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The CBM (Compressed Baryonic Matter) experiment
at GSI/FAIR (Darmstadt)

Start data taking in 2028.

The main goal - to study QCD phase diagram
in the region of high baryon densities.

Extreme conditions at the accelerator complex
SI1S100 (FAIR) at 2 -10 GeV/nucleon.

High rates nuclear interactions: 0.1 - 1 MHz
(2028), 10 MHz (2030 -2032), 100 MHz. (after
MAPS modernization 2035-2040).

High radiation loads - need monitoring to
provide safe and effective conditions.

T (GeV)

0.1

0'2“'("'(5\&'()1'!’#' SPS

0 vacuum 985 “NJ liquid  neutron stars core

early universe

{LHC
fRHIC

Quark Gluon Plasma

<Gy> ~0

colour
superconductor —|

Hadronic phase

<Ty> - (0.23° GeV®  \GSI

hadron . Fermi

nuclei

~0.4 GeV 0.93 GeV U B(G eV)

Phase diagram of quantum
chromodynamics:
Temperature — Baryon
chemical potential .



CBM DETECTOR
RUN1: 2028 —2032. 0.1 <IR <10 MHz

CBM Detector:

Muon and electron configurations

Compression of the  Matter
(simulations):

v Neutron star merger (top)

v'Au nuclei collisions (bottom)

PURPOSE:

e Study QCD Phase Diagram

 Measure multi- differential
hadron production cross-
sections
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“FLUKA”- simulations for the spatial
distribution of radiation load .
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Distribution of radiation load at the first STS station
(Courtesy Anna Senger)

One needsto monitor radiation load !
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Design of a Monitoring System MS-R1
for experimental conditions and safety of the CBM Experimen
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Figure 1. Setup of the CBM and HADES experiments sharing a common SIS100 beamline with differ-
ent interaction regions.

Realization:

MS-R1-CBM- Metal Foil Detectors
Technology developed at KINR

Two options:

1. RMS-R3 (LHCDb) after RUN3 data

taking (2026)

2. New system

PURPOSE:

Monitoring the conditions and
safety of the experiment,
important for the effective use
of the valuable SIS100 time.



Asymmetry method of paired sdetectors MS-R1-CBM
for nuclear interaction region monitoring.

Asymmetry of paired detectors response:
Aj = (Ri-Rj) /(R + Rj),
Ri Ta Rj — detectors responseiand j (LEFT - RIGHT or UP - DOWN)
The magnitude of asymmetry A;; does not depend on the frequency of nuclear interactions!
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The amplitude of the detector response depends on:the cross-section ( d?c /d6 d¢ )
the polar (0), azimuthal (¢) and solid angles (d<Q2) of the detectors,
the instantaneous luminosity and parameters of the beams and the target



1. RMS-R3 (LHCb) in CBM.

Measurement of IR and position of the interaction region

LHCb RMS-R3: Instantaneous luminosity
2*103 cm?2 sl Localization of the
interaction region

CBM

RMS-R3 transported from CERN to
GSI (Darmstadt) in the year 2027. After
mounting it on specific supporting
frames it might be installed in the CBM
experimental setup at the edge of the
dipole magnet in close vicinity to the
Silicon Tracking System.

CBM Instantaneous luminosity
2*1031CIT1'2 S—l and

Localization  of the interaction
region

LAsymmetry method to observe halo
touches the target frame . OR another
source of background out of the target.
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CBM STS Proposed Upgrade (RUN2, 2035 - 2039, IR -> 100 MHz).
Combined MAPS and Double sided microstrip detectors.

Down scoping approach:

STS stations construction -> MAPS and original
microstrip detectors:

» the first three stations (1, 2, 3) -> MAPS

> the rest five stations (4 — 8) ->

»MAPS In areas close
to the beam axis (2.5
<0<12.5deg,)

» Micro strip detectors-
> In their original
position for 125 < 0
<25 deg,

—
»

The design for the CBM STS (3 + 5) Upgrade
(MAPS & Double-sided Microstrip Silicon
detectors):

» Number of MightyPix chips is lower, three
times lower power consumption (2.5 kW).
Relevant costs for MAPS drop from ~ 25
MEUR to 0.8 MEUR

» Micro strip detectors require power of ~ 15
kW station (from the 4t to the 8t ) and cooling
to dissipate the heat.



Option 2. New system - CBM -MS-R1.
Measurement of IR and position of the nuclei interaction

8 detector modules configured

as in the LHCb RMS-R3. - \
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Mounting Structure
for Monitoring System MS-R1- CBM

For installation of the MS-R1 system in the detector environment of the
CBM experiment, it is planned to use two rectangular frames. (the outer
one for fixing the system as a whole, the inner one for supporting the
detector modules of the system).

The frames are folded at the sight of L-like metal rails with visible threads
to attach the elements of the system, being installed in the working position
behind the housing of the dipole magnet —last station of the STS.

Inner rail (Carbon Fiber) - width 1 cm, thickness - 0.5 cm) The thickness
of sensitive balls of detector modules is 0.25 mm. The thickness of the

structure of the modules in the bundle is 16 mm.(more details- Dmytro
Ramazanov’s presentation)



SUMMARY

The main tasks of the monitoring system are defined to control the
stability and reproduction of the experimental conditions, including
mapping the interaction area using the asymmetry of the response of
Its sensors.

The design (two options) and expected functional characteristics of the
system for monitoring the conditions and safety of the future CBM
experiment (GSI/FAIR) was worked out.

The evaluations performed illustrate the capability of MS-CBM-R1
system (based on the physics and techniques of metal foil detectors) to
operate in a wide range of nuclear interaction rates from 0.1 to 100
MHZz.
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