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Neutron Landscape - the global view

neutronsources.org/neutron-centres.html
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How to get neutrons

Nuclear fission

Nuclear fission

Reactor based

neutron source

(ILL, FRM II, NIST, JINR,
ANSTO a.m.m.)

Mitglied der Helmholtz-Gemeinschaft

Spallation

Spallation

.spaation
product

neutron

>— e

proton .
\ spallation
neutron

target nucleus

(>1 GeV)
product

Spallation based

neutron source
(ESS, ISIS, SINQ, SNS,

CSNS, J-PARC, KEK)

— BRILLIANCE

[P
1 ][] 55
Jiilich Ce

el:'ltr; f(;fh’I:utron Science S() l' RCE

Nuclear processes

ﬁutron

Proton capture

>—

proton
(< 100 MeV)

reaction product

target nucleus

Accelerator based

neutron source
(LENS, RANS, HUNS, NUANS, IREN

a.o.)

JULICH

Forschungszentrum



How to get neutrons

spallation
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Figure 1: Neutron production using particle accelerators

Courtesy: A. Menelle, LLB

Ref.: LLB — Compact Neutron Sources for Neutron Scattering
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Accelerator Based Neutron Sources
From CANS* to HICANS**

(*Compact Accelerator based Neutron Source , ** High-Current Accelerator based Neutron Source)

0.01 kW 0.1 kW 1 kW 10 kW 100 kW
0.001-0.01 mA 0.01-1 mA 0.5-5 mA 1-20 mA 50-100 mA
~10" n/s ~10'2 n/s ~10'3 n/s ~10' n/s ~10% n/s
10 Mio EUR 400 Mio EUR
Running CANS facilities: HiCANS projects:
LENS, Indiana University (USA) LENS/- HBS, JCNS (Germany)
HUNS, Hokaido University (Japan) 8 SONATE, CEA LLB (France)
RANS, RIKEN (Japan) = RANS ARGITU, ESS Bilbao (Spain)
NUANS, Nagoya University (Japan) &# &8s LENOS, INFN LNL (Italy)
CPHS, Tsinghua University (China) = s~ SARAF, SOREQ (Israel)
IREN, JINR Dubna (Russia) |[EIREN.

ELENA _ 1,

Mitglied der Helmholtz-Gemeinschaft juelich.de/




Accelerator Based Neutron Sources
From CANS* to HICANS**

Advantages / drawbacks of HICANS '

» Low energy protons (10-100 MeV vs 1 GeV) 100 kW

»  “Light” shielding (20-100 tons vs 6000 tons) 50-100 MA

» Instrument line starts from the inside of the moderator 1075 n/s

»  Less high energy neutrons (less secondary background)

»  Reduced costs 0

»  Accelerator of 20-100 m versus 600 m at ESS rojects:

»  HiCANS is not a nuclear facility ermany)

»  HICANS are scalable on demand LLB (France)
Bilbao (Spain)

»  Fluxis intrinsically limited by peak current LNL (Italy)

(Ioea ~ 100 mA) Q (Israel) =2
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CANS and HiCANS projects world-wide

Europe Asia
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HBS project: A HICANS facility

Project rationale

e Accelerator driven pulsed neutron source (-> HICANS)
e Optimized for neutron scattering on small samples

e National medium flux neutron facility

e Reasonable investment and operational costs

Moderators Instrumentation

Holistic optimisation

HIGH ‘ ¥
Mitglied der Helmholtz-Gemeinschaft R SRHIE

Forschungszentrum




HBS project: A HICANS facility

Project rationale

High current linear accelerator
e 100 mA, 70 MeV pulsed proton beam
e Variable frequency

Several target stations

e Optimize pulse structure (length, rep. rate)
e Optimize thermal spectrum

Every beam port serves only 1 Instrument

e Optimize cold source spectrum
e Optimize geometry

e Integrate neutron optics with beam port www.fz-juelich.de/jcns/jcns-2/EN/Forschung/
High-Brilliance-Neutron-Source/_node.html

Small shielding

e Neutron guide around cold source
e Chopper at <2 m from target HIGH
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HBS Accelerator
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Peak beam power and average beam power levels of proton linacs
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HBS Accelerator
Concept

Aﬂ ! w] ;el b,
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100 mA, 70 MeV pulsed proton linac, ~75 m

ECR

ion LEBT R CE{Ze] MEBT

source

>100 mA 175 MHz
proton source (2-4 m, 1.2 -> 2.5 MeV)

Mitglied der Helmholtz-Gemeinschaft

normal conducting CH cavities and
quadrupole dublets
(~2.5m, 2.5 ->70 MeV each
4.8 % dc, 96/96/24 Hz)

;; Z Jilich Centre for Neutron Science

UNIVERSITAT

FRANKFURT AM MAIN

LEBT Section 2 RFQ1

Solenoid 3 Solenoid 4

SOURCE Forschungszentrum
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HBS Accelerator cortreld, | SN
Room Temperature Solution
© Much simpler technology Peak beam power: 7 MW

UNIVERSITAT

FRANKFURT AM MAIN Institut fir Angewandte Physik

Easy access to all components Peak RF power: =12 MW

No cryo-plant: less cost

o

o

© No cryo-modules: less operation cost

© Beam losses less severe (quenches): more reliable...
o

Easier beam dynamics
(no additional drifts due to cold-warm-transitions)

© Already available technology

A room temperature linac is the most
reasonable and safe solution

Mitglied der Helmholtz-Gemeinschaft Jich cente or Newwron scence 9O URCE Forschungszentrum




HBS Accelerator

Room Temperature Solution
The design of the HBS Linac provides

maximum flexibility:
» (Almost) every pulse scheme
» Variable beam energy

» Duty factor 0-25%
CH-DTL

maximum temperature in cavity / °C
® 30 @ 36 @ 42
® 33 e 39 e 45 @ 51 57

®@ 48 @ 54
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HBS Accelerator

* CH-1 MYRRHA design
» Tests with up to 40 kW/m cw were
successfully performed

* First thermal simulations

Mitglied der Helmholtz-Gemeinschaft
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HBS Multiplexer

Distributing the protons

:’ target station

Required Specifications  Unit Detail/Comment target station T
Particle type protons N/A user requirement ) - - 1
Accelerator type RF Linac N/A __i I . target station
Beam current 100 mA output current T
Final energy 70 MeV User requirement ' 1
Beam duty factor 4.8 % User requirement " ~ an . ! =
RF duty factor 10 % Required for cavity filling i e ~ T P
Pulse length 167/667 1S User requirement 8 = ' --:.“:‘,- '
Repetition rate 06/96/24 Hz User Requirement A\
Average beam power 336 kW %HZ ik multiplexer E
Peak beam power 7 MW Ul I L -
Availability >05 % During scheduled operation ?2437 T T T
Maintainability hands-on N/A I I --——I . HEBT
Life time >25 years - - — I
Total Linac length <100 m 166 us 667 us 166 s :

accelerator E

beam dump

| HIGH ‘ ¥
| BRILLIANCE J U L I C H
Mitglied der Helmholtz-Gemeinschaft Bt SAABRE rorsehungszentram



HBS Multiplexer ¢

Concept Septum magnet

simulation:

1iitinti
LI il | G)

5;': /CDC%—“IW

62°

1: Kicker magnet (fast dipole magnet) @
2: Septum magnet (3 diff. field regions) I I

3: 45° conv. dipole magnets

4: conv. Quadrupole magnets (in grey)
HIGH

lemler et al., EPJ Web Of k/ @ Py BRILLIANCE ‘ J U L I C H
Conf' 231I 02002 (2020) ‘ - ‘L JZLJ_I::ICer[n_tr_e_;r:NjutmnScmnce SOURCE Forschungszentrum
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HBS Multiplexer

Proof of concept — Three-Fie

714 mm

112 mm

200 mm 112 mm

+ designed to supply 32.9 mT m

+  26.3 mT m required geometrically

+ account for varying remanent field in SmCo
= 25 % safety margin

Mitglied der Helmholtz-Gemeinschaft
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HBS Target
Target material

Proton induced neutron yield
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HBS Target

Target for 100 kW HBS pulsed proton beam

High Z

NEICHEIS

Mitglied der Helmholtz-Gemeinschaft

* High neutron yield at
increased ion energies

« Low range of neutrons

Refractory

Metals

« Good general thermo-
mechanical properties at
high temperatures

* Good corrosion resistance
* Nb, Mo, Ta, W, Re

 High blistering threshold

e Ductile material
LEIIUS [0 . Siructural material

» Good workability

HIGH ‘ °
IS BRILLIANCE JULI C -
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HBS Target
Design

* Material: Tantalum

* Required: high blistering threshold
 Wanted: high power density

* Goal: 100 kW at 100 cm? (1kW/cm?)
* Coolant: Water (8 m/s inside channels)
* Reliable

starting hole for eroding process to avoid eroded microchannels for cooling

weld-seams at microchannels - s . .
/ improved cooling of bridges between microchannels
o s = i S
y - £ ¥
" A e
il & el ) . §

beamstop

_ = i Succesful test at JUDITH-2
: i ’ : electron gun with up to 1 kW/cm?

adjusted microchannel geometry
U (&

outside the main heated zone

e heat input on the surface

Mitglied der Helmholtz-Gemeinschaft
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HBS Moderator
Thermal/cold neutron spectrum

Neutron moderation

thermic extraction
cryogenic inset

Extraction channel Neutrons
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HBS Moderator
Solid methane system

»  Liquefaction and freezing of Transfer lines Cold moderator vessel
methane (CH,) by LHe cooling

»  Measurements with liquid CH, @ u
100 K and solid CH, @ 70 K, 40 K, 4
20Kand 7.4 K _—

Time [hh:mm:ss]

»  Clear shift to longer wavelengths
and higher intensities for Ty,,q |

10-11 4

10-12 4

»  Thermal peak still visible for lower
temperatures (bispectral) —
moderator too small

Intensity [n/p]

-13 4
10 — CHA@7.4K

—— CH4@ 20K

—— CH4@40K

—— CH4@ 70K

—— CH4 @ 100 K

—— Thermal moderator

10-14 4

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Wavelength [A]

. HIGH ‘ ]
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HBS Instrumentation

Peak brilliance at the 24 Hz HBS target station
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HBS Instrumentation

Instrument Tpulse Ltor Det Covo| Amin Amax % % Paverage | Remarks
; ws] [m]  (st)| Al Al (%] [%]|10°[n/em?s]
241  High Throughput SANS 667 24 001 20 87 55 13 2.2 | Low angle
15 07 20 87 8.8 2.0 220 | Wide angle
242 SANS + GISANS 667 24 0.01 30 98 37 11 22| Low angle
15 07 30 98 59 1.8 220 | Wide angle
243  SANS + VSANS 667 23 0.01 20 9.0 57 13 27| Low angle
GISANS ___SANS 15 07 20 9.0 88 2.0 220 | Wide angle
= 244  Offspecular Reflectometer 667 13 008 20 125 101 1.6 11

Workshops and
Laboratories

Small sample

Epi-NI 5\ Multi Beam

- ;‘\
HE NI?% E

PGAINS .
TS

CrysTof oens | .
Hall 1l e g 9610 Cold imaging 252 15 I 6.6 04 1.6 | High Res.
2= 252 5 115 199 13 12| High Int.
%‘ © 5 9611 Thermal imaging 252 10 05 45 20 22 7.8 | High Res.
Workshops and = E 252 4 0.5 45 50 55 49| High Int.
i P . 96.12 Diffr. Imaging 252 35 115 28 0.2 8
Accelerator
, Epi2 PGNAA-2 167 21 4.4
Control [ Target Handling Area e e 167 35 0 18

Room

l) JULICH

Mitglied der Helmholtz-Gemeinschaft Jilkh entre for Neuron science 9D URCE Forschungszentrum



W

HBS Target-MOderator-Reerctor Unit ZEA-1|ENGINEERINGAN.DTECHNOLOGY éki.j"
Experimental Platform at Big Karl @ COSY
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Moderator Tests

Methane, ethane, para-IH,

ETHANE MODERATOR

100

—70K
40K

= 10K

10

Counts (a.u)

0,1

* Moderator volume fillable with
different gases

* Neutron guide in distance of 40
cm transporting efficiently cold
neutrons

A (A)

Mitglied der Helmholtz-Gemeinschaft

BRILLIANGE 9 JULICH

ee  SOURCE Forschungszentrum
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Imaging Tests

Imaging measurements with ~30 neutrons/cm,/s

- Time-of-Flight (ToF) imaging proof of concept at 1m to source successful.

- High signal to noise despite proximity to target.

- Using an event counting detector, images with good counting statistics at ~250um
resolution in tenth of minutes already possible.

- Due to short distance to source, energy resolution is low but sufficient for e.g.
hydrogen quantification or general qualitative isotopic analysis via ToF.

Jime-of-Flight Profile of the HBS Radiograph of a Cactus
5 5 (not normalized atten.)

10
105
104

103}

Neutrons [cnts]

1025

115 mm

107

100_ ———

25 50 75
time-of-flight [ms]

Contribution from:

Adrian Lasko (TUM)

Alexander Wolfertz (TUM) v

Richi Kumar (HEREON)

Mitglied der Helmholtz-Gemeinschaft
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Detector / Monitor Tests =
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HBS project: A HICANS facility
Road map
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HBS Technical Design Report
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HBS Vision
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