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Abstract: The time projection chamber (TPC) is a critical component in collider physics, dark matter
research, and nuclear physics due to its high precision, low material budget, and superior particle
identification (PID) capabilities. The TPC’s main strength is its ability to measure both the ionization
energy loss (dE/dx) and the momentum of particles simultaneously, which is essential for accurate

ionization energy loss measurement and PID. However, traditional methods for measuring ionization
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energy loss, such as charged particle beams or cosmic rays, are not only expensive but also suffer from
low repeatability. UV lasers present a cost-effective, portable, and flexible alternative to these
traditional particle beams. By adjusting the laser energy, the ionization process can be easily controlled,
allowing for precise simulations of different particle momentum. This capability is crucial for studying
the dE/dx resolution of TPC and meeting various physical requirements. An innovative method that
optimizes the probability density distribution of laser ionization was introduced. The method involved
monitoring and adjusting the energy of each laser pulse, which significantly improves the measurement
accuracy of dE/dx resolution. The experimental setup included a TPC prototype equipped with a double-
layer gas electron multiplier (GEM) module and a laser optical path for validation purposes. The
method entailed monitoring the energy of each laser pulse and making corrections to optimize the
probability density distribution of laser ionization. This optimization was aimed at enhancing the
measurement accuracy of dE/dx resolution. The test was conducted over 40 minutes, utilizing eight
effective pad readout layers and retaining 43 000 events. The experimental results indicate that this
method successfully recovers the Gaussian energy spectrum of monochromatic lasers, enabling precise
measurement of dE/dx resolution. Additionally, the experiment involves stitching laser events to
simulate the dE/dx resolution of the TPC at an effective length of 1.2 m. The simulated d£/dx resolution
was calculated to be 4%, which aligns closely with the results of DESY GEM module beam test. This
close alignment further substantiates the effectiveness of the proposed method in enhancing the
measurement accuracy of dE/dx resolution. In order to explore the variables that influence the
performance of TPC, an extensive simulation software framework for TPC was constructed, enabling
swift and accurate performance simulations. This framework yields simulation data for the dE/dx
parameter of large-scale TPC in environments with both zero and three Tesla magnetic fields. The
research is of considerable importance to particle physics. It presents an innovative and streamlined
technique for assessing ionization energy loss, which is a crucial factor in PID, and it also greatly aids in
the energy profiling and distortion correction of TPC. This cutting-edge methodology enhances the
versatility of TPC across different domains, including their use in collider experiments and dark matter
investigations, and it also establishes a foundation for employing UV lasers in the energy and distortion
analysis of TPC.

Key words: time projection chamber; gas electron multiplier; UV laser; ionization energy loss

H59%:

B[R] 48 5% 25 (TPC) & — Tl i 43 HE R 1 SRR
T8 o T 3 I R T EL B e A R R B ()
5 1T L (142 [ 437 ke S BT+ = 2423 A
M, TPC HA LS A0 5% K AR50 1Y Ak 7 AR
GRS B RE T, I BT W AL 7 A PR
BTN =Y ST P VA E o A
YPRSCEy . fEXHEHLICE H, 4 STAR!M, CEPC,
TPC BI1E Sy F2 48 300 #R I 45 76 42 308 3 2 AUk 7 %
SN A5 7 TR A TR B VR s AR S T S5
i CDEXP, Pandal*! 524, TPC #% A T #8105 4 ok
i, PR RO B R AR g & 5 S, X TR
SR R D AR ELAE ™ AR IR GOk T LB

et I & . RRE A AR = O E L i
A, TPC i 4% I FH 14 564 3 W i 55 4% e g W ) 46
Sk .

TPC AE % [F] 0 H o A4 BE 40 2 2R (dE/dx)
A i, X — e Al L H A& O S R 7 45 5 g
102 TPC 8% ) iz W FH R ORI A . PPAh dE/dx 43
PERMME G Tk A 3 Fh, 45 1 Ry B
R F SR (WA F . n A F . KA F), XR R
FH ELRSEE, RGBT SR A5 5 L 52 58 AR 55
o 552 ORI TR, BAR ATAT, (HS
JA R K BB MEARE, 5 3 Py vk A 4
HEAFRIFZE, 30 7 3 18 8 HLRT FH 23 7 5 i) dE/dxe



w3 W

50 25 T 5E SO DN I ] %5 5 PR R R

I T7 5 727

PRI R, B R T E L RUE . 1E
e 45877 vk, TPC 3k 15 SCAE 1 Fi oy ok T o
dE/dx. KT, BT HL B RERL 0 B Bh AR, Hp- 1
E T BB B D0 BE VTRV 7 7, 3 dE/dx
(07 408 52 B BTS040 A1, 7™ 52 ) dE/dx (T 5ORG
BEW), DRI, A S5 B iy FH v 38 8 SR FH AR DR - 34
F5 0 ok 1 7k, IR AT REVHBR BHE o “ K
7 A RS

EAMRBOCA AR T — B U R AR = L
HRWEHRFRERTR. BOCEA S E TR
s e M, AT L Ao R PO SR o 4 T S
AR I ERRE, OB T E 24K TPC
FEF R U251, 33X 86 TPC 40 5 1o 44 #4824 1
HWOLRGE, 2 A0 2 73 A 8 TPC AR N 1Y)
s AL E, WIS B TPC PR 2 RS B Wl .
H T IOG R85 77 A 5 T FORL - B0 A > Y L -
BIFXF, FEWFSE TPC 19 dE/dx S0 BERISE, JOCH
JIRERUAS 7] By it (kL -, DA 2 45 Fh B oK
FE PR I, HAR) KEK B 53 A A 2 8406 %t
TPC M3 o FoE e AT T 012 AT, [6) B, =
VA e R ) BB 9 T 1) SRR g A A A A T e i
FEAMHOEIY TPC MEREMFZE S, SR, T4 4b
WOt LB ok AR A A S B, AR A R B
A 401 R IE 47 R A A% o 7 TET A I P 1 R A5 B3 A0
W% -

A5 38 3 LA AN SE B X TPC i dE/dx i
TTHEARV . B %, FIH Garfield++#1 COMSOL
Z W) B4 53 BT B A A B — > TPC 28 0 4R 1 A
20, BTE RSO, TPC N T A 3t # . T8
13X —HEHR, Xy rRE 1) FL B ML AT AT, O
FFJEXF TPC dE/dx PERERIBIUBFSE . [T, FE T4
AN Y HL B RRE, B — ORI S8 SN0 S
dE/dx M8 (48 J5 ¥, IR S0 58 LSS E Hn] 47
PE o A, R S5 DF 2 0 5 O B R RSE TR Y
TPC dE/dx VEREHEAT B, JT4 45 R S5 4D 8 L)
S DESY GEM H 8 it M 45 S 047 % L o

1 EBEEERAEIGR

1.1 TPC £EHR G RAIELR
FEASARTRI 25 v, 7 F R F B A AR AT 4y

H 3B B B S, RS AR R A i, X

— R E A BENLY, GO RN S A5 SRS R Rl

SR W RE S % B B, M S8 oh (oo i e, AT
L PAT BRI SR A, 124508 B B S B
R SR TP A R B e R, BRI B R e
1A R R, R S T
Hh O RR 1Y B 5 L O SRR BRSO - B X
A7 HURL T HE B BB X 3 N B AR B L

TPC R i 38 28 T35 50 30 1Y | Ay ot 55 30
dE/dx 5, X FHRI 250145 B B8 1 1 PPAG R H
T G A 5 PERAE N3 pad RS
SR BREL, PTHES AR i 2 KA TPC 4RI 2%
I3 BEAR DN (B Ry, (Y0) Y2236 24 2101

Ragjax = 5417 (D

FHerbr, L(m-bar) /& Nompie Loample 5 177 BTN, Sy i)
WA K E, 50 S Nampe A1 pad K/
Laampie A Ko

SR X HORE - 4 HE R O AR AT UR A B A, IR
I XF TPC 1Y dE/dx 43 BFREHEAT ORI, ARBFSE 3 T
CERN JF % 19 Garfiled++E 5 % /4011 i COMSOL
Z WG A, S T —48 TPC 2RI
WFFTHELR, TPC PN 32 ZE 4 B aod A R B 4DUHE 42 119
RN 1R .

B3 LA 4% 0 T TPC LB L RS | {44
DL R R i 4L, B S R dE/dx B335
X T TPC HERER 43 7. Garfield++4& it
Heed # [1, HR 0 2 PAL BB 4 B A, 7] 1]
TR fOR TSR TR A RE R, IR AE TR
R T S B RSB T B 2 RS .
I, H BRI RS 1 B A IO T Garfield++1% B 4%
B E . T2t R 5 PR 451, A B
AT BRI BRI 9 T FE AR K
SEEFE] . SR, FSEE SEFH Garfield++Xf GEM
B EAT L3 25 B, SR 5 R 2C(2) 19 Polya
ST LG, TR R f AR S i B A
01"(11++90) Ggoexp {—(1 +9)G£J 2
2, Co 8 Go o B HL 11 45 43 A1 17 2448
O N HE Polya 4340 77 Z IS H. A5 HAER 43 BB
R O 5 SR — B, B BRAT : H e
JH COMSOL Z ¥ #1375 43 7t #1 A% % b i RS (1)
CERN GEM #E{7 8 #, GEM 1 R ~F FlE 25 5 5256
BB AR . SR 5K COMSOL fi# ¥t 5 Y Field SCF
Fl Mesh S5 A Garfield++5¢ 15 SLiE 4, 35

P(G)=C




728

Hi59%

2 -3 - D

Kerfe
TPC P Y 2 224y PR AR R AR DL 1 AE 2 P A DL T AR

Main physical processes within TPC and simulation process of simulation software framework

AL
1
Fig. 1

PR R RIS, PR B 5 S0 T LAY 3G 25 1 300,
Kl 2a. b 5ln i 7 FFEL L double-layer-
GEM #E 5 J5 i %5 38 n R, DL OB 45 31 1Y
Polya 731 FIULA& S 80, TERAFRESL T, B T AL 4L
BEIMSH, FIH Polya FE LS Hfk . HLF7E
$3K132 H pad J5BLUCER , X EEAE 5 &00R L BUE .
UEUE, S BB . X TR RS T A
BB, RISEZR S 2l 100~300 LSB, HL 2415
7524 8 LSB, I ey i A S B X 12 3 AR A AL

0.8
0.7
0.6
0.5
0.4t
03}
02}
0.1}
0.0 =
-0.1
-0.2

z/em

0.00 0.02

x/cm

—0.02

& 2

3000
2500
2000
=

= 1500
1000 F

500 F

0 .
0 2000

E
- 0 - I
iy

12 dEdxERZR

T HRAHESR, BT 2 000 55 20 GeV |
K BiF7E T2K(Ar : CF, : iCH,,=95 : 3 : 2) S 4k
NIRRT A dE/dx LS R . Aieil K
FE2h 1.2 m(QE £ H - 48 B TPC R A 2L
KB, pad ROT 535 E —2, ' 1 mmx6 mm,
It 200 4 RAEAT . & 3a 5 T AWTRTAR)Z pad I
WL RO o A (UG hy 3 T /3%, IS LS
SRR SE ML, HAE 2 pad FLFAGR (LT

1299
585.8/459

3 852.0+9.9
0.490 6+0.003 9
1295.0+2.1

6 000 8000 10000

4000
Bk

HL T 2230 double-layer-GEM A5 HL A% 44 7% 7 8] (a) F1HL T34 4345 1Y Polya #14 (b)
Fig.2 Schematic diagram of electron multiplication through double-layer-GEM module (a) and

distribution of electron multiplication fitted with Polya function (b)

160 b e
140 F AR 2000 160 B 2000
#lH 2.009¢+05 140 - oI 1.126¢+05
+ brifE % 3.759¢+04 bRz 4701 3
120 Frift 2 i 6
Zdf 99.25/61 120 2hdf - 27.55/30 N
= 100 HE 76282260 =100 | T 1710448 S
= 80 e[ LI 1.783¢+05+5.068¢+02 by FealJUE 1.126e+05+1.057¢+02 5 5t
kit ez 1.005¢+042.707¢+02 # 80t e 4603.0£75.6 Q
60 60 - =
40 | 40 4F 0T
20 - 20 F 3T
0 1 1 ] 0 1 I I J 3 1 1 1 1 1 1 1 1
150 200 250 300 350 400 450 500 80 100 120 140 160 180 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
4 Bpadi, T-41/10° 4 Epadi T-41/10° Kt Ok B L Gl

P 3 BUNTHT () RIS (BT HL A A HER 1S 30% ) (b) 45:)2 pad HL T8 2314347
DL AR WT B dE/dx 43 3 3 B 5 i (o)
Fig.3 Pre-truncation (a) and post-truncation (with truncation ratio targeting the last 30% of data) (b) statistical analyses
of pad electron counts per layer and effect of varying truncation ratios on resolution of d£/dx measurements (c)



w3 W

50 25 T 5E SO DN I ] %5 5 PR R R

I T7 5 729

faf &) B AR A AEE I iy “ KR
o

FE 53 BT L Y pad AR B Y L Ao I, SR AL B2
) dE/dx B, BG4 2 52 1 pad B9 HLF 50U,
T L HE P SRS B T2 8 7R R “ K
B2 SR i S e e, 6 48 W S Y BV K pad )2
Bgiit, 153 dE/dx BBUSE R, anlE 3b s,
W L 451  THFHES S 30%., oAb, AL T
HAZH 0T A3 T #37F A [F BT L1 4 1k,
Wl 3¢ firn o AN AR BT LB Y dE/dx 73 BE SR AFAE
B 22 5, AR TR B RE AR EL RN A B AR A
MR SRR . 0 T 13 T FAY dE/dx 433K Y
TEHBT S 30% KA B B AUE, 53518 5.31%
4.08%.
1.3 ESMECEB B EHLE

Nd:Yag #0645 (266 nm) A A HOGAT (337 nm)
JE AR 2R H I PR EOGES . T RNk
6 19 Bt F RE I AR S Y AN B
i, RIHAE 5 SMAAH EAE T, BOGF H 8 ik 32
T AR AR g A TR AR E B
) Fe A L B R, B0 Ar(15.7 eV) | CO,(14.4eV) |
CH,(13.1eV). 266 nm F1 337 nm #OGH FIfEE T
et (4390 7.36 eV Fi1 9.32 eV ) AJIAS J2 DL AT 3 2
TARARR R LB . BRI, 55O T iE it
XU T H B A AR L B TR SR T i A PL 2%
A, W 2R (8.82 e V) HIIT 2R (8.96 V), i ™ A
R 1 SR ) FL U

, %R dE/dx

2 FAZIMHANERBRIRBFE
T2 B2 b, SR AN O B 00 38 H B
JE 2498 JUA S /N LB RE T (MIPs ) 214151 D) DG it i
Vi FL -2 (0 Bh A Tl 2o 7 A T SV A 3K
JEARIE, AT SIS TPC 4238 A8 B Wl . 2R 412k
TG 78 R g R vk A AT P, I N R
PRI 2%, F7 5 & TPC WAS A fE A T Bk 48, R
1T, H I OGS 2 A BA 3R ) FWHM
FZE AL A (Y 250, AN BOL — EHAREH T
RE M S RIBIFSE, U0 dE/dx 20 P2 B . 78 SR
5 v, Sk 14 43 A B LA S 2K B A A U
5T & SO FL 25 00 23 BE 3 SO REES B o B
Lt A] JLIE (MPV) 2 25%, X JT & RE 2 A S #F
GURGBERJE o B, 5 $R B — ROy 2ok BRI O

LB I Bl R S
2.1 HAEBEESHHIEILES

FESCHR [15] o, SOG H 2 B 58 %% B2 43 1 ik
LA 53 A, A 3K 55 0 4 3] 7 288 11 3 8 AR A AE
woE . P, NS EXTEOGHE BT iE S, B
WS TSR G A R R B
JCAHEAE I AALHE SOGF R B . 44040+ IR
TR — 4 X REALAY 2 A2, X 5 Bk 5 U
J R AR ] o XA R L 2 A ARk
IR

A=1/(N¢*c®) (3)

Hr: NRARFF IR ¢ ot FilfE; o®
XU W SRR o R W MAC T 2 A ST e AR
TR AT AR BE LA A2 A0 22 1) 4 A1 1 A 570 F
L[] BTE A 23 AT

k
P(L/A,k) = (Lk—/f) et 4

BRSO F WM 77 A — > B, il R
H5MWWHEAER S RARKAR (B F-5F
Xof ) Az R B 4 0 R OB AL ) B o AT A
R AE A A FE A HL B R B N A VAR A A
ERZHEE T, WOt S ENE TR T
100 em "1 SXRRAF LT, A 23 A0 °T s o A
R -

22 BHEERE

PRV HE S OGBS 0 & A 5 2 BRI A Y
KB AR 22 5, X Fh 22 7 F 2R IE T ROE
AE 1 Y I 3, 36F Bk v OGBS SR U AT S AR . e
RIS A3 3] T T2K SRR HOLRE R B E S
BB 12 ] (R R e R U2,

I =98.38E>¥ (5

HRAE 2 (5) By Ak, B /N i 0 e o % 2
] B8 BOK Y H 2 i 3, IR L e i i 2 1 24
BOm OBk th BT KA . Nd:YAG ok
AR AR AT IA 15 mJ, 1 A0SR RO B T TPC
ST, WO I HL B 9% I R A A Y T 1~ 2 MIPs,
RIAE em 7= 42 100~200 AN JF ) HL T, BB X6 B 11
BOGHE R AE 1~2 wl/mm?, 306 HE & 1 B ARt
H4 3G IO Y R S I 2, BT R e O L S
I AR 22 S AT I SR s BRLRE IO 1Y PR B A R
Gy AT BT s WA A, BT O e R R D%
By, VF 20 N TR [ e = 00 R T A S, 53K



730

FETRERAHAR 5ok

062 75 3] 9 R, 9 1 S I S AL U3 43 A R A, B
A B KM FWHM. B IE, 40 fe st & A4~ 0% 35 4
XoF IOE F) KOG Dk o B8 B R AT 0 S, kAT A R (5)
25 WA O RE R O O R, DA
WG 2 B8 58 L, 8 TR PRLAR SO Y L B
REE, XA IR FCON B E AR IE . S I IE 5 A
S fiE 2 AT U D K 19 FWHM I 5 3 2 55 dE/dx 43

Nd: YAG #t%

WETES
ik
S1 2
I =
) sk

3 XWEE

SEUG K FH4E i double-layer-GEM i3 ) TPC
JE AL IZ 7 VA BT SR R UE . R DG R
GUik A Ry & 4 BT o fdf FH %2 Quantel 28 F] Y
Q-smart 100 Nd:YAG OG#S, %%k 20 Hz, ik o
FRELEFH 2 5.64 ns. WOLR M HAE N 4.55 mm,
SR KB A 0.52 mrad., OGHK b RE R R KN
20 mJ, e A .

BRI ARG

7
— -

K4 RIS FOL: RGN AR

Fig.4 Schematic diagram of detector and optical system layout

G R G, WO Seb—A (99/1)#4r I 5t
iR, DLt BE i, AUDR B 1% 30t ko
et SRJE, WOGE ST BN AH R RO . AN
B FH T OGO o R OB B R ST g N &
0.8 mm, 7E bR 2 [ 1A 3 £ 9 RBE, K =
WrgOE R A EBER ST 9 R 2 2.4 mm. JGH-9 R
5 - ' DR 3K R 25 4, T i — 25 R U bk v e o, [ R
WO R B, RIS RIS iR, OGE
AP O AR . a5 — A
TF s = 5, 6 AR OB RE & 1T (Ophir 28 /] 1Y)
StarLite) Il i . JCF ORI 24077, M50k
IR e SR R, TS SR [16].

S R AR TR Y T2K AR T
PRI R AL 128 A2 pad, /M 7E 12 J2 B2 HH 5
JCH, FEABJZ LA pad TR BEAE T (& 4 v aE] {3
). B4 pad RS R 1 mmx6 mm, #OGTH
pad KB 7 A . SRR EERS K A 73 mm, JF
WA PIAS A S LR OGS AR N, BT
Wt 2 JEFR1E CERN GEM #E47K. GEM A
AL 100 mm> 100 mm, [7]#E4 140 pm, #hL
R=FR 70 pm, B2 GEM Z ARl 2 mm, 2

B X A i DX RN, DX 1 R 1 43 31) a3 P 22 3
HL YR 22 45 (CEAN SY5527) Jhsr flk el . iy i L 12
i F CASAGEM ASIC its 5117, &34~ ASIC £ %,
16 /™38 18, 130 18 0 55 250 48 75 1L faf (ENC) /T
2000, ASIC HY34 25 FUSIE RN AT . 5256 vh, Gl
T X OGAT 5 F1° Fe SR UR B I, e AR $F 1%
B A 20 mV/fC Fl 40 ns. £t /i B K 2% B9 L
KB EREE, EoEMm2BHERERS
(DAQ)US), Jf-F 40 MHz A b RAEEHEF T8 71k o

TEAT 5 b B, 78 B8 SO b sz g Sk g
FEHEATEE X 43, ARAS T I 52 B[R] 45 B AT
5 B B 5 s i — B 3O, DI Y 1%
A T T AR A A PR g 2 1) B8 AR A 1 OE L
KFR o TERAEH A5 B, SRR (% 0 1f AR i
AR KAE, BEAT R AR SR AE 451 % (40 MHz) AL
R H (12 bit) 7E RO I 5T ARy 2E . eob,
it FH e TE FR R AR W 47 £ 5L 348 WTOR B AR LA 5 1
W E B o B SO I R S 40 ns, I TE
(9 1 AT 24 200 ns, T FEHT 2 400 ns. A3 (5
SR BRRS BE T H O AR A Y L R R T LS
PR IESE . P, 5256 vk B (R AT AY 10 >R



w3 W

P A+ T 58 AMBOLIN I IR0 52 = e B RE B I O 1A 5

731

FE (250 ns) AF S TR &R 43, WE(E IS 1Y 21 >R
FERL(S25 ns) MEDN TR U RO o o, 55 n]
ik 1100 AN KA A0 (LSB) , 1 3 28 e 74
Fil7E 100~300 LSB Z 1] . JHeAb, 418 i A F- 1
HL I 75 7K F- 24 8 LSB.

1000 |
A 800
=2
i
600 |
-Mil
400
200 ™~ 7 T T T
0 20 40 60 80 100 120 140 160 180 200
PR
Bl 5 ST

Fig. 5 Typical laser waveform

4 FERESWH
41 MiXIRBRER

W E] R 40 min, 32 5% 43 000 >3 471 DAL
JE ST AT o PRI 2% A3 25 30 0 SF e YR EAT AL,
FEBEE R 1300, KeHEFER I T —LLFEiMIHE, 5
S 1) H5C A Ak B ep R v ] 8 J2 % S22 Y pad i

450 F 2

EEFEE 5318
400 | kRt 19.9
350 2ndf 89.99/62
300 F ptiEl 399.5+3.6
g 47.85+0.25
ﬁ 250 e 19.49+0.34
200 |
150 |
100 |
50

20 40 60 80 100 120 140 160 180 200
434 | pad B i /fC

& 6

P8 . AT BRI R, FF L RO
% L O Ik b g i AR DA R p, RE R
T3 Ao 9 A A 4 B A AL, G0 SRS BOB K
PR REE . OGP AR TR i RS S —
4 F) DAQ R 4t, H FHMIHOLH B 55 ik
£ ) — I BRI e T A A, DEsREOE
figdt o SRR H AR T LR T2 I
S 5 g f T HC S PO K v g 2 R AR R TR
A FERA A XTI 56 R

I3 A R ey, A7 2 43 O 90 1 ok o g
T B MEE R, S5 ARKIRE . FIEFIFOLN
BT IE AN E s — AR AREKN “KE”
PR b I A SR A% 90 1) A T ST 283k, i 2 R FH 5 491
0 B 1 7 ¥, T BE R AE [u—o, uto ] JEE N
PO O a0 SR R D T2 33%
e, MR (5) X S Bl 2 () 3850 H 28 B EA T
RIE o & 6 7 2R AT 30O RE HE A 1F R =461 i %
B, WO B3R % B A A i AR Ak . A AL E
R 38 S, WO LB o3 A S 0 S 0 A R AR
A R AR T SRR O 1Y S B IR N = 4
i o dE/dx 438 R ] 3 i T A 0 RbR o 25 B
Wi, fH 4 (13.60+0.06) %,

800 | b
200 L B 41.86
FrifEZE  5.942
600 | 2ndf 330.5/105
500 L i 795.3+5.4
= WiE 42.74+0.03
& 400 | k% 5.8190.024
300 F
200 F
100 F

10 20 30 40 50 60 70 80 90 100
7| pad B 74 it/ £C

& TE R (a) AA T K R A 2B TR (o) WOLHY HL B 53 A7

Fig. 6 Distribution of laser ionization energy spectrum before (a) and after correction (b)

42 SH5ITR

W25 L R W, 28 Be 1 IE 1Y O RE IR 2 5
REWOLH R i g . S BLTE KRS TPC
BT, AR T2 T SCHR [19] ik iy 7 12,
T K — RS P Y 22 A OGS ) AT DR, A
B A 2L pad 2R FE] . XA A ROE N
T E2) A RO B, DA AT AR R RS Y
TPC ¥RE5. A, A5 dE/dx 43 H 5 0 45 SR 41

e RARFY TPC, 52505 1 FUE I b 28 77 7%
555 4.1 bR AR ]

7 VRS R T 38 0 3 ] PF 422 7 TR B ()
A S BE B TPC I 3RAS 14 dE/dx 43 HE R 1 AR 1L 4
o 2 SUARERP I EOE SE 6) PF R BLLS 19 45
B, R BEE PR S RO BE 3G, dE/dx 43 BE
RAGE BRI, X 5HS WA A, ek
WA T Sk [19] H 24 F DESY GEM ik 7E



732

FETRERAHAR 5ok

| T #ed R AT AR IR B P 25 R . X L
P, A S 2 A A B f B U5 (], (B R b
T7IEAF BN dE/dx 43 HE S AT R0 B 388 in i B AR
B A AR — B, X UE T 5 D 5 vk e AR
TPC PERE J7 I /Y AT S MR A R0ME . A TE B
S, H T A R 09 H B AL RO F B AL =2
B A7 A6 22 5, DL R v ks 1 [ 10 L B R iR 22,
WO = ) BF 42 00 45 R w0 T A I 45 2R
U, 7EXF TPC it RE HEAT A SE BT, T A OB 3
BB Ry SRS B AL T B . AR 5 19 P 25
IR, 24 TPC AR R 1.2 m, HAfFH 1 mmx6 mm
(R332 Y pad HLICHT, dE/dx 73 HERAEIK F] 4% (17K
o ik — S5 AR ST 0 DR T A 09 5L H
P, oAk TPC M iH AL T EZ NS

12k © WOt BIBE AL,
+ DESY GEM féithe

(dE/dx)/%

0.0 0:2 0:4 04‘6 0.‘8 l..O 1j2
TR A /m
B 7 WOLDHER A EISE R 5 DESY GEM B A i
SRR R L
Fig. 7 Comparison of simulation results of laser concatenation
events with DESY GEM module beam test results

BT EIMEOC LT R, Ll RE R
1EJ5 A SR O L B RE T B 08 W 3 $ S dE/dx 1Y
MRS BE, 7T M (40.70+0.74) % DAL T 2 (13.60 +
0.06) %, WAL, d 1t R FH = 40 P42 10 07 12, BEXS B
KISFF 8 dE/dx VEREFEATAG .

5 ING

AR BIF T 38 A A S AR 2 A T, TRA
PRUT T TPC Wiy F B B0 . AR E4DLT 5% 7 1, 3@
1f e TPC AR FAESE, SEBR RS TPC Y
P R A DAL BAUGER BOR, fE 12 m
BB 1, 200 A RAE S dE/dx P HFRAEOT
M3 TR F 490 5.31% 1 4.08%., AR EHF5E
V38 o R G R R, i — 2D 4R TPC oAby 3

S0t S ORI A BR85S, O o i i
BT RSE, 4y R R RST R dE/dx PR 3T 58 45
Ho FESLETT I, H TR AMEOG R RO T R E L
i, BT R B dE/dx 0k i g I i
Ot bk v e B DT AR E FL B RE T, WA AR T ROER
B R R SR, e ST R B REBRE
BRREHEDN B, SRS R R, 2t BB R IE S
() L RE O B B BB, HL dE/dx T B ORS BE WE AR
=, M (40.70+0.74) % AL % (13.60+0.06) % [F]
B, SR R D2 WL UG T 3RS TPC 1Y dE/dx
PERE, 2§ TPC AMKELF] 1.2 m HFEH 1 mmx
6 mm ()52 1 pad B ICHT, dE/dx 43 FE R H AT Ik
4% ABIEFE N S AMBOLHE TPC RE 1t 58 i 19 1
FHBEE T IR SRR, IO AR T KRR TPC #%3
BT SR T EEM S E . Ak
ORI A TR AR B S0 AMHOG Y v B A DL S B4
W g5 Ae e R R L A A T BTE R Z2 35 TPC
B2, DA SIE B0 v i 0 RS R R RO Y
p

)

l

"

pussiyd
[y

S5 k-

[1] LUDLAM T. Overview of experiments and detectors at
RHIC[J]. Nuclear Instruments and Methods in Physics
Research A, 2003, 499(2/3): 428-432.

[2] GROUP T C S. CEPC conceptual design report: Volume
2 - physics & detector[EB/OL]. https://arxiv.org/abs/1811.
10545v1.

[3] CAO X G, CHANG Y L, CHEN K, et al. NvDEx-100
conceptual design report[J]. Nuclear Science and Tech-
niques, 2023, 35(1): 3-9.

[4] LI C, FENG C, DONG J, et al. Design of the FPGA-
based gigabit serial link for PandaX-1ll prototype TPC[J].
Radiation Detection Technology and Methods, 2017,
1(2): 25-31.

[5] WIECHULA J, Alice TPC Collaboration. Commission-
ing and calibration of the ALICE TPC[J]. Nuclear Instru-
ments and Methods in Physics Research A, 2009,
830(1/2/3/4): 531-534.

[6] WILLIAMS E J. The straggling of B-particles[J]. Pro-
ceedings of the Royal Society of London A, 1929,
125(798): 420-445.

[7] KOBAYASHI M, YUMINO K, OGAWA T, et al. A
novel technique for the measurement of the avalanche

fluctuations of a GEM stack using a gating foil[J]. Nucle-


https://arxiv.org/abs/1811.10545v1
https://arxiv.org/abs/1811.10545v1
https://doi.org/10.1007/s41605-017-0024-0
https://doi.org/10.1016/j.nima.2022.166872

WOBLAE B TR ANEOLIN N A 5 i R R

1977 35 Bk 5 733

ar Instruments and Methods in Physics Research A, 2022,
1039: 166872.

YUAN Z Y, QI H R, CHANG Y, et al. Performance of
TPC detector prototype integrated with UV laser tracks
for the circular collider[J]. Nuclear Instruments and
Methods in Physics Research A, 2022, 1040: 167241.
SMIRNOV I B. Modeling of ionization produced by fast
charged particles in gases[J]. Nuclear Instruments and
Methods in Physics Research A, 2005, 554(1/2/3): 474-
493.

HAUSCHILD M. Progress in dE/dx techniques used for
particle identification[J]. Nuclear Instruments and Meth-
ods in Physics Research A, 1996, 379(3): 436-441.
SCHINDLER H. Garfield++ user’s guide[OL]. [2023-
04]. https://garfieldpp.web.cern.ch/documentation/.
CALY, L1Y, QI H, et al. Investigation of UV laser ioni-
sation in argon-based gas mixtures with a Triple-GEM
detector[J]. Journal of Instrumentation, 2020, 15(2):
T02001.

TOWRIE M, CAHILL J W, LEDINGHAM K D, et al.
Detection of phenol in proportional-counter gas by two-
photon ionisation spectroscopy[J]. Journal of Physics B,
1986, 19(13): 1989-1996.

[14] LEBEDEV A. A laser calibration system for the STAR

TPC[J]. Nuclear Instruments and Methods in Physics Re-
search A, 2002, 478(1/2): 163-165.

HILKE H J. Detector calibration with lasers: A review[J].
Nuclear Instruments and Methods in Physics Research A,
1986, 252(2/3): 169-179.

FHFR, FOMEE, XL, 55 IES AR ARSI A5 P 22
JCHR AR5 RIS )RS BE SRR ST (1], A HL2 4R, 2019,
68(2): 63-71.

WANG Haiyun, QI Huirong, LIU Ling, et al. Signal and
pointing accuracy of ultraviolet laser in micro-pattern
gaseous detector[J]. Acta Physica Sinica, 2019, 68(2): 63-
71(in Chinese).

HE L, DENG Z, LIU Y N, et al. Development of a multi-
channel readout ASIC for a fast neutron spectrometer
based on GEM-TPC[J]. Chinese Physics C, 2014, 38(10):
106101.

HUANG Y, GONG H, LI J, et al. Development of the
readout system for a time projection chamber prototype
[J]. Journal of Instrumentation, 2019, 14(1): T01001.
EINHAUS U, KRAMER U, MALEK P. Studies on parti-
cle identification with dE/dx for the ILD TPC[EB/OL].
https://arxiv.org/abs/1902.05519v1.


https://doi.org/10.1016/j.nima.2022.166872
https://doi.org/10.1016/j.nima.2022.167241
https://doi.org/10.1016/j.nima.2022.167241
https://doi.org/10.1016/0168-9002(96)00607-9
https://doi.org/10.1016/0168-9002(96)00607-9
https://doi.org/10.1016/0168-9002(96)00607-9
https://doi.org/10.1088/1748-0221/15/02/T02001
https://doi.org/10.1088/0022-3700/19/13/010
https://doi.org/10.7498/aps.68.20181613
https://doi.org/10.7498/aps.68.20181613
https://doi.org/10.1088/1674-1137/38/10/106101
https://doi.org/10.1088/1748-0221/14/01/T01001
https://arxiv.org/abs/1902.05519v1

	1 电离能损的模拟研究
	1.1 TPC全模拟软件研究框架
	1.2 dE/dx重建结果
	1.3 紫外激光的电离机制

	2 利用紫外激光测量电离能损的方法
	2.1 激光能谱分布的理论推导
	2.2 激光能量校正

	3 实验装置
	4 结果及分析
	4.1 测试过程及结果
	4.2 分析与讨论

	5 小结
	参考文献

