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Abstract 
Radiation in the injection section of a synchrotron radi-

ation facility is primarily the result of injection beam loss, 
which occurs each time the current is replenished, and stor-
age beam loss, which accounts for the lifetime during rou-
tine operations. This study conducted neutron measure-
ments by using high-sensitivity neutron detectors and ob-
tained the total electron loss during the unfolding process. 
With the known lifetime, the ratio of injection beam loss to 
storage beam loss and the total loss in the injection section 
of the Taiwan Photon Source facility during routine opera-
tions were determined. The total electron loss at the meas-
urement site was approximately five millionths of the full 
load current. The ratio of injection beam loss to storage 
beam loss was 1.64. The total electron loss was 0.44 pC, 
with 0.27 pC being attributed to injection beam loss and 
0.17 pC being attributed to storage beam loss.  

INTRODUCTION 
This study used a self-developed, high-sensitivity Bon-

ner cylinder to measure neutron spectra in the Taiwan Pho-
ton Source (TPS) facility [1]. The system is highly sensi-
tive because it has a large detection core. This makes the 
system particularly suitable for environments with low 
neutron fluxes, such as synchrotron radiation research fa-
cilities. High-sensitivity reference detectors were em-
ployed to mitigate the dynamic fluctuations associated 
with accelerator injection. 

In 2023, we conducted a neutron measurement experi-
ment under routine operating conditions at the TPS facility. 
Routine operating conditions may pose several more chal-
lenging measurement obstacles, including low neutron 
fluxes, uncertainties regarding detector measurability, and 
large detection errors. Additionally, the need for longer 
testing times, ensuring sufficient measurement windows 
provided by the accelerator, and maintaining long-term ac-
celerator stability are all issues that must be addressed and 
overcome during measurements. 

METHODOLOGY 
Neutron Measurement 

The present study conducted neutron measurements un-
der routine operating conditions at the TPS facility with 
full load current (500 mA). To address the problem of neu-
tron counts generally being lower during the neutron meas-
urement process, we used a high-sensitivity Bonner cylin-

der measurement system. Additionally, dynamic fluctua-
tions caused by the accelerator can be mitigated using high-
sensitivity neutron detectors as measurement references. 

Spectrum Unfolding 
We used 16 sets of high-sensitivity neutron detectors for 

spectrum unfolding; however, this number was insuffi-
cient. The issue could be addressed by providing an appro-
priate initial spectrum to the unfolding program. An initial 
spectrum was generated by analyzing simulations of the ra-
diation field. The response functions of each detector set 
were also derived from the analyses of these simulations 
[2]. With the initial spectrum, measurement results, and re-
sponse functions, unfolding could be initiated using the 
MAXED deconvolution code [3] to obtain the neutron 
measurement spectrum and then determine the total elec-
tron loss at the measurement site. 

Estimation of Electron Loss Ratio and  
Total Loss 

At measurement site BP47, potential sources of electron 
loss included loss caused during the injection period in the 
injection section and loss resulting from normal operation 
considering electron lifetime. Throughout the experiment, 
the overall average lifetime was approximately 10 hours. 
The TPS facility has 48 sections, and on the day of the ex-
periment, lifetime could cause measurement effects on sec-
tion BP47 (Fig. 1). 

RESULTS AND DISCUSSION 
After the experiment was completed, the current of the 

TPS facility, the real-time gamma radiation dose rates of 
section BP47, and the neutron dose rate were plotted 
(Fig. 2). The experimental results are shown in Fig. 3. The 
TPS facility had an unstable current and exhibited a trip 
beam phenomenon (Fig. 2). Significant fluctuations in 
gamma and neutron dose rates were also observed in cer-
tain periods. Measurements during these periods required 
revaluation or exclusion to ensure the quality of the exper-
iment. 

The measured neutron counts (black line) and reference 
neutron counts (red line) are shown in Fig. 3. The reference 
results revealed that despite maintaining a stable full load 
current, a slight fluctuation in neutron counts was ob-
served. This was mainly due to the dynamic nature of the 
accelerator itself, which included minute-by-minute injec-
tions, decay over time, and current variations. The stability  
and sensitivity of the detectors also affected the overall ex- ____________________________________________ 
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perimental results, including neutron counts. The self-de-
veloped neutron detectors used in this study were sufficient 
to measure neutron counts under the routine operating con-
ditions of the electron accelerator. The measurements were 
corrected by subtracting background values and normaliz-
ing the measured values to the reference values (Fig. 4). 

The measurement results (Fig. 4) were unfolded using 
MAXED deconvolution code. An isotropic response func-
tion was employed (Fig. 5), and the initial spectrum was 
derived from FLUKA calculations (Fig. 6). This process 
produced a new unfolded spectrum, with the final unfold-
ing result yielding a best-fit value of 8.2503E+06. The total 
electron loss was equivalent to 1.32 pA. By normalizing 
both the experimental and computational results to 
1.32 pA, Fig. 7 was generated, demonstrating that the 
trends of the experimental and computational results were 
consistent, with values closely aligned. This observation 
enhanced confidence in the measurement experiment. 

The full load current of the TPS facility is 500 mA, 
which can be converted to 8.6333E+05 pC. The electron 
loss at the measurement site corresponded to the best-fit 
value of the unfolding result, which was 8.2503E+06 elec-
trons (equivalent to 0.44 pC). The ratio between these two 
values was 5.10E-07, indicating that the electron loss at the 
measurement site was approximately five millionths of the 
full load current. 

The overall average lifetime during the experiment was 
approximately 10 hours. The TPS has 48 sections, and on 
the day of the experiment, the lifetime was estimated to af-
fect the measurements at section BP47 (Fig. 1). The life-
time of all 48 sections resulted in a loss of 150 million elec-
trons per second. Considering that lifetime only affects one 
section, each section should have 3.125E+06 electrons. 

According to the unfolding results, the electron loss per 
second was 8.2503E+06. The number of electrons lost due 
to storage beam loss was subtracted from the total number 
of electrons lost to obtain the number of electrons lost due 
to injection beam loss (5.1253E+06). The ratio of injection 
beam loss to storage beam loss was 1.64. The total electron 
loss was 0.44 pC. If the number of electrons was estimated 
on the basis of the aforementioned ratio, the injection beam 
loss and storage beam loss would be 0.27pC and 0.17pC, 
respectively. 

 
Figure 1: Taiwan Photon Source facility currently consists 
of 48 sections. Experiment was conducted at section BP47. 

 
Figure 2: Storage ring current (red line), real-time gamma 
radiation at BP47 (blue line), and neutron dose rate (green 
line) recorded during experiment. 

 
Figure 3: Measured neutron counts (black line) and refer-
ence neutron counts (red line). 

 
Figure 4: Corrected neutron measurement results. 

 
Figure 5: Response function of high-sensitivity Bonner 
cylinder (isotropic). 



15th International Particle Accelerator Conference,Nashville, TN

JACoW Publishing

ISBN: 978-3-95450-247-9

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2024-THPG43

3360

MC6.T18 Radiation Monitoring and Safety

THPG43

THPG: Thursday Poster Session: THPG

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



 
Figure 6: Initial spectrum calculated through FLUKA com-
putational program. 

 
Figure 7: Experimental and computational results sepa-
rately normalized to 1.32 pA. 

CONCLUSIONS 
This study employed a high-sensitivity Bonner cylinder 

measurement system and high-sensitivity neutron detec-
tors as measurement references to mitigate the dynamic 
fluctuations caused by the accelerator. The experiment was 
conducted when the TPS facility was operated at a full load 
current of 500 mA. The overall average lifetime was ap-
proximately 10 hours. With the initial spectrum, measure-
ment results, and response functions, unfolding was per-
formed using the MAXED deconvolution code. Subse-
quently, on the basis of the unfolding results, the total elec-
tron loss was estimated to be approximately five millionths 
of the full load current. 

Most of the radiation in the injection section of the TPS 
facility was attributed to injection beam loss, which oc-
curred each time the current was replenished, and storage 
beam loss, which accounted for the lifetime during routine 
operation. The ratio of injection beam loss to storage beam 
loss was 1.64. The total electron loss was 0.44 pC, with 
0.27 pC being attributed to injection beam loss and 0.17 pC 
being attributed to storage beam loss. 
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