55 53 B 4 1 T % IR Vol.53 No.4
2024 4F 4 H ACTA PHOTONICA SINICA April 2024

5] H#% 20 : HUA Xiaohong, GUO Yuliang, YAN Tianmin, et al. Time-stamp Camera Centroiding Algorithm and Dissociation
Electron/Ton Momentum Distribution Simulation[ J]. Acta Photonica Sinica, 2024, 53(4):0402001
W R E R T R R, S5 . I AL PO Sk RUg B i 7/ 8 T ahid o A [T ] ok 12241k, 2024, 53(4) : 0402001

[ ) AR AL PP O G300 e B W 1/ 1 Bl i
oA B

FBE IR R ARR, EIR AR, R
(1w R} 2 B T e S WF 5T e Tl 38 S 9 P s, B3 201210)
(2 LIRS R MR 5 5 R 4B, [ 201210)
(3 i ERFAE BE KA, b st 100049)
(4 BroT E R g, £ E H5 45 60439)

W E DG ATRAERBRENTRBET/ BT AATEHNTE KR ET/BTHZ oA ASE
B, A xt Bt 1] B AR AL Tpx3Cam £ 3 & 5 M BAL T A LG A AL B A, LR TER T & HF
HATHPCHE, BALRI T, REGPOCHEETUARI A AR ZTRAORELZ, L0 F
EEMARGHNOIRZF , FATETHES RGOS EERGE ., Ens S e T BN, F(1,1)
W BASRIE Z R RIS Fok B T AT TR S F |63 2 o PRI A 3000 4 B A R
AN kAT A ES>HARA LN, AN, ELAFZTARTFREALT S COSFESREZHE T
HATE BT Z oM SR F S SR RN B C A O # KB

KRR« B ] AR R F T e BT IR AR 5 PR R AR 3R R R AL

FESES 0433 X ERFRIRAD - A doi: 10.3788/gzxb20245304.0402001

0 3|5

A FRHL OGO OB B R R RGP B E B R kbR AR (A E AR, 7R R
T3 T RN Ak B, Bk A A 5 A A 2 0 B, S ) i R & (Velocity Map Imaging,
VMDA 45 %56 B A SE = Wk 7 0 e % . AxE PR E M0 T R M YEiE R 2, iy
2552 R 5 43 - [R]85 38 09 A6 288007 % (BRI B 65 T 4 -0 s LR 0 RAT R DA S .
£ 58 VMI J& MCP-7%¢ ) it (Phosphor Screen, PS)-CCD A1 AL B AZ 455 X, 18§18 2 wp 2 7 2h 1= 3% AL (Cold
Target Recoil-ITon Momentum Spectroscopy, COLTRIMS)" " [t , & — Fl o & 20 0k 7R R 4t , e &5 2
Bk e B PP BCR B B T R s MR XA R G A R 2 — T IE S E S IR
B A% i 2 L AE A . (RAR GE g CCD AHAILTC 15 48 B — A 8 50 R I 9 B A B (5 5 1 RAT R RIS B, H g 4R
HEFRI 25 - T A 2 o A {5 2, DR DASRAS AT B A e 2 = 4R S i A o AR T DAXTARALR AR B —
Y 57 B 53 A #EAT BB DL JR A8 4 (Inverse Abel Transform) AL 13 Ji = 4k %5 8] 43 At A X 5 1k 220K
AL 1 S0 25 18] 53 A W 25 H A A BR AR LA BRI % Bl 06 200 A7 T 0 - T PR IHORE T R A s TR] 3
AT AN T 2 33X 28 5 R i A R, R BT DL R AR 4y RO PR .

Bt 5 A AL HE AR B & 8, HoA B ] B0 BB A TimePix R 3 A ML HEAE |, 61455 558 19 Tpx3Cam, FT 1 T & 48
CCD MM Ry BRAE o Tpx3Cam HA &35 1.6 ns iy i I ] 43 FF 32, W] D4R (I 44> 2y 7 48 3% (906G A 1 ) F o
5 B B R AR A HURL T A () 08 (y) 8] (o) = 450 A1, DR AT DAAR 98 3 2605 18 3T 55082 7 1 90 4R

E& TR : BK AR 3E4 (Nos. 11827806, 12174284) , 8 K H AU SERIMIF 58 & i€ 114 (No. 2022YFA1604302)
FE—1EH JEBE T huaxh@shanghaitech.edu.cn
BIAEE V1 E W, jlangyh3@shanghaitech.edu.cn
Wis BH#:2023-09-23; RAHE 2023 1124
http: // www. photon.ac.cn

0402001-1


https://dx.doi.org/10.3788/gzxb20245304.0402001
mailto:E-mail:huaxh@shanghaitech.edu.cn
mailto:E-mail:jiangyh3@shanghaitech.edu.cn

T o AR

=4 oA JE A A MRS 0 S B T 2R S B U5 22 0 . Tpx3Cam (9 B, 9k b 1 1%
45 VMIN B A B[] 2 B 09 25 e, R ik iy T 1732 i 38 PR 7845 fRE 4800 O 98 D0 45 0 Bl A A il 6
T

{H /& Tpx3Cam £3 i 3| — L2 FL T AHHLA 5 (14 0] B, 5% 0 10 53 15 5 %9 B () R 25 [RDRG B2, 491) 4 Bsf [ 47 26 25007
(Time-walk Effect)"™ 1 1 #£ % ( Cluster Effect)™” . B [81 47 3E %00 38 AT E 78 56 A /9 TAE 3 18 T ok
EU L Y B A R RN 1Y 25 A Ak D B3 (Declustering Centroiding Algorithm) 7 2008 4F
JAKUBEK J 4 5E T 148 TimePix ity & ok, T3 o b 748 i TimePixth i 7 £k i P 0EAT — 4k
Wil G UL T4 b 7 B R 5 B IR AE R FRE B R T 2 000 ke V IS AL N SEEE T @& F 1 pm 19 AR 3 7 BF
(Subpixel Super-Resolution) (4 2 R 55 pm X 55 um) . Bl J5 3 2 ) L A R AL b Bk ki s, s H T
AN T 1) S 36 2% 4 RV BCHE A BB R L (R H G BAT 19 H T TimePix 2 F0 A ALY o0 B0 25 480 2 4 IR 3 250k
I B0, RIEESR A 5 22 [B) AE A 8 b B AR IS, 76 3 00CR A g ) sl AT A7 A 3% 0% AT E A7 U

h T DX A () 8, T Tpx3Cam A HLYE B AT H O 832 AR ATT 4R HE A9 RF () £ 8500 08 1 30k FRAT)
TR T —FulE TR & TR AT AT 0 SR T RACR S AR R B ae ) EiR S
Tpx3Cam [ MR 53 B 0 5] B 45 & 1 X5 5 A B )47 28 28002 A8 1E o R SIMION B4 X 38 B2 i A5 318 A3 1)
HL R - R D ok 5 AT 8 AT T AL, DA 3 LS SRR O o O SRR R AL A A 1A
2 250N 1 R RO AT BL R 04 8RR R A R AT 25 AR A AL B 6 L rh o A AR BRI JS B R /R R L
G3AR /AT I TE] 3 A JR v i AR A B TE O B X SEBR S g TR Bl i A BRI AR T ACR . XA R T R R R S
TG O BB AL P 25 43 A EAT TR AR O B XS B O 25 e B AR I o e R O B GE T
HTHECR R BT T e

1 W EITERNS @A %N R IE

XF T Tpx3Cam K, 15 5 K 4 HA GE RN, W& 1, 20 60 F 4 40 il 2 357 W6 4 [ i 21 55 4 HLAE B
AR 58 B W {E 1 A5 5 (Ve Ml V) o X6 5 78 52 bR B3k 1] 18] (2,) HKE Tpx3Cam £ & E% , 2R )5 15 5 ¢
28 3 — AN [ % 1Y ik K JE ) (Time for Amplification, TFA) 22 Jg BoR™ o {55 58 B 78 I 18] 2, &b 1k 204 {5 , 3F
e — 5 B I 3 42 3 00 M MLIC 5% 19 15 5 B 3K B 1] ( Time of Arrival, ToA) AR J& 4, 1Ml J& {5 5 8 & 48 i
B Vo Z] . B S iR ESRETE Ve L EE S A SC . ToA Ml 4, Z IRIAFETE R R 2 0, 3X A~ i ]
22 1 K/ T05 5 10 W (8, 3K P B0 2 9 Bk Ry B TR A7 A2 800 o Pl 1 IS TR A7 2 8007, AR ML G S3% A 3] 3K e ) 22
W T 15 5 00 S5 B B Sk B 0] o AHALIC S ) 55 — A4 5 st 1] A1 26 i) & J& 3 B (8 B 7] ( Time over Threshold,
ToT), E#m{ES knlE it B Vi ERZEHE . ToT 515 5 MM 2 IEH K (V) , X B E ToT #k, {F
SR . S — 71, ToT 45 8 S Ml 56, ToT Mk, i ] ZE 3R o B/ o 35 T4 5 2 3h A% RS I o 1 i s )
R AR A FRATHR R T — A AR s 2, 7T LS A

Y
=7
1)

B

/ & VSZ
y

7 ‘.

-~
< ToT,

\\‘\/d
<& ToT

1

Time

Bl AANTEBESLFET AR RS2 % A B 8 E L

Fig. 1 The time evolution of intensity after signals of different peak intensities arrive at the camera sensor at the same time
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Fig. 3 Time difference distribution of adjacent pixels from the same clusters
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(c) Simulation of the electric field of ion lens and the ions’ flight trajectory in SIMION
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Fig. 6 The photo and SIMION simulation of ion lens of velocity map imaging
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Fig. 10 Schematic diagram of the densest signal area
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Time-stamp Camera Centroiding Algorithm and Dissociation Electron/
ion Momentum Distribution Simulation

HUA Xiaohong"*’, GUO Yuliang"*, YAN Tianmin', 1.I Shuai"*,
WANG Xincheng’, JJANG Yuhai**
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Chinese Academy of Sciences, Shanghai 201210, China)
(2 School of Physical Science and Technology, ShanghaiTech University, Shanghai 201210, China)
(3 University of Chinese Academy of Sciences, Beijing 100049, China)
(4 Argonne National Laboratory, Lemont 60439, USA)

Abstract: The time-stamped camera Tpx3Cam is a cutting—edge tool for exploring atomic and molecular
dynamics, enabling the detection of photons, electrons, and ions in three dimensions with an impressive
time resolution of up to 1.6 ns. Despite its advantages, Tpx3Cam faces inherent challenges, such as the
cluster effect. This effect compromises both the temporal and spatial resolution of data acquisition while
significantly increasing data capacity, thereby posing obstacles for subsequent data processing. To counter
this, a method, known as the centroiding algorithm, is crucial to mitigate the cluster effect’s impact,
enhance Tpx3Cam's imaging resolution, and reduce data capacity. The current centroiding algorithm
efficiently eliminates unnecessary derived signals within clusters and accurately locates their centers by
analyzing their distributions, achieving subpixel super-resolution in position. However, existing
centroiding algorithms are limited to handling low counting rates, specifically dealing with isolated clusters,
lacking the capability to distinguish connected clusters in position. Under high counting rates, closely
situated clusters could emerge within a short time. Consequently, traditional centroiding algorithms is
inadequate for declustering in such scenarios.

A new centroiding algorithm has been developed to address the cluster effect encountered during high
counting rate imaging processes. Based on the existing centroiding algorithm, this new method significantly
enhances the capability to distinguish clusters in time. It accurately identifies each independent cluster
within extensive datasets, effectively declustering them. It results in a data capacity reduction by
approximately one order of magnitude, while achieving subpixel super-resolution of the cluster center
location. A position resolution of about 0.1 pixel could be achieved with the application of this new
algorithm for each signal. Additionally, instead of employing Gaussian fitting, we utilize the weighted
average method to determine cluster centers. This choice is supported by its equivalence to Gaussian
fitting, as proven in the article. Notably, the weighted average method exhibits higher efficiency compared
to Gaussian fitting. It's approximately 10° times faster in locating cluster centers in calculations.

To validate the impact of the centroiding algorithm on Tpx3Cam imaging in practical experiments, we
conducted simulations using SIMION to replicate the imaging process of electrons and ions in a typical
Velocity Map Imaging (VMI) system. By simulating the ionization of ns state electrons and the Coulomb
explosions of N, from the (1, 1) channel in VMI experiments, we observed significant improvements. The
centroiding algorithm reduced the Full Width at Half Maximum (FWHM) of the electron’s position
distribution by 30%, thereby enhancing momentum resolution by 30% along the detector plane.
Moreover, it reduced the FWHM of the time-of-flight (ToF) distribution of N from Coulomb explosions
by 80% , leading to an 80% enhancement in time resolution. Variations might occur with alterations in the
initial conditions of electrons and ions, the overall improvements in position and time resolution remain
consistent. Consequently, the centroiding algorithm demonstrates its efficacy in enhancing momentum
resolution in practical electron and ion detection experiments. Furthermore, conducting covariance analysis
on the ions' radius distribution resulting from the Coulomb explosion of CO with background gas
interference, after the implementation of the centroiding algorithm, successfully revealed the correlation
between C' and O' . This algorithm effectively mitigates count fluctuation interference induced by the
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cluster effect and remains unaffected by background impurities. Finally, the impact of count rate on the
centroiding algorithm is addressed. Excessively high count rates pose a risk of data loss when employing the
centroiding algorithm. We are actively addressing this concern and working towards resolving this flaw in
the algorithm, aiming for a solution in the near future.

Key words: Time-stamp camera; Imaging algorithm; Electrons and ions detection; Super-resolution
imaging; Velocity map imaging
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