(IRTF- Iz R IFIT))

wwwapracen  Nuclear Physics Review
Started in 1984

FITF5E31% CHe, )R BTSRRI R A BRI

EE  FZ% MUE BPE §IEE KR

Development of Detection System for (3He, t) Charge Exchange Reaction Experiment in Inverse Kinematics
HE Zhixuan, LI Meng, BU Wenjuan, YANG Herun, HU Bitao, ZHANG Yi

TEZR R View online: https:/doi.org/10.11804/NuclPhysRev.41.2023CNPC69

T IS

EHF, 2852, D SCUE, W s, WV, T, T35 32 C He, 0 FLTFAC I I SCH RN 28 55 ORI . J TR BRI TR,
2024, 41(1):473-479. doi: 10.11804/NuclPhysRev.41.2023CNPC69

HE Zhixuan, LI Meng, BU Wenjuan, YANG Herun, HU Bitao, ZHANG Yi. Development of Detection System for (3He, t) Charge
Exchange Reaction Experiment in Inverse Kinematics[J]. Nuclear Physics Review, 2024, 41(1):473-479. doi:
10.11804/NuclPhysRev.41.2023CNPC69

AT REBOGEBR  HAN S

Articles you may be interested in

FHT IR LA 12 35 22 RE DU PR R EHEA OB 238 I 2R SE ) i it S5 A AL
Design and Simulation of a Detection System for Conducting Nuclear Radioactive Ion Beam Direct Reaction Experiment in Several

Times the Coulomb Barrier Energy Region
JEFEYIFEIEIS. 2023, 40(2): 244-250  https://doi.org/10.11804/NuclPhysRev.40.2022083

FES MR TR 51 B9 GEANTARLAL)
GEANT4 Simulation of the Focal Plane Detection Array of Gas—filled Recoil Separator
JRFAZ PSS, 2021, 38(4): 423-429 https://doi.org/10.11804/NuclPhysRev.38.2021014

HTF OB CHEMMRIN 2 IR 2 22 1F H % P TR AL,

Simulation of a Novel Neutron Detector Based on Multi~layer MWPC with '°B,C Convertor
JEFRYFRIES. 2019, 36(1): 71-77 https://doi.org/10.11804/NuclPhysRev.36.01.071
AT IR A% B 578 i B Y SIS denl 1 vk

Experimental Measurement Method of Beta Decay Strength of Unstable Nuclei
JRF P PRIEE. 2020, 37(3): 438-446  https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69

EFhrh 72 FAE R R AU
Simulation of Uranium Mass Measurement Based on Active Neutron Multiplicity

JRF Y BRIEE. 2019, 36(2): 266-271  https://doi.org/10.11804/NuclPhysRev.36.02.266
FIHGEANTARFFE T H L5 A SO HE S o= XUl o3 7

Geant4 Simulations of Neutron Production Double Differential Yields in Light Charged Particle Induced Reaction
JRF PR, 2020, 37(3): 617-620  https://doi.org/10.11804/NuclPhysRev.37.2019CNPC48


http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.41.2023CNPC69
http://www.npr.ac.cn/
http://www.npr.ac.cn/
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.40.2022083
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.38.2021014
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.36.01.071
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.36.01.071
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.36.01.071
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.37.2019CNPC69
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.36.02.266
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.37.2019CNPC48

F41% E 1
2024 3 H

T &% 0 B OAF i

Nuclear Physics Review

Vol. 41, No. 1
Mar., 2024

SCEHRE: 1007-4627(2024)01-0473-07

TS5 CHe, t) B3R R SCI RN R S i i

A, 2 %2 bxel el meErl kgt
(1. ZMREFEERFSEARER, =M 7300005
2. HEF R ERE, Kb 410000,
3. EBHE BT ARIEBE T, M 730000)

WE: PRRXKETRERNTUNER-FILREANAERARETEE LM, AATERFRARYE
MRS RN L, AL SHFEFEHTETIBR N LR, TURA RN EEZEREF Y TH
TIETREM. £Fh, B TATEERGARNIRMENERSE, A% ETEQHF T SHe A K%. TPC
Fa CsI(TN) [ %, = TPC Fu CsI(T1) [ %\ 4 R AE-E % % . F| | Geant4. Garfield++F 5 4, LT TPC
I, RET ZRAANEHFREFMEMNENEREZ T, TETRNAANRE FERGES, ETHE
WMrt, BETHEMASL, FFRABAEMRT TPCHAE 2%, il EaR-FE, LE2HAN 422 um;
GERTEEFTE, CELSHAN 68 um, TPCHH G REUXHENBER MR E L FHELERE, LHEEHET

I & AT A
XA BN A% Geantd; ML, B HE K
hESES: 0571.1 EMRERD: A

0 315

FEL A A2 80 5 7 A2 — ol T LA AN P e - [ o7 e 9 % ) £
FEWFTE R T 1 B A 25 H i Sz s 4R e T, b (CHe, 1)
(t, 3He)« (d, 2He) % J J8 & B fif 22 4 S 2 H9F 9 o £ 3 K
SETFB, BAEmOPER. mRNACR SRS R
TS A SHe At R, A — 25K, TR T (CHe, t)
1 (t, 3He) HaL i A2 4 S 8 sz (2, 78 JEL 14 14 1 - r
WEdok . BEILIR. BIEAR. R R EESE TS A B S EL
37 FmECR. SR, TSIt RS, 245 ik
) FEL AT A2 4 S B S B I T A8 R 40 SR PR T AR e i R, A
FHI0Z 3l 2 7 120 AR AR % 2 AT L Amr A8 $8 S B S 38 AT
TEROR BTG ERPOE, ARt simblaE . 56 % ail
K 2 R RIF 9 11 A B Y il ik 3 32 3 2 (d, 2He) [ 82
MASTE 5 1 S 7% R B2 BT BT 1 Gamow-Teller 5
ILORE B(GT); 256 7 Z2 266 T3 1 B [A) 4% 52 % A%
I, R — R BBl AT B 7 g B4, e
EAU R KRZFRIW BB, R 2 3 =0 A
JE A% 2 I BT A 4 S NS T EAT Rl =, Rl
MBS 8 BGT) i r it 2 Bl Tk, RATRL

U iE B EA: 2023-08-24; &2 HHA: 2024-03-01

DOI: 10.11804/NuclPhysRev.41.2023CNPC69

) FH e ok 2 e S A BRI 9 T 1) ook s 2 i (O o
RIS SR 25 o SHe #E,  JT /R IE 3% (CHe, t) FL A
LN, LRI RGE R R A R e T
ZE. Bk, FRATE TR T TR0 K B U ¢
PRI R 48, LSS UE R A B AR ik 4T 1 12 B 2
CHe, t) 25 AT 474k U1, R0 R G0 T AE-E Sm 4 .
Ho, AETRDN 8 M B R $52 = (TPC), E4R M 28 N
CsI(T).

AR F BRI TR B B SRR . %,
IRAEPIEE B AR TR A ARG R5, ETiE
Nt A Geantd. Garfield++. COMSOL 28 %k 1, 14
PO T RN AR I FE AR RO R NEA R, FR48 L AL AR 2%
ML %, WE TR s sh 2 X . Ra4sa
B 8T, 5 T BRI R G5 7

1 SRR

W 12) Bz, R RS LA SHe SR,
TPC. CsI(TI) INHRAARES . i o 72 AU R AR R ¢
M. BT RN 2 s PHe $U K 2R LR RS M R R A ¢
HA—E 3R HUN t 755 TPC, SR 7E INARAR il

ESUH: HRAARFRERIBIHE (U2032166, 11875301, U1832167); [ X H B A 115 H (2022YFE0103900)
EB B FEF (1996-), 55, W TN, WL, WHEIRAZY T E-mail: hezhx21@lzu.edu.cn

T IBE1EE: K3, E-mail: yizhang@lzu.edu.cn


https://doi.org/10.11804/NuclPhysRev.41.2023CNPC69
mailto:hezhx21@lzu.edu.cn
mailto:yizhang@lzu.edu.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn

<474 - BT &Y R

41 %

}—~| FEE HDAQ ‘

W
(=
T

CsI(T1)

(@) (b) 300
13,
3H€$E % 142
W = 2501 <
------- A e s = C
\__/ m é IGC
ER Ik . O EE | FEE ] |DAQ ‘ g 200 c
\ | THGEM}—1 — g
Nicay T —
y i 2150}
‘. ]
/ ! 5
R e & £ 100}
1 =
' 8
5
wn

mﬁm

0 1 1 1 1 1 1 B
70.0 72.5 75.0 77.5 80.0 82.5 85.0 87.5 90.0
O,1a/()

1 RGN () L2 t FIEUN ZhRE S5 BUH A HIOC R (b)

RefE . TESCBrmbfd fE 9, oTRe <= A AR =9 .
1 TPC AT CsI(T1) B FIM 51 AE-E R 80 0T LLEA TR T4
A CAER Gt TPC B BUAR A REE BIE . B PRI 2%
BT RR R S HEAALE 0 FE (R HOR A7 6 73 7%)
REA% 8 B I B2 7 PR T 1 R 40 2K DL S R = AR,
HAHCRE AR AR S5 T 2 S B, T ARSI L. it
b, TPC A LAESARA S it vl LA HE, BV PESE TPC
(AT-TPC), X— sfETF %R S0 7 1 B A 235 1
PeasAng A Bl BRIk, FRATR AT R A T 5 4 2%
(Thick Gas Electron Multiplier, THGEM) 1% ) TPC 1
N AE RIS, UL R T (0 = el A g i
CsI(T) B A=A BRI E S 5T LA
R, B, FRATIEEE CsTY) N EFRIZE, DA
R AT R T 98 A e (12,

U SN2 B8 R A7 (1 R AR S R T I OR e,
o 32 4 SN AT DAME B VRS VE B . BT E S PR
(CHe) 3P R PO AR X BB B ST 5, 44 HH B g B
SIS & RHU A (0, 0) FIRR, WE 1B TR 0,
FEIE 90°/, R T 0 REU A (0, o) 71T 0°, B
RN R, (HR/N B (s Re RS, A DU IREE
(9 IR, BT DATE S8 A 3 LA 305X — X [A), AT AR 4
SRR B A 1 0, o= 0 K0S BEE 6, 1 ID, tHL
WENREI R, 75 B R CsI(TI) S Ak R4 H g &= 5e
PR Bk, SRIREE TSI A, T B AR
ARG, DR A R

2 R
2.1 TPC &l

BT 2 TPC, R AR UM R i 13 1
Xfo HLFAERLIAIRE) N ) THGEM J5 a4, JRAE % i

THGEM LI & A S5 # HOR, 55 A o ik N ISR X
Wi AR IR PSS . ERTHER . SRR
o, TPC TAESAKMIH . THGEM 16 25 25 2 B2 i 15
M tE R (3], DB RT R o B . AR
Garfield++! B30 ly 776 TAE SR P 1045 M. LT 78
ArHCHy, W I o B BP0 25 B ] 2(a) Fr s o 1E
TPCH, 7 HE IR S 2 2 8 s s/, X
FERDAE 37 R LR T B, A TR AN 2 AR AL R 2
Ar(95%)+HC,H,o(5%) /& —Fh & 1& 1) TAE Sk HiER X
) L 37 9 A 200 V/(ematm) I, LT AL 0 T
MURT, 295842 ecm/pss T iC,H,, EEBIBE R, I 75 28
A ek B A . A, SR COMSOLUST
Garfield-++ 4 R 778 AR A A 25 BI04 1 48
AN, 45 THGEM & & R L B 1535 . 14
Rl 2(b) s, &5 A1 25 B THGEM IR & 22 34 KM
FeBIEN, Hd, Ar(95%)HCH,o(5%) A AE AR I Ha
JE R HtRescdlm S B 4 /EXUZ THGEM TAER), #
JEHEA T ENAR m st nT CLSE I s AR, A s S 4Tk
B IR

% [8 TPC 22 — MU BT AR,  Hox e 3 35 211
PR, TERFEHIAIE. 08 AR B0 R AR
T2, FFEAEF I TERAFEFIR. 25 FIH COM-
SOL I H 7RI Yy, HiEsmiEdil: %R
HOHA ) PCB Hil4E, AP MK T2 1.5 mm, %
(RN 0.5 mm,  FEARZE O 2 mm; N Ah LK
RS HAT M BE AR 450 . 7E COMSOL W i B 5 % 2k 42
WM. ZELAT TR, T RALE,
SNG S L LB NSNS 2, 5, 10 mm Z N
IO . TS RIEoR, FEE 0L 2 mm &b
9 FE (R AR B S PE 200 2%0, BEESI7 5 5 mm b (1) L1
SR JE AN ST BE S IA 5 0.1%0. FEITINZ S mm 2 I



F1m T EHT%: T8 5% (CHe, t) MU A2 # SSE SE 564 28 25 (ORI ) - 475
@ BT (b) | | |
TEIRE 12000 —a 0595 %5 T Hi
5 4% Tk I —o—T70%+30% - ATk
> 5%5 T bt 10 000 A 90%+10% 1 A
A 6% T
S3333359 TR TH
—4 Pt e e o RuR T
S “\‘L\k**, S S E 7 BT 8000
g \ ‘\‘\‘——h**"f —e— A I
E . bl ey 10%5% T ke
= Ty e 6000 R
b \\A\‘H\.\‘J\Hﬂy -
2 e 4000
o l J
N 0009
B 2 000
|
0 ff l’.’x
0

0 200 400 600 800
58/V-(cm-atm) ™!

1000

600 800 1000 1200 1400 1600

MR ZE2/V

K2 Garfield LMK ArtiC H, o [ HL TSRS 8 FE (a) S 512 THGEM B0 3 5 IR 22 1K) 56 2R (b) (BADUE i Ik N #EAT)

I OIS, X 20~150 MeV BUE 0 t, & 7F
5 mm [ TAE SRR 2 5~30 keV RE &, ZIN7E TPC
HRBE RV 2.5%, W] LATE 30 Ab B & 1E 5 57
W N H R X IR ) I ARIR /N, AT LR AR
WX . FOKRE B35 %6 S mm Y Y A B3R A0 N AR HL3Z)
WA X 2015 5%, 35135 X 20 4 95%.

2.2 Geantd &

T Geantd!!OVREF, BAVFR T — B RPH
oL A A R 2 R R GE I S5 K ig sh 2. R
Geantd F IR E8 KRG WE 3(a) FivR, A0 B A
R 3 AN KR SHe SR AR AR 1 (1 Mk K<
JE%F 101,325 kPa). 53 13K %733 3He 445 (R SR BT
HARAYZH30~40 mm, HUS AR Y2 % E N 24.8 mm,
ANEEANEEE Y 0.2 mm. H A3 6 B A& TPC, F %
BFEH R TAESAAR, WK 3b)Fiac. TPCHFER
25 mm, AMFEEN197 mm. ISR FIENERE 0.66 mm
[ FRAFEAE,  SERA P00 (1 7 4 ) 2 358 0.02 mm. 3% %
Z W 1A KRAER Ar(95%)+C,H, o(5%) Sk . e 4h
JZ N CSI(T) INHRARFE S, 2083545 8 CSI(TL) fidk, &
F£20 mm, K200 mm; KA G459 0.135 mm & (1)
Teflon 412 .

B, AT PR, EEMHAR(Volume)
AR LA S py dy SHe X okl 25724, DA S2HR
RGUREERIN 1) B8 VG DA SR TS B RE T o KRR A
PPEBUR R, R IE0E A 1(b) AU B = A A
MM NE . AT MR, BBp. dv 3He M a ki
TER TR E-AELRE tF . ¥ TPC T4E
S AR CSI(TL) & A4 Fi 8 R BRI #5 (Sensitive de-
tector), 435l #& HL A FORL 7 7R o I BE RO R

TPC F A R 1) 1 B 8 5 23 FE 240 TN 10% A1 8%, 1
UK AE-E 53 A W 3(c) s, e FSLARE] =4 m] DL s
REHLX 7 o FERXFRIN AR BT, AT 21 ¢ B K RE
B2 130 MeV. tIIIEAB) BEFITE SHe Stk RiHH
Jis AA DL P 23 58 H 1) e FEUTURR 2 R OC &R i ] 3(d) B
N, o IREE I B WIS L NS AN BE E N TPC, 7R
P20 MeV R HATtHIREEME, EHRNESIEX
WFEMRE Rk . UL, ZIERI BB EH T34
H20~130 MeV (17 t, X R B F1 2078 76°~86°.
EME TR RF WG, N T BEREEFITH
(R REAEE, FRATHEAL T 500 MeV/nucleon '7C H i %
7 SHe AR K3 2 . Geantd 194 32 3 72 5% F FTFP
BERT ATL ¥4 . C oz 771a, Lz At
Oy 24220 mm FIEI T 206 NS 2] P He SRS, Geantd
FRASLADL AN BE AR B 25 B ey 28 0 S ST, RE 1) 2
VB I AL ) B - R eSO i 2, T
JSEATLATE 58P e B e M S 4 ) B S 1 R Al
At AR HeAth S =R T B G R R o AR B AR 4L R A
(15 17C-3He bR F=1¥) AE-E 5347 2R (WK 4), 1E£76°~
S6CITH T A G R Y, W] LATE AEHIX 43 H 45 by HRE T
F R AR N 100 pps,  AEANLS B0 MR T i T 5
MR Y] FPREEKIER T, S =
SHe WA/, Rk, BATIAA 3 He BT EHE 500 MeV/
nucleon Y H &5 F IR FTRE, TS BUR T AL 4
FFHMA . RESRFMTZAL, (B8N, &
LA 324N, AR E AT SR B % Bl A S0 = R L
PRI A B2 T IR, AR, R A
R AR (H PRI R SE PR B2 (A R SR
21791 000 pps, X T-FRI 25 F0HL -2 (1) ) B 2 SROAN =



£ 476 -

o7 &% ® A

41 %

TPC REgIX

*He “UIAHE

20 mm

Y%

R, e =200 mm

outer

TPC RAEKX
(TAESME)

CsI(TT) ik

(a)

x10°
E 14
e 120
12
E
E 100
% 1.0
<
5 80
208
=
£
= 06 60
Q
€ 04 40
()
o
53 0.2 20
Q
g ’ :
m0.0 P G S O DS N I S I 0

0 20 40 60 80 100 120 140

Energy deposited in CsI(TI)/ MeV
(©)

(b)

- : 24
g 30 : 22
5] .

Jé r - 20
% 25 - 18
o > B -

é’)g 20 = 16
S 14
= % 15 fg 12
Ee }[:.-‘.- 10
T 5 10 [

2 g N . 8
% 5 u Il. v ¥ 6
3 i A - 4
5 0 2
= 0

0 20 40 60 80 100 120 140 160
Initial energy of triton/MeV
(d

B3 Geantd HEIFIHRI RS 4EHIAKIE (a), HITH P (b) AT AE-E 534 () LA t4E 3He Sk ANERARIE 1A L K% 79 J2 3% 9

RERTI SHIIRZNREMI K 2 (d)

% 140 14

=L

dé L

El2f 12

g Lo

2 10 10

o0 K

208 8

[ i

-

= 0.6 [3 6

] L

B

2.04F 4

g 04r

5 .

802 2

[}

(=]

) W A i T S RPN R 0
0 20 40 60 80 100 120

Energy deposited in CsI(TT)/ MeV
Kl 4 Geantd BN E B 7 TEER) ™ WKL T AE-E 73 At

F 1 Geantd 54177 BRL T 1HER
RS p d t 3He a
St HeRssT! 15723 2689 1211 244 1688
R ECR s 1107 206 32 6 14

e BRI E B A TSR AR B NN f 760~
86°. AR ARG E A F 451 o

3 TPCi#EESMEENIRX

SEFRRRAL, FRATIEEE T T e A e S N S
R 28 R 5. TPC M%) 3 AR AR . 3778
THGEM JEAI PR 152 tH AR, Al 5 s o Ik — e
THI B (1 PCBAR, IS R, FF 53558 — A dk
FEW. HEBAE LALLM, NIHEFAE 25 mm,
A7 T 45 200 mm, A1 3758 PSR RTS8 A ] Ak fis i s
B, IR ER G S R RSB, A S S
J M. TPC i MR 38R A AT A ER AR
KN THGEM. THGEM R B(X HFZ1 9270 cm?,
NTWAFTKIES, #E THGEM —/ MBI L T 4 X
AFEE, R 6K, 52 H R A zigzag 14 7Y
padl!8], 5 24 18 % 886 4. RAEX pad 76 -FA4T A5
K777 128 7.5 mm K0, BENFRT 75 H N 4 mm
(R B2 TR SR R SR P E R R
KR 3T AGET 5 F iy i 72 24 1],



ERE T EFF4E: T OES % (CHe, t) U A2 5N SRR PRI 2R G 1) A1 - 477 -

K5 TPCHRIEELH (ELER)
(a) G5HR B (BLAE Ty pad TEAR); AL FT S N4 R 5B XURE; (b) TPC S .

FH 266 nm (1928 SN EOE AR T TPC B A M fE
A 35 T FEL AR ST T oy S 1D ) 1967 B 40 B R HEL TR RS T
] (zy VT B0 B 50 9 o RO 1 = 4843 325 43 ) 5 5 2
xy IR zy P (AT 6 FioR), $ARA BRI, 3
W] TPC (¥R X I N5 AT R— T HAES
f) pad N —MME 5 H (cluster), 155 B y 28 bR 1%
A7 pad (9 JLATH s 155 B x AR AR 2 A 5 g x 7 1f)

line b: 53.241
line_k: —4.569
¥*/ndf: 0.780

(@)
3000

2500
2000

1500

1000

160 500

-100 =50 0 50 100
x/mm

C (b) line_b: —=31.728
-20 line_k: —9.871
r ¥*/ndf: 0.490

-120
—140
-160 |

,180:....I....I....I....I....I....I....I....
—200 —150 —100 =50 O 50 100 150 200

z/mm
Bl 6 ORI xy T1H (a) A zy 1 (b) EHIHES (TR
FHE)
(@) =R xy FHEE S B RRF 0, (b) Paeiibh
N zy FHBHE SRR B O, AL NSNS EE.

Az J5 T B L ey erR, 2 5 A B AR A R AR I
A AR B T4 Y, A2 B R ] Garfield++H 1D
g, EER Y8 200 V/(em-atm) B, R HE A
4.12 em/ps. 7 B 5 LR AR 22 POV g 7 gk L ok
ZEO A BRI 2Z (o) B 9 AH N1 T AL B2 9%, G 7
Fios e fExy Pi, 2872 HFL09 422 pme £E zy P,
A B 479 681 pm.

1400 - (a) o bt
F Entries 10 474
r Mean —3.19¢-16
1200 Std Dev 1.132
F /ndf 1974/54
& Constant 1256+21.5
1 000 [~ Mean  —0.085 98+0.004 59
r Sigma 0.421 8+0.005 6
2 800 |-
3 L
5]
@] L
600
400 |-
" J me
[ - Ir‘f“‘-h o AN L I T
-10 8 6 4 2 0 2 4 6 8 10
xy residual/mm
(b) hzyl
I Entries 10474
1000 | Mean —0.042 14
r Std Dev 1.512
I /ndf 1396/111
Constant 756.6+13.1
800 i Mean  0.084 31:£0.007 97
& Sigma 0.6810.009
S 600
o k-
@] L
400 |-
200 —
0 T R ool rarth WP R =
-10 8 6 4 2 0 2 4 6 8 10

zy residual/mm
B 7 TPCHILLE o#FF (TELF )
(a) xy P ARZE R 22 0 A5 (b) zp PR AR 2540 A, 4168
ih 2 >y e 7 ok LA 22



478 - BT &Y R

41 %

4 SHES5RE

ASCHEF R, e T TS50 (CHe, t)
FHL 717 A2 i 2B f) TPC-CsI(T1) #8302 45 1 ¥ i+ K AR AL
T, Wk TSRS R R R ER . F R
TPCYE N AETRINZS, HPERe 2k m, FAIFIH Gar-
field++. COMSOL &8 34, #E4 7 TPC ) TAEFRF 4
R 7R Ar(95%)+HC,H, o(5%) 1R &4k B o 1S
ER. RSN TAERBARSEMR S, iz h
TPC TAES M. &l ¥/ i fl i Fiia B, #ie 7
W9 (AR AR T 4015 DA THGEM [ TAEHUE . 45
4 Geantd Bi40L, ffi 7ERM A IR TAESh AT H
%, BRETHR TSRS . LK, FIH Geantd Bl
HETHRRKGEZOERE, WHe TREREAT TR )
FLF B, BB AT St B, IR RS AR IR 43 o
B Ja, BT T BRI AR E T B O 2008 76°~86°.
BUR B REZI N 20~130 MeV [ t. TERLIUIR AL IR 25 At 1,
SERL T TPCHRIA &/ I #5 8, FFFEOEI T TPC
AL B o HF . 75 xy P, 1055 #2989 422 pm; 1E zy
ST, A7 E S HEZ) 0 681 pm.

N RITE A B R B AR Y BT 5T BT RIBLL 2
TR LR S M2ty T R ANAR B A% 2 1 AT A8 3 S B S
BKRSH TPCH R T2 Bl s i M 8, 8k T
132K 20 em, EEFET A AL B oy B X EE T 2 mm,
BRI SEISLER 2 2R 0.5° 1) M 43 #F,  IRFE R TPC MERESE
Wi R IX— R R¥E R R RE-AERR, FIH
“BhRBTEVE E A TRE R KA . £ TPC-Cs(TI)
FRGRI K A BB R B[R, R RIBLL 2 WA
2R S AR 2 BT S0 B PR O AL R, SR —
SE 1 RETO BRI A (0 A 2SI &, R B R BRTE B9 2 23 BT i B
RAFA S, TR R RS e S B AR, AR
MR AR o R FH SR BRI 25 AT DRI o O 3R /N £ E Y
BBl A% P24, 4 BRAR SR 43 AT S S5 I 2 (1 35K A
JEE P S N A T AT, S VR R M A RS B A% S R AE S
F/NA FEAS [F) B HRAS 1 R RLT

S 3 -

[1] FUJIMURA H, AKIMUNE H, DAITO I, et al. Phys Rev C, 2004,

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

69: 064327.

ZEGERS R G T, AKIMUNE H, AUSTIN S M, et al. Phys Rev C,
2006, 74: 024309.

GIRAUD S, ZAMORA J C, ZEGERS R G T, et al. Nucl Instr and
Meth A, 2023, 1051: 168213.

GIRAUD S, ZAMORA J C, ZEGERS R G T, et al. Phys Rev Lett,
2023, 103: 232301.

ZHANG J C, SUN B H. Nuclear Physics Review, 2020, 37(3): 438.
(in Chinese)

(SR, MRS, R EFE, 2020, 37(3): 438.)

FANG F, TANG S W, WANG S T, et al. Nuclear Physics Review,
2022, 39(1): 65. (in Chinese)

0775, R, TR, %5 R WBPEL, 2022, 39(1): 65.)
ZHANG Y, HU B T. Nuclear Physics Review, 2019, 36(2): 151.
(in Chinese)

(BKEL, TV, IR T BEEPEE, 2019, 36(2): 151.)

LIUW, LOUJL, YEY L, etal. Nucl Sci Tech, 2020, 31: 20.
BRESKIN A, ALON R, CORTESI M, et al. Nucl Instr and Meth A,
2009, 598(1): 107.

BRESKIN A, CORTESI M, ALON R, et al. Nucl Instr and Meth A,
2010, 623: 132.

WEI X L, LU C G, ZHANG J W, et al. Nuclear Physics Review,
2020, 37(3): 765. (in Chinese)

GELmfe, &R, B, & T EWELITIR, 2020, 37(3): 765.)
FANG F, YUE K, SUN Z Y, et al. Nuclear Physics Review, 2017,
34(2): 184. (in Chinese)

0775, 5], IhEF, &, LT ZWEIHE, 2017, 34(2): 184.)
SAULI F, Gaseous Radiation Detectors: Fundamentals and Applic-
ations[M]. Cambridge: Cambridge University Pres, 2014: 292.
Garfield++[EB/OL]. [2023-07-20]. https://garfieldpp.web.cern.ch/
garfieldpp/

COMSOL Multiphysics[EB/OL]. [2023-07-20]. https://cn.comsol.
com/comsol-multiphysics

AGOSTINELLI S, ALLISON J, AMAKO K, et al. Nucl Instr and
Meth A, 2003, 506(3): 250.

LI Meng. Development of a Time Projection Chamber Detector
System for (3He, t) Charge Exchange Reaction Experiment [D].
Lanzhou: Institute of Modern Physics, Chinese Academy of Sci-
ences, 2022(9): 51. (in Chinese)

(255, FT (He, t) L1 52 4 522 S2 B TF 6 P I 1) 5 5 2% ) 1
il [D]. 2 M ERF =B AP EEE ST, 2022(9): 51.)
AZMOUN B, GARG P, HEMMICK T K, et al. IEEE Trans Nucl
Sci, 2018, 65(7): 1416.

LIC,FENG CQ,ZHUDYY, et al. JINST, 2018, 13: P04013.
CARNEGIE R K, DIXIT M S, DUBEAU J, et al. Nucl Instr and
Meth A, 2004, 538: 372.


https://doi.org/10.1103/PhysRevC.69.064327
https://doi.org/10.1103/PhysRevC.69.064327
https://doi.org/10.1103/PhysRevC.69.064327
https://doi.org/10.1103/PhysRevC.69.064327
https://doi.org/10.1103/PhysRevC.69.064327
https://doi.org/10.1103/PhysRevC.69.064327
https://doi.org/10.1103/PhysRevC.69.064327
https://doi.org/10.1103/PhysRevC.69.064327
https://doi.org/10.1103/PhysRevC.69.064327
https://doi.org/10.1103/PhysRevC.69.064327
https://doi.org/10.1103/PhysRevC.74.024309
https://doi.org/10.1103/PhysRevC.74.024309
https://doi.org/10.1103/PhysRevC.74.024309
https://doi.org/10.1103/PhysRevC.74.024309
https://doi.org/10.1103/PhysRevC.74.024309
https://doi.org/10.1103/PhysRevC.74.024309
https://doi.org/10.1103/PhysRevC.74.024309
https://doi.org/10.1103/PhysRevC.74.024309
https://doi.org/10.1103/PhysRevC.74.024309
https://doi.org/10.1103/PhysRevC.74.024309
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1016/j.nima.2023.168213
https://doi.org/10.1103/PhysRevLett.130.232301
https://doi.org/10.1103/PhysRevLett.130.232301
https://doi.org/10.1103/PhysRevLett.130.232301
https://doi.org/10.1103/PhysRevLett.130.232301
https://doi.org/10.1103/PhysRevLett.130.232301
https://doi.org/10.1103/PhysRevLett.130.232301
https://doi.org/10.1103/PhysRevLett.130.232301
https://doi.org/10.1103/PhysRevLett.130.232301
https://doi.org/10.1103/PhysRevLett.130.232301
https://doi.org/10.1103/PhysRevLett.130.232301
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC69
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.39.2021035
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.11804/NuclPhysRev.36.02.151
https://doi.org/10.1007/s41365-020-0731-y
https://doi.org/10.1007/s41365-020-0731-y
https://doi.org/10.1007/s41365-020-0731-y
https://doi.org/10.1007/s41365-020-0731-y
https://doi.org/10.1007/s41365-020-0731-y
https://doi.org/10.1007/s41365-020-0731-y
https://doi.org/10.1007/s41365-020-0731-y
https://doi.org/10.1007/s41365-020-0731-y
https://doi.org/10.1007/s41365-020-0731-y
https://doi.org/10.1007/s41365-020-0731-y
https://doi.org/10.1007/s41365-020-0731-y
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2008.08.062
https://doi.org/10.1016/j.nima.2010.02.172
https://doi.org/10.1016/j.nima.2010.02.172
https://doi.org/10.1016/j.nima.2010.02.172
https://doi.org/10.1016/j.nima.2010.02.172
https://doi.org/10.1016/j.nima.2010.02.172
https://doi.org/10.1016/j.nima.2010.02.172
https://doi.org/10.1016/j.nima.2010.02.172
https://doi.org/10.1016/j.nima.2010.02.172
https://doi.org/10.1016/j.nima.2010.02.172
https://doi.org/10.1016/j.nima.2010.02.172
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC46
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://doi.org/10.11804/NuclPhysRev.34.02.184
https://garfieldpp.web.cern.ch/garfieldpp/
https://garfieldpp.web.cern.ch/garfieldpp/
https://cn.comsol.com/comsol-multiphysics
https://cn.comsol.com/comsol-multiphysics
https://cn.comsol.com/comsol-multiphysics
https://cn.comsol.com/comsol-multiphysics
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1109/TNS.2018.2846403
https://doi.org/10.1088/1748-0221/13/04/P04013
https://doi.org/10.1088/1748-0221/13/04/P04013
https://doi.org/10.1088/1748-0221/13/04/P04013
https://doi.org/10.1088/1748-0221/13/04/P04013
https://doi.org/10.1088/1748-0221/13/04/P04013
https://doi.org/10.1088/1748-0221/13/04/P04013
https://doi.org/10.1088/1748-0221/13/04/P04013
https://doi.org/10.1088/1748-0221/13/04/P04013
https://doi.org/10.1088/1748-0221/13/04/P04013
https://doi.org/10.1088/1748-0221/13/04/P04013
https://doi.org/10.1088/1748-0221/13/04/P04013
https://doi.org/10.1016/j.nima.2004.08.132
https://doi.org/10.1016/j.nima.2004.08.132
https://doi.org/10.1016/j.nima.2004.08.132
https://doi.org/10.1016/j.nima.2004.08.132
https://doi.org/10.1016/j.nima.2004.08.132
https://doi.org/10.1016/j.nima.2004.08.132
https://doi.org/10.1016/j.nima.2004.08.132
https://doi.org/10.1016/j.nima.2004.08.132
https://doi.org/10.1016/j.nima.2004.08.132
https://doi.org/10.1016/j.nima.2004.08.132
https://doi.org/10.1016/j.nima.2004.08.132
https://doi.org/10.1016/j.nima.2004.08.132

ERE T EEFS: I TWOE 805 CHe, t) HUHTACHe 5N SR 2 5 ) ) - 479 -

Development of Detection System for (3He, t) Charge Exchange Reaction
Experiment in Inverse Kinematics

HE Zhixuan', LI Meng?, BU Wenjuan', YANG Herun®, HU Bitao', ZHANG Yi''

(1. School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China;
2. Department of Oncology, The Second Xiangya Hospital, Central South University, Changsha 410011, China;
3. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: Charge exchange reactions with the intermediate energy can be used to study the complex structure of atomic nuc-
lei from the respect of spin-isospin excitation. By utilizing the radioactive beam line at the Institute of Modern Physics,
Chinese Academy of Sciences, charge exchange reaction experiments in inverse kinematics can expand the target nuclides to
be studied to neutron-rich nuclei and even unstable nuclei. Based on this, a detector system for charge exchange reaction ex-
periments has been designed, which mainly consists of a He gas target, TPC and CsI(TI) arrays, where the TPC and CsI(Tl)
arrays form a AE-E system. Using simulation software such as Geant4 and Garfield++, the operating conditions of the TPC
were optimized, the kinematic intervals and the basic design of the detector for the experimental study were determined, and
the particle discrimination ability of the detection system was investigated. Based on the simulation, the detection system was
built and the spatial resolution of the TPC was measured by using the UV laser. On the readout electrode plane, the resolution
is about 422 pm. And the resolution is about 681 pm in the drift direction. The performance of the TPC is sufficient to support
the track reconstruction of the secondary particles of the nuclear reaction, and in particular, it is able to achieve a high resolu-
tion of the scattering angle.

Key words: detection system; Geant4; simulation; charge exchange reaction
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