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Proceedings of the Second Symposium on Joint Spectroscopy Bxperiments bUtilizing
JAERT Tandem-Booster Accelerator
July 25~26, 1994, Tokai, Japan

(Eds. ) Masumi OSHIMA, Tsuneyasu MORIKAWA, Yuichi HATSUKAWA™
Tetsuro ISHII, Masanori KIDERA and Hiroshi IKEZOE

Advanced Science Research Center
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 8, 1995)

The JAERI Tandem-booster accelerator is in the final stage of construction and will
soon be ready for experiments starting this spring. The accelerator achieves the energy
of all stable ions exceeding the Coulomb barrier against all stable target nuclei. This
powerful beam is well suited for low-energy nuclear physics, especially for in-beam
spectroscopic studies. Thus we intend to make joint spectroscopy experiments in the
field of in-beam 7 -ray spectroscopy by collecting all the available anti-Compton
spectrometers in Japan. This program will start in this coming summer for the period of
three months.

In order to discuss the experiments to be done in this joint program, the second
symposium on Joint Spectroscopy Bxperiments Utilizing JAERI Tandem-Booster Accelerator
was held at Tokai Research Establishment of JAERI, following the first symposium on
November 15. 1993. Approximately fifty five researchers from universities and from JAERI
have attended and discussed actively experimental proposals made by the
experimentalists and theoreticians. This proceedings accumulate the reports presented

at the symposium,

Kevwords: Symposium Proceedings, Tandem-booster Accelerator, Heavy Ion, High Spin, 7 -

ray Spectroscopy, Crystal Ball

+ Department of Radioisotopes
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9. M.Matsuo, T.Dgssing, E.Vigezzi, and R.A. Broglia, Phys.Rev.Lett. 70(1993)2694.

3. E.Vigezzi et al. to be published on Conference Proceedings, Padova, June 1994.
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3. ETWHLIC BT 2 EEEEOHES
BAIE T Yok, HAKN BR F2

A ORI, SHRORREED 2 7 ADBBT, BV FORAR YA

X CHEBRLTVA, BTt Fluctuation Analysis i X o TIEA 7 A b DAEE G OREAT

LATEEIC AR D oo B, AR TIL, ZOEECORERASK THIREREE . Dy
ORBREBRIBIZOVWTERTS, Z O THEMEENBEENR OWE OBEBIIKE
FefrEl AR BT L ER L, M A=150 4R COBER L SO I BFEIC OV T
FOETEIETE., AT VREREERT D

BRSO RENEHT

EEEEHOMEIIRFROFRBRETOREOVEDTHY . BEEEBEOH AT A
Mo B EEE R OWEE b b3, BERBICEONTH, FAF A MAROE2E
BOWE % BT, BEE v R ORERETIEEREREF S, 4%, EUROGAM,
GAMMASPHERE 72 & CEBEEEORIR ALY b VORI ES, ZR{E L HiREL
DR FTREIC T, BEREOMEEENR LY ALNCRD EHRFEIN TS,
#EATDEF L & LT cranked Nilsson shell model % V2, FEEMEIL Strutinsky
AT kT self-consistent W ET D, ZOEF AT, BV N RBRFEEAR
BIZE - TREND, BNEERBAT ALY —HNIHI IR LOMENSVRFETH
5. COIEEERREE . BEMEMM (Surface Delta Interaction) & & Y Adr, BE
DEERESHRS (1] 2, 20z &b bEUEENEERRE (1 FEE) LHEL
e E oD ERTREND, ZORAL L ORR2LMEIRIEN O E2 BBHREEERD,
2 ONIERTID, Raid, HE XN B2 BEER w0 DF RN

-1
nbranch(a) = (Z u”i—.ﬂ)
B

k. BEESY F OEEEE (nbona < 2) & 750 K ORE LS (Mbrane < 2) &
FMMTHZEITTD,

£9. 2Dy It oW T EOHEEIT o1z, ROLBIERROEE DRV ¥—
Borer. EE/SY FEAE, B LORT, BEEBE TR, EE2A EVFIRT Pose ~
1 OMeV T# o735, BEFHE?DyY Tl Eoneet = 1.5 ~ 2.5MeV &, XD ROEHET
NE—TCEMGHENAED . POAYVKTEESR NS, Z OIISHTT ML
2 EEROMNF [3] & FF L\, Bl S F T, @EERETOMEMN 30 2XT < EiE
D, MUK AY U EKFERSH S,

THLOERIIETRREENEETHRESND, M ATEFERKEBERED
AN R T, BEMEOEMEEITBEEREO L NCHAATHERIT/EV, Ko
<. EiEEE (N RES) ABERETRLIVBEVERT ANV F—THED, ALY
KT BEBN CORMBEDA U VRER TR SN S, EE/ S FEid, #41
BENH D —EEU TS A UM E EZ D L L, BEEMENEEZOHIE <
w5,
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XBIT. TORERE—BFHMALY MWIREENRD, K<ALRTVDLH LI
%%%ﬁﬁﬁ?ﬁﬁﬁﬁ%éwm\—ﬁ%ﬁﬁxﬂﬁ%w®7lwiﬁtﬁﬁéﬁi*
ANE-F v TRHBEDTHE (I, TOEDIT, A BENBEERHICEAT

routhian for neutron routhian for proton
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601 oz 03 04 05 08 07 08 & o1 02 03 04 05 06 07 08
o (MeV/h) o {MeV/h)

3 12Dy O— R FHA ALY B A (¢ = 0.59, ¢4 = 0.02). BT Ow = 0.5MeV/h FHLTF v 7hh
&<hB, TNPENEEEE T D,

INELHRD, £, BF D intruder orbit I X VT RAF -y TINELABHTE
LA MARTEHERIG L TVD Z Ebbdd,

EUABE
uiwwmymﬁﬁma\ﬁﬁ%ﬁﬁﬁzﬁyﬁ%&®#4§xbmﬁﬁéﬁﬁ%ﬁ
ﬁf%ﬁ%&%ﬁ%ﬂ&ék%i%héc%:f\kﬂmmﬁﬁ®w<om®%%%
BOWMEELHE L, ERLTHD,
M AZFOFRERT, 7=/ H AR 4]

HE) = 2—\/5({4le4% exp (2VaF)

ARk
| r=727]

DEEREREERT A —H— g }X A[20 ~ AJ15 ThY . BEERETOMEA/I0 L LY/
X< oTED, —RFRALI MARDHHLIAF—F Xy 7TERRL TV S, TIH
M. BTRCHTT3EER LB TV A, Nilsson shell model T 3IZRHR
% I 9 1o Z=64.66, N=86 23" Magic Number” & 72 0 | BHT10GA(N=84,7=66) DI HIC
X A HERTB FEIC 72 o TV B, "Magic Number” T/gV VETRENEEIE CR2TW
% S bic. FREROEOR Y KFHETE O KT EALA T FATEI LT
60m@y?@%ﬁ%%ﬁ%fat\ﬁ%%&@@%ﬁﬁ@%ﬁt%@ﬁ@ﬁ%ﬁﬁ#
Ll InbLOBCHLTHLEROBRIMFIND,
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FEH

L b, EEEEEy P LE L, BEBEOH AT A MEROEEIRR SN,
L. U EOHERTESTR& - L, #1213, Nilsson model 235 2 % A & KF
MREEORDFNE —HTRLEAEARV., RED mode KTFERH B ETHD,
BEEEERLBERETRZIOERELRELEEL Lz boiiswy, LiL, B3
52 |7 BT & HEALE B O BRIL. B oA A TEMMNICITTEER b O L
Bbhb,

BE R

[1] S.Aberg;Prog.Part.Nucl.Phys. 28(1992) 11

[2] M.Matsuo.T.Dessing,E.Vigezzi.R.A.Broglia;Pliys.Rev.Lett. 70(1993) 2694
(3] K.Schiffer.B.Herskind;Phys Lett.B255 508

[4] S.Aberg;Nucl.Phys. A477(1988) 18
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4. BERIAREDEEE
AKX FK BRX

CCHMEOREKHERS — S 0ERHIK LIV EREY - READEBEBREOHFARFL L
BREIEADS-OBBESEL5, EB, BEFRECEFORFEILYTHL, BREE -
AERECBOVTHATATVAIREANEEERETCESZEMTILLEVIBRLS S
HRREATBY, EAEFRLARFEOHL WEESHLLIRZD D255,

EIBBEOHETH. —REBEESRCLB3ERY— s BATRTHD, COR
-, SECERCHEINTVWEIEAREI/ VR I VE—Nick> TIHETHATIRE
Linot. BEHMREOHANTREICL S LHFEN L, £ T, COWHETHR, —FEF
DINS v vE YD ADBOIORFOEBEILREDI IR LYWL IRL-TE
hhELEa—Lio BITCi, EEEEHETZRIED, BHEDVTREBEXRICER
3¢l Do

CCBWERRIE. BEFRESHESATWARTFRIEXEC(AT T, 4~ 130,
150, 190 k) K U fission isomers & LTHKpSASNTWVE actinide £f k¥
52, BN OB TENE I OBEREGE Y FERAEZATOEPIE2WT
12 ref1),2) KB LW, REL. REOFHLOWESIRES Y 25 A H~ ), BurogamLl
Ga.Sp. Gammasphare Hic kb, F—F REAEHF SO TV 50 B, T OE D Berkeley
coEEL%% (1994.8.2-6) T, HAMCRFHshTWAKEILEROCBRY=NT
Wit AxB0 HETOBMEREE >~ Fis St CHMH TROP L EMHES
hi,

HEZEREN- o2 RENP— s 2ERT 2D ER.ZIERLA—&F 7Y vV
T OREBENEE TS B, B, 1EOSAAF— DA SR EHT I EnTES TP
ﬁﬁ%%@ﬁ%ﬁwﬂ~ﬁﬁﬁ%ﬁ@@ﬁﬁ%?&ﬁ%?&vtM@jmmﬂa@mwe
parity) Bl EREFERLTV I EVI LR k- THHATESY, ¥, b
@ high-j #,i&# % O 4@ normal parity Bl EHHP DL > BB S HpE RN
. A~ 150 SR E A~ 190 $EIR® shell gap pR VP TV HEHEEORIBLOE
WRSERRICHERBT S LN TES, £, A~ 150,190 B CRR, BERRKE LM
EEHREL OO BOHEEE R b > TH 5T, EEUBEREE Y FORED
B3kATH DM, A~ 150 HERTRAEKNLF — 5 i 3 relative 73 alignments
DEFBERACTHEEININEOETHER<E LD, PRVOEETAE Y - /%Y
F —BFRTEDLIRE->TETWVWELY, g7, Ax 190 EEBE TR, TOREK
We LHADERIRS S b0 @, Harris formula it & 3 fitting it XD HEHRS TN TH
OE#EE/cv FTassign SHhTW5S,

im0 O mufRcH T aEBcovTRY, Ko, Ax 190 EEBIcBLTE
FEoE DBEHERE Y FieowT IO NAEEE L b e BBcHmMT s ERERY
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HREELZBRTVEH, BETRIAEXET3HARERE L LT, blocking effect i
Y oT. COHHEBOBENEbBTRECRD, TP BittRs —E o rigid-body
2 flat KR HBAREZCEPY, T, HHEOKELSUBEA L YORBTIO
ﬁ%mm<ﬁbﬁ@HmhﬁKﬁd(kbmJmﬁ%XEVMTﬁ¢L%bKUnHK
SHWH, COIED. SWRENST PHg TR b b o kDo e, A 150 HE
BCH) % T E - - #: idential bands koW T i, £ 0%, WEHEFH T & idential OF
EoBVREZ600 (SD TR 0.1% 04—~ ND Tk 1% 0t —5—) L OK
PDHALPETEET AL LB, BEHURTRIDBEVHETER I NL600,
%ﬂ%ﬁ@ﬁ%?ﬂﬂhéLhi&ﬁ%ﬁéﬂféfhéoE%%Km\56%i®ﬁ
ﬁmﬁ%%ob%:&wiaﬁﬁﬁmﬁm%‘ﬁﬁ~E%ﬁﬂwﬁféﬁﬁﬁﬁﬁbf
identical band BE A B & 2 & VW I ERUBBER S 00, FRENICRE OMERS
5, FDRAICEVWAIVERTA FrREBEIHLTVSH, ENSHUENB SO TIRILL,
o @ identical band BRI X FHE L VEELLTE> TV 5,

BHEEHi L s TR FEHROZ VA VE—VRFLVEFECTBEREHE <~
FEHSWEEFTRL BRRESP>TWABTHHL L. &£ intensity DEVEER
ﬁNVF%ﬁk&%ELTh%QWiM\Cnifsbﬂbﬁhiﬁﬁﬁﬁ%%?%ﬁk
Bt F—oDy FLbEobhoTWRWEEbATVE Dy To—Hicb 552
Oy FEEREX nd, x5, TOROD2 DB HWIT cross talk LTWALSLWI ER
b b, cross talk 13 El CEEBBEERE LrBESh A NERRBRETIZAL
bEbFHEENTLS (IO meeting PHBEKROHEE M), NHBEMNIZ Hg AIKT S
BETHS5EELLNTVA, BiE. P Hg TH. FHE cross talk @Al s 1N\ HE
REREORESERshTVWEY, £, Gl To2WTEHEDO /¥ FBRORD
) zp5bo—oikik U®T back-bending LT3 Z LHERRBAN, Fh, fhDr
b i TS 2 Do flb 0% & identical band DBIfRICH B L EBHRI ATV 5o

HEBRED > BELERRE~OBEBE I >V Tk, A~ 150, 190 FIAM TRHE 4
SZPHOARNEVHRRE (B, ~3-5MeV) TEI D, 7-ROPEERR—>—2R
@ﬁ?éﬂh?(@ﬁ%#%ﬁéﬁﬁmﬂﬁﬁ%ﬁoa%i%ﬂfh%moEEQTﬁ
RESHRARA LT, BERREOT-REFKVAIENB 2207 RO = 2V F %3
B e LT . PTASA D OOBERRBOBE- X VF -V ERELE
ehy PRIV ONEOBRELFTILOTH A, IO b. Argonne O
N RPEOEYFAINB s Yiab—va vk THEBELARKBEESRL.
B k- THTL 2HH M- RORHEI s HTRAET-TBD, CORBEIVE
ﬁ%wﬁﬁb&i&bfh%oCnE%L\A%BUﬁﬁTﬁﬂiﬁﬁﬁ(tﬁb‘&l
ENHOBDNSVWERESRE-TVWE0T, RKEFRBL VDB L6 55) BHY
HEEDERETA TSR PRE-TED, MENZY-HRITELD it o linking transitions 8
MohTWwd, 2OHTH, BiEcZ-T PNd BT, COPRRERIELICEES

- 16_
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113, Yo X RHBEENEI 2hBHE LM SR, 4. Th5D &) linking
transitions H H %2 2EscRkR VY, BEFER Y FOy-BREOHEFOHERR
WMot L. BEADOZE Y (OFHE) ORKEHAR VBT EID 205D, B
Bz v v & high-j intruder orbits ORI L OHICHE M S5 T L BRBE ATV B,
COBRBEBESF YAAFRELTERTEI LV LA S RBMITREHE TS
W), B, 152Dy o BEBER v K & identical 7251 Th o BRBER ¥~ FI5R
BFRIULZEYTHEL, B1Th o XEBER v FEADEL (XDEVWA Y XT) BHRY
5510 £ OFE @ Berkeley ToOEBS% (1994.8.2-6) Tk, Dy THAKRBR IO
2y Dy oEEBEF v F & identical WY FREDEVWAEY THET S L
BhhoTBY, BLRESEMTRASEITH %,

c ofbic. 9°Hg T signature partner EE XL S>hTWEHEER vv Flijto M1 E
BLrELUIBBOESBEAcr» ), Chik- THLTHERRKED ¢ WFH
flgsf, #hid Nilsson 27 v v v Vit XK ABERHTHE L -RTD S EBb ot
Hg BB OB h DAY FTH, v BRESEI CYMTY- D ERDLEY R Y ¥
iRk AR BERAROBA LB LRIBVERTS, TOREASHNRERBAEC
o TYBTREARCWEZAAF— D MIBBRLLEODOTH D, w5 aResEt?)
BRERESWAESABESLI, /. BEFBECE->-TVEIELL TR, BERE
By FOxavF—icBonaBEAIMIE AT = 2 staggering (b5, Al =4 0M
Misshsdce) Bnss, ChlERHCRIEREPERbOTHE2H, ChE
o.M THEE EEDRTEL A S OBERRESE RN M OEY i 4fold DR
BB AR 235 > T (Ce-symmetry) BHEW->TWB L EREL TV S, EE,
D& 57 Cy-symmetry ORED & &L THAYTEETFEEON IV =T V28 L. B
BEEDO L ET DL S ILEAEIN staggering W5 T L HBAETE 519, mEmcR
COEIENHEEZEL DR YuHoEERF v v v VTH D, Al =2 staggering 7°#
MEhTVABTIOLIRBNEF vy v+ WBRBIZ02, LT, THhBHEOR
AEFRHETONIA =T 2B 50RO EHLHLRETEILHF—DORETS
55, 3. BERRELDEick &% (X, 3:1) DEFER >BEEBRES LV
Ay BT TCERESNTVWERY SETOF., BOKBRTREZINTSE
5F., HHROZ VRS AF—NVTIOEENY FEBRTHLREETHETES 50

BRI, chphoORBELTHR, ChETREINTEABERRELRE- 5 A1
FORERREOEZN S, CHETRAEIWTEAHEERERER, +~T (B #
WHHET7er— FERZERHLTBIVHRMcEERHOB Y REIELTWEEEI SN
TWVW3, COMics. EWMEH (Y~ 30°) DERERRESLA 7 v — PR THIFMOED
CAELTWS &5 REERRESHEL > 3 C LHBERNcFHshTVEY, ¢h
SolEakcit, YeL— PR CHEMCEERBOEY CEELTVWIBRSGLE > THE
ks n T EHEREEODY TRELDOT, FOX 3R~y FAICK D P IEHE
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TREV, Hic, BE (A7 v— FETHBMOE Y cBER) oBSREFANE G
XhE0C. EELBEGOEVWTAVI—KRBBILEBHBINE COX53RFLVS
1 70BEFRECEZLFHRO 7 VRS VF—NVILINWEFTRRALENS I,
EHTHEINT WSR2 VR INFE— A2 TELRIB(EBAEET, HETSHIH
S DBERREOHEOH BRI EBIIEETCE3 I EEEATIORERAL L,

BE X
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5. ABEDHHREEE T X/ F v I GRERDREELE

RAEE 7£H #H—B0
1. {FL&HIZ

FFROETEE < i bERN, EROICS P ACHIRSNTEE L1, 2 RFHEOTIL
P U LI, WA CERAN D ERGEHS L, BN 5 X S AHIRREL E0
LA THEBRShET, THOREH L LICAEOERICES LTWET, BEOFAY
AR B B R b EERTIE TH MBI OV TE 2T, BRI E A EMEEOHANE
BT X—% FIF55EE 21 BBRIECR LN BEAREEC L 2RFRODRLNHV
¥ S TEREHRESERSNS L EAMBTWET, $k, EESHAARHRSNDE LS T
o TERNERERRLYOIR S F oy I REBHEI D AN AL NTREFRIADE
ERGE R R LTS EELLET, T, FHHIBT 55 BAOEBRFEORNO—21 b
BT LRTVE (XY Fy o REREOESR] RERETROL AFI 7 2EPRTHLETK
ERERBREB-TVET, JORETE, MEROMENERTHIRBEOHRICER L,
FOEBOAEIZ W TER 2 BHEL TE LI LR LW EBVET,

2. BEEOFHHAR

s L 1L, R TLRLE RS FACRLR D KIRMRBL EERKLET, 22T
[ KIS X 2if, #laid=ny VEECEI SERSFET hwy PETORTO DA
B DR TEBL SR bORRTEEZTTFEY, 2oLy, ARLIRBNERED
fEo XRAESONE MR TYER RV ET, ZOROEOHHEEENTLOICHEDZ
OBETFRA/ L VS FETT, THEBFARS MVOMEZMLTI2HRROY (FI 7 2%
FBVWCERT A TE, 1060 R, Gutzwiller HEBBOIOFELHNWT, B BUME
gE) =3, 6(E - E,) KHTHROLS AR EBEF LI

Gosc(E) = g(B) — z:A- ) cos(S.(E} /B~ p,m/2). (1)

EIOMITATOERESIE » LoV TESRTWES, &7, FRCENI BRI ASE
CEME LA HHBIC L > TESRTVWE T, (o TEMEEOR FRIEDS &S TRANED
WEIZ L » TREADOTYE, (1) XL Gutzwiller b L—ARAARXLFTH, BF - HRMTORE
THAAOFRCKRELREERER OO LEEFLRAKXTT,

FRTIRFL—2AAROFEFP LELRTH I LEL LY, ETNHEFIIEEN
% S, L %otﬁﬁﬁﬁ%‘fhéﬁbfwifogw b RO BB B
4. vk, SR GE OELFIEELEL LY, JHICHSTARER, (1) ROAWT=F
AXE—F SE T L b S OMMOELR 2r LY ERLOTRIIERLZVOT, K’
OB EREBCHPVET
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'A&uﬁ:S@E+MQ—SAEVE§%§le:I}55gzﬂL (2)

BEo T, EHEE T, 2 Tow = 270 /6E XV EWESBENEERRE 2 RITTOTT,

RIC, BIRET A(E) KELEBLELLEY ., 4, BiE q b xNF— F THRELTERD
BEAE o it T < A8 (AZEGE LR G 2V, BB ToESRZ—HL2{Tiy) &
£y, FOPHEB RS R S(qF) L LET, BYRER I OFARIOEREHE S X
BZRTEBINTHET
:[OSUf~¢)4_OSUf-¢)
4 0q” = G PSSR

a5(q)
dq
BEHLHEASEEO T, BEEFERO XS REATERATIZEAmonTHNET

:p”—p’:O. (3)

Ao e (4)

D g ACBT AEADEBIEIC L 5 TR O ATTFIT, Dy = 8,0;5(q)lg THALNE
F, (LDFREIZS9 &, q & LCIAMEGE S 5\ iLEge 7 B MRE B AR ZE IR T
AEREICBEEARSORFZERLET,) ZOIEEIITF D 02 TOBRAEI+IRERET
BALEITRYSIoTWET, LA, ERERCREFTRTENAT A—F—DOMEEALTH
<l LOBRBERENL, +O—oBEakHFliI B350 ET, OB MRS RERTED
SIS RIE L TWADOTY, B 1 IR ONTIORFEIPILT(RLE
LT, RESAMRERELTOETE, PEOR |
FEIC LT RO EENCRIT % S(q) OFENREL S
L, ZThick>TTFERORTIIHF LWEER, EEM

FMESBEALTHWET, ZoflofizbnAnsiZ A7 \\\\J///// q

ORI BN TWET, FEIEZ S L EOREET

S(a)
DR ) TERAICEBRLTLENES, EBRIZES
ST B W THE AT IV ADOERAZELLEETD l q

T e kY RERFRAROMICEE E5 LB ONE
S, B & LTS R CRIER T AKX RHNE A2 SW’\\ //
I A

T AT LI hE T, TR, BEFASI b
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p? Muwr (2 +y?) . Muw?z?

h=5n 2

- )\SUMWS [7'2Y30(Q)] " (3)

ST, BE[], BUNOEERF TR Ly FEE ] = (wi/w)n TRSNTVWDH I L
BRLET, £72, we = ([Lw)? i, SHRF Ly AVECEERGFBERTTDLICAE
WETE Ay OBSKE LTHELET, ZONINVF=T U, ZO0ERNAT A—F, EN% 74
BEERE o = (W —w,)/w BEONERBERE Ay ITX pEBENTVWET, ZOZ2DE
BEAT/LS®T, ROBHEORN L HRBMBEONE L OXSERER LS LV DR
STAEY ELTOVABIFOBITT, I CRAVAEANFEICEMEShELOTHY, &
BEOBHROEBELERLIh-T, BRT5 L5 CAEENEEEZEX TVEY, KL
BEOE TRAEZRT DI, FAEALY - MERAOPREEELLY, FT Uy LOB)
RETHAGA LEY L, L 0BAENREROMTERLAR I TRRLRNTL L.

XU, 20, NBEEENEEOERGDERN
AW e Bl THRANRE L LT w, fw. =
V3 OBRAORRERTWEEL LS [5. K2
— T RIS R AE Ay OEEE LTHIWZLD
T4, SHAEEBTH LT Ay = 0 THHERE
REFSERRONERA, 5, NEREFR
BTN Sy =~ 0.3 THVERBENRHENT
WAOBSRYET, TOERECET S ER
BENE ORI FEICEV T, REECLSEFR
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WEMBERTERENEOTLEI N? DI e
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BEHEORENOFITHEEL LY, M4
Ay = 0.3 KRBT A2EVEAMBELTLEY, =
NLEOH 5, B PA R IL X2 TDA, OfE
OEETHEELTVWET, LaLl, 81 PB LT
g = 0 TREFEET, Ay = 03 TOHIRIZ
Lo THLLALDHETH DT LAFHROFR
o TWET, TONERICRIE T HERED,
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NCWEEEEISENE W) FEEERICHETD
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LOZERLVESICERT LD, BEFASID
N7 =Y TR ET>THAEL LY, BEAOAWT
WANIARZT AT Hiap,oq) = *Hip.q) &
W H RE—AARERBR Y M- TH A0, ROF A
F I 7 AOHEEIEZAAF L Lo TEML LRV EWN
AMEEFGoTVET, ZOZEEFRAVALE, (LR
RO X S ICEEET I EBHEET

PA ‘
|

gosc(E) s Z \/E_A,- COS(ET,./h — MPN/Q) (6) PE

Sy

>

ZIZC, T, = 9S/0F (8B r OFHT, LT~
Ay =N &) TRAXICELZVERICRIE B 4w fer = V3 o = 03 BT BRIV
4. i, EBEETOTILY—EENE VE XER HiBhIE
EEPORRFEE L CHEEXELE, OB T ECBLTy7—VxzE#ZE LD L,

F@)s/ﬁEeme”ﬂmﬂ)=Fuy+mm§:Am@-jn )

DEST, THIBEOEAMOMBICE— 22 b oMK R EBN0ET, Xz, S~
IAX— F_ AN ABEECL ABHALTHEATE L, EROFDO SEEKITE + = b/ Ena
DHY REHAC RS DT, B ZIHERRETF A, T RBORSERLET, E-oTET
RECEHE LT I E—ER SO EEE O 7 ) TAREHAL, REOEBICHET D
HTOE— /OB E R LICE D 2 OBEOEMBECAHT 2R 52 THMET S Z L BHRXD
it ed, M5 HERREERLET, AEEEREEZAZT L TVHE-TT ~ V3 OFE
ST B E— 7 05 RE Ly ~ 0.3 THAELZ L3010 ET, #oT, IOREOHER
EEELr, BFANZ FPARH LTEEAREZH-TWAZ ESALNCRDE LK,

[Fis)i

B 5 @ w oo = V3 OEED, BUEEO T EROEME. s DR Ir/w,.
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4. B

BaEI—RIFAIA =T e LTHERENEED Z>OER 8 HEL ZE LICHARE T
ORI L FWT, B L ABEEoNEoE Ly, TRAMGBEORE & ORGEEE#T
LTx& L, MEREFROAOESICHERFOMICHL 2:1 3 511 311 &V o TOBERIRRIC
MRRENEEL, 5 LEEAERREOEHCEERAHERALLTCWE L, RO
i, WERER TREEORVER, NHBEAERRIIR-TWIHEEE L, NERE
Tk OBWEERIT LY BEIC SIS B T2 b S, ZOFERBOEEES RN D AN 2 HE R E
L., NEEEFEStHa OBEIHFTESTHY, \EREREELKE (THICRVRID
FAMEFEDTEET, TEIZHLHARSR~OEBORE THAMFEDITU & VD ruy:
AF 27 AOKREALZBBETLIE, TLAKEFROASI b LOBECHRELRFEELRELT L
VWA D LR ICRIEEVES T, TORRERENAEEER, EFHEEHY, v (7aJ
SAE—[6.7), BRHESFLVLEREFROFAFIVARZEELTNDHEVI /NG Y,
T LIRS REEREREE ST A bOTHELEBZALONDETLL S,

BE X
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6. HEWEE/N> K 12Dy ([CH1F ZEFAMEE—K
A RCNP Hfg 2

WA/ Y F (SD /A F) 152Dy 2%, HEREE CES Y EB AR (RPA) ©
LoT, 204 AF - AVE LIRS h 2SR E - F BT 2008 eT 2o/t OB, B
BHTBEREESAY FERBSAERTFETH N (1986) . £ 0BREEN., BEBRBICEIT 2T
AL (Z=66 N=86) 2B L TV AHFHTH 5, Bk, TOAFAF SDAYFOLEIL, 5200
Fh#2 SD /¢ v F SRE & L, /80 F OEFMESH S 07 (1] £ 0fR, B/ F OMER, 17
AZFD10% bR 2VBWLDTHLIEFHLPLE o/, CRiIZ, £EDEDLHDGH, Th & o
£ SD SV FIcBT BEHE/ A ¥ F A8, 35~50% BETHIDERBLTELIZVIOTHL, 2D
TEedh. BREKENIANE-FETL N OBICERTREWE EHFHREN, Z=66 - N=86 2B
WEET B R, SEOEBRTHRISNIEVWLD,

COLShCERESENOBRTECB YT, —HFEE (1p-1h) &b b, KAREBE-—F 20K
MR ET AV E—RERE LTEARTWLHH SRS, T/, BERBKEOBRREORELE LT,
ANEBARMA RV LB b, BREAEEEBREOFENTFHINE (2,3, SDEEAYFT
3. SEEEIC & o CHMMEABS IS o TwAZ LA, BiEROHlE,CHLATEY, Z0
X3RRI BT 2AFRREE-FOMELHNLZ LY EKRIE, SHEHSNERT -5 &
DHEBE*EDTHRET %,

SD /3 v F 182Dy o B A AEBHBEHR LD NIV =T ¥,

1 " N 1 " 1
H=h, —3 3 xsxQskQax — 5 2 xik(1sDik) "(rsDik) (1)
K K

it LT, RPA FREXEMI LT A, ZIT, A, B, —RAERTO—RTFNINF=T T
.

h;‘p. = ANilsson — wmtj:r.' ) (2)

Qip = (PYsk) [Dig = (PYig) 1 F7 N - A1 Ly FEEE (2] = (wifwo)e:) CEPNI/AER (K
B BETTH D, MOTEH ek . JK - FREL L o TRDOS Ry P4 £ bTRIKRSLIAE
(x3x = 1.05xH0) v 2, T, REMICBH 5 3 KBERENICHE L HRROLALET

b, T, vix 1. v
[ #!
= ————=Muwyp , 3
X = gy M @
(V1 = 140MGV) Hwa [5]0
[ 1(a) 7 RPA B EOARERGHERLLGDTHL, a = 1DOVF FF v —% b2 REME
HEE (BERY) 25, AERBERETHY, AFEue = 0T K =00 K-BEFHET 2. B(ES) .
wret =0T, BEEAT—AEHVWTRMEL L L.

B(E3; 3~ — 01) ~ 35 Wau., (4)

THBH., B (b) & () b L, SRMEEIHREL L CKRBERLT2EAFH L LHFDP S,

—F. a=0 () OREDRRECEHMIEIE (. BALY /FIRICBWTIEIZIZ 1p-1Th B
BhFIENTED, 70, TIA VA bba=1DE—F EENTHELASL, i 5 BET
BB, BAYVERICBWT, TAMF-2KE(TIF, o= 1 ORBL Y bEPEE 2L, 20O
Zrid, BEMOFHE L LMRLTEY, b LY EENZAEREHRETHSNE, T4 AV ME
i<3hTHBLTPMEN, TITHBORLInER LV (B 1) BWT) RKEREIERFLALY
T Th o,

Kio . EHEREE TR EE L TEEBRT - ¥ BT 5, T2 Tk, 47 X M IREE (SD) DEMRERE

I = o+’ (5)

® Harris AR OFCHEP LTS ¢ (o = 88.54°MeV ™1, 8 = —11.9A"MeV %), T f#* RPA HZ2iTHY
BT ALOTHLEMG, BEE-F DO JOE,
di

2
2 2
3(2):3'0()_"%—'-7&)_ dw? (6)
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w=0.3MeV |=0.6MeV

0.5 0.7 100 200 100 200
Wrot [ MeV/h] Oct. Str. [W.u. ]

FgmekIwAﬁﬁwﬁ%oaﬁﬁ&w=&w\ﬂﬁ@¥?v7Ap=Anzoa@)ﬁ%%”ﬁwuﬁuéIwA
B d b £ & 7 OMEEEEY., TR (BR) Y7 3Fr-a=0e=1)0R/ U7 CREEET. (B) A
B we = 0.3MeV/L THHES M- BRABREBHRE) ., |(nl5(1 + 73)Qax|0Y?s EEET R F— (REE) ©
Bt (a) L. (¢) (b) LAL: BL. wor = 0.6MeV/ho

(a) Band 2

Figure 2. \ifeE JOOMRM (FR) L EBME (UB), ANY 7/ BEL FHENL, Band 2, 3, 6 -2
WTRLTVR, BEDED, 1 T7ALSDAYFO JEEHEBTRL TV,
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DEHiEITAH, ZIT, ik B3, FhEFR, RPABEREOTIA YAV P EBREIANF—%
#z1.

HBEHERAH 2TH D, I T, Y7 3F v —a=0 0REEERE: 28 0REN, EBRTH
flZ 7> Band 2 & Band 3 2. a = | DR{ERHEIRES Band 6 KHIGL TV B EHEL T, £0F
BELESHETRLTVE, IHHREL-ERHEILTOE) TS,

F4. Band 2 & 3 i3, B0/t F (Band 4,5,8) & h bAERHMBEFKE Vv, Zhid, BAY Y HKICE
W, FIEIANF—IPML N BRI EA2RLTEY, BADFEERS S, o =0 OREGHEE 2
FEHOREBIETALELORE (H1(a))e $72. Band 2 & 3 O 733, AW ~ 0.5MeV/h
35T, FhERILEROHET LD, EVEAYVFRELTWALHENTE, Hi(a)KENLERSC
ERTE D, KIZBand 6 it AT AFSDAYF L b oRkER JODMEE L b, T OFBEERS
iR E Vv, LA oT, BOME (dPE/de® <0) b H., AFEEL b FhIBEHMICIZERL
BWE—F THaEELLA, FETHLRLAEBIERREY., 20BMLE LTHTENL, EHIT,
Band 6 #6514 F A F SD AV FAQOHEMNEHN S THEY, 2O Lid, Band 6 EFHFHERETSH
BAREME R L TWa,

XT, T/ Band 6 2254 F AP SD Y FADHBIIOWTERMICHAES o Th L Do /Y
¥ F P E2 BREOBESIERICHRV 729 (B(F2)=2660 W.u), E3 BRIZLZBETHEET A0,
@ RDEIHEVICHPSBEL, L L, CONERREIRERL. EX2HEBRETLO EISBR S
NTWALT, HERE (£ 8D) LOHVFILr2EVEl BREELZ DL PSS, E1
BBiE, BE1) OfAVAE (T, BRERRTHIECRSIBMELE LS00, B2 LA TE HREMS
Hhb,

RPA T 5 417 Band 6 (NEHEEE) OREBL RPAEE (/172X +) OHnAECL2 El 0E#
MBI, (4 REAMRICBEEAF— A TRMET 2 L.

B(E1; 17 - 0F) =107 *W.u. (N
L b, B2 L OBBREROERT,
T(E1; Band 6 — the yrast) +E3(E1) B(E1)

&5 —_

T(E2;Band 6; ] — ] — 2) ES(E2) B(E2)’ ®

T, SV FH B2 BBy & O Bl B0 A VF—IEF LT3 (I 2T, B(E1) - B(E2) i3 BEfL
W T, 8O F 0 F— i MeV), EBRE B(E2)=2660W.u., E,(E2) =06~ 1.5MeV 2T, &
HE B(EDN=10"3W.u.. E,(El)=1MeV £ &b¥T (8) AL RMb B L,

T(E1) [ 24x107! for £,{E2) = 0.6MeV , ()
T(E2) | 24x10"% for £, (E2)=15MeV .

Thdt, SAY VERTR E2FREGTHLY, BAY VERTIREL L 20% BEL 505 &
S hrIbbhrb, LD oT, BAY VERIEBVWT, 20 El AL EBTEHEBT s L3
BEThh., Ik, EBTF-FLRHIGLTWV S,

PRy s, SHMoER(1) CEHSAZ Band 6 i3, SD A5 A b - N F EONEBREIAE
THAHTNERFEVWEELLR, b LEITHEL, SDAVF FoEHpEE—F L LT, @0 TER
TEHISALE DL VR, %, SDIREOHEOHECEEL 7 — 721t LT B L TFHIN L,

I L, BRI — (SUERA - ), KBEEZER (Lund KX). W. Nazarewicz {(Qak Ridge) & @3t
FZECE TS DTH S,
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7. EMEREMREBOESKL

B & AR

HECRERHIANF— L — OV IR VF v VT 50 FHEOR
B RO G E CICEEE 2, BFEFEROEEL T2 CTHERE
RIS R TS, CRETICY T Y h-N—2 ) 7 AOFERTHEHE~ 0 D
BET AV — & LTEH L OFEBREFRWRZS TS 1]

MSELT AV —DELXFOHDEB VDL VFET LA T T A, Y
G A AT YT MOV TEyRICE BBERE-F L ATV S LALCT
NS DEKERIREED FICVSHEEER Y FIC2WTIEHINETOLIAIEEA LA
SITH LT, 228238y, 23920py DY BRI OWTHE SN TREDLTH S
1o BBET 4V < — DEFIZIRINE T (n,7), (d,py), B, EC 7 EDJUEH
BHVHNT &S, 72k 2 (d, py) BUG % & THAERMERES ~ 1 pbarn &/ E
&, % R RE BRI b BB S B o0 EREBES TR 4 e ZORDEMH
HOBETREO KRR D £ VATV RVOIFBIRTH S, —7, OB
el [2] it 232Th #IT BV TBEIRE (8, ~ 0.6) 751 Tk (, ZRERIHRE
BB FARABEIARAE (8, ~ 0.85, 85 ~ 0.35) DT FAR S N5 i KRB
EREFHF ST W5,
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1IZARTEICIRERTF vy LD
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OURREICEDERLEIETEHD
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EROBERAS Y F TRBBLFVE-IVNE {, #D ZHFRE WD IHTRER
BUSE R E ¢ B Do O DIy Tl { NIERE T OWEFBOTER L
&&ﬂiwﬁwmtbﬁﬁuﬁ%ﬁﬁmﬁwﬁﬁ%ﬁ:&ofw%Bp)itﬁw
0 RN R T A D R B RBBEONE LR 2L ENH L, LT
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fEc ik, 2P bR S A NN
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o vEIAC & b % IS RFERE S/N
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8. First Observation of K-Isomer COULEX
with "*Hf-Isomer Beam

T. Morikawa, JAERI
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BLTnh, ELICEAY YT A Y= — 07— e kMRE O & A1
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ABIhoT,
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WEVWBTHTHLIEZREL TV,

4. A O1ERR) & A1 A OHERT[H,
FHEORFAIE COULEX IC& b % 9
VR TRT, BRI T A Y~ — DAl
TR TH 5,

HEW $EIROD K—7 AVl 2WTiRZ JAZNVE—-NVERWIEEDA ¥
V— b DERD S K— B & K8l o 72 BET— F OFEFHL e - T3
TWh, [2] 272 J.H. Hamilton 512 & ) &G S N7ABH OREEANAY F 2507 -
OVEHEIC LB KT =87 AV — K 3] DA A= XA BEBFEHI N TV,
BB K- 74V v—k LTOHEF SRR L Twinl & rINHERL
CH Y Isomerisim ¥ FET 2 L TOX OO TEELRMELELLND,

BRMIIZ B VT HIBH O K™ = 1677 4 V< — 2 G HERO 120 DOFAE V5§ —
oy b (Tyya = 38ly) & LCHRIHT 2 B AR T TIRASY —F LTWEDY, &
HOFA DEBRTFETIE—RY — b & —RENOHEAGHLEICL N ZBEDOT 4V
-V — ABEETEAL LIRS HE, S22 ETFEIETT AV — L1
TOEBRHE A RS L & bICHIE L B(E2) ® @Q—moment #HET 5 Z Y HIRIRE
Wb EEZ LN,
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9. 00§ #HELAALTBRANIMORIE-
ST AEAET /I e

1. iTCOK

19944IEGSIEGANT LIZBWTL00S nAREEN, BWHOTHFI
Yo TEB AR THD, GSITHE6A T FD100S nds g BT 1L
WHHAEE S EH L. WEWE100S nBLIFOEBEEFTHFDS T k&
T T &P, T, AABIAEZ UAF VE-VEMETAEE, 1005nE
& LT RSNk & o L LT EOMETHEID S 5 D E P LEZTH
776

2. 1008 nELfEDy #oh

4V NEHIA T AR R AENS n DT AV P = 7iF1048nTHD, 2N
DLW bDFEERTEAEHELTASL, 58N1+54Fe, 58N1+50Cr
Y 2 RIROB A TS MU FUSKIER 23 1 IR, 28, 1008 nilxtd
LEANIEG S I TITH N IR BT B ERETH 5, RENRMGE L
T, ZU AT NE=LD y FHRILEL 1 0% ERETHE, 102500210
+0 oy MOBEIE2 X1 04T, ZFEOFHEES cps B, ZOREED]
00D 1 & LThH, BT b bR ENE L, LAbHEVEBICHRTE
B AFAYHIL, 102, 1035 ndA V= AR EE R ADIIRETH
Ao

o Fusion
(mb) IR I HE R T2
(s 1) (s)
1058n 30 8x103 31x6
1045n 10 3x103
% 103Sn 1 3x102 7x3
% 1028n 0.2 50
1018n 0.008 2
100Sn 5 pb
Total 1000 3x105

* 1 NSRS & AR, 58N 1 +54F e F/L58N 1 +50C r ORER
o, ¥y A rEZ24dmgcmZ, Y — ZNEIL 1 particle - nAZBGE LT,
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Ilrb - EAS BRI 2 ) 0o0b AN, TV NTREOS HlESRED
FABBELMEL SR TERL2VWERS,

4. 2)AZNVE-NMFTEEANLRER R

£)Y BHRTDH 1 2y FEdFme LTHE,

BEAEOEBO T —Th LS, BT 3y b0, ThoOFidE (R
TX. HEENTNZETHE, £ LT, 77 v —, SiBox, LinearPolarimeter
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BETI A1 4 FTIC 17 BiC 1 BERRAHETE AR EFSL.

G e B EFIZ TR, WdemvuiwﬁﬁﬁEﬁ&f%éxa&ﬁ%ﬁ#®7ﬁﬁ
BEFEIND,
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Do
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FEAE B LI WHRIIEVAE RS, C e MIBFOER L SOLMBFRIIERL
el et R BERIC D VIERT A Z L0 RB LR,

N) AHEIO R AT B
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FHETLLS ELTWABAE, FBEHISETHL, Bz, 1577 Dlegnaro
DGASPIE—2OEMAHTH A o

BEAL LTIE (1) FRCERATLIZLEE->TVET,

5. BERRRE

DUy R R VR — LV OHBIIZIESiRBox F BT A Z L IEHRE LT, K1
R Ly =y PCERBLAEZR I OFSEHEIALD WHEEEY — Ty b
At 7@@&47#Em#Mm#*ﬂm¢%tb®#7U} H—% Atb,
SORAs. EROY VS VERORNIEE LAET 40, 7] AF VR VD
G eBMHBOMEL ET ) F - a yOFRIBONEbDET 5,

LLL. BRI CHEDHAEEL2EZL L LIE, K- VERKREPHT 7 1
Wy —TL = FT A (M2) o NE2L3HWiHRY > FL— 4 —OEEP 1m, T2
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Thh, NI A—%—DOMIIFIHRF v A NOHMTEHERETHL, M2 B
F ¥ U ARVOSEEIL LV, MBBEOF v v A VDOSEIIN=4 0 TLARELTH
Do Ll MAS1EBAB 5 v A NLOMMEY S ST v A VO EEILTRE
Thh,

Beam

Rotating Target : Polarimeter

1 Z7UJRAFNVE=VIIRAEALEES —» 5 v b, SiBox, RIJ A—F—
DR,

M2 W74y —THLGR - VRO,
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Neutron Multiplicity Filter
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10. KEEMAE (Nuclear Isomerism)
RKIE B W

High-spin isomers have been searched for the nuclei in A=150 region by using heavy ion
beams at RIKEN and JAERL A serics of isomers were found in N=83 isotones, 144Pm, 14°Sm and
146Ey, Their excitation energies are all about 8.5 MeV. The half lives of these isomers are >2
us(44Pm), 0.96 pus(145Sm) and 10 ns(146Eu), respectively. They turned out to be high-spin shape
isomers whose decays may be understood by the barrier penetration which was used to interpret
decays of fission isomers and recently found highly mixed K-isomers in A=180 region.

ETEOMRRECEPNIEREE (74 <—) ik, 1) Fao £RRBEE
K%<ﬁbﬂ%@h%@l*»¥—@%wﬁﬁﬁﬁﬂﬁﬁﬁ574vv—\2)%%&@
K?%vv—\3)ﬁvayﬁﬁmz<ﬁén6914f7477—%\ﬂﬁﬁ%@%ﬁ
NELRZERORII - 1:HDHH 5,

ﬁb@%ﬂ\ﬂﬁUVﬁﬁ%?DFD7&UEH§V¥A#6@E4XVE—AK&5\
2 KB I U RS IS A O e, BAE YT A U —REORBEEEL
Tug. T EEEISOHEROE TR DWW TEE L, BAELICN=83F K “Pm

1458 m, 146Eu ) 8 L. R )V F —#9 8.5 MeV wwn e e
T ZNEFL HAH> 2 us, 0.96ps, 10ns D W“““;:q“ 1603
74 VUw—%ARO0 ., HIAE Ihs g -
DEFEOHTRIER ST L  BAEED B L s
10 - T B 13Smp R 2 1 [1Ic o1 | KL S
R, Co#siz, AEETHE e
147Gd®&1ﬂﬁi§&iﬁwﬁ7ﬁ\’3‘) D N TV tsrn —— V1) B
—OERIRILE - BEEIHHIEMUL [@

T, MSmD7A VTSI 4ED o -

BEBROP-TEI A TTAT— —— T
DEHAETRLTIE, DD, BROE o
HAETF LY v T LEOERSEY
VLB TED URERSVESTE (D
R EEA DB AEERICTH 5 o EfRIRT 5 &
ST A TS OEEHSEMLE, BT
DA~VTSHEIBDK =T 1 V< —ICR20->T
Wy a A TT A7 —DEHITIEBL
HWMAE L TWAEEEHZETHS, 1
5SOFFEEA 5 A b k5w 7 Deformed
Independent Particle Model (DIPM) T B € #3%
Hisk . 145sm, 17Gd OEFEHRE DRSO

BRIEARDTBIREATH B I EARLTH ' g
(M2,
K74y 2—I1i2Tik, TEOERE B4 1 145Sm D AeqrHEiE
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Yﬁﬁ&%%%ﬁotiﬁﬁib\ﬁﬁ@%@@ﬂb%ﬁﬂ?%é&%i%ﬂfbtK%m
RIACK X BN BRIR A ICEOH N, FRSIZDOTH LOBRIRD o T4,
Banciefia N0k, 820s @ K = 2507 1/ < —HEE K=0 OXERE NV FO
14T T BB LT B [2) TH D,  AERIE, EBRAEUTgF =2(AK -1) (HL,
Fw=kamMﬂJWQ,km%%®§E§)&wimmWWRmﬂﬂﬁﬁenfﬁb\
18205 K = 2555 K=0 DEBICHEATHIIE A =1 LD TF, = 0¥ &70 0 @By
%’?}%&L\i&%ﬁtﬂzﬁfﬁ‘éﬂ%f%%o Zh 0.00 ,

icEL T, 174HE[4], 170W [S] ) K=14 7 o
)z — 22T 3 Rusinov's Rule 2n &0
MR BENSHAN IR, IhE
TLKERANINEEHENR LD R0 - T

NP HY o 72D C Coliori's Mixing ({ AK=1®D @ -e.1o-
RAEXIRAT D ) BETHIHINTH.

LinL7adss | #FRIC 176w | Ti3 K=14 0454+ MG (B

74’ Y/ 7"'%)\? AK fJ\a/J\é L\‘Ij{:ﬁug:f\Cl: ZQ :t)\ —— gy {Calc)

AKAKRE VRN LD B BB LTS L fees e |
S, REEOKT A Y <1l SR 0 1o 20 39
A BRI E SR LT TEITH T ™
BROLIRTD 7o B 25T 85 A — 5 —DRE VKT

SO DEEBERITDNT ORI,
¥ 2140k, AK AKX 2 DOIRAED PO FIE T 3 )LF — IR L IoRIES T
£ L EHERF] L 7R 8 K=0 /n & K=Kmax QIREEOEAE LIRRETH S 2 Ehe, I
GK%%ﬁbfmﬁﬁﬁﬁé&bfﬂ%&%%%ﬁ%%%ﬁ\rmv@iﬁﬁ%fd:@
FIEMRLRAST, BETTOED A, JOBTHO =14 Tk y=0 y=-120 jZH 7~
S AniBH Y. K=14 7oA VT —idE NS 2 DOBRRBOREGREL LTER
Wik EORUEBROBEBIEIRT VY v VEROERFIKEE LTS &0 ) R[]

C ORI, AR TA YV w— (VA TTAYT—) OFREFALCTHD N=83 [d
%%@%XEV?477—%VL4774Vv—f%ﬂﬁ@ﬁﬁﬁﬁﬁﬂﬁf%éﬁ&%
Zohb,

Biio it F Liods, TS OB IERE FHF R TA,F 2R, THELK MR,
OB TH D . BT, 1455m,144Pm, 4B O RHAOBERIUC OB LTI, KA
INEE (LK . EERE (REFEEIERD RO KA LK) OFTICED
LOTHLIEARLRL, SOk TERFIREERICEH L LET,

B IR
[1] A.Odahara et a}., submitted to Z.Phys.August 1994

(2] P.Chowdhury et al.,Nucl.Phys. A485,136(1988)
[3] L.I.Rusinov,Soviet Physics Usp4(1961)282

[4] P.M.Walker et al.,Phys.Rev.Lett65,416(1990)
[5] B.Crowell et al.,Phys.Rev.Lett.72,1164(1994)
(6] T.Bengtsson et al.,Phys.Rev.Lett.62,2448(1989)
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11. EWREFRROMIRAVIERS
RAAZH EIR F15, IRE E, ik IR

F %I B AT R B A BRI E T 57001013, 9 #F { D Hartree Fock
(HF) B4 RN I EBBETH S, LnBIs, @A ohd HrEAIEALL D T Tl HEAL
REEQMENELETIHEII LI HONT NS, FOMBAMBT2AICEATINLHRE
BAE & LTOBBREEI., Lo L, BROLERSTIEEZ SHTEOEL,

FrTHAE. 2T WBELUOMIR L EREZEFT 572012, SU(3) model 1239
% constraint (C-)HF FifB%. time-dependent (TD-)HF ZHE&HTHITLA (1. (HL,
O BT ML EAIER Ui, FORE, ROENH SN -7, CHF fiEAD
213 TDHF SRk IcM mTas/a g (=) & UTEERAE L, £TO HF RBI,
BFNShOrOREICSENS, 0. WESEN (Q) = Q 3. TDHF L& PO
dar O NRICEET 5. JOMEA LR TRV EA Q ZEMTO CHF SR DR
e AT SRS Uy T, HEICE - T “band cross” 2FESED,

WisE Lo FTE o5 CHF ARADEIT. EHINHHEIOREHR] TH O,
ARD 5 IHE BT OASERTMAMES LT > T #- Ty WIBWEMUDOTT
857 CHF % . %O dynamics %X T 5 global 7% Potential Energy Surface &%
A BNRETIEIE,

ZO model FHEDHKREAIF A THL 2, ACMHESEY HF KBEHEE (RWIETEHE
OB G o sHE AR LI (21 . [ TDHF 28K et Ll oni
[ CHF fRoidksdh | 2 B4 3 J 0 EHER, TRVF—HICREEIREE KD 58
WOHESIRZRE D, HIEEORE (BRI ITRbEVL#EBEL LD HF KBEE5 2
3, SOHFEER NG E, BEREICHGT 38E (O HF IKBO A7 59, fIREH IS
s ZiEEi 7 CHE A RDB &b, Fi. B35 CHF BTV B 5 [ERALT ]
LEHETX 3, Heht NRESKEE (Reference State method) | EFERZ D HEOIED
FFRIore 2% % ., Skyrme 1T Z O THEE L7
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12. EEIEMMEEL F BV A B — Ly g
B B3 HE

BEFREHIE, B4 T VBB REEMELES VE-AYRESIEREITLD,
BT OB E THRSEADOH D, —H FEFEEEE, IhETURY
OHAEE PR LTHASATELICHEY, 208ALVRERIZLA 2P STOR

W, EFYVTANERTRIBEE -2 —DRHIcL D, GeT10MeV/n, IT
TMeV /N ¥ —ADE o h, ENFFaMEL A LZRRPAEL R k. 22T,
AR BN MEH R LW PR DA L E - LERERET S

EEIEBMEE T, 7Yzl A ML=y MEOARRPERI RS, #
REEI 7OS e 754N —Fy bOBTEMTHRML, MECER (N/Z)DFH#
CES BB B IDEY, —BIZRTOY YA NVBROSRE P FAREC
Th. €l TTD/lﬁ&fw%ﬁw%®4yE_Ayﬁ%ﬁ@?%;a%@ﬁbto

W7 IZ10MeV/n0Get — A %Py —4 v M A LEBEIE, BhOWmKT
VEHEBM S E S U, L LIRSIEEM LT, ABRRORFESEHEBEPLY
BEIIDE-STAHT LD, HEETAHEOKERTBmMbUTIER>TLEI. &
FO—n Y RCERSRETET A y B, W THREMOA Y E-LA Yy REBANT D
DICKEREELR S,

VRN TR LSRR P S REENZM VE— LY ROGEBHIT AL O
%ﬂﬁﬁ7b~vyﬁﬁﬁﬁﬁk%¢bfﬁﬁéh6_aéﬂﬁféo%%é%
Bodiw ko Bon@® Lk I AKEREOSIRHBEESE, VL -V TREEHED
ATOV I E A NWERBEEPARTALSITS. — A5 — —w ORIy BOE
BAEML, SIRAETEE>THhoREINE yROAZCeREBTHRATIL IR
mREf, TOREICLD, EREEMEEMUAOF Y RNV TRET DY REBLTC
YHTE, BnbEEOWERE L OMEN DA Y E—Ly ROBHDAEIRSLHE
Tnd, FEL, = v theSiRHEBITRITIZ2OCENSET LD, ns7 A

YX—D Oy BOABEICHR LR D,

Fkix, 7OV a4 VEAREOREBY UTAE-EROEDREA L, oRA
DETEERRITACLORFIBECRLTHAS, IbIMEREZLT AL NIAY
THEBEOEELE, FUAINENEEEAEDE TS Y E—AERETH I L B
Y RBTHAD. BFEL, TNV 284 VEARFOEEZL~0.1THD, 7y&D
Ry 75—y 7 ML BEDNENITAHIEDPHETH S,
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13. BHOBRED v FZAKE

AR DI e

D FAFEON R EATOMEE 2RO TCEZTOERPHEETDH DT (DL
SESEASHUERTE L, AE, EEFEHEHEALCE 2PEFEFBORRENTD
NBLEI o EPERE L THRABEIZ 0BRSS TRAEFNEWREFR TS 5,

Beim 25200248 RS AR LRI Y — A8 4 AERFESTCERVEEKS &0
RSB D, SOUEBOBKOoFHozY HThTthd 120 5nETEHIE
ATELEETCAALT VD, HOETEHH20 0BEEnhEFEFKSEERS O
mE165BnDEVERIbi-TERL, FOHESHRK 1 TRTISCERR
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EoEERECHEECIRN

1%L FoRERDH BHES
ik ociz84<A
<105ThHb, HUFKN
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A4 13 N=5 0 pdbEFEd X1 ) Fission product mass yield curves for thermal neutron-induced fission of
1331) 7351} and 239Py and spontzneous fission of 3¥Cf. Shaded areas indicaiz approximate

%ﬁﬁ% @D ﬁ?ﬁ iz JE LTWwa positions of nuclear shell edges. Curves are denoted by the symbo! of the fissioning nucleus.
ERME, dBltEh |
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EnsdiH, RaobEs ol

BEE OB - B0kl i) T *
EEoEmErnHEzEN 3, 2 Charge dispersion for products with A = 93 {tom thermal neutron fssion of
fﬁﬁ}& ko, TIESH 2 &ﬁ 233(J: 0 independent yicld. # cumulative yield, (—) Gaussian for the independent yields,

{-—-) for cumulative yields. [After Wahl {[963).]
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b, ZO—OHERAFOHEI SBROGNDITREAET LD IROFy T~
REAZFDEIhEREEEVEDETOARBLROSH B, FLIDOESRFESE
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Ny, N—Fa, s bnFrorv—F3ugsBAoRFEELTIRD IS
ZANKE-REBIC LS — r AEHEB LAV iR T RERELLEEORIES
fToREE2 LiFTa s,
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FH112480y 5 g \ ’
(6.5}(1.()4 fission/ r—'z\‘ﬂ
sec) Z &L # U 7 ach H H H
iR EF600 MPadET) = 1=
EMATRUL Y FEED 227

TNAREET B, e s
| e XCT T

248 B BB B 2o
SEUCsHBEIE T
T A FTidZ=41,
A:lO37)ﬁ% b % (23 4 A schematic representation of an experimental configuration used for four

2 - i 252 parameter (1, Fa, y1, y?) coincidence measurements of prompt radiations from the fission
I g CEODZ=43, ,f :Cf. The sources and detectors indicated on the bottom of the figure are used for

external gain stabilization of the photon detectors (from Cheifetz er al., 1970a).
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xnspafRfithn 2N FnolE2 TROBE,SRERLOFEFDHLZ2 LD, ZrlEl iz &
ErRaflfr kO EHEEL Oy F L, (B6-a) RaElIr A FEHEED R 4 —
ALEEFEECh - 1932, 1MarpRIESBELTH- LI cERL TS, @

BOEECxe-Molt OV T HERAEFL (M6—b) 197u0, 108monBERIZHLEBL T

VrBh,

L EF-BTL2Y220E-LERCEBESBEARO y BRES KIS DFHE
FREZOBSHEAFTNEZ SN D E2HFT 5,
(3R]
1) R. Vandenbosch, J.R. Huizenga, “"Nuclear Fission", Academic Press,
New York and London, 1973 _
2) E. Cheifetz and J.B. Wilhelmy, "Delayed Spectroscopy from
Fission" in Nuclear Spectroscopy and Reacticns part C (J. Cerny Ed.)
Academic Press, New York and London, 1974
3)M.A.C. Hotchkis et. al, Nucl. Phys., A530, 111(1991)

359 keV gate (B2 2'=07) - LEPS 143

1200 : !
b g (a) 1_—;5. “
c o 2 :
5s0f ; ¢ o s (a)
&) = - w143y 2
= é‘ ; = :
400 l 3 1 A J : ; 122+ B .
0 » L"l.-n" ﬂ-v«‘rﬁ-ﬂ‘! - L _;1‘3% .
100 120 140 160 ' [
142+
e !
*Zr: gate on 140 keV o] ¢
« 800 (b) T ey o0 @2 104
‘g | ¥ Zr mass A,
3 ] . iz
400 72 . . :
zg 2 1,:-_‘1. <
. IR ! : (o)
o bt e A it '4,.Ww)"ww PRy
200 200 200 é 1 a
5 132 -
1200 20 gate on 108 keV = @
g1z
P | o {c) A °
5 800 - 137t
3 l =2 L% ‘
5 400t | “\ [!ii1 | . I BTG e s s
X i = ) ]
LJ;J; \"}P-‘a ,ﬂa.,JJl, ,.114' ! “'lv"\d'»"’f!'ﬂ‘ 6 Mo mass A,
Q
200 400 500
Enargy (keV)




JAERI-Conf 95-004
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LODEHE S, FAAHC IBM HE TS5 0(6) Stk oR b ARMZ{EREZXS Uit
196 T MATRANCHE S hiz, Pt OBBEIZ- >0 T Nuclear Data Sheets THESK 184
MG 196 $TOF—F—%BTHDE, 8Pt &, FHFRET AV b=713 (HLzr) K
[ETHENSHEIMELZDT, BEEE Y FREZEUHYA KA FETRBELRAL Y
REEABRI XN TG, FHITHNTEES 192, 194 196 (FEERMETH V. (HLzn)
KIETIEIh o OBPERINTOOT, BHXATHERAE ORI EPNY F O
SEMNCAIIN, CORBBASORFNEHEE LT —o vEiEhs D, EMomESRIcLS
27— mxﬁﬁf%ﬁ@ﬁn/b@ﬁﬂénxhxéﬁﬁ%ﬁxtﬂzt/ﬁ%aFH%%ﬁ
.EHH&Z)Q Fio. v Ny FEDDTELL BNy FEOMOY A K3y FHEEHEBEMIN.,

“heoy FR. $50ENy FHOBEBICHT 5 B(E2) ¥ B(Ml) DHuHE A K
bé$%&%5@t\ﬁ%ﬁl%Té%aﬁﬂﬁﬁﬁbhéf&6oo

3. EEE M1 Sy K — 1993 4 11 H. #1HEOT7—7 & 3y T TTEIROERKIHRE
U7z M1 /8y FIZARERIREN, B4 3 h EFEOBERREREBONN Y oK, S,
tilted axis rotation A EET 2 I LEEZ T3, 03I IhiTERIE M1 /¥ KD
£ irregular band (2% U THEMHER OmREH bRAZTHLTOT, @R EVRBETHH
HBELDRN A E~OERIRIENB SO0 LN,

4, EBREHROBR — EPFOMEEORKEEEN LT, £RBOK X 10K BhRE % R F
A3, 755 RDM 2 DSAM ik 3 HEGHIE. 75 ¥ ¥ —& Transient hyperfine
field % A2 BEEBKE—A ¥ MORE., NELERES-7 /?ﬁODﬁﬁﬂ‘Eﬁg@ﬁﬁﬁ%\
7Y ZFIFE—IVIZEETERLET S,



JAERI-Conf 95-004

15. Low spin states of 1?°La

T. Hayakawa, T. Saitou, N. Hashimoto, M. Matsuda,
T. Watanabe, N. Yoshizawa, J.Lu, J. Mukai,
T. Komatsubara and K. Furuno
University of Tsukuba

There have been s little data of the low spin states of the doubly odd La
isotopes. The data of low spin states is important for spin assignment of high spin
states. Two 3 unstable isomeric states of 1241%?La are reported [1] [2]. From the
systematics of neighbouring odd-A nuclei, it is expected that other doubly odd La
isotopes might have two $ unstable isomers. The high spin states of 12%La were
reported [3]). However, neither the low spin states nor the transitions between two
3 unstable states is reported. The half life of the 5 decay of 128Ce is uncertain [4].
In order to search the low spin states of 1®®La, several experiments of the 8 decay
were carried out.

Two reactions of Rh(?8Si, 1p2n)1?*Ce and *In(*°0, 3n)'**La were used for
cross bombardment. The former produces '2®La and '**Ce, while the latter never
produces 1?5Ce. _

In the first experiment (EXP 1), the y-7 coincidence and decay curves of y rays
after the 8 decay from 128Ce were measured. The nucleus '**Ce has been produced
in the 1Rh(?8Si, 1p2n)»Ce reaction at 105 MeV. The Si beam was supplied by
the tandem accelerator of University of Tsukuba. The target was a self-supporting
foil consisted of natural Rh 1.24 mg/em? thick. The natural abundance of **Rh
is 100 %. From a preliminary measurement, it has been found that 12Ce was a
dominant reaction product. Of line measurements were undertaken using the tape
transport systef:n (5]. Both of the times of beam irradiation and measurement were
6 min. The « rays were measured by two HPGe detectors, each of which had a thin
Be-window to allow the penetration of low energy photons. Thin mylar windows
50 pm thick were prepared at the detector position of the tape transport system.
Heavy shields were placed around the detectors to reduce background.

In the second experiment (EXP 2), the nucleus La has been produced in
the %In(*®0, 3n)'?®La reaction. The target was a self-supporting foil consisted of
natural In 2.7 mg/cm? thick. The natural abundance of ''°In is 95.7 %. The nucleus
of 18La was a dominant reaction product. The excitation function, decay curves
of v rays and the 4-v coincidences were measured off line using the tape transport
system. The excitation function was measured at bombarding energies of 61, 69,

69 and 73 MeV. The decay curve and -7 coincidence were measured at 65 and
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73 MeV. The times of irradiation and measurement were 5 min in the excitation
function and -y coincidences and 15 min in the decay curve measurements. The
~ rays were measured by three HPGe detectors for the v-y coincidences. Two of
them had thin Be-windows and the other had a normal Al-window.

The 7 rays of **8La were searched by the 3 decay of 128Ce. Fig. 1 shows the
+ ray spectra. Strong peaks in the total projection are the La X ray, and the v ray
of 12Ba, which is the daughter nuclei of **La. Some < rays are coincidence with
La X ray. Those are, for intance, 104, 147, 68 keV 7 rays. Fig.2 shows their decay
curves. The experimental half lives has beeb determined to be 4.0 £+ 0.2 min. They
are assign to be belong to ?*La. This fact means that the half life of 128Ce is 4.0 =
0.2. The ~ rays and the half lives of # decay chains adjacent to A=128 are known.

A level scheme deduced from the 4-v coincidence relationships of EXP 1 is
displayed in Fig.3. No « ray in this level scheme was observed in EXP 2. The
spin and parity could not determined because angular correlation of 7y rays was-not
measured in the present detector arrangement (EXP 1). However, the spins are
expected to be low from the fact that these states are fed by the 8 decay from the
doubly even nucleus ?2Ce and that the low spin isomer feeds strongly the 2% state
of the ground-state rotational band of **Ba. |

Fig.4 shows the decay curves of the y rays of 128Ba of EXP 1. The half life
of 284 keV + rays from 2% to the ground state is shorter than the half lives of
479 (4% —2*) and 643 (6* —4%) keV 7 rays. The relative intensity of the 284
keV transition is larger than those of 479 and 643 keV transitions by 40 %. This
increase means the side feeding from the low spin isomer of '*La. Thus an analysis
have been made on the decay curve of the 284 keV v ray, taking into account two
@3-+ decay paths. From this analysis, the half life of the low spin isomer has been
estimated to be Ty < 2 min.

The results from the above experiments strongly suggest that the half life of
128(¢ is 4.0 + 0.2 min and that ®La has two beta unstable states. The half lives
of the high and low spin isomer are 5.2 + 0.3 min and Ty/; < 2 min. The linking
transitions between these isomers are very week or might have high conversion

coefficients due to the large spin difference between two isomer.
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16. Applications of.IBM-3 to the Z ~ N ~ 40 Nuclei

Michiaki Sugita
Advanced Science Research Center, Japan Atomic Energy Research Institute Tokai,
Ibaraki, 319-11, Japan

ABSTRACT

Using a complete diagonalization program for IBM-3 hamiltonians, the shape
transitions from A = 80 to 90 are investigated. The splitting of the scissors
motions by isospin is discussed.

1. Introduction

In nuclei with Z ~ N ~ 40, the valence protons and neutrons fill the same major
shell. Thus isospin should be taken into account. We use the Interacting Boson Model
with Isospin (IBM-3)1? for describing these nuclei. |

The nuclei at A ~ 80 are characterized by huge deformation (8, ~ 0.4) but rather
low values of the ratio Ex(4])/Ex(2{ )~ 2.5. Indeed, for the 5gSr nucleus, the energy
spectrum and the B(E2;] — I —2) values within the ground band (I =2,...,10) can
be fitted almost completely using the O(6) limit of IBM, as seen from Figs. 1 and 2.

2. IBM-3 Hamiltonian

We use the following IBM-3 hamiltonian:
H=emi— 3 s(O)Qt): Qt) +T(T +1), (1)

t=0,1.2

where the symbol (:) means the scalar products with respect to both the angular
momentum and the isospin, and @ is an O(6)-type quadrupole operator;

Q(t) = [s'd + d'3)=29, (2)

This hamiltonian is O(5) invariant. The IBM-3 wavefunctions can be classified by
the permutation symmetry of charge and spacial wavefunctions [f] = [fifofs] as
[N]; [f]TT,; [f]JBLM >; both the charge and spacial permutation symmetries should
be the same because of boson symmetry. The hamiltonian in Eq. (1) contains the
isovector and isotensor @ forces and thus does not conserve [f]. We assume that there
is no quadrupole force between identical particles, which leads to -

24(0) + 3&(1) + (2} = 0. (3)

Then the quadrupole force can be rewritten as

— m{{STdTl(tzo) . [Jg}(hﬂ) + m([sfst](mo) : [gd“}(t:o) +h.e)} + éz[sfd’r](tzl) , [&g]{t:l),
(4)
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where .
r = 2(5(0) + 25(2)) = 3(r(2) — £(1), (5)

and

& = 2/3(x — 6x(2)). (6)
The second term is one of the so-called Majorana interactions and gives the energy
splitting between [f] = [N] and [N — 1,1] states. The values for a in Eq.(1) and
£, are determined so as to reproduce the excitation energies (7 Mev, 9 Mev) of the
T = 1,2 states of the lighter Z = N nuclei such as *'Ti, **Cr and 52Fe. The z value is
determined by 8°Sr. The values for x are decreased linearly from the values obtained
at A=80to0 at A = 90. The d-boson energy e, is determined so as to reproduce
Ex(2}) for each nucleus. We got resonably good reproduction of the systematics of
the energy levels of the ground bands and B(E2:0{ — 27).

3. Splitting of the scissors motion by isospin

In Figs. 3 and 4, we show an example of the results of the present study, where
the excitation energies of the scissors states with J™ = 1* and the B(M1:0f — 1%)
values to them from the ground states are plotted for the 4Zr isotopes. We use the
the following M1 operator:

T(M1) = \/3/4%(gxLrx + 9. L, + Gy Lny) (7)
with
9-=1,9, =0, gm = 1/2(#1\?)-_ _ (8)

In the N = Z nucleus 3Zr, the scissors mode is concentrated in a single state with
T = 1 at the relatively high excitation energy ~7 MeV. However, in the N # Z
nuclei, they split into T and T + 1 states and the B(M1) values to Ty = T is much
bigger than the values to Ty = T + 1, where T is the isospin of the ground state.
Tt would be interesting to search experimentally for the rather low-lying (~3 MeV)
scissors states in the current region of nuclei.

4. Summary

It is interesting to use IBM-3 not just for light nuclei but rather for heavier de-
formed nuclei such as in the region of Z ~ N ~ 40.

The author would like to thank Dr. J.N. Ginocchio and T-5 group of Los Alamos
National Laboratory for dispussions and their kind hospitality.
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18. Two-Octupole-Phonon States in ®*°Gd

K. Takada and Y.R. Shimizu

Department of Physics, Kyushu University, Fukuoka 812, Japan

Abstract: Recently the multi-octupole-phonon states have been observed in
146,148(3q and the relevant B(E3) values have been measured. We give a re-
port of our microscopic calculations on the collective multi-octupole-phonon-
excited states in these nuclei by using the Dyson boson mapping method. It
has been clarified that not only the strong collectivity in the octupole modes
in these nuclei but also the coupling with the single-particle modes work

together to bring about the highly enhanced B(E3) values in *8Gd.

o 4% o BRI £ 12 3\ T i3, octupole phonon  — F O BHEIE SR ICEV L EBH
LhTws, L LEBoOEEEScL D, b3 2-phonon state ZHEEBAICEAL
o il & 72 v s, BF NORDBALL % fuv 7z M8Gd o RBREBRMSHE S V. oo
et knid, Y8Gd s 1) B octupole collectivity 254k a4 { enhance T W
2o EMERBRMIIESD . & T, Gd-isotopes I B 5 octupole phonon states
o> 3 4 ¥ 7% % Dyson boson mapping method % L T4 47 L, octupole collectivity
o enhancement % collective modes ff % X ¢ single-particle modes & @ coupling i<
P THERTEBEVHBRERSEE Y 5. EFFIc C 0 R, Dyson boson mapping
method 75 Ok HicEIAHEMR, ELOHHESBAG-LRBIT ZEHET D
MENATICTAENTH AT EEEELLI LIRS,

S REROFRICEISWTITbR .

(1) N =82, Z = 64 % (16Gd %) doubly closed shell (%) & ¥ 5. - T 148Gd
i3 valence orbits i 2 {l ® neutrons BEHE T ZHEE LS.

(2) BEAMEIER & LTH, W -, ER - 2L 2w L T ik surface delta inter-
action (SDI) %, K F— %2 ¥l octupole pair ic7c 10 L TE octupole-octupole force
2IRES 5. SDI o strength 13, #® J =0 @ matnx elements DY HEHE M &
%o F% L/ 208Pb M4 23X i &) 5 pairing force & consistent (b 5 5
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A A {mass number) dependence ZEEIANT) LR B L SicE B, Octupole
force @ strength i3 L@ Xic B % & © & consistent (A dependence =% 2
CANhT)YERBEIICE B.

(3) c®7 = 3 # v %% Dyson boson mapping % fj 2T+ Y/ yRICEBRL, ¥V v
EETAIA =T vEMALT S, BENAT 2V 14 v E- FELTRRD 10
BHRzEET 5.

1) particle-hole 3~ phonon
2) neutron particle pairing (0%) phonon
3) neutron hole pairing (0*) phonon
4) proton particle pairing (07) phonon
5) proton hole pairing (01) phonon
6-10) neutron particle J* = 2%,4%,6%,37,97 pair-vibrations

B#oo%EH, 1 0%H® pair-vibrations 8 collective octupole phonon @ 1-
phonon % X ¥ 2-phonon states & couple L T B(E3) © enhancement [t X & 13
BEERLT LTS,

CHLAERRLT, ROFARKEBLAB SO ET .

1) #8Gd mBwWTRIEE A T, 121 12 & @ ¢ 5\ octupole 1-phonon, 2-phonon
states EZ A ohadh. CoLEFHTNERE

E(12%) - E(6%) B(E3;12% —+9‘)‘
E(9-)— E(6%) " B(E3;9- — 6+)

©% 5. b L octupole phonon WELTF Y »yTH 3R OLHIhoDRRVETH
b 2IcFLLAS.

(i) B(E3;1-phonon — 0-phonon) o EERHIZ & 5 &, H48d rp M8Gd o1z H M
octupole phonon O EFESBE VL S B bN B2 CABBEMICIFER S 2.

coRBEI LD, HGd 0BERPPh oBAN ATV B I EBGL o T. &
7- interaction @ strengths £208ph i ofiic A~® © A-dependence At id
208PL niB & L5242 i consistent TH D 2 &g -7,

By vEROBRAEY 8% Npax =58 &Lt (RECHEMDIHFEINS A
Y- rHEEMomETR, ChBRTHE.) HEKELIRBHEE b Fig. 1
R, COEBRMS, bhbh oA L phonon o HHE o #iHK T, MG
@ octupole collectivity 2 h B H HCBERTE 2 LAHHETH A, oD
43 Piiparinenn & @ MPERHREI IS & +4) consistent TH B, &4 D BHAMKE
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DELVESER-OVWTE, E4ARShIFRXEEREALY, UE, RLAOHE
#» &, Dyson boson mapping method B O & J KHISHME LRI KT 5 RELED D
WHHMZFCTRENTH BB, T,
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19. Multiphonon structure of y-unstable or
0O(6) nuclei
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Abstract

The multiphonon structure is shown for the O(6) limit of the Interacting Boson
Model. The phonon states are created by the O(6) quadrupole operator with proper
symmetrization. All the ¢ = N states can be described in this scheme in terms of
phonon quanta and two-phonon anharmonicity, while the ground state is -y unstable.
This structure is carried over into higher-lying ¢ < N states.

The O(6) dynamical symmetry [1] of the Interacting Boson Model (IBM) [2] has been
used for the description of quite a few nuclei, especially in the Xe-Ba [3] and Pt [4]
regions. Besides such success in phenomenological description, the O(6) has attracted
much interest regarding its interpretation in terms of a more intuitive picture. The com-
monly accepted picture [5, 6, 7] has been the y-unstable rotor of Wilet and Jean [8]. Its
relation to the rigid triaxial rotor of Davidov and Filippov [9] has been also discussed
[10, 11, 12, 13, 14, 15]. In this Letter, we shall present a completely different picture
of O(6) limit. This is a multiphonon description with a strong ground state correlation,
where the phonons are built upon a 7 unstable ground state. The aim of this work is to
show that the phonon description arises in a natural way from the basic properties of the
O(6) Hamiltonian. This work has been published in [16]. _

We focus upon the o = N eigenstates of O(6), where ¢ and N denote, respectively, the
O(6) quantum number and the tota} boson number (i.e., SU(6) quantum number) (1, 2].
The states with ¢ < N are situated at higher energies for usual boson Hamiltonians, and
can be described in a similar way, as stated at the end of this article.

The Hamiltonian we shall consider is

where & denotes the strength parameter, the symbol ( - } means a scalar product, and
Q= dis + .st, (2)

with d being the modified annihilation operator (dw = (=1)™d_.,). This Hamiltonian is
a linear combination of quadratic Casimir operators of O(6), O(5) and O(3) [1, 2], and
manifests the feature of the quadrupole collectivity of O(6). By this Hamiltonian, we
do not loose the generality of the following discussions. We shall comment on this point
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later. The strength x is supposed to be positive, and hence eq.(1) means an attractive

quadrupole-quadrupole interaction.
We now construct the ground state for the Hamiltonian in eq.(1). This Hamiltonian

can be rewritten as _
H = —x[V5{[d!d")@ss + s'sT[dd] @} + 2(dt - d)sts + (dF - d) + 5], (3)

where [ ]} means the coupling to an angular momentum L. Here, on the right hand
side (RHS), the first two terms are those of the monopole pairing, the third is a monopole-
monopole interaction, and the remaining terms are single-particle energies, because (d'-d)
is nothing but the d-boson number operator. Therefore, the ground state should be of

the form
0F) = 3 e {[dld O} (sH)V "0}, (4)

where \O) is the boson vacuum, and the c,’s stand for amplitudes. Here the RHS should

be normalized.
We shall first show the commutation relation

[Qury Q] = dlydae —d\ydy
Rasan. (3)

The Ras mv operator in eq.(3) can be expressed through [dtd]® and [d!d](® operators. We
mention that

Il

RM,M'|0-1+) = 07 (6)
because [Ras v, [d1dT]®] is identically zero. This relation plays a key role in the following
procedure.

The commutation relation with the Hamiltonian then becomes
[H, Qum] = 45Qn — 263 _(-1)"Q_nBum - )
This results in
[H, Qumlo}) = 4xQn[07), (8)

which means that Qas|0F) is an eigenstate with the excitation energy 4x. The state

Qu107) is nothing but the first 2* state, as seen later.
We proceed to another illustrative example. The states with double Q’s can be treated

as

HQuQn|0T)
= {8kQuQn + 26QnQnp — 2x(—)V6pr,-n(Q - Q) — KQMON(Q - Q)HOT),  (9)

by using the relation

[ S (1" Qo Brr, @n] = (=)00,-n(Q Q) — QnCm (10)
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which arises from the double commutator [ [H, Qul, @n~]. For the states [QQID|0t)
with L = 4 or 2, the excitation energy turns out to be 10k, whereas it vanishes for L = 0.
The latter is natural, because [QQ]@]07) « [07). In other words, the double action of
the () operator produces eigenstates of L = 4 and 2, which are the first 4* and second 2%
states, respectively, as seen later also.

We shall now consider the general cases. In eq.(9), there are two important features;
(i) both QuQn and QnQar appear on the right hand side (RHS), (ii} the third term
on the RHS produces non-vanishing effects only for two @’s coupled to L = 0 because

of > (2M2N|LM + N)(=)¥6p_n = V56ro. Considering these points we construct a
MN -
state as

|lII) = Z C({MlaMh T aMn})S{Qﬁ/ﬁQMz e QMn}IO:-)’ (11)

where S implies a symmetrizer with respect to My, Ma,---, M, and the C’s mean am-
plitudes. By choosing proper C’s, the state [V} can have a good angular momentum,
and one can introduce a set of |¥)’s so that different |¥)’s are orthogonal to each other.
Here, we impose a condition on |¥) that any pair of two @’s is not coupled to angular
momentum I = 0. Therefore, in the case of n = 2, only the total angular momenta L = 4
and 2 (and their linear combinations) are allowed in eq.(11).

We then consider H|¥). The first term of the RHS of eq.(7) yields 4xQp, from the
same Qpy, at the same place. This keeps the state unchanged. On the other hand, R
of the second term must form a commutation relation with one of the @ operators further
right, because of eq.(6). Using eq.(10), one obtains from [Rm s, @u, ],

+26Qu, - Qugy - Qua - Q0T (12)

where § and the C’s are omitted for brevity. Note that Qas, and Qa, are interchanged
with a factor 2 in eq.(12) due to the double commutation discussed above. The first
term on the RHS of eq.(10) does not contribute because no pair of the @’s is coupled to
L = 0, as required in the construction of the state |¥). Thus, one ends up with

HIW) = {4xn+25%n(n — 1)}|9) + E(0)|9), (13)

for all states constructed according to eq.(11). Here E(0f) is the energy of the ground
state. Table 1 shows the energy levels of some low-lying states, highlighting several
characteristic features.

We would like mention several points; (i) the energy level is determined only by n,
i.e., the number of the Q’s, (ii) the energy level can be expressed by n and in(n — 1)
which can be viewed as a one phonon energy and its anharmonicity, (iii) the symmetrizer
in eq.(11) produces only phonon-like states, (iv) two @’s coupled to L = 0 is forbidden.
The first three points strongly suggest that the phonon structure dominate the present
system. It is evident that the Q operator with the symmetrization plays the role of the
phonon operator. Note that n stands for the number of the phonon quanta.



JAERI-Conf 95-004

number of phonon quanta (r) E,/(4k) angular momenta of eigenstates

0 0 0 (ground state)
1 1 2

P 2.5 4,2

3 45 6,4,3,0

4 7 86,5, 4,2

Table 1: Classification scheme of lowest O(6) eigenstates (of o = N) in terms of the
number of phonon quanta (n) and the excitation energies (F;) normalized by 4x.

The fourth point is due to the strong ground state correlation, which can be seen in
the structure of the Q operator; the d's term of eq.(2) is the usual ”phonon creation”
operator as is in the U(5) limit of IBM [17]. The second term, std, corresponds to the
so-called backward amplitude in the random phase approximation, and annihilates L = 0
pairs of the d bosons (i.e., [d'dT]()) when it is acting on |07). We need this second term
with the equal strength as the first term, in order to make up the present scheme. On the
other hand, it should be noticed that the backward-going contribution in the present case
is probably much stronger than that obtained in the random phase approximation where
the backward-going contribution should remain reasonably weaker than the forward one.

The symmetrization and the elimination of two @’s coupled to L = 0 in eq.(11) imply
that the states constructed in eq.(11) can be classified in terms of the 7 quantum number
of O(5) as a matter of mathematics. In fact, also from the comparison between energy
levels of eq.(13) and those of the O(6) limit, one finds that the states of n in eq.(11) are
nothing but the states of 7 = n in the O(6) limit with the excitation energy rewritten as
k7(T + 3). Thus, it turns out that all the states of & = NV are created by eq.(11).

The possible use of the @ operator in the classification of the O(6) eigenstates has been
mentioned in Ref. [18]. It was shown in Ref. [18] that low-lying O(6) states can be con-
structed by successive operations of the Q’s, whereas the pattern of the energy levels (i.e.,
phonon quanta and anharmonicity), the dynamical origin of the phonon structure and
the precise manner of constructing the wave functions have remained untouched in Ref.
(18]. Thus, the " Q construction” introduced in Ref. [18] means the interrelation among
low-lying O(6) wave functions, and hence does not fully suggest the phonon structure.

It is of interest that one can obtain the present ground state exactly from the -
unstable intrinsic states with the integration over the v variable [6, 7], while one can
extract the ground state in a good approximation from the rigid-triaxial intrinsic state of
~ = 30° for smaller boson numbers [14, 15]. Clearly the ground state is characterized also
as a ~v-unstable or triaxial state, and then it is most likely that the phonons introduced in
this note preserve the y-softness to a good extent. This point should be better clarified
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in the future. We would like to point out that the present result does not contradict the
~-unstable or triaxial nature of the O(6) system as a whole. We should stress, on the
other hand, that the excitaion mechanism is indeed of the phonon nature. Combining
with the conventional phonon picture for the U(5) limit, this new feature may be viewed
as a support to a recent observation by Casten et al. [19] that low-lying collective levels
of most even-even nuclei except for strongly deformed ones can be described in terms of
phonons with anharmonic terms.

There are higher-lying states with ¢ < N in the O(6) spectrum [1, 2]. The lowest
state of a given o(< N) is a 0% state, which contain (N —¢)/2 boson pairs with a specific
structure. This pair is monopole, and is referred to usually as the P pair [1, 2} (or the §
pair [20]). The P pair is not included in the ground state in eq.(4). This lowest state of
o(< N) can be decomposed into a sector created solely by the P pairs and the rest [20].
In other words, this state is created by (N — o)/2 times successive actions of the P pair-
creation operator on the rest part. This rest part has a similar structure to the ground
state in eq.(4), but consists of o(< N) bosons. The phonon operator, Q, commutes with
the P pair operators, and acts only to the rest part. Thus, the (@ operator produces
phonon excitations without disturbing the 7 pair sector. To be more precise, the phonon
operator conserves the ¢ quantum numbers, and the phonon excitation occurs within a
subspace belonging to the given o. Thus, one can construct all the states of an O(6)
nucleus in terms of the multiphonon excitation and the P boson pairing mode [20].

We have chosen the Hamiltonian in eq.(1). There are three independent terms in the
general O(6) Hamiltonian [1, 2]. Besides the present term in eq.(1), one of them is the
total angular momentum, which does not change the wave function and yields the trivial
variations of the energies. The third term can be the pairing interaction for the P boson
pairs [1, 2. This interaction shifts all the levels of a given o by the same amount. It
does not change relative energies for the states belonging to the same &. By including
this interaction, the wave functions are not changed either. Thus, the above discussions
based on the Hamiltonian in eq.(1) are quite general for the O(6) limit.

In summary, we have presented that the low-lying (0 = N) O(6) states are multi-
phonon states built upon the ¥ unstable ground state, where the ground state correlation
is dominant and a rather large number of d bosons are contained reflecting a strong
deformation. The energies are represented in terms of phonon quanta and two-phonon
anharmonicity. This consequense appears to be different from the usual picture of O(6) as
a v unstable "rotor”, although the triaxial nature is inherent in this multiphonon picture
through the ground state. The o(< N) states are constructed as a product of the P pair
sector and the present multiphonon states.

The authors appreciate the valuable discussions with Professors P. von Brentano and
A. Gelberg. The authors acknowledge partial support by the International Joint Research
Projects of the Japan Society for the Promotion of Sciences, by Deutsche Forschungsge-
meinschaft under contract no. Br 799/5-1, and by the JSPS-DFG cooperation agreement.
This work is supported in part by Grant-in-Aid for Scientific Research on International
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Abstract

A novel relation is presented for E2 matrix elements from the ground to
ground-band, 8-band and 7y-band 2+ states and those from these states to the Og
state. A theorem stating that a sum of certain products of E2 matrix elements
should vanish at the limit of strong quadrupole deformation is proved. It is shown
that 8 — g E2 matrix elements are small, and the 3 — v matrix element is larger
than the former.

1 Introduction

The structure of deformed nuclei is determined predominantly by the quadrupole-
quadrupole interaction, from which the quadrupole mean field arises. The 8 and v bands
are considered to be intrinsic excitations from the ground state primarily consisting of
two-quasiparticle configurations [1]. In such a picture, there is no apparent relation of
the structure of the 8 band with that of the 4 band. In this note, we shall present a
novel relation for E2 matrix elements involving low-lying members of these bands such
as the 07, 05, 2}, 2;, and 27 states.

The relation to be presented is a consequence of the dominance of the quadrupole-
quadrupole interaction over the deformed ground state, and can be evaluated only in
the laboratory-frame calculation as seen later. For collective states of deformed nuclei,
the calculation with a good angular momentum is very difficult in practice for fermions.
We therefore use the Interacting Boson Model (IBM) [2], while the following discussions
are not really restricted to the IBM, and can be generalized.

2 Relation between E2 matrix elements
The Hamiltonian is assumed to have the form
H=—-x{Q Q) (1)

where « is the strength parameter, { - ) stands for a scalar product, and the quadrupole

“operator @ is defined as )
Q =d's + s'd + x[d'd|?. (2)
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Here x denotes a parameter, | ]¢£) indicates a coupling to the angular momentum L,
and d,, = (-1)"d_n.
We focus here upon the matrix element

(051(Q - Q)107). (3)

For the Hamiltonian in eq.(1), the |0}} state is an eigenstate of (@ - Q) independently
of the value of x in eq.{2). Therefore, the off-diagonal matrix element in eq.(3) vanishes
identically. This very natural consequence actually imposes a unique condition on E2

matrix elements, because the E2 operator is defined as
T = €20, (4)

where e? stands for a boson charge.
The matrix element in eq.(3) can be rewritien as

(021(Q - Q)lo; ) = S(ogl1Qll2n 2 1Rllog) = 0, (5)

1

where { || || ) means a reduced matrix element, and the ¢ denote indices to specify the

complete basis states of 2F.

Since the Q is a one-body operator, the intermediate 2% states in eq.(5) can be
truncated to the 27, 2;, and 27 in practical cases. By combining this with
(05/(Q - @)|0]) = 0, one ends up with

q9(g) +q(B) +q(v) = 0, (6)

where a(g) = (041112312 1Q1102), a(8) = (05 11Q1125)(2511Q10F), and
g(7) = (05/1Q1123)(2511Q[[07 ). The validity of this truncation will be discussed later.

Here we shall see a basic features of eq.(6) by taking a limit of large boson number
and assuming axial symmetry [2]. One can then use the arguments based on the D
functions and K quantum numbers [1]. Then, {041|Q|2]) = (251|Q[|03) holds {1]. One
can verify numerically that these relations are still valid in a good approximation for
smaller boson numbers. Equation (6) can then be written as

(03 11Q112){(2/ 11Q110§) + (25 11Q1105)} + (0311Q1I27)(2711Q1107) ~ 0. (7)

The quantity {{2]1/Q[i0F) + (2411Q105)} is always extremely large, while (2fiQllof)
and (05|Q]|24) are large only moderately. For instance, Ref.[3] shows a typical value
[(2511QI107)/(2111Q1|0F )| < 0.2. Therefore {051]Q1[2}) has to be very small. This is the
first point we would like to stress.

Secondly, since [{2}]|Q1|0})] is considerably smaller than (2F11RNI0H) 1, 1(0F1'Q1123)]
must be much larger than [{071/Q[[2}}] (or [(251/Q110;}] ). In other words, the B band
should have larger transition matrix elements to the v band than to the ground band.
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Figure 1: The ¢(g) (square), g(3) (circle) and g(7) (diamond) in eq. (6) as functions of
y. A sum gq(g) + ¢(8) + ¢(7) is shown by cross. Lines are drawn to guide the eye.

If one takes the picture of the 8 and -y vibrations, this appears to be rather unexpected.
On the other hand, the present theoretical observation seems to be consistent with
experimental data [3,4].

We now would like to show how the ¢’s vary. The following example is shown for the
14-boson system, for instance '84Erqs. The x parameter is changed from its 0O(6) value
(x = 0) to SU(3) value (x = —-‘/-z——f) Figure 1 shows the g¢'s as functions of x. At the
O(6) and SU(3) limits, all the ¢’s vanish. In the middle region, they take finite values,
while the truncation in eq.(6) works very well, giving rise to ¢(g) + g(B) + q(7) = 0.

For 1% Erg, x ~ —0.5 has been suggested by Warner and Casten [3]. Fixing x at this

value, we change the Hamiltonian as
HZEN&_"’(Q'Q)’ (8)

where N, stands for the d-boson number, and ¢ is the d-boson single-particle energy
relative to the s-boson. The Hamiltonian in eq.(8) clearly violates the theorem in eq.(5).
Iigure 2 shows how the ¢’s vary as functions of £. In Fig.2, we also examine to what
extent the quantity in eq.(6) deviates from zero. Here & = 0.05(MeV) is adopted. Note
that only the ratio £/« matters for the present analysis.

One finds in Fig.2 that the sum g(g) + ¢(3) + ¢(7) increases as € increases, but the
cancellation of ¢(y) against ¢(y) and ¢(8) remains. This is a very intriguing point,
because the above relations between E2 matrix elements are preserved to a good extent
due to this.
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Figure 2: The ¢’s as functions of e. See the caption of Fig.1.

3 Double gamma 07 state

Next, we choose the double-gamma—phonon state, i.e., the 01 state instead of UE
in eq.(3). Then the matrix element (03 [(Q - @)|07) can be rewrltten similarly to the

previous section as

(0£,1(Q - )lof) = S (03, [1Qil2F) (2F1Ql107) = 0. (9)

i
Including the 2},25,2F, and 27, states as the intermediate 27 states, this can be rewrit-

ten as

g(g) +d(B)+d(v)+q(rr) =0, (10)

where gy) = (07, 1Q121) (211010}, 48) = {0 1Q1Z) 2312105,
/() = (051U 25 [1QII6;). end o'(y7) = (07, ]1QI24) (23 Q110])- Note that the
21, state must be included, in contrast to the case for the 05 state

As an example, we calculate the values of the ¢”’s in the case of ¥ Er with x = —0.5,
as shown in Table 1. The small value of the sum of ¢’s indicates that the truncation
works quite well.

We shall now present an interesting consequence arising from eq.(10). The quantity
¢'(i) is the product of two transition matrix elements. In the case of ¢'(7), the transition
07 — 27 is one phenon excitation, and the transition 2} — 0 is another one phonon
excitation. [n the case of ¢'(77), however, the tran51t10n 0+ — 2% is prohibited in a
naive phonon model, and in the case of ¢'(g), the tran51t10n 2Y — 0F is prohibited
similarly. From Table 1, it can be seen that ¢'(v7) and q(g) should have finite values
in order to cancel ¢'(y), while ¢'(8) band has rather negligible effect. So the gamma

768 —_
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i ¢() | (of1eQl2r) | 271Qlog)
g | 2.79 0.164 16.99
g | -0.22 -0.764 0.226
v | -4.96 -1.86 2.67
~y | 230 14.38 0.160
total | -0.09

Table 1: The values of ¢’s in the case of '§gErge , x = —0.5

phonon excitation is always associated with the direct excitation from ground-band
states to yy-band states. This result is in contrast to the naive picture for the gamma

phonon.

4 Summary

We have presented a novel relation between E2 matrix elements of deformed nuclei.
This relation demonstrates that the O; — 2} and 22,' — 07 E2 matrix elements should
be quite small, and that the 0 — 2} matrix element is larger than these two, These
points are consistent with experimental systematics, but need to be examined further.
We hope that the new theorem in eq.(5), which should be exact at the limit of the
quadrupole-quadrupole interaction dominance, inspires some more new experiments.

We have also discussed the case of the 0, state by using similar property. The result
contains a feature which appears to be in contrast to the naive phonon model for the

gamma phonon.
We mention that the consequence presented here is not due to the IBM, and the

same theorem can be drawn as well in a purely fermionic system dominated by the

guadrupole-quadrupole interaction.
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ABSTRACT

Two-phonon y-vibrational state in rare-carth nuclei, **'®Er, '“Dy, and **Os, has
been studied through multiple Coulomb excitation. Absolute E2 transition
probabilities between two- and one-phonon states are derived. Experimental results
for vibrational states in heavy nuclei are reviewed.

1. Introduction

Surface vibration is a fundamental collective motion of atomic nucleus. Such vibrational
mode is well established as one-phonon B- and y-vibrational states at low excitation energy. On
the other hand, multi-phonon vibrational excitations are not well known especially in deformed
or transitional region. Their existence and collectivity is one of the central problem for
elucidating the collective excitation of nuclei. Currently new results' on two-phonon states
with couplings of quadrupole and octupole phonons are emerging. For the identification of two-
phonon state, it is very important to determine the B(E2) values which are the direct measure of
collectivity. There are a number of theoretical investigations for the description of the two-
phonon states such as the Quasiparticle-Phonon Nuclear Model (QPNM),’ the Multi-Phonon
Method (MPM),$ the Dynamic Deformation Model (DDM),’ the extended Interacting Boson
Model with s, d and g bosons (sdg-IBM),* and the Selfconsistent Collective Coordinate Method
(SCCM).* However, only a few experimental data have been reported as to the absolute
transition rates. Because of this we made a multiple-Coulomb-excitation experiment for 168,165
19Dy and *20s nuclei. Here our experimental results as well as others are reviewed.

2. Experiment and analysis

Collective states which are connected to the ground state with strong E2 cascading
transitions can be well excited through multiple Coulomb excitation. The Coulomb-excitation
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cross section is a direct function of E2 matrix element so that, once the transition is observed, the
yield can be converted to the B(E2) values in a model independent manner.

The '%Er and %Dy nuclei were multiply Coulomb-excited with beams of 295-MeV 7*Ge and
235-MeV %Ni, respectively, which were obtained from the JAERI tandem accelerator. The
target was a self-supporting metallic foil of 1.4 mg/cm? for **Er and 1.2 mg/cm?for '*Dy. The
bombarding energies have been chosen so as to achieve the “safe energy”( 4 - 4.5 fm of closest
distance). Coulomb scattered particles by target nucleus are detected by two parallel plate
avalanche counters which subtended the backward angles. y-rays in coincidence with the
scattered particles are detected by four Ge-BGO anti Compton spectrometers surrounding the
target chamber. The observed Y-ray spectra were corrected for Doppler shifts kinematically by
using the position signals of the scattered particles.

In order to derive EA matrix element we have made analysis based on Coulomb excitation
code GOSIA,*® which takes into account energies and EA matrix elements of all the states and
transitions concerned. Here the general behavior of Coulomb-excitation cross section is shortly
reviewed. Figure 1 shows a y-ray yield of 4w—-> 2_transition as a function of excitation energy of
4, state. The yield logarithmically deceases and it becomes difficult to observe the two-phonon
state at higher excitation energy. Figure 2 shows the yield versus E2 matrix element between the
4 and 2_states. In this calculation the E2 matrix element between the one- and zero-phonon
states are fixed. This indicates that the yield is proportional to the square of E2 matrix element or
B(E2), which is expected in one-step Coulomb excitation from the one-phonon states.

3. Experimental results and discussion

Figure 3 shows a partial level scheme of '®Er. Three transitions deexciting a known level at
2101.6 keV were observed in our experiment. The spectroscopic information for such highly
excited states is not sufficient and the spins and parities have not been assigned yet. But from the
branching ratio and the relatively large transition intensity, we tentatively assigned these

transitions as E2 and the state as 4* with K=4.
The "Dy is known to have the lowest-lying one-phonon 7y band in the rare earth region. As
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Table] Summary of two-phonon states in deformed nuclet.

exp cal

nucleus E@ ") B(E22 —4.) E@ " BE22 —-4.) reference
E(i;) BE20, - i) E(Z,f*) B(E2:0, > 2)

Harmonic vibration 2.00 1.00
Dy  2.894 09105 present
2.83-293 - QPNM [5]
2.64 0.66 SCCM [9]
1%Er 2.517 0.16 £0.12 present
2.673 0471035 present
2.67-302 - QPNM [5]
2.57 .68 SCCM [9]
1&Ey 2.503 0.53+0.12 present
“ 0.38 £0.20 Bomer et al. [1]
- 0.16 QPNM [5]
25 0.40 MPM [6]
25 144 DDM [7]
2.5 0.50 sdgIBM [8]
2.54 0.68 SCCM [9]
#2Th 1.801 1.1+04 Korten et al. [4]

shown in Fig. 1, the Coulomb-excitation cross section increases drastically as the excitation
energy decreases so that the low excitation energy is advantageous in assigning the two phonon
state. In spite of this speculation, we could not observe any strong peak at the energy lower than
1.34 MeV. Thus we have reported previously!! that 'Dy has no well concentrated two-phonon
state below 2.1 MeV.

Table I summarizes the energy ratio and B(E2) ratios of the two-phonon state in well
deformed nuclei. The energy and B(E2) are obtained in absolute basis but the ratios of E(4*) /
E(2*) and B(E2; 21 —)4,”)/B(E2; 0g ->27) are convenient for the comparison with theoretical
calculations. '®*Er is the first case where two-phonon state is reported' and the data for 2?Th is
recently reported. The anharmonicity of the two-phonon state in **Dy and 1Er is larger than
these nuclei. The QPNM calculation® seems to be consistent with the present result.

Table II shows the decay of the observed two phonon states. The B(E2) values between the
two phonon and one phonon states show a collectivity of 6 to 10 Weisskopf estimates. Since, in
the harmonic limit, ratio of B(E2; ] —>28)/B(EZ; JW _)2?) becomes zero, it gives a measure of
goodness of the two phonon picturc.nl'he B(E2) ratios are sufficiently small for the experimental
data currently available, and supports the interpretation of two-phonon picture for these states.
As to 1%Gd, B(E2) ratios were derived from the y-ray branching-ratios even though the absolute
B(E2) values were not determined.

In a recent sdg IBM calculation, it was suggested that g-boson contribution is large in K=4
bands in transitional $Sm-Gd and Os-Pt nuclei. The g-boson corresponds to the hexadecapole
contribution and the observed enhancement of B(E4) in Os-Pt region is well explained through



JAERI-Conf 95-004

Table I Properties of two-phonon y-vibrational states

nucleus I B(E2;21-~> Jw) B(E2; Jw—) 2g) ref.
(W) B(E2 ] — 27)
Harmonic limit 4,0 0.0
Gd 4 - 0.0001 Wuetal.[12]
18Dy 4 11 (6) 0.014(7) present
1$Er 4 5.9(13) <D.005 present
®0s 4 11 (2) 0.0045 (6) NDS$[13]
0, 13 (2) 0.093 (12) NDS[13]
1205 4 9.2(9) 0.0030 (8) present
0, 69(7) 0.0182(7) present
0, >(.25) present
BTh 4 10 (3) 0.006(3)° Korten et al.[4]
a) present

this model. In order to understand the apparent low-excitation energy of the K=4, band head, it
will be necessary to take into account the hexadecapole contribution.

4. Summary

Two-phonon Y-vibrational states in well deformed nuclei, '*Er and '*Dy, and a transitional
nucleus, %%Os, have been studied through multiple Coulomb excitation. Our result and recently
reported results for '*1%%0s and 2?Th reveal the following features of the two phonon states.

The energy ratio, E(4w+)/E(2,!*), for the two-phonon states are fluctuated between 1.8 to 2.8.
It is interesting to see that, although the phonon states are collective and expected to be observed
systematically in the same energy range, the experimentally observed energy changes much
even in a narrow region of *¢!Er and '*Dy. This suggests the necessity of further
investigations with microscopic basis. The QPNM approach may be expected to explain such
structure of two-phonon states. A gross feature of the energy ratio and B(E2; 4 —52) indicates
that as the neutron number increases the harmonicity becomes large; in **Th a near harmonic
vibration has been achieved. This feature has not been fully understood.

Recently F.K. McGowan and W.T.Milner reported'® large B(E2) values between a possible
two- and one-phonon vibrational states in 2?Th and ?*U. The B(E2) values range between 16
and 56 W.u. and are far larger than expected for the phonon state, showing disagreement with
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our present understanding of collectivity in nuclei. This surprising and important result needs to
be studied with high priority.
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CheDEBE2RZICSREBOERIAABIZLS 1. 33MeVyYREIXNT D
Doppler broadening %2R#8d2&, Fig. 30LdiR %,
ZOBE, REZEOL LT8R EREL TSN, ZhiX
projectiledtargetdhdFEBIEH, Wb®DHinverse
kinematicsOB&ORARKNRETHD, U—AXENI DS PRDENE
HOBBFEOBAOLDEIRICONEPEELEZION D,

53 - 5

™S
s [ LT

-20 -15 -1o -5 [ 34 LS

individual / n

cluster .

keV
Fig. 3 w54 7OBERICBTSDoppler Broadening
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3. 7RI NE—-NOEEELTOMNEE

Tablelic&BHBOMESL, BEHRTTERBTH ZVWEEFEHFOHD LT
BHBLELOETRT. ¥5IcTable2ilik, 7UAFVE-NVERL LT
EENBENBLEBDOZRT. CORERDE, BEDhbOhMEEFDOZVZAFZN
R—I)ViZEeE L L/'CGASP%J:E]DEUROGAMIN:E'.5<%@*&&;5$#/}}ip

%o

Features of the detector modules used in various arrays for E"‘r c1.33MeV.

Tablel

Array N Re.{cm) "Qis.'(—LT‘) [ Qe ,,(10°%)
GASP(v. BCO ball) 40 | 27.0 2.1 0.27 9.73
EUROGAM [ 45 | 20.5 5.1 0.24 1.22
EUROGAM I T
individual 30 | 20.5 5.1 0.24 (.22
CLOVER 24 | 23.0 §.3 8. 21 194
EUROBALLII
Individual 25 | 30.0 2.7 024 0.65 !
Trapez. CLOVER | 12 | 29.0 7.4 0.24 578
CLOYER 24 23.8 9.3 0.21 1.94
| cLusTER s | 43.0 16.2 031 319
JAERIBALL
(tentaive) |
CLOVER 20 | 23.1 §2 0.21 1.93
Individual 10 21.9 6.2 0.27 1.67 :
| Encapsulated | 12 | 22.3 6.2 0. 20 1. 24 ;
Table?2
Features of arrays for ET c1.33MeV. Mr 230 and v/c=0.04.
@".a{?ray v | aE(ke¥) | (PiT).. ] P,, R [agrersfagert o]
| noroBALL 20 | 7.3 6. 43 0011 | 4.9 20070 sx107t |
GASP (. BGO bali)l 40 | 7.0 D.54 0.030| 6.4 6xI0* LTxiot
EUROGAM 1 a5 | 1.5 0. 59 0.047|5.4| sX10°*| 1 4xio-
‘_EURUGAMH 54 | 6.8 0.51 0.077(6.30 axio-e 5%10°°
] tUROBALLII % | 5.6 9 60 0.13 | 8.9| 8X10°*] 6XI10°"
JAERIBALL 12 6.5 0. 44 0.063|5.6

) FEECOVWTEHBEXRL) 28HLTTI W,

25X

1) EUROBALL 11, European 7y -ray facilitiy, December 1992
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25. F—A2PNERICZONT

SERE - WHER - In#EsgFts s —
IR AR

[(E&]

EHOy BRBBLOHEEINDZZ YRSV - F=VERVLERT, & h %)
RlcF— 7 #NETEIVEa—F— - VAT ALDOVTEET S, CNETO
S 2FAELT, RERTHEENT S DRUEUROGAMI DY X7 A ZMNT
5, HvAF DL L TGelHBFT125B THRENIBEICOVWTOT -5
AT LT GBI D P T HG I L 25BEOHLERDRIIT LA
. dead time B % SIHDO B VWY AT ABENTH D, TNEERTLRHIHE
% SPATHLER ( parallel event trigger mode )i W TEEE L 720

o PURZI - F—LohDF— 7 NEHR

S OC EER B IRIRICAB L2y ) A5V - F— W & 5 RBFEE
BizBWT, 7— ¥ INERREREELHET 2 WBEICEE LI ICERLER
BEO I ThD, Z VAT N - K- V3 ELRETHOGAEVIRBORANOL I
7ﬁ®ﬁﬁﬁM%ﬁ5§%f5%oE%&m%kxEmemﬁﬁwﬁﬁﬁﬁ%
HOBMBTELY, —HRTR, ALV 1~ 2BELIRORELV, OB, &
2V VHREAEERET ZBCESERO y BN IZEFICRE IS, 7Y ATV
H— o L AFREEHEERT, Thb 0y 8% M LEAEEZHA BT
@T%éot®%\yﬁ®1$W¥H%%%m%%ﬁ%faéoéeu‘ﬁﬁﬁﬁ
DERIA ML LT, BREROEETH D, /2. L0y RERLLLET
BARETsc L bLETHDL, BT ol L ORBHERTL, BEPUT L
ORI R A RSB TR IS N B OME LMD LTHFE LAY TS
2, BREY v F A - T—AY R TEEREAK L ORI bEIHS LTy
2, 2510, 72— 0 YRR LESIEESEELC LV EEL S W HTFEE, yRED
WIS b RS Bk d B ETH D, < ORICEIEIC b 72 5 ERICHIGH K S £k
0. HAREOHERF ST FIERFLET LV, TLTRDEELFR, &
WO R NF—SEEERELZ DT, 2 U ARSIV - K- L OROHREE RKIRICE
HMTXL AT LOMETH L,

oFEER—-NDF - INES AT A

BRSNS Yy — L BBIRTWA Y Y AF VE—NVIZ, 6 BOGekH!
- Y D ARG, IA VY F YA F—4%1E, NIM-CAMAC—-VME*%
#ZT., VMEav¥a—% (059) T EEAE S /- 1E. ethernet V2 K 1) unix 3
UV a—Z~EEEEN D, eventdata it 8mm 7 — T REBENL N, FORKES



JAERI-Conf 95-004

K AR JE 1349 200kbyte/sec Th B o SHED S DELM S 4 X2 EWTHHIC, T
2 — & % BT B ethernet I2H7 7 4 S —&FEb Wz, LTI £ OBREEFET
%o

ADC: ¥4 37— 1821 211MHz
TDC . LeCroy FERA 4300B
Branch Driver . CES CBD8210
VME . MOTOROLA Delta 3000

CPU MC68030 (25MHz)(MVME147S)
Memory 8Mbyte

Disc 100Mbyte

oS 0SS

WS DEC 5000/200 (ultrix) 2 5

oEUROGAMII ®F — # UV A7 A

EUROGAMII R4 HBBADZ )V AF L - E—VThH5, 3 0F Ge izl
i\4Cmﬂhﬁ%%ﬁ&%b&t7ﬂ—ﬁ@&%%24&Rﬁbfw%0%ﬁ?
HE Ge M3t 1 268 Thb, SNZIRF NV - F—AOF—FRERIF, &
NEACERIN: VXIEY 2 — W 0Bl NE, TOEVa—Vild, T~
7\&437&-777\?4xyua$—9ﬁmczm0ﬁ$f#¢mﬁ&ﬁ
iﬂqVMMm%ELTVMESVE;—yﬁﬁﬁéﬂTW6OMmﬁﬁﬁ%ﬁﬁ
ﬂ(mmwwﬂcqmmﬂmmmn)BURRBROWNPCM%W1&mﬁﬁwﬂEfrcw&o

0 GAMMASPHERE {Z2W T

GAMMASPHERE i kE. 7 F¥EofkAThEonTnbs VARSIV - F—-NT
b%oUﬂKTﬁﬁLﬁb‘ﬁﬂﬂ%ﬂﬂm0A$ﬁﬂk#%%&éhfwéoﬁ
%%mu‘mﬁu&5t®$f%50?~9ﬂ%%@ﬁ&&\umtbf
<mmcmAmw%ﬁhxcmmmmm%%ﬁmﬁﬁénfwéoﬁ%u
EUROGAM E I VKI £V a — VTHERELHDLTFTETH 5o

o F— 7 WERDKES

5 AT ME—VIC LDy BRI IERE SHICES, FROET 12—,
SR TSR D 7 — F IUEY 2 F A ORE KRR, ZOF— FIERER
+5 L TEELAELTICET S,

Myﬁ®1$W¥~ﬁﬁ%%ﬁ&b&W$o
m%@ﬁﬁﬁﬁiﬁ\ﬁﬁﬁ\lUK“?%AV?V%E*éﬂéo
BIRBENF— ¥ OEBRLI L 7 — I ~OFHEE S b Ao

[4]Dead time % B/M ¥ %o

(5144 ¥ LB R0 B TR,

=
~
it

Lo BRI, BTOEBIRLZT TR %\,
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- pile up rejection

- energy calibration

* amp. gain

- High Voltage

+ HV shutdown

- trigger, time constant & delay
* rate meter

+ dead time counter

o H% FATALE ( parallel trigger mode )

yYRAYVE- VIR E NS, WOMIEEOGeFEARIMEI L o T, KHR
PSRN HREC L ASREOET TH L, 1 Y E—aERTR, BRIGL
FES I SN BEEO y BEET 245, FECZORUGITHEY, 8% 1 ~30
PHETAH S D, PETHFREBHOGE FREICEHRL, R4 ICRAICERE
Phmr b, COBREFE/NRICT AL CE, ERAZEREEET S hwI, |
B, F— S IERD dead time 2 /DT EFTH DL, TOHWT, parallel trigger
mode #1EE T 5, $E5K D common trigger 13 1 event 7542 = 5 & ST ERF NI BRI &
Fwv, FOBRRISE 21— —QRAEHIETT 5T CEoUEHRIRLERETD
Z, LHPL, 2URFNL - F— VAR TTEAIKE CBNIE, O dead time
DRICTE ) DRI TROMENTTEE %2 %o $E o T parallel trigger mode %}
F A RE LB RIE %R S % o

& ¢ parallel trigger mode ¥ £H T 212id, 4 DF—F DI T L L TR 2 Roék
TALEDNH D, I, 3AA P ECRCHALIET S, 70y 7 L LT 1MHz
DEZEEVLE, BA18B T TRETED, F— s ERIE, TORILHE
DIcH ~DHERDOF— ¥ 2 EDTTF — TR T %o

o KEIZ Y ZZ N - K= VDBOT— ¥ PER

ZYRF N - B VISR OGEEEREZFL OB I N LD, T THE 125
HofbBEsMEL TF— 7 WEROHE RS2, —HD Ge BT 5 OfEH
. TLAMF—{EE. BEESREAFR2 AL M, FLT, REBGOMEDS S
YLT1AA FPRECH D, & 5IS, RiB O parallel trigger mode D4 DIFZ £ 5Lk
TEEIC3INA FPLELRDT, BFF8 /54 FF—sEEL D, UTIREFOHD
RS A—F i h, T2, 125GOKRNLEIL T — FTiEBEEEETOT— 5 DU
nNERN—JOHICRT,

event rate : 30,000 /sec

fold number : 20

data format : 8 byte/detector

counting rate : Skcps (& DGetRHI 2 DETECE)

total data : 5 Mbyte/sec

transfer speed of VXI bus : 40 Mbyte/sec

writing speed on ExaByte tape : 0.2 Mbyte/sec (increasing upto 0.5 Mbyte/sec)

cC Q0 C OO0

TOREOERE, F— 7/ BIIAKBETSMbytefsec (b, COT—F7&F T
ExaByte 7 — /W HEXRAL £ T5 L, 2507 — THREFLRICE Do Lo, —
HC. VXL /AR QEEE R € — FIZEARIC 12 40 Mbyte/sec THB DT, ZOKED
Pk BALRIEFERLEITTH L,
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125% o Ge 8 2 35 12 53 Daw RE SATA

Clock Master 'h'"‘jj ey

—ﬂaCFDj
D”Phj & Cm\.‘}!‘oL

1)
(ze *% . Both w;n JIAE £ Ao e ta pe

125% OPT lin N\ 00: 00

5

0Q: 08

00: 10

00: 1§

Bip BB 68

2

B

00:20

TIry

C0lkbs > < AMbs
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26. RISEGHEBEREN-DOERENTZEENELEE
WEAWEE W ET
1 &I

BETAEOE R E VIR, B4 4 VvEe  BRTEARSIC L-> THEY
OBAEO SRR ER L, TOMERD y REBET L L), 1 Y E—A0
KDFEDNELH O ND, BRfDS v 7 A - 7 A —MERFOFERITL 0T,
LOBEOWTEE - LVBUIAVF—OC—AdFHATED L)k, FERIEL
187 35 o TR OBAEE ORI R AT 2T % o 720 KO, COHZEIK - BIAV
¥ ¥ — AL BEEERRCTRIFHIE COLOF ¥ Y 2AVPEH D, v
WA ET A HER ML L TELRITL 5BV,

A v ¥ — AERIIB RN EHIEREEE LT,

1) EMEEESH (RMS)

2) yHSEELHIANVT—OlE My, ZEy)

3) AFEwmTHEED (PID)

O3IoNETFLNRE, OB, 1) i, Eif7—A%—-OFEVHIALVF-E—
nERKEIES LR AN ERTH ), K, BRLIC I o TRMSHE
DEEAED SN, ML BT —AY —a-ANBAS NS EHWTWw S, 7F, 7

DAy RV LTy OB EAEYTS LI IBPLRA L, R
DEIRD 70, RS IREL LR OFHEATH L, T, KMEIEA
DA ST ET B AN S R 5 BUEIE TE R Vv T, FH OV EEEE
RN D E M IS v, 2) @R, 82 ENORDBALLD Inner Ball%
Y4 xRS % B o 72BaF, PBGO D &) R @MEO Y Y F L= 5 DA~
LERWT, BACITbN TS, Mk HLxn) IS O HE T HR) 7277,
R TREF v v RSB R TIE RN S B, T2, BEfS YRSV
F— U 1 WIET O & D % r/NRELOE — )V T, InnerBallZ B 20Ty — 7
b L GelR SN M OEMEA TR A D, LT LBRRE TRV,
'3)mﬁ%ﬁ%&&ﬁt@@%m&%%ﬁUz&mﬁ~»tﬁ%f5$@?,ﬁ
SRS - A E ST E E MO ERIRY v F L — 8 L0 S HAE SRR
ch D, CRE3IODD L TRS EE»DRMAE FHEEH, TOHHEE
NORDBALL + Si Ball + Neutron Wall2 TEILE & TH B (1], HIOSHERT I
Bieml, A TIA VI L o TR IR, AT PRSI ENT
%7, BUFLEEORCF ¥ Y AV THROCTHEFRCI &L, Thid2) OFF
Etﬁ%%&%@k%if&wﬁaicit,yﬁwﬁﬁﬂﬁ%%kétwﬁfm
1), 2) £nbEATYE, B Eoo &is, # 1HENEOFRIF — NV ICHLAA
CERFEEEEL LT, 3) ARLENELOTHS ERET D,

9 SR — VORI EF

%lﬁmﬁ—wm,ﬂﬁﬂ-ﬁﬁﬁ@%fvw%%ﬁﬁm,&@&ﬁlOﬁﬁ
DL DI D TFERDT, Geb BORERS Y AF WE-VTOEHNFZMH
TERBESD,, A — VI, 1994 7 BB, 165 ER FHREES, B
PETARMLE L L TRAREREAY v F L - SAEPRAIRENTVE, BT, T
EoHFHOHH T LERET,
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91 HERETRERORE, | OCm

| | | L

beam . §
T
/ E target || A
D C B front detector

position # of det. :

A 5 10mm .

B 5 ——
c+D 5 g T B “71

E 1 a1 Lj E! side detector
total 16 = | ]

YR fi_ @6.5."«'/

-
410
- i
=0
: : ! A
i H B
; i a3
i ! By
! l al &
' ; =
I~ P g &
H3 N QI 1|
e , . -
- 3 it > o U Y
-« g - - r
3 o ) = TERTE
\
‘ \-_—_‘

Lo al {
10
..-p_—-—__1.=‘4—-——"'
- 2
et 5=
1
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2 — 1 FELFRILET

FEAM AR RAANOBEMSICE S SiBall2] Ko TWwd, Chid, ZEDA
ERISHRILEE TS — & v b OSMEMEREY, BT (D)L TV 7 7HTF(a)&4 %
HKT LD TH D, HFRINCESIFTOD & o DT ANVF—HEDEZFH
+ 3, 200 mIEEEOEVSIEAVINT, yROBBICIIALEREFAZ V. 3
t,é&smﬁﬁwk%étwf,&&m%%&—kaﬁaéﬁaﬁﬁnfm
Firo SEHBRXE 2RI 2RI,

LAl SiBall& @iV L,  SiBallA"NORDBALLOGetk h 83 D ACIH TG D& TIE
wﬁ%ﬁﬁ%ﬂofwtmtﬁb,ﬁﬁ@%@ﬁ,ﬁﬁﬁ—»@ﬁﬁﬂébﬁsﬁ
HEC - TWA I ETha (M) o BROFIHE25TH D5, 5 OFTECEN
B IRV O T, MRICRT £ 2BEeiTo T, 160HTHHL TS,
7, Ak TikEAO [IDEK] 2®%kL, 737us/70IDETEZADCRANT
L HEA - TV, FETHREZBORNEFIZOVT, p, « (KB
b, p+a) DEEELTRTFVIMEFETRDIGANIA VYTV AVIAS
(#E3220) THHRAA TV S, SOFFEI LML, HFOFEELT TR LY
Rty — L ERERT D T EAHIN S,

Y — A0 ASTE - ST LA oz & 5 ATkt Re e EH L, Bl
k= A OBREE (S2662-02) FFUE L7, T ozoREEE R RIS O
£12SiBall £ ) RS ERERTIA% TH DA, e o o EHALIE
A (O 533 11,0008 X 1540

2 — 2 pHFRILEE

oML BRI, F ¥V vERoFREEY v F L - ¥ BC501(Bicron Corp.)
tNmBmmmmmmmwumg%ﬁ%wa%oﬁ%ﬁﬁéﬁﬁ,ﬁ%@ﬁﬁu
FhERLTH S,

GHERE— VDT L= AIRBRAL D, BEROMEEGD Y T L v L RITH
—ELRTYS (F2) o 1E8Y720ESTem, HE3 Yy bAT, 0~108
MeV O VT 1ot L T IEd0% O SR 3 o, ERERATOVEAIL 2 D5
%, MEREETNERLROTEMETRD o ERE( RS, 5DEIH, T
Ao DB E Y — AT LT3 DEEI 3EMATWADY, SEOFICSHIC
AT B, PEET LI T A RIMEIE I R EI0%IEEICE B AR L1
%, Neutron Wall T OEEER[4] 5, SThTtmF v AN TCIROHMURETH S LF
2 Twh,

Sy F L — yHOHETE L e ofE, RO BRI E B (CANBERRA
2160A)EHEFI L, FHEFOEE (Ley bty —v) BEVIASTHI TS, fF
FHIIEY v F L OEEES LTy BB EELFERICINA L EFE LTS
A5, BE TIdfT o Tk,

3 SR A — W ORLT -y #REIEREHIEDR

199448 7 BT, $EHR— b E RTINS B~ 2 FRRINES 2 ATV T, ZRFEHIT- L y 4R
£ DRFFRHIER LT o 70 B E300uglom”, £ T YK~ b OTVFed — 7 4o}
&, A= R E O BRI b A RATRILE O PO E S, 110MeVOTSi
U A CEREFL 720 (6F0 L7 P IRIEIE 34, GelRgE 6 B TH b,

T ORIBE, A TR R TH b v ERPH TS BRI TIY 1K
LR, WBMTSEEIRFEY2~3THd D, Hlxn) KivLiE-s THOF ¥
YR NBBIEIE B i, ERIRT £ 10y AR PR R B
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BOCCO

(a)singles

(b)3p0aln
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™
: . d)2plaln |
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:CT,77747%EEHLT,ﬁ#&Pm%%tﬁﬁKﬁMéﬂtyﬁXN
S r RS THR D, M3 0 bedeid Fn ¥4, (3p0aln), (4p0a On), (2pl « On),
@ﬁﬂm@%%kﬁﬁﬂﬁﬂéﬂtyﬁfﬁéo%%#meﬁ,@W@mm
(@m%&yiwmﬁﬁf%yﬁwﬁﬁusmmwﬁwzxa}wn&ofwéo
Cﬂﬁﬁb,b@RN?FWHG@%?V%Wﬁﬂﬁ@ﬂ@W@yﬁ%§<ﬁkﬁ
w2, CHIRETOREMEFERTHEZ EDBROFHETHIH, CRLOF
51, ce DAY FUEFIHELTChHALELIIL S EFEERS, 72, b & d
DRSS PP EL B ABMERLTWAZ RS, D& o DOHEEHLT
X LDOTHDHEEDNGDE, MEICD L e OREDL, PHET Ly ROSHLR
FTHBIENELD,

4 #HbHbnIZ

%@H%ﬁﬁHW?ﬁﬁwa%%%ﬁ¥@ﬁﬁéﬁﬁb,Emﬁww«®%$
mﬁitoiﬁwﬁﬁmgtofu,&@&%@Mﬁﬁﬁémﬁ#eﬁﬁﬁﬁﬁ
&@uﬁﬁﬁééoﬁ%ﬁ%ﬁ&%fu,ﬁ%ﬁ%iﬁé@%k%ﬁﬁ,%1%%
Efﬁﬁﬁ%%ﬁ%m%nfmamv,&%%ﬁﬁ%%ﬁ%ﬂ%?%:t%%ﬁb
two%Lw@ﬁE—A@A%-&%ﬁﬂﬁﬁﬁﬁﬁéﬁ&%vééﬁ,:n%%
iwm4®;5&ﬁmuﬁnW,%ﬁ%&ﬁﬁ%@@&%ﬁﬁéCtﬁ&%iﬁo

*ﬁ%m&ﬁu,&%émbmﬁuﬁ<caﬁE%T&%O%K0°Hﬁd%%
¢ﬁ%ﬁﬁ$ﬁ%w®ﬁ#e,m%%mﬁ@%%@ﬁﬁ#%%,::uum@&
%ih%¢ﬁ%m&%%ﬁ<ﬁﬁawt%i5oﬁ%,yﬁwﬁﬁm@®M%@F
vi%—ﬁﬁﬁaﬁ%ﬁ%ﬁm;é%ﬁME&E,O'TyﬁﬁM%%ﬁé%%&
WIESbH A L IRERERITEL BV,

hicel, cnboRbsy MeilTs Lo [7405—] THY, €
NEGPERLRFOLOTHER VY, Tk L Ea L) ETnE, FlAITHFOR
l%»#—%M%T%%wliﬁﬁﬁﬁééo)%ﬁvaéﬁmbf,$ﬁ®%ﬁ
IbrHBLEED D, .

B4 BAEREGTHREEINS
RZEBSRELRDB,

E£E LK

S. Mitarai et al., Nucl. Phys. A557(1993)381c

T. Kuroyanagi et al., Nucl.Instr.Meth. A316(1992)289

J. Mukai et al., UTTAC-61(1994)28 (annual report of the tandem accelerator center )
S. Mitarai et al., Z. Phys. A344(1993)405

= QO Do
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o U Z&EIE—ILERWET—OCEEE
FEAF T o /N—ICDWT

FER¥ #HTF B

TNETI, —— VA K—T7HEFONORDBALLE#MHWT, bhbhid
DEDRBET-> TEL,

Target Beam

154 g m Ni, Ti, S

154G g Ni, Ti, S

156G 4 S (not enough)

Csse . | s
160G d N i

Sm-154IKo0nTit, BIFLIFER, TTRFOREFRBREINTVS, (Ref.
I1BIU2) Gd7AVI—T7or—uarpRZBL T, Gd-154Z2KR0T,
FPERSHEFEDITH LN, FHBEIELEINTVWSE, (Ref. 3)
TNONERTIE, V—UrBRICHEIATNIRPKRELZRTI-2T EXY
TWAEDT, FORENDLBIHILEAA Y —LD0RESH I IRBED A XY
NEIELETHS, NORDBALLOHSE, F=rnA—i, BEE10cmTHY,
TOhIHBRERIBESRD, ICTERShOINBREBORMAR, 1) &
BREOEBEAIVWIYE, 2) ¥4 3IVFVESLIFCENI E, 3) WXL
9 FTHBIE, LL, 4) BERLEBFNEL, AYREMRIAEE
Tl INnb0&BEEELETLOLELT, SIOPSDAAVLREES, TRET
CIEALWSLRELOE, SEARBELT» AN AR RbOTH->72, 3, 41,
MOt rRT2IELELRED, V=Fr—=A0 Y POBREHI, WALAHD
BHAPAY, BRI EIRSERANSIATRHOPSDERELL, ZOfMERDY
wmir RO 4 2% EOMEAE AL T D,

HEeik, 1994F28AK, ZhERALTZ—WA - F—-THENT, KO
Sl —urBEOERETIT -1,

Target Beam
156G ¢ S, Ni

A ime sama .
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CTORBOERIE, BEBERLOTH > LA, W20 ORERTEDH D,

1) NORDBALL®OPLEIE, BLZ40° CKAVRERE>THHDT,
PSDOY—) Yy ARBICLAZTAEZLL0, 207 CRERTHFE,
NORDBALLODHEZEL, »RDAELILTHLN,

0y FUFTYTEFYTRHELT, ALBAPSDIEODOTHEHREFNLETH D,
Y, FAIVIESOHENRD LOHERTH D,

Ref. 1)

Ref. 2)

Ref. 3)

- 8 2 I ay] e ___.;

L

..._,._mi';,_ gs MV e

Morikawa, Inoue, Ivata, Matsuoka, Yoshizawa, Kato, Mitarai,

Mukai and Jerrestam, Z. Phys. A343 (1892) 373

Y. Yoshizawa, Proceedings Of the International Seminar on

the Frontier of Nuclear Spectroscopy. ( Word Scientific 1993 )
pp. 171 - 191

Sugawara, Kusakari, Morikawa, Inoue, Yoshizawa, Virtanen,
Piiparinen and Horiguchi, Nucl. Phys. A557 (1993) 653c - 662¢c

i Position Sensitive Detectors

lar Detector

Feg 1 REFUVIRATAR PSP
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