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A general workflow is being developed which will trans-
form collected neutron event data into a useable form for a
general neutron spectrometer, including all those in scope
for the European Spallation Source.

1 General transformation workflow

All neutron spectrometers are designed to collect data
which can be converted into 𝐼(𝑄, 𝐸) ∝ 𝜕2𝜎

𝜕𝑄𝜕𝐸 . Modern time-
of-flight spectrometers record individual neutron capture
events which may be treated to account for differing mea-
surement effects dependent on detector, collection pe-
riod, sample environment, or other parameters. Addition-
ally, the recorded coordinates for each event can be trans-
formed from, e.g., three spatial and one time for each event
to (𝑄, 𝐸). The process of making the corrections and apply-
ing any change of coordinate system is data transforma-
tion.
A further step necessary for the visualisation of 𝐼(𝑄, 𝐸)

is data reduction in which one or more histogram of
transformed data is collected. Routine reduction of all
data from a typical ESS Spectrometer experiment into
resolution-limited histograms for each detector element,
fixed-energy, and collection period, is not tenable due to
large file sizes and, using current techniques, a prolifera-
tion of individual data files. Instead collected event data
will be transformed and stored, ready to be reduced as re-
quired by a user for visualisation and fitting.
The transformation process for neutron event data ulti-

mately depends on details of the instrument used to col-
lect it; however, there are commonalities between instru-
ments which warrant description of a general data trans-
formation workflow.

1.1 Incident neutron time windows

The time between subsequent neutron source pulses at a
time-of-flight spectrometer is often referred to as a frame.
On a fixed-incident-energy multiplexing spectrometer, the
frame is subdivided into a number of subframes, equal to

the number of different incident energy reps. The time be-
tween the earliest-arriving neutron in each (sub)frame de-
pends on details of the flight-path between the sample and
detector, and is therefore potentially unique for every de-
tector element in an instrument.
An important step in the data transformation process is

converting the absolute timestamp of an event to time-of-
flight. This can only be achieved with knowledge of the
time from each source pulse to the start of each time win-
dow for every detector element. The first step in deter-
mining the absolute time windows is constructing an ac-
ceptance diagram for the chopper system of the primary
spectrometer; a process which is common to all time-of-
flight neutron scattering instruments.
The acceptance diagrams presented in figure 1 have been

calculated from details of the planned primary spectrom-
eters of BIFROST and CSPEC along with anticipated choices
for chopper speeds and phases. The arrival times at the
sample or each detector element can be used to define
the time windows used in transforming the absolute event
time to its time of flight as an automated step in the trans-
formation workflow.

1.2 Possible prompt-pulse contamination

One concern for experiments at instruments located at
a pulsed spallation source is the detection of very high
energy spallation-produced neutrons which do not ther-
malise within the source moderator. Spallation-produced
neutrons can have energies which are a significant frac-
tion of the accelerated proton energy; if they are not ther-
malised within the moderator or target shielding, they will
exit the target monolith with very high velocity. Some of
thesemay ultimately thermalise within a detector tank and
then subsequently be recorded as events by an instrument
shortly after their spallation.
These prompt-pulse neutrons, if present, will appear

once within each frame at an apparent energy-transfer de-
pending on the instrument settings. By keeping track of
the time-windows for each (sub)frame we can provide easy
to understand feedback about possible prompt-pulse con-
tamination when a user is deciding on the instrumental
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Figure 1:
Acceptance diagrams calculated from chopper locations,

speeds, and phases, for multiplexing indirect geometry
spectrometer, 1a BIFROST, and multiplexing direct geom-
etry spectrometer, 1b CSPEC.

0.0 0.1 0.2 0.3 0.4 0.5
Time / s

0

20

40

60

80

100

120

140

160

Fl
ig

ht
 P

at
h 

Le
ng

th
 / 

m

Figure 2:
Time distance diagram showing multiple frames; multi-

ple subframes are present but too fine to see. Spallation
occurs once per frame, as indicated by the dashed grey
vertical lines, and may result in detection of prompt-pulse
neutrons in one subframe.

configuration for their experiment.
The time-distance diagram shown in figure 2 is, effec-

tively, a byproduct of an acceptance diagram calculation.
It can be used to identify which subframe includes the
prompt-pulse, shortly after which high-energy neutrons
may thermalise in the detector. A straightforward calcula-
tion then provides a user with the apparent energy transfer
of the possible contamination to aid in their experiment
planning.

2 scipp

The transformation of collected data into a form ready
for analysis will be done using the software scipp, which
is being developed by members of the Data Reduction,
Analysis & Modelling group within DMSC. The major ad-
vantages of scipp over alternatives are 1. scalars, vec-
tors, and arrays with associated units; 2. dimension labels
and label-based indexing and slicing; 3. the ability to store
variances alongside values; 4. and an emphasis on event
data. This forms the base of a hierarchy of packages in-
cluding scippneutron, which adds transformation rou-
tines useful for all neutron techniques, and ess, which
adds technique- and instrument specific-routines applica-
ble at the ESS as well.
Combining scipp with Jupyter notebooks allows for in-

teractive workflows with fast iteration. One such notebook
for fitting binned incident-beam monitor peaks to extract
monochromatic energies is shown in figure 3. The dis-
played notebook has been adapted into a bespoke GUI in-
terface using Voila, which runs a Jupyter notebook while
hiding-away input cells and only displaying their output.
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The GUI presents a user with a simple file-chooser, an op-
portunity to input expected monochromatic energies, and
a button to load, display, and fit the monitor data.
The Voila-based GUI presented in figures ?? runs on

top of Python code in the notebook, figure 3, tailored for
details of the LET spectrometer. That Python notebook,
however, itself uses a general underlying module which,
with similar top-level tailoring, should be useable for the
direct-geometry ESS spectrometers.
The precise GUI presented is almost certainly sub-

optimal since, thus far, it has a user-base of one and was
converted from working Jupyter notebook to GUI in one
evening. This, however, is a feature of using a flexible tool,
like Voila, to construct the GUI; as it becomes better ex-
ercised by more users, modifications to layout, feedback,
and function are relatively easy to implement in short time
periods.

3 DMSC Instrument Scientist’s
workshop

A workshop has been organised, and will take-place
shortly, to help afford ESS Instrument Scientists with a
holistic view of the DMSC software stack. Organisation of
the workshop was within the purview of a small committee
consisting of two Instrument Scientists and two Instrument
Data Scientists, pulled from SANS and Spectroscopy. The
workshop will take place over two days at the DMSC of-
fices in Copenhagen and will require in-person participa-
tion in order to better facilitate communication. Presenta-
tions will be given by DMSC staff on topics ranging from the
contents and providence of an Event NeXus file through the
advantages of using scipp. Hands-on tutorials will help
participants construct concrete understandings of the var-
ious tools and their applications.
This workshop is likely to be the first of a series of in-

person workshops and training sessions following lessons
learned from online-only Python training courses offered
by DMSC in connection with the last two IKON meet-
ings. Other envisioned future workshops will focus on
production-ready notebooks and GUIs, and the use of ray-
tracing simulations in the planning and analysis of inelas-
tic neutron spectroscopy measurements.

Figure 3:
A Jupyter notebook utilising scipp and Mantid to fit

monochromatic energies present in two incident-beam
monitors using LET data.
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Figure 4:
The Jupyter notebook based Voila GUI file selection in-

terface.

Figure 5:
The Jupyter notebook based Voila GUI: initial guess for

peak times based on monitor positions and user-provided
incident energy guesses, updated to show the fit energies
as a scipp variable.
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Figure 6:
The Jupyter notebook based Voila GUI: monitor spectra,

updated to show the fit results, which do not visibly deviate
from the histogram monitors in this view.

Figure 7:
The Jupyter notebook based Voila GUI: monitor spectra

and fit peaks in the regions surrounding the monochro-
matic energies.

5


	General transformation workflow
	Incident neutron time windows
	Possible prompt-pulse contamination

	scipp
	DMSC Instrument Scientist's workshop

