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OUTLINE

• High Brilliance neutron Source project

• Brief history of target development

• Current target design

• Neutronics optimization

• Fabrication and test

• Summary and outlook
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HBS – High Brilliance neutron Source
Powerful accelerator based pulsed neutron source
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Schematic layout of the HBS facility
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HBS – High Brilliance neutron Source
Powerful accelerator based pulsed neutron source
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● Accelerator driven pulsed neutron source

● Optimized for neutron scattering on small samples           

● National medium flux neutron facility

● Reasonable costs (~400 MEUR)



HBS – High Brilliance neutron Source
HBS prototype at Big Karl @ COSY inside the FZJ 
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100kW at 100 cm² 
(70 MeV @ HBS)

high peak current
(100 mA @ HBS)

5000 h/y operation

Maximum 

neutron output
A strong and brilliant 

neutron beam

High heat load
▪ HBS shall get a full suite of instruments with 

competitive performance

▪ competitive strong neutron flux is necessary 

Blistering 

HBS - High Brilliance neutron Source

▪ smaller target could enhance the brilliance

→ minimize the size of the target

*compared to existing spallation sources

Special requirements placed on the target of HBS

BRIEF HISTORY OF TARGET DEVELOPMENT
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HBS shall provide a strong and brilliant neutron beam.



11/21/2022 p. 7

BRIEF HISTORY OF TARGET DEVELOPMENT

Lithium

5 MeV, 50 mApeak,

5 kW on the target
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BRIEF HISTORY OF TARGET DEVELOPMENT
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BRIEF HISTORY OF TARGET DEVELOPMENT



Target 1.0

Target 2.0

× Mechanical stability, thermal behavior
✓ Particle transport properties
✓ Hydrogen implantation

Two main risks effect the target integrity,
• High average proton current of 8.74×1015 s-1

→ Hydrogen embrittlement and blistering 
• 100 kW heat load at the target surface of 100 cm2

→ Heat removal capacity 

HBS Target – Brief History of Development

Target 2.1

11/21/2022 p. 10



HBS Target - Current target design

180° turnaround for coolant flow adapter for inlet and outletmain target

A cut view of the main target
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Unit: cm

Target consists of three parts

▪ Main body is fabricated out of one single 

piece

▪ Approx. 2.75 kg tantalum
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HBS target – why tantalum?
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HBS Target – main body
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Prototype of the 100 kW HBS target

6.1 mm

Reinforcement braces



HBS Target – Coolant Flow
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HBS Target – Coolant Flow
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NEUTRONICS SIMULATION

•Monte Carlo code: FLUKA 2020.0 

•Cross section: ENDF/B-8R0 and JENDL40-HE.

•Proton energy:  70 MeV

•Target: Ta target with internal water channels

Model
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• Penetration depth of 70 MeV protons in solid tantalum is 0.55 cm.
• Penetration depth of 70 MeV protons in water is 4.25 cm.

Neutronics optimization

Bragg curves of 70MeV protons

Bragg curve of a 70 MeV proton beam in (a) Tantalum and (b) Water
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Neutronics optimization

1 cm thick solid tantalum target

Percentage of (1) stopping protons, (2) neutron production by 181Ta (p, n) 181W 

and (3) energy deposition along target depth of the thick target
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Target model in simulation 
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• proton fluence is nearly homogeneous within the tantalum target
• homogeneous energy deposition within the complete target 

Neutronics optimization

Protons

Proton fluence and Energy deposition
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The distribution of stopped protons The percentage of stopped protons along target depth

• 4.4% of protons accumulate in the metal target
• 95.1% of protons stop in the beamstop
• 0.5% of protons stops in the Ta wall behind the beamstop
• Neutron production of this thin target can be as high as 99% of a thick target  

Neutronics optimization

Blistering minimization 

Protons
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• Most 181Ta (p, n) 181W reactions take place in the metal Ta of the target. 

• Most neutrons are produced where the energies of protons are highest.

• 0.61 cm is a proper choice for 70 MeV protons to produce a high neutron output.

• Average neutron yield: 1.45×1015 s-1. 

Neutronics optimization
Neutron output maximization
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Neutron distribution produced by 
181Ta (p, n) 181W reactions

Protons



• Maximum values of the proton-induced DPA mainly concentrates at the end of target. 

• Neutron-induced damage is quantitatively smaller and more evenly distributed compared.

Neutronics optimization
Displacement Per Atom (DPA)
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DPA induced by protons (left) and neutrons (right) 

Protons



• Calculated values are obtained from FLUKA 2020.0 for GNU/Linux operating system.

• Values corresponding to 11 dpa are obtained based on proton damage rates.

• whereas 0.14 dpa are calculated with the damage rates of neutrons.

Annual does [dpa/fpy]
Minimum target 
lifetime[years]

Reference 

values

Calculated 

values

Nominal target
Protons-induced 11 [1,2] 1.93±0.02 5.70

Neutrons-induced 0.14 [3] 0.12±0.02 1.17

Reference
1 T.S. Byun, S.A. Maloy, J. Nucl. Mater 377(1), 72 (2008).
2 J. Chen, H. Ullmaier,etc, J. Nucl. Mater 298(3), 248 (2001).
3 J. Chen, G. Bauer,etc, J. Nucl. Mater 318, 56 (2003).

Neutronics optimization
Lifetime estimation: Displacement Per Atom (DPA)
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HBS target prototype manufacturing 
Target under wire-cut EMD process

EDM machined Target prototype
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HBS target prototype manufacturing & testing

CT measurement of cooling channels

CT measurement results: average machining errors is 0.02 cm 

• Investigation of the production-related tolerances, especially microchannels

3D computed tomography images of the HBS 

target prototype 
Computed tomography at ZEA-1
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HBS target prototype manufacturing & testing

CT measurement of cooling channels

CT measurement results: average machining errors is 0.02 cm 

• Investigation of the production-related tolerances, especially microchannels

An overview of the color map of deviations between scan data and CAD design

Analysis software: VGSTUDIO MAX 2022.1
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HBS target prototype manufacturing & testing

CT measurement of cooling channels

CT measurement results: average machining errors is 0.02 cm 

• Investigation of the production-related tolerances, especially microchannels

Accumulative deviation distribution of the manufactured HBS target prototype

Analysis software: VGSTUDIO MAX 2022.1
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HBS target prototype manufacturing & testing

CT measurement of cooling channels

• Percentage of stopped protons in targets of different thicknesses

Target 

thickness [cm]

Percentage of 

stopping protons

0.61 4.6%

0.62 6.6%

0.63 11.9%

0.64 25.2%

0.65 51.5%

0.66 81.1%

0.67 95.7%

0.68 98.9%
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• Machining error of target thickness is 0.02 cm.

• Fabricated target is 0.63 cm thick and 

approximately 12% of protons will accumulate there.

• Compared to the nominal design, the number of 

protons parked on the target will increase by 157%.



HBS target prototype manufacturing & testing

CT measurement of cooling channels

Proton current 

at HBS
8.74×1015 s-1

Critical 

hydrogen 

concentration 

in Ta

Number of 

Ta atoms

Number of H 

atoms at 

critical point

Lifetime 

[years]

Nominal target 17% [1] 1.0 ×1024 1.7 ×1023 18

Fabricated 

prototype 17% [1] 1.1×1024 1.9 ×1023 6

• Life time estimation of the nominal design and the fabricated prototype based on 

hydrogen concentration
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[1] T. Schober, “Vanadium-, niobium- and tantalum-hydrogen,” Solid State Phenomena, vol. 

49–50, pp. 357–422, 1996.



HBS target prototype manufacturing & testing

CT measurement of cooling channels

• Lifetime estimation based on DPA

Annual does [dpa/fpy]
Minimum target 
lifetime[years]

Reference 

values

Calculated 

values

Nominal target
Protons-induced 11 [1,2] 1.93±0.02 5.70

Neutrons-induced 0.14 [3] 0.12±0.02 1.17

Target 

prototype

Protons-induced 11 [1,2] 2.01±0.02 5.47

Neutrons-induced 0.14 [3] 0.12±0.01 1.17

• Calculated values are obtained from FLUKA 2020.0 for GNU/Linux operating system.

• Values corresponding to 11 dpa are obtained based on proton damage rates.

• whereas 0.14 dpa are calculated with the damage rates of neutrons.

Reference
1 T.S. Byun, S.A. Maloy, J. Nucl. Mater 377(1), 72 (2008).
2 J. Chen, H. Ullmaier,etc, J. Nucl. Mater 298(3), 248 (2001).
3 J. Chen, G. Bauer,etc, J. Nucl. Mater 318, 56 (2003).
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Summery and Outlook

▪ HBS Target is designed to operate with 100 kW thermal load at 100 cm² 
surface area.

▪ Risk of hydrogen blistering is minimized by material selection and target 
design optimization.

▪ The microchannel target is manufacturable and the machining error of the 
prototype is acceptable.

▪ Expected lifetime is 1 year.

Next steps:

▪ critical heat flux measurement (burn out) to investigate the limit of the heat 
removal capacity.
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