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Introduction

m The Main Drift Chamber (MDC) is a crucial track detector requiring high-precision charge and time measurements.

m As collider luminosity increases, MDC counting rates rise, leading to complex multi-peak structures and waveform pile-up.

m Existing systems cannot handle these high-rate issues. This work introduces a prototype system designed to maintain resolution under high counting rates.

m The prototype addresses signal distortion, wavetform inconsistencies, and data processing challenges for future experiments like Super Tau-Charm Facility.
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Test and Results

Performance Evaluation Joint Detector Test

s Dynamic Range: 60-1800 fC. Joint tests’ results shown that the prototype can acquire cosmic ray signals with multi-peak struc-
tures without distortion. And it also can collect >°Fe source spectra with high energy resolution.

m Charge Resolution: Better than 8 {C. . . .
m Successtully resolved multi-peak structures in cosmic ray wavetorms.

m Time Resolution: Better than 1 ns RMS.
s Energy Resolution: 24.72% at 1150 V and 19.11% at 1200 V using a °>°Fe source.

16 Channel RMS vs. Charge

—&— Channel 1 —®—Channel 10
—@&— Channel 2 —@—Channel 11
14 —®&— Channel 3 —®@—Channel 12
_._8222221 é_._gﬂgzﬂgl 13 B Iron Source Energy Spectrum(HV = 1150 V)
—&— Channel 6 —@—Channel 15 «10* trig id = 4680, chn =5 250
—&— Channel 7 —®—Channel 16 T I I I I T T
12 - —8— Channel 8 == ==Reference (8 ()
—&— Channel 9 sk n u = 899.01
10 - 200 F o =94 40
Energy Resolution = 24. 73%
14+ — .
T . valid num = 2856
€ e 8 fC __ 2
: S DN ' g 190
— n'ﬁp\ < " 'l . 8
6 = . ;”/\ S 2k - Y
g — . — o i) — -
. / e 7 ~ ¥~ g 100
A ‘ I ——— ’ =—__R / I
4 :—%’% — ’ ~—_ bl ) g
A, —— o W
=
2 T ) 50
0 | 1 I | | 1 | | 1 | | 1 1 | | | | 08 ] i |
60 100 200 500 750 1000 1250 1500 1800 ,~“““\wﬁ,Af”kngva“\vx,JA’\=\ffo 0 E;____I'H -_— | | | | !
- RCharlgi_ (fC) o 08 0 500 1000 1500 2000 2500 3000 3500 4000
2000 |mP esolu |Pn Vs. irge | | | | | | | | | | energy(fC)

—&— Channel 15 —®— Channe
—&— Channel 14 —@— Channe
——@— Channel 13 =——@— Channe
1800 — —®— Channel 12 —®— Channe
—&— Channel 11 —@— Channe
——&— Channel 10 =——@— Channe
—&®— Channel 9 —®— Channe
—&— Channel 8

1600 _

- Iron Source Energy Spectrum(HV = 1200 V)

SR Wh O~
|

u = 1437.34

o = 116.64

Energy Resolution = 19. 11%
valid num = 2964

N
o
o
I
|

100

1200 — _
1 ns

1 ns reference

1000 F = = = = = — = = @ == == == == == == =& m e e e m e mo - oo o

800 -
50

Time Resolution (ps RMS)
Frequency (Counts)

600 —

400 -

200

0 500 1000 1500 2000 2500 3000 3500 4000
energy (fC)

60 100 200 500 750 1000 1250 1500 1800
Charge (fC)

Conclusion

m Designed and verified a prototype readout system for high counting rate MDCs.

m Successfully addressed waveform pile-up and complex structures through simulation-driven FEM and DAM design.

m Performance meets the requirements of future large colliders, such as the Super Tau-Charm Facility(STCF).
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