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The HBS Project:  
From a High Brilliance Source to Compact Sources for Universities   

Thomas Brückel, Jülich Centre for Neutron Science JCNS

HBS NOVA-ERA
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European Neutron Landscape
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● ILL & ESS for flux hungry experiments

● Medium flux sources for
● method development
● capacity & capability
● user training

● Low flux sources 
● at universities
● (maybe not for 

inelastic instruments)

Network of sources

European Neutron Landscape
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From Table-top to Flagship

HBS project:
• Scalable accelerator 
driven neutron source

• Closing the gap and
shaping the future?

Photons

Neutrons
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HBS and German Neutron Strategy
National Neutron Roadmap Helmholtz-Roadmap

19 
 

7.9 Proposed neutron scenario 
A rough timetable based on 7.1–7.8 is shown in the figure below.  
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http://www.fz-juelich.de/jcns/jcns-2/EN/Forschung/High-Brilliance-Neutron-Source/_node.html

European Neutron Landscape
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Science with neutrons at CANS

HBS Science Case Workshop

Unkel, April 5-6, 2017

The requirements:
• provide easy access

• allow proof of principle

• increase efficiencyChemistry Soft Matter

EngineeringMagnetism
Neutron News 2017, p. 22, vol. 28
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High Brilliance Neutron Source Project
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Project rationale

● Accelerator driven pulsed neutron source
● Optimized for neutron scattering on small samples
● Low- or medium flux neutron laboratories
● Reasonable costs (~10 to ~300 MEUR)

Holistic optimization of
Ø Instrumentation
Ø Moderator
Ø Target
Ø Accelerator

Change of paradigm:
Every instrument has its own 

adapted neutron source:
no “one fits all”

produce less (minimize cost!) -
waste less (maximize brilliance!)

High Brilliance Neutron Source Project
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Laboratory facility: NOVA ERA
Neutrons Obtained via Accelerator for Education 
and Research Activities

- small accelerator (~10 MeV)
commercial tandetron

- single target station
- basic instruments for 

research, education and training

Large-scale facility: HBS
High Brilliance neutron Source

- linear accelerator (30-50 MeV)
- several target stations
- full suite of instruments with competitive 

performance 

Realisations
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Neutron Production
Basic principle
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● Pulsed proton or deuteron beam

● Energies about 10 MeV (NOVA ERA) / 

up to 50 MeV (HBS)

● Light target material with high (p,n) 

cross section (e.g. beryllium)

● Nuclear reactions produce neutrons
Despite small cross section competitive 

to spallation for same power due to 

higher charged particle current

● Simulations and 
experimental validation
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Neutron Production
Moderation

● Neutrons need to be moderated for 
most applications

● Thermal moderator with high 
momentum transfer and low absorption 
(e.g. PE)

● Reflector surrounding thermal 
moderator (e.g. Pb)

● Optimization of moderator and reflector 
dimensions to maximize thermal neutron 
flux

● full solid angle coverage: no losses!

p
n

thermal

Pb

PE

Be target
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Neutron Production
Moderator / Reflector optimisation

14-Dec-17 11

x

● Neutrons need to be moderated
for most applications

● Thermal moderator with high 
elastic scattering cross section, high 
momentum transfer and low 
absorption (e.g. PE)

● Reflector around thermal 
moderator to enhance moderation 

Configuration chosen for NOVA ERA:
Moderator radius 8 cm
Reflector thickness 20 cm
Flux maximum 1.4 · 1011 cm-2s-1mA-1

Reflector Thickness t

● Highest thermal neutron density 
inside the thermal moderator

● Extraction channels from area of 
highest flux to neutron beam guides 
and instruments

● Simulations to study pulse shape, 
energy spectra and brilliance

The
rm
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Cold

Cold

p

Neutron Beam Production
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Extraction / Beam parameters
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NOVA ERA: From Proton to Neutron (Accelerator)
A commercial system
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● Up to 10 MeV , 1 mA tandem 
accelerator with ion source and 
chopper as offered by High 
Voltage Engineering B.V. 

Change of paradigm:
Bring neutrons to users, not users 

to neutrons!

From Proton to Neutron (Target)
Engineering challenges
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● Target optimization for brilliance and 
mechanical stability

● Large heat deposition density in target
(NOVA ERA: 400 W, HBS: 100 kW)
Ø Temperature rise inside target
Ø Temperature induced stress

Heat 
Deposition

Position [mm]

Cooling

p beam
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NOVA ERA Target
Cooling efficiency and mechanical stability
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Target stability ensured up to a heat deposition 
of 1 kW (0.15 kW/cm2)

51°C

22°C 197 MPa

70 MPa
H2O

NOVA ERA Target
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housing

Design
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NOVA ERA Target
Prototype and target test station
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NOVA ERA Target
Biological shielding
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neutron dose rate max. 1.2 m

Total surface dose rate < 10 mSv/a for 30cm B-PE & 10 cm Pb
Very compact target station with a radius of about 1m! 
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From fast/thermal Neutrons to cold Neutrons
Thermal and cold moderators
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● Moderation of fast neutrons 
to thermal and cold energies

● “one”-dimensional 
“finger-”moderators
with high brilliance!

Be

Pb

PE

pn

thermal

cold

liquid H
2

From fast/thermal Neutrons to cold Neutrons
Thermal and cold moderators
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● Moderation of fast neutrons to 
thermal and cold energies

● Optimization of cold finger 
moderator for instrument 
requirements

● Cold finger design, 
construction, material 
(Mesitylene, para-H2!)

● Neutron performance tested
at AKR-2 / Dresden
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Instruments at HBS / NOVA ERA
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Laboratory facility: NOVA ERA
Workhorse instruments:

diffraction / analytics / imaging

University / industry laboratory
Easy access, flexible use

Typical flux at sample position: 
103 – 105 cm-2 s-1 at 400 W power

but:  good signal-to-noise ratio
(pulsed operation: no beam on target 

during measurement!)
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SANS
• Cold neutrons, λ = 2 … 10.3 Å

• Qmin = 4 ∙ 10-3 Å-1

• Flux at sample: 7 ∙ 104 s-1cm-2         

• Q-range and resolution tuneable (low – medium resolution)

• Soft matter and inhomogeneous materials

• Sample characterization close to synthesis laboratory

NOVA ERA Scattering Instruments
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NOVA ERA Scattering Instruments
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Reflectometer
• Wavelength band: 2 … 9.5 Å
• Res: 17% @ 2 Å ... 4% @ 9.5 Å
• Flux at sample: 5*104 s-1cm-2

Powder Diffractometer
• Wavelength band: 1.3 … 2.6 Å
• Resolution: 0.3 %
• Flux at sample: 4.3*103 s-1cm-2

NOVA ERA Analytic Instruments
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Cold Neutron Imaging:
• L/D = 200
• Wavelength resolution 
for Bragg edges: 0.3 Å
• Flux at sample: 2.5*103 s-1cm-2

Fast Neutron Imaging:
• Fast neutrons directly from target
• L/D = 200
• Flux at sample: 4*104 s-1cm-2

[FRM II/ANTARES]
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NOVA ERA Analytic Instruments
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Prompt / Delayed Gamma Neutron 
Activation Analysis:
• TOF resolution: keV… meV
• Depth resolution in 

inhomogeneous samples 
• Averaged flux at sample: 5*105 s-1cm-2

NOVA ERA - A compact neutron source for universities
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CDR NOVA ERA
FZJ Schriftenreihe, 2017 
ISBN 978-3-95806-280-1

http://www.fz-
juelich.de/SharedDocs/D
ownloads/JCNS/JCNS-
2/EN/Conceptual-
Design.pdf
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Fully fledged High Brilliance Source
Facility Layout
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Every beam port serves only 1 Instrument

• Optimize cold source spectrum 
• Optimize geometry
• Integrate neutron optics with 

beam port
Several target stations

• Optimize pulse structure 
(length, rep. rate)

• Optimize thermal spectrum 
Small shielding → optimal neutron optics

• Neutron guide around cold 
source

• Chopper at <1 m from target

The Jülich high-brilliance neutron source project
U. Rücker, T. Cronert, J. Voigt, J. P. Dabruck, P. -E. Doege, J. Ulrich, R. Nabbi, Y. Beßler, 
M. Butzek, M. Büscher, C. Lange, M. Klaus, T. Gutberlet and T. Brückel
Eur. Phys. J. Plus, 131 1 (2016) 19  |  DOI: http://dx.doi.org/10.1140/epjp/i2016-16019-5

HBS Instrument Performance
Large Scale Structure & Diffraction
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Reflectometer
Slow target station: 48 Hz rep.rate
Para H2 cold moderator
Wavelength range λ = 1.2 … 5.7 Å
Resolution: 5% at λ = 4 Å
Flux: 1.3 * 108 n/cm²s at 3 mrad div.

Powder diffractometer
Medium target station: 96 Hz rep.rate
40 µs chopper opening à 3 * 10-3 Δd/d
Wavelength range λ = 1.1 … 2.0 Å or 

λ = 2.15 … 3.05 Å 
Flux: 6 * 106 n/cm²s at 10 mrad div.

SANS
Slow target station: 48 Hz rep.rate
Solid CH4 cold moderator
Wavelength range λ = 3 … 8.5 Å
Resolution: 7% at λ = 3 Å, 3 % at λ = 8 Å
Flux: 2.4 * 107 n/cm²s at 2 m collimation

compare 
MARIA @ MLZ

compare 
POWTEX @ MLZ

compare 
KWS-1 @ MLZ
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HBS Instrument Performance
Spectrometer
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For a medium flux HBS with 100 kW beam power, 100 mA peak current and 50 MeV deuteron energy

to ISIS instruments of the same class using the flux and resolution values215

given on the instrument web sites [9, 10, 11]. Considering realistic condi-216

tions we can conclude, that one can expect a similar monochromatic flux as217

on a medium power spallation source. Despite the fact, that the number of218

neutrons produced in low-energy nuclear reaction is much lower, the com-219

pactness of the source enables the optimisation of the instruments already220

from the neutron source. The reduced dimensions of the target/moderator221

assempbly improve the coupling between them and increase the brilliance222

within a collimation suitable for neutron spectrometers. The Short dis-223

tance to the extraction system is a key feature to extract the rather large224

phase space volume needed for typical spectrometer applications. Finally,225

the adapted repetition rate compensates the lower neutron production to226

yield a similar flux on sample.

Backscattering Cold ToF Thermal ToF
Ei,f (meV) 1.84 5 45
�Ei
Ei

(%) 1 2 5
�✓(�) 4 2 0.75
�t(µs) 120 50 18
Rep. rate (Hz) 200 100 400
Flux (cm�2s�1) 2.5⇥ 107 1.3⇥ 105 1⇥ 105

Reference instrument OSIRIS LET MERLIN
Flux reference (cm�2s�1) 2.7⇥ 107 5⇥ 104 6⇥ 104

Table 1: Parameters and performance for selected spectrometer types compared to refer-
ence instruments [9, 10, 11].

227

6. Conclusion228

We have analyzed the performance of inverse and direct geometry time-229

of-flight spectrometers at low-energy accelerator-driven neutron sources such230

as the HBS concept. We show that the provision of higher source repetition231

rates will be beneficial for any narrow band application, since spallation232

sources typically run at repetion rates about 1 order of magnitude lower233

than requested by the dynamic range of the experiment. Compact tar-234

get/moderator assemblies are feasible, which results in a larger fraction of235

the produced neutrons to be moderated to cold or thermal energies. Finally236

the comparably low energy of the underlying nuclear reaction enables and237

the smaller target/moderator assemby will enable neutron optics, that begin238

in close proximity to the neutron emission surface. Therefore in particular239

9

Spectrometers for compact neutron sources 
J. Voigt, S. Böhm, J.P. Dabruck, U. Rücker, Th. Gutberlet and Th. Brückel
Nuclear instruments & methods in physics research / A 884, 59- 63 (2018) [10.1016/j.nima.2017.11.085]

Conclusion
Highly performing without nuclear license;       Price-tag for full HBS?
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Von Ailura, CC BY-SA 3.0 AT, CC BY-SA 3.0 at, 
https://commons.wikimedia.org/w/index.php?curid=36888342

Neymar:

ü transfer fee of $263 million (€222 million)
Paris Saint-Germain

ü five-year contract with annual salary of 
$53 million (€45 million)

Cost of a top-of-the-line HBS:
(invest & operation)

1 ℕ („%&' (')*+,“)


