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NEUTRON SCATTERING LANDSCAPE

Years 2000: Golden Age in Europe
>30000 Instrument.Days for a community of 6000 users

Neutrons in Europe in France
(LENS Vision Document, 2022, Baseline scenario) (beam time for French users)

-95%



CANS & HICANS CAPABILITIES

|  PAGE 4



EXAMPLE OF A TEXTURE MEASUREMENT
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RANS (100W)

TAKUMI@JPARC

HIPPO@LANSCE

RANS@RIKEN
Ep = 7MeV

Use of 30µs pulses at f = 115Hz → Duty Cycle = 0.35% (100W) 

Yoshimasa Ikeda et al, J. Appl. Cryst. (2020). 53, 444-454.



HOW FAR CAN WE PUSH THE PERFORMANCES ?

1°/ Increase the proton energy→ 25 – 70 MeV (neutron yield increases)

2°/ Increase the proton current Ipeak = 100 mA (Iav= 2mA, IRIKEN = 0.1 mA)

→ HiCANS High Current Accelerator-driven Neutron source (20-100kW)

For legibility, the width of the pulses have been 

dilated by a factor 10.

ICONE: Ep = 25 MeV, Ipeak = 80 mA, 

duty cycle = 4%, P = 80 kW

HBS: Ep = 70 MeV, Ipeak = 100 mA,

duty cycle = 1.5%, P =100 kW

ICONE



NUMERICAL SIMULATIONS QUALIFICATIONS

Numerical simulations of the neutron production on a CANS / HiCANS
MCNP and GEANT4 and TRIPOLI and OpenMC

These results can be fed into Monte-Carlo simulation of instruments (McStas)
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Inside the 
moderator

IPHI – Neutrons 

measurements

Inside and outside

the moderator



Reference design ICONE

Ep = 25 MeV, Ipeak = 80 mA, duty cycle = 4%, P = 80 kW

INSTRUMENTS PERFORMANCES ON ICONE
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Imaging (energy
resolved)

Imaging (white
beam)

Powder diffraction

SANS

Reflectivity

Existing instruments (LLB-ISIS) SONATE SONATE with new technology

Motto: build the source for the instruments

Neutrons at 

sample position

[n/cm²/s]ICONE ICONE

HiCANS ingredients:

• High average current (3mA vs 0.3mA) (x10)

• Strong target – modérator coupling (x2)

• Directionnal moderator (x3)

• Optimized time structure (x2)
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HICANS VERSUS SPALLATION SOURCES

1°/ Accelerator (20 MeV à 70 MeV) Versus (800MeV @ ISIS)
Construction and operation costs are reduced

Reduced electrical consumption

2°/ Low proton energies➔ Little production of energetic secondary particles

(neutrons, gamma)   En et Eg < Ep

➔ Reduced shielding : 30T Vs 6000 Tonnes

One can get closer to the source → important for time-of-flight instrumentation

➔ Lesser structures activation → reduction of the quantity of produced activated materials

➔ Background noise on the instruments is reduced or at least the lower limit is easier to achieve

➔ A lot less radiative heating

A few watts are deposited on the moderator compared to kW on a reactor

The technical concepts must be experimentally demonstrated

|  PAGE 10



DEVELOPMENTS

ON THE « IPHI – NEUTRONS »

TEST PLATEFORM
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PHASE « 0 » : LE PROJET IPHI – NEUTRONS

Projet SESAME (2017-2021)

Objectives :

• Develop a high power 50kW target

• Install a neutron scattering instrument

Accélérateur IPHI@Saclay: 3 MeV – 100 mA pic

2016 La première expérience

IRFU – LLB, 13 juin - 6 juillet 2016

Puissance du faisceau = 10 W

sur un disque mince en Béryllium

Neutron pulses
100 ms @ 1 Hz
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HIGH POWER TARGETS PROTOTYPES

Long term operation of a 30 kW Beryllium target at IPHI.

J. Schwindling et al, Journal of Neutron Research, vol. 24, no. 3-4, pp. 289-298, 2022. 

DOI: 10.3233/JNR-220024

Operation at 25-30 kW 

for 110 hours

Total charge 3200 Coulombs



DIOGENE@ IPHI-NEUTRONS

DIoGENE : a neutron diffractometer
256 tubes 3He tubes 

Solid angle = 0.74 sr

Event mode electronics (Mesytec)

Shielding 10cm PE + Cd

Very short flight path→ 6.6m

DIoGENE

neutrons
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POWDER DIFFRACTION

 

Austenite steel rod

200W, 1 hour



NEUTRON RADIOGRAPHY

IPHI 1hour at 3kW

G45 « standard conditions » (P = 14MW)

Mire Siemens
Standard ASTM
Beam Purity indicator
Fente 200µm dans Cd

Rondelle en plastique lithié
Cordon pyrotechnique
Relai pyrotechnique

Spacer 15µm

Standard ASTM



ON-GOING ACTIVITIES

DIOGENE : diffractometer at IPHI – Neutrons
Upgrade of 2 detectors banks
→ « SANS detector », 5mm spatial resolution, 50 x 50 cm²
Reflectivity + SANS
Statistical chopper → high resolution with long pulses

CONEMO : cold moderator using para-H2

Financement PTC

RAEVEN
Event mode radiography



HERMES @ JULIC NEUTRON PLATFORM
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EXPERIMENTAL DATA AT JNP

→ M. PAULIN, POSTER N° 25
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P ~ 1 Watt !



THE ICONE PROJECT

WITHIN THE FRENCH 

COMMUNITY

|  PAGE 20



ACTIONS SUPPORTING HICANS

GT CANS

JDN2023

Feuille de route



ICONE « WHITE BOOK »

In 2022, the CEA and the CNRS mandated a 

committee to write a report on the potential offered by 

HiCANS

→ « ICONE, une nouvelle source de diffusion 

neutronique française » 

Available (in French) on the 

2FDN Fédération Française de Neutronique website

Next Step: Technical Design Report (2024 – 2025)
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LONG TERM OBJECTIVE : A FRENCH HICANS

Instrument Average Run time Nr. Run / year

SANS1 (soft matter) 2.5 days 64

SANS2 (hard matter) 5 days 32

Reflectometer 5 days 32

Radiography 5 days 32

Powder 1 2.5 days 64

Powder 2 5 days 32

Direct TOF 5 days 32

Inverse TOF 15 days 10

Hot neutrons 10 days 16

Spin-Echo 15 days 10

TOTAL 324

2 targets – 10 instrumentsPHASE 1 → demonstrator Ep = 10 MeV

• 1 target / long pulses

• 3 - 4 instruments → SANS, Diffraction, imagerie, 

(réflectométrie - spectroscopie)

PHASE 2 → full fledge user facility
• Ep = 25 MeV

• 2 target (short pulses – long pulses)

• 10 instruments

• 300 experimental runs / year

• Performances ~ Orphée
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BUILDING



CONCLUSIONS

The performances of a HiCANS are potentially equivalent to a medium power 

research reactor or spallation source

The construction and operation costs are reduced

Technologies
Accelerator OK

Target → test on-going (+ other solutions under development)

Moderator OK / can be updated

Instruments OK

Possibility to benefit from the French ecosystem

Scientific and technical expertise at Saclay and Grenoble 

and more generally in France

Users

Possiblity to reuse R&D efforts from ESS

Existing instrumentation

The long term goal : 

 a new French neutron scattering facility



IPHI – NEUTRONS & SONATE CONTRIBUTORS

Monte-Carlo simulations
H.N. Tran (IRFU/SPhN) (post-doc)

L. Thulliez (IRFU/SPhN)

A. Marchix (IRFU/SPhN)

A. Letourneau (IRFU/SPhN)

J. Darpentigny (IRAMIS/LLB)

G. Gigante CEA/SPR (shielding / activation)

IPHI
J. Schwindling (IRFU/SACM)

N. Chauvin (IRFU/SACM)

F. Sénée

B. Pottin, G. Perreu

A. Dubois

D. Chirpaz, Y. Sauce

O. Kuster, C. Deberles

Instruments simulations
X. Fabrèges (IRAMIS/LLB)

A. Menelle (IRAMIS/LLB)

F. Ott (IRAMIS/LLB)

F. Porcher (IRAMIS/LLB)

Target - moderator
N. Sellami (IRFU/SIS)

B. Annighöfer (IRAMIS/LLB)

P. Permingeat (IRAMIS/LLB)

Neutron measurements
J. Darpentigny (IRAMIS/LLB)

F. Ott (IRAMIS/LLB)

A. Menelle (IRAMIS/LLB)

Technical support
K. Jiguet (IRAMIS/LLB) 

W. Josse (IRAMIS/LLB)

F. Gibert (IRAMIS/LLB)

B. Homatter (IRAMIS/LLB)

P. Lavie (IRAMIS/LLB)

J.-L. Meuriot (IRAMIS/LLB)

F. Prunes (IRAMIS/LLB)

G. Exil, R. Lautié, E. Jorgji

Strategic support
C. Alba-Simionesco (IRAMIS/LLB)

R. Duperrier (IRFU/SACM)

A. Leservot (DRF/DCEPI)
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IMPROVEMENTS

Low cost
Increase repetition rate  (f = 100Hz, lmax = 5A° or f = 130Hz, lmax = 3.3A°) x 3-4

Optimized moderator geometry x 2-3

Increase peak current (20mA → 80mA) x 4

Neutron guide (m=2) (gain faible car guide court) x 2

Beam in vacuum x 1.5

Improved shielding x 1

TOTAL x 100

Very costly
High energy accelerator (ex. ICONE @ 25MeV) 

(neutron yield gain from 3 à 25MeV) x 300

TOTAL x 3.104

Extrapolated performances : 4 x G41 ( N / 10, S x 15, ρ x 3)



SARAF

LvB

Mirrotron

ECO-SYSTÈME HICANS
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REFLECTIVITE

Neutron super-miror
Operation à 50Hz, 400µs, 1.2kW, 10 min
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Detector 

collimator
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Collimation slit
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Reflectivity signal

Direct beam
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