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Figure 1 Schematic top view layout of BEATS beamline geometry 

 

 

Figure 2 3D geometry entered in FLUKA for BEATS Beamline 

 

Shielding estimations from ALBA hard X-

ray Beamlines 
The BEATS beamline is a hard X-ray Beamline that will accept white beam in both hutches. From 

the radiation protection point of view this implies that both enclosures (OH and EH) must be treated 

as optics hutches. BEATS is similar from a radiological point of view to other hard X-ray Beamlines 

designed and installed at ALBA, and particularly similar to FaXtor, ALBA’s tomography beamline, 

which is currently under design and construction. In addition, the parameters of ALBA’s storage ring 

and vacuum are basically equivalent to those of SESAME. These facts allow the establishment of 

shielding requirements estimations making use of ALBA’s prior designs and experience. These 

required shielding constraints (number of elements, material composition and thicknesses) are 

afterwards tested by simulation with Monte Carlo codes to ensure that the limit dose rate levels 

outside are kept within the desired levels. 
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Table 2 Summary of shielding requirements for BEATS hutches 

Element Material and thickness 

Sidewall OH-I Lead 25 mm 

Sidewall OH-0 Lead 20 mm 

Backwall OH-B Lead 60 mm 

Roof OH Lead 15 mm 

Frontwall EH 
Sidewall EH-I 
Sidewall EH-O 

Lead 20 mm 

Backwall EH-B Lead 60 mm 

Roof EH Lead 15 mm 

Non-structural shielding 
As it has been done with the other beamlines currently in operation at ALBA, non-structural shielding 

elements are also needed to cope with the scattered radiation produced by the different optic 

elements. Among them: Lead screens, guillotines, beam stops and chicane entrances to allow 

feeding the instruments with adequate supplies (power supplies, data acquisition, fluids, etc.). 

Local shielding 
Taking into account the current optical design some local shielding elements are necessary at the 

locations shown in Figure 3. 

Table 3 provides the characteristics of these BEATS local shielding elements, such as their expected 

minimum dimensions and construction material. Note that the transverse dimension of the lead 

screen (element #2 in Table 3) should be such that, depending on its location, it should protect the 

entire backwall from the scattering source (see Figure 4). The dimensions of the collar around the 

TL and the front wall guillotine (elements #7 and #8 in Table 3) should be such that they fill the gap 

between the pipe and the EH-F wall. 

Table 3 list of BEATS local shielding elements with expected minimum dimensions 

# Shielding Elements Height 
(cm) 

Width 
(cm) 

Thickness 
(cm) 

Material 

1 Tunnel-to-OH guillotine 30 30 2 Lead 

2 Local Pb screen 1 behind DMM - - 2 Lead 

3 Sidewall OH-I neutron screen - - 10 Polyethylene 

4 Sidewall OH-O neutron screen - - 10 Polyethylene 

5 OH-to-EH guillotine 40 40 6.5 Lead 

6 OH backwall central reinforcement 100 100 5 Lead 

7 Collar around TL - - 2.5 Lead 

8 Guillotines at both extremes of the TL - - 2 Lead 

9 ExpHall-to-EH guillotine 30 30 2 Lead 
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Figure 3 location of BEATS local shielding elements 

 

 

 

 

Figure 4 Transverse dimensions of the local Lead screens 
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Bremsstrahlung collimators and stops 
Without any beam stops or collimators, an important amount of scattered gas bremsstrahlung 

radiation will escape from the OH through the beam hole in the OH backwall. Consequently a double 

bremsstrahlung collimator system (see Figure 5) is needed. 

In addition, a bremsstrahlung stop is needed at the end of the experimental hutch to absorb all the 

flux coming from the OH through the TL in any beamline configuration. This beam stop must deal 

with the neutron production induced by the primary photons and needs careful design and 

optimisation, see Figure 6. 

The size and construction material of these collimators and stop are detailed in Table 4. 

  

Figure 5 Bremsstrahlung collimators shape (elements #10 and #11) of BEATS Beamline 

 

Figure 6 Beam stop for BEATS experimental hutch 

Table 4 List of BEATS Bremsstrahlung collimators and stops with dimensions, location and material composition 

# Shielding Element Height 
(cm) 

Width 
(cm) 

Thickness 
(cm) 

Material 

10 1st Bremsstrahlung collimator Ø 20 6 Tungsten and lead 
Aperture Ver3.4 cm x Hor2.44 cm 

11 2nd Bremsstrahlung collimator Ø 20 6 Tungsten and lead 

Aperture Ver 3.4 cm x Hor 2.44 cm 

12 EH beam stop 
- Photon stop 

 
12 

 
12 

 
20 

 
Lead 

- Neutron stop 10 cm in all directions Polyethylene 

- External layer 1 cm in all directions Lead 
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Table 6 List of hutch doors, locations, thickness and material 

Shielding Element Location 
Thickness 

(cm) 
Material 

OH Door OH-O 2 Lead 

Eh door EH-O 2 Lead 

 

Table 7 List of chicanes, locations, shielding thickness and materials 

# Shielding Element Location 
Thickness 

(cm) 
Material 

14 Electrical chicane OH OH-O 2 Lead 

15 Data chicane OH OH-O 2 Lead 

16 Ventilation chicane “in” OH OH-R 1.5 Lead 

17 Electrical chicane OH EH-I 2 Lead 

18 Data chicane OH EH-O 2 Lead 

19 Ventilation chicane “in” EH EH-I 2 Lead 
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SHIELDING CALCULATION RESULTS 

Radiation levels around synchrotron beamlines are produced by two main processes: 

1. The interaction of the photon flux generated by the Insertion Device with the different 

elements encountered on the beam path, 

2. The gas bremsstrahlung radiation field produced by the interaction of primary electrons inside 

the straight section of the ID with the residual gas inside it. 

The shielding requirements in the case of ID beamlines are dominated by the second process, i.e. 

the gas bremsstrahlung scattered radiation that can send an important flux of high energy photons 

into the hutches. 

The results shown in this section will verify this by FLUKA simulations assuming for the BEATS 

beamline a maximum current stored the storage ring of 400 mA, an aperture of the front end of 

1 mrad, corresponding to the worst case from a radioprotection point of view. The Monte Carlo 

simulation results allow validating the required lead walls and roof thicknesses for gas 

bremsstrahlung scattering produced at the optical elements of BEATS. The geometry used for the 

calculation was the BEATS Beamline geometry as laid out in Figure 1 and Figure 2, together with 

Table 2, Table 3, Table 4 and Table 5 shielding elements. 

Several simulation scenarios have been considered, taking into account the different operation 

modes and the most probable accidental situations for both processes. In summary: 

1. White beam operation mode scenarios – mirrorless configuration 

2. Monochromatic beam operation mode scenarios – mirrored configuration with MM1 and MM2 

of the DMM inserted at the two extremal positions, representing the minimum and maximum 

monochromatic selectable energies 

3. Bad vacuum conditions inside the transfer line- accidental situation for both processes. 

 

Gas bremsstrahlung source calculations 

White beam or mirrorless operation mode 
The results found for gas bremsstrahlung source during the mirrorless operation mode are presented 

in this section. Figure 8 shows the photon, neutron and total equivalent dose rates (µSv/h) at 140 cm 

height (primary beam level). Figure 9 shows the total dose rate map from scattered gas 

bremsstrahlung at 375 cm height for the OH and 295 cm height for the EH, just above the roof levels. 

It can be observed that the maximum total dose rate outside BEATS hutches for this operation mode 

is 0.025 μSv/h (for 5.0×10-9 mbar), allowing a maximum value for the pressure in the straight section 

of 1×10-7 mbar for 0.5 μSv/h. 

Without any beam stops or collimators, an important amount of scattered bremsstrahlung radiation 

will escape from the OH through the beam hole in the OH back wall. Consequently, a bremsstrahlung 

collimation system is needed in the OH and a beam stop at the EH. The shielding effectiveness of 

the beam collimators and beam stop can be observed from Figures 8 and 10, comparing the dose 

rates outside the EH with and without the double bremsstrahlung collimator system under the 

mirrorless configuration mode. The maximum dose rate values are approximately 5 times lower with 

the collimation system inserted. 
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In addition, one can notice that the dose rate levels outside the OH are significantly increased when 

the collimating system is in place, particularly due to neutron and their secondary lower energy 

photon dose rate contribution. To cope with this increased neutron level it is advisable to consider 

the use of materials rich in H content, like polyethylene, that allow the absorption and energy 

degradation of neutrons through n-p elastic scattering reactions. 

A series of simulations have been performed to optimise the position and thickness of the OH 

polyethylene neutron shields with the gas bremsstrahlung source under the mirrorless configuration. 

The total dose rate levels produced with no neutron shield, shield only over the whole length of OH-

I sidewall, and shield over the whole length of both OH-I and OH-O sidewalls are shown in Figure 11. 

It is evident that two 10 cm thickness polyethylene screens covering the inner sides of both OH 

sidewalls are needed to reduce the dose rates below the required levels. 
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Figure 8 Photon, neutron and total dose rates (µSv/h) at 1.40 m height inside and around OH, TL and EH with the beam collimation system and polyethylene screens at the OH in use for the Gas 

bremsstrahlung case under the mirrorless operation mode 
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Figure 9 Total dose rates (µSv/h) at roof heights inside and around OH(left)  and EH (right) for the Gas bremsstrahlung case under the mirrorless operation mode 

 

 

Figure 10 Total dose rates (µSv/h) at 1.40 m height inside and around OH, TL and EH without the beam collimation system and with polyethylene screens at the OH in use for the Gas 
bremsstrahlung case under the mirrorless operation mode






























