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Abstract 
 
After the Pohang light Source (PLS-I) had been closed at the end of 2010. It was upgraded to the Pohang 
Light Source II (PLS-II) with high beam quality in 2011 and the first commissioning and 1st year-user 
service were completed in 2012. The major part of upgrading items is to install superconducting RF cavities 
to get 3 GeV, 400 mA stored beam. The test facility of a pit style was constructed for the SRF cavity. 
Maximum field and dark current was assumed to 2 MV and 110 μA, respectively, based on operation 
condition and data from other institutes. The shielding analysis of the test facility was carried out using the 
FLUKA code. The radiation measurements were done during the aging process. The first SRF cavity was 
aged at the test facility and the 2nd SRF cavity was aged in-situ in the storage ring tunnel. High dose ion 
chambers (made by PTW), and OSLs, etc were located at inside/outside of the test PIT equipped with thick 
iron-lead shield panel. Mostly the measured doses were lower than the calculated. But the lack of 
information about X-ray generation condition should be considered. In the world, only a few institutes 
including the 3rd generation Synchrotron Radiation Facilities tested specific SRF cavities and reported a 
little radiation data induced from the cavities. Commissioning results and ideas in analysis are presented at 
this paper.  
 
 
1. Introduction  
 
1.1.  PLS II Project and Status 
 
The Pohang Light Source (PLS I) has been operated since 1994 with beam parameter of 2 ~ 2.5 GeV and 
200 mA.  The upgrade project to PLS II with 3 GeV and 400 mA was done during 3 years from 2009. In first 
two years, all equips were prepared in advance. Through the quick dismantling and installation, the first 
commissioning was completed at the end of 2011. These are brief history of this project.  
 
 Operation of PLS stopped on 10 AM at Dec. 10th, 2010 
 Dismantling started on 9 AM at Dec. 9th, 2010. 
 PLSII installation started at Jan. 23rd, 2011 
 23 May 2011, Linac commissioning begins after Radsynch2011 
 13th June, first linac beam at 3 GeV   
 1 July, first beam to SR 
 7 October, 100mA stored at SR 
 24 October, First photons to beam lines 
 14 February 2012, Commissioning with users 
 21 March 2012, Start of user operations 

 
 
1.2. Superconducting RF cavity of PLS II and Test Pit 
 
In PLS II, the stored beam current of the storage ring is 400 mA at a top-up mode and totally 20 insertion 
devices are placed including 14 undulators. The superconducting RF cavities are major upgrade devices, 
because the normal conducting RF cavities of PLS I cannot recover the beam energy loss of each electron 
beam circulation. Total three superconducting RF cavities are installed in the storage ring trajectory and one 
of them is like a supplement device for the worst condition. A X-ray generation induced from the operation 
of superconducting cavity is serious, especially in aging process. The special radiation protection was 
required for the system and the well-shielded test pit was constructed for the aging.  



In figure 1, the locations for the cavities are presented clearly in PLS II storage ring tunnel. As the 
superconducting RF cavity, CSER B-factory style cavity of 500 MHz was selected. The cavity wall is made 
of 3 mm-thick niobium and is surrounded by liquid helium. The helium tank consists of 3 mm-thick SUS, 3 
mm-thick Cu, 1 mm-thick mu-metal, and 3 mm-thick SUS again. The structure is shown in figure 2. A 
accelerating voltage (Vacc) is about 2. 8 MV and a maximum E-field in the cavity (Emax_acc) is 8.33 MV/m.  
 

 

Fig.1 –Locations of superconducting cavities and the test pit. 
 
 

 

Fig.2 – Details of CESR B-factory style superconducting cavity.  
 
 
 



For the aging of the superconducting RF cavities, the dedicated test pit was constructed in a next room of RF 
cavity building and the RF source is shared with one in-situ cavity as shown in figure 1. Fundamentally, it is 
not allowed to access the room, but a limited access is considered only when the radiation level in the room 
is lower than 10 μSv/hr. It is possible because the pit is covered by a lead-iron shielding panels.  As shown in 
figure 3 and 4, the test pit has the area of 4 m x 5 m and the depth of 3 m. The wall, which is faced to the 
public area is at just side of ground floor of the pit. The pit was constructed with ordinary concrete.   
 
 

 

 

Fig.3 – Room structure of the cavity test pit. 
 
 
 

 

Fig.4 – Set up geometry of cavity in a test pit and photo of installed cavity. 
 
 
2. Shielding Calculation using FLUKA  
 
2.1.  Parameter Assumption 
 
There is few information of the X-ray generation from a superconducting RF cavity. So according to the RF 
expert’s guide the beam energy is assumed as 2.0 MeV from nominal accelerating voltage. The amount of a 
dark current due to field emission is assumed as 110 μA (~ 1.8E+15 electrons/sec) based on the measured 
data at Cornell university. The electron beam (dark current) hits the inside surface of 3 mm-thick Nb cavity.  
First the above dark current seemed too high. That was proved by measuring the dose level outside of a 
shielding cover.     
The small sphere-style cavity was assumed for the Monte Carlo simulation. The dose level at the pit and 
surrounding area was estimated for a basic pit structure and finally the acceptable shielding structure was 
determined.   
 
 



2.2. Dose Estimation and Design of Shielding Structure 
 
The FLUKA Monte Carlo code was employed for the shielding analysis of this test pit. Through several 
modification of shielding structure the final structure was determined as shown in figure 5. Major shielding 
materials are these: 
 
 Boundary lead belt beneath the shielding cover (5 cm thickness, 30 cm height) to protect the leakage 

through concrete floor. 
 Lead-iron shielding cover (5 cm thick lead + 5 cm thick iron) with overlapping at the edge of 

concrete floor (overlapped  length : 20 cm) 
 1 cm-thick lead sheet wall on the room wall faced to the public area 
 5 cm lead cover over RF waveguide channel. 

 

 

Fig.5 – Designed geometry of shielding of the test pit – input geometry for the FLUKA code.. 
 
 
 

 

 

Fig.6 – Shielding structures at the test pit: (left) lead belt, lead-iron cover, and lead sheet wall. 
 
 
The dose distribution at the pit was shown in figure 7. On the cover, a dose rate over 1 mSv/h was estimated 
but it was lower than 10 μSv/h at place far from the pit in the same room. It was below 1 μSv/h at the public 
area, outside of the room. In this shielding design, the inside of room except of the shielding cover region 
was classified as a radiation controlled area. It could be allowed to access the control rack placed at far 
position from the pit in the room, but in practice there is no such case during whole aging period. The 
radiation level at whole area was lower than the estimated values.    
 
 
 



 

Fig.7 – Dose distribution around the cavity test pit:  the upper is for a plain to perpendicular to beam direction, the 
lower is for a plain to perpendicular to beam direction and the blue arrow means the public area. 

 
3. Cavity Conditioning and Radiation Dose Measurements   
 
3.1.  Conditioning at Test Pit 
 
The cavity condition of the first SRF cavity was conducted at the test pit but the conditioning of the second 
cavity was done in-situ in the storage ring tunnel because of time limitation to complete this project on time. 
It was allowed because the radiation level had been observed at the first cavity conditioning at the test pit.  
For the radiation dose measurement, both of methods (using active detector and passive detectors) were 
applied. The active detectors like one PTW-freiburg 23361, one PTW-freiburg 7262, two Victoreen 451p, 
and one HPI 6065B ion chambers are located according the dose level from inside of the pit to outside of the 
room as shown in figure 8. As a passive detector, the OSL (landauer) personal dosimeters are applied.   
 
(1)  Real time profile of dose level using active detectors 
 
The operation power of the RF cavity was recorded with RF power and cavity pick-up signal as shown in 
figure 9. The small ion chamber, PTW-freiburg 23361, which was placed at the front of the cavity like beam 
emitting direction, almost followed the time profile of the cavity pick-up signal. Around 2 MV of 
accelerating voltage the dose rate (air kerma rate) was observed as a few μGy/s (~ 10 mGy/h). The detectors 
located inside or outside room showed only a few μSv/h or less. Those measured level are much lower than 
the calculated value using the FLUKA. That was also found at the measurement results using the passive 
detection of the OSLs. Because the source of X-ray generation is a dark current, the radiation time profile 
does not agree with the cavity power perfectively, but the tendency agree with each other uncertainly. So in 
this study, the overall level of dose rate is more important than exact number itself.   



 

Fig.8 – The employed radiation detectors for active measurements and the monitoring positions. 
 

 

Fig.9 – Real time profile of dose rate depending on RF power of the cavity at each location. 



 

Fig.9 - Continued. 
 
 
(2)  Using passive detectors (OSLs)  
 
Considering the uncertainty of X-ray generation from the dark current, many OSLs were installed to measure 
overall distribution of radiation in the pit and over the pit cover. This is also a clue to estimate the radiation 
level in the storage ring when the in-situ conditioning happens there. The positions of OSLs were arranged 
systematically as shown in figure 10. The measurement results are presented at figure 11, 12 and table 1, 2.  
 

 

Fig.10 – Arrangement of OSLs to observe the spatial distribution of radiation level. 



 

 

Fig.11 – Detail locations of OSL dosimeter measurements: front plain(#1) and middle height plain(#2). 
 
 

OSLN no. 
Deep Dose 
Equivalent

 

[mSv] 

Dose Rate 
[μSv/h] 

OSLN no. 
Deep Dose 
Equivalent

 

[mSv] 

Dose Rate 
[μSv/h] 

1 17.76 1973. 1 17.76 1973.  

2 27.92 
1)

 3102. 2 27.92 3102.  

3 17.09 1899. 3 17.09 1899.00  

4 16.63 1848. 16 489.65 54406.  

5 13.87 1541. 17 264.51 29390.  

6 16.46 1829. 18 11.96 1329.  

7 10.22 1136. 19 31.73 3526.  

8 10.29 1143. 20 10.05 1117.  

9 10.61 1179. 21 7.71 857. 

10 0.01 1.11 22 8.33 926.  

11 0.01 1.11 23 3.35 372.  

12 0.01 1.11 24 9.01 1001.  

13 0 0.00 

14 0 0.00 

15 0 0.00 

Table 1 – Dose distribution at the locations(#1 and #2) indexed at figure 11. 
 
 



 

Fig.12 - Detail locations on the cover of OSL dosimeter measurements . 
 
 

Table 2 - Dose distribution at the 
locations( #4) indexed at figure 12. 

 
 
As mentioned above, the measured dose level is much lower than the calculated level using the FLUKA code. 
However when we compared the dose rate measured by using a ion chamber with accumulated one by OSL 
dosimeter, both were agreed with small uncertainty. Especially the accumulate dose (27.92 mSv) at No2 
position of #1 plain as figure 11 is equivalent to 0.86 μSv/s, which was very similar to ~0.8 uGy/s measured 
by PTW 23361.  So these measurements can be proved to have high accuracy. And in figure 12 and table 2, 
the dose rate at No27 position was measured as 10 μSv/h, but the FLUKA calculation gave ~1E+4 μSv/h at 
the same position. The room can be considered to radiation control area where radiation worker can access 
during testing as expected at the calculation results by using the FLUKA code.   
From above results, the assumption to determine the input parameter for the FLUKA code seems incorrect. 
Especially the estimation of dark current intensity was overestimated about 3 orders of magnitude. If the 
intensity is assumed to be lower by 3 orders of magnitude, the calculation results agree well with the 
measured one.   
 
 
3.2. In-situ Conditioning in SR Tunnel  
 
The conditioning of the second SRF cavity was conducted in-situ in the storage ring tunnel. In the process 
the dose levels around the SRF cavity were measured with the similar methods to one at the test pit. Two 
PTW ion chambers (No23361, No 7262) were installed near and far the cavity as shown in figure 13. The 
OSLs were set up surrounding the cavity in the tunnel.  
The radiation level around the cavity in the tunnel is less than 0.5 mSv/h except of near beam trajectory. Of 
course it was below the safety level at outside of the tunnel. At the PTW 23361 location, the air kerma level 
was 1.0 μGy/s, which was about 0.75 μSv/s (=2.68 mSv). It was similar to the measured date by using ODLs. 
At the PTW 7262 location, the air kerma level was also 4 nGy/s, which was about 2.7 nSv/s (=0.01 mSv). 
That also agrees with the measured level by using OSLs. The dose levels measured using PTW 23361 at near 
the cavity is about 25 times higher than the measured using PTW 7262 at the distance of 20 m from the 
cavity. The trend of two active monitoring follows the power variation of the cavity exactly. It is clearly 
presented in figure 14. Those dose profiles are a little different to the time profile of RF power like the 
measurement for the first cavity.  
There was big difference of dose levels at even the very close positions like middle bar on surface of helium 
tank. It results from the attenuation effect of the middle bar. It means that the energy of X-ray generated by a 
dark current is low relatively.  

OSLN 
no. 

Deep Dose 
Equivalent

 

[mSv] 

Dose 
Rate 

[μSv/h] 

 

7 10.22 1136.  

8 10.29 1143.  

9 10.61 1179.  

25 21.59 2400.  

26 20.18 2242.  

10 0.01 1.11  

11 0.01 1.11  

12 0.01 1.11  

27 0.09 10.00  

28 0.07 7.78  

29 0.02 2.22  

30 0 0.00  

31 0 0.00  

32 0.05 5.56  

33 0.01 1.11  



 

Fig.13 – Dose distribution during in-situ conditioning of the second SRF cavity in the storage ring tunnel. 

 
 

 

Fig.14 – Dose profile depending on RF power of the cavity using PTW 23361 and PTW 7262. 
 
 
 
4. Conclusions  
 
For the conditioning of superconducting RF cavity of PLS II, the test pit was prepared and the shielding 
design was conducted using the FLUKA . The conditioning of the second SRF cavity was conducted in-situ 
in the storage ring tunnel. During each conditioning the radiation levels around the cavity and surrounding 
space were measured by the active detectors and the passive dosimeters. The dose rates on the pit cover and 



out of the room were in the acceptable level. The room for a test pit can be considered as radiation control 
area, where radiation worker may access during the conditioning. The FLUKA results were compared with 
the measured data. The distribution profiles were agreed with each other but the calculated dose level were 3 
orders of magnitude higher than the measured one. The measured data using each method, using active 
detectors and passive dosimeters, agree well each other.  
In conclusion, the FLUKA results shows good accuracy and performance of shielding design of Test Fit of 
SRF cavity was verified. But the dark current information based on Cornell University study may make us 
overestimate the radiation level around the SRF cavity. In this study, the radiation characteristics of 500 MHz 
CESR B-factory type SRF cavity was investigated clearly. This will be one more data set for the dark current 
study, which has still many unknown things. 
  
 
 
 
References 
 
[1] J. Knobloch, "Superconducting RF Cavity Test Facilities for Newman Laboratory - Safety Report",  
   Cornell University, (2001)  
[2] F. Fernandez, X. Queralt,"Radiological studies during the conditioning of the RF cavity for the ALBA  
     Storage Ring", RADSYNCH2009, May 21-23, 2009, Trieste (2009) 
[3] R. Doull, and P. Bonner, "Survey of RF Test Facility During Cavity Conditioning", IRPA13, 13-18 May 

2012,   Glasgow (2012) 
[4] C. Ginsburg and I. Rokhno, "Shielding studies for SRF cavities at Fermilab”, SATIF10, June 2-4, 2010, 

CERN (2010) 
[5] A. Ferrari et.al., "FLUKA, A Multi-particle transport code", CERN-2005-010, CERN, (2005) 
[6] PTW online catalogue in http://www.ptw.de 


