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Issues with existing component 
“ESS_moderator”
» Component origin at centre of moderator assembly 

» Backward compatibility options for 2001 “Mezei”, TDR, pancake etc. 

» “Complicated to use” 

» Not fully up to date with 
» engineering reality 
» baseline performance
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Reproducing “Butterfly” ESS brilliances using McStas
Peter Willendrup and Ken Andersen
(Distributed online at the McStas share archives)

ESS DMSC / DTU Physics 2015-12-18

This document is meant to give further clarity on the available ESS source parameterisations for 
use with McStas. We shall only consider the butterfly type brilliances, as this is the current ESS 
baseline.  ( For information on the older TDR and pancake brilliance milestones, please consult the 
document “Reproducing ESS TDR and pancake brillances with McStas” ).

As of today, a new revision of the ESS_moderator.comp is now officially available at the McStas 
share in versions for use with McStas 2.x and 1.12c through the archive 

http://mcstas.org/download/share/ESS_moderator_December_2015.tgz

The component comes with a library of ESS source brilliances, each labeled:

• 2001, legacy "Mezei moderators" from the original F. Mezei documents, rescaled to ESS TDR 
frequency, pulse-length and power.

• TDR,  Mezei moderators, with a wavelength-dependent correction term to the cold flux, derived 
from  2012 MCNPX calculations by ESS neutronics group. Corrections calculated by K 
Lieutenant (Vitess) NOTE: uses the 2001 brilliance for the thermal moderator!

• 2013, post-TDR update with non-Maxwellian cold spectrum, Troels Schoenfeldt, BEFORE the 
ESS pancake geometry was introduced.

• 2014  updated brilliance using formulation by Troels Schoenfeldt, including support for the 
"pancake", i.e. flat geometry and variation of the brilliance over the moderator surface.

• 2015  updated brilliance using formulation by Troels Schoenfeldt, including support for the 
"butterfly" moderator in 3 and 6cm height versions. This formulation further includes local 
variation of the brilliance over the moderator surface, and variation with selected beamport 
angle.

Of these parametrisations, only the 2015 is considered in detail within this document.

As for the earlier released version of ESS_moderator, selecting one of the above 
parameterisations defines both a cold and a thermal brightness, emitted from a dual-moderator 
surface with a central thermal moderator and cold wings. The fraction of statistics emitted from 
each of these can be selected through the cold_frac parameter.

3 and 6cm butterfly moderator:
A 3cm high “butterfly” moderator is selected by choosing the parameter set

COMPONENT Source = ESS_moderator(dist=2,  
   focus_xw=guidewidth, focus_yh=guideheight, 
   Lmin=lambdamin, Lmax=lambdamax, cold_frac=0.5, 
   sourcedef=“2015”, yheight_c=height, yheight_t=height, 
   beamport_angle=5) 
AT (0, 0, 0) RELATIVE Origin 

The following parameters can be adjusted from their defaults:
• 0 < cold_frac < 1 defines the fraction of statistics emitted from the cold  source
• yheight_c and yheight_t are used to define the height of the butterfly-moderator. Please select 

either 0.03 or 0.06 here for the “flat” or “tall” butterfly.
• beamport_angle defines the angle with respect to the cental position of the beam-extraction, 

i.e. orthogonally to the proton beam direction. Allowed values are 5,15,...55°, since the 
underlying MCNPX simulations were carried out at these fixed positions. Simply pick the 
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New component “ESS_butterfly” features

» More realistic coordinate system - DONE 

» Simpler interface - DONE 

» Loss of backward compatibility - DONE 

» Updated (performance-wise) wrt. engineering reality - work in progress
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New component “ESS_butterfly” features

» More realistic coordinate system - DONE in N,E sectors 

» Simpler interface - DONE 

» Loss of backward compatibility - DONE 

» Updated (performance-wise) wrt. engineering reality - work in progress

Until yesterday 
I was unaware of 
different separation 
angles across 
sectors…
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Geometries taken from “engineering” MCNP 
deck
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Places origin of component at relevant 
“Moderator Focus Coordinate System” 
location

North West South East
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Draws various placement assistance objects, 
e.g. your beam plug and those of the 
neighbour(s)

» Shown example is N2
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Has a simplified input parameter table
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Has a simplified input parameter table

Optionally also:  

- simple approach to future “performance hits”
performance Scalar “downscaling” of performance, for future inclusion of “engineering reality”
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0.1 Introduction

Studying first the TDR volume moderators and later the flat moderators, opti-
mised thermal etc has learned us that in order to get the full understanding of
the performance of a given moderator design, it is insu�cient to consider bright-
ness in a single point, mimicking a beam-line as it hides underlying structure
(hot-spots) and since a real guide-opening cannot accurately be described in a
point (there will be variations in brightness across the opening). In addition
to point-wise brihtness, the distribution of neutron emission across the surface
of the moderator has proven useful not only as a way to better understand the
point-wise brightness measurements but also to guide the instrument designers
and to help them to achieve the best possible performance of their instruments,
by aiming guides to the most favourable position. The present study exploits
the technique of neutron emission maps to aid ongoing work beam-extraction.
Eventually neutron emission maps should be generated for each individual beam-
port. However, generating the maps is computationally demanding, and at
this stage the resources available have not allowed this. Instead we study the
origin of neutrons entering a sphere of 3 cm radius, placed at a distance of
200 cm from the central thermal cross of the butterfly moderator at various
angles (�45,�25,�5, 25, 45 degree) in the 120 degree opening toward the in-
struments1. An example corresponding to the �45 degree emission is shown in
figure 1.

Figure 1: Butterfly layout including an example beam-port (dotted circle at 2 m
radius)

1
Note, the angle is defined so that it is zero central in the 120 degree opening seen in

figure 1 and increases clockwise

1

11

Figure 1.1: Origin of the coordinate system. The neutron emission map at eg.
�45 degree has it’s angular axis of origin defined by the line connecting the
yellow star (x = 7.34 cm and z = �7.79 cm) and (center of) the dotted circle
on figure1. Note that the dotted circle is at �45 degree in the global coordinate
system which has it’s origin in the center of the moderator. The same approach
is used for maps at �25 and �4 degree. Similarly maps at +25 and +45 degree
have their angular origin defined by the line connecting the red star (x = 7.34 cm
and z = +7.79 cm) to +25 and +45 degree on the radius=2 m surface.
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Figure 1.2: Neutron emission map as seen from an angle of �45 degree (at
’time=10.30’ in figure1). Cold neutrons only.
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Figure 1.3: Neutron emission map as seen from an angle of �25 degree. Cold
neutrons only.
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Figure 1.4: Neutron emission map as seen from an angle of �4 degree. Cold
neutrons only.
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Figure 1.3: Neutron emission map as seen from an angle of �25 degree. Cold
neutrons only.
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Figure 1.4: Neutron emission map as seen from an angle of �4 degree. Cold
neutrons only.
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Figure 1.5: Neutron emission map as seen from an angle of 25 degree. Cold
neutrons only.
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Figure 1.6: Neutron emission map as seen from an angle of 45 degree. Cold
neutrons only.
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Figure 1.5: Neutron emission map as seen from an angle of 25 degree. Cold
neutrons only.
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Figure 1.6: Neutron emission map as seen from an angle of 45 degree. Cold
neutrons only.
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Figure 1.7: Neutron emission map as seen from an angle of �45 degree. Thermal
neutrons only.
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Figure 1.8: Neutron emission map as seen from an angle of �25 degree. Thermal
neutrons only.
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Figure 1.7: Neutron emission map as seen from an angle of �45 degree. Thermal
neutrons only.
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Figure 1.8: Neutron emission map as seen from an angle of �25 degree. Thermal
neutrons only.
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Figure 1.9: Neutron emission map as seen from an angle of �4 degree. Thermal
neutrons only.
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Figure 1.10: Neutron emission map as seen from an angle of 25 degree. Thermal
neutrons only.
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Figure 1.9: Neutron emission map as seen from an angle of �4 degree. Thermal
neutrons only.
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Figure 1.10: Neutron emission map as seen from an angle of 25 degree. Thermal
neutrons only.
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Figure 1.11: Neutron emission map as seen from an angle of 45 degree. Thermal
neutrons only.
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Disclaimer: From early ‘butterfly’ study 
design, does not take into account what 
will be engineered in practice!!

Distribution of emission intensity over the 
butterfly moderator (Esben, MCNP)
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Release timescale

» ASAP - e.g. in ~ 1-3 weeks 

» Not a full McStas release, but just update a “component” package -> 
simple “install on top” approach 

» As usual, will be announced to mcstas-users, neutron list, nobugs list 
and to the science directorate ESS list 

» For the spectra: 
» Depending on current MCNP-based performance investigation 

(Esben) we may decide to release the component with a “simple 
scalar performance loss” wrt. the previous ESS_moderator butterfly 
spectra.


