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Abstract

At the neutron drip, it was observed that some nuclei have a halo structure which are not observed
for stable nuclei. This structure is drawn with a core nucleus and halo neutrons. These have the
low separation energy and larger radius than one of stable nuclei (~ 1.2A41/3 fm). 9B is suggested
to have a halo structure from the measurements of two neutron separation energy is 0.144+0.39 MeV
and RMS radius is 3.11+0.13 fm.

The measurement of E1 excitation strength is effective to study neutron halo structures because
halo nuclei have soft E1 excitation with GDR which is the excited state that stable nuclei have. The
B(E1) distribution are related with a spatial correlation of halo neutrons. It is predicted that this
correlation appears around the surface which has the low density. This thesis reported the relative
energy spectrum (FE,.;) and the B(F1) distribution, which were obtained by the measurement of
the coulomb breakup reaction.

The experiment for the Coulomb breakup reaction of "B was carried out at RI Beam Factory
in RIKEN. A B beam were generated and separated at BigRIPS. The fragments and neutrons
generated by the reactions, B (219.5 MeV /uc)+Pb and B (219.7 MeV /uc)+C, were measured
at SAMURALI (Superconducting Analyzer for MUlti-particle from RAdiolsotope Beams).

Inclusive cross sections for the reaction (1YB—!"B+X) were extracted by identifying the beam
particle and the fragment. The reaction cross section was 1.30440.024 (stat.) barn. Compared
with Kox formula (1.043 b), It was found the experimental result is larger than the calculation.
It suggests that !B has a halo structure. The two neutron removal cross section on the carbon
target was 0.232+0.008 (stat.) barn and one on the lead target was 1.712+0.072 (stat.) barn. The
Coulomb breakup crosssection was 1.221£0.074 (stat.) barn.

In the relative energy spectrum of '"B+n in the carbon target decay, the known ground state
as well as new two excited states of '® B are observed. The Coulomb breakup spectrum of 9B
was obtained from the relative energy spectrum of '"B-+2n in the carbon target decay and one
in the lead target decay. It showed a strong excited state around 1 MeV and The integral value
was 0.868+0.032 (stat.) b. These results suggested that soft E1 excitation appered. The B(E1)
distribution was obtained from the Coulomb breakup spectrum of '"B+2n. The integral value of
B(E1) was 1.3240.07 (stat.) e*fm?. T obtained that < (reore_2n)? >= 4.5 £ 0.2 (stat.) fm, where
< (7’Core,2n)2 > shows the distance between the center of the core and the center of two halo
neutrons. The halo structure of 9B was suggested from this < (rcore_2n)? > because it is larger
than the rms radius of "B (< (rirg)? >= 2.99 + 0.09 fm).
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SBT1 O0OO0O00OO plastic 0.5 mm 51.6 mg/cm?
oooD 1 mylar 12 pym x 4 6.7 mg/cm?
ooo 2 tape 100 pm x 2 26 mg/cm?
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SBT2 0OO0OOOO0O plastic 0.5 mm 51.6 mg/cm?
ooo1l mylar 12 pum x 4 6.7 mg/cm?
ooo 2 tape 100 pm x 2 26 mg/cm?
ogd air 60 mm 7.14 mg/cm?

ICB oooo 1 kapton 30 pm 4.3 mg/cm?
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oo isobutane (100 torr) 90 mm 2.9 mg/cm?
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oooo 2 kapton 80 pm 11.4 mg/cm?

BDC2 O0OO0O0O1 kapton 80 pum 11.4 mg/cm?
oo isobutane (100 torr) 90 mm 2.9 mg/cm?
cathode kapton 4 pm x 2+ 8 pym x 9 11.4 mg/cm?
oooo 2 kapton 80 pum 11.4 mg/cm?

oo 777.34 mg/cm?
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p(Tm) Ze 300 Z
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0 (Bpo) DO OO

(3.1)

Bp = (1 + %) Bpo (3.2)
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Joooooboboooooo 3400000000000 2nm 000000000 0O0O0OO0OO
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TorrOO QOO

0 34: BPCOOOOOO
00000 (0) 240 mm x (0) 150 mm

aoo 20

OdOoooD (640 x20 =1280
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oo i — CyHyo
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ob00o00 XzOooooOooOoooooooyYooooo yYyzoooooooooooooooooo
OO0O0O0BDCIOBDC2000 100 Torr OO OO

0 3.6: BDC1OBDC2O0 00O

ooooo (0) 80 mm x (0) 80 mm

0oo 80 (XX'YY'XX'YY?)

oooooo 160 x 80 =1280
00000000000 5 mm

00 i — CyHig

00000 -000000000 | (BDC1) 2032.12 mm (BDC2) 1032.8 mm

334 00000000 (ICB)
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037 0000000o0oan

oo (0) 140 mm x (O0) 140 mm x (0 O) 420 mm
oo (anode) 10 O (cathode) 11 0
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oo P10

o000 -00000o0000 | 476.87 mm
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34.1 00000000 (SAMURAIOO)

03800000000000000000O0000 31 TOOOO0OO0O0 88 OmmOOOOO0400O
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038 00000000000
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0000000000000 000D00000ooo0oooO FDC (Forward Drift Chembers)
oooO0O0OrDCIOFDC20000000000000000O 3903.100000000000Q00O
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0 3.9: FDC1O000O

oo (0) 400 mm x (O0) 300 mm x (OO ) 180 mm
ooo 140 XX'UUVVXX'UUVV'XX’)
gooogoo 320 x 140 =448 0O
gogooobobogod 10 mm

o i — CyHyp

00000 —-000000000 | 115138 mm (000000000000 OO)

3.4.3 HOD

O0000000000000 TOFOOUOOUOOHodscope(HOD)OOOOOOHODO OO 100
mm0 160000000000000O0000C00000000000001200mmO00000OO
OO0 pPMTOOOODOOOCHODDODOOOOODOOOOO 3.110000HODO SBT1OSBT20
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O 3.10: FDC2000

ooooo (0) 2296 mm x (0) 836 mm x (0 O ) 860 mm
ooo 140 (XX'UUVV'XX'UUVV'XX")
googod 1120 x 140 = 1568 O
goooooobooon | 20 mm

00 He 4+ 50%C>Hg (1 atm)

oOoooooOooooOoOoooo ToFOOOOOOSBT-0O00OO0OOO0ODOOOOOODOOODOO
—HODOOODOOOOOOOOoOoOoooooo

TOFyngn =TOFspr-nop — TOFspr_np (3.3)

obooooOoooooobooog

0 3.11: HOD O OO
gbooooobooooooobo BC-408

0000000000000000 | (0) 100 mm x (O) 1200 mm x (00) 10 mm
00000000000000 16 O
HOD OO OOD (0) 1600 mm x () 1200 mm

3.5 UOoOoog

gbooooOoboooooobooon

3.5.1 NEBULA

O0000000000000000000000000 NEBULA (NEutron detection system for
Breakup of Unstable Nuclei with Large Acceptance) DO OOOUONEBULAOOOOOOOOOO
ONEUTOOOOOOOOOOOOO0O0O00O0 VETOOOOOOOOOONEUTOOOO 12emO0
000 12em0O00000O0ODDODOODOOCOOOOOOOOOOOOOOOOOOODOOCODOOOO
0000000000000 000ooo0OO00o0ooUoooooOoOoOoOovETOOOOO 32emO
0000 lemO0O00000D0O00ODOOOOOOOVETOODODOODODOODODOODOOODOOO
oo00000o0ooooooOoO0OoO0oOoOoopoooOvVETIOOOOOoOOOOOOoOoOoOooooo
0000000000000 0OONEBULACOOOOOOOOOOO 3.120000NEBULAOOCODO
0340000NEBULADODO 340000000 10000 1200 VETOD 300 x200 NEUT
goobbo20000bbo0oubbooobbooon3emxl.8smddbogbooOg 4£8.8
oo0ooooooooogooooooon



3.6. 0JO0DOOOOODOO Live Time 23

0 3.12: NEBULAO OO

NEUT
000000000000000 | BC-408
0000000000000000 | (0)12em x (0) 180 cm x (O0) 12 cm

00000000000000 300 x40
o000 (0)3.6m x (0)1.8m
VETO

000000000000000 BC-408
0000000000000000 | (0)32enx (0)190 cm x (00) 1 cm

O0o00oD00o0oooooboooag (120) x 20
ogooo (0)38m x (0)1.9m
20
A
5t
th
L
& 1111.7 cm
=
il
v

84.6 cm

O 3.4: NEBULAOCOO

3.6 U0O0OOOOODOO Live Time

g3s00b0boboooooooboobooooooooobobooboobooooooooDoon
gobog leboogoboooboooboooboobboobboobbooboboooboo
DSBOBxNOBxDOOOOOOOOOO

e DSB:Beam OO OO0 Rate0 1/200 0000000000000 0O0O RateD OO OOODO
gbooobooboobobboboobooboobooboobo20b00

e BXN:Beam OOOOO NEBULAOOOOOOOOOOOOOOOOOOOOOOOOOO
obooobooooboobooobooooon

e BXxD:Beam OOODODO DALIODOOOOOOOOOOOOOOOOOOODODOO~OOOO
gbooobOooboooooboooboooon

e BxH:Beam O OOOO HODODOOOOOOODOOOODODOOOOOOOOODOOOD
gbogboooboobobbooboobooobg
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(Beam kA —)

(BxN kJH—)

(DSB kYA —)

DALI DALI
. EGIIEEEEEREE 1o
(Beam kA —) (Beam kA —)
(BxD kA —) (BxH kJF—)

0 35 000DSBOOOO BxNOOOO BxbOOOO BxHOOOOOOOOOOO

O000000000 Live TimeO O 320 000000000000000O000O0DOOOOODO
OO0O0OO00O0O0O0O0000 Dead TmeJOOOOOODSBOOOOO Live Timed DxNOOODO

O Live Time OO OOO

0 3.13: Live Time 0 00O
0oo0o0oo | DSB BxN | BxD
1,4 84.3 % | 81.5 % | 81.5 %
2,5 89.0 % | 85.4 % | 85.4 %
3,6 86.1 % | 83.1 % | 83.1 %
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000000000000000000000000000000000000000000000
0o0ooooooooooo (¥YB—YB+2n)0OOOOO0OO0OO0OO0O0OO0O0O0O00O0O0O0O00000OO
000000000000000000000000YBOOOO0OO0YBOOOOOOOO0OO0O0O0O
000000000000000000000000000000000000000000000

4.1 0OO0OO0OO0OOOOO

ugboobouooooobgoboboabo

e 00O (TOF) : SF7TOSBT1IOSBT20 00000000000 OOOOOOOOOOOOO
ooooboooooboon

e J0U0UDDUD (AE): ICBOOOUOU0OUOODDOODOOOOOUOODOODOOOOO
gooono

e 1000 Bp: BPCOUUOUOOOOOOOOODOODOODOOODOOOOOODOODODODOO
gboboobOoboooobobooooboboooooono
e J0UD (£)00UD0D : AEODOODO TOFOODOOUDOODOOOUDO

0 Z x TOFVAE (4.1)

e 00O (A)UDODO : BpOUOO TOFOUOOOUOOODODOOOODOOODOO ADODDOOOO
0000000 zZzOoOo (4/2)0000

g x TOF - Bp (4.2)

4.1.1 0000 (TOF:Time Of Flight)

Fr-F1300 TOFOODOOOOOOOOOOOOOOOOOOOO

1. 000000000000000000 PMTOOOOOOOOO0O0 TDCOOODOO tpur
0000 Tpur(ns) DO0OO0O0O0OUOOApyy D0O0O0OOOOO

Tpyr = Apymt - tPyuT (4.3)
2. 00000000000000O000O0DO00000O0O00OO0O0OODOO0OODOUOODbDO

Ty, 00000000000 00000000 PMTOOOOOOO0O0OO0OO

Trpvr + TR, PMT (4.4)

Tpla = 9
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3. F3000000000000000000O (SBT1OSBT2)00O00O0OOO0OOOOOOOO
ooooboOooooooboboooo F300b Tesoo o

T T
Tpoys = SBTl;F SBT2 (4.5)

4. 000000O0OO0O0OOO0OOO0OOOOOO0OO BOoOOOOO

TOFpr—r13 = Tri13 — Tr7 + Brr—rFi13 (4.6)

AOOTDC Calibrator 10 000000000000 QOQOOOOOOOBOOOOOOKFS0O000O
O0+1mmO000000000000000000OOO0 (0000:431)000000000%BO
TOFrO0O0O0OoOooooooooooooooB=1718ns00000O

0410000SF7O0000C PMTOOODOOOOODOOODOOO41000000SKF7O0O
o0 pPMTODOOOOOOODOOOOOODOOOOOODOOOOOOODOODOOOOODODOO
OO0O0O0ooSk7TO0000 PMTOODOOOOODOOOOODO 410000 SFrO0000 PMTOO
goooooOoOoOo0O0O041000000000000000000O00O0SF7TO000 PMTO
oboocooobooooooboon

dI'pr = Tr,pmr — Trpmr > 5.6 18 (4.7)

000000000000 0000oU0oooogo6%UiooOoOn

100- 400-
[ 10 I 10
80 / 35¢-
— 60 7 10 300 | w
o Ot / — b |
c & = r i
"£40 S < o250 |
g 10 T r ! 10
g+ (eF [ i
= L - H
20 200§
[ 10 {{, 10
oF 150 K
2567020 40 60 80 100 100656204060 80 100"
Trpur (NS)

0 41: (00)000PMTOOOOOOOOUOOOOOOOOOOOOOOOUOOOOO PMTOOO
0000 PMTOOOOOOO((OO)OODOODOO PMTOOOOOODOOOOODOOOOOODOO
ooood

4.1.1.1 F7-F1300 TOFOOOOODOOOODOD

gooooOoOoOoOOOOOOOOODOODOOOOOOOOSKF7TOSBTIOSBT200 TOFOOO
gboboobobooobobooooobooooboooobooboobOoooobOobooOonoOoDn
oboooobOobooobOobooooobooooboooobobooobOooooboOobooooboOoDn
OO0O00o0oOoF7-F1300 TOFOODOOOOOOODODOOOOOOODODOOOOOODDODOO
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U000 BpO 65 Tm < Bp< 100 TmOO0O0 05 TmOOO00O000O0O0O0O0OOOOOOOOO
0000000000000000000000000000000000000000000 (pe0
pOp)0000000000000000D0000D0000000O0O0D000D0000 ¥BOOO
obooobOoooooobobooobobob 410000

Biarget = po +p1 - TOFpr_p13 + pa - (TOFp7_p13)? (4.8)

04.1:0 (480000 F7-F1300 TOFOOODODOOOOODODOOOOODODODOOOOOOO0OO

oo ot | po D1 D2
9B Pb 1.605 | -0.006874 | 0.00000941
9B C 1.652 | -0.007309 | 0.00001041
9B Empty | 1.619 | -0.007084 | 0.00001022

4.1.2 0O0O0O0O ZO0OO

0000 (2)U0O00UOTOFO ICBOOUOOOUOO AEODOODODOOOOOOUOOOOOO
OO0O00ICBOOOOOOO0OODOOOOO0O0DOOD Bethe-Bloch OODOOOOOOODOODODOO
oooooobooooobob Zobobooogooboooooobooooooboooag

0
dE
AE = — 4.
/t e (4.9)
dE Z 41 22m?2 iyt 9
D : =0.1535(MeV cm?/g) (4.11)
Z,A . 0OD0000O00O0O0OO0ODOODOO

gboooooooon

N

3 oooooooo
gl 1/y/1 - p?

I 000000000
m. : 00000

4.1.3 0000

BigRIPSO F5 00000 BPCOOOOOODOOOOODOOOD BpOODODOOO30O0OOO
0000 BpUOUOBPCOOUOODOOOO 2 (mm)00000000OO

Bp = (1 + %) Bpo (4.12)

BpoOUOUOO (x=0)00000000000000Bpy=8775Tm0DO0OO0O0OOOOOOO
00000000000 0n (Dispersion) DO00OF500 D=3300mmO0000BPCOOOOO
obooooOoboooobobooooobooooboooooobooboooooboooooboOoon
gbooobooobooooboboooogoboooooobobooooboon
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1. 000000 (BPCU 2000)00000000000O00OOOOOOOOOOOOOOO
00 dr0000000000000
dr <4 mm

uoboobobOoobooobooobooboobo4mmiO0OO0O0oOOoO0OO0ODOO0OO0DO0O00O0
ooooooboooogoo

2.0000000 2000000000000000000C0O0O0O0OOOOOOOOOOODOO
oboobooboooboobooboboooboooboobo20000000030000000
oooooobooog

3.10002000000000000000000x0O00000000000O000O0OO0O0OO
ooo

4. 0D0000bOO0bOO0O0obOOoobooooboOobOobOoooobUoboboobDOobooon

OOoOoOoOoOOoOoOoOOBPCOOODODO egpe0O0O0OOOOOOOOOOO

N(BPCNICB)
N(ICB)

€BpPC = (4.13)

Z=50000000000 eppc=93.5+02% 00000

4.1.4 0O0O0OUO

0000000000000 00000ooO (BDC1OBDC2)ODO0ODOO0OO0OOO0OOOOOO
gooobobooooobobbodooobbboooobLb bbb bboooUo o
OO00oodoooooooo ThCcoooooooooDoOoUooDoOooooOooooooooo
ooooboooboobobooboobuooboobobobobooboobobobobDoOobUoobo
gooooobooooobobobodoooobbbuoooobobbbboooobDbLbboooo o
gooobobtooooobbbododob bbb bbb bbooooUo o
000000 420 BDC1OBDC20 ThCOOOOOOOOOOOOOOOOOOOOO ThCOO
ooooooooooo Tyypee 00

Tarift = Tmaz — Tide (4.14)

O0000000T,, 0000000000000 0 420000BDCO0OOXO00YOOODOO
gbobooboboooboboooboobobobooboobooooboon

0 4.2: BDC10O BDC2000000000000
DC | 00O (ch) | 00O (ch)

BDC1 640 760
BDC2 630 750

gbooooobobooooobooboooooobobooooooobooooooobOoobooon
gbodgbouoobooobobbooboobuobobobboobooboobobboboaboong

goooboooobooon
dN

—— = const.
dz
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x10° x10°
220F 450F
200 400F
1801 350
160F g
" 140} ” 300;
§ 1200 g 250;
3 100F S 200F
28; 150
20/ 100;—
20F S0F
I AR ] SR R I AU W ARV AR Eoooly ol b b by by by
§0620640660680700720740760780800 0620640660680700720740760780800
TDC (ch) TDC (ch)
0 4.2: (00)BDC1O (D0)BDC20 TDCO O OO D
oooo
dN dt tAN
— — =const. - z(t) =C —dt’
dt dzx ®) /0 dt’

obooboooobo42000000000000000O00DO0O0O0OOODOODOODODOOOO
oooooooo 4300000

; 10° ; 106
2.5 I 2.5
T | - 10° 2 | 10°
E 2 E 2
8 5 l‘l 10° 8 H 10°
§ L g 19
o i 102 o r 10°
£ 1 £ 1
[a)] [ o [
0'5’,, 10 0.5’, 10
840 660 680 700 720 740 760 640 660 680 700 720 740
TDC (ch) TDC (ch)

0 43: 0000000 ThCOOOOOOO ThCcOoODOoOOOOoDOoOOoOoOoOooOoooDoooooo
gbooobOoboooobooon

0430000000 TDCOOODOOOODOOOOOOOD X 0OOOOOODOOOOOOO
000000000000 000000000000000000000000000000000
00000000 Xeaak 00000 4400000 Xeqe 0 Xpa 100 (00)000000000
0D00000000000000000000000000000000 ThCOOOO0O00O000d
00000000000 00000000000000000000000000000000000
0440000000000 Az000000000000

AIIZBDCl =0.184 mim, AmBDCQ = 0.137 mm (415)
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O0000000BDC1IO BDC2000000 0, 000000 0,000000000O0 [7)0

0x,BDC1 = 0.135 mm s Ox,BDC2 — 0.100 mm (416)

Ua,BDCl = ].32 mrad 5 Ja,BDCQ = 986 mrad (417)

ooooooooooooboooooDbob o, 000000 6, 0XOOYODODOOOODODO
0000000000 BDC1O BDC2000000000YBOOOOOODOOOOOO 4504.70
ocoooboooyYyoooooooo470D000000DOOOOODOOOOODOODOOOOXOO
00000000000000000000 FOOODOOO ¥BO XOOOOOODOOOOOOOO
gbobooboboooooboooobooooonoa

DX rackeige (MM)
o
AXtraf:k-'(dc (mm)

'
[y

1
N

1

_3" P R R RS BT R 1 _ " | L 1 | L | L 1 | L | L1 |‘
640 660 680 700 720 740 760 640 660 680 700 720 740
TDC (ch) TDC (ch)

0O 44: BDC1O BDC2O0O0O0O0ODDOO0OO XOODODOOOODOODOOO ThCcOOoDOoOoOoooOo
AXtrack—tchDDD

TGTY (mm)
TGT B (rad)
o

20f T i Y7 S DR

A T OELATIREDT T -0.04-
N ST TR I N Lot r
5— 0-40-30-20-10 0 10 20 30 40 50
TGT X (mm) TGT A (rad)

1

0O 4.5: BDC10O BDC2000000000 (TGT)OODODOODDOOUDOOODODOOODODOOOO
X0O0Oooyooooooooooooooo ADooo Booooooooo
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3500 1200¢-
3000~ 10004
2500 .
% 200t g oo
S T S 600q-
1500 :
100q- 400
500; 2004~
[ 1 i
-50-4 004 002 0 002 004
TGT X (mm) TGT A (rad)

0 46: BDC1O BDC2000000000 (TGT)00000U00OO0ODO0O0OO0OODOOOOOODO XO
Oooo0 AOQ0OOOOOO

300¢- i

g 12000

250G 10000

2004~ |

2 g £ 8000~

3 s 3 [

o 1504 S 600G

100G~ 4000

500 200G
:\HL‘\ ri AT TTATR] AT ST AT STSTATATE STSTSTarE S A i :\ | | At | I B
$0-40-30-20-10 0 10 20 30 40 50 -0.04 002 0 002 004

TGTY (mm) TGT B (rad)

0 47 BDC1UO BDC2000000000 (TGT)000DO0UO0OO0DDOOUOODOOUDOOOODO YO
oooooBOOOOOOO

4.1.5 0000

ooooooooooooooooOoo0o0oooDbDoooooOobO0oO0ooDoOob00 z000000O
0000 A/Z00000000O0O (A/ZvsZ0O0O)OOOUOOODODOOOOOOOOOOOOOOO
gobooobooboooboobobooooboooooobooooboboboooobooooDoDbo
gbobooboooobobooboobooon

e JOOO : DSB
e J0IOOOODO (BDCI): |X| < 35 mm, |Y]| < 35 mm

e 000D OOD (BDC2): |X| < 35 mm, [Y]| < 35 mm
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00000000 (0000): [X] < 35mm, Y] < 35 mm

FrODOOOODOOOO0O0 : dtpy < 5.6 ns

0000000 (000OO0oooog): 80 MeV < Qre

0000000 (F7O000000000000) : 80 MeV < Qpr — Qrc < 120 MeV
e JOUDOODOO (SBTL) : 70 MeV < Qspr1 — Qrc < 180 MeV

e 00DDOOO (SBT2) : Qspre — LS > 100 MeV 0 Qspr2 — Qre < 180 MeV

04800F70F1300000000000O000O0O00O0O0OO0O0DOOOOOOOO0OOOOOO0OO
gooobobooobooboooooboooooboooooboooboobobooOobOoboboOooDOoDbO
ooooooooooooooobooboooooobo0oooobo0oooDbbOoooDoboOoO 490000
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~50 100 150 200 250 300 350 400 106556100 150 200 250 300 350 400 |
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150F

1065™50""100 150 200 250 300 350 400 *
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048 000000000000000000000000000000000000000000
0000000000000000(00)SF70(00)SBT10(00)SBT20000000 ICBOO
000000000000000000000000000000000000000000000
0000000000000000000000000000000
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Z0 A/ZO0DOOOOD 41000002720 A/ZzO00O0O0O0OOO0OO0OODOO0OOOOOODOOOOOOOO
ooooboobooooboooooooobobooooobooooboobooboboOoobDOoboboooDoDbO
gboboobobooobobooooobooobooboooobooooboboooboOobooooooDn
gbooobOobooobOoboooooboooobooooboboboobOOobo0oobOoOoobooooOooDn
oboooboobooobobooooobooooboooobobooobobooobOoboboooDoOoDo
ooooooboooooboboboooooboobooboboooobooo
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17B

—

(=3
W
|

1 SR
b Ll P e e I R A
3 313233343536373839 4

AlZ

0 410: 000 32<A/Z<350000000 Z0UO0OOUOOO Z=50000 A/Zz0000O0O
goooo

043 000000000000000000O0()0O0OO0DOOOOO0OOOOOOOOO0OOO0
00o0Doooo210pnA0OO0O

oogd PbO0O cod good

B 1.02-10° (52.4 cps)  9.16-10* (53.3 cps)  4.01-10* (56.0 cps)

1B 7.12-10° (367 cps)  6.49-10° (378 cps)  2.85-10° (397 cps)

20¢ 1.51-10% (778 cps)  1.35-10° (785 cps)  5.95-10° (831 cps)

19¢  2.93-10% ( ) 2.63-10% ( ) 1.19-10* (16.7 cps)
20 2.72-10% (0.14 cps)  2.39-10% (0.14 cps) 90 (0.13 cps)
( ) ( )
( ) ( )

28N 4.36-10° 3.83-10° 1.81-10% (2.53 cps)
2N 1.81-10% (0.94 cps) 1.64-10% (0.95 cps)  6.45 - 10% (0.90 cps)

4.2 U000O0O0O0OOOO0OOO
00000000000000000000000
e TOF:HOD U SBT1200000000000 TOFOOOOOO
e 00DDDOD : HODOOODOOOODOOODOOODDOOODO

e Bp: SAMURAIOOOODOOODOOOOOOOOOOOOOOOOOOOOOOOBpOOO
ooo

googboobooboobobbooboobooboon
e ZODODO :J0ODOODOOODODOOTOFOODOOOODOOO

e ADDODO : BpOOOO TOFOOOOOODODODOOO
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4.2.1 0000

0000000000000 0O0O0000oO (FDCIOFDC2) 000000000 OOOOOOUO
000000 SAMURAIODOOOOOOODOOOOOOOOODOOOO0O0O0OO00ODOO0OODOO BDC1O
BDbC2000000000OO00OCO0DODO0O0DO0O00O00000000000000OFDC10FDC2

ooooo0o0o0oooObO0o0ooDbo0oOooDo0oOon0o4110000
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120F
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20}
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ciharprpgelpnsep by
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35000f
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25000F
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15000F
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O 4.11: FDC1 0O rFDC200000000O00O00O0DOCOCO TDCOOOOOOODODODOO
FDCIOOOO FDC20000000O00O0O

O 44: FDC10O FDC2000000000000O
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FDC1 1300 1594
FDC2 600 1480
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0412000000 FDC1O20000000 4130000

04.130000000000 Az00000000000OO
Axppcr = 0.295 mm, Azppcee = 0.376 mm (4.18)

O000O0000OFDCIO FDC2000000 0, 000000 ¢, 0000000000 [7]O

oz, rpc1 = 0.148mm , o0, ppce = 0.189 mm 4.19)
Oa,rpc1 = 3.0l mrad , 04 rpce = 0.77 mrad (4.20)
FDC1OFDC2O00000 EFchD €EFDC2 O

N(FDC1 0 HOD)

4.21

crpe N(HOD) (421)
N(FDC2n HOD)

4.22

FDe2 N(HOD) (422)

D00000Z=50000000000 epper =99.9+1.3%0erpoe =99.9+13% 00000



36 040 OO0

[}
-
N

S i i e 10t 10

o]
T T

Drift Distance (mm)
(03]

Drift Distance (mm)
D

10 i : 10
1:'7 2;7 \\\
13001350 1400 1450 1500 1550 6700800900 T0001100120013001406

TDC (ch) TDC (ch)

O 4.12: FDC10O FDC200000000 TDCOOOOOOO FDCIODOOO FDC2O0O0O00000O
gooTbCcOOoOoOoOoOOOOOOOOOO

6
? 10~ 1
4r 14w i
E 2f Y
E I g E I 10
20 ’ 10 §O y
g g
X ol < I
2 F l
< < -5 1
Ar 1 :
r -10-
-6 IR AT RTAN S ANAT AN SUAN AT AVAT AT AR con bbb b b b b bes
1300 1350 1400 1450 1500 1550 600 700 800 900 1000 1100 1200 1300 1400
TDC (ch)

TDC (ch)

0 4.13: FDC10O FDC200000000 XOOOOOoOoOoOO

4.2.2 0000 zZODOO

HODOOOODODODODOOO TOFOODOODOODODODOOO ZOOOOOOOHODOOOODOOO
000 QUOO0O00O0000O000000O000O0O000O0 ZzO00OOUODOOO QUOUOOO (T~
TOF)OOOOOOOOOSAMURAIOOOOOOOOOOOOUOOOOOOOOQRUOOOOOO
O0000000000OHODOOOOO 1600000000 OO0OO0OOOOOOOOOOODLOOOO
O0o0oO0ooOo0obo0o0oobo0ozoOoOooOooo

0000000000000 o00o0odoDo0ooOoooOooo HODODOOooDOooDOooo
oo0ooooo0oooooooon0n0 My, 000000000M,,,>200000000 HODO
000000000oodbo0ooooooooo0 QLUODODODODODO000O0 QLOOod
ooooooooooooo My, =100000000000Z000000 102000000
Jod0 M>10000 M=1000 RgopoooooooooOogA
N(M =1)

Rpop =



42, 000O0OO0OOOOOOO 37

1. M, =2000000000000000000000O0O0 IDOOOOOOOOOOOOO
oooooooooIboODTO QOODOOO0O0D0ODOOOOO0ODOOOOO0ODOOOO

2. T0QOO0OOOODOOZO000000
1

Z:poJrPl(Q*PQ@) (4.24)
poUpOp, 000000000 DOO0O0OO0O0O0O0O0O0O00OO00O00O0000O0000O00000O0
O00000HODODOODO 160000000000000O00ODO0ODOODOODOOOOOD
O0o0450000ID0O 16000000000D0O0O0OOOODOOOOOOOODOOODOD
000000 10200016 000000000000IDOOOODOOOOOOOOO0OD
000000000000 0b0 QLOO0DDOO00OODOOO0DOO00DOObO0DOO0 100 QODbOO
gooobbobboouooooboo

045 ZO0OOODOOOOODOOO
HODDID Po P1 P2

3.729 | 0.01679 | 47.7
3.403 | 0.01655 | 39.5
3.456 | 0.01605 | 39.1
3.268 | 0.01712 | 37.5
3.288 | 0.01669 | 35.6
3.645 | 0.01685 | 43.2
3.424 | 0.01688 | 37.9
3.345 | 0.01761 | 35.8
3.382 | 0.01616 | 37.9
3.425 | 0.01624 | 38.3
3.249 | 0.01658 | 34.3
3.523 | 0.01638 | 38.6
3.516 | 0.01575 | 40.4
3.389 | 0.01611 | 35.7
3.274 | 0.01622 | 33.8
3.492 | 0.01535 | 41.2
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4.2.3 0000

gbbooboboooboobooooboobooooboooo
1. FDC10O FDC200000000000000000O00O0OO

2.0000000000O0O0O0O0ODOOOODOODOO
uboooboooobobooboobooooboboooboobon 3ax3gbooooooon

Xrpe2 My My M3 Xrpci
Arpce | = | Mo My Mos Arpci (4.25)
drpC2 Mz Msy Mss drpc1
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SAMURAIODOOOOOOOOOOOOOOOOOOO00O000006rpe1 = 6ppee 0000 Ms0
M0 M;; 000000000000

My = 0 (4.26)
My, = 0 (4.27)
Mss = 1 (4.28)

0(41990000000000000000 drper000000DOOOO

1

0 = F(XFDC2 — M1 - Xrpe1 — Miz - Appen) (4.29)
13
1

do = M723(AFDC2 — M1 - Xppe1 — Mas - Arppet) (4.30)

X (mm)0A (mrad) J00O0000DCO XOOOODOOODOOOOOO/ODO0ODO0ODOOOO
00000000D000000000 BPCOOOO BpO 7.62Tm0 20CO00000000000
ODoo0oo0O?2cooong (X© A0 pp,O)yooooooooo

X = X-x© (4.31)
A = A—AO (4.32)
—p®  Bp— BpO
_ p—p" _Bp—Bp
Bp = Bp9(1+4) (4.34)

00000000000000000000000000002Cc00000000 (000000 7v)
000060 BPCOUOOOOOOOOOO 0=2/D(D=3300mm)0000000

1. Xpper = X oy £ 1mmO Apper = A, £0.0051ad 00000000060 FDC20 X0

AOD0DOOOOOO0O0O0 MisOM,sOOOOODO

M 3243 (4.35)
My; = 0.7928 (4.36)

2. 0000MKOMOMxyOM,OOOOODDOOODOOOOOOODODOOOOOOOOD

ooooo
My, = —0.3425 (4.37)
My, = 4188 (4.38)
My, = —0.0004 (4.39)
My, = 0.388 (4.40)

obooooOobobooobooboooobooboooooono

—0.3425 4188 3243
—0.0004 0.388 0.7928 (4.41)
0 0 1
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Function

Bp

5556 657 758859 9510
Bp

556657 758859 9510
Bp

Matrix Matrix

0 414: 0000000000 Bpranetion J000000000 Bpyaris 0000000000
BpMatrizD oo BpFunction goooooooo BpMatriz = BpFunction ooooooooooo
Bppawricz0 000 Bppunction O Bppyrawrie 10 ABpO OO0

00000000000000000 &06,000000
Ay = 0.152%, Ady = 0.152% (4.42)

gooood

obooobOoooobOobooobooobooooobooooobooboooboobooboobooooon
gooooboboooboboooooboooobooooboobooboboooboboboooDOoDbO
gooooooooOoOoOOOOOOOOOOOOOOOOOOOOCCOCOOOJOOOOOODOO
gboboobOoooobooooboboooboobooooboooobOoboooboOobooOonoOoDn
oooooooooboono

O00Geant4 0000000 OO0O0O0O0OOOOOOOOOOCOOOOOOODOOOOOODOO
BpO0O0O0000C0OODOO0OO00O0OCOODOOOOOOOFDCIOFDC200000000O000O00O
o000 0O0O00000000UOUUUOUUOoOOOOOOOOg 100 AMeV—300 AMeV
oboooboobooooobobobooobooboooo

Bp = f(Xrpc1,Yrpo1, Arpct, Brpet, Xrpo2, Arpo2) (4.43)
= D e+ )Y a0 (4.44)
; T 5

= c10Xrpc1 +e11Yrpor + -+ c2,00(XFpe1)? + e2,01 Xppe1Yrpor + -+ (4.45)

a;,a; : Xrpci,Yrpei, Arpet, Brpeol, Xrpe2, AFpes (4.46)
c1ic2;; ¢ D00000000000O0OOOOOD (4.47)

0000O0D00O0FDCIO FDC20 XOOOOOOOO0000000000FDCIOO0 YOOODO
00000000000000000000000000000ROOT O TMultiDimFitO 0000
000000000000000000000000000000000000000000000
0000000000 46000000

AS = 0.142% (4.48)
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1SB

22242628 3 32343638 4
AlZ

0418 00 ¥B+COO000000000O0O0OO0OO0OO0OO0 Z=50000 A/Z0000000
0000000 BpOOOO Matrix0OODOOO A/Z=290000 “BO ¥BOODOOOOOO
00000000000000

4.2.5 QOUooooObOOoOoOoOoobobOOoOoon

000000000 0oO0oo0ooooooOoSAMURAIOOOOOOOOOOOOOOOO FDC2
OHODOOOOOOOOOUOUOOOOOOOODUOOOOOUOUOOOOGEANT40000000O0OO
000000000000 YBO0O00OO0OO0O0O0OODOO0OO0OOOOO0OOODOOOOOOOO0
gbooooooboooogn

e DDDOOOOO :'"B

e OO0 :000OOCODOO

e FDC1ODODODO : £50 mrad

e J0UDOODO : 2195 MeV £5 %

0000000000000C00FDCIO0000XOUOOYOOOOO (A0 B)OOOOO 4.190
0000 4.1900000000000000000000 SAMURAIOOOOOOOOOOOOOO
boboobobooboobooboooboobooooboboboobobobooobooboooobOobn
oo0oO0O0O000O0 FDC1O0000OO0OO0OOOCOOOOODOOOOOOOOOOOOOOOCOOOO
OoyYyOOOOoOoOoooooooDoOoODooOOoOoD4200000000000000 HODOFDC2O
SAMURAIOOODOOOOOOODOODOOOOOD FDC1OODOO AD BOOOODODOO 4.20
000000000000000000D0000 ¥YBOOOOOOO0OO0OO0O0O0000000O0O0O04d
99+1%00000000
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0.0 — 0.06

B (rad)

J ) e B -0.06-
0.06-0.04-0.02 0 0.02 0.04 0.06 0.06-004-0.02 0 0.02 0.04 0.06
A (rad) A (rad)

B (rad)

Vs SR 0.06-
-6.06 -0.04 -0.02 0 0.02 0.04 0.06 -6.06 -0.04-0.02 0 0.02 0.04 0.06
A (rad) A (rad)

0419: 00000000000000000 FDCIO000000000000000000000
HOD(DO 0)O0FDC2(00)0SAMURAIOOOOOD (00)00000000000000000 X
00000 A (rad)0000 YOODOOO B (rad) 0000

0.067
0.04
0.0%

o

B (rad)

_0.02: -

-0.04

T S DA S U B
-0.06-0.04-0.02 0 0.02 0.04 0.06
A (rad)

0 420: 00000000000 FDC10OO0 A0 BOOOOOOOOOOOOODO
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4.3 0OO0OOOOOOO

0000000 49041550 00000000DSBO0000OOOOOOOOOOOOOOOOO
oboobOobOooooboboooboOobooooobono4e00nO0n

O46: 0000000000000 000000000

00000 | 00 |00000000 |0000000 |000000
198 Pb 198 101602 84326
19p C 19p 91589 72203
198 Empty 198 40106 35279
198 Pb 178 101602 2183
198 C 7B 91589 2309
198 Empty 7B 40106 297
198 Pb 158 101602 520
198 C 158 91589 1067
1R Empty 1B 40106 82
50! Pb 178 712025 609659
7B C 7B 649236 526982
17g Empty 7B 284579 252886
178 Pb 158 712025 6757
7B C 15 649236 10771
17 Empty 1R 284579 1063

44 00O0OOOO

O00000NEBULAOOOOODOOOOOOOOODOODOODOOOO0OOODOODOOOO0OO
0421 000000000000000000O0CO0O0O0 VETOOOOO NEUTOOOOOOO
O0OO00OD0O0O000000D00 1stwallDODO 2ndwalOOOOOO00OO00ODO 4210000000
ob0oobOoboooboooo NEUTOOOOOOOOO0O0O0OO00O00000 NEUTOOOOOD0OO
00o0U00o0o0o0oo0o0oo0ooU0oOU00OU00OU000D00000O00o0o0DOU0OUD (10D0o0oooo
0000o0o0)000o0o0o00oOo000oOo0oOoOO0oU0OO0U0OOOoDOOoOoOoOOoOoOoMOODOO
000000000000 00D0O000000D0O000 GeantdOOODOOOODOOOOODOOO
090000000000000D0D0D0O0D0DD Y"BO000000ODO phase space decay 0000
ooooooboooobooboooog

e 1 OODO0O : phase space decay
e 00 : ¥B =B + 1n
e 0000 :00OODO

FDC1O000O0OO0O0O : 00000000

0000000 (Bra): Era(!"B+n)=1MeVOOO0O
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1st wall \

= ) =
E = = =
'2nd wall

0 421: 000000000OCOO0ODOOO NEUTOOODOOOOODOOOOODOOOOODOO
000000000000 (10000000000 U0d0)000o0o00oo0oUoooooooo
ooooooooooooooMOOODOOooOOOoOoOoDOOOoOoDOOM=20000

e JOOOOODOODODO : 5000000

4.4.1 0OD0O0OO0OOO0ODOOODOO

obooobOoooobOobooooobooooboooobobooobooboooboOobooooon
ocooooooooOoOoooOoooo0ooboooooooboo ToFOODOOOODOOODOO
googobooobooboobooboobooobobobooboobooboobooobog

1.00000000000000 : Q(NEUT) <6 MeVeed Q(VETO) <1 MeVee D OO DO DO
0000000000 SAMURAIOOOOOO0O0O0O0O0O0O0O0O0000 “Li(p,n)7Be(g.s.+0.43
MeV)0OOOOOOOOOOOOOOOOOOOOO [9]0

2. Istwalld VETOOODOOOOOOOOODODDOOOODOOOOODOO

3. TOFO0O000D0ODO0OCOCOODOO000001stwallOODODOOOOO 40 ns02nd wallO OO
00000 42ns0000000C0O0OOpB<O9000O0ODOOODOO

4. 00000000000 130000000000 00O0000O00DOOO0DbOO0DbO0O0DbOO
0000000000000 2ndwallD VETOOOODOOOODOOOOODOODOOO

4.4.2 0O0000ODODOOOOO
gbooobOoobooooobobooooooo

1. 00000000000000: QINEUT) <6 MeVeel Q(VETO) <1 MeVeeOODDODOOO
oood

2. Istwall VETOOODOOOOODOOOODODDOOOODOOOODO

3.2nd wall0 VETOOOOOOOOOOOO2ndwalld NEUTOOOOOOOOOOOOOO
gbooobobooobooboooobooboooobobooonoo
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e XYODOOOO VETOOOODOO NEUTOOOOOOO drgy 00drg, < 50 cm
e 00U M(=NEUTODOOUOO -VETOOOUOOOO)OO1ns<dt <5mns

4. TOFOOOODOOOODOOOODOOODODOOODOOODODOOOD40ns000DOO0ODO
0000 42ns0000000000p<0900000000OO

5. DOonbOOoOoDOd

() 0000000
(b) Same wall 000 0000000000000
(c) Different wall 0000000000 000OOO

6. JDbo0ooooboob:1-e000000D00O0DOO0DDOODOODOODLOODbLOn

000000000000000000000000000O0 VETOOTOFOOODOOOOOOO0OO0
000000000000 00000000000000000000000 42200000000
0000000000000 0000000000000000000000000000000a0
000000000000000000000000000000000000000000000
000000000000000000000000D00000 wallDOOOODO SamewallODO0O
00000000000 wallODOOOO Different wal 000000000000 000DOOOOO
0000000000000000000000 422000000000000000000000
000000000000000000000000000000 QUDOOOTOFOO0OO0O0O0O
000000 0000000000000 Q. 00000000000000000000000
TOFOOOOO 00000 B 0000000000000D00O0O0O0O0DOO0OOOO0OODODOO0
000000 0000

o
s | Fox
= : = s =
] Pl
19
7/512
2 ; =
> V.=
2

0422 000000000000000@Q,0Q,0000000000000000000000
000000Bn0Bp0B:0000000000000000000000000O0O00D000O0O
00000000000000000000000

4.4.21 0OO0O0OO0OOO

0423000000000000000000000DO0O0O00OO0OOOOOCOOOOOOD
gboooboooboobobboobooboobobbobooboobobbobooboobo
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1st wall \

= ) =
E = = =
'an wall

0423: 000000000000 O0O0O0OOO0OO0Od

oboooobOobooobOoboooooboooobooooboooobooooboOobOooobOOonDn
oooooooboo

dt (ns)

¥

0 10 20 30 40 50 60 70 80 90100
dr (cm)

0424 000000000000C0000O00O0O00drvsdt000000 dr (em)0000 dt (ns)
obooooOoboooooboboooooboooogao

04240 dr0 000000O0dr00000oOoO0ooOo0oOdat0O0o0O0ODOO00000000000ODn
CO0000ooOo0o0oOoooooM>200000000000D0O0O000DOOO0O0O0O0O 4240 dr
Odt00000000000000000000000Mean0000 drp=15.56 cm O dtg =0.45
nsOo 000 04, =537Tcm 0 04 =046 ns000000dr0 dt0 MeanOOODOOOOODOO
oooooboobooobobooooobooooboooobobooboob0obooob0oboboooDOoDo
O000000oo0oobDo0O0OMeand £30c00000000000000000000O00O00O 42400

goooboobooooon ) )
d’l“—d’/‘o n dt—dto <1 (449)
3‘0(17« 3’0dt
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4.4.2.2 Same WallOO0O

Samewal 000 0000000000000 D00000000000O00OOODOOOOOOOO
00000000000000000000000000000000000Y¥B="B+n000
OO0 E,=1MeVOOOOODO S000000000000000D0O0O0O0O0O0OODOOOOOO
000000000000000000000000000000 4250000000000000
0000 Q0 By /f000000000D000D000D000D0ODODODODODODOOOOODOO
0000000000 By/fre>1000000000000000000000O0OO0O0000O0
J00000000O000o0ooooDoDoDO0Q.000000000000000000D0D00000

Q2 (MeVee) < ]320<@”-4mm> (4.50)
B2

Q2 (MeVee) < 3L4(ﬂ“+090) (4.51)
612

042500000000000000000000000000000O0O0O0O0O0O0ODOOOO0O0
0000000000000000 42500000000000000000 Q. 00000000
0000000 1/, 00000001/8:=10000000000+4000000000000
00000000000000000000000000000000000000000000
0000000~ 0000000000000000000000000000000000000
oooooooooooo

—(1951'<:3~(x23 (4.52)

H 1
B12
QQ < 15.0 MeVee (453)

Q2 (MeVee)

0425 (00)000000000000000000000000000000000 Bo1/B1z vs
Q0000000 By /B0000 @, 00000000000000000000000000O
0000000000000000000000000(00)00000000000000000
00000000000000001/8,vsQ. 0000000 1/8,,0000 Q. 0000000
DO0000000000O0000

obooobOoboooooboooooboooooonoo

e (a): 000D
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e (b): 00D0DO0OO
e (c): 0000000 + Q20 B/f-000000000000000

e (d): 000UOODO +Q:0 Bn/pe0000000OODOOOOOD +y00000O0
ooooood

00000000000000000000000004260000000004700000 4.26
00470000000000Pb(*¥B,B+2n) 000000000000

7 2F 50 7 AF 9

5 18- S 18- 8
16} 10 16, .
14~ 14 6
12 30 12

z 20p 5 g20 r 5
B 18- 4.5 B g 45
16 4 16~ 4
14 35 14} 35
12 3 12 3
10) 25 10}~ 25
8 2 8l 2
15
1
0.5
F ; ; ; e A TH e
o | | | ! Ex 0
0 10 20 30 40 50 60 70 8 90 100

dr (cm) dr (cm)

0 4.26: Pb(1*B,'"B+2n) 000 0000Same wall0 00000 XO0OOO0OO0O0O00000 drDd
YOOOOOOOOOOOOOOdt0000000G() O00000(MO00000000()000
00000000000000() 0000000 TOFOO0000000000000000000
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0 4.7: Pb(*¥B,}"B+2n) 000 Same wal 0000000000

oo | 0boogo

(a) 6548

(b) 1993

(c) 901

(d) 856

4.4.2.3 Different wallO 00O
140 140
120F 120F ’ 10
__1oop 10 __ 1oo}
] i 0 :
> 8oF > 80
@) r @] r !
2 f = |
= 60F < 6oL
o C 1 (o4 r
401 40
: : 10*

20k 20f
- 1071 [

0z~ 0

0427 (00)0000000000000000O0OD0O0000O0OOO0000000 Bo1/B12 vs
@ 0000000 By /B0 000 QU0DD00D00ODNO0NDOO0ODOONDODOOOO
O00000000000000000(0O0)000000000000000000000000
000000000 1/612vs Q0000000 1/8,0000 Q0000000000000
ooo0oo00ooo

Different wall 0 000000000 COOO0OO0O0O0O0ODOODOOOOOOOOOOOSame wall
obooboobOobooobooooooobooooboooobooooobooooboOooog 4.27
ocooooooooooooooooo uOboooooo0oooDOoDO00 ppOoOoDOOODOOO
00 1200 (Bo1/f12) 0000000Q, 00000000000 0OOOOO0OOOOOOOOOO
0000000, 000000 . 000000p80n/6:00000000000000 427000
oboooobOobooobOoboooooboooooboooobobooobOobooobOOoobooooOooDn

gooon

Ql(MéWw)<]500<gm‘—065> (4.54)

12
0000000000000000000000000000000000000 Bp1/B12<-1.50
goooboooboo

042700000000000000O0O0O0O0 Q. U000000O0O0O0OOOOO /40000
0001/6,,=1000000000000000000000000Same wallOOOOO 4.27
O0~00000D0CO0000O0DCOO0O000O0DOSame wallOO0O0O0OOOODifferent wall O
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0000000000000 0000000C0O0000pB:0000000000C000000 4.25
googobooobooboobooboobooboobooboobooboobooboobobo
gboboobobooobooboboooboobooooono

gbobooboboooooboooobooooong

Brz
Q2 < 15.0 MeVee (4.56)

— 0.986‘ <3-0.077 (4.55)

e (a): 0000
e (b): 0000000
e (¢): 0000000 +@ 0 Bn/f000000000000000

e (): 00D0OODD +@10 Bn/f2000000000DODOOOOO 40000000
gooooo

00000000000000000000000004280000000004800000 4.26
00470000000000Pb(*B,Y"B+2n) 0000000000000 4800 (a)00000
00 (b)0D000000000000000000000000000000000000000
00000000 Same wall 0000000000000 00000 Different wall 00000
0000000000000000000

0 4.8: Pb(¥B,!"B+2n) 0 0 0 Different wall 0 0000000

00 |oo0ooo
(a) 1698
(b) 2336
(c) 677
(d) 611

4.4.3 NEBULAOOODOOOOOOOODOODO

NEBULAOOOOOOOOOODOOOOOOOOOOD GeatdOOOOOOOOOODODODOOO
000000000000000D0D0D0D0 YYBOOOOOOODODODODODOD phase space decay 0 0
gooobooboooooboooooboooo

e 1 OODO0O : phase space decay
e 00 : ¥B "B+ 200000 ¥B =B + 1n
e 00D :000O0XYODOOUOODODDDODODODOOODODODODOOOZOODODODDODODODOOOOO

oooooon :01MeV-10MeVODOOO 0.1IMeVOOOOOOODOOOODODODO

oooobooogoon -so0o0o0an
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a’ a 20
«® 4 12 =
. 18
.'.."
-I: - 10 16
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I._-_'.-'l 14
Bl 8
L 12
6 F 10
-2 s
2 4 2f- 6
3 -3 4
2 F
4 -4 2
= SRR RETE RRTE ATRTE ST SRS AN SRS SR 0 b b b b b b b b b o
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Erel (MeV) Erel (MeV)
a5 ~ 5 12
Q [} o
== F 14 ~2 F
@ 4 @® g
F F 10
3 12 k=
2 2}
10 E 8
L 8 F - N R
of L ":‘F - 6
6 -1
o 4
2 b
4
3 -3
2
2
4] 4]
e e b b b b b b b i 0 e e b b b b b b b i 0
1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Erel (MeV) Erel (MeV)

0 4.28: Pb(B,'"B+2n) 000000 ODifferent wall 000000 XOODODODODODO0O00O Eq0Y
000000 B12/Bn 00000000 00000(M 00000000 D00D000000
00000000 @Oo0doooo ToF0000000000D0D0D00000000

O000000000oo0O00000oooooooon0 SAMURAIOOOOOOOOOOOOO
OO0OC0O NEBULAOOOOOOOOOOODODOOOOOODOOOOOOOOOOOOOODOODOODOO
OOOONEBULAODOOOOOOODOD 429000000000 3.6 mx1.8m0O NEBULAODOO
O0000oooooooooO0ooDooOOOOO0O0O0ooooOnD SAMURAIOOODODOODODOO
gbooobooooooooo

obooooOooboooooooboobooooobooboooooobooooooboobooooOon
U00000D000D0 e,0e, 00000 ODOOOOOOODOO

N(M >1)
_ = 4.
Cin N(generated) (4.57)

_ N =>2)
~ N(generated) (4.58)
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60
40
20

0

-20

-40

-60

-80

- _I_IJ_IJ_I_IJ_IJ_I_IJ_IJ_IJ_I_IJ_IJ_I_IJ_IJ_I_I_LIJ_I_I_LI_IJ_I_
10—800 -150-100 -50 O 50 100 150 200

X (cm)

100f 10
80 I

Y (cm)

— 10"

0429 000 XO0OUOO YONEBULAOOOOOOOOOOOO 3.6mx1.8mOd NEBULAOO
Oo00o0ooooooooooooDoOOOO0O0O0O0Og SAMURAIODOOOOODODDODOODODOO
gooood

04300 4310000000000000000DO0O0O0OODO0O0O0OD E0000D000
obobooooobOobobooooooobOoboboooooooooooboooboobOoobooon
OO00000000Fq=1MeVOOOOOOOODOODOOODOODOO

(Bret < 1IMeV) €1, = 35.343 4+ 1.086 - B — 1.348 - (Eper)? (4.59)
(Eret > 1MeV) €1, = 50.374 — 19.741 - Eyep + 5.081 - (Epet)? — 0.691 - (Eper)?
4+0.044 - (Epep)* = 0.001 - (Eyep)® (4.60)
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2
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