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Study on Neutron Beam Probe
-Study on the focused neutron beam-

K Kotajima®, K.Suzuki**, M Fujisawa”, T.Takahashi*, I.Sakamoto™®, T.Wakabayashi***

Abstract

A monoenergetic focused neutron beam has been produced by utilizing the
endoenergetic heavy ion reactions on hydrogen. To realize this, the projectile
heavy ion energy should be iaken slightly above the threshold energy, so that the
excess energy converted to the neutron energy should be very small. In order
to improve the capability of the focused neutron beam, some hydrogen stored
metal targets have also been tested.

Separating the secondary heavy ions (assosicated particles) from the primary
ions (accelerated particles) by using a dipole magnet, a rf separator, and
a particle identification system, we could directly count the produced neutrons.
This will leads us to the possibility of realizing the standard neutron field which
had been the empty dream of many neutron-related researchers in the world.

This work is a joint study between Power Reactor and Nuclear Fuel Development
Corporation(PNC) and Tohoku University.
PNC Liaison:Reactor Physics Research Section, Advanced Technology Division,
O-arai Engineering Center

*Department of Quantum Science and Energy, Faculty of Engineering, Tohoku

University
**Research Division, Foundation of the Japan Aero Space Technology

***Reactor Physics Research Section, Advanced Technology Division, O-arai

Engineering Center, PNC
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Year Technique First use with Microbeam

1950— development microbeams development
. Thin-target res k—O 25 pum 9; 100 protons/s
- Thick-target res
- NRA

1960—
N res with
i Si detactor 250 pm ¢ collimation
- + mechanical scanning
- Channelling S0 um ¢ collimation

1970~ PIXE 3.6 um ¢ focusing

+ electrical scanning
Concentration maps

25 pm collimation

ERDA 2 um ¢ focusing
20 um ¢ collimation in air
Seconda
1980 glectronry
imaging 1um ¢ focusing
Energy loss
imaging
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Slit - scattered
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£1-1 #HREBYEZA 70 —LTFo—TORBEZTDOESR

Approx.
Min. size Current Analysis starting
Laboratory Accelerator Type of focusing (um x gm) (nA) technique® Main applications date
Albany 4 McV dynamitron As Worcester but 2x2 0.2 P,R Microelectronics 1984
magnetic only
Amsterdam 55" cyclotron Magnetic doublet 3x8 0.05 N, P Biology, geology 1982
Bell Labs 2MYV Van de Graafl Electrostatic triplet 12g 4 R 1977
Bochum 4 MV tandem Asymmetric magnetic ~28 H P Biology 1977
quadruplet
Brookhaven 3.SMV Van de Graaff  Similar to Bell Labs i0 3 Biology 1980
Bruyére-le-Chitel 4MV Van dc Graaff  As Harwell 238 05 P.N Biology, geology, 1982
materials science,
archacology
Chiba 3 MV Van de Graaff Magnetic doublet 28 AfewnA P Biolcgy, environmental 1982
studies
Darmstadt Heavy-ion linac Magnetic triplet 0.5 Imaging 1977
Eindhoven 3-30 MeV cyclotron Magnetic quadruplet 40 x 60 ~ 150 P Biology 1981
Hamburg 10-30 M=V cyclotron Magnetic doublet 40 x 40 P Biology, materials 1981
science
Harwell 3 MV Van de Graaff Magnetic Russian 22x22 0.25 E,N,P,R, Mectaliurgy etc 1970
quadruplet or triplet
Heidelberg 6 MV tandem Magnetic doublet 2x2 0.15 P Biology, gcology 1976
Karlsruhe 3 MYV Van de Graaff Magnetic doublet 2x2 0.6 E,N,P,R, Materials science, 1977
medicine
Lisbon 2MYV Van de Graaff Magnetic doublet 200 & P Geology 1984
Los Alamos 8 MV Van dc Graaff Superconducting solcnoid 5x 5 4 P.R Materials science, 1980
geology
Lower Hutt 3 MV Van de Graaff Magnetic Russian 10x 10 0.5 P.R,N, Materials science, 1977
quadruplet geology, archacology
Lund 3 MYV tandem Magnetic quadruplet 15x1S 045 P Biology 1980
Manchester 6 MV Van de Graaff As Harwell 10x10 1 N.P Oxidation, metallurgy 1978
Melbourne 5 MV pelletron Magnetic Russian 12 0.1 P,R Biology, geology, 1976
quadruplet semiconductors
MIT 4 MYV Van de Graaff Superconducting solenoid P Biology 1979
Namur 25MYV Van de Graaff  As Harwell Ix3 R Metallurgy, 1981
archacology
New South Wales 0.425 MV *ELCO" electrostatic 40 1980
doublet
NRL Washington 5MYV Van de Graaff Similar to Bell Labs 18 2 RN Metallurgy 1979
North Ryde 3 MV tandetron Electrostatic Russian 52 0.1 P Geochemistry 1985
quadruplet
Oregon SMV Van de Graaff Plasma lens ~59 ~10*s—! Biological imaging 1982
Oxford 6 MV tandem Magnetic triplet 1x1 0.080 P Biology, geology 1980
Rossendorf Tandem Magnetic triplet 4 02 R 1980
Sandia 5 MV tandem As Worcester but 29 004 R,E,P Materials science 1981
magnetic only
Studsvik 5.5 MV Van de Graaff Magnetic Russian Ix3 1 P,N Biology, dentai 1975
quadruplet studies
Surrey 2 MV Van de Graaff As Harweli R, P Biology 1978
Tokyo 27 MeV cyclotron Magnetic doublet 100 ». 200 P Biology 1979
UCLA 2 MV Van de Graaff 2 magnctic doublets 6z 0.01 1974
Worcester Polytech. 2 MV Van de Graafl Achromatic (clkec. + 4 R 1981
mag.) doublet
Yokohama 4.75 MV Van de Graafl Electrostatic triplet 12x10 15 1983
Zurich 5 MV tandem 2 magnetic doublets 1Nx26 04 g Geology, materials 1974
science

*Analysis techniques: E = ERDA; N = NRA; P = PIXE; R = Res.
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AEAPS : Auger electron appearance-potential - BFEBEBEARZ r Y
spectroscopy

AES . Auger electron spectroscopy *—v , BFHEE

APS . appearance-potential spectroscopy HREEARZ + 2k

AR-UPS : angle-resolved ultraviolet photoelectron BESFREMNECBETFIEE
spectroscopy

AR-XPS : angle-resolved X-ray photoelectron AES M XBXRTFHXE:
spectroscopy

CEMS . conversion electron Mdssbauer spectroscopy IR TEFiEL 2 R 3y 7 =4 )Edk

EELS . electron energy-loss spectroscopy BF = F—18L0XE

EPMA : electron probe micro-analysis BF e—7=4207FY)A

FEM : field emission microscopy EARHEFRNE

FIM . field ion microscopy BRAA s

FIM-APS : field ion microscopy-atom probe BFF e —7E8BR1 A S
spectroscopy

GDS . glow discharge spectroscopy Fa—BEARZ P

HEED : high energy electron diffraction EER TR BT

HRELS : high resolution electron energy-loss BORERTF =21 ¥—1B50)tH:
spectroscopy

ICISS . impact collision ion scattering spectroscopy E#iZs 1 4 v &5 Xk

IETS . inelastic tunneling spectroscopy FERHETETF b v 2 p¥EE

IM(M)A : ion microprobe mass analysis Adv~=47e7a-TERESNE

INS : ion neutralization spectroscopy 4 * gk

IR . infrared spectroscopy FHB 5tk

IRAS . infrared reflection absorption spectroscopy = RRER4tRN5E%

ISS . ion scattering spectroscopy 4 #* viElL ok

LAMMA : laser microprobe mass analysis v—¥=427are-TBEHSWE

LEED . low energy electron diffraction £ BT R AT

LMA : laser micro-analysis V—¥=<4 7 a7 e—-TRESNT L

MOLE : molecular optical laser examiner V—¥Fwvefrsule—-75¥E

PAS : photo-acoustic spectroscopy XFELH

PED . photoelectron diffraction Y B FETE:

PEM . photoelecron microscopy B SAfs

PIES . Penning ionization electron spectroscopy <—=v 7EBF5H¥E:

PIXE : particle induced X-ray emission B FRBE X 85Xk

Raman : Raman spectroscopy 5= oYk

RBS . Rutherford backscattering spectroscopy 3JF¥—7 »— FEFHIE S

RHEED : refleciion high energy electron diffraction E¥ERHTTFHREITE

£1-8 =470 —LT7FY Y ZDZHEKILY
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£1-3 <A 7u0E—LT7F YV 20BKRERTEE (%)

SAM . scanning Auger microscopy EERA -2 . BTFHRUE

SCANIIR : surface composition by analysis of N JERXEMHSE
neutral and ion impact radiation

SCARS : surface coherent anti-Stokes Raman

scattering
SERS . surface enhanced Raman scattering
SEM . scanning electron microscopy FENTETFHEE
SEXAFS : surface extended X-ray absorption fine  RE-IL3E X 0N KT HE SR bTE
structure
SIMS . secondary ion mass spectroscopy 2% 4+ VBRSHE
STEM ! scanning transmission electron microscopy #£#HE BB T FAMNE
TEM : transmission electron microscopy OB TFHENE
UPS . ultraviolet photoelectron spectroscopy BB THIE
XMA : X-ray micro-analysis X@=47u7FV>R
XPED : X-ray photoelectron diffraction XHEETFEETE
XPS : X-ray photoelectron spectroscopy XBEXBFHXE
XRD ¢ X-ray diffraction (glancing incidence) XREErE
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a. Schemalic diagram showing the experimental arrangement used
to demonstrate focusing of cold neutrons. b, Images laken along the neutron
beam path with the posilion-sensitive neutron detector at 10 mm intervals
from the exit of the polycapillary fibres. Neutrons are focused by an array
of nine polycapillary fibres of diameter 0.4 mm, all of which point to lhc
focus at about 50 mm from the exit of the fibres. The focal area is ~1 mm?.
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A schematic diagram showing the arrangement of the lens, indicat-
ing the location of the five meshes which arc mountcd on G-mm-thick sicel
rings and hold in placc the 919 fibers all of which point to the focus F.
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(top) The images of the transmitted ncutron {lux taken by a rcal-
time ncutron camcra at diffcrent distances from the cxit of the lens, indicat-
ing the convergence of the outputs of the fibers, and their subscquent diver-
gence beyond the focus. (bottom) A three-dimcensional image at the focus of
the lcns showing the focused inteasity. The background has a sixfold streak-
ing from the straight-through beam, indicative of the hexagonal arrangement
of the fibers within the lens.
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(1) MOMENTUM FOCUSING
by high energy heavy ion reactions on light nuclei

projectile emit many nucleons
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VG = Vproj .\ VG\_/
(LAB. system) (C. M. system) (LAB. system)

(2) KINEMATIC FOCUSING

by endoenergetic heavy ion reactions on light nuclei

projectile emit SINGLE NEUTON
n
@ Just O,vl'\ n vL/\
S asove o=
1 R=V,
VG = Vproj THRESMOLD) VG\" n
(LAB. system) (C. M. system) (LAB. system)

M2-2 WEPHTFEE2ERI D227k

EREZRCPTIBEPHEFORERNY PV .. ASINFEENBEORELOEENY b
wvsa\mm*&%ogg&ybwvutmmfﬁién6#6\\M§E6&<ﬁﬁan
TSR,

@® V2B ~xLKkX< 945 (MOMENTUM FOCUSING k)
@ V.21 3~{/MEL T 5 (KINENATIC FOCUSING #:)

M»LHE.



PNC TY9601 98-001

MOMENTUM FOCUSING #HofH#®

MOMENTUM FOCUSING ki3, V2L IR KX L& IETHHbDTH S0 06,

O ASHBNTFORE (ZXNWVF—) ZUEBRKELTELDE, BLRAF—OMER 2
SHBET 3B,

@ PHFOEBRBLXANF-—FEFERREE2EH T 306, TORBHREBEIhIRFR
BPHEFOIICBFRPTL 7 7RFEEREEL S,

BIXNF-MEROBRIJLR. 100 BHEEOBANXRAZWIL., WRPHFEOK
WMELTH, HAERE, PEFOBBAEORE LR - ZIH LB LU LS,

KINEMATIC FOCUSING HOHN#

D& S IEEE%E b > HOMENTUN FOCUSING 2kictt L T, FLEH M 4 2 KINEMATIC FOCUSING
R, V. 2BBERNSKLEIETEHDTHENO

O HBHIPACOLEBHFEIIB LI VNF-—MERL. TOFEHFEAT I LMK S,

@ BUENE OKF) cEAMA V2, BEREOLZVWHEID BBDODTHICFVW XNV F—
(ZDENV 1R 3) TRETIRAREZAALEIIEVWIBDOTEHES L. O
BEEBE I 3bHEFRBAEESD, PETORHEAE LR - XD ERESH. B
FRTN 7 7HNFRED, PHEFRELLTERRBRCLEIGENFLLACHEHEEIAL WL,
BVRAZEZYV - VRBPEPETFREREZRET S EHRHKRS,

S 20N ERPUTFAEREOFREI LD OO, ROEX2-1TH 5,

£2-1 BEPUHTFEREOHR

MOMENTUM FOCUSING KINENATIC FOCUSING

b FHERAOMES BLIRXANF—EHNA /MESR BREOELINVF-—MER

RRRZOLHORA | MEEN Bt+HM
RERBCETINE | NE mL
EREhEPHETHRE | & %

ERINZNTFOEE | 28 (PEF, BF, el ¥)| HHEf0S

UTof#icik, 20X ERXKFEFOPAVFY 14 7ntrto yofAMHZECCHRELAL, &4
AL OBRBPERIEEZAMALE TIEPEFE] KH0T, #4875,



PNC TY9601 98-001
2. 3 WEPHTFEOMAR

HREXANEPEFROARMAIBDERRKOBBR. 2O 2BETFHFOHEMESFONSR
MERFLBBEEIATOVE, PEFLEPDHEEOREOBVWHBROBLERN R LS &
T3 [B7 - EROBE] oRLER, BLOMEHEOEhic bbb FAMBITFOhTV 3
DM, VW32 ¢ETH-ot, B, BTF—7EROBEN1ISAMEThIE. EFFRF 120 #
BZ1008FVEEBLT LR HEE, ¢SbhTwWkBRTH2,

M2-3ikmli&kiSe, #kroobEFEELAFERATIRY ., dHFRIEZCAHNL T
53R TFR. AELEIS>ETE2RBI S0P HFORIICLB 2B, ChoBEREOAL
ZHT T 3T ERNRNIT I DI,

SAMPLE ¢ o o
°

-o..-.. . .‘.'.,.,

Yo
0,0
S oarl &

©
é

L)

[}

59Dy 0

'S esigelg
LY ] 7
> ..Q.. qq.l’

:24e

0°Yob

s

"6/ ¥.0"
o Q000 b

Z
m
cC
pr
o)
@]
Z
()
m
-
m
@)
-
(@)
po)
O 00
®

Q
. Q9

o AR
o o
————— e P e e *
(SP O 00,08 030 070 551w 0 g8 v ene d: 0 es 06l Je¥ 90 Gun . 03 D]
o" o "00’0?00 o, o« eVNh®'at S @enta O, 2=~0" "0t . o S 2% 0, Doen *,
’.‘ o .‘.' - ol ° '.'D.\'_ ."o. - O'.?...oo.‘?_ﬁ Q .-..-..:. 4 °o .\ ._...'..:.s. o o™
3 0t s 2t el aTevo ol O g la Ny e 2 TELN T TS 210" 2Tty ot

°© SOURCE NEUTRONS e SECONDARY NEUTRONS
BM2-3 #HEKOMBEBPHEFHELENL o7 5Ol o ME R



PNC TY9601 98-001

O PRHFEIANCHERHBEAN I IFRFZNMAZ LD, vy F—1"—%2REBT 3
Q@ EREORBMPKEISHA I TS 3PHEFiod Lt REBRELEAKEH S

CELOBEHNS, ESThUERHTICENHEZIOL, EVWHIEBRTH S,

BRER. COLSLBEHNFERORZR, 222 2RRORBEHZL LA, N2 -4 k7
LekSik, PHFENSCHMBINZhETFH, WHOKVWI-— L 0hcos BN sh2 b
FEEHLLELBILIZLE,

" Q0 70T T O UV V007070000 Vg0 0070 a8 alo 0 avatO, a0, o
99,0000 0000227, 000 500 0 A 005000y 0 0 00 g 95000976207 Telgq 1031
t9:902.088075,9.970,2; 08920930 08000.2.02:0.9:50.09950%0/99 ;.20 0.3 752+

FOCUSED BEAM
NEUTRON TARGET

°
e ~-SAMPLE

[+ G0 0go0 Qq o o °°° o
0o 0.0 oo © o
00 L, 00 0009,
©% 00 0000 0 ¢
= .
DUMP
°
*5:
ESes
TSR TR AT R
R RO

..g.o‘,ﬂ ;o;.o’.o ’.?-. :b‘:é'_ Hé'. » y 20"

o P DAINL DS e e P, LR SIN
e D2, 830 201 50001000 85,755 0000

°© SOURCE NEUTRONS e SECONDARY NEUTRONS
B2-4 PRPEFEREZERL P8 FRIGH @& o ME R

COEIBPHFRERELLARMT S LAUELE, v+ F—"—PhETHRHBECHT

ZRWELSBERLAEOCRABLELED, 75— 7EBROBERLIC D, ZLTHLVWHEEH
ABOBHRICH. KVWKBILHOPRTFTH B,



PNC TY9601 98-001
2. 3.1 KINEMATIC FOCUSING #HEki3lWkbPHEFOER
AEEZ2BOBELTC. . MELAEAA V2 ZTOREOLEVHEIY BB DT ECEVL X

WF—THREIEB LW, BEAA VOBRBMBEREEEI->-TERINIP Y FOL XA F—IF.,
#2-25&UR2-5iIcRLALAYTH B,

£2-2 AHEAACLABHBBPHFOIXNF-OBKE

Projectiles E.n(leV) E.(MeV) Projectiles Ecn(MeV) E.(MeV)
TLi 13. 09 1.44 SLi 35. 35
%Be 18. 40 1. 67 14N 88. 30
11 32.97 2.53 .
13¢ 41.75 2.79 1z2¢ 16.7
19 79. 82 3.82
1op 48. 49 4.03
SgfSas g F &
_é.:::.é:-’ j:é:}:: .i: e ®© @ o o o o o E’:
Q 1 2 3 4 5 6 7 8 9 10 11 12 13 & 15 6 17 18

En (MQV)

B2-5 AMES A EERBABTHRTOLRXNVF— DRI

2R, HitXKFZFOAVFYA7oba y2A0ARERYPHTRORIEERCI VTR, &

HELTR.BH2-6kRLAEESBAKFEOH AV E, TELTMERTFLELTRRE-13
EROWER, ChRRIERTH 3D, HEMEOLDOBABRRIPELTHELEWVWIE
HhbicEoln, A H2-TR, TDLEOEREBERALADLDOTH S,



PNC TY9601 98-001

[ ]

s T’

S e s e

!
INCIDENT FOIL BEAM STOPPER
HAVAR 2.27um Ta 0.Jmm
0 10 20 0 mm

B2-6 WESPHFERORIEERCFEHALEKEIZEN

_57.7-Mev B¢ BEAM
10mme Ta COLLIMATOR

3Immé Ta COLLIMATOR

7.5 um Ta WINDOW

V
-Oc"' Hy GAS CELL
1'\ Pt BEAM STOPPER
2.8-MeV MONOCHROMATIC
i FOCUSED NEUTRON BEAM
—\\\wmm LUCITE FLANGE
70cc Ge(Li)
GAMMA RAY DETECTOR
-100
150
[ 2"9x2" NE213
' /NEUTRON DETECTOR
-180\- /

movable

2-7 WEPHEFERORIEERER



PNC TY9601 98-001

M2-8. zD&xan'H (13C,n) *NRE2H->-ANETRFAROBRTIEROE S
THHH, BEIAAYOBRIRANF-ARBEOLEVWELESLEZ &, b HEFOREHEIRN
2 (15, 6°=2T7. T° ) BoTWVWBI &N, HEKRXhTWVWS,

0 1.2 S O Y S — —

—

Z £(13C) =45.0 MeV | E(13C)=42.5MeV
o)

© o} —F 5 4 10} 4
o | =1\ 71N

E -—§—t A ! h
< 08 { os}

=

[+ 4

o

z

.o‘\
O
0.6 i1 06
- s * e | o L
O
0.4 \ i 04 \

02 ®max,expected =15.6° | o2 ©max,expected = 7.7°
A \
N L
0'910 [ 10 20 0'9-10 0 10 20
EMISSION ANGLE (deg) EMISSION ANGLE (deg)

Measured neutron angular distributions of
the TH(13C,n) 13N reaction for E(13C) = 45.0
MeV (left) and E(13C) = 42.5 MeV (right).
The maximum emission angles of generated

neutrons Op.y expected from Eq. (1) are
shown with arrows.

H2-8 WEIPHTFEROREERER

¥, @2-9&. 'H ('*C,n) "NRECIZNERPHETFTEROKINEMATICS
ERLELOT, B4 OBBLINF-REBHCHEVS> bR, Kb EFOL RN ¥ -
L2HATZOHHAEORRODKREVY, BHLIRXNF-RLEIVWHAKLALLEZE, X
F—bIRAPELEODBEAREOBRONMIULES-TLB, H02-101. COEEENE21
3y oFrv—varAavry—ZRAVERTHERECIORMESL L, KHPETFO V¥
—¢tHHAKEODRREERLELEDLDTH 5,



PNC TY9601 98-001

;6 . 1) b 1 1
@
z
£51 J
.
2
wéF
4
w o
Z3
=
ps |
@ 2
‘ L
o . 1 o " o ] 2 2 " 2 [
0 S 10 15 20
EMISSION ANGLE © (deq)
b2-9 WRPHEFERODKINEMATIC S
(4]
—
Z
=
o
(8]
(o]
w
N
g’ - E(13C) =45.0 MeV
[+ 4
o
=z
J2MeV |
0 9 10 En(MeV)
i ]

6(degq)

E(13C)=42.5MeV

NORMALIZED COUNTS

s i £ (MeV)
s\\s 7 8 9 10°n
M 1 N 5 2 2

©6(deg)
2-10 WESPHETFEIroBHIAIPHFOLRXAMF-LHHAEORR

_26__



PNC TY9601 98-001

H2-118. N2 -TOXREBLREIATVSE, TOcchGe (Li)#oo@Bill
BLRRINE WRPHETFERCESIAT v BON Y I 759 0 FCh b, ERZAIDOK
HBEHLOOH <2 BOBRHLR. KEHF X EVODAREBERE-TWE Y 2007 -0V
RBICIIZBARBUA vy <BENACR, IBRHREBLE<BAIhTVEL,

2
220
= a2y T T
lil d§; 5‘ S oc o x
2z IO‘ '69! =% 3§3 oN o ?
<< ' T gg::{; we 0 : F =
S l2z83 828 * = o2
V03 T ‘!g'i' Q= ~ 'l' 5 o]
2z ~
« [y 111 g "3
hY
;Q g | "
z Io ! I | . N ~
2 , " )
3 | \
) ‘ A ‘%
Seb L il
10'H ~2F s : 'l
ey S 11
of] 38 8 i
10 S =2 . '#M ol I {8
! Lk
A 2 1%

0 ' ' 500 1000 1500
CHANNEL NUMBER

(A) natural background spectrum

(B) background spectrum of the gas cell"
without Hp gas bombarded by the 60-MeV
13C beam

(C) backgound spectrum of the gas cell
filled with O.5-atm Hp gas bombarded by
the 60-MeV 13C beam.

BM2-11 WESPHETFERCEI N =BONy 277579 L F



PNC TY9601 98-001
2. 4 XYV FEOHFL-EEHSPHORY
LEARPEATITSTHESS . WERPU(FFEOHLVWIEASHFEoVWT, S0oBRcHBKL
MR T 2303, BPEBE32880WECA235308. ATCRUTO 2 5

O MENFOE—LTo—7¢RBOICHBEH®
Q@ BFEPHFoOor—LTu—7HhBOEHEH

KOWT, B THREDELILANRTELLIEKT B,
B2-12kRLEESK, figNFor—L7u—7 (=470 —L) 2PI1XE#
#MATHIEE.

4) {8 o) Fofi
SEhTVad, EVIHISGHEOREXFERLEITEL
1) IR v) i ) Eofi

FFEhTVnadhdtnd, 29 72EZLELHRHEBIEIS>CN B,

p)

to spectrometer
and detectors

source

focussing and
scanning

Hlumination
system

imaging
system
and detectors

(b)

B2-12 fMENFE—L7o—7DOPI1XEE~ADKH

_28...



PNC TY9601 98-001

—h. REPHETR, HENTIOLHNEPTCOERBALRKREIVEI S, BEOHMEKHE o
YEa— I BRORROESHEIVE ST, BARHNO2RT<T Yy 72 EFRHO IR »
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¥R, £2-38. BEMREMOERBECALDATV 3, o Bo Yo &b H#
TROGRYEFHEERLLbOT, BHEFOKZZIR. 10cmXx10cmBETSH3,
COBREORZZORHELZ L, SHEPHETORHFC - T, REFAIOREL MR b i
HBEELXBIAZCLEBYOIHT. 30L 2R PHTOBHICIZFEOEBRIBOER
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Dresden d(13.5)+Be 100 TE-sol 8.0 12X15 23
Tokyo d(14.0)+Be 125 ] 8.1 10X10 23
Essen d(14.3)+Be 125 H.0 8.1 10X10 24
Edinburgh d(15 )+Be 125 u 9.0 11X11 23
London d(16 )+Be 117 TE-solt 8.7 9.5X%9.5 2.2
Seattle d(21 )+Be 150 TE-sol 9.4 10X10 1.8
Chiba-shi d(30 )+Be 175 TE-solt 11.7 10X10 1.9
Washington d(35 )+Be 125 TE-sol 11.1 10X10 1.6
Houston d (50 )+Be 140 n 13.2 10X10 27
Louvain d(S0 )+Be 157 H0 13.6 10.5X10.5 1.3
Batavia (66 )+Be 153 TE-sol 14.6 10X10 14
Glasgow d(0.25)+T 80 H.0 9.6 10X10 3.8
Hamburg d(05)+T 80  TE-plastic (A-150) 9.7 10.8X10.8 29
Heidelberg d(0.2)+T 100 H.0 10.6 11X11 3.6
Manchester 40.25)+T 80 n 9.4 10X10 39
Amsterdam 4(0.25)+T 80 " 9.9 9X11 4.6

“Cor 8 80 " 11.9 10X10 1.6

SMV X # 100 " 17.3 10X10 0.8
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To o detector
at 90°

o i aperture to determine
solid amele
Tu o detector at 135° L | S
o collimaturs to prevent
scattenng tnto detector
X
Apertures used to -+ L | 4
limit size of beam

LI L § .
| S 'l "~
TiT target
X is the distance from target l

center to a aperture = 4.0
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ZORPBL DOV Y XZPAWHBRARELAVKRI T Z30T, NBREHLOAOTOM
RE-—LOMNBOREREZRBET I LR, REFLWELVWAS, T, COXHITEFR.
MObHEELREV A 70ty BRECB-LETREL, WFhoMERRERKHDWVWTHERL
BlEIEDTH B,

2R, CoFEZMAMI LD H3I-10kcRLEEIE, kFEF—5 vy b 28BBT
B33CE. KEY—HF v  TCHEBRINBZNLOZ XN XF—ZZMAL,. BEOLBEWENR
bDETZE-HIR.H3-11. 03 - 12RLELIBRFEILVL—Y—% WBEHA
DHEACHRALE (I3 -688) ,

0.5 atm Hzgas
//
BC 46.8 MeV 43.] —————ep 41.8 » 37.8 MeV BC
38.1 ———» 36.2 » 30.4MeV fastest BN
36.1 ———————» 34.2 > 28.3MeV slowest ®N
36.0 H— 30.2MeV BN
22 um ' I"\\
thick 30 mm 22 pum
Havar < = thick

Havar
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COEHSRLTHRI - RESOAERFENRNV—F—DHEREZ, UTOEXI -1 HBIFTHL,

£3-1 Hat - WexhkRFEXXV—5—DBRBHEE

AN R B 20~25 MHz

ERHAEE 0~10 kV,_,
ROER EX 20 cn ® 4 ca CET¥E#HR)
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wREEEN AZ1 20 W (Q~100)
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Target
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Scattering RF Cup
Chamber Separator
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24 |
' Input Power 30 W

23 |
22t

21

\

: Input Power 0

Normalized Current

19 ¢

1.8

5 0 5 10 15 20 25 30 35
RF Delay [ns]
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BM4-28. KERENZT. 52mEIINVOAREBEOOH XY —F v b o kERE

Sy PREBLEBEEMH IS WRPEFORKBBAEONRE S 'V 2RLE
bOTH 5,

25

=====  Gas Target

—— Stored Metal Target| = .-
20
15

IH (I3C’ n )13N

Angular Civergence of Neutron [deg]

41 42 43 4 45 46

Incident Energy [MeV]
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4. 2 KEBREI—7Ty b LTOLELRE

KEZBRRELESEERLZ,. WEFPHETEROLDOKEI—F vy b ELTHERT DD
2.

O 77—y PERIPODERTHTFEZNMBIZLD, ABEAMA T 27— R
BRRESBBEHIB, RTFHESOREIULHEE2ERETE L

Q@ EMEBOKEREENBL | FLFHCKELEZREL. BLic< wa &

@ E¥for—LoBH-EHIBECE

@ HRoECHNAEEEKEC L

BETHS, BEPA. BEFrESZoBNBK. BEPA:.. BEF85Z oAV F
—ETAHTELE, ELRXRTOEFHxAMF—DHI

LB, BHXERRK
R = reA!/?
THEIZoh20T, BB LAHELOBDO Y —u VBRI,

ZiZe’

Ec = .,
roAil/3+rnAl,3

EB, REBEHTIHEBULFEFES L OBRE.

A
1.98+0.0149A 273

E YA ie’ A
" re (A4 AR 1.98+0.0149A 2”3

LETCEHNHUET, CO/— o RBEBIVEBEH RV F-D/MILLBHE, SROBCBX T,
REPEFAEAROBBELIFFERRRE., BELVWI LK S, THhbb, BEEDNF L
— 7 —ro% 1. 4AfméT35LE, ABENCDLEZICR.
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1.44%6 13+ A
1.4 (1372 + A'/3) 1.98+0.0149A %7

BEYETHE, VW& E, ROKL4- 1B, COXIRLTHR IO LAHRBTFEER
REBIIBVWR/NOHEHBBABIUCZORTFESZOETH 3,

£4-1 ABHRNTLEREEZEIIBVERNOBEERBALIVCEFESZ

Energy ASHNF: 1°C ASHBF: '°N

(MeV) A YA A Z
40 87 38 65 30
50 128 54 98 43
60 176 72 136 58
70 233 92 178 73
80 296 112 226 90

Z4-108EH»5, 'H (3C, n) NEREZIURPEFOARCAMALLI ETIHE.
12Hf® s TaZ2 R EBELTHERATION, MY THEESHI LI 3,
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