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Summary

1. The High Brilliance Neutron Source (HBS) Project

2. Time-of- flight experiments performed with different para- /ortho -H ratios

3. Description of the strategy to perform the simulations

4. Physics models and nuclear data libraries

5. Results (bare target simulations, experimental setup simulations, uncertainties propagation)

6. Conclusions and Future Work

N. S. Schmidt (no.schmidt@fz- juelich.de) UCANS 10 Comparison of experimental neutron cold spectra against Monte Carlo simulations 19.10.2023 Slide 2 -  24



The High Brilliance Neutron Source (HBS) Project
ÅHigh Current Accelerator-driven Neutron Source 

(HiCANS)

Å70 MeV, 89.3 mA proton current beam (100 kW)

ÅTantalum target to generate fast neutrons

Å3 Target-Moderator-Reflector (TMR) units with 
different moderators

Å25 Instruments under design
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Frequency
[Hz]

Period
[ms]

Duty cycl
 [%]

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

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

LINAC

Ion Source

Multiplexer

SANS

Imaging

Diffractometer

Spectrometer



Experiments description
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Proton beam energy 45 MeV

Proton beam dimensions 2D Gaussian, FWHM=14.25 mm

Target dimensions D=80 mm, W=5mm

Cold moderator dimensions D=50 mm, L=140 mm

para/ortho-H ratios 25%, 50%, 90% and 99.9%

Guide dimensions (m=1,16) W=30 mm, H=45 mm, L=7000 mm

Detector dimensions (3He, P=4 bar) D=23.8 mm, H=100 mm

Time-of-flight length L=7555 mm
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Simulations description
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Objective: cross validate the simulations obtained 
by different Monte Carlo codes and nuclear data 
cross sections against the experimental
time-of- flight measurements.
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Objective: cross validate the simulations obtained 
by different Monte Carlo codes and nuclear data 
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time-of- flight measurements.



Physics models and nuclear data libraries
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ENDF/B-VII.1 JENDL-5.0/HE

Official nuclear data libraries MCNP PHITS

Tabulated (p, n) data for 181Ta? No Yes

Tabulated (n, X) for En > 20 MeV? No Yes

S(a, b) for para-  and ortho-H? Same as ENDF/B-VI, Keiner (1994) Same as JEFF-3.3, Granada (2004)

ÅPhysics models available in MCNP6: Bertini, ISABEL, CEM03.03 (default), or INCL

ÅPhysics models available in PHITS 3.29: INCL (default), Bertini+JAM, or Bertini

ÅFor high-energy simulations, PHITS recommends to use INCL + Event-Mode Generator + JENDL-5.0/HE



Energy distribution     Angular distribution

   

Bare target simulations: MCNP
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Energy distribution     Angular distribution

   Note: for MCNP (JENDL-5.0/HE), all the results are the same independently of the physics model used.

Bare target simulations: MCNP
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Energy distribution     Angular distribution

Bare target simulations: PHITS
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Energy distribution     Angular distribution

   Note: for PHITS (JENDL-5.0/HE), all the results are the same independently of the physics model used (without e-mode).

Bare target simulations: PHITS
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Bare target simulations: Conclusions
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VIt is possible to obtain the same results with 
MCNP6 and PHITS 3.29 using either 
ENDF/B-VII.1 or JENDL-5.0, but with 
different physics models configurations.

VTotal neutron leakage:
from 2.85 to 3.92 x 1014 (mA s)-1 (+\ -  17%)

VTotal neutron production:
from 2.87 to 4.94 x 1014 (mA s)-1 (+\ -  30%)

ÅExperimental data required!

Thanks to Nicola Rizzi (DTU, ESS), Stefan (StScheu in the PHITS forum), and Tatsuhiko Ogawa (PHITS developer)
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Experimental setup simulations: MCNP vs PHITS
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Energy distribution     Angular distribution

Experimental setup simulations: MCNP vs PHITS
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MCNP particles: 1.5x108
Elapsed time: 113 h (1 thread)

PHITS particles: 2x1010

Elapsed time: 60 h (64 threads)



Experimental setup simulations: MCNP vs PHITS
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Spatial

Angle vs 
wavelength

Energy vs time

MCNP (ENDF/B-VII.1)     PHITS (ENDF/B-VII.1)     PHITS (JENDL-5.0)                  PHITS (JENDL-5.0/HE)
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Resampled sources generation: KDSource
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Resampled sources generation: KDSource
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ÅFrom a 2x1010 source particles (60 h), only ~1.5x104  
crossed-out the guide entrance surface, and only 
~700 arrive to the 3He detector.

ÅKDSource is an open-source code that allows to 
estimate the multivariable Kernel Density Estimation 
of a particles list, and resample following all the 
correlations between (x, y, u, v, w, E, t) 

ÅTo increase the statistics, 1x108 new source particles 
at this surface were resampled with KDSource and 
saved into MCPL format



Resampled sources generation: KDSource
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