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Motivation: Radioactive beam physics
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Motivation: direct nuclear reactions

COMMUNICATIONS PHYSICS | https://doi.org/10.1038/542005-023-01342-6 ARTICLE
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@D VEN | seaEmmE

& Si+ B,
mon | & E: 1 mg/cm? 5. R TR
- * QES: 0.5 MeV QESHEE~ MeV

¢ #%3E: >10000 pps B FirAR

EEARESHRA

| BERITE: BRI LAMEE X AT AR B A B MR R TR Y 2= SRS
(AT-TPC: Active target-time projection chamber)

OAT-TPC+4HR) |
& HE: 100 mg/cm? O KFFtEstal L EENE,

¢ QES#: 0.5 MeV AIFEREENS
¢ ifitsE: >100 PPS O $8RE, EFANQ-{B
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* Yang, LS, Xu, JY,, Li, QT.* et al. Nucl. Sci. Tech.,32 (2021) 85.
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> SJE400~500 mbar « Jin-Yan Xu, Qi-Te Li* et al., Nucl. Sci. Tech., 29 (2018) 97.
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I 128 Readout Strips

 Xdirection: 48 parallel strips :

* Y direction: set of 40 strips were divided E |
into 80 half-strips h
b i B
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IGDDAQ & Trigger detector

Charge sensitive

preamplifier
-HV
« Source : **1Am
_[__________________—_j_—:_—_no GD
* A general-purpose digital DAQ si b= s o)
d = :
system (GDDAQ)!1!: R C
> Based on XIA LLC S Fmame S bt
> Waveform Readont —m=mmaasossasesmmes board
Strips l
» 109MByte/s m
PKU
preamplifier
* Trigger by: Silicon
5000
» 48mmx48mm, 325 m a0l N
é 3000%— r
g 2000“

[1]HY. Wu, Z.H. Li, H. Tan et al., A general-purpose digital data £ :zz:
acquisition system (GDDAQ) at Peking University. Nucl. soof-
Instrum. Methods A 975, 164200 (2020). O a2 a0 e 4055 3000

https://wuhongyi.cn/PKUXIADAQ/ Sample Time (10 ns)




I Drift velocity

using drift-time
centroids and the
corresponding absolute
positions,

drift velocity along the Z-

Drift time of Y1 strips (10 ns)

direction can be deduced.
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Drift velocity: 9.91-10.08 mm/ys
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I time and spatial resolution

 track fitting and time residual
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I Angular Resolution
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I 3D tracking

3.3 3-D tracking reconstruction

i 140
120 i
: 120 Using the recorded X—Z and Y-Z information for each

:00? 100 track, we could reconstruct its 3-dimensional pattern. We

Er - E 80 o 3 SRHT adopted the following algorithm:

N 60 of £ o oK K ORIOK RIK -

A i N SOF (1)  Fit all data points in X—Z plane by a two-dimensional
40; 40~ straight-line to obtain the function Z = f(X) and its
201 20 inverse function X = g(Z);

) e S oY e T T e TR TN (2)  For each (Y;,Z;) point, find an associated X; = g(Z;).
0 10 20 30 40 50 60 70 80 90 100 0 b3 t t
X (mm) 0102090 43 fn:r:)o 7080 907100 (3) Collect all (X;,Y;.Z;) to form a 3-dimensional track.
1200
x 100—5 R . .
~— J;E_: _: e . \_fi»"-”;'-"rjq. | . . ]
S TE ] e ] 3D tracking ang resolution: 0.45
My 607 | e . . . .
ol Scattering point spatial resolution: 0.49
,.f“'l‘ o0l | e mm
4 ol — L ,.1",,,.1.--
d 0 zn\\__, P
P ,Jrfr, H“x.- 60 {
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standard
multi-Gb network

Typical Setup (here: GET electronics)

B dctector

raw data
storage

front-end

embedded
acquisition

Linux PC
farm

o IFMEESAGETIEY H—>EBRX
« TJ5K151024~10240 8 FFEREL

o KTHE+ZFT, ZEBESZEAERERLNEHBIER, NPT2020KFY06
o (AGET #[=3KENE FeE TPC F1 SI LM AR BYERS 1 CRIRRER )

control &
monitoring

& database
(or flat files)




l PKU AT-TPC + AGET:

SN
E.C. Pollacco, et al. GET: A generic electronics system for TPCs and nuclear
physics instrumentation[J]. Nucl. Instrum. Methods A 2018 (887) :81-93

CoBo0_AsAd0_2023-05-04T15:25:38. 774 0000 - Fr: ame no. 12 - Event no. 12 —— Channel 0
CoBo no. 0 - AsAd no. 0 - AGET no. 0

Digitized Signal Vall
I

(@ Getecc... | @ Datako...|[ @ Getcon... [ @ v [ Works... [l

ﬁlﬂ?ﬁ%i—lﬁﬁ&ﬁm EE??—(GET)‘»HI‘EE 5
R BURA TR 75 %

nERE', EHET, Few, wEE'
(1. dbxi K2 PP, Jbst 100871)

LW |

WE: gl TtAREE (TPC) JBH 08 % B 12 GET 4ef) S ki #2, *F GET @i h th Il = %
1 B FER A% )8R AT RE AR T T ik . TR T 34k R NS RkE 5, RIS 4R T R 2R 500 i A BE FLA AN
B E@EMITE. FH Cooley-Turkey FFT BikEX} GET By 7240 5 pf B HEAT 5L, 20 o0 7 0 7 A i 3
SR GET MFaEmAELkdE, HTREEEFHNMAG S TER, S s =l b i m i
K, SEbRE A RS 5] N8 U5 R B e e 7 5

XERIA): GET ks AGET; FPN; i I by %

(ZERFZ5IRNEA)Y DOl 10.20173/j.cnki.ned. 20241111 001




I PKU AT-TPC +AGET Time Resolution (preliminary)
= to3 — (to2 + t64)/2

Fle Navigate Display Analysis Help

BZe%drr ol residual
i hi
e E a®
L= Entries 352
CoBo0_AsAd0_2023-09-29T16:38:32.967_0000 - Frame no. 20 - Event no. 20 - Chann 1 60 Mean 28.41
CoBo no. 0 - AsAd no. 0 - AGET no. 0  an Std Dev 17.07
nnnnn Constant 154 .2
nnnnn Mean 28.52
= cham 140 Sigma 18.22
nnnnn
nnnnn
[ £ Chann 1 20
nnnnn
—£ Chann
—= Chann 1 00
= Chann

2 Timing B

nnnnn

j’ L40% Dlgltlzed Signal Value “em 80
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= ~ ~ w

nnnnn

e
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P & d:
L —= Chann
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2 ~=- Chamn 60
nnnnn
nnnnn 40
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300
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(B viewer [« CoBo Frame Viewer E
|\|‘|\|‘||||||||\|\J||||||||||\|\|\|\|\

AG ETO Waveform —10000—800—600—400—200 0O 200 400 600 800 1000

* time resolution~14.88ns, spatial resolution 0.15mm
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Self-trigger
241Am
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SI+AGET: Setup

Out of chamber: CoBo(MicroTCA), AGET power
Out of chamber: flange->AGET supply, DAQ software(GetController)

Select a workspace
GetController stores test definitions in an XML CompoundConfig file called a
workspace.
Select an existing file or a file to create.

Workspace: “‘h0mefgetsofthesktopfworkspace.xcfg l | Browse... |

k- | Finish H Cancel |




Si+AGET: Signal on GetController

CoBo0_AsAdO 2023-12-18T18:56:33.358 0000 - Frame no. 33 - Event no. 33
CoBo no. 0 - AsAd no. 0 - AGET no. 1

CoBo0_AsAdO_2023-12-18T18:56:33.358_0000 - Frame no. 36 - Event no. 36
CoBo no. 0 - AsAd no. 0 - AGET no. 0 4.000
: - Channel 65
2500 % ~=- Channel 38 i
s —
e
I3 25
T h
E 3;. 3,500 & b
2,000 i Lo | t
- [ig T
[ 3 I
i g i g
o ‘i; = : ! &
=2 | ® 3,000 { | ;i &
© 1500 ! & i3 = & &
= ) T g
g & 5 b F
| n |
: ¢ % 1§
3 5 I i
i . i 2 £ 2500 ol e
F1000 : + B a 1 i
g i il
& R
. i Lo
| 13]
| 1 LI
| i 2,000+ Bt
500 - o a
|m arslDE Tl = : i g
i 15004}
0 T T T T T T T T T 7 T 1
r T T T T ; T T T T ; 1 0 100 200 300 400 500 600
] 100 200 300 400 500 600 Time Bucket Index

Time Bucket Index

Front Back

(2023.12.18 test, without noise reduction)



Counts

Si+AGET: Energy Resolution (preliminary)

18000

16000

14000

12000

Mean 2341+ 0.3

10000 Sigma 13.67 £ 0.34
8000—
6000—
4000—
2000—

s JH‘\_I—"L.—H | |
200 2050 2100 2150 2200

aget#0 ch#1

Entries 168386
Mean 2321
Std Dev 56.31

Constant 1.648e+04 + 3.338e+02

||___|4L|411

2250 2300 2350 2400 2450 2500

Energy(ch)

Processing: extracting maximum
of waves and cutoff the baseline.

Take ch42 as an example.
Energy resolution by unscaled
spectrum is 1.37%.

(2024.01 test, with noise
reduction on AsAd) 6
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. 140 /11BER;E

o p + IB—12C*—q +8Be (a+ a)

Thermal Neutron

TLi JET# 0.84 MeV abllF 1.47 MeV

7Li Particle 0.84 MeV Alpha Particle 1.47 MeV

BNCT77 3% BPCT/5i%
IBBIRSHIER S HWIRER EekER, "BES/2CH&

B2 T RIEIRT SHSRERREE



LG 5E: AT-TPC+EHBNIRTISE

@ FHRSE

O S\ TIESS

O*HeS P > CH/CDFB
O 18 nNsmEnRMES, SCIiPID
Oz & RIS 5efEE =
O B = Z A E =

@§|mmﬁﬁi

T O S B 2 L4
> \[As :|:

8*8 (1.6*1.6*4.0 cm”3) i@igng

ADSSD+Csl(Tl) =3 én*@-q—

Jin-Yan Xu, Qi-Te Li, Yan-Lin Ye et al., Performance of a small AT-TPC prototype, Nucl. Sci. Tech (2018) 29: 97
Li-Shen Yang, Jin-Yan Xu, Qi-Te Li et al, Performance of the CAT-TPC based on two-dimensional readout strips, Nucl. Sci. Tech. 32, 85 (2021)
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Requirement & Developing content

R ES/MKIUPHIEEIE.
CH4 P C4H1O , C3D8, C4D10' é@DZ/E\,{ZIK,
WEEXIEY, EEHE (BEREIR)

O

BiEZzRMN: S2/MSIMEANTER

(p, d), (p, t), (d, ), (d, SCIRPID,
p) . (d, 3He) , (d, #He) , (d, @ TR NS 2
EANdad), (d. d ) RN RIES

BXSAT-TPC, SEHIAE-E BYPID
RIFERIPID, RPENREIE
O AT-TPC 5472 + 87
O AT-TPC + SsBIERNES

TS I 5 HEEE,
i/ SHRERIE
BEFNNER
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Technology

AT-TPC + F437%

® RIK LRI
F2, 2TEHIS

M §Agcards Sensor Plane
k X

AT-TPC + FEDIRNI 28

o I, TiHE
F=, WEERNZS

(i

High-voltage

& ng:rorncgas feedthrough 1000 pm 1500
. Cathode SD o
\ 1000 gm man
e \ DSSD
4 CsI(TD)
detectors

.'/ i
i ADSSD + CsI(TIj™

Field cage

ABTRR

0e’

S CsI(TI) B&51
8*8 (1.6*1.6*4.0 cm”3)

ADSSD+Csl(Tl)

TO telescope

G.Li,J.L.Lou, Y.L.Ye et al., Property investigation of the wedge-shaped CsI(T1) crystals for a charged-particle telescope, Nucl. Inst & Meth.A (2021) 1013: 165637
H.Y.Zhu, J.L.Lou, Y.L.Ye et al., Two annular CsI(TI) detector arrays for the charged particle telescopes, Nucl. Sci. Tech (2023) 34:159
W.W.Wan, J.L.Lou et al., Upgrade and test of CsI(T1) detector array, Nucl. Phys.Rev, (2024), in press.
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PKU AT-TPC:

i T — B FEGEMIRNEZIARIAT-TPCIR
B, RUSFF14cm*10cm*10cm, 128FR—
HiEisRiEh, 3KEVIXIA (GDDAQ) .

it 7 HESE S B S HiEFEeE, #1TT
SHERITEE, MEET offHe LABHEEERIT,

AGET+TPC
AGET+Si

Ad 18] 93 ##ZE10~15ns
RIS, afEERIHEE~1.3%

O

O

AT-TPCHFHEERMEERIARIR

FIZRISHS 4SS

O B3R HEERATSEIE/PEEEESEIe

O BE: tXREIFHMYEEIRE
NSFC-JSPSAEiRINE

O §8&: AT-TPC + SEENERES

FTEABRRE:

O Z£ECH/CDSHPBIAT-TPCIRA
O AT-TPC + SHEDIREE, SEIPID
O & &R E
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