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The Neutron Calorimeter (NCAL), a new detector for the Compressed Baryonic Matter (CBM)

experiment at FAIR, is designed to improve collision centrality and collective flow measurements

in heavy-ion collisions while expanding CBM’s physics scope by covering elementary particle

interactions, such as proton-proton collisions. This study presents a performance evaluation of the

NCAL system using Geant4 simulations, covering an energy range of 1 MeV to 10 GeV for neutrons

and protons, with an emphasis on energy transfer and deposition characteristics. Simulations

demonstrated unique detector response characteristics for neutrons and protons. Based on our

findings, we are developing techniques to improve particle identification and expand our overall

understanding of the detector response. Experimental validation is currently in progress via

several experiments already performed at the mini-CBM facility at GSI. This project facilitates

the integration and commissioning of NCAL for the CBM experiment at FAIR, thereby enhancing

its performance for a broad range of future physics observations.
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1. Introduction

Unveiling the secrets of nuclear matter under extreme conditions requires sophisticated detec-

tion techniques. The Neutron Calorimeter (NCAL) is a neutron detection system foreseen in the

Compressed Baryonic Matter (CBM) experiment [1]. The CBM experiment will use a particle

beam from the SIS100 (100 T m) accelerator to investigate QCD phase transition at the Facility for

Antiproton and Ion Research (FAIR) in Darmstadt, Germany [2]. The NCAL is the newest member

of the CBM detector family with the goal of improving the collision centrality and collective flow

measurements, alongside the Forward Spectator Detector (FSD) [3]. While CBM mainly focuses

on heavy ion reactions, the capabilities of the neutron detector might widen the CBM physics scope

by opening up new opportunities. The CBM infrastructure for FAIR is still under construction.

Currently, prototype detectors are being tested at a mini CBM (mCBM) experimental test setup

using the existing GSI infrastructure [4].

The key detector components of the NCAL are repurposed elements from the Time-of-Flight

(TOF) detector previously operated at the COoler SYnchrotron (COSY), of the Forschungszentrum

Jülich (FZJ) [5]. For the test measurements at mCBM a small NCAL test unit was prepared,

combined with additional scintillator plates to be used as veto-signal for the charged particles.

One of the key objectives in the performance studies of the neutron calorimeter is to characterize,

evaluate, and understand its detection efficiency of the neutral particles. This process involves

simulation as well as an experimental approach. In the scope of this paper, we will discuss the

results from the latest Monte-Carlo simulations performed using Geant4 software and some of the

latest ongoing experiments at GSI and UJV Rez (Czech Republic) [6].

2. Detector Systems Overview

2.1 Neutron Calorimeter

The NCAL system consists of modules constructed from BC–416 plastic scintillators [7]. Each

module is hexagonal, with a side of roughly 8 cm and a total length of 45 cm. The full setup will have

86 modules, resulting in an active area of ~ 1.5 m2. The collection of scintillation light is facilitated

by the utilization of Photonis XP4592/PA photomultipliers (PMT)[8, p. 62]. A silicon-based gel

between the light guide and the PMT ensures a good optical coupling and a consistent response.

Modules are wrapped with layers of light-insulating sheets. For studying detector performance, two

identical test configurations have been established, each comprising 7 modules; see Fig. 1. Both

configurations are mounted on mobile and height-adjustable crates. One setup has been deployed

in the mCBM experiment, whereas the other is utilized for a range of tests, including experiments

conducted at the Rez facility in the Czech Republic and laboratory tests at the IKP institute, FZJ.

2.2 VETO System

The VETO system comprises five vertically hanging modules positioned in front of NCAL. To

ensure NCAL active region coverage, each component is tilted at a small angle with a 1 cm overlap.

These modules comprise thin 50 cm × 10 cm × 0.4 cm plastic scintillators glued to light guides at

each end, which are linked to 9954B photomultiplier tubes at each panel’s ends, thereby enhancing

2









P
o
S
(
F
A
I
R
n
e
s
s
2
0
2
4
)
0
2
4

Simulation Study of the Neutron Calorimeter for CBM Dachi Okropiridze

We plan to conduct a detailed investigation of detector responses, including hit multiplicities,

energy depositions, and hit timings for various particles and heavier fragments. Machine learning

algorithms will be implemented to enhance PID.

Full integration into CBM software and DAQ systems, as well as commissioning, will continue

for the following years. We will apply the knowledge we’ve gained from simulations to the data

analysis of ongoing and future experiments.
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