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BEOWRVBBEIERL 225 5, FHIFEOHREERIE T, KEKEBICIRS N
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DL, BEOFRIHBELF>a7RKE . TO b VITIEFEICE < R S /20
WL EM s Tni "o — HINLEE2 L 20D TH 5,

ZONA—=RFDORPH T, ZHEFI ks T —fEE L 2 ONHRIh WS, 2
ORI ERTH S Taye—hMEr) & T ZhfEEY CEEREES. Taye —d
T WD EERTORFEL RFEETERT 5. 2 ORRR EAROFEKLIE TR I
TR EHEEINTEBY . T OFEREEIEFEICIIEH S TRy, T 2 TARBSETIE
AR I7 U8 YBe IXDWT, £ OMRRERTH LIEFNE PBe O HIRRRBORFE L Z D
HENER BN L 252475 7=,

FERACIE TIRE — L& L TELNZ 70.18]MeV /u] @ “Be & — L% RFEAN AHL |
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5%, BEHIC2Be & —D2OHWF IKHRT 5, Z OREKFOEBE LK ANRY
Mo x—&—BLO, FEFH Y& =1 ks TIEL . Zh s 0EE)E LY 2Betn D
AEEEREHL /2, BO5NHMNT RN F— 27 MV &) RIBREBOFERE RA Tz,
T OFEFR, sIEFMF L ?Be 0EFRkEEER RL TBY . LIBREBIIEH SN o/, &
D Z &%, “Be OAfitP T s BUEER A KER D% HOTHEY, BOTIRT ¥ ¥ IV7%R
Ve ® BBe OILIBIRIEE FERLL s 2 L RSN S, $£7. B5N 7 ?Ben BOHKEL
HAFaM. o= —0.7620.07 [fm] LEENZ N6, ZOEMEHINNENZ L ZERL T
WabEBbhsd, ZORRIEMBe DR A=A LZEHRL ETCEETH S,



Abstract

Recent development of high-energy heavy-ion accelerators enables us to obtain the sec-
ondary radioactive ion beam of the very neutron-rich nuclei, which provides us the unique
oppotunity to investigate the structures of nuclei far from the stability line. For some
light nuclei on the neutron drip-line, some exotic phenomena that have not been observed
for the stable region have been found. ”Neutron halo” is one of such phenomena. This
nucleus has a novel twofold structure composed of a core with normal nuclear density and
a halo with very weak binding of the valence neutron(s).

Some halo nuclei have two-neutron halo system. This is a three-body system(“core+n+n”
where any two-body sub-systems(“n+n”and “core+n”) are unbound. This type of nucleus
is called “Borromean”, whose binding mechanism is not well understood. In this study,
we report on the invariant mass spectrum of unbound nucleus *Be which is a component
of Borromean halo nucleus “Be.

In the experiment, we measured the mass of 3 Be produced in the one-neutron stripping
reaction of *Be at 70.18 MeV /nucleon on a carbon target. *Be breaks up into 2Be +
n system immediately, and we have measured the coincidence by using a magnetic spec-
trometer and neutron counters and deduced the invariant mass of 2Be + n system in
order to search for the resonance of *Be. In the relative energy spectrum we observed a
asymmetric peak at about E,q = 300 [keV]. The spectral shape indicates the non-resonant
continuum of ?Be + n. This implies that *Be has s-wave valence neutrons, and thus
2Be + n system is structureless due to no centrifugal barrier on this neutron. In this
study, we have extracted the scattering length of '?Be + n to be a = —0.76+0.07 [fm].
Such a small value indicates that the effective interaction between 2Be and n is small.
This result may be important to understand the binding mechanism of **Be.
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W3), LAL—20z I VEET s . BV oiid EFICER > T BT
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ZDETHE., KRS 5 ETOYENLEFERBLOCENZENS,

1.1 HEIENESH

HELIRLEANLYHETHY ., HLWHEOERELMDL Z 21X, ZOWED NN
MEEZRTZ I8N E, THIXEFLICOWTCHRETH Y. b LHEFROEER M
52813, FORFEUOBERNLMER ML Z L1k b, BIRHOREELIEL . i
XL . GORI YR T SIRENRBEL > THLIE N6 bHENTH L, £
7. BRAGKEOEERZFANL Z T, JRVHEHBEICD R > TR O REEZ TS
ZEMTEDL, ZONAKNE L Uk, BEKDOFES T RIIVE —I1CH 6N 5 A% F2ERIC
ERAALL 7z Weizsacker O REEAVEEATDEHIT 5N 5,

M(A,Z) = ZMy+ (A—Z)My — ayA + agA*?
Z? (N — Z2)?
AT

“+ac +(5(A, Z)

—ayA o AEFERHRIC L S HHIETH
agA7 . RENFRIC L HHHIFHE

2
%Zéﬁ: ELMTINC & 2 WIEE

_7\2
e AZ) L X k2 REIE

5(A,Z) : FAHEAEFNC & 2 WIEE

CORITEHERIZHARL L TS, . TOARIT EDEDDNT X—F &2 HRE5
ZXICLD, HILEEEY (A > 20) RERFRFROEELZ M) K LEBEL 5,

LML, SORREZHBRTLLDICFELNTWET —FITETREMR (8 LE/MIR) O
FEEICEAET L RFRICRON TS, 0720 BLEliik ViE L b HFE &
OB HRREERIC BT 5 FFICBOL UL, ALV ThL RS 5, I EHE
FAERRBHEE R & ORRAZ EEDEROHE L 1E D FIREMR D 205 TH 5,

REEINFEL & T, T E CICERMITHER SN T 2% FEITH 3000 fZ L TH
%, (M11 2082 ETH5, ) & IAMNERML., THLIMNIETELED
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DFFENELEL 25 FHIL Thd, ZHLRBEFROMEEZMAS S TLEE. T
BOEELZ RIS THIT 2FERE LT, fdoEEARE S HIHRRL . REER R
B AR SO REREEZHIT RN TRbN TS (1], 20 &I RARRES H
T LT, REEHOEE. REKE ORI OWT OB X LRREMNH 5, L /-
MoT, TORKDTL R LEEBOFMLT — ¥ %2 H552 L IXEETH S,

1.2 TEERELYELENEFTRERFX

WEDE AT U IERF B 5 RLERRYE — LAEREI O R B, ZEiRk & D izE<
BN J= R RER DTN AR & 72 5 7=, 1980 FARUTITEBRWEIK (p %) O TR TORLRE
Kz W e L R R0 RIBHRIIENM TR bz, ToR, RIcHEE L VHIESh
TR DA TEEN . BERINIAR =rA3(rp = 1.1~ 1.3fm) &Y HAkEL L
LZEeMFEREINZ, (K1.2) Zhic kb e, NLi,M1Be, "B OZFRIT HERDOAR LY
HARXIANANTNE ZEMOHM D,

Z D, LI OB & > TER SN 8 °Li /K S B oESEZHIEL /=
L ZAhH, TODEIWEROSANESN, ZORERLY. UL IXEER L BU RS
FEZROLiZarve L., TOFVIGERICHE IR SN 2 DO h M RE L LN S
MEZ RO Z MR SINTz, —2OFHUFMEBO LIICELKEN > THEZ 6, F
PEADEM > THBEDME Thrha— ] LIEIN, "a—ofcy, He TOREWHFHF
KRB (FHFATY) G Vo T ORESHOMERINL (9], (THITEER
KRNz TR BOTHEFE FHFHIEL WOz Fo>Tn5d ] EWHHERZTY
LDTHDL, ) TORUOFUTFRY v T I A2 FORBREMOMIUTED S0, HEKD
BEMICITRONED S BENR L L FA SN,

1.3 29MF A—&Z%@EFBI7UK) 20T

ARRL 72 EF AT =8I R Y v 7 5 A a0 H i FERIEKICRS N AR TH
%, ZOHFHEF AT KT UBe,’C D k5% 1 FEF o —fELZ L 5 DL, SHe,
ULi, “Be, "B o kO 2 —RERZ L SV ONEET L, FRHI 2HMEFA
O — Tl R EARREREZ L 22N 5T 5, I ORI EHEDFF % CRERK
ENTVEN, BADMADFEFHE 5L CRFEEREZ/ES T, a7ke —dlFe v
ZHOEMNZ A STz SRTHRERBEIELHE 2R, ZoKIRa I 7 e T
NTEY, ToEETFHICIIEE S THiRn,

15 % ) 27 4% (OLi,2Be &) & —HOFHTCRAGRER MES 2, %7z “{HOFHETT b gk
BIIES 2wy,
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H 14Be
~ 6He 11| [] Stable Nuclei

[] B" decay Nuclei
[1 B decay Nuclei
\ [ Neutron Halo
Neutron Nmeer X Unstalbe Nuclei

Proton Number

L1 AR Uy 7T A2 O, 2003 FOTBFHC BT, ERICTHER SN F
HFR Vv T I A4y EORFHD ERRIE. Fluorine(Z=9, *'F) £ TTH 5. [2, 3]

4.0 , 1
3.5
ke
E
3.0+
~
0
2
2.0 1 ) |
5 10 15
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12 BRI, R = r A3 %Y KE ST 5 L MBe B 13, BHETIN
& L TREIN TN 5,



core

n n

core+n+n

1.3: Ru I 7 U HOFEHSN, SR TR L DI ARE > T D (REL T 3),
Ll —2o0lEZt0EEdT e, BODig ETFICER > TWAETTH Y L 22w,

1.4 HMFEF EKICES T 5 Be RAAE

HE B RIGEE T, R T RS NER O R O T3l & 13270 LR R
BEINTBY, I Be AMMAICBNTY STy, fle L TRFEREEZZET 5,
(1.2) @ Be FANAKICEE T 5 &, 'Be,*Be O3t Be Efifk L R TIEFITAE W,
HE SN TOEFEEE, 2Be M risg, = 2.57+£0.05 [fm] [7] TH LKL . Zo D%
&L riig, = 3.10£0.15 [fm] [20], 7ith, = 2.71£0.05 [fm] [7] & HERFEDN T & 7%
BZONRD S RELSNflEiR L b5, ZOZ>0kIE. PHFHEET XILE —DIEFEITN
SNZ RGN -TEY? | FEF - THLE INTWED,

"Be IS 2WTUE, 2510 BB 2% 1py)p BUEICHL TFR 5T ZEBHMEN TS,
Z D7 "Be OffiF I AEEEICLLZBONRT VU VERKL 52 RN
—HF AT —ZERL THDL e SNTHWS [10], Z OFRITHFHEERIFERICBNT,
BE OBRBEAICIEFHAN O RN L 2 EKRL T 5,

—F. YBelZ 2Be 2ay e L TR na—fEr L ->TEBY), RaIryr iz
L THBHEFR YV v 754 FOREERTH S (4], Z DI PBe IR TH 5
WHEDL ST, HERE L THEEL Thwsd, ZhEPBe2a7e L CZOAVIMNET
5 oDHhMHIC X VB RIEREE> T B I LICE LD THLE NI ERL D S
[12], £7=. BoEOMZRIC LS L. “Be OffiF T OHEIL. sBES d BEORKELE
THDLLVOIEND 5 [23], ZHiE MBe & FRRIC 251/ BUED d PUEICKHL TFM T
XHRISEbDEEIENS, ZDOZENH UBed JT = 0T DRERICOWTER

28, (1'Be) = 504+6[keV], Son(*Be) = 1340+110[keV]
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THhbdE
MBe(07)) = a["Be(0%)®(2s1/2)%) + 5| “Be(07)®(1ds/2)°) (1.1)

LHRINDG, o, BIEBONENRIRIELZEL T5, K20, 22] 1<k 5 &, “Be D3t
ERREIE s UEN TEMTH Y., R (1.D)IKBF S a? =47+ 25% THLELTn5, L
ML, flloRa I 7 %L FERRIC MBe 13 HEBEER TG X /) = X LR E REZICH S I
85 TRV H DN, FHT, MBe OREEELRATLICHLY., RaI7r&s
R L T 5 oD liFHETFD 5 b—2R =R TH S BBe DEER M5 2 L MAET
H5b,

£ Z AT, BBe IZIERMLTH 57D EFRINIHIZET 5 Z L MIEFICTEEL v, BRI
3HID QMHE 1T &k HEERENMT RN TOEA (14, 15, 16]. W OFEER S HIEZREMN
RKELEBROILRETH L2 DD, YEHEBOREE CIUEIES> TOHRVONTRTH 53

o 'Be+n
3 9‘? 3.168
- : 2.70
r +
e 5/2"® 2
o i 201() 0
= i
| M— L
g,o L
5 1= 9"
g F '
= O+
O e i e e e e e e e e e e e e e e e e e e e e e e — e e e e = -
-1+
- 1/2%
- -1.34
450 13g, 126

1.4: PBe DT )V ¥ —% FH#EL | T, BBe,MBe DL R)VF —%/RL 7z, EBIE, PBe
I3 2Be+n. 2Beld ®Be4+2n DX NVF—2 L TH 5,

SICHK [16] 1< & B & T HEET X VX — LV, § 2.0[MeV] 1Z& EIC d BuEIC & 2 HIBREOEAEN
WESN TS, £72. 800+ 0.09 [keV] ICHERERBR SNz LTS, L2l WESRENK
680[keV] & FEFEITEL,



1.5 IO BH

AIETO & D1 PP FRRIBEEIC B 6 Be BAKIL. RIS Sh TRV S
W, AEFZETI. UTFICET 2B ZAEL L TR ZED TN L,

1. IERFER BBe D KIFREBDOFEE & T DEEHE
BBe IIRMEETHEA L L. liFHETOBEIC & > CHIBKRELZ & 2 Z e BN FHISH
% (M 1.5). €I T Be DHMRRIGTHIE SN S PBe + n OENT XNV F -2 FK
HERC LV RD D, ZOTRNVE — AR R VO &Y HIGREOFELZ4TO,
BBe OfiFMFOHEOWEL AR L, SHIC, TOHBEDOYPEICEY ., “Be @
N —ZHERT 5 -FHHEFD I bO—D>OENREINZZ L2 EL . YBenE
BRMRNESNL L EZ TNV,

2. R I 7 ¥ “Be DR X = X LD fiEAA
A I 7% “Beld 2Be+n+n £ WIHERRTEREINS, FAFRIC BBe IE 12Be+n
PN TR TCERLIENTES, 20D 12Be & hETFICE S HEMERLZTHARS Z
LICED, “Be DZFEE A= XL OWTHENE SN L AREMENH 5.,

3. “Be ® 27 O OFFE
TIREER E O RS, FIRL 7227 (12Be) 2 6 @ 4 BBl S X, Fhid YBe
DATMFIEL T 5 Z IZHIEL TWb, 22T, v iR E AV CRtikeg
DWEEATS . FIRSREENFERT X UL, UBe(0T) 2EL 2R (1.1) RIS, FHEL
a7 zERL ZENIDVLATOR (1.2) D& IICERESNLLEZ 5,

UBe — PBe*+n+n

i)
Be + v

“Be(07)) = af”Be(0%)®(2s1/2)*) + B]“Be(0%)®(1ds5/2)°)
+9]7Be(27)®(251/2) (1ds12)) + 8] “Be(17)@(1p1y2) (2512))  (1.2)

f72. BN 1 OfE L U CThERRED &5 DM T RN F —ZAXT ML 2B T4 2 &
bRATe, THIEPEFDEET 2V — &0 2.0[MeV] FHIIC. BBe @ HLIRIRREDFEAEN
WEINTBY, 2Be(27, E, = 2.1]MeV]) O hFEIKREIC FASE T 5 rlREMEMFER S T
L7 CHL21|(M1.4) . ZITRIGERRIL LB FNE O 2 )VE —REICH S
MEFFET 5701 v i PHEF o RBHIEZ R 7.



RIS, ETBE7 Be FNAO LIRS ERE 5X 5 2 & DNABZEO BE S
THHEEZTNS, EERIT 2001 FE9 B, BALEHZEANC T 2.

W2ETIE, PHETBRARIEFE £ T 2 0 OERFEOMEN & . FLERE
ICOWTRRS, HI3ETIE, “Be ODRSERRCONTRRS, H4ETIE, Be
DEEEDFHNC DN TRRS, HEEFETIE, BONLERLVFEREZITD. HEEET
X, KL TCHBONLHERE L OESBROBEAONTER L,

O

25112
1ds

1Pz OO
Q00— 1py2<DC>CX:)

—Q@-@— 1sw: - OO
P N

13Be
(“Be + n)

[ 1.5: ¥Be(1?Be+n) OENIARL 7o, MliFHEFME OHGEICAR 0. SN ST
W, £72. fliPHFoiiE) dEEE o 5 2 i, LERERr 52 b E

AbN5,



F2E AEERE—LSAE
BEAIEZE

RS TP ERIEE OB 2 IZERRE L T\ 5, Z OB REERDERICIL.
BIINE —DRLERE — L MEY T4, KECITERTHOWERLERE —LT A
VIKOWTDHAEITY, ESHICFRBEEERIIOWT., EROFHEL L 7 ol %k
N5,

2.1 AERERKE —LDERK

AT T BRSO IR RS HERR N (RARF : RIKEN Accelerator Research Facility)
B B AREEME — 2T A > RIPS(RIKEN Projectile Separator)[13] 2L 7=, RARF
BXO RIPS iKW TOLEEIE, K211, 213 KEHKETHL, . FRERDE
B VE AR G & AV 2, ATRICIER 38 > TR T 5.,

2.1.1 VoY sobny

RARF ¥, ZBOY A7 b LS IEIC LY. EAA 0 2% F272 1D 135[MeV]
DIXNF —ETHET 5 Z LM TE L, REFRTIL B0 2% FH72 0V 100[MeV] AN

2.1.2 ARG

Bt B2 0 O X)X =D+ MeV LA EOE A A > & — LA AR O KIS TIE. AS
RBEROG (Fragmentation) 2MBEMT /8 5, ASTREBER SIS OBESRIE, B2.1.1 D& D%
&7 )V (Spectartor Paticipant Model) TEEANTE 5, FTRD & 21T, AFEIIER L 5
fIEHNCER Y H o N HEWMOEN S, SHICERSBRP S MOESIE, RIS E -
L B5ET. AHEEZIIIMR- B2 HT 5. AT RILE — 100[MeV /u]
LA EDOE T 3 )VF —FEEClE. Goldhaber[5]IC &5 T ZDEFINVOZEMINREN TS,
Goldhaber (&, W OEB) B AGFHF D Fermi EB)ICES XFFHIZ Gaussian
DD Z L 2Rl . RICEDRFOR > EB RO ERNLHEML ATREL L /=,



AVF Cyclotron

E6

%\K D
RIPS | [

o)

2.1: &R (RARF) O2ARX, REBRTEHL 72 80 & — Alk. AVF Cyclotron
B &LV Ring Cyclotron 1< k5 ZBHEOIHEIC L V. #%FH7= VK 100[MeV] DT )LF —
RSN D, BRAHSEERSE (RIPS) 13, LD E6ZICH 5.

Projectile

Participant @

Target
Fragment

2.2: AFHEHRE S D&



2.1.3 ALEEKDHEEE (RIPS)

RIPS &3, Zo0 &M~ v b (LAF D1, D2), Al D Z3)V¥F —jEEes (77 1
RIAITATV—=F = UFT 47V —F = ) IT&D, & LREOHKHEE (LT Bp) &
Fio b2 8T 2 0HEEECH 5, KiTD Bpld. Bp=P/q (P EHE, ¢:BEH) TK
IND, T THPRL 72 ASHERBREEGIC B ZHEED 6. FO IS TER S = B0
. FEEL WES 2RO, Lo T RIMROKFIE Bp x A/Z &) HfIBIRE R o,

9. BWHAIEDL 2 EET S, COL EREEH L Bp IKHIET S L IICRET S Z
YT, H5BpllieFoRiFRBIZIENTE S, FRROAIBEGREY. 22 TEIN
TR RFEOEMEEN (T A/Z) 2F->Tw5,

L2L., A/Z CERShRF ORI, &5 (AZ) OfA&bE e oRTNE Eh
TV, ZORTFEENTLEDIT 47V —F —2H5S, ERlShihFE, F1 o
AUy NEBBT 4 7V —F —%EBRT L, TEHLEIXITX —BEED ZIKFEEDD,
BIFIEL L Z IS L, BRLBp2HE2k )ik s, Zo%, D2 BLOZoHOD A
Uy NEEBRTLL. FHEDAZ OB EDE LR EENGLNS, 2oL T £
BRICHE D “IRE — L% 185 2 L hHIR S,

Z D& D% inflight JE& FHINTB Y . FIGIC & V1ES 7 BfE % JERIC I O BERY
THEET 5 2 EMATRETH 52, T D L IITHBIGEVEE R RS D DB D BN T
EDL Lol FROEORLEMLTOIFEIGIRELERT LI LM TEL L
NI -7z,

2.2 HEAFEE
2.2.1 —RALEERNEZE

FAREEOHIETFECIT 2EH 5, —2%k, BFWo A4V 2., Thz2ES
BLOEGTHIT CAA D me ZUET HEENTETH S, D FHEEZ 1910 4,
J.J.Thomson IC & > TR SN EEOSMEIC L > TR E 572, DO HEFREEE AT
B oR>BRIEREL (Q/M) ORZ2 2k 1% 0L . £AmIBT AMEZIIET S
CETCHERRET S, LML, ZOFKIAET EHE AL VIREL THEHRAT L0,
K2R T AENCHREL TL £ 9 KO RIEFIFNOBRKRIHL TEIEARMETH S,

b o—2lk, FFERIGEFBETLHETH S, THIEHBZ R VEF —2HEL . %o
HEZBHEMIKRD T BETH L, X@b)Y LW RIGEER S, MICORIE T,
2IXNF—BLOEHRIIMEESNLIDT, ZORIGD Q fElX, IRONIRT LB
W5,

IRIPS 2K CHR 5 & . A%25/Z15=const. £ 72 5.
PERD S DEEETCB LT 0.2[us] IZETH S

10



|
F3-+
Experimental Area

2.3: W D BERE (RIPS) 2N, > 0B 1A (D1,D2) B L E— £ 8
(F1) ICRE SN2 T3V F — R B2 AT FO IS CTAER SN =BT 2 458 . B
DOI%FEE ES,

11



Q = Ey+E,—Ex—E,
(Mx+Ma —My —Mb)02
Pa+PX = Pb+PY

127U, E;: EBTRXVF—, P, EEERY MV, M, BE 2 KT,
Z 2 CHEMITERERICNL CTE#IEL TWADT, Ex=0,Px=07Tb5b, LE=N>T,
My, My, My DBEENTC. E, B, BELT allxd % b OWEAZHEITNE. My 2RO 5
CEMTESL, Thik My DEEEIT My NARBHOHETOREKTH 5,

Z DFHET G F M OALEKDOERENEIC L BEICT E 5, FTIHNAL SE 3
[14, 15, 16] 1%, EFRORIGICBT 5 TY] ZIEREKICT 2 L5 R AN Y v ¥V 7 RIG%E
AWT. FEFRME BBe OEBEANYZ MVERD TS, L2AL., WTINoEERY flE:E
EM KX HEREBICOWTRET X =YHEIT R0,

2.2.2 ALHEZE

¥ EEE MoK F0 n BHORFICHEL 728 & M n [AORFOREEEICEL <,
DTFOEIRERIN TS, (BERF i I, P i3 4kocEBIE. E;,p; EET X%
VX —, BEFETHSL, )

n

i=1

n n

= \l(zl Ei)2 - (;pi)Q

Z 2 CHHRIFOBREEEMN ML S, Zh6 0EBELZHIET S 2 218 ko THEE
THLRORFOERYELL ZLNTE D,

ZZTBBe DR NF —LN)VH%E RS (K1.4), “Be D HIRIS (K3.1) IC& D ¥Be
MR ENTZ2 T 5, BBe WRETFHRELZ R L 24, 2Be & THEF DI T X ILF — 2
N7 MVERL e, RIBRENHIIE., BBe DX NVF —#EFICHIGL 72— WRX
539 TCHL, ZOE—7 OfEIL 2Be & FHEFOEEDOMZHAEL L /= 3Be DEED
FRBZMETH Y., X (1.4) FTik. MFRORESAEL L TW5,

Z ZC BBe DM T RNVF — B, 1E, ROLFEERE Miopey, & AVT,

E.e = Mi2geyy — Mi2g, — M,

LRINS,
C DABEEIR L fERDPEER L DENT. AFRFOTRIIVF — - AELHIET 54

12



BN L RISORIRRBORIF-DHERET 528 TH 5L, T &Y AGHHF%2REE
BE —LICHWS Z L WNFREE 72 03, MARBOTHRF2WE T 5720, FERELI N
LTOVENRFRTHLEEAS (29, 32]

Lo, FEEERBIERD FHIEL AT, WEBENRVE WD diid 5, KT
Zo %A HMTRNVE — B, OWERE AE &, LUTFoRX (2.1) ok JicEkEn s

11, 26] .
A1A2 E | A’Ul 2 A’Uz 2 2
AFE,. ~ (/2 Ere -\ — - — ] +(—) + A 2.1
l \/ A+ A, VA \l<’ﬂ)1> Y2 2 2.1)

2L, MK TFOEER. #E. EBHEL A, v, P . BEKTORTAL 0, NIk
FOEH T AN~ HERE E,ATHL, TZTA =124, =1. AL —LDT X
VX —% E/A=6826MeV/ul £LT. (52) = (42) = A = 1% TH D L ThiF
E,q = 1.0[MeV /u] i< B ZHEERZE 194[keV] & IEFICT W, ZHIXEBITHENL 12 Q
EHEL HENL L (1438), WEBEORIIHASNTHLLEER S,

SREERYE — DI SR D —IRE — L TCH 570, EHERLAENL SLTCUEN>TL £,

13



F3E FER

ZOETIE, EROME, WEREORENLHE. 7 — & WNERIC DT OFMZ RN
%, FEBRIT 2001 48 9 HICELERISTFN O IEEFHERRIC BV T TN 7z [24],

3.1 KERO#IE

COEBRIIFHEFR Vv T T4 EoRBa I 7 8% “Be ORMEE R . ARG
EoTHIEERITOIZLTH S, “IREML LT R2C(ES : 377[mg/cm?]) % v iz,
RISIC & > T S 5 “Be D27 (?Be) + n OWEEAT O 2 & T, IERERK D HLIRIR
LD,

3.2 ARERZKE —LDERK

Vo7 A 78 b &> TR 100[MeV /u] ISR SNz 80 2 —IkZ —7 v b Be(B
& 1 6.0(mm]) ICAKL 72, ZD& I ARG (2.1.2 SI)IC K Y. B4 RN 4
RENDG, IO S EFRIED IR —LZ2BYZT20I. —RY—T v D
TURICERE SN 72 RIPS(BER T D BEEE) 2 Ve, (BRI >V, 2133/, )

14



3.3 FEREXRDIZRK

RIPS ICBW AR SN/ “Be 1%, HEATOFOTRIVFE — 70.18]MeV/u] T. RHEE
# (AT C W) 122 &8 5, Z0L X UBe o —8450 1 FHEFR, CEMD
HCEVHEMSN AN H S (FHFANY vV 7 Kis. FEBHE), “Be 1%, &
MF2—oFEL 6N Z LIk BBe 2T 5. LL. BBe 3IEREKLTH 57
DEBICHHEFHRELZEIL . PBe & 1 FHFICHHET 5. EBRTIE. Zotishi
FIBRFBLOPFHF2HREANRZ b XA —F —B IO FRHEFREEICE > THIERAT
fcflof:o

1ZB e

n n
12 12
Be ey
: \
n
n
& P
Carbon
Target

| .y

“Be =mmip “Be mdp- “Be+n

X 3.1 =M A ANV BT RIEDORTF . BICRL 7Z2E8) & (Pop.,P,) ZHIEL 72,

15



3.4 RERICHERL iR

Hodoscope

. Plastic
Drift Scintillators
" chambers
e target
\<

Dipole magnet

\

1l"“ ‘“‘

‘\"&\
?

Nals

EEDAREV.ANEE
////,

RO
) .~.
QQL

LA T T T T

Veto counters

/

Neutron walls

X 3.2: EEROBEEH

ERCTHWEREBEBOREIIN 32 O LHIXRbE, 26 OBMEBERITZ DEE D
5. LTFD 421 aTx 3%,

o TIRE — LA
RIPS O —HE4AE (UT F2) 64 =7 v b $TORICERE SN TW5, F21303,
TIAF I v FV—F— (LVF SF2) 2. ¥ —7" v MRITAICIE 2 2D Delay-Line
% PPAC(Parallel Plate Avalanch Counter)(LAF PPACa,PPACh) Z &L 7=,

o fardERFHIE R
“IRER & ROSCROTER FOREICIE, KA bR XA—F —2Hne, Zh
I PABFREA (LAF Magnet), 22D K U7 hF = N— (LAF FDCL,FDC3). KRR
22— (LAF HOD)IC X VRSN Tn5, BRI I VT o5k
D, WHRFRLA. FDC3. HOD lZ —AF A4 ISl T, IS 20 ° T 7=,

o FPEFRR IR
I L O S ztpEFoflEIcis. Y9 2AF v 2o v F L —F =5k bHh

16



MFHRR 23 -7 (AT LN) 2 fin/e, 618, Bk PEFoHR oo,
WNTITRAF 9 I FU—F—% ORIHICEREL 2. (LAT VETO)

o v HRIIE R
FOGIC & HiEF (1) 2B r VX — AT OREEMIHREL 2R 78413, FEF
WREORRRE] (T ps 12E) T v fMREHHT 5, SO STz vy RoBIEICI.
Nal > F U —4—%Hun/z,

LAFIC EReo 4 T HO B 3R OB 24T

3.4.1 ke —LHAER

TIRE —LBHERIT. N33 0L REEL RS> TW5,

RIPS IT & ) B SN RLEKE — L, 4T L S 100% OfETIIR, 722 Th
TN EATR O REN D L, REBRTIIERY —7 v M6 OFYTRRE E SF2 1< &k 51EE
AL 72, ©—L0RYTERZHET L7201, M rabarollgEs 43I v 7 (LA
T RF) 2 7z, I#EEERF 0% A IV ChiF2E—L2 L VL TEBY, 2
DEAIVITIERY - v N ETCOIAIVTERETS, T 43I SF2 1
BOUOLIAIV T DERL LT, ERY 7y N5 OFYTEER 2 RD 5 Z & M HISK
%, ZORYTEREIL SF2 DYEE LV “Be 2385L 72, /2. Z ORYTHERE L 0 7Bk
DHS %KD, BETLYEOTXNT —HEEZERL LFEEZITH. E—ALF 4 VTR
DR ZRR IREMICBIT 2T ( VX — % ROz, SHIKSF2D7AIVTK, T4
IRERD N VA —ERFIC Y Az,

F/2. ZIRE —LDNBELZHET 5729 PPACab 2HEHL /=, O EFE#RE . SF2
DEAIVT XY, F—F v N ETCOTIRE —LOEFHEZHIEL 12, FEEEEII RN
DRIRFEDEB) B L VAN T RN F —2RD DD T, ARE —LOEFEFHELHET LI L
IARABETH L, LU, UTOEB LY EERTIE IRE — NN 5 EEEORE 21T
7:’{:')7":0

o EIMIBY 2BEL REL L7120
o G DEE)FHIR T 2 ATIR D 120

SEEEA L 7z Delay-Line %4 PPAC &, Anode LV % 4 I 7%, 2Dd Cathode
BBOFRAREL B DZ LY., ETF - EHONEEBEREZET 22 M TELH AN TV
5 —T¥% % [25]. PPACab I%. 300[mm] BffL TEREL TH V. PPAC 2 @BL & — LA
DI & VAR EOREEZRIEL /2.

17



SF2
Digrader PPACa

F )) AR s
s l/sl H R

Production
Target

%’[ﬁ' {‘ J((I_ { E I [T
10870
__10380 11315 4305 542_.5
15620 8425
26000 1223

3.3: RIPS R EAFRE E— LT A U RESBROEERN., FEEOBEAE. mm

RIPS OR&FE
—IRE — A 180 100[MeV /u]
—IRE =7 v b Be 1.11[mg/cm?|
D1Magnet DRES 1289.3 [mT]
D2Magnet D RS 1207.8 [mT]
Degrader DJE& | 1244.13[mg/cm?]

F2 Plastic Scintilator

K& & 85x85[mm?] x 1.0[mmt]
Left PMT 1600 [V]
Right PMT 1700 [V]

F3 PPACa,b

C3F?® 28.8[Torr| | 1656 [V]
C3F?® 28.8[Torr| | 1638 [V]

18



300

299
130

BeamlLine S

HODOSCOPE

’
/
i
lllll
.....
rpl
"
1,0y
7 1

1y 0y
vyl
1)
////
10y

Centerof Magnet  ~ f > _/////,

’
!

X 3.4: fEN THUEROERER, EFHE. mm (I Y XA—HFJV)TRL 5,
Magnet DRGBH/NIE —LF A2 £ 10mm] Thize 2AIIHY ., ZZ ZH0NI. Mag-

net. FDC3. HODOSCOPE % 20 ° HIAET 5,

3.4.2 faERFAER
B FUEROREIX., EHN34 DL R5T05, £z, K74 CHHEKANRY
I X—F —DEERVEETH 5,
9. MBTBA (Magnet) ICOWTEHA%Z T 5, Z D Magnet DEFNI=2H 5%,
o NI F 2 fr BRI F & PHEFICHBEL & 4 ORHERICE L,
o W% —EICT 5 Z LICK Y HERFD Bp ON0HE1TR D,
o Magnet OBGGITERBNCEFEMHAEIN TS, ZOWSET —#% LV FDC31CC
B SN EBRF25 7y PEBETH L — 2T 5, FUTRRIERD MNBLL .
RISERDOEEELZRET 5.
RUZhFor =13, ZORHBLEBL EFOPIZRAIET 2-OICHW:, &
EX % —2"w b, Magnet EICEREL 72 FDC1 & Magnet. HOD FICEREL 7z FDC3 23 H
%, FDCLIZKES MOMEEZ BT 5HEA. 10.5mm] FET4EH 5, KFEOT AV —

FEIRREIE 21[mm] & Ve ViR & 5, SENEFEERA EITIETR > Tk,
—7 . FDC3 1. Magnet &) b EHICTFRICRE SN TBY ., KEFAB LV EES

19



MONEZBET 5, IKEHROMEZ BT 2HE 5 H., TEEGAOMEZRHET S
EA4TED Y, 100[mm] DEEFRCTE A DENRAI/RS L IIKEE SN TS, KHIC
137 A ¥ = 40[mm] BFECIRONTHB Y, ¥ A IV 2HAHL LBEICEHRT 5, Lh
L. SOZAIVTEERE BEDEENEIILERY, 22 THREINZEDEESIC
KL —FEWEMRE B NEFRRIC L Y PEL . @Bl BN FoBlie L CHlEL 72,
COMEBEE ANFAELY., ZREESHTOLHEERNFO ALAT. MASS) 031217 -
7z, 51T, FDC3 DIEHE IRICKHEAT S HOD D ¥ A I 7 L fiRBbE TGN L —
AEATO, CEROEREL KD, (7.2 3R)

HOD &, 800[mm]x100[mm] D K& & TCEEM 10[mmt] D > F L —F — % IKEH A
WTKRREREZODTHEL, £4D ETFICHETFHEBELZERL (HY., ey IV
IIRFHICE L, ZoW@me yAIV e, BB D Z ##)%k1T-7. £,
HOD DBsEIEHRD & fiERFDF —7 v M6 HOD £ TOVHOHRI ZRD L Z &M
TE5, FARLZEIICTNIEBEE N L —AHW -,

3.4.3 HMHFHER

321TRL 72 & D18, LN X 2 (Cluster-A 3 & Cluster-B) I TRER S
TWb, = RKOTIRAF v Iy FU—Yar vy =%, 60[mm]x60[mm] DK<,
2140[mm| DKEETH 5, M35 —LT A& LN ORERREHECH L, F
M EME LRV, BERIBETERY, 22 THEFRY VF U —F —NDR
Fe Bl . RBEL 2B FRHET Y v F LY a v REkiEA 58Ik ST, BEFD
Bt R BTz, £V FU—F I ERICAETHEMGEE L ERL CH Y. HEme ¥ A3
Y7 OWERAT> 1o, EROBERZED &t SN P ETF-OKEFROMNELFFEL . 2
NEZAIVIPEEBEOWELRIT-> ., £727 —ZIWERD N U —ERITHW =,

% 7= Cluster-A OFIHICIE. EE 10mm] AT OHWNT 5 2F v 7o v F L — & —h 21
MOKEAMAICEBE SN TS, 2ol Veto h v ¥ —TH Y, LN I BRI 7 G
L7eANY NERYBRL ZDICHW,

20



Cluster A

,
,
.
.
.
.
.
,
.
.
.
,
461 .

Targe

X 3.5: FHEFREZROEER., BRI I Y A— KMV TRL Tn5,
CDIEEED SN E > CWLAELHETE S, UTRZhE2 T/,

Neutron Counter | /K34 1A [mrad] | FEE 5 [mrad]
Wall 1 -33.02~+10.98 -7.31~+7.92
Wall 2 -32.70~410.84 -7.22~+47.82
Wall 3 -26.23~ +9.97 -7.92~47.55
Wall 4 -25.97~ +9.87 -7.84~4-7.47

3.6: pMEFH T U I —OBEIREAE, BEIEY -L5 42 ERED RTHA,

21



3.4.4 ~HAIRESR

Nal i, £EC364AHY. F—7y bOFEICELTNTN=ZFICHT TREL TH
%, —&® Nal IZ. 60[mm]x60[mm] DHET. 120mm| DKE S Z K>, yRZHET
52210k, BRBL BRI ERL TR oh ), ZoRiEEExrHEs 2 e

S S ICSRIF DB ORERIC VN2, Nal % 72k Fapic DWW Clk, Appendix7.6
WY 5,

3.5 T—a2IN&ER

T=FIRERD N VT —ERIUTOL BV TH S,

NI — N UK —SE N UK —DFR

Beam SF2 N SF2Z SF2ICBWW T — L &z,
HfEF R ERRICT,

Neut (LN1U LN2 U LN3 U LN4) N Beam | —fELA Lo TR S h .

Nal (NaIl | NaI2 |J Nal3) () Beam SED Nal @ Db NN T v Sh 7z,

D.S.Beam Beam/n Beam b UH—% X T A7 —)VT 5,

TRIGGER (D.S.Beam |J Neut |J Nal) | ComputerVeto ) Beam

N UK —AME A

SF27 SF2 ICBW RO BN S h iz,

Computer Veto AV a—F =BT —FERVIARFTH S,

*3.1: MU —FM—BR

22



TAZ T — BT

RECTET —FIMIOWTHIAT 5, BonT —F O, ©—LF 42 ERLY
NEF AT 24T > T o 7z,

1. ZIRE — L OfEMT
2. f Bk T DIRMT
o TEBRIFD Z DR
o MASS DFiE
o W5k L — RIC L S EMER OEB) EOWE
3. M O fRAT
4. v RRORAT
5. FAXF TR IVF — A7 ML DEH

4.1 RE — LN

X 3.3 IZRL 72 & HIT SF21d, RIPS @ F2 EAHEZICRBESNTEY., WHE (=%
WX —ER): AR, L ¥ A IV MmN S, BTFH72 0 O 2V F =0 50~100
MeV DRjFD T 3 )VF —821%, Bethe-Bloch DRMSLATD & HIGERZL 7=,

Z2
x Z*xTOF? (4.2)

Z Z7C TOF(Time of Flight) 1%, FO» 5 F2 F CORYTREITH L. AE 1 SF2 &I
HIEL CnbeEX L, SF20X A IV T eWENDS IRE —LD Z2HINTE 5, =
RE — LERIPSIC &L D A25/Z15 1T 6T 50T, Z 233 T I RE Ok 1%
BIZEMTES, M4.11XSF2D TOF LHED Rtk AN T T Lk#itiz,

Fle. ¥—7 v MBI 1.0mm] Y > F L —F —%2REL . SE2 2657y M F
TOWRENREZHEL 7z, 2N &V SF2 O —LBN6 ¥ —F v N Lo —LEBNKE

23



[
=

o3 ©
=) =]
T I

-
=]
I

Pulse Height

60 [
50 |
a0

30

Y SR NIRRT ARSI RN AR ARSI RS AU R
185 170 175 180 185 190 195 200

TOF [ns]

4.1: F2 Scintilator D=~ 1y b, H#L, FO 0 & ORYTRER ([ns]) ML, Scintilator
DWETH D, “Be LSORIFE LT, ML RH 5,

FO~F2 O TR 190.02 [ns]
“Be @ Purity 85.96 [%]
F2~ % —7 v N EO#ERERHE | 97.97 [%)
PPACa,b O s 61.07 [%)]

=7y MIBETOE — LEE T RVE —Ful
Carbon % —7 v b | 5.940 [keps] | 68.378 [MeV /uy]
Empty ¥ —7 v & | 6.241 [keps] | 70.182 [MeV /uy]
Lead # =7 v b 6.582 [keps] | 69.276 [MeV /u]

% 4.1: “Be IZB 5 ke — LHIERDOHERER
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%, %72, PPACa,PPAb & ¥ —/%"y ML, SF2 25 PPACab ¥ C& ANTIEEICHE
WDT, PPACa 26 % —7 v N £ T OHinERh=RIT 100% L IRET 5 & PPACa,b O
NRERDLZIEMTEL, LFOELI1IIBONEE —LDFERE T D=,

4.2 RIGKIFDFFE

&=y b &Y S 2k F1%. Magnet 1< &V gk & P65, L
ML . ZOMEBRFICE, ¥ —F v MIIBWIRIGL 2h o728 —LEFDO b oX, dik
FAN U vV T RISUND s (BT REG. BRRRIGRE ) bEEhTwb, 22
TR SN IFIERF O E TR D BEDND 5,

SN = ER 3. BEHEE Bp 2>, 2O Bp i, 2.1.3 LA, BpliEE
BA RTESZ ESvEAVTUTO L IIKERINS, KL, LATFD TOF 134 —
7y k& HOD £ CORYTHREREIE T 5,

Bp « A/Zxw (4.3)
x A/ZxTOF™!

AR 4.1 L FERRIC, ¥ F LV —F —TOE (TRNVF —BRE) & ¥ (I V7 OBtk
o ZEHWNTLIENTEL, ZNRETER261E. R (4.4)» 5 Bp & TOF OEf%
#R5, pld FDC3 Ok VRE LD T, KTDBpMFFETE S, 61X, HOD &
D TOFMHOMEDT, ARKETLIEMTES,

4.2.1 7 DR

HOD L V&6 TOF I EDO R/ By b Z K421/, 22T rFL—
F—IlBT BT )X —BREL HEld, EEIEHAREMR TRy, koT, R (4.3)
D& I RERIILT L bR 2y, T2 T, TRV F —BEEICKHL TEE/NE N
EEZA . AT ORIV BGRAE AW CRiER 1D Z 235U 7=,

AE & Z?xTOF® (4.5)
Al

EEXT, K433, RN4.6) ZAVTZE2FH;HIL LD TE2RL Tndb, KIURL &
I, Z D gate BYEV . 0,/AZ =0.066 DFEDRAET D - 7=,
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r
w

Pluse Height

S SRR NN |

10

s

035 '2i5' 30 R A T [ns]
Flight Time

4.2: HODOSCOPE o Flight Time(% —%" v b ~HOD) & @D ZIRTTE AN 7 T L,
RHEKIFDZ OFN LY PN TN D,

x102:
1600
1400 |-
1200 |
1000 |
800 |- Be gate
800 |-
400 |
200 ':
Z=1 Z=2 Z=3
po ey e R L [ N R SO
a 1 2 3 4 5 &
Z
26

1.3: HULTERIT0 7 OB, M0 k5107 — 2ok, 2. 7 ORI 0 /AZ
I, 0.066 THDLZ LNoh -,



4.2.2 A OB

& "‘}f b4 I\ _I:L: 2’3”’ 5%’%*1?%@7qu7‘5@@&§8 ﬁ&mﬁfg% (XTargeta HTarget) g —g‘éo
—%. FDC3 1 Tl S M= BRI T 0ok P HHORE & B (Xpo, Opc) & 5. B!
IR OFF OB Bp & AFHHF O EBEH OMNFF> Bpy L O£ LY, 2 &
%, 5. BT oORBRFB T XINE —HBELZEZ v fETIE. ﬁ%@ﬁcg?
BED ST, UTFOBRM —IROELEDY & TV IZD, (FEMllE Appendix7.2 ZHE, )

ABp
Bpo

k57T, FDC3 & % —% v N COIKEMNBEDZEY . FDC3 O A5 £ E 0FE 2 B,
HERFEBp IC k> TR TCELIETTH S, TOZRK Iy b2 TFTH441RT,
O &Y A EERESETCBp 2 RKODLZILMTE S,

X5, ZHEATE VL RSIE, R (44) XY,

Xpe — Xrarget = Abpc+ B

(4.7)

Bp x AXTOF !

LIRS, TTCICBp MkEY,. HOD &Y TOF BEXSENTWLDT, L
K&V Bp & TOF o=t/ vay b ehid, Ak THRIRIPNLIETTH S,
Z ORRFE 4.5 1RT,

OFbc3 [mrad]

—0.05
0%
-0.15

-0.2

oos Lol v o b b L L L
-300  -200  -100 o 100 200 300

XFpcs - Xtarget [mm]

X 4.4: Xpo — Xrarget £ Opc € DZIRTTT By b, [ABAIFOFFD Bp & & ITKIFM 50
NTns, MoK E I EEZ MRS 5,
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8.05

0.025

—0.025

—0.05

-0.075

—0.1

caqs Do by g Uimemd g2 e vl 0% 0ol wame [ 80w o 015 27
38 3 32 33 34 35 3% 37 3\ 3

TOF sl

0

X 4.5: #&#fC HOD 0% A 327, $E#MicK 4.4 1S TRDEBp 270y ML 7=, S
o TR 2 A S 5,

012

0.1

0.08

0,06

0.04

0.02

6 Lo ol o ol vmn o g o o o gl o 0w
28 29 20 31 32 35 32 35 36 37 33

X 4.6: M 4.5 ZA#ERSE b0, HHEHIRTFO A T2 IIohhTns,

28



X 4.6 &V RIERFDOAMBDPoT, FTRATIE, IV v RTLDA DAXRT MV
THb, =7y AL HETY, EHNUANOWEL OIS LB Ny 77572 R
Ik Y 2Be MR ENT VD, Z DD BRI ASTE — LB THRILL TRy 27 5
Uy R OWIERIT), E—LEORHEL VT, DFOR (4.8) AV, & (42120
RO,

1500 Be
L 14
B
1000 PH\L e
I Vg, po / \ fH
500 pe De
[ P wffrr{ R\ﬁ\
07 8 9 10 11 12 13 14 15 16
“Be+C,FrogmentMass 14Be
1000 E 7
750 | 2Be f
500 .
250 ; erj X,
OE\J\L\A Www\\\\\\\\\\\%waw
7 8 9 10 11 12 13 14 15 16
“Be+PB,F tM
e ragmen ass 14Rp
400 | /i
L 12 ‘j
200 | Be {J
0 T AL“MMW“MW\\\\ L oty
7 8 9 10 11 12 13 14 15 16

"“Be+EMP,FragmentMass

4.7 B5NT2 MASS DAXRZ My, =4y NEALLEETYH, Ny 2757 UR
KK, REDBBRE SN TW5, BRI, AFHE —LAETHRERILL TRy 275
R OfEIEEX1T4 9,

N 14Be on Target

(4.8)

Beam Rate) = N,
( ) SK2z NDS—Beam@Beam

=77y h Niotai Coefficient
CHEH 7.6676E+07 |  0.3364
Pb #Z#) 7.4556E+07 | 0.3459
KRR L 2.5795E+07 | 1.0000

F4.2: F—7 v MIBT Y —LE, BB, EN2IETL 552 8L 7,
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4.2.3 WS L —RAE RITRHRBEIC X 2EHEDRE

HOD, FDC3 & O i S = faBhi FORFENR T L 720b | BIEKANRZ R A—4 —
WKL LEBBEDODINCASL, TDOANRT b A—F —OBKRENL. TFDC3 D& HHR
THOD oRsfEiE#R1 &V TREGEHRI 2> CEHEZITV. FDC3IIBWTHRE SN
BRI 22— v hETCRLV—AL, PBe ¥ =4 v NEEROEREZ KDL LT
5, LTOBIMCEY, A7 v X—% —ofllEBEom Ly, HEORBELY &
//f]—‘o f:o

1. HOD, FDC3 kY. “Be 24#€7T 5.

2. JEN L —2A
9. HBICLIHEERPFIET L2010, ZIRE—LHIERLVEB SN S “Be @
NEHE] » [E] OGN L — 221795, ML —RIC&D, FDC3THLHN
LTHAHD ThiEl & TAE] Z231EICK kD, EEDOFDC3 LV ESNLT —
L R 7 OBREMIEEZIT O, UUTICEHZ R,

o T, ¥y MNEL OF —FEZHWT, Bl ZJEN LV —2%4T5., FDC3
DB L FE (Xear,Oxca) %+ FEED FDC3 DAE L M (X,0x) & HX, FDC3
Y DEFERMIEL 722, FHIEL 7285 XA—F —&, Appendix7.7IXHETH 5,

o RIT. CHEM. PbEMICTYREMRD ML — 22Ty, FDC3 LV B6NA0E
E DBEFHERL 72, FTHEICKLZBEETHESINTHLDT, FDC3 L DER
X EZBLHAEBELDNCINE L ITTTH 5, BITOFER, xy OMNEB LD
AEOFEL, 1.0(mm], 0.5[mrad] AFICIE 572, 7 — # %l Appendix7.7
ICERE T,

3. R —2
JER LV —2C K VRGN U — AFTEDOBEEZEL #IE21T-72. €2 T, FDC3(X, fx)-
HOD(T) ¥ A IV 7 LY RISERDEHELZES N L — AT LY RD 53,

o T, AR MO XA —F —DIEEEL RBEL L0, ¥—F v NMEL T —
BRMENTT S, SN TIRE —LZEEARZ R A= =@ TILICLD,
ZIRE — LHERB LUK ANRZ b A—2 — DWW 61561 5EEEN
HERTELEX T, BOoNTFERITX 4.8 ITH T/,

o KIT, CHER. PbEMICTYHREMKD bV —A%4TW, ¥—F v b EToES)
BOSAAE L 7=,

YT OEBOAIZICN L — AT LEDOTIEN L — AL FES,
2ZOTHIFZ XN Y —SHHEOBRERCERBEOLHEENICH L DL EZX DL,
SO, KITFOERE HHIICR LY —RATE5DTCHRN L — AL IS,
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Y 7 (AP)[MeV/c| | 57f#8E op [MeV/c] | op/Piota

P, 3.227 23.41 0.453 %

Py 0.08965 16.69 0.323 %

&L | P, -16.94 37.75 0.730 %
Promi=5171.1[MeV /]

Py 3.237 28.25 0.554 %

P, -0.2229 22.62 0.443 %

Cc | P, -19.02 35.68 0.699 %
Piotar=5102.8[MeV /c]

Py 3.545 44.28 0.862 %

Py 0.5182 40.90 0.796 %

Pb | P, -16.99 38.14 0.742 %

4.3 FOENT AR b A—=F —DPEREE. P 1355 —7 v MBI 5 A5 E — AL
DEEER, SER (26, 11, 32] £ LR T Z Y O REEN B DT
RHEIN TN,

RD I fREE

X 4.8: Z—=7 9 h&2IFETL, AXRTZ P xX—%
X D *&) fsﬁ@]% Pcharged &,

Pch,arged

225 E
200 E
175 E
150 E
125 E
100 E
75 F
50 E
2% F

140
120
100
0
B0
40
20

Py =5137.1[MeV /c|

CRAARIRLAA) LARRN LA LARRS MAAAELRARI LALLD |

300 E
250 F
200 f
150 F

100 |

50 E

T | d

i) I
—400 -200 o 200 400

| IFar Al ) VAT I
—400 -200 © Z00 400
APx [MeV/c]

1 L | i |

=300

0 500
APz [MeVic]
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APy [MeV/c]

—CHEHEE —-LE2@EL 2, L —AI
TIRE — LIER & U KD 1 5EB R Bpe & DFE (AP =
Pieam) 2 & 52 L CEBEDONERE LML /2.

. ZIRE - AE



225
200
175
150
125
100
%
50
25

200
175
150
125
100
]
50
25

LA ALY AR L) ALY LA UL LA ML

300
250
200
150

100

50 F

L) ket | Y W

Eiliaan
—400 -200 ©
APx

ot 1] 1
200 400

[MeV/c]

=500

&} 500
APz [MeVic]

074>OC‘) ‘ =200 o] 200 ‘400
APy  [MeVic]

4.9: CHEEFNCBY B3 b L — RIS L VRO EBE Popgrgeq £« IKE — LHIER &
D *y) f:@ﬁi ]-Sbea,m Z 0)% o (A}-:—)‘ = ﬁcharged - 1:—)‘1)63(1477&)

250

200

150

100

50

300

250

200

150

100

50

E 250 |

[ 200 —

. 150 ~

= 100 _

L 50 ~

Bl AP " 0 Eaia VT

—400 -200 © 200 400 —400 -200 O 200 400
APx [MeV/c] APy [MeV/c]

WY Y M | |

-500 3 500

APz [MeVic]

4.10: PhAEMICBIT BN U — AT & VRO TSEBNE Popapged £« IKE — LHIER
£ O RD I EB B Progrn & D3 . (AP = Pharged — Pream)
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4.3 HMHTFOEBEDNE
FEFRRI SN e L CUT 2R T 02 AT 72,
o Veto 1T 2 & =78 5 TR,
e Neut N UH—THY (£3.1SH). &5ITHRHEFD multiplicity 3 0 T2,
o WEMBIMHELALE (5[MeVee] (BTl MeV)) TH %,

CDFEMEDY & | Cluster-A,Cluster-B © ¥ A I 7 L HfREe. BLOHHFOERES
feflEL 72, (X4.12,4.13)

7o, MHBOT 72T 52 ATPETORHAE LY kD (TABHE), 51k
TORBAE LM XVT -0 LY., NIV I T 20TV & —D
TR THE AL BL 2, AT ORISER L 72HR T 0OV =1k 5 Pt gs o
TIRTHATH D,

Neutron ACCEPTANCE
100 T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T

[%]

ACCEPTANCE

O 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1

0 1 2 3 4 5
Relative Energy [MeV]

X 4.11: FHEFRESROT 78T ¥ A,
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600

400

200

I

1200

0=2.05[ns]| 1000
T=43.3 [ns]

0=2.23 [ns]
T=43.1 [ns]
800
600
400

200

A | -

RER SRR RN RSN BLARE R BEE

Wall 1 TOF [s]

- RS AEEN EEAN BARN LARS LR B

| N 0

[~

Wall 2 TOF [ns]

LR R AR AR R RN AN RRRRS RARAN RAL

700

O0=2.72 [ns]
T=53.4 [ns]

0=2.82 [ns]
T=52.9 [ns]

600
500
400
300
200
100

LAARR AR RARR RARAN RAR RARRY LARLE RAL

oy | PR o L

40 60 80
Wall 3 TOF [ns]

B0

: 40 60
Wall 4 TOF [ns]

X 4.12: HEHPHEF T —ITBTFLEEAI VT,

3000

2500

2000

1500 ~

1000

8]
200

Pn =369.57 [MeVi/c]
OPn=21.333 [MeVi/c]

| T |

o i N ot h
250 300 350 400 450 500

Neutron Momentum [MeV/c

X 4.13: FHEFOEBHE DA
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4.4 ~IROERMT

AHF2E0 B D 31T TCRRZZ LD, “Be D a 7ML TWEhE2EET 57291
YRROWEERITD. b L FHCRENHER T L. AGHRIFD “Be O 7 FHEL T
e ZRDLIEMNTEBLL, £, KL 72 2Be 24 ET 5 = DIIRD T SAENEZZ &
Nns,

o SF2ITBNT “Be 2 S 7z, (SF2 & U 4F5E)
o =0y N&iEBL =, (PPAC &V RRE)
o UGBDOTHERFDOZN4TH S, (HOD LY HE)

DAEDEHTRIGL 72 Be RNAEEZBH T2 M TE 5, MASS OSMFIL., 4.2.21CT
FDC3 LV RDTHLDT, Bo6ND yHRD AT MVOFIFENE ORFPRETE S,
RIS YRR U CLAT O %2 T TN 21T 5 7=,

1. v R —EIEZ TR SN 72
2. Nal DX A IV T DOE—27J ) 4302 5,

13 AT =R HBHD AR N EZRL2DTHY., 23N I TS5V RERL2OTH
L, 72—y iNIEEICEOPh ¥ =%y b TCRE—FEF AN Y v ECZIFRI DI N
M. BHe 7 —ar kB RIEDENEERT 572D P ¥ —7 y MIDOWT T
%f?‘_l—‘v 7':’_'0

FRATARE RIS, X4.14,4.15 ICEE 72, CENTIIAS TS 2Be @ =2 0 fIERAE (
Jr=2%J7 =17 DHERTE/2 (28], ZORERLY . “Be(0T) TR (1.2) DL DITEKEH
LZeMNEZOGND, B, M4.141XBNT "Be(1/27) IR FHBIMNRETR VD R,
ATCW5, —F. Pb¥—F v N THRIRREBOMRIETEL, LML, ZOAXRY NE
AR MIKL TIEEITEN DR 5 20T, ZhA EOBITIThR vz il /=,

RICTHEEL 7z 2Be & FRRE SN/ HEFRH 608 5 DEERL 1=, FHEFRKRET
ETCVNL, FREEZHOCZEMTES, 2 X 0EINSHETT 2IVE —1X., FiER
DS DTRNE AR MV ERT I LR, ERICERENZ L Th 5L, BTk
a7z y RO AR ML . BIEICTREL T oSG2 1A < Nal o=
FIWVE—=AXRTZ MV EREL 72, AXZ MCE = RE SN, 12Be D hECkRED
5D0MMTRXINTF = AR NN EERTLIENTELHHEERD S,

FEFRIEE 5.1 ICEH 2, 2Be(2h) IX2WTU, v FHFORBRENTETNEZ
EMNGoTe, LU, 2Be(17) OFKRREZ RTE — 7%, 2Be(21) IF& HEFEICHN
Ty, I &Y PBe(17) 2 a7 &7 % “Be(0) OffiP 1. BIIGIC & % EXEL

RIS LD AP DFHEL TR L EZL SN DM, ZOARY MIRY 2RV EEZ SN, Zh

FEAHTZ RV =R DKY 40% & 0 D T3 )VF — Tl ZBREO RIS Z DI e v I REIR
HonTnz,
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AMNIEFEICRINI ENZEZALSNS, LML, TOHBICOWTARHRTRE DS L
MTEIRM -7,

ol LA R (T I W il
D 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

4.14: CEEMNTBT B UGL 72 2Be @ y AT R L,

T T M I P il
0 500 1000 1500 2000 Z500 3000 3500 4000 4500 5000

4.15: PbEEMICBT L GL 72 2Be @ v fRAX T ML,
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70
B0

M'Be(1/27)

50

40

“Be(2+)

20

200

10 i—

o
O 200 1000 1300 ZO00 2300 3000 3300 4000 4300 3000

X 4.16: v RO T XNV F — AT ML,

LT3 2Be @ 2+ ORIERENR RA TS, £/, PIMNTEETR WD HBe D 1/2-
bRATHS, BhHEL 7z PBe & M+ O&EB)E & Y RO SN ST 2V F —1d, bk
RED»S DT T RNF -2 RE 22105, SEITANY K600 & IEFIT DR >
7=hs, BRI ?Be(21) & FEFOMM TR NE - AT MV ERD L Z 21T 5,
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4.5 HEFIZRIVX—ARI P IIVDEH

farh 7B LT oOEHE LY. AEEEZ ROENT VX —2EHL =, 20
MR TR NVE— A7 MU, Ny 2757 RiIE. EFREEgory 77 %
VARIEZAT 7. 72720 . BhREERL & U SR 7 T kU — AR MOVICEIL T,
Ny DT I9 R ARV NN EMET IS 7 AMEDOREIT T2, 12, 55
NIARN T 2V X — DRI SRRE R KD 7=,

45.1 T—E@IE(NNvI759UFHIE)

ATICTCGRLIEE DI, 2= v b 2L ZEHETYH, 2Be & hEFRBRE SN S
AR IBEHET S, ZNUET =Ty LSOOG TRS DD RIGHES 72720 L ZX 6
N5, Z0ROHESENIERTZXIVE L, F—F v NG EENTNWS, 22
T, =Sy N T =22 BT, CERE FBL BIEGD b & FRRICHEN = 2L
¥—%RDe, TOARY N2 —-LBETHBLL 2 CEND ARV N LYELFINWT
fHIEZ T> 72, SEIOERT. Ik —LAHIEROMEEL KIBICRS L1222 bH Y,
FEfkDY v N7y T TEEREITS 7226, 32, 11] /AL HART, Ny 2757 Rid»
V> TS, K417 ICZFDERERL 72,

4.5.2 T—AMIE (7T 82 AHIE)

BRI TP MET L L T, EBRERTOE — LT H N RTT HEELAD N E WS,
SOICH BN 21T o722 2 A, KRS 93.0%. FE AT 92.2% L KE Y
SR TR E —ICHL UHE—ETH LI WD ol Uz e 2ERL . fi
BRFICTWT BT 78T 5 0 AMIERLE RN ZX =, LoTC. RO 7 787 %
VAR, REFRBERLET 21T 57, TRV XF —DREELZ X, 100keV] [EET
FIEZR TSz, Ny 27900 RE2ELFIWET —#IT, 43 X VRO BMEHEEEZIT-
Tzo TORER, K4.19,420 DAY MVEBRLE I EMNT X2,

4.5.3 M RIVF—DRITEHFRRE

ZIRE — MIERDET L V. YBe D AST TRV X —DHLOK 70.18[MeV /u]. CHEHY
DHLLTIE 68.26[MeV/u] TH B Z LRG> T 5, TITEAL 2R (2.1) ZHNTE
MHBF DO DREELR KD H & | AE,q = 0274 E,q B o N Tz (BREERONREE 221X
Appendix7.7 ZH8) . B 4.18 I1THEX T %)L X — & HIE D REED Bk % /R L =,

SZOHIIMEOEROWHBEETH S, PBe ITFMHTICHA, 1/12 BEICL2EZ NS,
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2500 = Carbon

2000

1500

1000

S00

Lot » = I
2 2.9 K’ 39 4 =

Relative Energ [MeV]

4.17: CEMICBY 2Ny 77570 K 0ElE,
(B —LECHBLL b DERLTNS, )

1.0

0.8 13Be(70.18 [MeV/u]) » ®*Be + n

0.6

AE_ o [MeV]

0.4

0.2

0.0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

(=]
-
[
w
'S
()]

Erel [MeV]

4.18: BBe—2Be+n I B AT %)V F — OHRIESIRREL KL 1=,
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7 IR TE Y ZAHIEBR DR T RV — AT h )L

“Be+C~'°Be~'?Be”’+n
T { T T T T { T T T T { T T T T

do/dE,q

ELEFLE

Erel [MeV]

X 4.19: 2Be(0F)+n ORIV — AT ML

"“Be+C>"’Be~>'"Be®+n
T { T T T T { T T T T { T T T T

do/dE,
T T V3 T T { T
’—r—*r—i* l

Erel [MeV]
X 4.20: 2Be(2")+n OFHM TRV F — AT KL
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BHE BREIVEE

5.1 {HPEFORBEDRE

BONTHMT RIVE - AXT MVOFENIS . MFEFOHELZFHMET 5. 1.4 1TTh
Nz & 21T, ZofEEkD Be FAARICFRS 9 H M ERIEEL T, BEEN T 53
MH 5, FRINAT LTI, sHED pdHE LV b TR Y HEET 5 RN Tl S T
W5 [30] . Z£ZTC. fliPHEFOBRNMIE, sBUE. pBUE. dBEDE MR L LZbDEE
ZATCLAT D& D %0 d i %47 - 7=,

pELEB LU dBLEEL L L, AEFHEICLLBEONRT VY v VOEENS | PBe
FEFIIE ORI ClEH 2 HIRIRREZ ML . Be + n ICHORINL L EZEZX LT LM T
&5, ZoO%E. WM Breit-Wigner DRIBAR ORI L 25, LAL sHEDY
&, HIBRABIIHER CETHELSN R B LI N TE 5, ZDr = OWAREIIAINGE
LHRBOEREDRICEIVERT I N TES, 20, FHFOHEDECD S . FHXT
TRNVE =TT B MR 010 ey WAALL L RIS 2 B2HET 5. Zh &
DIFONTHNTRNE —ZAXT MVOEREDL L DL EX 6N, T OHLED T
TE5, ¥z, SHEEBANCKD 72 2Be*+n O T RIVF —ZAX7 bMVIL, FHEtEN
Dl T= O ERRY L R TD R,

5.1.1 s#E

ZDOEE. BBe — 2Be + n OWERAIL.

2

do k (5.1)

dErel
PoRDEN., FNENOWBBIILTOLBYTH L [27] . (7.55W)

:‘/d%wﬂmwam

sin(kr + o)

Yr(r) o = (5.2)
S0 = —ka + o(k®) (5.3)
By () 2T) (5.4)



B, BBe & PHEFOMEMNIEE ro HAHEBEE k= 2uF (niEEE) & L,
720 FEEFETH Y, ol ar 2uEp EETES[27], TITa l3REEL. «
DHEEHBANT A—F = L THHZ AN —AXT NVDT 4y T 4 VT %4757 a
WL TR @V BASNLEDTENZTNIICHL CTT 1y T 4 > 7 k3P 7z (Appendix7.5
),

ZOREFR. o~ \/21(S2,/2) = 34.08 [MeV], a = —0.7640.07 [fm] DHE. HE 7=
FTRIVF—=ART M VR RLERTE L, T (5.1) 0L ZORRERL TH 5,
Flo. BEE o ~ 2uSs, = 48.20 [MeV], a = —2.5840.03 [fm] DEFEZRL 7=h, EER
EOBRIITE RN T2,

PAEX Y 2Be+n RD s EHMFOELFEZE ald, FEFEITNSIWZ RS 5T, Zh
X, PBe-n BOBEMEIMNNE NI e RRL TBY, oo HEERITNS VY
DeEZLND,

2000 T T T T T T T T T T T T T T T T | T T T T | T

¢
& = ) BH(S0y)
1500 1 a =_/2uS,,

1000

500

do/dE,, [arb. units]

5.1: 2Be4+n O RILE — AT ML,

5.1.2 p,d#EE

pHE. d#EDEE. Briet-Wigner ORRIEARKIC L L7 49 7 14 TR A=, (Ap-
pendix7.5 ZH8) HIFT 1)V F — % 350[keV] BV ICH 5 L EL T, BENT A—F —%
R,y & L7, HIBIE T MRE KRNI EBREREZDVDHEBTHI N TE LN, AR
MIVOWEM B,y < 0 2720 THITREREEZ EL CL £ 5., Zhid ¥Be WIERERTH
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BrOOFECT DR, BN, pdBiEOBE, HRARE BV CERT — 5 %
BHRT LN TERD ST,

TRICZ DfERERT, Zhid Eg =350keV] ICHIBOE — I MH L EREL . T4y
FAVI NG A=H =2 LT, Ry ZHOZTRZNUATO L ICREL EBOLOTH 5,

R, =1.00 [fm)]
do r v = 1.38
B (E— Ep)’ +17/4 Rg=1.00 [fm]
Yqa = 1.83

4000 L

3000
2000

1000

do/dE, [arb. units]

Erel [Lle\[]

5.2: flirPMEFOHEL p BLO dFUEEZREL 7 1y T A7 21757z,
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F6E ¥

@GR OR T I 7 % “Be DR 2B 572010, ZTOMKERTH S PBellD
WTEENERZIT>7. EERIT UBe 2 —RE — L2 L CRFEMCAS S, —F T
AN U E VIR EN S BBell DWW, 2Be+n OARBEEL ML LIk
D Z DT RNF —2EHL 72, HBENLHEFZRNVT — AT Mk, HIBREL R
FTEEOLVIX, L A sTEPHEFOERL RREUREZ RTREENES . BBe Offit
MFOHEIL s HENR TN TH L Z N0 -k, ORI QE LLIEENER
1T 72 3CHR [16] 1S BY DR FIRT 5 2 21l b, pHEFHERIEEIC BTN S s#l
EOWEN DT, BBell BWTHEISNz, I5IC, “Be DEKERTH L2HMFD
HEN DN -72Z 8T, “BeDNB—%2 KT _HFHFD I DR b —2E sHED S
DLEEMBNZ RTINS, £/, BONTREBOBEEED a = —0.7640.07
[fm] E/NSWZ EMGD Tz, ZHIE PBen BOEMEIIMN NS L E2ERL THD,
ZOOKICE KFHEERIT/NSWEEZEZONS, D EORERIT., Aa I 7 % “Be OF%
DOREREE DRI ET CREL e 25, £2, yREPHET LI LT, “Ben
TICEEL 7227 (2Be(2%,17)) OFFELHERL 7=, I 61T, T L 4 RO RRHIEC
0. FHEIRRICH 5 2Be(21)+n OREHEEL AN KD 7=, SENIYERIL R
ToTORWD, FERESICKIGY — b & 1T 5 & 5 8/ (BkKHES — 7y b)) &
FIAL . 2 ORIECIREED &5 DM T XNV F — AT M UAEH XL, BBell BT 5
HMAEMRES N, PHEFEREZ Be AMNARO TIEHREEN CE L WRENRH L L EZ 5,
FRUTIRATIZICBY 2 580U ELSLZET 5,

o FHF AT H Il ONTZHH T ZRETE 5 L) INITRE M L2 R A5,
—hEFREETCENE, “Be+n 4+ n OZKTCORBEELZHL I LN TS, $HER
T 7 —a U ORRED b BEFEEARICOREIN DT, 24K VA= R LE — 2
7 NVir 6 1Be O{RBHEREDRIAMN T E 5,

o fEMTZAT > TR FDC1 Dfftfr & 47\ Magnet 1< A % RO ] A 1D K A D
MIEZREL . EEBEODMHEE BT 5.

o FMEFH T H— Nalho o ¥ —DBRHENEELERD S,
FEF AT ¥ —OBRBIRLZAET S LT, DERICERIL MEEN O S, £
72, Nal i1 v & —DOBHEIRD S FHEL 722 7 OMEEN 9D 5., Bl 722 7 OMiHE
BEV SN 2EALEHL . “Be(0T) OREDIRIAIC ST 721,
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FTT7E APPENDIX

7.1 PHEFEEIRICDONT

HODOSCOPE & & thtEFH 7 > & — & OFREET LRIV, T D720, fRIERFH
HOD O7 5 AF v 7 hoRF 2 KBEE ¥ 5, 20 SWITHE S i+ %2 hiEFR
BRPBRHELTCLES 2 H L, ZHEINY I 7T K OBENERE L OTEKT %4
ENH 5L, T0RD., SRIOERRTIEIHMES N TV F =1l —FEv HOD offilic Z o df
T2 KT 5720 O E Bz, FFMRIE 40x40[cm] TEIM 1jem] ob D% 8% &
RTCHNR, ZhEE—LF AV ERALEICRL L IICEREL 1=, (FRIT7.1IEKENR
NMiEZRL 72, )

Cluster-A Cluster-B

Veto

Nal's

Beam-Line

~
//

Magnet o

~

FDC3
Hodo's

lon shield

7.1: EHAROMBEEZ RL TH B, R >TWv5b HODOSCOPE X U Bk MF-h3
HaEnhTtnsg,
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Flz. BREITROIWCH S GGHEa—R2HENn, YIalb—varziih-7k, A
W EHE T — Ni%, ANISN[31] 2L 7=, ANISN & E#F O P EmE T RIS R L ¢
HFHINTHWS, 2Oa—RIZERIES THLES 2 - WHEICKHL . ERffE07
Ty I AR PlEFE A SRS, 2L T WEEZERRO T Ty 7 AR HT 5 &
I > TS,
RERRC B THHETRIEESRIC—FEV HOD 2 @@ T 2R FOT XV —%2E X
T AT 2FMFOTRNF —% 45 ~ 55 [MeV] &L TV I alb =Y a v &fTia T,
Z ORGSR, #kdlem] THH80% OFMEF 2T 5 Z &N -7z, (FHT7.2)

Neutron Flux {per MeV)
100 : T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T

—_— Lemgth : 10[cm]
-———— Length : 6 [cm]
Rns Lemgth @ 4fcm) —

=
L
=

mm —
g
[+
a8
w
-
=]
o
=}

8 -
H
-}
=

19.73%
IBAIT jEsn s 1
17.53%
. L L. o == 'F-l l--—r—--r-] i l s
a 10 20 20 40 50 &0

Neutron Energy[MeV]

7.2: WETHOMR, KO 2N F —odhtEFd, BIEZRET S 2L THRYER Z
EMTE D,

F =Pk OBEARIC & B3R %E R 5 7= DIGEETRR O R 2 1778 - 7=, FEl3 MR
WRRO—MHEBD 12KDOH T > F =1L TR 5T EREOBRER L o> —kTtke A
NS L, FERETE ERE CERCGRL N 7.3 TH 5L, ZOEMKIC LV Ny 27
SVREPR V- Bbh b,
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4000 [
3000 E
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1000 E

2000 E

1000 F

o el

0 0 20
LN11dT

e B

o E 0
LN12dT

[0}
=

20

7.3: JEHKRT & FER O P RILER D ARV N DFE Y, kAT (BHIO B 2K 7T L)
WKL Bt (N y Fok AL 75 L) 1%, HODOSCOPE IGEVGE 25D AR N -
TWBZENSh 5,

ho vy —FE | R EE AT | iR g | g
LN 1 25754 20796 80.75
LN 2 37689 33006 87.57
LN 3 38819 33698 86.81
LN 4 45050 39587 87.87
LN 5 46627 41536 89.08
LN 6 98687 25472 94.52
LN 7 62943 60033 95.38
LN 8 63077 60340 95.66
LN 9 49689 45904 92.38
LN10 43861 39493 90.04
LN11 34942 30233 86.92
LN12 33188 28516 85.92

# 7.1: Cluster-A O—MH BICK L CEBRD I Z1T572, B LRI R TAXRY MR 24|
FE - 7=,
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7.2 B—HFy b & FDC3 OEEZEDMEE

TR FOEHZEZZ HIH T2V IREHRORLIE - AR RS % (x,0,ABp/Bpo)
rRT, RIGEBRDOEERE (x,0,ABp,/Bp,) & L. FDC3 I BV % EER%
(xpc,0pc,ABppc/Bpoe) &9 5. BRI FAITBFREAICBT SHEHIT LY (x,0) ZE1L
SED, 20, BBFREAIC LY BERNERINDLEBEZLIENTEE, &, ¥ —
P9k ~ FDC3ICBWT., MEBRFOLRILE —BERRVL DL EILL, ¥ —Fy
N COEEESRE FDC3 ICBY 2 BEERITIRD & 5 e BfRE #o,

Tpco a b c Ty
Opc =|lde f 0, (7.1)
AB AB
oo 00 1)\ B
AB
Tpc = aT¢+ bgt +c Bpit (72)
_ ABp,
HDC = dxt —+ eﬁt —+ f Bpo (73)
ABppc _ ABp; (7.4)
Bpo Bpo

FoTERD (7.2),(7.3) &V 6, ZIEELL. Xpe, Xy ODREE LIS & EL & 4.7
MREN5S,

7.3 EET’JE_JI\ I/_ZEEE%/\

7.4 1%, BERANT FO XA —F =T TCREL REEREZ/RL TW5, BRERT% K
U — 2T 50, BEERVBIESIES TIREENE N, 72 CHEER%E FRD Trace-
PR ICF L O TLTH> T 5,

1. Beam Line %
ZOEERE. E—ALT AV ER» S RUEEREZE 5T h, ML — ABEERE
ORI, Y FEIC -1127[mm] THTW5, 2%V, LITFO X 5 2BIRICR 5,
(Xv Y) = (Xbeam> Yoeam — 1127)

2. Magnet %
Z DPEEFERITERRANCHIE L RS ERZ I B IERICHWS6N 5, Magnet R

Ly =5y NE#ZROKTOAEITHIET E R0,
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Beam Line
(X beam ,Ybeam )

1127 mm

Magnet (Xmag,Ymag)
~_ Jomm  ITACE (»X,Y)

50 mm

Drift Chamber
(XDC,YDC)

X 7.4: BERANY b A— X% — DR FERER

ROJFFEE, MU — AR X HANC 10mm] T TW5, S5, 2 OEER
EX OREBHETHY, SHITY #iE -20° FEESETH S, Lo LTOBMR
K25,

(X,Y) = R(—20°) (—Xag + 10, Yyag)

. Drift Chamber &

Z DEERLRIL, FDC3 OFEAERTH 5, Magnet EERISHL CHEIAMIZFEL TH
B, R X B -50[mm]. Y HAIC 2122[mm] T T 5, k7T, Magnet
JERELR & IZ AT OBfRIC e 5,

(Xmag, Ymag) = (XDC’ —50,Ypc + 2122)
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7.4 PTMHFHRHEBRROT7IET 2 AHIE

AREERCTHERAL >0 Fho 7 —ik, KPE BEAFEICH S2HELZ R T
Ly TDROBRHEENET 2T 72 ARHET LHERD 5,

EF T OIS 6, ISR BT V2T 5y AEELTL, REL. 6, LPHETOE
)& Pn,. Pny(=\/Pn;+ Pny,) MEIRD X IITRD 7z,

¢, = tan ' (Pny/Pn,)

D¢, BITHEL SN ZPHEFIT, B — LA FAICEEREICNL THL¥FERy DHE
<. ZOMASEIIKNL TRESBVE S INDEIEZ KD, MEAE ¢, IKHTE7 7%
TEALL T,

Neutron Counters Acceptance

—
o
o
=
o
o

@
o
@
o
T

N
o

ACCEPTANCE [%]
-~ [=]
o o

ACCEPTANCE [%]
(o]
o

20F

P IR S

% o1 o0z 03 0.0
Wall1 6[rad]

N
o o
T

-
o
o

100 |

@
o
@
o

T

ACCEPTANCE [%]
3

ACCEPTANCE [%]
3

N
o

[V
o (=]
TT T T T T[T T T T[T T T T ]TTT
N
o

[V
(=]
LI T e

A I I I P I I S IS P I

0.00 0.05 0.10 0.15 0.20 0.25 8.00 0.05 0.10 0.15 0.20 0.25
Wall3 6 [rad] Wall4 6 [rad]

X 7.5: #EFOMEAEICYT &I F -7 T I A,

2R EHRNCKRELT A b0 e E R T,
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SOHIKHNTZRINE —IIRT L7 72T 2 ATESHZ S, HEZ VX -2 ¢,
DIREMTZZN S D ZIRFTTC AN T L LV 05, ZTOTR)VF —FHBICT ¢, 1T
L5777 B AIERZIT, MIERTE fIER O HE € O 2 )X —fHERIC BT HHEx T
FINVF KT BT T 2 A ZR T, ZOBERAT Y Z2—2 21T, 260
TIRTEAZENT A =D b sTe, RAT L E—DT 22T H 2 AILATD
RCT AT A VT RIT, ZTDNRT RA—=F —FRT2ITRL 72,

1
100.x Y exp(—A(i) xz" 10515

1=0

T TAYT A VT INT A—F —

Hrvs— [ AQ) A(2) A(3) A(4) A(5)
Wall 1 1.2437E-01 | 2.1374E-01 | 7.9488E-01 | 5.9359E-01 | 1.4575E+00
Wall 2 1.3671E-01 | 1.7033E-01 | 3.9185E-01 | 3.9487E+00 | 9.3491E-01
Wall 3 3.2719E-01 | 1.4854E-01 | 2.3765E-01 | 1.5604E+00 | 1.9961E-+00
Wall 4 2.5600E-01 | 1.1393E-01 | 2.7148E-01 | 1.5748E+00 | 1.4057E+00

RT12 TA9T 4T NG A—F —

Neutron Counters Acceptance

@ @ =)
g 8 3
@ @ )
3 3 3

ACCEPTANCE [%]
ACCEPTANCE [%]

ACCEPTANCE [%]
ACCEPTANCE [%]

X 7.6: HHR T RIVF =T LERHERBOT IS F U A,
DX IFATHNAEN TRV =T H7 72T F Y A ROWIELIT-72, FH
7615, BHIUEICHT BT 7T 7y ARE ., Ty Il T 5T
7T 7y A%, X411 IKEHETH S,

o1



7.5 MHHFIRIVX—ARINNVDT A4y T4V

s §E

SHUEOBE. 27 1<k by . REIPUMOBMEANY vy UV RIS, a7
& HEF ORI “RREEZA . RBL EHL HRBOEREDEIC & VAN T
X5, koT. ZOBBTHIESRIL.

M(ri, k) = /d37“2¢1:(7“2)‘1’0(7’1,7“2) (7.5)

YEREL, ZzTaye hFoREEEEE L & Lz, MRBEBIE L. b~k +dk
DR DB EFERICHEL SN =R F 42 E X 5L . AlRERICIRREEOR % dny, T 5L

(M (r, )| dn. (7.6)

TRING, FTOTXNX — e EHEOBRIL. dng ~ kdEre (Bre : T XVF —)
THLDOT, HMZRIVX —ICHT HMEEICERRT LI MM TE 5,
TRHRIEDIERBICOWTCER L, ANV v VT RIGE#ZRD k1 (27 & FHET)
DBBRITIEREICHRL S 21X &Ry, LAL., it EFoEEEsn kE ks .
B RIBUIFE RN NS R B 2 22X T, RO L DIGELITE 5,

Uo(r1,72) = f(r1) M- (7.7)

()

2L, ZoREBII SRS EAZ AL LT, 1 DEEDOREZLZ TS, Z
SC—BTCHLHLIN—FF O -2 ERT L EZ DL, aldFHEI N RILE —D
B L RS,

a & 1\/21S9, (7.8)
Ths,

LIAREBL s O P HEFIBEL SN2 & B R 5 & B BRI WY e ff Catak T =

(I)k("’?):%?jé)- (7.9)

LREDL, ZZTIRSEOMNMHOTNTH Y, BELE R0 2 —IROBHE L T
6o = —ak + O(k?) (7.10)

LRINS,
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X (??),(7.9) OFES L.

. , sin(kr + 9)
/d?’rwk(r)\llo(r ,T) R 47r/d7' 7‘27]”2

1 ) .
~ E/dr Im(e(zk—a)r.ezé)

1 -1
= I zd)
k7an—ae

- —j—3@w®)+%MM®)

exp(—ar)

k? 4+ o
THLME, sHED L TOWEBIUAT L IIX/EN S,
do 2 1 2 o 2
B~ |M‘ k ~ k[m] lcos(ka) - Esm(ka)] . (7.11)

COREZHNZINE = AR NNV DT 4T 4 TEBE LTz, 74T 40T XF X~
- L THE R a DZONREZGNLGM, ST a ZEEL. a DAREINT XA —
B2 L TCT74T7 4T %4T->72, A (7.8) £V “Be T 0BT 2V ¥ — & ?Be+n
OHWEEELVRES, LHL., REZZ TSN, —FHFN “Be OFERD S
HELOENLRIGEZEA TS, TZTa DEICDONWT, Sy OFELVKES allo
WTHEZRTz, I610, BELERITZ 0EFHED S IEFRER CIFATRITNIR S0, £
CCT4T 4T DML L Ta<0 &L, BRIE. 5.1.1IKCGRLEBYTH B,

p,d #lE

fliF M OHGED p £7213 dBEDOSEE. FHTFIEIAEHELFL. BONRT Uy

NOEEBELZT L, ZOROIFFEIIEOERITH LM, ?Be + n OHLIBRENHER I

5LEZONS, ZORIGET VBT ML R TICIE. Breit-Wigner O HIGAK A

AWZ0oNZYTH L, HIBAFEIC & 5 Breit-Wigner B, UTD L IICEX 6N 5,

do r

B (E — Ep)? +12/4°

B BHIBZ X UX — T IZHBIETH S5, HBEIRT V> v )V EBREE P, H5EE .
T OME r B EOMHNEEE k 2 VRO LD IKERSIN S,

' = 2krPyy (7.13)

I TCHMFICBY HFEBEEE P, BHEIC LS TR ES, pdBEDSEESIIKRDLEBY T
H5,

(7.12)

P (kr) I{g%%%sg (7.14)
Pra(kr) = (kr)” (7.15)

9+ 3(kr)?+ (kr)4
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DUEE Y HIBREOD 555D, HNTZINE AR MVSHT L7 49T 4V T D
BRI E L, SO T4y T 4 VT NTGRA—=F =M Ep v,y D=Z2H 5, 12,
BONTMHNTRLT —AXT MVOFER» S KIGT X)X —DE — 7 350(keV] IXH S
CIRELTC, r, y EHHANT A—=F = LT 4y T 4T ®ITo7, LL., EET —
FRBERTLLIRT AT AV T RITIZEMTCE D 5Tz, (T 4y T 14 27 OFEFRIL
5.1.2 S, )

sELEDH R

IRz s PUEOEZZICBWTC, MHOTHhE2ERTR (7.10) IZEFIXERE TR

—MICERNERBEOHER T, R XNV F — DT - RFHBELZ R T 58T A—F —

LT, WELE R a L B r. X H 5, SNERT VY IVOEIRICELS T, TOFR
RIFKRD L D1 b,

1 1
k cotd = —— + §T6k2 + O(kY) (7.16)
a

ZORE K OETHBEY., ThzR (711 KRATSL I CIELWHEENESN DY
DEEZX5,

i :26 (k cotd + a)
1
= —(k o) T R (k cotd + a)2

K71 0E=TH —

1 @1
[ ) Py

Te, 9 2

122U . sin*z + cos’z =1 cot’s + 1=
EREBEELAMRMNFDN sBUER & 258068 E 07 1v 7 4 > 7 ORILLA
TD LIl 5,

—_ I + =ar

AdE,e; P + k2| (1- %arekZ)Q + (ak)?

o4



CORZHANWTT 4y T 4 V7 2T IRER BANCAT - 7Bl & D SR 7= HELFAEDS
BORNBEON,
a = 76.96 [MeV /u]
8.41 [fm)]
re = 0.73E— 06 |[fm]

S
|

2000 T

st ]
Lyt ]
L ‘11, i
i b 1
— 1500 —
-B B + ¢ T
5 P ¢ Z
. i AN ]
o 1000 |— ¢ —
S, i 94 7
= i
IEIH ¢>¢¢¢ -
5 : i
. 500(— X ARSN _
© L Tt ¢ _
© o © ¢¢o¢ i
L4 .
0 | | | | . ]

0 1 2 3 4

Erel [MeV]

7.7 N (T18) B FAWVWT 7 1y T 4 V7 L kR

BELPRIIATE EERNT 10 fFEE EORRE RV EPoAFIHER D > Tb DL &
A5, LPLBONAMERIZL ALY 01Kl v, AR 1XRT > Yy L 0F|
EFHLE 52 TS NLERHZDOT, (PBen) RICBWTATTHS 2Be DIRT > ¥ ¥ )b
FFRMFORFELE AL ERL 202 e 890 5, 2% 0, ?Be-n OMEEMIT/NS L
WIORERENB LN, KRXORREEADLETIRIIES RV, S5, Bobhilka b,
X (7.8) &V o~ 2uS,, PHEFHEET XIVE 1%, 341[MeV] &3KE 572, ZNITHE
SN T3 “Be 16 BBe+n IS 2§ —HMHFHRET 7 LF —IEFISEY,
—HF AN v E VT RISERL EREEA S,
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7.6 v MR RE AUV ORI FER O RERR

BERANRT b X— 7 — | ChIFaip| 21T > 72, 2Be & UBe IZREIX PN TN S
DI TR, (M4.7) Z 2 TR FORIEREBOZERED & G OMRZ A7z, 'Be 13,
RESRRE L D 320[keV] OALEICHHIEREZ F2, TOL VD fREFIAL T, 2Be ©
Gate ICHL T, '"Be DF £ 5HEZ KD TH L,

7.81%. JHHKIFD MASS & v#fkE D ZIRTTE AN S L TH S, MASSH, 11~12
DAHETIE, 'Be OE—FHERED v B RA TS, ZNIE MASS 2812 OFRHEICET
BOTWL, TOF—FHNITA> TS HBe DAXRY M2 RKENHA L L., 1238 H -
7z ZHUE2Be DA XY b (64668) ICXL T, H2% 3L TH - 7=,

“Be gate

5020 e TR T

4500 -

0.613E404

4000

A5G0

>
©
—
>
A 3000

2500

2000

1500

1000

500

MASS

7.8: HEEHC Z=4 O ERF D MASS. HEMIIHRH SNz yROTRXNVF -2 L 5Tz,
DTN 2Be & UBe SEESN TR,
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77 FARITRIVE—DBITFEDEREE
HEEEE, XQRDIKRL LBV TH S, NToEHEL AEOHESMRELX. RO

2IIRKREING,
' 2 2 2
APIZ AszBe APylzBe APZ”BB
Be — 1
Pi2g, \l( Piopg, ) + ( Py12Be + P,i2p, (7 9)
Ap,
=T,
1 1 & ATy 2
- ! 2
JQE 2 Gx ) 720

A, = /AOp? + AG,2

P2+ P}
AOuBe =

T (7.21)
1 & Ag; 14 Ay,
Af, = J (Zg Lf )+ (Z;‘) ng )’ (7.22)

£ ?Be O#BESRREL. ¥ T v 2L T —FZHNTTTIIROTH S (R
13B8), ZofEE AV GESRB LOAEONREL RO LI LN TE S,

—F. HEFH Ty — OEBESREEIR (7.20) V. BAHY L ¥ — £ TOMERIC &
LR7 Al B L ORI SfRAE 28 TR IS, BBV TR ALITD W T 6.0[cm] ©
HY. %jw/a i“CODEE%E I (35) ICHETH L, FHFOTRLE —1E. BFdH
YD AFTINT -2 &L S s b0l Lk, AT RIVE — 1 68.26[MeV /u]
ICBWT., B = 03654 ERELDT, v = 1.15409 £ L 7z, SHICZD B LY EZHMF
H v E—ETHEMEHEL. ROTH L AT O & BRI REER SHEL /2.

Tl MESBREEICOWTEZ S, y HIAIK DWW TIBREENRZRV, koT, HRERE
S (6[cm]) THE V., ZOfHEIF Ay/V12,Ay = 6.0 [cm] TH 5. x FNIERDNE TR
BOBBEDNRIE TR E S, x TR OV TUIE (7.3) D BYRESTWE, ZOBE%E
RIWHL TEAT L F = LIHREL KDz, ULER(13) DBV THL, £ (7.3)
Y LIGHET L, ARHEIC L ST RNE —DRIENREEE. AE,, =0.277v/E
AN T RIVF — DRI L TRE - 72,
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e rh e s — | wrsmree (AT)[ps] | mussed (T)[ns] | m@smese oxcm] | 52y booopg (L) [m]
LN1 398 43.40 1.441 4.717
LN2 400 43.28 1.076 4.777
LN3 448 53.53 2.045 5.807
LN4 449 53.06 1.734 5.867
TR Y 4 — AL AL % %
LN1 1.272 % 0.9171 % 0.3055 % 1.272 %
LN2 1.256 % 0.9242 % 0.2252 % 1.256 %
LN3 1.033 % 0.8369 % 0.3522 % 1.033 %
LN4 1.023 % 0.8462 % 0.2956 % 1.023 %
APt/ Ppeam | APi2pey/Ppeam | APi2pe2/Ppeam A2,
0.453 0.323 0.730 3.898E-07

Rz 7.3 T AT V5 — DG RE—E,
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Al

COBTHMREZITOICHLY., ZLOF 20 hETHEEEL /2,

ROIEEHE T H 5 PMNFERIBIZEIRICIL. BIRICEET SIS T <. o Bk/y7
FE O AERICEET 25 EICESL £ T, HIKRARIGNE 5EA W& E Lz, B
(LT OB HER K & 13, EROWIEICET 24053, AZEOfiTe L7ey . 34
BIOBIZEEIRICBWTRICS TS B TBHERICAR Y L 2. PRBIEZEoHE T 1 £
ETHLERERIL, BT 0S5 LoBfERE 21T O L TR L I 5859 % 1F
D BT CWRE&E L7z, 610, K2 ED L ETORRALBIE R WREEEL =,
RREFZEE DR A N K 7 % —d Vinod Kumar K 121%. HEFRESOMBTZ21T> T
Fefe& gLz, 7o, AMCBIT 2ERICYH TEICEATINEL 2, BRAZREDOBT
THLIEBHRERICK, EBROYIICET 208 BA W REEEL L, £/, BHOD
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