability RERMBSEZSHLLEDIC
BT s ip¥lote. Fi ONi TRHPRDIFALF
—REH AR T M, UNi TRHFHRILL. ZOZ
L D3iBH L LT spin-flip 42 compound nuclear mechanism
KRk BT Ehbhd -7z, KureriNn 533 Ep=10
~12MeV T “8Sm & 152Sm [t T EEBRE BT -
#=. zoORSWIE 8Sm D4 isobaric analogue state
BEeHECOTHFNF—FHIRICH Y spinflip probabi-

lity @A #4rH3 compound nucleus formation ICHEK T
% &£z hid, isobaric analogue state D peak T F v
F — 5T spin-flip probability 2HIE 35 & KWK SHZ
ZETFRLEDGOTHE. EBWELTHS L off reso-
nance iC{ SRTHFTH 2EDEMBER I T
DT &5 analogue resonance amplitude ¢ spin-flip #f
FEDOVTERITABBEOND EHFTES. Ui
-T, 4% isobaric analogue state OF LWEER3F
Bt& LT spin-flip probability ORENREEILIL ->TL
9.
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C. GEHRINGER

4. M] Transitions Form Isobaric Analogue State and G-T

Beta Transitions

M. Sakar*, R. BErTiNI and C. GEHRINGER

Institut de Recherches Nucléaires, Strasbourg

The high-energy deexcitation gamma-rays from the isobaric analogue states induced by 5Mn
(p, 7) 5¢Fe reactions were measured by a 85cm® coaxial Ge(Li) detector. The M1 matrix elements
of the gamma rays were discussed in connection of G-T matrix elements of the beta decay from
%Mn to 56Fe.

Isobaric analogue state (IAS) spectroscopy has proved to be a powerful tool for investigation
of nuclear structure?. The compound IAS induced by proton bombardment were first observed
by the Florida Group®. Up to present, the physical importance of the electromagnetic decay of
TAS seems to be little recognized, though gramma-ray spectroscopy has been performed in the
reactions with nuclei in the s-d shell® and in the reaction “8Ca(p, v)#*Sc®. An important applica-
tion of this type of experiment to the study of nuclear structure of medium nucleus was proposed
recently by one of the authors (M. S.)%:8. It is related to the relationship between the G-T beta
decays of the parent nucleus and the electromagnetic M1 transitions from the isobaric analogue
parent nucleus. An experiment with a fairly similar idea was recently performed”. The matrix
element of a G-T beta transition can be written as < f|r_o|i>> and the matrix element for an
M]1 transition from IAS T_|i>/V2T, is proportional to < f|t_{l+4.750}|i>. In general, the
second term of the matrix element mostly contributes to the M transition probability due to its
large coefficient. Especially, it is true if / is not large. Therefore, the M1 transition probability
from IAS is approximately proportional to the G-T beta transition probability. In other words,
we have now means to replace the beta decay measurement by the gamma ray measurement.

The advantages of gamma-ray measurement over the beta ray measurement can be enume-
rated as follows.

1) Gamma-rays from IAS to the low-lying states in the daughter nucleus have the highest
energy among the gamma-rays in proton induced reactions because of the large Q(p, v) value.
Consequently, clear data can be obtained free from the contributions from other gamma rays.

2) Gamma-ray is monochromatic in contrast to the continuous beta ray spectra, so that the
branching ratio of gamma-rays can be easily and accurately obtained.

3) Energies of the gamma-rays in question are nearly the same because Q(p, v) + E, > E;, where
E,; is the excitation energy of daughter levels while upper limits of beta components are very different

* On leave of absence from Institute for Nuclear Study, University of Tokyo
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from each other due to the fact that Qg~E; Therefore, the transition probability for higher
components of beta transitions is reduced largely to the extent that these components become very
weak or unobservable. Contrarily, there is no such trouble for gamma transitions.

4) The proton energy for inducing IAS is fairly low due to the large Q(p, 7v) value so that
a large accelerator is not necessary to carry out this type of experiments.

In the present letter we demonstrate a simple application of this idea to the 5Mn(p, v)%Fe
reaction. The physical situation in the present case is schematically illustrated in Fig. 1. The

—— e —Ep =, L 3F
g —Ep 1439,

0o

f

7/
/
—/
7
/
7
/
/
s

3.4450
3.3699
3.1237

2.9601
2.6576

2.0848

0.8466

56Fe
Fig. 1. Physical situation of the Mn(p, v)*Fe Ep: Coulomb displacement energy

excitation curves of (p,v) and (p, n) reactions were measured from 1.3MeV 1.9MeV by Leipzig
Group?. They assigned the resonance states to IAS corresponding to the excited states in the
parent Mn nucleus. Nuclear structure of *Fe has been investigated from the decays of 5Mn and
%Co and the ft values of G-T beta decays from the 3* ground state of 56Mn have been deter-
mined” and can be compared with the transition probabilities of M1 transitions from the 3* IAS
produced by E,(lab)=1348keV. On the other hand the relative f values of G-T' beta decays
from the 111-keV 1* excited state in Mn!® can be estimated from the information about the
branching ratios of M1 transitions from the 1* IAS produced by E,=(lab)=1441keV.
Measurements have been performed using the proton beam of the 2MeV Van de Graaff at
the Institut de Recherches Nucléaires in Strasbourg. Targets were prepared by vacuum evaporation

o
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Fig. 2. Partial gamma-ray spectrum in the electromagnetic deexcitation
of the 11.520-MeV 3+IAS.
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The gamma-rays were detected with a 85cm?
coaxial Ge(Li) detector with a resolution of 17 keV at 9 MeV. It was placed on a turntable and

was used to measure the angular distribution of the gamma-rays.

of metallic manganese on tantalum backings.

Fig. 2 and Fig. 3 are gamma-
ray spectra in the electromagnetic deexcitation of the 3* and 1* IAS which are located at the

0%
1.6!01n°2

)
=
% 867 10.766 "2
(o]
O

ol (9.542772) | }\ u.slmr'

L . . L " : . . . :
1100 1200 1300 1400 1500 1600
CHANNEL NUMBER

Fig. 3. Partial gamma-ray spectrum in the electromagnetic deexcitation of
the 11.611-MeV 1+IAS, Expected position of gamma-ray to the
2.0848-MeV 4+-state is indicated by [9.5427-%]
excitation energies of 11.520 and 11.611 MeV, respectively. The angular distributions for the
ve(11. 611 MeV) and v, (10. 766 MeV) transitions from the 1* resonance state to the ground 0* and
the first 2* states were measured. They confirmed the assignment of the spin and parity 1* to
this resonance state and v, is mostly of pure M1 character. Consequently, this resonance is proved
In TABLE 1 are listed the
gamma-rays and relative reduced M1 transition probabilities obtained by energy correction of E-3,
The relative reduced M1
transition probabilities are to be approximately inversely proportional to f¢ values of the G-T

to be the IAS corresponding to the second 1* excited states in 5Mn.
that is, the gamma-rays are assumed to be of pure M1 character.

beta decays based on the relationship mentioned above.
The 1348 keV 3* resonance

We normalized the (log f2)y of the 8. 150 MeV gamma transition to the 3. 3699 MeV 2* level

TABLE 1 List of gamma-rays and relative reduced M transition probabilites
The gamma-rays are assumed to be of pure M1 character

Excited level 0 0.84662,  2.0848¢s  2.65762,  2.96012+  3.1287  3.36990s, 3.4450 s,
E, 10. 667 9.435  8.862 8.560 8.396  8.150 8.082
1, 22.5+48  46+16 172422  202+27  65+23 260432 4020
3+ 1,/E3 18.5+6.5 55419  104+31 822443 113439 472459 76438
(log f2)y 6.6 6.0 5.55 5.3 55 5.1 5.7
(log f)s 7.4 5.6 5.3 5.1
E, 11611 10.766 8.67
I, 487450 173+13 5249
1+ I,/E? 311419  139+10 79+14
(log f2)y 50 535 5.6
(log ft)s 5.0 5.7¢ 6.2*
3.85620s, 4.0497  4.1010  4.1207  4.2988  4.3942 4.854  5.011
E, 7.122
5 I, 20544
1,/E® 507122
(log ft) 5.0
E, 7.567 6.757 6.60
I, 112+18 216421 117420
1+ 1,/E? 25940 700468  409+71
(log ft)y 5.6 5.15 5.4
(log ft)s

* Values averaged over the log ft values of negatron decays cited in Ref. 11
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to 5.1. This corresponds to the (log f); value for the beta decay to the same excited level.
Then, the other (log ft)y values can be deduced and they are presented in the row of (log f)y
of TABLE1. Remarkable similarity between (log ft)y and (log f¢)s values can be noticed. The
theoretical prediction is very nicely verified in this case. The fact that the (log ft), value for
the first 2* level is 7.5 may be associated with a hindrance of the beta matrix element {f|z_0o}i).
The corresponding (log ft)y is 6.6 so that the (ft), value about ten times as small as the (f2)s
value and about ten times as large as those of other (f¢); and (f#)y values. This fact may be
explained in such a way that the electromagnetic transition may be caused either from the angular
momentum part of the matrix element (f|z_|¢) or from a small admixture of E2 component.

The 1441 keV 1* resonance

The 11.611 and 10.766 MeV gamma-rays are proved to be of M1 character. The other
gamma-rays are assumed as M| transition and their relative B(M1) values are deduced. Since

the beta decay from the 1* excited level in Mn does not occur, the log f¢ values for these
virtual G-T transitions can be estimated by the use of the relative B(M 1) values obtained above.
In the table the relative (log f¢)y value of the ground gamma transition is normalized to 5.0,
This value is an averaged value from 9 cases of 1* to 0* negaton decays taken from Ref. 11. The
successive hindrance from the lower to the higher beta components which occurs generally in the
allowed G-T transitions'® can be also observed in the present case. We can discuss the distribu-
tion of G-T transition strengths'? on the basis of (log ft)y values because these values predict
the (log ft)s values for the virtual transitions to the levels with the excitation energy above the
Q; values. In this case, the transitions to the 4.854 and 5.011 MeV levels have the (log f%)s
values of 5.15 and 5. 4, respectively, and the twice as large as the total strength of beta tran-
sitions under the Q; value distribute between 3. 7(Qg) and 11. 6 MeV. The latter value is rather
small. However, we observed the presence of large amount of weak gamma rays to the levels
above Qs They will be converted to the virtual G-T transition strength after the correction of
E-3. The strength must be added to that mentioned above. Since we have at the moment no
information about the true spectrum of these weak gamma rays, we must wait further investiga-
tions to resolve this problem. A full paper will be published elsewhere.

One of the authors (M.S.) is indebted to Professor Gorodetzky for the hospitality at the
Institut de Recherches Nucléaires, Strasbourg.
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5. ZFAINRY wH7FA—Y X544 b0 7 HEE S HE
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5. Gamma Decays of Isobaric Analogue States and Beta Decays

Jun-IcH1 Fujita

Institute for Nuclear Study, University of Tokyo

Recently the measurement of gamma-rays from isobaric analogue states has become an important

tool to obtain the information concerning the corresponding beta decays. Several remarks are made

from theoretical viewpoints.

. ¥ X2 H X

VEIBLDSERETTHKREA V71 7 FRZICEE
L Ufzds, €T3 AVF (200 MeV) A@JrhTY
HHERZETHREDYW->TE L T, BRIV Y
UMDY Y PNVICHB TV VPN VYREEAY) T r =
THORE 7 +— FRZBCEHIBMHELE Uichs, Bl
Hicid 3step D& vF LS, HBEIKE FN &2 vF a8
HOFEL LHRBENEEERELTED T

CCTarxvirlLizhecEld, Y% b OISV —70D
Isobaric Analogue State (IAS) 5 Y(El) oFIEP &
SGBRFAF A MFRATTD yML) DRIEDHE?
B HE U THERMNILIED S TAIEETT.

IAS OB FEA~DO AR TOBERBHILILIED 5 DOFEFE
BOHL, Vore7T IAS BREINS O N—
= WORBICH LTHFR, BRI [(pn) KIGTREAE
Thav—2i3 E1 8 IAS TREZVLH»H] L DORER
ERFL LANE ERmFBHVELR. bt IAS
BlEd o7z, 1961 FiC ayA—F VvEHHL
T BrowN G. T (p-h)i-, 12=0 T2 (p~h)i-, 12241 %%
Z5EBHBICHARBRENCDOTRROLENSIFEA L
ETA, ZHVIHFEIE (pn) KEE W LaicEZ BN
LAV PINLRIKBEVET. BRKE-TZ
DFEELIECAH, BH=08) Y727 Lave o F
2RALTL h, #iM® 2 BrowN ORIBEFANT A4
VAEVYOBBICERILDTEERBIEZLELL. Tk

ARLTTELEOVEZ-PRIAS 0 7 o isitiR &
UTREGOEEOL S TY. 4BIASIER~<S b=
IC—DEERFREL>TOITH, ZOHD6~7
FEie7n )X 5v—70 [TASRESKTHE] L5
ROARECEERESEBE - eBEEELIONET.

2. ERHER

a) Xd 3B B LY ERBRBEAI v(EL) & y(M1)
shnRmenD 3. nens ([) owsrs
OEHEFI T TehilgEBisiEcdc iR T ¢
Ao Fie, YE2) OBEEFOHRTTA VRAEVEADE
43 TaY2 {3 Danos DSfRE U7k 57 n & p At 180° §°
hi-fHETE EFEESICHL UERNIcC DX 51548
HEBOEFERBERINTVERA. b - EHROE
ERICHBRT 2 yRIERNICHENBELNEEZ ON
7.

b) —fic B L v LOMEMRILY % icid, BHE
FOXRS,

[Ts, mo]=mg (1)
L BBEHORE, & 2T A v —IRE
[1AS)=T-|i)=Ze-414> (2)

DEEVKBETT. OB/
Flmy [IAS) = f|m, T-| 1)
=—(fILT-, mq ]3>
=—={fImg-|7) (3)
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BEohEsd. zoLx

T4|f>=0 (4a)
bLLiR
fl1T-mq|i)=0 (4b)

DRI ZSENSHD EY. B da) BT4 Vv REY
BEOBTHT, BNoflxb-oBERE (T=T,) 0
BACERIIL £9. %%F b)) oFnw 3 W&ET,
(§,) 20 #mOtT S b T 3 205 BER
MEZNEZRLTHEST. b L (2) oftuc
?-1i>=.§r-,-c7,~|i> (5)

bé&b\@ﬁiﬁﬁéﬁ%af:&'y“mi (83) LIZELD B~y
SRAEEAZELDCESTEETH, (5) Ri3 Goldhaber-
Teller HOEMEST IAS (2) Ith~<3 & BhIC RS
EWE—~FTHETEBHOSNTHETDY. Zhicdi
éfCmefdaKﬁ)ﬁ@&ﬁﬂgﬁS;a)Mm

drance OB L OHRPICIIEETT®.
¢) LTAT v oFWETHoME (1) Rig CVC

BRARVSE A(E]) & (53)6 O Biic R B % ¥

T DX NT 12 & 2 exchange current DF 5PN A XL &
IR LES. Licdt->T IAS oo ¥(EL) ofilE?
BT I RBILOMBBBOA T TP S S
W% Impulse 3Zfl (IA) BRI - T A7 5 y(MI1)

OWFFE GT Bo s #nF (7 omMicmisseg (1)
BROTEZE. Lin-TIAS o0 yM1) Z8h
2 6T (Tomma@onss® v CVC ©

DNTRE L ORRWIERIRENTOBEDT, & LE
EREic y(EL) >0 THIGEKR (3) BBFEI NS,

(2) BEOLNEZNETHD IAS ORIGBEBOREIL>
NWTHNALARHEBEONEIRITS. —FHFyMl)ic
DVTOMGER (3) BERWICEE X, E2
EMIoELD® (2) oRIBEDOLZNSICOVNT
BaAEhE TA ORIL (473 B exchange current
DRES) EOVWTOFERBANBBESNIRTTT

3. Hindrance QRRICODNVTOIAX b

BEOEO A B3 —#&ic hinder T3 T &H45
LN TWE 3. (Shell model £ Nilsson model TEFE L
7 single-particle value IC b~ TERNICES NIET
FIBERIZ factor 3 PLE/NEW.) 2oz &t IAS 55
D YBIECOWTHREBRIC hindrance MBPOEELSPEF X
hor LEB®LET.

Hindrance DE &> Tid projection operator % f
VWAHBEEROBBEINTHEY. THbb, H2ER
DEATHNER (fim|i) 2HETHEC m oRD I

TAYNY w7 e TFu—0« RF4 o0y BiE B RS 121

DT ENIBHEAT men,

QLH, m]

Er—Ei—4 (6a)

Metf =
feil L

m|iy{i|m*

Q=1~5%%%%5 (6b)
ERAVTEHATZ & EBNICETESHOMENRD A
LNBT EMRENTHET.

i|\m*'[H, m]|i
T3h 5, Eitd SEFEHORERE m|{) Oz
WE-BFEERDLLET. CoXSNENUENERT
HB1HDOL v D BARBFRITRELIN T30
HEBICZDE I BEBEBRERRATHE LI TV EHNES
PREIOMET, EBRF— L2 2RDTEHEEZ P » THE
LTH2E0H0DERA.

FTIC (ba) RTEZONEEXIN mer BEHEATH
BLEOSRBIBIEE LTRO LS BEELEREFT L &
NTEET.

i) Furami et al P DEETH { @ spherical % 7z
deformed @ GT B i OKTHIERHMLERMIC
BET&E5C L.

i) Emr™MoarT ftflHRE»IC (Ef—Ei—4) D
EHTHBCT L.

) IsHARA OB HMZ U7 47=04& 4700 f¢
EORFERITENIT 6b) © QDFIRELE L THEIC
BEATEBC L.

v) (6a) XD menr O T TOEBHEFICHAIT
IHEVEHLTAHET.

men=Fm (8)

[Fl<1l THaEMIC F>0 L5 T ENFHRTIC

FEIhIET. o &iF—kEE oA Emr

et al. DEBRVICE L@ ONT (p,7) ORHEERD

RO OB RBOTHELS - TS

e SHEEIC F>08mohEd

ERD meuw MEHES > TR EEEDNE, E
BRERCEIPDLOLRVEIBEROVLTHNANAI
FRAETHCENTEET.

—@l& LT, SAKAI et al. DEBY A#Z ThHTT.
IAS 5 y(M1) #i3

QIS_[ +%g;§? (9)
EVSBTNERETEZOhETH D, S? % hinder X

nres (Torsueswsspevsanzea
Zigh g, 40> TiE (6a) KEFVEEBA
LTHELTANRE Wb T T KE-3nER
[MBEINIHRET V] ZHOTEMT ST &8
T&ET. T7bL (6a) 2 > TEHE T 5 & hindrance
factor F 22
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. @
F=NG+5 (10)

Lz Ed. SEBEBLTVWAZAAF—BEALHERL
T3 (N-1) Kotttz v¥—-E%E2RbL, G
BEEAEEAOESNEAEIAEKRLEYT. Tk

5w%iakﬁbw%ﬁ%bfam<&§S?K%T5

Fe(Tistss FRRALA -4 —0BTH B C L b

FHEINET. B (9) OTA4 VY RI P EGEE
25, B2TIKIR fe—tn=47 EVIREVEES

<o (T frosmLa—r—nomBor s
FERHAEBZIET.

45 %A, hindrance 25X 3FHEICRNHNH1H
ONRHVELOTELOEBICOVTIE \SzTMSﬁ

LHBEALHATLELIM, (5) Ro GT #£RKICH
BL7 THORBRR KX 5 @O TRENICRH

rsnz) FrelEsamy (06 (7 skeuzrnn
LEABNET.

4. H & E

B & v & parallelism i3 ¥b¥ TELELE KD
BWABETTH, BHTERDOTOZITRERLE
4. A HEAERET BB YRERVI RIS

Vv FLEBOBEYE

JAERI 1184

S @BV TTD, VEPHREHOE VT aER -
HEBETRTERHEROX ST, COHER
B HEOMBAERE » TRRIGOBEER~2 BMIC bR
KILHZSTY.
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6. "Selp, p) ICHEIFBD7FAS - LIFUZX
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6. Analog Resonance in the ™Se(p, p) Reaction

Seico KaTto

Tohoku University

The isobaric analog states of "®Se were observed in"Br as compound-nucleus resonances. Although

only particle states were seen, there remains a possibility of observing pure collective excitation mode.

1. ThETOXRROMEE

1964 4& Robson et al.PiT X - T analog state A3 com-
pound nucleus resonance TROF SN TH L, §ETE
& LT closed shell fEDHZMFRIIC LT (B, p), (P P')
(p, ), X 5IC isospin selection rule TIIFINLWVIZT
O (p,n) FIE%EME - THESE { O analog resonance 737
> 5 T&7. T isobaric analog resonance HSfEF
BEomETEZ ERIBVBEREOKES, PRt
BOMEICERT & 3. &< (pp) RISREELAZ
— 4y b A& 5 T D one-nucleon transfer reaction iCHH
S LREEMEDBOT, ARITEITRABHRTRE
LTEbh T T EiEHS.

F 1o B CIIB75 A analog T2 {, analog D F 7
analog 3734 B double-analog resonance BEIVZTH
S 5N TETNEP. T hid isospin forbidden reaction
T55 (mp): 07 (b)) RIETR2U L, (@)K
BT ARERIEEIN T 2%, Incident channel %
exit channel & AT=2 ¢ selection rule P - TH
% (a, @) RIET double-analog resonance 23 RoHm -7z
SCHBWVWT EIIEEEASD.

zzTik (e, (o p) (pn), (p7) RIBIKCLBEE
@ analog resonance IZRELTERL L H. hbdid
Robson et al. DEBLIZRBKEL D EBBBC DN,
HIOBEAERDRLEINAXHIBREATE. zDd
DEFELEEI—ELODLI > THEKD.

Fig.1 £ Z 5 DREJET ground state (D analog reso-
nance’r> HTORMBERLARBFIAIVF—ZB0AH
& —4y M LTRT. CZiRANDR

,,,,, * =
””” oo -
10 @Y 2, :
- Rl )
L o° .-
> Q-
© e
2 e
// ]
2 ’,f’ . 0090' ©
8‘; 5F r/ r °. -..
3 yd "o - °® Even N
vd -
,/ o‘ °
,l ° 0 ©
_,/' LX 4
0 ! f 1$ ° ] i L i
i o o *
e ?0" . 100 150 200
° Target mass number
4 . &
Fig. 1 Proton energy necessary to observe the ground-state analog

resonances vs target mass
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E® =4~ Ba (1)
DHEICHER 4y Ba BbhoTBED, 4o 8
Z
de=1. 444m—1. 13 (MeV) (2)

THETE 2 HHE (19<Z<63) KABbD, TOd b
ERICEE ED BALATHEDT, A=30 OoF~x
TORENKTHS. CORCRERMICRATELE DO
(E,<0) b ANTH BD, 2503 ground T excited
state (D analog & LTRONDAHEMEMNS . BN
5:LTHBOREENMBIBY TEBRIC analog reso-
nance OEBMRBI LN IEDTH 5.

Fig.1 75RO 2 AMIEHETE 5.

(1) WBAERERZ ¥y PBfEbicl e &,
resonance MIBATNB L E, BEORED I-HHWEX
1, YbHf TOERU»IEV. ZDXS7EHE T reso-
nance ¢ partial width 7» 5 Nilsson £33 DWBA g
COFAED T, HERRTE2A08EHINTH S,

(2) HEFEBTHROLOREERERDIBTVL L
L, BRsERIc AT E, BEOHEBICK D EBDE
{, ERRIBILBONTHHEITREIELALBLINTE
W, 2D H KA S & analog & D EET R S parent
B3 even-even L7310, 4 FTDL DI particle state,
% 7-12 particle+-collective state® MEH#ETE L, HikeiD
collective state 2R A EMNTEB. i, ZDXIHN
BObd S 1o0%HIT Fig.l THLLREK D IKAHETF
T vFE—H# 3 MeV (pairing energy D4)) EL ThH
TnENDTETHD. [BROBLIA D analog resonance
B2 VFLT] E0IERBP AN & TITHE
iz, WEKEEOLDOTONVT S 7 7 TERNT
5.

JAERI 1184

2. "Se (p,p) T® analog resonance

PGB~ IBET, NYFIS7 70T FNF—%E
BU, A=70~90 f$:E»n 54 —4 v b A2 LY, "Se(p, p)
ZRAT. COBWAD Ep i3~0MeV THH I 5
Dit ™®Se O 3~4MeV DHHRREICHIET 5.

FEFHEROBBICSZOTHEEATRTNER
SETLIFVEGF—4 % & » 2. Fig.2 ICED exci-
tation function & "Se(d, p)®Se O FEEY i b FREN
% resonance DHBAERT.

4MeV £FifiC s-wave resonance R 55, Zhid
351z IWCHHETFMBA ->7cb DD analog state &EZ L
%. O doublet £FBMRNICADLET/¥T A —F E2KD
Z&, TABLEY DL DI, CCTHEHIR&Z LR
2 5@ resonance DRIEH 110keV T (d,p) OELD
0keV EESC LT, RBREOMBELS ICERZHE

TABLE 1 Parameters obtained from the excitation
function
lab ES™+0. 0411 2J+1)I" E. from(d, p)
E(MeV) |77 o) [keV) 7005 b M
4.110 4,098 25 12 0 4.12
4,225 4,212 30 15 0 4.19

oo, ZhlA oM, resonance T3H 5
HEIB TR L TOIZL, Collective state ¢ analog
resonance BHRATE b -edizhid (d,p) OHKEL
ST (S factor H/PEW), FEBEHE TR
g SN IESS.

v T > v
8000 "Selp,p)7 'Se
0+160°
Xt . o
or o=y
600 Q‘.
W
[=] P *
= -, *
.'.
‘i‘ 4000} ~APag,
.\”*
2000} T T 1T 1 T1T
(G) (F) ] 2] S S
° e A A — N A 1 A A A A
35 40 Mev Ep(LAB)

Fig. 2 7Se(p, p)”"Se excitation function
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3. SHORE

CORERN VTS5 T THBLR > EROBRENRD
T, TG 2 v FAERTOBYE] VOS> EEZE
ALT, & vFLrERICEEANIE XITTE 3 analog
resonance DA R~NDB. 2 VFAEB TRINRER
54 ~4"y OREABILH D, B EERED analog
resonance H RO 3. T THhEFHREFTED WA
PEEEL =Sy MICTHE MRS E#R L <D analog
resonance RELNBZ EXASH., coBE, Bh#F
BETEL LI BVRVBRATL 2L HED
HALEERT SN, & UAE - %D analog resonance 2

6. "Se(p,p) KKBPF BT Fns - L/F VX 125

Rohazpdamniz. chdrsBohsu@Bzeko
closed shell f}#1® single-particle state ¢d analog & it
BHIC b - 724 DT, analog resonance D4 #OHFSE
DROBB—5EFLILBIESS.
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7. "Mg(d, p)’Mg RIS &K B Fhi L&

Hieam F X

7. Intermediate Structure In the *Mg(d, p*Mg Reaction

SaNG-Moo LEeE

Tohoku University

A method of separating experimentally an intermediate structure from the cross section fluctuations

are discussed.

A possibility of T=2 Isobaric Analog Resonances in 26Al are proposed to the resonances of Mg

(d, p)*®Mg reaction in the deuteron energy range of 1.5 to 3.0 MeV,

1. Fluctuation & Intermediate Structure

BEFEOBOE RIRBIIENOE [ &% A RIERE ©
Dk 2-0fHRICHT O5NS.

(1) I'ID<«1; level isolated region

(II) I'/Dz=1; level overlapping region

—BHICE > Crh#ETF @ threshold energy X ¥ 2~3
MeV Dl Ekictsa & I'|D>1 T % level overlapping
region A D 4« DEMIZ S ZPRENICH T bhis
7%, Fig.1 13 s-d shell e B} 2 EAKOBHE T % v
F—% p,d, *He,a ARRKIBEOBAERLIcDDTH 5.
Z @ mass number FHR TR NIV EAEBRET AV
F— Er~10~12MeV Aific (i) & (i) ofiic 4
hhadt, b oHLbBRIELBrirrF~ V.dG
DOEERT Enor P.M. LA O single level ZHH%

(Mev)
20+ S P
o x x ©oX X °d
o x x X x He®
15t o x© © Xo o A Q
e X x0 o o &
_______ e ¥ 0o .70 el -
L A Aa A [
10 A . A . o o . a
(<]
. *anty anns N
5\- ¢ e N
. . L °
1 1 1 1 1 1
20 25 30 35 40 45 Acomr
Fig. 1 Excitation energy of the compound nucleus in

s-d shell nuclei.

THEOL DS pE a RERAMKNFELTVEHE
HMS8T 5. fihd & *He R KA () I/D>14H
BIEBTAHOERBBEBR XL TEERLY, &
A d,p) RIboBATHHEED D.W.B. A #iT &
TRERZHALMIES.

I''D>1 HETRAREFO T A vF—FLE EbIT
cross section 3L L { fluctvation +3C ¢ iz k< &d
NTWBEETHIH, TOYHENAE L Ercson T, ©
& oBHT “I/D>1 TRELDEMIZ ST S his
WDHTL 5T, cross section 1FHL DB FH LA S
resonance LK > CHEIRGIKEE L Z T 5. TORIL?
resonance O THIIEHLBTT Vv FLIEUEEAFUT
B, »oFRIT cross section i< fluctuate X
3.7 ST EsBohicEhn.

4. auto-correlation function 2 EHFETHIIEEREER
BRIROBEFRIC L » THRT DL @,

2
O = EaEs~ IN W
(1)
zzie ) RBzANF—HHELFDL, Yo=0p/{(0) T
direct part OEI4, ' i3 coberent width, N {3 K i B8
B4 231775 channel ¥ TH D @R & Tick
REOD spin WIRETEI2RBTHS. Nig 0=90°T

N=%(2i+1)(21+ 1)(24'+1)2I'+1) (2)

BIVELPRTH B EBRINTNED, i, 1,i & I

ThHb. Tl Ni2 90° (HTHO—BHICRBERET

s, 90° hoMNS I TDEIB/HE L 2B, (1)
(&) BELRBEFRELVLOIZ N=10847T, *

DD E FITIIB 2EMNMRTEILOD, TOHERI
LR
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REbbhbiiz fluctuation DEFA %R T normalized
variance 283 ENTXS. TIEbb,
cO) =457 =31 o) (3)
THbh, Yo=0p/{0) HAEVIFE fluctuation (F/HhEL
720, NBWNEWIEE (TRHLBRBKEETEIREY
HUNZWNIZE, FEIHEFTR) fluctuation (TR E L
35,
¥ i3,

ca:ry:%cm> (4)

LD EABOFEFM c=AI 2RDBCENTES.

L£FTEE LTHABRIGOA 0L 5(n, d)(p, 0)(d,
a) RIG4 LT A=20~40 ORKICK LTE K DEEDS
¥ NTz. Ez=20MeV icxdd 2 I’ © A REWRTE~
>h, ¥ LT “fluctuation ZEZ LT 2 HEEKIIZ
Fermi @ gas model MX BRI - T3 T EHRSE
Nz Llkeht-T, & UKo intrinsic RHEHICEES
h385AI “fluctuation ZRAHRE LTEHDLNS.” &
250 EMTEB, Fluctuation DERIKERIT 1960
4E~1966 FEDRYICHER, KRESIKEL LTI~ v /¥
TRRENIEELLS.

L L7zt S, 1964 £4£ Paris Conference iC 331V T fluc-
tuation $HIRICE L DY TR RBEINBIKBKU T
T DIBOEY (B 100keV) modulation 431 >DEEEI
ot ZOXIHRULT2OOMBENRBRE LTES
hi. Fibb,

@ ¢ @ modulation OYEHIAE R AH? B
fluctuation DBRIC K ZHEANEDD» 7 H5VIIVIRE
REFRELE - BREEXBRL? T}, 2hitbdic
fluctuation X D3 Lo ZOREEZRD D507

@ Fluctuation analysis iC L DK% B Yo=0p/(0) iT
EFENRLOTHY ZOEEE, BRRANHAETE
b,

—7 FesHBACH® 53 F & U CTHHETF D total cross
section ICEHbLNB VY FEEBEITEHDE LT “2p-1h
(door way) state” A3RIE LT 7-43, 1A Auctuation
%% “2p-1h state” & RTW el &b -7 chicw
L 1965 4 Antwerp ¢ Int. Conf. ¢ Brink D. M. (3%
“Intermediate structure theory & fluctuation theory %
R—OBRKED 2 H>OHER AN LELRE L Bbhick
Btd - e MEPHE LSBT 5 &0 5 T EB—RIIC
—H LB LI -7z, ['~50keV |3 fluctuation TH
v, I'~#100keV | intermediate structure TdhH 5. [
BHRZhEVDPR OB T ENICH 5.7 EBKLF
WiTrht. CDXH57C &3 heavy ion reaction @
“molecular state” ICH#Z - 7-. HE¥) BROMELY 5,303
12C 1. 12C gystem CRD I} 7o & #2PE U 7= “molecular state”
i3t Uit Copenhagen ¢ BoNDORF?® 4T k& » T fluc-
tuation CH 33 St &AM 1967 £ Tokyo Conf.
{ItBWNT BrOMELY —fROF B L NHD b - L& HD

#Mg (d, p) Mg KHic & % thRikig & 127

I3 FE—{EI E=80MeV T “180 + ¥Q system iC
fluctuation TFFAOH VIR ER ST, (90° KA
TEEBESELHML {RE L TV 5 D fluctuation ¢
BEBHTEIIV.)

SINGH et al® | computer i€ X - T cross section %
ID>104HE0TIC ALRICIES € &iC & Y modulation
DEOLNIBEREFRZNNL v ) BABOVAETE
ZYHBLEAERL, intermediate structure RREE ST
Blcdicid T By hiEiEoiinE L. £
T T SINGH et al. % Argonne group 3% 4 *Mg(a, a)
2Mg!?, 1¥F(n, n)*F® Delastic scattering {Z 3¢ L T phase
shift analysis 23 Z 734> intermediate structure A3
B—HEE LTRII L.

1967 4 Tokyo Conference ' ScHiFrer J, P.1®¥ |3,
“Intermediate structure {2 M ¥ERPTHE & LCER
single particle width & fluctuation @ compound width
D TH 5% 100keV %KDH mode & LTi3 2p-1h
state RSN T2, L LEDHE mode 2 5%
BELONELOCNEBRNICH I T LENHESRALD
NTHh5. Lh LS, #BEOE 5 intermediate
structure {3} LT b 1% @ parameter T & 2 spin, parity,
iso spin %> transition probability 7% & 43 % ¢ spreading
width & EdiICED ONBFNEL SN, TDkS5
BLOEREEDH 1251, 40&HHEHRORMDIL
D3 Isobaric Analog Resonance (L A.R) Tk 3” &
UG AR

L A.R. #2 intermediate resonance & L TERH I Y
B7-Did parent D low lying state %4&L 332 &
MT X 727201 resonance DHE S W BEHEBICHE
TEXDIRICH T LI ->TEHDETALAR D& E
XF B AT~ EJ % &Htintermediate structure %
HELTOL 120k 0HERBL 3.

—7J Broca C. 3" EHERERRIGRICIEAT S C
Lt X 0 fluctuation # noise & U T /L intermediate
structure % signal & ULCTZ O3 BER: 2R LT 3.

X, fluctuation §HIRIT intermediate structure 23El4
3 & & uctuation LR FNNEDL S IKRIEIN BT
HHIM?

@ T 9 excitation function {€ [ine>1'c DET/NY
THBEbIB. Liht-T, auto-correlation function X
D) REE-TIEFET LS, EED e &b
KL RO T Z#E LS it itk (o) 2 BicE
WEY T modulation /2 — VA2 EZRBULIZLDT
ExMWIILENS D,

@ Intermediate structure (£ HE A 1 >0 single
level LRIETCENTEE. §5 &7 & X fluctuation
OHEBEAZT B LTHARICL > TENIREEDIIND
ECAHRNYTIBELCHBT LICED, ThEOHER
90° xiFRERYT C EMPREENS. £ LT hidfluctua-
tion analysis @ C(6,¢') i b KRBT K 3 AFIEE%
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RTTLiTEB.
® I'/D>1, s> fluctuation TH 2 &S T &id
. - _ Sa(aja(a’)y
channel correlation function C(a, a’)= Ca(a)s<o(@)y
—1=0 KR EHHWICRB STV 3.

U7zt - T, 1D channel ¢ & [/ U AT IC intermediate
structure H3& % & &%, fluctuation 2 YA B M LIE#L
Dl2ERBTEMTEAS.

Z &iC reaction ¢ intermediate resonance 3=\ Y] 3
HICR@ITEDLH TEELRELRD. bB5A, &
GHPOHETIO J” 2RHBXIFALBFIRINDS
134y, T D4, isobaric analog resonance 73 5FH#b
BLOAEBICS.

EH DN OFEBOYTIT cross section —AEHIIC

o = (Compound)- (Direct)+ (Intermediate structure)
+(ENS0FBE)

& 1731, reaction T intermediate 2. 33 S HH
BEOLDLTHEBETHOELLDYE, EhSLE-Thhb
NICEBOFRITLEE > DI TRL. FLOMEE
BRLTOL CERBRISHRORBEBIET LT AIKHE
LTk,

2. Al ) T=2 lsobaric Analog Resonance @)
AT REME

bhvbhid fluctuation CRIBHEDRGFETH - 72 @ Yo
=00) DEFEEHEARAE, FHASHELEORNT
KEDRE~BCERBEME Uk Mg, p)®Mg 27T
IR L 1®. C ORIGEBAZENRERIZ ®Mg O
BEoE LD, 1) op 3K XV channel; ii) oc 23k X
{ op~0 235 T & % channel; P3(7/2%) iii) op, 0c 2
% 5@ channel ASEIRFT & % AiCH - .

¥ AT compound & direct Z43BE L& H
& N fz spectroscopic factor ZHESHETERME & BED
RN T—H L7, % LT fluctuation analysis 2z &
KBS FEARHERT Yo>0.5 0L & HHEIZZIE—
F U fluctuation analysis & Z DEAIELHIC IV &
NRIhi

ET AP (12%) MEFELRRENE L.

@ Fig.2 55,7 T & { modulation A388 < Hb
NTH5E. Dy fluctuation analysis DEE () T A
¥ modulation pattern ZBWVRIT K Sh o7 Eq
=2. 90MeV THIF & %5 D EhEEEIZ D $ fluctuation
TIREBOOMIWIAE L resonance 3% 5. 90° LEE
TRED A NF—EZBTHicD, resonance M3 - &
DU ENHEH, R ZOMETIBI/NEL
155 1D fluctuation 2373325 TL 3 EERTE 5.
ZLTHS L T D resonance |3 [=2 @ D-wave %
N TNB T EERET 5. T3 AEHBEICS KB
AN Imax=4 L7557, & T A% modulation @ E A B
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E4(Lab) (MeV)
Fig. 2 Typical excitation curves for the reaction *Mg
(d, p1)®Mg (1/2*) obtained at 6=45° and 135°.
------ ; {<0> obtained by Legendre method.
DRV MERE T C DS Inax=hka R=3 L1101 IR
BE—H L.

@ Integrated cross section (I Fig.3 IC L% @Y Eq
=2.90MeV THE L iC resonance AR L TV 5. (KT
FNF~MICBEFNTVWZZ LicER L.

—HZDXS515 resonance L HENIT R VF—T3
Hbh T3, Ei=1.80MeV T Py(7/2*) 2B FoF ~
T® channel @ integrted cross section {CILMEME S
510, 22Mg(d, n)*Al ¢ mirror reaction T & OAHET
Yo=0p/<0) H/NENE T A BIEERBIC PRI Ak
RIEBBEDLI TS (Ref 18 @ Fig.3 0,=45°

2.0 2.5 3.0 3.5 4.0 is

Fig. 3 Excitation function for the integrated cross
section of 2#Mg(d, p1)®Mg(1/2*).
——; Op —+—2— {ODH, Fornnnn ; {OOu.Fr+0p
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IVE Na ¢ ground state T=2 jcx}ind s T x 0¥
—% ®Al TRHTHB L,

Ero2=2(4o— 8)+(**Na—Al) (5)
Z
d=n—p, de=1. 444)(2'173—1. 13 (MeV)

COBDMET 4 HHEPUMEII & 2BZE 0 BMEERIC
ALz &9,
Er_2=12.70+0.3 (MeV)

—75 Ei(lab)=1.80MeV |3 compound Al DREjiciR
B Ex=13.07 £0.05 (MeV) ThH BEOHHET Er-2
=Ex T% 3. ®Na iz B-decay X © £ D ground state
BIT=253" b TV BELEG T Z20REREIR
ST EHEBHM SN TNIZD. Lichd - T Eg=2. 90MeV
@ resonance 3 ¥Na OFIERED T=2 iEd 3H
ESPRBVELT SIS AHETH D, 4DLETAE
BEIFEH DT Ea=1.80MeV resonance @ J* (2T
RELLETHSB.

A% T T=2 3 analog resonance THO» - 120DIT
4n &- (ZDNe, 24Mg etc)21~23) ,@ 4n+1 &-24) fﬁ@ C@
B4 I'=1~2keV, I'y<1keV TIEEIC sharp 1579
anomaly & LT (p, p) elastic scattering TR 1t
T/ OB T @ impurity 3% 1.5% BBE®THD, £
D&MD TIC AT=1 @ forbidden I 7. I’ 23% D
DTN AEp <]’ D&M AT T ICiE ASRFIC
4E,<1keV O EReMER S e, T LT O
AR T 2B T I'r<= 3 10keV OFHIRT anomaly
© T=2state RSN IcbFTHB. &T A4 *Al
@ intermediate structure % #*Na 0 7=2 analog res-
onance & §NITEHEMIT T &1 M=2=100keV L X b
HTECBRIIh TS ETHS. O FEBIL fluc
tuation analysis X ¥ 34T ® channel LT I'r<
=40+10keV ¢ KF 5 T BDT®, ¢ 5 resonance
i Ir=2>lr THTWACZ LIS, nBOFEEEX
BMICRBBDRCOAETH B, chid AL
odd-odd #T&H 5 e DRBRIEIC L 2D L Bbh 5.
41 odd-odd B TH 2 72 level ZIEEICRBATE
D, AT WBOEASERIID T=2 @ resonance
i Te=0,1 K 10% B->THEZEBELLNS.

F2& (p,n) LT 4T=1 @ forbidden i & b
57, LAR sBbhizo LR LT &40 d,p) K
T2 A4T=2 @ forbidden % incident channel iz &>
TR - TRI >THWE2DTRIENLD?

RoBsoN et al.® s %%Zr(p,n) @ Ep=6 MeV resonance
ZEbHe R,

(ei—E)? } (6)

%sza;tE—Eo—leﬁ
THV, CTIC opt |2 resonance IFETD T< D cross
section, €1 {I R-matrix ¢ eigen value, Ey=€*+4, T
4o iF level shift. ChXDPSHBTEL E=E it L
T(6)KBEAFENMICLS. T/

Fo=Lop+W (7)

#Mg(d, p)*Mg BUBIC & 5 i LR & 129

THY, el spreading width W & LI 18- T
A. FD1HIT (p,n) D total cross section i3 T> & T<
OFHBE AN TRTEZ A vF—RIIKEEBINT
W3,

Fig. 3 ILRBZ LK ARDBEORABKILT > o ¥ —n
BZBEHOWBABN, KELO)RBEDETIFEZ S
HE SR SEDEE R-matrix 3 R=Rr-2+Rr-1+
Rreo L2 DTHRHEBRKRED L S 2%,

H, EBRINCH > Z SHID 3 oD ICIIRORERM
EZoh3. ’

1) Mg(d, n)®Al ¢® mirror reaction THE%. Z D&
&, Yo=0p/{0) VN VEFOAET (d,p) & D reso-
nance OEFFHEEZRZON, HrBEHLEDIS.

2) 2Mg(d, d)*Mg o elastic scattering TR 3 &.

3) #Mg(p, p)®Mg @ p * AT 4dT=1 @ forbidden
TR ol OFBUTRS C & HHEKER.

4) *Mg(p,n)2Al, Mg (*He, t)®Al & T-allowed
reaction AW T T BAl @ T=2 state 535
&.

5) X 5iC *Na o excited state BShorFXHHT
b THBH, ERMICEEORBINIBICL
T ¥Mg(n, p)*Na £ ¥Mg(t, *He)*Na 73 & T spectrum
E2RNBZ ENET L.

4dn+2 O self-conjugate ¥ Tld T=2 state i T
WIEVDT, b LT SDERITE Y BAl @ T=2 state
BT INNEIBEREBECLBbNS.

3. B

BUYTFL e NYTFITI7 730 ANE—DEXRMN
ENTFEEOBMKE T TR A VF - E THREM
KNEVSATHRAL LTHBERELLS. Tibb
resonance 2FHNZHHALARFEL LT A4HLE DIk
2RO ERBNIID.

AEIDOY YRIY LATRERT —=IC20TEHL O
EhOOERLFHEYR—- B O C LICERH
OEFEBELEICEEZ S OEZLEHEN L. TN oiest UE
WHEREER L.

FRARBXRIMEHREREOROPTENS T &Mt
T&/. REL, FHBRERLECIERIRE SR
RETAO. BEFFECRHEOEFEENAE LTHN
fo. TNHRHLEBRELRBTIRETH 5.
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1. Nuclear Relaxation and Its Analogy in the Properties of Bulk Material

Takuyi YANABU
Institute for Chemical Research

Kyoto University

The nuclear reaction mechanism is reviewed from the standpoint of its time sequence. The
similarity between the nuclear relaxation and mechanical relaxation of visco-elastic materials is noted.
The response characteristics of the nucleus to the pulse action of the incident particle are discussed

reffering the recent development in the field of computer experiments on the equilibrium attainment

of many particle systems.

1. BRISORBMEEE —BoRE D

PER O RGO Bk, initial state & final state &
MY RHEERTHU2BF B3KEIT, BPTHBED
fehicizmh TRy, U LRRBREAESEL Ioh
2@y 2. MBS ETEIVSHBEEEZSLHIKE
Sk, MEDOHBEVTHS. BETLOUVLEOR, LI
A -td, ) RIETH 5. (d, a) RJEG% pick up reaction
LEZ B LR, dbd-a RGN, BATHEUKESE
Z BICZE LA, on shell T d+d-oaty RIGOK
T 2 bW T/H &L 107%em?sr OBRETHBP.
d+d—sa+n° {3 isospin OFIENWEL LN ZTND

5.9(1.24)}1.5 g'nd
Ey=E-
=02

~1

PE- -

mb.slerad“ MeV

A 1}
10 20 30 40 50 60
379279 lab.

1032 cm?/st ORBETH B, Uit - THBc pick up
EEZ 301, o) IEOHEEN»BHREDEAD
LEET, LA knock out £EZ 2132 HMBARTH
5. LT AHknock out EEZ B LR, THTTI T
28 —DEEETFHRTBICELLY, “Co (¢,2a) K
BORENLLRDE, C ORERECTNVIFI TR
2 —REELTORBNEITHLDT, knock out R
LT, TH7 TN, ELkbDEEFEZLGNRS. D
¥ HBEKTOD sequential decay TH 5. TDEX%E
¥HELTNBEbDE LT, Balashov 08737, (o,
20) DENTHH BHP. Fig.2 & Fig.3 Sbhbhok C
1% 572 12C(a,2a) BXU *0(a, 2a) RIbHDEBD #EH
HETHLH, RPomRE, FEEA v ov 2,

$Zi13 final state O TN 7 7 BIEELT, T %Be
OHIERELERM L7-dDTH 5. Initial state TO 7 v

Cﬂ (a.2a) h‘ g'nd
Ey*E;
=

(0

10 20 30 40 50 60
92923 dab.

Fig. 1 Energy dependence of the (a,2a) reaction on °Be and '*C. Figure
from T. Yanabu et al.: J. Phys. Soc. Japan 24 667 (1968)
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d?6

. Visr?
d&deszbMe sr
16 C*{d.24) 8% (q.5) [0
—~ £o=28 MeV
12 Y E, =10.3Mev | g5
\ Q = 7.38Mev
8 1 20
4 4 10
+
0 d '
10 20 30 40 50 8,--0,"0

Fig. 2 Fit of the Balashov theory to the experiment on
12C(a, 2a)®Be reaction. Figure from Ref. 3).

d—l’.‘:{i—g:ﬁ, mb Mev™ sr
6 0 (4, 24)L" (g.5) 1%
E.= 26 MeV
W | N g Ey= SAMeY |
l, s [ Q=716 Mev
A 1 I 5
- P

v 02 30 40 50 60 6,-0,8

Fig. 3 Fit of the Balashov theory to the experiment
on O(a, @)?*C reaction. Figure from Ref. 3).
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£ 200 En <*
/
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Fig. 4 Coincidence energy spectra of alpha particles
from the reaction D(c, pa)n. Figure from Ref. 4

77 BRI, B &) EERETFRTBOBREEZ
5. CORRLORBEL, BHIKRBTNIF I TRE—
I2fEZERT, sequential decay & UL TT7 7 r REFH4E
NTE 7D EERLTH 25 EMTILIS. Kid initial
state & final state CDF OB TdH 5. Fig.4 i3,

BBt cibhl, EBFOT 7 r KTFEHER
& BHBRIED X =7 b P ThEBRERFho g
FMRRIF—4 —Th D84 L, final state TOFF-
~Y v LAROLBBE L OMIC AR OTHBHH. D
% initial TOEBFHR— & final To SLi KERE
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EREBTREBD. —FTHE—-BHRL TS, il
T SLi BERINTNL EZEZLTINTHA .

b5 —ooMER, 3EONTOMO 2 Bo TR
BoBDILBIREEX LR $ 5, resonance overlap @ [)fE
ThHb. Fig. 513, BB ibht, Litas
at+a+t RIGOEBRRD TH 2, ak t EH2HA
Bpic 'Li @ 7.48MeV state ZERT B L &L, E—7
DIER Y +—FWRDBLEVIBRNHS. Fig. 4 T, On
As 30° D & X A resonance overlap THB. TDEEFD X
Yy bk Fig.6 R, RBORIBTH, LD OD
resonance BTN E T AICL B DT, EUMTHERICIE
FEH, bodkldoxh URY, "Bidoatata
BRETHELNTHEY. 2hiFg.7 KR Rid a & a
&3, 8Be @ 4* (11. 4MeV) {REET resonance overlap
ZFHURGAD, 2 REDIA VYT VRART b
LUBERAR7 b v THHH, HHEMTO *Bed 4L
IREILOWEIE TMeV T 3 DIZ, resonance overlap %
AU EAIE, 2.5MeV OIE, T8bb#E 1/3 5L
ICIEBEEL LT3, COBRROEERHBZ TN
BoHs, HIEBENLZ L, RERBHBOUTZENS T &
ZRLTWA. DLid, bhbhEEBREBRLICZ L%
FIRNT-DTH DD, ¥FIHD time dependence & >
3%, BN ZEESIChbhb B EEOICE 5 foH

A 483 MeV state
B €56 MeV state
C 748 MeV siate

d*o/df1.40 -df

J

/ / 1ob
550 520 500480 450 420 386 275 250 6, (deg)

350 320

Fig. 5 Coincidence spectra of alpha particles from the
reaction “Li(a, aa)T. The dashed lines A and so
on refer to the expected position of the peak in the
spectrum corresponding to the definite state of 7Li.
Figure from Ref. 5).
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Fig. 6 Coincidence spectra of alpha particles at angles
near the overlapping resonances between @ and T.
Figure from Ref. 5).
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Fig. 7 Coincidence spectra of alpha particles from the reaction °B(d, aa)
“He. Resonance 4* state of an a-a system overlaps to the 4* state of
other a-a system. Figure from Ref. 6).

REBITHRUTETZEAS.

2. EERIGCENTHRMEIEHETETD

¥Rt % direct process & compound process & T4y
BTEZBCEBRRBCIELNTE N, OO0
BREIDUAEREL TS EEZ BZR&THD. HE
2, BERBEWZI EOHEEETIENITEE, &
AENERINE TTORMI, BALEHLLLED
3 2EmhSELTL 3. Fig.8 i3, 2GeV OB FOER
Firk s HEBHOASGTH S, 1EEELZTEL
72O TRRGTOSEROFHICILD, EBE T -1 AD
7. 2EABILTHD, 2ENERBEBLI LR
EhEd L EREHMATED. 35T, 1GeV O
Fo, ~N) v Ak AP EEYE, Fig.? IKRTH, C
ORFPOEBIINERT VY + VAL EILEDTH
5. MoEBERIZL 5 EBEI A VvF—-ToHEOX
Sic, AARERBREZRLTOS. CoOEHBIRIT

AHETFO P e—4 BES, KA TFHERID LA
VWOT, —RABETH S, GLavser” ik, T %%
EHRLOYRETH S E L THH LK. Fig.10 T GLAUBER
D5z 1z, 1GeV OBRFEA) U A LOMEREICEY
%, 1[E#E, 2@E#E, 3E, 4EEILOBRY TH
3. HBEIOHEEBEKE O BHE & 12, BENIC de-
structive ICFBHBT 20T, BEKLUAMBE LIS, O
HBIVRAE, BIANVF-BFERLOBI LV S,
B4 direct WRBRICENTS, SEHRE, LIh-T
BETRVEHEZES U THREABREL TR ENS T ER

10%E T T T

1 2.0 BeV

¥ Zolin et al.
$ Coleman et al

[

10? E “— Prediction with double scattering 3
r including double charge exchange B
= --~---Prediction with double scattering but ]

no double charge exchange ]
\ —-— Single scattering contribution only )
10! \

LRI AR |
Lol

do/dQ (mb/sr)
2
LIS lll
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T

107 E

i S|

10 = —E'

107 .
i

0 1.5

Fig. 8 Differential cross sections of 2.0 GeV protons
scattered elastically from deuteron. Figure from
Ref, 7).
1%, ZEBEAELODLATERERT vy r VKT
%L H GLausik DS HHY BT A v F—ToD
diffraction scattering QRERJIINIZH EVOD TR 7E WO
LEZONA.
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Fig. 9 Angular distribution of 1GeV protons scatterd
elastically from helium. Figure from Ref. 8).

PEEEE, BELEZ AN TERT AFED 1D
RERCE > TAMKNTFERBRTLETHS. O
BEER, ANFERICE > THRAZ NP, formalism 235
AoNTVAN, CLTRANKOFEEZREI R,
Acker DEHERR 2HFTHT S, Acker |3, FLIE
#HEHOER I E4hL:xic, BEINRFOzxN
F—2R7 P EWTERY, RESERI v FAT7T5
BRI & > TRIE S EVHIBREB . Fg 11 ILBNT,
TehHd0id, HBOFG T EBEMNLE LR vy F A
7L TORMTHE. I ithLle 5 RAEVE
MEZPFTRAELLESE, I 20 EOEEAICH
EER - TBELETR, TAVF—ZRR7 b, HERK
KHRRDDOHEERSS. DT DERKMICE - THER,
B TRIZEVWSTETHD. AcKER |3 MOSSBAUER
MREE - TCORMSRER BT 2 HeE R LT
WAEH, BFOBEKCEOTY, BMRRA4vFEF 70D
FERBINECORESBRRIBRBAEORTTEHS. L
P UBRGORBANTHERT 2 X4 v Fi3, PROBEE
REFALLDIORE 20T, HEREBSLELS.
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4.0 P—*He Elastic scattering 1.7 GeV/C
n=1 Contributions to
L0k (positive) amplitude ratio {FHe(-t)

N Ve Fp(0)

from n-fold multiple scattering
0.1

0.01

10°®

10

1079

107

1 1 1
0.5 1.0 1.5 2.0 2.5

—t=(Momentum transfer)? (GeV/c)?

Fig. 10 Contributions of the various multiple scattering
terms to the amplitude for elastic scattering of 1
GeV protons from ‘He. Arrows in the figure
indicate the positions of zero angular distributions.
Figure from Ref. 7).
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Fig. 11 Cross sections for pure resonance scattering for
various switch-off-times T of the detector. Figure
from Ref. 10).
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3. BEFHED equilibrium attainment
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Fig. 12 Total configuration of a 100-particle Fermi
system at various times. The initial exciation of
the system was 1054 MeV. The time ¢ is in units
of 2.83x10-% sec. Figure from Ref. 11).

1. BFEBEDOY 7 7€4 Y a v iyt ol 135

CDT7 2V HFRAO—BHIC LA NVF—2E5Z T, 24
T 1054MeV QORpETF v ¥ — 2 ¥ B, ¢ DA
V oz, EREREOKEUIEN Q ohE HEHK
Bx5%5b60,95. VOhTRREFRONS 96MeV
EFTCOIAN—ABYBELbDLL, QOHTIR (ER
RBRT) O 48MeV O A F—%]D 5 3 6D
L35 B¥ =0 tBWT, VAT 20MeV 5 48
MeV $TD x5 V¥ —IREED occupation number »31
T, i T v F—{REE(D occupation number {30 T
3EIHIRPEIFVF—ZEZITEL. COoERERD
SFH, BEELHIKEIE L TEEREBIGE S 2
ARROERE UTRD ks EH Fig. 12 B XU Fig 13 T
5. Fg.123, FHV OFTOI ;¥ —HEH, B
MlEEbitEH2Es0ERLESOT, FROBAIL,

BF D successive collision time O Hl, BEARIITIZ
2.3X10"Bsec ThH 5. t=co TOHNE % equilibrium &
T3L, t 3B TETTICFEHRBICEL TS T &4

THORD® Shh b, T Fig.13 12, FURKV oAD
ERRRELE LEET O T 3 v F—5434, TRRERKT,
35 BAfTEs oD 2 TIC 14 fHIZ E DR T8, B ORY
HLUTHWREVIRRTHS. ORI, BF-H%TH
OHEMERE LT, nn BIOKMERELRAOTVE. &
OFED D RN, FEFBIZ 107%sec, 7o 75 10-2sec

O-NWdBONDL O

Number of Escaped Particles

[+] 5 10 15 20 25 30 35 40 45
Laboratory Energy of Particles (Maev)

Tota! Number of Escoped Particles
o
1]

'S L i i

" e
(o] S 10 15 20 2% 30 3% 40

(o) i

Time In units of
w (o))

Fig. 13 Total number and laboratory energy of escaped
particles up to time ¢. Figure form Ref. 11).
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Fig. 14 Stress relaxation of chewing gum.

Figure from Ref. 14).
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Fig. 15 Retarded elasticity of vinyl yarn. Figure from

Ref. 15).
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Fig. 16 VO0IGT model and its application to the retarded
elasticity. Figure from Ref. 16).

WO —

Fig. 17 Generalized model of visco-elasticity. Figure
from Ref. 17).
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Fig. 18 Energy transfer between various modes of
oscillations excited in a linear chain of 83 par-
ticles. The time ¢ is in units of the period
of fundamental oscillation. Figure from Ref.
18).
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Fig. 19 Energy transfer between a mode 1 and a mode
2 coupled with non-linear interaction shown above,
The horizontal axis in the lower figure shows
the number of collisions among 16 particles in a
linear chain. Figure from Ref. 19).
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Fig. 20 Successive decay modes of *O into 4 alpha
particles and the shape of the spectrum of the
sum of the energies of two alpha particles (indi-
cated by arrows). Figure from Ref. 20).
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) ¢} e)

Fig. 21
a) sequential decay,
b) sequential decay plus re-scattering,
c) spontaneous break up,
d) direct interaction plus final state interaction between
particles 1 and 2,
e) peripheral or quasi-free process.
Figure from Ref. 21).

Graphs for

251 C'2(d,pn)C*? 1
E;=5.39MeV
By=6,=90"
¢np=0.
20} N
15+ 1
10+ 1
5| J
50keV Ep
0 " . n
0.1 0.5 1.0 L5 (MeV)

Fig. 22 Theoretical energy spectrum of protons from
the reaction 2C(d, pn)!?C. [ in the figure is
the width of the excited state of ¥N. Figure
from Ref. 21).
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Fig. 23 Experimental energy spectrum of protons

from the reaction 2C(d, pn)*?C. The solid line
represents theoretical values for 7=7x10-%
sec. The dashed curve is obtained if one neg-
lects the contribution of rescattering. Figure
from Ref. 22).
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2. Reaction Time Measurement by Using Blocking Effects in Single Crystals

Micuio MaruvaMa, Kineo Tsukapa, Kunio Ozawa

JAERI

Fuminor! FujmMoTo, KENICHIRO KOMAKI

University of Tokyo

MicuIHIKO MANNAMI, TERUO SAKURAI

Kyoto University,

A new method of reaction time measurement by using blocking effects of energetic charged par-
ticles in single crystals is presented. Results of application of this method to 2%Si(p, p’)#Si* (1st level,
1.78 MeV) and ™Ge(p, p')°Ge* (1st level, 1. 04 MeV) reactions are discussed and it is concluded that

the lifetime of compound system ("°Ge-+p) is (1. 86+0.86)X107'" sec.

1. ¥ 2

BT EHEOSTFTE, BRISREPEOBERED
EHEAETEORVAVAOFENAOLNTVS.
£ Tl resonance fluorescence B ARFEEMERE S A
WAFHRIRBRA LT, b - EHRMCERICET DV
BeiAET 2 EENECEERY, ToEAMEL ¥
EDTHBERDELSITIES.

(1) Electronics it X 35 > 10-1§)
(2) Nuclear recoil method 10710~ 10" 1%
(8) Doppler shift method 10712107145

Z DiZH, EISBERG T X - TIEIE ¥ 17z nuclear brems-
strahlung % FI 3 5 HEPORBRIERPH Padua Con-
ference THE X, 107°~10"2 B RED ATREH DR
TRt TORT—EBHTHOIRNCELOHKT S

LERERRIRB>TOROESITH 5.

RAEBENECAV TV FEoEARAR, Lk
BOCEL W0 PRETHIN, BEBRTFLHIETF
B OoERIBICE » THREZ LR BHE I HERFO
blocking B AFIAT 5 &, 1075~10"" Btk KIGH
RnRETE 3TN S Y. 535800 LTRE
SRERO RGN OREREIASZ &I hS
DT, COBAOKMAERERCEK D 3METH
3. CCLTRCOFEORBLERTEI b TH

EBOERIZHOVTRRA.

2. #RICk3HMEF Dchanneling & blocking

KRIRIE OBERICA SN, BRI AHBETO
channeling & blocking I 2WTZDBRERAFIEMICH
4 %. Fig. | KIBETHBERZE BT 58D channel-



142 g v FLrEBROKYHE

d 6= ’ V(g:]:) '
6
H.E.
O L.E. p ﬂV(r)/\
N
E, H
] aTtF
" 60 /\0~o R -
Al N\ |
Ep

Fig. 2 Blocking effect of protons in single crystals.
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Fig. 3 Principle of time measurement (I)

wEAREODLIIVERS (H.E) KFD L 5iC channel-
ing peak 2f£ 5384 b % 5. Blocking dip D& EIE 26,
REERTORRE ORE U, RT¥MEH S h2H
BTHoM 0.1A BE) CRELERT T LEL b=
VVUNE, LRBINBEEZZONTED, 20 AE
BEOKXEDbODTHA.

3. HHMAEDRE

Blocking #1 R ZFIA 3 2 RHMER O AV A IIEAK
BETHCENTXED, TOFEDOEARKIGERIHS
EOBACRARKNFEIENKOBRAREIBTENLOE
DROEETHROBHLTHONTE2HRMT 20T,
blocking IR BB T B THA I ENHI T ETHD. K
o iXICEZ B BB UEREBENRARNFRIZ
EAERTFEOBMTHIBEINE DT blocking 3FEEIK
NI ERMBLTEN. 22 TR—HELTHARK
BEZEBFOEMEFE OBEK D>V THIET .

HIEDE 1 BEREBTEHN THRE S h 3 BTFOoEE
blocking pattern A2H[ETECETH5B. Chicizs <
DBAEMUEEIAB T LA L = 2 V¥ —% b DRHHEREL
BrFerALdiy. BEERIOREII 2 —o vEE
THEZRED arr © U, KHRTEATE2I1ZE/MX
W SBRENICKRTFETREC ARIBGERIZ LS 5. Fig.3
EiCEFEE BEBRIBFORGKERT. RICHSTE
M BELEF O blocking pattern 2R 2H1) TH 5 Hs
CORERESS LASIKENE T 5 &, Fg.3 Al
KARINZ EHOCAHBT GEEv, BE m) &

Wk (BB m2) OBARIIELTR O EE ve=—10

my—+msz
THRTFE» BB LENOBTERLTS. COBAK
BAOEMARTFE,LOOHIEM aick - TR TEZ
4:{5 blocking region & FHDED channeling rigion
ICEMMIC 25T 5 & 5T X, blocking region Thx
H & 2B Fi3 13122 % blocking pattern & & o pattern
%% U, channeling region T & N7z Did blocking
XDty LA channeling Z/RdEEX B ENTX5.
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Fig. 4 Principle of time measurement (II)

U7cdt - T, R E { blocking region THEh
ZBFOEA ai WhE{EhiZENK 1T blocking dip
MHELTHCEIKLE. a DEIRIZIEF ar & U, oh
MEELEZILNZOT, RIS alvo~10"Y BHiE
BiICi3 0B RIIBHMTETSH 5.

Fig. 4 LT 2 & — - 27 bW ETHAKRREBICE
B U##4&® blocking pattern %5Rd. bhbhiskEE
CHETCEADIR TR VE— . P— 2 DIET:VF
(L.E) icg@H & h 3 blocking 3X7f channeling iz &
% dip Ny EExirAF—f (H.E) icBbh s chan-
neling {Lk % peak Ne OEITRUHLEN EEHTRID
% dip (No—Ne) Th 5. SWEHEEIC L 5 EHE block-
ing pattern LB 29I, BEDESLTVELSD
0=0° FHEDINE N TREMLL.

M=(Ny—N)|N
BEREERTDH. MIHEAROVEEFM T alv i
BTN EWEA (1) iCi3E % blocking pattern @
M. iTilES%, FICTHa/ve LOKEVEA (@-0) ic

3 0IGEWHEITE S . ¥ 5 blocking pattern O T &
FiBETAERLIDIZZ ai=M/M, LEZTXNTE
Bhhd. ORI L TRk blocking & channeling
OBBICBET 2 M BRBATEICT - o & T RIETF
BEINDAHEERE > TH Y, KBIZERO®/D &
ZZTRY. SEARLERUERAB T4 L4 2%
MEERDE EHIC expl—2/t] D T ELEB LT3 EFY
Hayrid

-—a__ 1
= e Tn( = MM (1)
TRHHNB.

4, %Si(p, p’)?Si*(1st level) & Ge(p, p’)0Ge*
(1st level) [ZP8F B HIE

Blocking %2R % Fil i 3~ 2 # UGS F O RISE 2 Bk iy 1T

X
N
>
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Fig. 5 Experimental arrangement and energy spectrum of protons from
a single crystal of germanium at 5.54 MeV incident energy.
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Fig. 6 A series of angular distributions of protons elastically scattered
from a single crystal of germanium at 5.5MeV incident energy. The
energy spectrum of the detected protons was divided in to 20 keV in-
tervals and the number of protons detected in each energy interval was
plotted as a function of angle to the crystal plane {111}.

TRED & S AW B 12T *Si(p, p)?Si*(1st level,

1. 78 MeV, 2+) & ™Ge(p, p’)"°Ge*(1st level, 1. 04MeV, 0.2l

2+) oREHKEEENENO KR (111} HERWT :%g&v

BELTHL. EEBOFMIEHEPEFIRED T 5 v st 1.04MeV 2+

X fEh DEHELT Ge OBADHH S OFAIKKL = | AL

T 102~10° R 1077 PRLEDLNBEOT Ge 0 = s B T4 @ IstLTsMeVot

AICIFRHRS blocking pattern ICBDNB ETFHE 2| I

ha ZREIWELES &5 50 F—HEK coin- | L

cidence » window ABEVTHRFMOFEEZELHES i

AR OMBETHET LE LV, BROZIHD

# % T position sensitive detector ZH\TIT x v F—& 1 2 3 I + %

BED 2 RITAEE, 4096 F + v 3 vli@afrisz A0 Ep (MeV)

T ST Fig. 7 Experimental results. The absissa is for the scat-
Fig. 5 WHIERE T A VF— « 227 D 1HIER tered proton energy. The vertical bars show the

4. AMBTIIEEK 0.3mm (C collimate X4 45° D statistical errors.

MECELNIESH 102 © Si /23 Ge DHEFRIC
channeling 24 Ut ST AS S, KEBTR 90°
FHic Bmhtc position sensitive detector 1€ X DR &
n3. (111) EFEiE 90° FECETicsrNs. BEY
43 ™Ge lst level ~OIFEMHEEI D E— 7 BEAIT
REINTVBY, TOREIIIE—7 OO €~
IDORERFHEL TR EBMHBRETH 5. Fig.6ilid
Fig. 5 ORBBED E— 2% 20keV Fo0IBICY -7
BAOERBENTNRENE. TAVE— - E—~J0DF
I 3 FE—RIANWD L ICHE - T dip A2 channeling peak iC
Loy S h, Ficid channeling peak 723C7 > TL

EIRFHDPE. CNORIANF-FACRI UL pogm i o CRKMBEE TE B FTTHES.
blocking pattern AFRAICH YD, Thid Fig. 4 KW GewmizoinT an~0. 148, U, ~0.088 5505

L7 pattern 3% L, Z @ pattern 5 M 2ZRKH 3 ZOM% a D REZO®MAE L a=0.112+0.034 14
b ThH5. 3

Fig. 7 ICHEHB FOo T A V¥ —2Hsic LT M oH ABBFziavE— (Ey) =544MeV
EREM SOy PEN TV S, CZTEBLEL DR ("Ge+p) HABDEE (vo)=4.55x 10%cm/sec

SIOFZACROTRINS HHBEE LQTRINSIEM
HBEDO Mz rvF—i2 5T I2ZR UEEARUE
MHENRL SNBODRI L T, Ge DBAICRIXTE
XN DIERUEEO M o A BRECREL I TRS
LTWBZETHE. ZHRZDEDHEDIB~ITFHE
& —F LT, blocking pattern iKEbhi-HEashRLE
Zohad., Llth-T, RLzixrv¥F—pEEEET
DFHE blocking pattern 4 A LI KD TDRIG
DRIGHHE EakoEHEFEM £ (1) RNck kD
LT EMBTEA.

COFEOERGHEZPOLICT S cHic Ge OFERM
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afve=(2. 42+0. 66) x 10" "sec

O alvo BBEIEFHERRHOKR & X2 RD TV 3.
Blocking region TIHRMHILEFHRIE SN2 EE o
RBREMLI:MBIUO Me 05
ay=M/M.=0. 083/0. 114=0. 728
Lizdi-T, ABT:AF— 5.44MeV itBWT "Ge
D 1st level (1. 04 MeV, 2+) 223 3B F DI ERM &
HoREHH (Heko¥EEa) 1B
7=(1. 86+0. 86) X 10""sec
L35 BERIME M 20ET DL &0 HABRES
LU a ODRBEEIICERMSS 3.

Lot 2B & ZIZRA UK (Ep=5.44MeV, A=
70, a=0.14) OBAD an=M/M. & © OBKH Fig. 8
KRENE. COBRUEDS T OBEBKDONBD
B Tht 1x1077~2%x10"%sec ORICH D EETETTH
B, CORWBENATHEVEAICIX TR (11077
sec) FHEVIBAICIE £ OTR (2x107%sec) LA
BLERTARTHSB.

7o vk v SHREEZFREULBERGEROHE 145

. ¥ & &

bivbhid blocking BREZFIF ¢ 2 &SGR RIE
o—p1& LT TFoERERELIC Y 2HAKOTEE
DREA BSi(p, p’)BSi* (1st level, 1. 78 MeV) & "Ge
(p, P)°Ge* (1st level, 1.04 MeV) IO TITHEL, Ge
DEAIC T=(1. 8620.86)x 10 Tsec &\ A,

CHICET AL BMEE LT, BR2ROFHOH
E, BESOEERRE L EAKBEDSHSE DG,
TRMEN T AR T 55 58D isomeric state DF4p
DORPE~DEASEZ ONG. X oHBR FRBRIE
THUEASKFRPEFTS X0,

COFEOFAREEER 72072 a/lve TRES
Lt > TAB T 3 v ¥ —, ERHKOERY, fREICX
T A A OB Y IR K - TR R O IR 3 T HE
RBENH B, RICCOFEORRDRAR, RN
EUT 10y BEOHMBERELELT 5 ETHRMORE
EHIEEIcEL L. L L, BERBEERNORED
HEHEEZ B ERNVFRICT COBADTMIND AR
HERRE. i, HAELPTORBROPICRER
BIIZE ZBICEH® element (D ion % substitutional
KANSHELZEZLNS.
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4, Inverse Photonuclear Reaction

E1j1 TANAKA

Tohoku University

A brief review and several comments are made on the inverse photonuclear reaction.

1. FUC&HIC

BEFROERLBREERRT S LT, 274 -
vF 5 7% FU 1 inverse photonuclear reaction (I &
b TENERESA TN S,

BE, bBETLE YT A - VP77 70KE L
b, ILEHLCBRRIERRRSINTLS. OB
|z inverse photonuclear reaction DHFFEIRIEAHE L,
AHHBCOHFETORER DN THBIC R~ 0.

B0 BERLBIREERET 2 EEAHBEOES
CE-THABTEE, RO=EDICKBIZNSE. TR
inverse photonuclear reaction 43, D EXRILELTH~< S
LT, B¥isc LEEET nic, RBRLEOEEILA
2HHbETHES 3.

(1) FIspEs

BFmESTHOSNIHBERHERNT, (0,7, (O,
n), (v,p), (v,d), ~RKIEOWER KEKFOTHV
F -0, AFHESLAET 3. CORHBERHERV
FERIBHNCTIHoh, EARBIZOVWTOBERED
ELRCOFELCE->THEONIDDTHS. LhL,
(1) #HEMEHON v <Esdifichsc L, (2) X
WAEEFBTECEICE-T, HIBEHOEREZ R
MVEBGN Y RICBRE ST BIC LTS, BRLHIBE
HOBERTANVF-ORSGOBEMNNST E, (3)
Bk F0 single spectrum ZRIET B2 T, %
BSBEEEORERE, b20RBERE~ET LD
PYUHBETERNC EREDRAND B.

(2) Herr<iH

(a) ™i(p,7)®Be 11 &, MRIBICLZBEBN V=

BERWS. ZOE, Fy 77 —-stREFFELT B

100keV BE L ANVF XTI AT EMTXS. TOD

FHETHBOIhI A v=HTlR, BEAMBERT<TE
WOCENKRBTHY, ThH V~HBENMNINE
WS RENH 5.

(b) ETHREMERT e* ZMELTEOINEHE
ZANF-DHRAT V=BER0E. COFETHEDS
NEH =R 3HH2BEQRE D - IZITHEERY v
RTHY, MERIEORKELE L TEDTH 308, B
SNDTFHEBSHBEHOK 107° D200 T ME
BONSOERBESETH 5.

(3) WERF

IEBCL > THRONIMBN FERCHES Y, B
A v BREENT 5. 00, RBRIEOEEEEF
Bd2hE COXEOBHRCIOFEIC DN TOHEE
ThH5b.

2. Inverse photonuclear reaction

FFE A O ERIEHIREIZ, & (A-a) iICF a 25
WL THET A ENTES. KOEAMLBIR—BIC
RO TR 23 MeV, BV TIREL 12 - TH 14MeV
HIORBEREEZS TS, LN -T, QEET—
oVEELICKL-T, EREBREHET 20IGEYIIA
SN T adfIBRI0EN, BT, EBTF ~Vvas 34
REBAHNTELTREING. ABRFaD ¥
~2EZ, 0L EBEROEERUHERE~HET
BAVeBEBALT, 2&ZE (oY), @ 7), (o,
v2) o RIBOM TR ARET 2 & NTE hiZ, detailed
balance principle ik 5T, (%,p), (v1,p), (73p):
RIEOMAREBLCENTEE. 2T TY% 7,711
HABOBEXRLRREN S, BE, F1, % 2RE~H
HTAH B E XY

HEEHERNT (v,p) RIGKHTEEEREST 2 &
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i, BiCBR~FE S CHIBEEHRD R R P VEERICR
BZLEMBETHD, BEKOMERBANETESEH
MNTBCEBEDRERDE. F VT L -NVFI77
¥ keV Dz iV F-3RELT/LTLNTE, L
b FF—FEBENRERFEOERLBERE e 5 £A
WO CEMTARTH 500, AERIEDOHBREDIERIC
BENLEETH 5.

% inverse photonuclear reaction M EERIL, KXx7%
Nal(T]) #8%2B0T, BEEHEL V<& Yo 7,7
Rt TaFENEONSE, K& Nal(TDRRIZ T %
WE—DENHT YBROBRMICIBEL TV AR, —7,
@), (0,7, (&, NEEILEHRTFEITH ¥
ROV 7T FebRELTLED. v ST
v F@ pulse height {I/NX2HDTH 545, pile up
RELBOTL BOTERET LR N 777 ¥ FER
ST CEMEERREELS. Ny 277 v FERLK
DT plastic scintillator ¢ Nal (T1) #%&EA >, anti-
coincidence 232 EMLIF LI BT ibhb. Nal
(THRHBTH 20MeV FIRD = 2 VF—%H 5 fc 7,
77 HaESBUTHRET 200, BEKD low
lying states ¢ spacing RFEROSHEEL D K HB
2dH BT, Nal(TD #@EBmSRE UTHVWBRY,
BN, EHTHEENESHEERLENS. LK

LT REOHEBRE

147

4niETIE Q EMHE 12MeV k& &,
states D spacing BRKEVNC EbH-T, THSHDBIKC
DNTRE VF L - NVYFI 5 7 BHARS OB
BicPohichs, FHKICOVTIE 2, 3 ORShKIC
DVTERBRIN KT ERL,

A F TP LT EERII proton capture Tit T(p,7)
4Hel), 'lLi (p, 7) 8Be2)’ llB(p’ ,y) 12C3) NN (p’ ,Y) 1504), 15N
(p’ ;y) ]605)’ 19F (p’ g),) 20Nez)’ 21A1 (p’ (y) Zasiﬁ)’ SIP (p’ ry) 32
S'l)’ 35C1 (p, 'Y) SGAI.S), 39K (p’ fy) 40Caﬂ) f; a-z;. % D R % @fﬁ;
T‘i SBe (d’ ,y) llBQ)’ 14N (d, 'y) IGOQ), 13C (3He’ ry) 16010)’
RC(a, )OO Iz EhndH 5.

CNOOEREROLELD L, BHABMLIDEL
T, PC, 0, *5i opyEEEKE Fig.l iITRT. ZOF
PobhrbsLIK, BOEOEBERIER EN-TH, 1*C
& B8 TR EOBBIRKENERBED SRS,

BOBOERLIC MEBEREET L3, (,
n) RIEOHERBORELEICK >THS PIKIEST
/e, inverse photonuclear reaction iC X - THE LN B
BEEHD 5, EAKBOMMEED « 3 v+ — (kKK
BLUEZD strength BERICE -1, &L KRBERG
TRAUERE B FRBOTRSHERL, WaEREFH
THLEXE->TERICET S, ChidXBXo dipole
sum rule & HERE T2 L S HBEREERBETH 5.

low lying
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Fig. 1 A comparison of the ground-state, proton-capture excitation
functions for 2C, %O and 28Si.
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RFEDOEALRBOBHBEN I EHEED T
N300, HEORBVHRIKFISEBICE > TELS
D&V DS RBEEIEFICHE%RS S 5.

ERPICHMBEOUE LR ZICR, TTASHE
BETICENEZLOND. ARNTFOIAILVEF—%E
KILBLEIRIC Dz 5T, 10 F keV H 5% 10 keV step
TELZE, TORRTAHSHERET 2 &0 HEFs
BHRICR I T3 ThoofRICKk 3 &, —HRiC,
BOETR, BEANRBERO BREESIEE I OE
fbEAETHLE0ICH L, ASHEIERKBERESKIT
DI THEEREHERIT, WEIPHLREERTO
BEETHD. ThoOBRICKZLEARRIR EIR
INMETH BT EHRENH, AFHOHER, EX
HIBOWE LT~ L TEERLFEREDLDODNCEZLT
(N3, E0I30R, EREEOERLBRED = 1 v
F-DNBEIADHEER—LTHRWTHENTES
MHES D, ML OE RN A HEEICII LR
bahoTHS.

Pk, BFHOEAKEWITEOLTIE shell model iz
Eosnh-HERsbclibh, B T} hydrodynamic
model IZ X ZEFESBE L ONTERELBRIEINT
5.

Shell model jzF S5 & IZ, Brown G.EI? 5iC
& - T, particle-hole interaction 224 5z &ic Xk,
giant dipole resonance O T xA VF —DABEE BT LI
RIL, Z0®ROFETOHERFEETEINCTT
D oILTHAB. —F, hydrodynamic model ©F 50
approach & GREINER ¥ L TF Danos'® St & »Tig &
NTW 3. 5|3 hrdrodynamic dipole oscillation & &%
FEMHE D collective vibration &% couple 3 Lick b,
giant dipole resonance #3 splitting 42 & & %R L7z,
B 10 £ h b OMBMRERKRELSDTH S
2, L LEROHEREREERTE S IR DK
EHEAHRT 2 E, 25D approaches TN TNd5E
TRV, FE, BORIZOWTH, EDKIEOVT
%, particle-hole theory i€ & 2 5B T2 EXILED gross
features DA RHPTE S48, p-h HIETIR 1 0%k
20 states B 2 VF—IKHLETFONT, £hd
H dipole strength DHEMTEHZ>T D2 ELVHEAT
H3B. Thbid doorway structure LR INAEEDTH
5, EBOBEARLBICII S SICHMIEEENDS. T
53 particle-hole states & 2p-2h, phonon oscillation
L ¥Fic X 284EIL states & (D interaction € L ¥, sub-
strucaure BTEA2HDLEZI LN A, I LIKHMISE
BN TiIZEHN IS EER T fuctuation analyis 3%
3.
Zh s BERFEBOBMAEED origin K DV TOFHFEIRR
£\ A3, H1E inverse photonuclear reaction D SEERFER
EHBUTIO—FERLIZB D2, 3DH%E EC L O
LDV THRAT 5.

2C DA KamMura™® Sic X > THE I Wb 0
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Fig. 2 Distributions of the dipole oscillator strengths.
The dashed lines give the experimental data B
(p, Y0)**C and “'B(p, 71)¥*C*, in arbitrary unit.

T B. 53 1p-lh states & 2p-2h states & D
coupling % microscopically {5+ L T, 27, 3~ states
NEERHEA LSS > AR LI (Fg.2). GILLET T O
DEKXKILIE D 22MeV peak @ splitting 2 2p-2h co-
herent quasi-bound state 3% 3 & S & B & & A FHBE
KR LS, iz (d, 7) RIBRBROKR? & Ln—F%
RLTVA. 21 TMeV sk L 24MeV Ll Lo
HBlZFHhFh 4p-4h, XU 3p-3h quasi-bound states
OEHEEZRLTVEEEZL NS (Fig.3). Fig.4 {3 N
(p, M0 ORI E AT O KERERZE EALKRE
RAKIC b > THEK & WOICHAT & 7 Buck B&

T T T T T T T

18) 5 ~ABSGRETION

201
iof
sl -
2L L ! ! ! ! 1
2 2 3 % 2% % a %

E(Me¥)

Fig. 3 Calculated total <y-absorption in €0, including
(solid curve) and excluding (dashed curve) the
2p-2h quasi-bound states.
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Fig. 4 The 90° excitation function of ®N(p, 70)0 and
the coefficients A./Ao.
In each case the full curve is the theoretical pre-
diction of Buck and HiLL. The broken curve and
vertical bars are the experimental data of EARLE
and TANNER.

¢ HiL'® iz & % coupled channel shell model @FFH
EERIHBUTRLIESDTHS.

E#8Ic 4 inverse photonuclear reaction TIX I 5
~NEBEICOVTRNRG. TN V< RRitE L LT
Nal(T]) #RicR->T, HRED L KABR Ge(li) 8
HBLRAVWBEZENELOND. Ge(Li) REHFIWERE
B o CET ANV —OhET, iRy 70
7Y FABRBIKBLCENTEIDLTH B, Ge(li)
BhELENLC itk D, lowlying states ¢ spacing
DBZIC BTN E W23 Nal(T)) R TRERRET

BEEEOFEARE 149

H-tc A< DEFBED (p,70), (P, 71), - D EHEEEEA
RHENBTHAS. RRRIC A>40 OOk UL D
BENERTHELLS. BFREBOERRICH~, 7)),
(CHe,7), (a,7) 12&i2, EBRBUTHLLNZ b EH -
T, 0 0BALART — 24, BOREXRILRORMH
HED origin M AHICd, T, isospin impurity
HHN0IT T=0, T=1 states DFEETF~ B LT, <
NOOKRBEBCE I C LIZBKMNS S EBbN 3.
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AHBREVBEINT L. RO Lz riib vtE
hoTEeoiR, EbRE,, LABETEYT, 3H
Bl IHASKHET I ENTE D EBNET.
AizZ ohE U-oid, Concluding Remark T - T
Concluding Talk TREWVWLS>TTDOT, —FKXIBRE
ZHLUESET

BRFENBRELDL bbb > TRV, ZOBE
BREL AIDPNIL BEILVBEFEOHEICE - TH
bARPBZETROTL & H. BFHIL, BEMICT
BLEREMIK S IO RN ERBODTRITVD
LHRBOET. EFROBERBICODVWTTSZ0 &
SIBVET. BEZAIR, %0 O core % { §°9 residual
interaction (D non diagonal matrix element 310 MeViZ %
F#T B0, BB 0+ level 12 3MeV TF b, shell picture
BHENITREOS I EEEHI T L. Kool
HERAOLDEBREBOZ XA VF - TOBREobh
T, FHELZ 04 level OFORBITBHLE-T, B
i shell picture | X 2 estimation H3IFE LINZ &L B
phahEeAs. ZORVIKEERENKESE ST
BLLETL&D. ROXIBEVHFELTHXOTL

3. SEERE O BEERE O LEERRETHSIC
Ebh ol LET. MBRERLTHRIRITTHS
DOTAYBEERED Oo—TO TRRONIZRD THA.
K bh 5T 3 picture O 2 5 HETHIT, HERRE
REECHEB»OLTE LTV B EVbRIFNE 5L
0%9. BERBTHIHSBDOTYT. BEFRIREF T
EEENC DL BN ERNBNENSTINOTL &
3 .

TETDPEb-Ed > EEFHROMAERAK LIzNG
DTY. BhdOWELTHHOZ V7 ARTEHICDINT
MBEEBTEE L. COXSIRERIZ, 23

BRETHIE, ThES I FE ST CEEKRER

LBROEYT. —HLBL 2 vFLRERCREBEINRE
EHFonBLH2FLET. chEEdbRFADEL
S5 APEHABLEFVEBNET. B%ic3 HEY
B MBI TRV &I, BHEXA, EEAX
AR LD, BHBEOBRIAKBLBLETFAE Ebic.
CDEINRBETREL LRI TORLIELTEEE S
TBVET.



