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Abstract 
The Taiwan Photon Source (TPS) is one of the brightest 3GeV synchrotron light sources licensed to operate 
at 500mA.  Radiation safety is the highest priority of National Synchrotron Radiation Research Center 
(NSRRC) to operate this powerful accelerator with conservative design dose limit of 1mSv to users.  A 
detailed radiation measurement program was planned during the commissioning phase and continues in the 
user period now to ensure the radiation from TPS accelerator and breamlines is kept as low as reasonably 
achievable.  Combined with high dose detectors on the electron orbit within shielding tunnel, interlocked 
radiation monitors in supervised area, passive detectors around the experimental floor and personnel 
dosimeters to each staff and users, this measurement program has been effective for radiation physicists to 
identify beam loss pattern and radiation hot-spots.  It has also provided very important information for 
machine operators to pin point possible mismatch of lattice setting and resultantly to fine tune the operation 
proficiency.  This paper describes the results of the TPS radiation measurement program and some of the 
interesting findings. 

 
Introduction 
The Taiwan Photon Source (TPS), one of the brightest 3GeV synchrotron light sources licensed to operate at 
500mA is located in the National Synchrotron Radiation Research Center (NSRRC) in Taiwan [1], northwest 
corner of Hsinchu Science-Based Industrial Park, close to the National Tsing Hua University, the National 
Chiao Tung University, and the Industrial Technology Research Institute (ITRI). As illustrated in Figure 1, 
unlike most other facility, NSRRC is surrounded by high population communities and our administration is 
located adjacent to the TPS accelerator, and the reserach building is contained inside the TPS.  It’s 
convenient for the researchers to come and perform their experiments, however, lots of people will attach 
great importance to the radiation risk from NSRRC. Due to space constraint and  high-power of TPS, the 
radiation from TPS also have caused more concern than our old radiaiton synchrotron, Taiwan Light Source 
(TLS) in NSRRC. To prove our radiation safety design, we implement a thorough yet persuading 
measurement program to ensure the radiation safety in TPS. Following are the dose distribution report on the 
electron orbit, shielding wall, beam line area of experimental floor and outer border of TPS by using OCDs, 
radiation monitors and TLDs. 

 
Fig.1 The aerial view of NSRRC. 
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1. Dose distribution on electron orbit by using OCDs. 
We used the opti-chromic dosimeter (OCDs) to monitor the dose distribution on the electron orbit. The 
OCDs can help us to identify possible beam loss points and their intensity. The OCDs (FWT-70-40M) is 
a small dye made of aminotripheny-methane, which has good linearity during 10 Gy to10 kGy. We use 
these OCDs intensively in TLS and also in TPS, at the locations where we have performed residual 
activity measurement [2]. Also, according to the data, we can easily feedback to our machine physicists 
for lattice fine tune to reduce electron consumption. Figure 2 is the sketch map of TPS component, 
beamlines and their dose distribution from OCDs measurement. The highest dose points by using OCDs 
are among insertion devices and injection area ranging from 7000 Gy to 26000 Gy integrating the 
monthly measurements dating from September 2015 till the end of November 2016 with a total operation 
beam dose of 1005 Amper*hour. The normalized dose is around several Gy per amper*hour to 26 Gy per 
amper*hour. All these high dose areas are consistently confirmed with clear residual activity after 
machine shutdown. 

 
 

Fig.2 Sketch map of TPS component, beamlines and their radiation accumulative dose. 

All the quadrupole number 7 (Q7) of our double bend achromat (DBA) lattices have high OCDs reading 
with normalized dose around 20 to 30 Gy per amper*hour. However, the other quadrupoles have just a 
background dose. To identify why the dose in all Q7 is so uniformly higher than other quadrupoles, we 
put a thin layer of lead of 1mm in thickness around the OCDs and measured around the beam pipe again 
for one week together with bare OCDs for comparison. Table 1 shows more than three orders of 
magnitude dose reduction by this thin lead, and that suggesting the energy of the radiation must be low 
and most likely synchrotron. Therefore, although as high as 30 kGy in a year, this will not cause any 
problem for radiation protection outside the wall. But this still could be an issue for accelerator 
components in the vicinity of electron orbit, such as active electronic device, diode beam loss monitor, 
Teflon stripe and some other organic material which are susceptible to radiation damage. 

Table 1: The average accumulative OCDs radiation dose in Q7. 

 Bare +Pb (1mm) 

Upside 2214.83 10.07 

Down 1940.16 0 

Outboard 801.01 0 
  Dose (Gy) 



 
Constantly, we check the residual activity for those high beam loss points and put warning sign to alert 
staff during maintenance, include the front of LINAC to Booster (LTB) septum, front of R3B2 dipole, 
SIS1-2, SIS2-K3, back of kicker number 3 (K3), front of K4, back of elliptical polarized undulator (EPU) 
48A, front and back of EPU48B. For different accelerator components, the decay trend of residual 
activity on the beam pipe is different, some are faster and some are slower (Table 2). Fortunately, all the 
residual activity has dropped to background level with about 1 meter from the electron orbit. Therefore, 
it’ll not cause significant effect on radiation protection for maintenance staff. 

Table 2: The residual activity for different TPS accelerator components at 2015-11-13 08:15～12:00,  by 
using Atomtex AT6130 GM 

Accelerator 
component 

Dose rate（μSv/h） 

0.5h  
after Shutdown 

4h  
after Shutdown 

Before LTB septum 0.7 0.85 

Before R3B2 dipole 1.8 0.3 

Between SIS1-2 0.6 0.3 

Between SIS2-K3 12 6 

After K3 4.7 1.2 

Before K4 2.3 0.7 

After EPU48A 1.2 0.8 

Before EPU48B 5.3 4.4 

After EPU48B 2.9 2.4 
   

Using 451P ion chamber type survey meter for further analysis of K3 and EPU48, there are two distinct 
decay curves in the TPS.  Figure 3 is the survey meter linked with a notebook as data logger to measure the 
decay curve of residual activity. Based on their decay time and the surrounding martial, for K3, the residual 
activity is contributed by daughter nuclides most likely from aluminum chamber, the decay trend is much 
faster than that of EPU48 which instead has more copper and iron composition within the magnet.  

 

 

Fig.3 The residual activity of K3 and EPU48. (A) The decay trend from 0.5h to 3.5h after shutdown. (B) The 
location of K3 and EPU48 in TPS 
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2. Interlocked Radiation Detector 
To ensure the dose distribution on the shielding wall and beamline area of experimental floor under our 
design level is achieved by our interlocked radiation monitor system. We have two interlocked radiation 
monitoring systems to reflect the most detailed information for radiation physicists to analyze as shown 
in. Figure 4. 14 stations featuring gamma and neutron detectors [3] are deployed among the accelerator 
shielding wall and the other in the lobby.  We intensively focus on the radiation distribution in LINAC 
and injection section. 

Research Bld.
Non Controlled

A
dm

. B
ld

.

N
on
 C
on
tr
ol
le
d 
A
re
a

TPS Equip. Area
Supervised Area

TPS Exp. Floor
Supervised Area

TPS shared tunnel
Controlled Area

 LI
NA

C 

 Ring 1

8 9
10

11

BP-09

13

15

14

5

6

7

12

25

09

05

21

23

41

45

2

3

May 5, 2016

BP43

BP39

 
Fig.4 The location of monitoring stations. 

 
For beamline monitoring system which also featuring gamma and neutron detectors, there will be one 
interlocked monitor for each beamline located at the place where users constantly occupy. To ensure the 
annual dose limit of general public is under 1 mSv, the interlock limit for both systems is 2 µSv per 4 
hours. When integrated dose exceeds 2 µSv within every 4 hours, for accelerator system, the LINAC will 
be turned off, and for beamline system, the heavy metal shutter in the front end will be closed. 

Figure 5 (A) is the beam current from a typical user operation period in 300mA top-up mode on March 
23 to 24, 2017. The two gaps at 3/23 20:00 and 3/24 05:00 are because we have two beam trips triggered 
by the radio-frequency (RF) system during these periods. Figure 5 (B) shows the radiation dose at 
injection area and Figure 5 (C) shows the radiation dose at the downstream of superconducting 
radio frequency (SRF). For most positions, the top-up refills of about 3mA every 3 minutes have almost 
no radiological impact. For beam trips, only the downstream of injection area at Beam Port 47 did 
received about 2 µSv for each beam trip, and the other areas at the downstream of SRF #1 and #2, 
received roughly less than 1 µSv per incident. Extending the measurement time as shown in Figure 6, the 
detector in the lobby showed only natural radiation background with 0.4 µSv for 4 hours, no matter it is 
400mA machine study or 300mA user shifts during February and March. Seven detector stations in the 
phase I beamlines also reported similar results, only background radiation was detected. Therefore, we 
are confident that 1 mSv design dose limit is achievable in TPS. 

 



 

 

 

 

 

 

 

 

 

     

Fig.5 The relation of beam current and radiation dose. (A) The beam current from a typical user 
operation period in 300mA top-up mode. (B) and (C) shows the radiation dose on different location 

during these periods. 
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Fig.6 The radiation dose  on 400mA machine study or 300mA user shifts. (A) The beam current during 

February and March. (B) Shows every 4 hours accumulated dose during these periods. 

 
3. Passive detection in TPS 

Thermo-Luminescent Dosimeter (TLD) is small in size and easy to deploy. Since we have a certified 
laboratory to read these TLDs by ourselves, we set up a measurement network of 70 TLDs, on the outer 
surface of shielding tunnel toward experimental floor, downstream of injection section, on the inner 
surface of shielding tunnel toward the core area, on the roof of RF cavities and their downstream and on 
the boundaries of high occupancy area (Figure 7). This survey can gives us thorough and detailed results 
in relation to the performance of TPS operation.  
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Fig.7 The location of 70 TLDs in TPS 

The monthly results for most positions show background radiation level and the annual accumulated 
dose from September 2015 to November 2016 (Figure 8). is less than 0.1 mSv in longer than a year 
without correcting any use factory nor occupancy factor. This is a promising result to demonstrate the 
shielding effectiveness and operational proficiency of TPS. 
 

 

Fig.8 Accumulated dose by using passive detection (TLD) at TPS Sep. 2015 ~Nov. 2016 

 



4. Beamline shielding in TPS 
In the beginning, our beamline scientist install a copper mask to define synchrotron beam size right after 
ratchet wall, before any bremsstrahlung collimator or stop for every beamline. The copper mask is about 
10cm in each dimension with mm of opening in the center which is a good tool to define the beam size 
but is a notorious neutron producer for radiation shielding. It intercepts almost all bremsstrahlung power 
but lack of shielding ability to sufficiently attenuate neutron. Not suprised, we have found obvious 
neutron dose outside the optics hutch due to the interaction between gas bremsstrahlung with optics 
element of coppor mask. The dose distribution on beam line shielding wall using Thermo FHT 191N ion 
chamber and FHT 762 neutron detector, are showed in the Figure 9.  

 

Detector Position PAB closed  
dose rate（μSv/h） 

PAB open  
dose rate（μSv/h） 

 Gamma Neutron Gamma Neutron 

A. Lateral to PAB 0.33 0.50 0.33 0.50 

B. Lateral to HFM 0.55 0.36 0.54 0.34 

C. VPM 90º (@ view port) 1.0 0.26 0.79 0.28 

D. Lateral of Stopper 0.94 0.28 0.42 0.15 

E. DS of Op. Hutch 0.14 0.04 0.15 0.05 

Fig.9 The dose distribution on beam line shielding wall at TPS under the 250mA operation. 

Therefore, we install 10cm lead shielding surrounding each side of this copper mask and enhanced with 
15cm of polyethylene neutron shielding. Moreover, we revise beamline pipe with much smaller nipple 
type chamber with lead collimator to minimize the forward scattering of bremsstrahlung (Figure 10). 
Then we no longer measure any trace of neutron due to bremsstrahlung interacting with copper mask. 
This significantly reduce the bremsstrahlung scattering along the beamline to localize in this optical 
element. Before mask shielding enhancement, we may have several hundreds to almost 1000  µSv/h of 
gamma dose inside the optics hutch depending on the opening of slits in the front end. After shielding 
improvement, the radiation inside the hutch is in the order of several tenth µSv/h. 
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Fig.10 The typical design of a TPS beamline component. (A) The original design with a copper mask 
right after ratchet wall and bigger beamline pipe. (B) After the modification, shielding enhanced by 

10cm lead and polyethylene, beam pipe replaced with smaller nipple type beamline pipe and augmented 
by collimator. 

5. Conclusions 
We have spent a lot efforts on the radiation protection of TPS accelerator and beamlines. Via the TPS 
radiation measurement program, we find some high beam loss points and residual activity in the tunnel, 
however, due to their radiation characteristic, even as high as 30 kGy in a year, this will not cause any 
problem for radiation protection outside the wall. The beamline shielding improvement also reduced the 
gamma dose from several hundreds µSv/h to several tenth µSv/h. With the measurement results shown 
in OCDs, interlocked radiation monitoring systems and TLD, we are confident to convince our staff and 
user that 1 mSv in a year is achievable in TPS, no matter it is 400mA machine study, 300mA user shifts 
and beam trips and no matter where you are in the beam line area of experimental floor and outer border 
of TPS. 
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