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Abstract 

We designed a radiation shield for the vertical cryostat at FREIA. The design is dedicated to a prototype 

crab cavity for the High-Lumi LHC project, and is normalized with an experimental radiation dose 

measured at CERN in the most contaminated case ever observed. The predicted dose is below 10 T 

outside the normal concrete shield made of 30 cm thick wall and 60 thick roof. 
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1. 0Introduction 
In the High-Lumi LHC project, deflecting cavities called crab cavities will be installed near the ATLAS 

and CMS detectors to control the peak luminosity. The crab cavities will be made of superconducting 

bulk niobium and will be operated at 2K. There are two different designs. The RF Dipole (RFD) will be 

used for the CMS detector, and its series production will be conducted by the United States and Canada. 

CERN will be responsible for the series production of the Double Quarter Wave (DQW) for the 

ATLAS detector. Since the production schedule is extremely tight, the vertical test stand GERSEMI at 

the FREIA laboratory is considered as a backup option for the DQW testing. The superconducting RF 

cavities can produce X-rays through Bremsstrahlung during the conditioning process and in case of 

contamination. An appropriate radiation shield is therefore crucial to safely carry out the cavity testing in 

GERSEMI. 

2. Double Quarter Wave (DQW) resonator 
The DQW resonator is made of two counter facing quarter wave resonators as shown in Fig.1. The 

cavity is fabricated out of 4 mm thick niobium sheets. 

 

Figure 1 Mechanical design of DQW 

The fundamental mode of DQW was calculated with the CST MW studio. Figure 2 shows the electric 

field and Fig. 3 shows the magnetic field. Since the field emission is caused by the electric field, the X-ray 

radiation would be mainly generated perpendicularly to the center plates. 

 

Figure 2 Electric field 
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Figure 3 Magnetic field 

3. Experiment at CERN 
The prototype DQW resonator was tested at CERN in 2017, which would provide a realistic estimate of 

X-ray dose in a vertical test stand. Figure 4 shows the mechanical design of the cryostat insert dedicated 

to the DQW testing. The cavity was installed vertically and therefore the preferential orientation of the 

X-ray radiation was horizontal. A radiation detector was placed on top of the insert inside the radiation 

shield at CERN. The cavity sat at 3.2 m below the top flange. 

 

 

Figure 4 Insert for DQW testing at CERN 
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Figure 5 shows the test result when the cavity was contaminated. The maximum peak electric field, 

which is the field between the center plates with a 90 mm gap, is 60 MV/m. Therefore, the maximum 

electron energy is 5.4 MeV. From this result, we can assume that the worst radiation at the top flange 

inside the radiation shield is about 1.0 mSv/h. 

 

 

Figure 5 Prototype result at CERN [A. Castilla, 7th HL-LHC Collaboration Meeting Nov 2017] 

4. Simulation 
The Fluka code was used to estimate the radiation dose. 

4.1. Geometry 

The simplified model was implemented in Fluka as shown in Fig. 6 and Fig. 7. The ground was 

considered as a perfect radiation absorber. The cryostat made of stainless steel was mounted inside a 

cylindrical hole (2m) and the top flange meets the ground level. The hole is surrounded by a rectangular 

pit (3m x 3.3m x 1m). The cryostat is covered by normal concrete blocks of 30 cm thick at the side wall 

and 60 cm at the roof. The height of the wall is 90 cm to cover the cryogenic component on top of the 

insert, which are sticking out by 70 cm from the ground level, and the total height of the shield is 150 

cm. A simplified cylindrical cavity is placed inside the cryostat, 3.8 m underneath the ground level. The 

limited solid angle from the cavity restricts most of the radiation, and enables us to focus on optimizing 

the thickness of bunker’s roof. 
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Figure 6 Top view 

 

Figure 7 Side view 
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4.2. Physics process 

Two physics processes were added to the default Fluka settings. 

 PHOTONUC 

 LAM-BIAS (reduction of hadronic inelastic interaction length by factor 0.01) 

4.3. Material 

Fluka default materials were used for this study. 

 PORTLAND (normal concrete) 

o Density 2.3 g/cm3 

 Stainles 

o Density 8g/cm3 

 NIOBIUM 

o Density 8.57 g/cm3 

4.4. Primary event generation 

The simulation was separated into 999 runs, each of which contains 1,000,000 events generation. 

4.4.1. Initial position 

The electrons were generated uniformly inside the simplified cavity geometry. Figure 8 shows the 

distributions of the initial positions of the electrons. 

 

Figure 8 Distribution of the initial position 
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4.4.2. Initial momentum 

The uniform distribution with maximum energy 6 MeV was assumed as shown in Fig 9. The end-point 

energy was estimated from the maximum possible energy calculated in section 3 by using the 

experimental result at CERN. In the DQW resonator, the field emission electrons are preferentially 

generated towards the horizontal direction. This was simulated by Gaussian angular distribution with 

mean at X-axis with FWHM of .  

 

Figure 9 Initial energy distribution 

 

4.5. Normalization 

The default normalization of the equivalent dose in Fluka is pico Sv per one initial particle. We scale this 

result so that the radiation dose inside the shield fits experimental result at CERN (1 mSv/h). Although 

the geometry and field emission model are simplified, the relative dose ratio between inside and outside 

would be reliable, and the following estimate on the radiation outside the shield would be realistic, based 

on the experimental data. The normalization factor determined accordingly was 2.8e10. 

5. Results 
Figure 10 and 11 show the results of the Fluka simulation. The equivalent dose outside the radiation 

shield is below 10 uSv/h. As described in Sec. 4, the one inside the shield is normalized to 1 mSv/h. The 

radiation shield efficiently decreases the dose by more than two orders of magnitude. Since the radiation 

length of a normal concrete is 26.7 g/cm2, which corresponds to about 11 cm, the expected reduction in 

the dose by 60 cm thick concrete is consistent with the simulation result. There is hotspot leaking 

though the access hole for the cryogenic line and electric cables, but the dose level is still around10 

uSv/h. A local shielding may be sufficient to deal with such hotspots. 
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Figure 10 Result (side view) 

 

Figure 11 Result (top view) 

6. Mechanical design 
The radiation shield will be fabricated from concrete blocks. We will purchase two types of blocks 

 30 cm x 30 cm x 4 m (29 pc) 
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 30 cm x 30 cm x 3 m (6 pc) 

The design is shown in Fig. 11. The thick red solid line shows the pit, and the blue shows the hole. 

 

Figure 12 Design of the concrete blocks (in cm) 

When we need the access to the cryostat before and after the RF test, we open the roof by removing 13 

blocks as shown in Fig. 13. 

 

Figure 13 Open the bunker 

7. Conclusion 
The radiation shield for the vertical test stand GERSEMI at FREIA was designed specifically to test the 

DQW crab cavities for the HL-LHC project. The simulation was modeled to reproduce the prototype 

experimental results at CERN, and the predicted dose just outside the shield is below 10 uSv/h. This is 

still the worst possible dose if the cavity is heavily contaminated. We will install a radiation detector 

inside and outside the concrete to monitor the dose during the cavity testing. 


