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High Brilliance Neutron Source of Jiilich (70 MeV proton) and 70
MeV cyclotron of INFN for neutron production



(IS

[

ISOL |
; modules
< o,

;a _| ¢ ﬁj 1=
Cave B I
av
m Space for
=2 E ' general
5 utilization 4
P (PN




MOIZEEE A|&H 24X, A2

2019 82 IBAAK(E 7| 0f)QF A 2t

2 22l A =g

2020 1E:
: AFO|ZREE AV[E 578 & Shimming

10&:
2021

7&: Factory Acceptance Test 2t=
118 AO|ZEEE AL = BH/2X
2022
6E: AIO|22EE W &F & 715, AN X[ = gAet
d 58 AlZ (40-70 MeV)

72 oAs sl Y E

oF: Y d AlH

10-ME: oy 4= 2= A AYS=

AOIZSEEE FQ AMY

Energy 30-70 MeV
Maximum proton intensity 750 pA
Simultaneous extracted beams 2
Number of sectors 4
Hill field 1.6 Tesla
Harmonic mode 4
Frequency (fixed) 62MHz
Injected H-current 10 mA (H-)
Total weight 140 tons
Cyclotron dia. 38m
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Cyclotron System Rigging (20214 11&)




Installation of all components and utilities (20223 4&)

Cyclotron vault

Final focusing & wobbler
Power Supply & Control room module in ISOL bunker (X2)
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RF system test (2022 5-6Z)

KEYSIGHT FieldFox RF Vector NetworkAnalyzer N9923A 4GHz
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LLRF - Solid State
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Optimization of magnet field using Smith-Garren method

Before Smith-Garren

C70 - H- smith and garren from 120 to 1020mm at 61,062MHz - Configuration 0 —120
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Cave B (radiat_ipn shielding for SAT)
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50 kW 2 HI= (ISOL EtZ! X))
IBA Beam Profile Monitor

Beam off-center &M
AX: ~1T mm

AY: <05 mm 8BS Beam Position Monitor (BPM)
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Beam wobbling (Oct. 12, 2022)
Wobbler (AC magnet, 60 Hz)

50 kW (70 MeV, 0.7 mA) & Al o
- Fine tuning of beam line is required.
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70 MeV X} & 8 Ta EHZ (Julich)
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Julich High Brilliance neutron Source (HBS) project

Improving access to neutrons!
a peak brilliance of 2x10%8nscm=2 °A-'sr!

o 100 mA proton ion source

e 70 MeV linear accelerator

o Proton beam multiplexer system

o Individual neutron target stations

o Various instruments in the experimental halls ‘
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e High Brilliance Neutron Source belongs to Compact Accelerator Based
Neutron Sources(CANS) class.

e The term “compact” must be seen here in comparison with spallation sources,
which typically require an order of magnitude higher beam energy.
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Multiplexer +
Targets

Based on MYRRHA injector (176.1 MHz)

Parameter Specifications
Particle type Protons
Peak beam current 100 mA
Final energy 70 MeV

Duty cycle (beam/RF) 13.6/15.3 %
Beam pulse length 208/833/2000 ps
Repetition rate 96/24/48 Hz
Peak beam power TMW
Average beam power 952 kW




HBS

e An efficient and cost effective alternative to the current low- and medium-flux
reactor and spallation sources with the potential to offer science and industry
access to neutrons.

e There are however currently no high brilliance CANS in routine operation
across the world. The operation of a relatively high-power target (50kW) even
at a low proton energy has still to be demonstrated.
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Neutron yields by low-energy protons for different targets
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HBS tantalum target with fin-like u-channel structure
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INFN 70 MeV AIO|E2E2EE 28

Cyclotron of BEST Inc.

1At

o LR o
. ﬂ [im )
T
Rf#?;@ o) = | RI#2
| TP NS B
RAMED project) il -
= _N_l_ ] @ E}J!
: H] - RIA1
1. QMN: Quasi Mono- o= Hép HH
energetic source with™ Ts §i .
peak energy control ; : @ ———f 2 .
ERNLY e
7 "."E% Dl ——————————— '_— ——————————————— —@
S gggg ( & g
g m Al &
2. ANEM = - %éﬁ ggg' =
(Atmospheric Neutron % Fxf ® "5
Emulator): ™ X}ZH| .
HEARM 2= AF Q1L . i -
HS TE Q4 | IR AR
7| =o| =MAF = . Tﬁggﬁb T;E%%a
— & = 551‘_3 =l E i m% "L - 1‘ x> . - - Im[_j i % Sgg; "
PogTe s T o :
Fed it i e L
t .- |

L. Silvestrin, 40t European Cyclotron Progress Meeting, 2017



Continuous energy neutron source: ANEM (Atmospheric Neutron Emulator)

neutron-induced SEE cross-sections vs energy
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