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HBS, a High-Current Accelerator-driven Neutron Source (HICANS)

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 neutron source spectrum
e Optimize geometry

www.fz-juelich.de/jcns/jcns-2/EN/Forschung/

e Integrate neutron optics with beam port
High-Brilliance-Neutron-Source/_node.html

Small shielding

e Neutron guide around cold source

@) JiLicH

e Chopper at <2 m from target

Jiilich Centre for Neutron Science S(’L' RCE Forschun g szentrum

IJ JULICH

Mitglied der Helmholtz-Gemeinschaft Seite 5



HBS Layout

96 Hz 96 Hz 24 Hz

---------- I I I

2437 Hs 2437 ps 4208 ps @ A
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166 us 667 us 166 ps
Ny
Tm @

Interlaced pulse structure allows operation
S - of multiple target station with same power

Beam Multiplexer \ imi
Accelerator ultipiex | Pulse structure can be optimized to

. 70 MeV proton beam individual target stations

« 100 mA peak current
ZIFI{?LLIAN(‘F ‘ ' J U L I C H

« 100 kW averaged per target station
Jiilich Centre for Neutron Science bc)L'R( E Forschun gs zentrum
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HBS Target

Neutron production

70 MeV Protons

Irradiation area ‘_V

2
Requirements: i(r:]fe‘i'a”t s T B 1% 0,61
 High blistering threshold outlet 7=
« Compact design allowing iz
efficient feeding of moderators Water beamstop
 Save operation at 100 kW =
at 100 cm? (1kW/cm?) iy " — -

L — g

Tantalum target with
microchannel design

« Neutron yield of 10> n/s

HlGH ‘ o0
| BRILLIANCE JULICH
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Succesful test at JUDITH-2 electron gun with up
Target SyStem to 1 kW/cm? heat input on the surface indicating

Probing target stability a possible higher power deposition

electron beam
generator\

optical camera

copper mirror /

& door/carrier
N

infrared camera

Further experiment
planed to determine
critical heat flux and
power limit

Wi

sample cooling

circuit e
: L
"
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s

12 m

Target station bunker

« Compact target station with 4 m
diameter

« Easy access after shutdown
and maintenance possibilities

« Around 270° available space
for instruments

* Optical elements can be placed
close to moderator inside target
bunker room

AN

12 m

TMR

18\

4

Target station bunker wall
!/ /{{ ii \\ Experimental hall

" HIGH ' "
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Target station

4m

Extraction )

channels .~

« Layered shielding design of BPE &
Pb allows compact target station
design

« Optical elements like choppers and
neutron guides can be placed close
to moderator surface

« Vertical beam allows extraction
within large angular arc

Mitglied der Helmholtz-Gemeinschaft Seite 10
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Target-Moderator-Reflector

Top view ﬂ Side view
\ PE / Reflector

« Compact TMR design: : —
« Efficient coupling of 100 mm Moderators .
neutron production and v S §
- 30 mm
moderation Target
« High neutron flux in
moderator

— High Brightness

« Variable extraction channel
design allows thermal, cold,
bispectral and very cold

extraction
HIGH ‘ o
e BRILLIANCE J U LI| C H
2 | (=D el IRFE
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Target-Moderator-Reflector

Top view Side view
E / Reflector

[]
i Moderators
« Compact TMR design: : —

« Efficient coupling of 100 mm Moderators .
neutron productlon and v 30 mm| |
moderation

« High neutron flux in
moderator

— High Brightness

« Variable extraction channel
design allows thermal, cold,
bispectral and very cold

extraction
HIGH ‘ o
e BRILLIANCE J U LI| C H
2 | (=D el IRFE
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Compact TMR design:

« Efficient coupling of
neutron production and
moderation

« High neutron flux in
moderator

— High Brightness

Variable extraction channel

design allows thermal, cold,

bispectral and very cold
extraction

Mitglied der Helmholtz-Gemeinschaft

Target-Moderator- Reflector

Top view

A

=N

Side view

Reflector

=

Moderators

Moderators il

30 mm

Seite 13
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Target-Moderator- Reflector

Top view ﬂ Side view
> PE / Reflector

| |
"\ Ta =
« Compact TMR design: .k %‘. MOdf&tOfS

« Efficient co tors .

neutron pr
moderatio
« High neutr
moderator Dilution of thermal moderator and thus lowering

performance — see talk of Junyang Chen

30 mm

— High Brig

« Variable extrac il
design allows tITe
bispectral and very cold ‘ ,74‘ ot s ‘

extraction

>,
v
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Moderator Plug

* Individual and optimized moderators for each instrument

tailoring neutron energy spectrum

« Easy replacement and modification of single moderators
* Neutron guides placed as close as 40 cm to moderator

surface extraction large divergence

Alternating shielding layers:
_ Borotron and
i = __lead

— Aluminum housing

T

1

Moderator supply lines Soft metal seal

: Cold moderator
T vessel

Neutron guide

‘\.‘ ‘
Adjustment mechanism Isolation vacuum
Vacuum box finger
Seite 15

Mitglied der Helmholtz-Gemeinschaft
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Moderator Plug

* Individual and optimized moderators for each instrument
tailoring neutron energy spectrum

« Easy replacement and modification of single moderators

* Neutron guides placed as close as 40 cm to moderator

surface extraction large divergence

i Alternating shielding layers:
@ Borotron and
1 = Iead Aluminum housing

Moderator supply lines Soft metal seal
S Cold moderator
e vessel

Neutron guide

Isolation vacuum - _
Vacuum box

Adjustment mechanism
finger

JULICH

| HIGH '
‘ BRILLIANCE
Seite 16 Jidlich Centre for Neutron Science SOURCE Forschungszentrum
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Moderator Plug

* Individual and optimized moderators for each instrument To many
tailoring neutron energy spectrum Swagelo_k

« Easy replacement and modification of single moderators connection

« Neutron guides placed as close as 40 cm to moderator and thus

surface extraction large divergence difficulty to
get leak tight

Alternating shielding layers:
Borotron and
~.lead Aluminum housing

= Moderator supply lines Soft metal geal

e Cold phoderator
(s /vessel

Vacuum box finger

HIGH ' ¥
BRILLIANCE J U L I c H
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Reflector
Target

Peak Brightness | |
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24 Hz Target station * 30 mm
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Peak Brightness

Comparison

Thermal moderators
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HBS Facility

Epi.1

Hall 111 h

Epi2

Workshop and
Laboratories (450 m?)

Accelerator
control
area (300 m?)

Target handling and
Storage area (500 m?)

Mitglied der Helmholtz-Gemeinschaft

Target transportation area

Workshop and
Laboratories (800 m?)
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HBS Facility

Instrument Tpulse Ltot Deb Covi | Amin Amax

RXin | max @average | Remarks
10%[n/em?s]

Epi.1

Workshop and
Laboratories (800 m?)

249 PGNAA-] 667 12.4 003 9 220
248 2410 NDP 661 15 2 15 44000

Hall 1l

Hall 111
Workshop
Epi2 * and
Laboratories
(600 m?)
Workshop and
Laboratories (450 m?)

Accelerator
control
area (300 m?)

Target handling and
Storage area (500 m?)

IJ JULICH

SOURCE Forschungszentrum
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HBS Facility

1
—puee Paverase | Remarks

10%[n/cm?s]

Instrument Tpulse Ltot Deb Covi | Amin Amax =
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—
] 241
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249 PGNAA-1 667 124
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Epi2 * = Lab;:foﬁes 9610 Cold imaging 252 15 115 6.6 0.4 1.6 | High Res.
(600 m?) 2525 115 199 13 12| High Int.
Workshop and 9611 Thermal imaging 252 10 05 45 20 22 7.8 | High Res.
Laboratories (450 m?) 252 4 05 45 50 55 49| High Int.
: 9612 Diffr. Imaging 252 35 115 238 0.2 g

Accelerator
control
area (300 m?)

Target handling and
Storage area (500 m?)
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HBS Facility
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Target-Moderator-Reflector Unit
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HBS Target-Moderator-Reflector Unit
Experimental Platform at Big Karl @ COSY

COSY synchrotron
« (GeV energy
« <1 JA peak current
Proton & deuteron beam

P

\\\\\ TOF-PGNAA N
x\\\\\\\\\\Q et
|

i

diffraction
g TMR unit | ’

@ !on analytics / <
Multiplexer

B s o Big Karl
Q magnare'e 7
= JULIC Cyclotron
—_— * 45 MeV proton beam
» 10 pA peak current
» Variable pulse length

Variable frequency

l) JULICH

Jiilich Centre for Neutron Science SOURCE Forschu ngszentrum
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HBS Target-Moderator-Reflector Unit
Experimental Platform at Big Karl @ COSY

Protons

, HIGH ' .
BRILLIANCE ' J U L I c H
Jiich entre for Neuronscience 9 DURCE Forschungszentrum
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Mock-up TMR 1 cm?® accessible space

Moderator

plug with

cryogenic
vessel

Moderator

Extraction reflector

ducts

IJ JULICH

tron Science SOURCE Forschungszentrum
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Mock-up TMR 1 cm?® accessible space
| Protons

Moderator
plug with
cryogenic
vessel
| Moderator
Extraction reflector

ducts

IJ JULICH

leutron Science SQL'RCE ForSChungSZentrum
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HBS Target-Moderator-Reflector Unit
Experimental Platform at Big Karl @ COSY

Baseplate mounting
10.06.2022

= ==
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JULIC Neutron platform

Particle type Proton Proton
Energy 45 MeV 70 MeV
Peak current 10 pA 90 mA
Duty cycle 4% 1.6 %
Average power 18 W 100 kW
Neutron yield 1-10%st 2-10st

Big Karl experimental area allows
performing basic neutron scattering
experiments in time-of-flight mode

Mitglied der Helmholtz-Gemeinschaft

%

S 5500 \

TMR unit

—y

Protons \ 1) 74

ST
S

0

Thermal neutron
‘\ imaging L/D = 100

— Detector

/
leutron Science

Fast neutron
imaging
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High Brilliance Neutron Source Project (HBS)
Conceptual Design Report ‘ Technical Design Reports (06.2023)

TDR Accelerator TDR Neutron TDR Neutron Infrastructure &
Target Instruments Sustainability

Executive editors: Executive editors: Executive editors: Executive editors:

H. Podlech (IAP Frankfurt) P. Zakalek (JCNS-HBS) J. Voigt (JCNS-IT) C. Claudio-Weber (JCNS)

A. Lehrach (IKP-4) J. Baggemann (JCNS-HBS) K. Lieutenant (JCNS-IT) T. Gutberlet (JCNS-HBS)

R. Gebel (IKP-4) U. Ricker (JCNS-HBS)

E. Mauerhofer (JCNS-HBS)

Conceptual Design Report
Jii illiance Neutron Source (HBS)

www.fz-juelich.de/jcns/jcns-
2/EN/Forschung/

High-Brilliance-Neutron- H BS
Source/_node.html

| HIGH ‘ 1
- BRILLIANCE J U L I c H
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European Neutron Landscape
after 2033
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European Neutron Landscape
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HBS Team

J. Baggemann
Th. Brickel

T. Claudio-Weber
T. Cronert (1)
Q. Ding

P.-E. Doege

T. Gutberlet

J. Li

K. Lieutenant
Z. Ma

E. Mauerhofer
N. Ophoven
U. Riicker

N. Schmidt

A. Schwab

E. Vezhlev

J. Voigt

P. Zakalek

- Core group:
design, verification,
instrumentation

IJ JULICH

Forschungszentrum

ZEA-1:
Y. Bessler
R. Hanslik
R. Achten
F. Lochte
M. Strothmann

- Engineering

IKP-4:
O. Felden
R. Gebel
A. Lehrach
M. Rimmler
R. Similon

- Nuclear physics

INM-5:
B. Neumaier

- Radio isotopes

Mitglied der Helmholtz-Gemeinschaft

S. Bhm

J.P. Dabruck
R. Nabbi

- Nuclear simul.

TECHNISCHE
UNIVERSITAT
DRESDEN

C. Lange

T. Langnickel
Ch.Haberstroh
M. Klaus

S. Eisenhut

- AKR-2, liquid H,

.—.— v

AP

Institut fir Angesvandte Physik

H. Podlech
0. Meusel

- Accelerator

G0 HIM

G5l | h h GmbH

W. Barth

- Accelerator

JCNS
Concept;
Instruments

ESS Bilbao ZEA-1 @ FU
Spain =Sy Engineering

€R3|
(e

o

l) JULICH @™ @)

Forschungszentvum

CNR & Univ.
Roma & Milano

Italy

Accelerator

Instruments

LLB Saclay
France

\ Lo0oRoiore Leon iloun

a3 3
REGS B cinda i Frankfurt
Accelerator
Ruwcd @ e
RIKEN Wako TU Dresden

Japan AKR & Cryo

NET @ RWTH

Simulations

Federal Ministry
of Education
and Research
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HBS Team

J. Baggemann
Th. Brickel

T. Claudio-Weber

T. Cronert (1)
Q. Ding

P.-E. Doege
T. Gutberlet
J. Li

K. Lieutenant
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‘J JULICH et ESS Bilbao IS u—
=" RNTHA Spain Engineering
ZEA-1: S. Béhm : e
Y. Bessler IKP @FZJ
R. Hanslik Accelerator
R. Achten
F. Lochte

M. Strothma

- Engineering AP Frankfurt
Y O R TECHNISCHE Accelerator
UNIVERSITAT,
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Z.Ma O. Felden S U
E. Mauerhofer R. Gebel AKR & Cryo
A L ATTENTION
U. Ricker M. Rimmler
N. Schmidt R. Similon
A. Schwab - husi
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E. Ve-zhlev H. Podlech % Federal Ministry
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Mock-up TMR
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Neutron Yield
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Tantalum
« High blistering threshold
« High neutron yield

1
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N ron Yiel Tantalum
eutron Yield + High blistering threshold

= | « High neutron yield
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RADIATION DOSE MAPS

Total dose rate (neutron and photon) map
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-750 =500

in horizontal (XY cross section) direction
at the heightz=0cm
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Dose rates during operation on the outer surface of the wall

and bunker are less than 10 uSv/h.
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MEASUREMENTS AT BIG KARL
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