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The HBS Project:
From a High Brilliance Source to Compact Sources for Universities
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European Neutron Landscape
Network of sources

+ 8000 users
+ 19 neutron sources in Europe

([ ] ILL & ESS fOI' ﬂUX hungry eXperlmentS + 32.000 instrument beam days per year

+ 1900 publications each year
* _Collaboration and Flow
* New users welcome

e Medium flux sources for _ Supporting indusiry
e method development
e capacity & capability
e user training

e Low flux sources
e at universities

® (maybe not for
inelastic instruments)
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European Neutron Landscape
From Table-top to Flagship
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Laboratory GALAXI PETRA Il XFEL (DESY) HBS project:
» Scalable accelerator

driven neutron source

ﬁ = * Closing the gap and
- . = o shaping the future

MLZ (Garching) ESS (Lund)
N
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HBS and German Neutron Strategy

National Neutron Roadmap Helmholtz-Roadmap
Strategy Paper S ,/-. i ‘>, /4/

HOCHBRILLANTE NEUTRONENQUELLE HBS

. {HIGH BRILLIANCE NEUTRON SOURCE)
Neutron Research in Germany:

2015-2045
| European Sources with German contribution

National Sources

HELMHOLTZ-ROADMAP FOR
FORSCHUNGSINFRASTRUKTUREN It
2015

2010 2020 2030 2040
year

g

http://www.fz-juelich.de/jcns/jcns-2/EN/Forschung/High-Brilliance-Neutron-Source/_node.html ‘ J l'j L I C H
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European Neutron Landscape
Science with neutrons at CANS

The requirements:

* provide easy access

+ allow proof of principle
» increase efficiency

HBS Science’Case Warkshop
Unkel, April 5-6, 2017

e

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

Project rationale
Holistic optimization of

> Instrumentation
e Accelerator driven pulsed neutron source > Moderator
o . > Target
e Optimized for neutron scattering on small samples N
> Accelerator

e Low- or medium flux neutron laboratories
e Reasonable costs (~10 to ~300 MEUR)

| ) i
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High Brilliance Neutron Source Project

Realisations
Laboratory facility: NOVA ERA Large-scale facility: HBS
Neutrons Obtained via Accelerator for Education . High Brilliance neutron Source

and Research Activities i lerator (30-50 MeV)
- linear accelerator (30- e
- small accelerator (~10 MeV)

. - several target stations
commercial tandetron

full suite of instruments with competitive

- single target station
performance ‘

- basic instruments for
research, education and training

IJ JULICH

Forschungszentrum
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Neutron Production me' .
Basic principle
e Pulsed proton or deuteron beam 2Be(p,n; p,pn)
e Energies about 10 MeV (NOVAERA) / 0 0
proton + iBe - neutron (+ cB)

up to 50 MeV (HBS)

e Light target material with high (p,n)
cross section (e.g. beryllium)

e Nuclear reactions produce neutrons
Despite small cross section competitive
to spallation for same power due to
higher charged particle current

e Simulations and
experimental validation

&l @) JULICH
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Neutron Production
Moderation

e Neutrons need to be moderated for
most applications

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

e Reflector surrounding thermal
moderator (e.g. Pb) Be target

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

e full solid angle coverage: no losses!

&) @) JULICH
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Neutron Production
Moderator / Reflector optimisation
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Configuration chosen for NOVA ERA:
Moderator radius 8 cm
Reflector thickness 20 cm
Flux maximum 1.4 - 10" cm2s-'mA-!
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Neutron Beam Production
Extraction / Beam parameters

e Simulations to study pulse shape,
energy spectra and brilliance

Mitglied der Helmholtz-Gemeinschaft
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NOVA ERA: From Proton to Neutron (Accelerator)
A commercial system

e Upto10 MeV, 1 mAtandem
accelerator with ion source and
chopper as offered by High

Voltage Engineering B.V. ."
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From Proton to Neutron (Target)
Engineering challenges

Temperature

lasg p beam Position [mm]

e Target optimization for brilliance and

mechanical stability
e Large heat deposition density in target i |

(NOVA ERA: 400 W, HBS: 100 kW) Heat

» Temperature rise inside target Co ollng 5
» Temperature induced stress eposition

1250
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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/cm?) : l' JULICH
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NOVA ERA Target

Aluminum
housing

Target
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NOVA ERA Target
Prototype and target test station
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NOVA ERA Target
Biological shielding

Beryllium target

Polyethylene moderator V¥
+ Radius =8 cm 4

Lead reflector
+ Thickness = 20 cm

L ]
Shielding inner layer with boron-PE
+ B,0;: 16.1 wt.% and 9 vol.%

* Thickness = 10 cm - 80 cm

Shielding outer layer with lead
Thickness = 10 cm

max. 1.2 m neutron dose rate

Total surface dose rate < 10 mSv/a for 30cm B-PE & 10 cm Pb
Very compact target station with a radius of about 1m!

€)= @) JULICH
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From fast/thermal Neutrons to cold Neutrons
Thermal and cold moderators

e Moderation of fast neutrons
to thermal and cold energies
e “one”-dimensional
“finger-"moderators
with high brilliance!

mmmmmmmmmmmmmmmm _ @) JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum

From fast/thermal Neutrons to cold Neutrons
Thermal and cold moderators

e Moderation of fast neutrons to
thermal and cold energies

e Optimization of cold finger
moderator for instrument
requirements

e Cold finger design,
construction, material
(Mesitylene, para-H,!)

e Neutron performance tested
at AKR-2 / Dresden

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum
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Instruments at HBS / NOVA ERA

Laboratory facility: NOVA ERA

Workhorse instruments:
diffraction / analytics / imaging

University / industry laboratory
Easy access, flexible use

Typical flux at sample position:
102 - 10°cm2 s at 400 W power

but: good signal-to-noise ratio
(pulsed operation: no beam on target
during measurement!)

Mitglied der Helmholtz-Gemeinschaft
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NOVA ERA Scattering Instruments

SANS o
+ Cold neutrons, A =2 ... 10.3 A

s Qun=4-103A1

* Flux at sample: 7 - 10* s"'cm2

* Q-range and resolution tuneable (low — medium resolution)
Soft matter and inhomogeneous materials

« Sample characterization close to synthesis laboratory

Mitglied der Helmholtz-Gemeinschaft
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NOVA ERA Scattering Instruments

Reflectometer

86 88 10m

+ Wavelength band: 2 ... 9.5 A
*Res: 17% @2 A ... 4% @ 9.5 A
¢ Flux at sample: 5¥10* s"'cm2

Powder Diffractometer
+ Wavelength band: 1.3 ... 2.6 A

* Resolution: 0.3 %
* Flux at sample: 4.3*103 s-'cm-2

Mitglied der Helmholtz-Gemeinschaft
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NOVA ERA Analytic Instruments

Cold Neutron Imaging:

«L/D =200

» Wavelength resolution

for Bragg edges: 0.3 A

* Flux at sample: 2.5*10% s"'cm2

Fast Neutron Imaging:

* Fast neutrons directly from target
*L/D =200

* Flux at sample: 4*10* s'cm2

= >
ich Centre for Neutron Science
Mitglied der Helmholtz-Gemeinschaft gw Centre for Neutron Science.

[FRM II/ANTARES]
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NOVA ERA Analytic Instruments

Prompt / Delayed Gamma Neutron
Activation Analysis:
* TOF resolution: keV... meV
* Depth resolution in
inhomogeneous samples
« Averaged flux at sample: 5*10% s''cm2

@Qﬁg' @) JULICH
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NOVA ERA - A compact neutron source for universities

Accelerator

[~ 1 D Report
5 MV slectrostatic tandem accelerator AT

lons: protons with an end energy of 10 MaV and a curent of 1 mA
Vatiable frequency between 48 and 288 Hz with duty cycle of 4%
Proton pulse length between 139 and 833 ps

Peak power. 10 KW, average power. 400 W

Target

Berylum (or Vanadwum)
Neutron emission: «2 - 10" s (a7 - 10757)
Target coolng: water with a tiow rate of 3m s”

ModeratoriShielding

Pnmary moderator polyethylena

Cold moderator: para-hydrogen, solid methane, mesitysene

Reflector. 20 cm theck lead

Sheaiding. 30 cm thick borated polyethylene with 10 om thick lead

Average surface dose rale. 5 mSvia (neutron radistion), 0.02 mSv/a (gamma |

CDR NOVA ERA
FZJ Schriftenreihe, 2017
ISBN 978-3-95806-280-1

radsabon)
Instruments Ihttp'://www.fz-
juelich.de/SharedDocs/D
Number of neutron channels 1to 6 Atgemeres. _
Prompt Gamma and Delayed Gamma Neutron Activation Analysis ooy NS g jl:lLICH ownloads/JCNS/JCNS
Cold'Thermal Neutron Imaging o Ry e 2/EN/Conceptual-
Fast Neutron Imaging Design.pdf

Neutron Reflectometry
Small Angle Neutron Scaltering
Neutron Powder Diffraction

€)= @) JULICH
Mitglied der Helmholtz-Gemeinschaft ol Centre for Newtzon scence J Forschungszentrum
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Fully fledged High Brilliance Source

Facility Layout

Every beam port serves only 1 Instrument
¢ Optimize cold source spectrum
e 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

Mitglied der Helmholtz-Gemeinschaft

Target
Stations

Beam
multiplexing

Accelerator

Instruments

30

¥ 9 o

The Jiilich high-brilliance neutron source project

U. Riicker, T. Cronert, J. Voigt, J. P. Dabruck, P. -E. Doege, J. Ulrich, R. Nabbi, Y. Beller,
M. Butzek, M. Bischer, C. Lange, M. Klaus, T. Gutberlet and T. Briickel
Eur. Phys. J. Plus, 131 1 (2016) 19 | DOI: http://dx.doi.org/10.1140/epjp/i2016-16019-5
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HBS Instrument Performance
Large Scale Structure & Diffraction

Reflectometer
Slow target station: 48 Hz rep.rate
Para H, cold moderator compare
Wavelength range A=1.2 ... 5.7 A
Resolution: 5% at A =4 A MARIA @ MLZ
Flux: 1.3 * 108 n/cm?2s at 3 mrad div.
Powder diffractometer > ——>
Medium target station: 96 Hz rep.rate L @
compare 40 ps chopper opening = 3 * 103 Ad/d %a,/, ' ' y, O\ % %,
POWTEX @ MLZ | Wavelength range A=1.1 ... 2.0 Aor LW %, %, "ar,q P
A=215..3.05A %, *, “n “
Flux: 6 * 108 n/cm?3s at 10 mrad div. RS
2 , P —— - SANS
@ — %, Slow target station: 48 Hz rep.rate
Y % '\K_ , LN Solid CH, cold moderator compare
"%k %"‘",,, %, % Wavelength range A=3 ... 8.5 A KWS-1 @ MLZ
g O S * Resolution: 7% atA=3 A, 3% at A = 8 A
» Flux: 2.4 * 107 n/cm?s at 2 m collimation J U L|CH

Mitglied der Helmholtz-Gemeinschaft
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HBS Instrument Performance
Spectrometer

For a medium flux HBS with 100 kW beam power, 100 mA peak current and 50 MeV deuteron energy

Backscattering Cold ToF Thermal ToF
E; s (meV) 1.84 45
S (%) 1 5
AD(°) 4 0.75
At(ps) 120 18
Rep. rate (Hz) 200 400
Flux (cm~2s7!) 2.5 x 107 1.3 x 10° 1 x10°
Reference instrument OSIRIS LET MERLIN
Flux reference (cm~2s71) 2.7 x 107 5x 10% 6 x 10%

| Spectrometers for compact neutron sources
J. Voigt, S. Bohm, J.P. Dabruck, U. Riicker, Th. Gutberlet and Th. Briickel

Nuclear instruments & methods in physics research / A 884, 59- 63 (2018) [10.1016/j.nima.2017.11.085]
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Conclusion
Highly performing without nuclear license;

Neymar:

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

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

Mitglied der Helmholtz-Gemeinschaft

Price-tag for full HBS?

Von Ailura, CC BY-SA 3.0 AT, CC BY-SA 3.0 at,
ikimedia i ?
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