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Overview



H1/H2 Scenarios
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# Cause / Instrument state Access to areas

H1-1 Standard operation with full beam outside boundary

H1-2 Instrument shutter closed experimental cave; middle-focus

H1-3 100% incoherent neutron scattering at sample position outside boundary

H1-4 Cd/Gd containing sample substrates outside boundary

H1-5 100% incoherent scattering at middle focus outside boundary

H1-6 Beam fully blocked by boron containing mask at the middle focus outside boundary

H2-1 Cd sheet blocking full beam at sample position outside boundary

From simulation:
Maximum neutron current before shutter: 3.3x109 n/s (6% of LOKI)
Maximum neutron current at sample position : 2.1x109 n/s



Radiation Safety Analysis – Estia is Different
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Typical “short” ESS beamline:

Estia beamline layout: • Precision optics, requiring large cut-out in 
bunker wall that needs to be compensated

• Low number of reflections and flux while 
integrating shielding in guide 
➔ No outer shielding required

• Large 80x200mm² opening in insert

• Small choke point used for compensation, 
especially against high energy neutrons

• 4-sided neutron guide with small variation in 
cross-section

• T0-chopper or LoS avoidance in bunker
• Penetration through bunker wall within steel 

vessel, only guide cross-section open
• Guides requiring shielding outside of bunker



Radiation Safety Analysis
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Special situation for Estia above 
guide, see later discussion



Shielding Solutions – Beam Extraction

• Neutron feeder and BBG feature heavy collimation plates 
that split the large opening into two separate channels

➔ Supports breaking line-of-sight towards  Virtual Source  and 
reduces size and view of monolith opening.
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(Installation verified in NBOA SAT ESS-5919359)



Shielding Solutions – Choke Points

• Choke point around Virtual Source is used with multiple 
heavy collimation elements (copper) that compensate for 
missing bunker wall volume

• After each collimator a space allows scattered neutrons to 
escape to avoid albedo transport (streaming)

➔ Effective suppression of fast neutrons leaving the bunker 
and reduction of beamline background.
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(Inspection reports Chopper/BWI: 
ESS-5912344/ESS-5912345)



Shielding Solutions – Selene 1 Area

• Residual gaps between vacuum tank and bunker wall are 
filled with HDPE shielding.

• Establish a bunker-side access area around Selene 1, 
separated with a wall that includes the instrument shutter

• Potential direct view into the bunker is blocked by 3 extra 
copper blocks within the guide vacuum

• Borated mineral cast in support structure

➔ Allow full access to all areas downstream of the wall and 
further reduce instrument background.
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(Inspection report SG1: ESS-5912346)



Shielding Solutions – Shutter Area and Middle-Focus

• As only cold neutrons need to be blocked, simple B4C with 
lead and copper blocking gammas is sufficient

• Shutter operates fail-safe within vacuum using pneumatic 
cylinder and bellow against gravity + vacuum force

• Middle-Focus houses neutron polarizer and mask changer, 
for gammas produced there the vacuum chamber includes 
lead lining
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(Shutter inspection report: ESS-5492754)



Shielding Solutions – Experimental Cave

• Downstream of the shutter, the experimental cave is 
primarily mitigating secondary radiation from interaction of 
the beam with specific sample materials.

• The walls and ceiling are normal concrete with small boron 
content to reduce gammas from scattered neutrons and 
instrument background.
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(Boron distribution verification: ESS-6045167

Cave inspection/SAT report: ESS-5980377/ESS-5967162)



Shielding – Calculation Results

H1-1 Open Beam - Unpolarized

H1-1 Open Beam - Polarized

H1-2 Shutter Closed

H1-3 Water Sample

H1-4/H2-1 Cd/Gd Sample
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H1-6 Boron Mask at Middle-FocusH1-5 Vanadium at Middle-Focus



Deviation from Guidelines for Instrument Shielding Design
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• For the area above the neutron guide, Estia exceeds the 
recommended 0.5 µSv/h average value due to the missing guide 
shielding

• All relevant dose from Estia is gamma radiation from the guide
• The evaluation that this recommendation is based on 

(ESS-1108220) finds only minimum impact from the Estia 
instrument to the relevant locations

• An exception of this limit was therefore granted
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