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Unfolding methods for reconstructing the spectrum
of spectator neutrons obtained by the HGND
prototype in the BM@N experiment
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The development of a Highly Granular Time-of-Flight Neutron Detector (HGND) for measuring neutron yields
and flow in the 0.3-4 GeV kinetic energy range in nuclear collisions at the BM@N experiment is almost finished.
To validate the concept of the full-scale HGND, a compact HGND prototype was tested in 3.8A GeV 124Xe
collisions with a Csl target in the BM@N experiment in 2022. The prototype was positioned at an angle of
0 degrees to the undeflected beam axis in order to measure the yields of spectator neutrons resulting from
hadronic interactions of nuclei, as well as the yields of neutrons resulting from electromagnetic dissociation
(EMD) of projectile nuclei [2].

Despite the high neutron detection efficiency and relatively good time resolution of the HGND prototype of
approximately 270 ps, it is insufficient for measuring high-energy neutrons. The measured neutron kinetic
energy spectra, reconstructed using the time-of-flight method, are significantly smeared due to the contribu-
tion of the time resolution. In order to restore the true neutron kinetic energy spectrum from the distorted
reconstructed spectrum, an unfolding procedure was used [3]. This method of spectrum reconstruction uses
the measured kinetic energy spectrum as input data, as well as the detector response matrix and background
estimations obtained through the detector response simulation in the complete geometry of the BM@N setup
using the DCM-QGSM-SMM and UrQMD-AMC models as event generators. An intercomparison of the var-
ious unfolding methods implemented in the RooUnfold framework for reconstructing the neutron spectrum
was conducted.

This approach allows the measurement of double-differential inclusive cross sections of forward neutron emis-
sion as a function of rapidity and solid angle even with limited time resolution. In order to validate the ap-
proach, measurements of neutrons from EMD were performed, as these neutrons are characterised by a very
narrow energy distribution, centred around the projectile beam energy [4].
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