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MEASUREMENT

Accurately measuring the beam phase 1s Cable offset measurement of BPM system
critical when determining the 1deal RF cavity

parameters for beam acceleration. In the past,
only Fast Current Transformers (FCTs) were
used to measure the beam phase. However,

Abstract

Since all detectors have been 1nstalled on the accelerator beamline, calibration measurement was only performed on
the FCTs 1n the past phase, with no calibration done for the BPM. Additionally, the differences between electronic
channels are minimal. Therefore, calibration 1s only carried out on the BPM cables 1n this study.
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will now be utilized to measure beam position,
phase, and energy. LIBERA singlepass
electronics are employed to measure the beam
position and phase from the BPMs. Pairs Of. Figure 2 Cable length measurement using Time

BPMs were used to measure beam phase shift, Domain Reflectometry (TDR) method. Figure 3 Measure cable delay using an oscilloscope
which can also be used to calculate beam with a function generator
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. Table 1: BPM Cable Length Measurement .
energy. This paper compares beam phase J cm () Table 2: The cable delays of the two BPM
. m m
measurement systematically by BPMs and Probe (line NO.) A(ns) B(ns)  C(ns) D(ns)
FCTs Cable length  A(m) B(m)
| BPM05(1020) 144.14 144.92 144.92 144.92
BPMO5 37.81 37.93 37.93 37.93 ' |
144.92 144.92
BPMO7 3787 3783 37.88 37.87 BPM07(1022)  144.92  144.92
Phase scan

The China Spallation Neutron Source (CSNS)
IS a platform for scientific research, consisting

. . ifi ' nt and the Im f beam slicing on phase measurement
of an RF ion source, a 3 MeV Radio Frequency We verified the consistency of two methods for phase measurement and the impact of beam slicing on phase measurement,

Quadruple (RFQ), 80 MeV Drift Tube Linac as well as the stability of BPM Libera SPH electronics in measuring different harmonics of BPM and their jitter within the
(DTL), 1.6 GeV Rapid-Cycling Synchrotron same macro pulse.
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Figure 4 Performance of BPM and FCT e - .
_ hase measurements in bunch cavit Figure 5: Stability testing of phase information from Figure 6: The average values of the fundamental and
phase measurements y second harmonic signals from 78 data of four BPMs
A comparative study of FCT and BPM phase scanning. approximately 1000 fundamental and second harmonic using Libera SPH
systems for phase and energy measurements IS BPM signals.
nece_ssary, V\{hICh Includes system calibration, -—_— Table3 impact of beam chopping on accelerator beam phase measurements.
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Time of Flight (TOF) is a commonly used method for
measuring accelerator energy. By knowing the distance and the
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Where D is the distance between the two BPMS, v is the calculating accelerator - |,

velocity, N is the number of micro-bunches within D, T is the N 11 12 energy measured by E: gn | o l l
- . radio-frequency (RF) period, and At is time of phase BPM a}nd FCT during E 5 b J"’M"'
Flgu e 1 . LayOUt Of the CSNS M EBT difference. 91.24 and operation at 25Hz. & § ' L}L_UMW
Once the velocity of the particles is determined, their energy Phase(deg) 42.98 and 156.81 160.25 A -l
can be calculated using the relativistic energy-momentum ' ]
relation: T(ns) 3.086 3.086 =
_ 2 21"
Energy = (y =1) *mxbc System offset ~ 178.566 and - 0 |
Where 7 is the Lorentz factor, m is the rest mass of the particle, (d eg) 140.946
and c is the speed of light. 2 088 1 . . . . . | | | | }
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CONCLUSION

In this paper, the comparison of phase measurement and energy measurement between FCT and BPM has been achieved, and the measurement of phase includes scanning
applications, phase jitter within macro pulses, and the difference in beam phase before and after beam choppered, the conclusion, the results indicate that BPM has excellent phase
and energy measurement capabilities.
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