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CONTEXT (I)
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• Currently, FRM II is the reactor with the higher flux-to-

power ratio worldwide

• However, conversion to LEU will affect the neutron flux 

arriving at the instruments (~ -9%). 

• Instrument scientists want to know exactly how their 

instruments will be affected, if possible before the new 

reactor starts operations

• Additionally, the operation history of FRM II has shown 

that “things can happen” in the reactor tank, possibly 

affecting the neutron spectra at the instruments. Up to 

now, this had to be done manually

Source: FRM2 website
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CONTEXT (II)

 We already use Serpent for full reactor calculations & to obtain spectra at beam tube nozzles.

 However, instruments are far away from the neutron source and most beam tubes include neutron 
reflectors, lenses, collimators, etc.*

 Monte Carlo continuous particle transport codes like Serpent are not well suited for interactions with 
these elements. Instead, MC ray-tracing software is used: McStas.

 Solution to make things easier: couple Serpent and McStas to have everything in one run for a given 
core (reactor) design.

 With the results, instrument scientists can decide whether and how to adapt or optimize the neutron 
optics.

 *Some instruments like MEDAPP (BT-10) only have a collimator and can be simulated with Serpent as part of a 2-step 
calculation (talk at Serpent UGM 2020)
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FRM II BEAMTUBES AND INSTRUMENTS
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Source: MLZ website
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MCSTAS
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• Tool for “carrying out Monte Carlo ray-tracing simulations of neutron scattering instruments with 

high complexity and precision” using both continuous and pulsing sources.

• Main developers from DTU; collaborations from ILL, U of Cologne and U of Copenhaguen. Initial 

release in 1998.

• Geometry are instruments consisting of neutron optics components along the neutron path at 

given positions. 

• Elements added from libray, where users can add their instrument to

• Like in Serpent and other MC codes, particle weights, importance sampling, russian roulette etc 

are also used.

• Various ways of defining neutron sources are possible
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MCSTAS (II)
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MCSTAS (III)

11



Forschungs-Neutronenquelle 

Heinz Maier-Leibnitz (FRM II) Technische Universität München

COUPLING
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User 
introduces 

instrument of 
interest, and 

reactor 
operation 

parameters

Serpent runs 
full core 

calculation 
with 

necessary 
beamtube 

nozzle 
detector

Spectra 
extraction 

from det file, 
data 

processing

McStas 
simulation: 
spectra at 
instrument

• First idea: One-way, script-based
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FUTURE POTENTIAL WORK

 Two way coupling. McStas and MCNP coupling work is ongoing allowing for e.g. dosimetry 
calculations for shielding purposes along the beamtube or instrument
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SUMMARY 

Context: instrument scientists might need/want to adapt their instruments after 
conversion

Problem:  spectra available to instrument scientists today are very rough estimations, 
and they lack knowledge to accurately calculate them themselves now & in the future

Solution: calculate spectra with a full-core Serpent simulation and feed them 
automatically to McStas. 
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THANK YOU FOR YOUR ATTENTION! ANY QUESTIONS?



ANNEX
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