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High Brilliance Neutron Source

Accelerator:
• Average Power: 100 kW
• Proton Energy: 70 MeV
• Duty Cycle: 1.6 %
• Proton Current: 89.3 mA
• Neutron target: Tantalum

3 Target-Moderator-Reflector (TMR) Stations:
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Frequency [Hz] Period [ms] Duty cycle [%] Pulse width [µs] Purpose

24 41.7 1.60 667 Long pulse,
cold neutrons

96 10.4 1.60 167 Medium pulse,
thermal neutrons

96 10.4 1.60 167
(down to 10)

Short pulse,
epithermal neutrons

LINAC

Ion Source

Multiplexer

TMR

SANS

SPIN-ECHO

Imaging

PGNAA Spectrometer

XTOF



High Brilliance Neutron Source

Instruments 
investigated for the 
Technical Design 
Report (TDR)
• 3 Analytics 

Instruments
• 5 Diffractometers
• 5 Large Scale 

Structure 
Instruments

• 7 Spectrometers
• 5 Imaging 

Instruments
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High Brilliance Neutron Source
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Shielding around the TMRTMR Station
(old model, now the proton beam comes from the bottom)

Concrete
shielding< 4 m

Shielding 1.4 m

0.5 m

< 2 m

15 m

Extraction 
channels

Access
Gate

Maintenance
Gate

12 m

Target 
Maintenance
Plug



High Brilliance Neutron Source

Target-Moderator-Reflector Station:
• Cold moderator diameter: 2.4 cm
• Thermal moderator size: 25 X 20 cm
• Reflector size: 70 x 70 cm

Moderators:
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Moderator State Temperature [K] Energy range

Methane (CH4) Solid 22 Cold

Para-hydrogen (H2) Liquid 20 Cold

Water (H2O) Liquid 293.6 Thermal

Heavy water (D2O) Liquid 293.6 Epithermal

Lithium fluoride (7LiF) Solid 293.6 Epithermal
H2O

Proton beam
10X10 cm²

Ta Target

xz view

xy view



Neutron Imaging Instruments
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Radiography example [1]

Neutrography example [1] Mass attenuation coefficient, for X-rays and thermal neutrons, as function of the
atomic number [1]

Water uptake in plant’s root [2]

Tomography of a bronze sculpture [3]

Distribution of magnetic fields [3]



Neutron Imaging Instruments
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Most important neutron imaging facilities under operation around the world 
by source type, according to [4], [5]

Total: ~50 facilities worldwide

Contrast mechanisms and application fields [2]



PhD Objectives and Work Schedule
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General objective: Design and optimize instruments for time-of-flight cold, thermal and epithermal 
neutron imaging, within the framework of the High Brilliance Neutron Source (HBS) project at the Jülich
Centre for Neutron Science (JCNS)

1)
Baseline

study

NI instruments to be 
considered:
- MLZ (Germany)
- BER-II (Germany)
- PSI (Switzerland)
- ISIS (UK)
- J-PARC (Japan)
- LANL (USA)
- RA-6 (Argentina)

2)
Source

simulations

- HBS model
simulations with
Monte Carlo codes
- Cold and thermal
neutron spectra
analysis
- Epithermal and fast
spectra development

3)
Instrument

design

- Instruments 
simulations with
VITESS and McStas
- Neutron optics
- Cold and thermal
instruments
- Epithermal
instrument
- Fast instrument

5)
Prototype

testing

- Test of optical
components and ToF
settings at Big Karl

4)
Prototype 

development

- Collimator
development
- TMR for epithermal
and fast neutrons
- Detectors
development



Conceptual Design of the Neutron Imaging Instruments

Time-of-flight correlations:

𝑡𝑓 μs

𝐿 m
=

72.3

𝐸 eV
= 252.8 𝜆 Å

𝛿𝐸

𝐸
= 2

𝛿𝜆

𝜆
≈ 2

𝛿𝑡𝑓
𝑡𝑓

Bandwidth (frame overlap):

Δ𝜆 Å ≤
𝜏𝑝 μs

252.8 𝐿 m
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Detector

Sample

Collimator

Source

Neutrons attenuation law:

𝐼 𝐸 = 𝐼0 𝐸 ⋅ 𝑒−Σ 𝐸 ⋅Δ𝑥

Spatial resolution equation:

𝑑 =
ℓ

𝐿/𝐷

Intensity at the sample:

𝐼 𝐸 ∝ 𝜙 𝐸 ⋅
ΔΩ

4𝜋
≈

𝜙 𝐸

16 𝐿/𝐷 2



Conceptual Design of the Neutron Imaging Instruments
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TMR Source Simulations Virtual Sources Generation Instruments Simulations

• Cold
• Thermal
• Epithermal
• Fast

• Machine learning 
algorithms

• Resampling from the 
original sources

• Flux at the sample
• Field of view (FOV)
• Collimation (L/D)
• Spatial distribution
• TOF distribution
• Frame overlap



Preliminary Results
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Thermal and Cold Moderators Simulations – Energy distribution



Preliminary Results
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Epithermal Moderators Simulations – Energy distribution

Proton
beam



Preliminary Results
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Neutron Imaging Cold Instrument Simulations – Spatial distribution



Preliminary Results
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Main Parameters for the Neutron Imaging Instruments

Instrument Energy
range

Wavelength
range Chopper Guide Sample 

positions [m]
Flux at sample

[n/(cm² s)]
FOV

[cm²]
Collimation

L/D
Spatial 

resolution
Energy/wavelength 

resolution

Cold
(96 Hz) 0-10 meV >2.9 Å Yes No 5

15
3x106

3x105
5 x 5

15 x 15
200
625 High 1 - 15 Å / 8 Å, 5%

1 - 15 Å / 3 Å, 1%



Preliminary Results
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Main Parameters for the Neutron Imaging Instruments

Instrument Energy
range

Wavelength
range Chopper Guide Sample 

positions [m]
Flux at sample

[n/(cm² s)]
FOV

[cm²]
Collimation

L/D
Spatial 

resolution
Energy/wavelength 

resolution

Diffractive
(96 Hz) 0-10 meV >2.9 Å Yes Yes 30 5x106 10 x 10 500 High 1 - 15 Å / 1.5 Å, 

0.5%



Preliminary Results
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Main Parameters for the Neutron Imaging Instruments

Instrument Energy
range

Wavelength
range Chopper Guide Sample 

positions [m]
Flux at sample

[n/(cm² s)]
FOV

[cm²]
Collimation

L/D
Spatial 

resolution
Energy/wavelength 

resolution

Thermal
(96 Hz) 10 meV – 0.5 eV 0.4 – 2.9 Å No No 4

10
3x107

Up to 3x106
15 x 15
35 x 35

65
165 (up to 500) High No



Preliminary Results
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Main Parameters for the Neutron Imaging Instruments

Instrument Energy
range

Wavelength
range Chopper Guide Sample 

positions [m]
Flux at sample

[n/(cm² s)]
FOV

[cm²]
Collimation

L/D
Spatial 

resolution
Energy/wavelength 

resolution

Epithermal 0.5 eV – 10 keV 3 mÅ – 0.4 Å No No 35 2x105 50 x 50 600 Low 1 keV, 5%



Preliminary Results
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Main Parameters for the Neutron Imaging Instruments

Instrument Energy
range

Wavelength
range Chopper Guide Sample 

positions [m]
Flux at sample

[n/(cm² s)]
FOV

[cm²]
Collimation

L/D
Spatial 

resolution
Energy/wavelength 

resolution

Fast 1 keV – 70 MeV < 3 mÅ No No 10 Up to 8x107 20 x 20 100 (up to 500) Low No



Future Work
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1) Optimization of the TMR design for epithermal neutrons

2) Simulation of the cold lines with a neutron guide inside the TMR channel

3) Design of the Neutron Imaging instruments with KDSource, McStas and VITESS

a)   Variables to optimize: L/D, homogeneity, flux, frame overlap

b)   Instruments to simulate: choppers, neutron guides, pinholes

4) Test of optical components and time-of-flight settings at Big Karl
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Thanks all for your attention!
Questions?


