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Abstract  [Background] The Super Tau Charm Facility (STCF) is a new generation electron-positron colliders at

the forefront of high precision, and its high brightness requirements pose a major challenge to accelerator technology.
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Resonant cavity-based monitors utilize characteristic mode signals for non-intercepting, high signal-to-noise ratio
measurements, hence may meet the online high-resolution measurement requirements of various high-quality linear
accelerators. [Purpose] This study aims to address the challenges posed by the short lifetime and the small dynamic
aperture of the storage ring beams in the STCF by developing high-resolution monitoring techniques for bunch length
and charge to ensure efficient injection and precise measurement of these parameters. [Methods] According to the
beam parameters and measurement requirements of the STCF injector, the physical design and simulation of the
resonator bunch length and charge monitor were carried out. Two Pill-Box cavities were designed by using Computer
Simulation Technology (CST) modeling, and their structures were optimized. Subsequently, the beam load in the CST
particle studio for simulation was conducted to analyze influences of beam tilt and lateral offset on the measurement
accuracy, and the measuring resolutions of bunch length and charge were evaluated using cavity beam position
monitor (CBPM). [Results] Simulation results show that the measurement errors of bunch length and charge are
3.3% and 0.02%, respectively. According to the online test results of the same type monitor, it is estimated that the
resolution of bunch length of the monitor is expected to reach 100 fs@1.5 nC, and the relative resolution of charge

measurement is better than 0.07%. [Conclusions] The currently designed monitor meets the diagnostic requirements

of bunch length and charge of STCEF, it will be manufactured in future for online testing.

Key words Bunch length, Bunch charge, Resonant cavity, Bunch monitor, Super Tau Charm Facility
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ik phK & Bunch length / ps 33

1E FL 3[4 B3 4uf 5 Positron bunch charge /nC 1.5
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Fig.3 Schematic diagram of the overall structure of the double cavity (a) 3D view, (b) Sectional view, (c) Side view
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Table 4 Simulation error of bunch length

RHEKE TM,, JUE IR TM,, G IR SRR AR FRART R 2
Bunch length / ps Vnoro / 1078 Viniozo / 1078 Vworo! Venoso Measured bunch length / ps  Relative error / %
1.0 2.3875 4.764 6 0.501 1 1.032 3.203

2.0 2.3872 47529 0.502 3 2.005 0.264

3.0 2.386 6 47332 0.504 2 2.997 0.105

4.0 2.3859 4.705 8 0.5070 3.995 0.136

5.0 2.3849 4.670 8 0.5106 4.995 0.105

6.0 2.3837 4.628 2 0.5150 5.996 0.066

7.0 23823 45783 0.5203 6.998 0.031

8.0 2.3807 45215 0.526 5 8.000 0.001

9.0 2.3789 4.4579 0.533 6 9.002 0.021
10.0 2.3769 43879 0.5417 10.004 0.041

WE S FrR, e D SRR A SEEH. FREITENESR R S PR,

T ECAEL Vo1 Vwioso O FHD 5 SR ARG (R 2R 0 2R TER B EAZ RGO , 182 5 5 A i fE
y=2.0039 x x - 0.003 3 (7)  SHfrERAIELL, HE9 R, R R RD 5
Rt TR WA B S S st Lt BRI G D R IRAF I B R &R «
HAERRIKE, y=0.3178 x x = 0.000 09 (8)
W WK 3.3 ps AL, 6 o A1 H A & 3k AT BETH BB iR i R Sk 6 T A K B 1~10 ps 19
1.08 1=2.0039x—0.0033 20 | »=03178x-0.00009
R= ST
o 106 S
5 216
1 =
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ks 5 14
o =
2
L2 12
1.00 1.0
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Fig.8 Calibration of linear relationship for bunch length Fig.9 Calibration of linear relationship for bunch charge
#=5 REBGEHERE
Table S Simulation error of bunch charge
IR e TM,,, S0 i i oA L I A LIRS RS
Bunch charge / nC Visoso ! 107 Measured bunch charge / nC Relative error / %
1.0 3.15 0.999 9 0.013 4
1.1 3.46 1.099 9 0.013 4
1.2 3.78 1.199 8 0.013 3
1.3 4.09 1.299 8 0.0133
1.4 4.40 1.399 8 0.013 3
1.5 4.72 1.499 8 0.0133
1.6 5.03 1.599 8 0.0132
1.7 5.35 1.699 8 0.0132
1.8 5.66 1.799 8 0.0132
1.9 5.98 1.899 7 0.0132
2.0 6.29 1.999 7 0.013 1
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Table 6 Simulation measurement error of bunch length and charge brought by bunch transverse excursion

AR 2 TM,, FTE DB AR W ZE T UE IR LA i 22 R EE IR AR iR 22 TR AT i fer B B A iR 22
Transverse excursion  AVio.o/Vivoro AV ol Vntoso Measured o relative error  Measured g relative error

/ mm /% /%

1x107 3.375%107 8.475%10°° 0.322 0.013 2

1x107 4.218%10° 1.229%10° 0.316 0.013 4

1x10™ 5.948x10 1.413%107 0.206 0.014 7

1x10° 9.090x107° 1.841x107 1.274 0.0317

R R 2277 R A B R . IR EARE
TR B SR AR UL R . R B SR
A5 M 5 DU AU AR I (R A 1 0 AT 38 T AR S5 RS TR
PP AURE AT REIE i AT 52« F T AR P I B
HIFEARAT 58 28/, BUE ML AT B RE T R
% 5 29hL 20 AU AR 1) SRUUAL PT RE 2 J8 il 2 22 A5 (2 Pill-box
AL B T 1 0D 2 FeAt e RS, 3 288 50 T
AE 20 FEARAS 53 AT P8 SR L R S B0
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0.013 4%.
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Table 7 Simulation measurement error of bunch length and charge brought by oblique angle of the trajectory

REAPBBRAE TM,, SR AR R 22 TM,, SOE R A X 22 SR LI A XRZE SR i B A R 22
Bunch trajectory angle AV 0./ Vivoro AV oo Vintoso Measured o relative error Measured g relative error
/ mrad /% /%
1x107 6.732x107 2.318x107" 0.327 0.0132
1x10 7.995%107 7.524x107 0.319 0.013 2
1x10™ 1.262x107 1.271x107 0.322 0.0133
1x10° 2.987x10°° 9.323x1077 0.311 0.0131
R AR ARG EERGEFORE, LT ERF S HORIRI.

B RR PR BT A O3S oA i
P AR YRAS 5 IR B S A AL AR T M R R 4 A
(Analog-to-Digital Converter , ADC) RAER 8 5 il &
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50 FE S AR AL R B B R R O, ADC fil R AR 8
PG T AL = AR 520 o DR SH R VR 2% 11 S it >R
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