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ZDC for the first NICA run

Electromagnetic calorimeter ~ Magnet  Range system Vertex detector end-cap ‘

Time-of-flight system

Prototype for phase-0

~~ Zero degree calorimeter

Range system end-cap

Electromagnetic calorimeter end-cap

oy i ZDC prototype, size — 143x102 mm?, length — 230 mm

Beam-beam counter

4 Aerogel
/ Straw tracker end-cap
«©
> Beam
. ™
> i
| 37 |

Two such prototypes are planned

Copper 143x102 mm? Isolative kapton,

Thickness 30 mm thickness 0.12 mm [31 tiles 20x20x5 mm* | [PCB with SIPMs
N

Scintillator tiles, 31 ps, Two reflective layers,

20x20 mmz2, thickness 0.1 mm

thickness 5 mm

PCB with SiPMs,
thickness 1.5 mm
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ZDC for the first NICA run

Update since the last SPD Collaboration meeting:

[31 tiles 20x20x5 mm? I PCB with SIPMs

v" Two boards with scintillator layers of 3 and 5 mm thickness
were tested with cosmic muons.

v’ Six boards with SiPMs and scintillators layers were prepared by
ITEP group and tested with cosmic muons (shown in Alexey
Tishevsky’s report)

v" The first detector of this prototype was installed in the cryostat.

TS

PCB with 31 SiPMs (thickness: 1.5 mm)

v’ As for the second detector:

- Six boards with SiPMs have been ordered to REZONIT. It should
be completed by the end of May/2025 and installed in June.

- Scintillator layers are being prepared by ITEP group.

- Sets of copper plates, substrates and corners are ready.

- Internal wiring cables are ready.

Cu radiators: 143 x 102 mm?

@ -
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ZDC for the first NICA run

Update since the last SPD Collaboration meeting:

v One prototype is ready and placed in the supporting rails between the two beam pipes.
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ZDC for the first NICA run

Update since the last SPD Collaboration meeting:

v’ Two barrels with print circuit boards (PCB) were completed,

including connector soldering for the cables through the cryostat,

= 87 /. 5
opper screen cooled to i = 4 R Flanges for the
the nitrogen temperature S— ‘s output connectors

hermetic sealing and vacuum testing.

Barrel with PCB ready to be installed in the cryostat
5 ST r| —
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ZDC for the first NICA run

** It only remains to complete the second prototype and install it.

¢ CAEN modules (FERS — DT5202) have already been received, on the basis of
which digitization will be performed (CAEN modules are only for phase-0)
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Monte Carlo simulation - GEANT4

230 mm < 12.6 X,

|
l

Individual plate
y 2.1 X,

Beam

1.25 4, /

< <

This thickness is enough to contain the hadron shower energy in 95% for only Eyoqm < 1.2 GeV

This prototype is not designed to capture as much energy from forward neutral spectators.

The electromagnetic shower maximum, t,,5, X In(Ey/E.), should be
created in the first three layers of Cu radiator. Some numbers:

E,GeV): 1 2 4 6 8 10 12
toaxXo): 39 46 53 57 60 62 64
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Monte Carlo simulation - GEANT 4

2 neutrons, k, =1 GeV 1 gamma photon, E, = 1 GeV

A‘..

* Source particles where randomly generated with a uniform
distribution in the first transverse plane of the detector,

with momentum parallel to the beam axis.
— LIS L N S B N S B S O B N S I S Y N I S BN B ® Beam:n,y:l—lZGeV

*  Physics: FTFP-BERT-EMZ — FTF parton, Bertini and
pre-compound models for inelastic hadron-nucleus
processes and the standard EM physics of GEANT4.

* Simple model with the following optical parameters
of the scintillator:

Scintillator yield: 20 ph.e / MeV
Scintillator decay time: 2 ns
Measured time: arrival time of the first ph.e.

o O O

o
1T | T | T | T | 1T | T
| | | 111 | | | | 111 | L1 | ||

_6 | 1 1 | 1 1 | I | 1 1 | 1 1 | I 1 | 1 I | 1 1 | 1 1 | I 1 | 1
-8 -6 -4 -2 0 2 4 6 8
x (cm)
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Time of arrival (TOA) of hits in the scintillator layers

1. Collecting TOA in the whole Sci layer 2. Collecting TOA in only one tile in a layer
TOA = 246 ps

2400 — hist 2 TOAG F hist 2 32 TOAG
2200 — Entries 95666 800 - Entries 23563
F Mean 0.3488 C Mean 0.2469
2000 — Std Dev  0.05821 F Std Dev  0.0005718
C 700 —
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time of arrival (ns) time of arrival (ns)
TOA = 391 ps
C hist_3_TOA6 F hist_3_32_TOA6
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600 |— Mean 0.5231 300 — Mean 0.4886
C Std Dev 0.155 C StdDev  0.1256
500 — 250 [—
g " 3
O 400 [ 200
’é - C
N) C whole layer - central tile
300 - . 150 [— ,
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1
TOA (ns) time of arrival (ns)

The time of arrival is the time of the energy deposit.
It means the time since the event in which the track belongs, was created.
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Time resolution for all layers

Time resolution in scintillator tiles (based on TOA)
Three combinations of tile pairs:

Estimated as the standard deviation of
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Neutrons

Time resolution in scintillator tiles (based on TOA) Time resolution for all layers

Estimated as the standard deviation of .. ) i
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Edep (MeY) Deposited energy in scintillator tile (MeV)
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Edep (M EV)

Photons

Longitudinal distribution of deposited energy in scintillator layers by event
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Edep (M eV)

- N

Deposited energy (MeV)
o
@®

14
)

14
IS

»
o

Deposited energy (MeV)
e = I Fed
e L

o

Longitudinal distribution of deposited energy in scintillator layers by event
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Energy resolution in scintillator layers

!;w - x2 / ndf 44.75/9 ':;Ju c x2 / ndf 296.2/9
- Photons | sweh  —03107+0.001334 —SRRI= Neutrons | swch _0.9598+0.006121
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Mean number of tiles hit per event :

Photons: =~ 25
Neutrons: = 6

SN

Mean energy deposit in scintillator layers per hit:

1 = 4 MeV for photons
1 + 2.5 MeV for neutrons.

SN

SPD Collab. Meeting, 15.05.2025 Katherin Shtejer 14



Conclusions

Installation

v One prototype is ready and placed in the supporting rails between the two beam pipes.

It consists of:

- plastic scintillator plastic tiles with direct SiPM readout and Copper absorber plates.

- 7 sensitive layers of 5 mm thickness (the first one is a charge particle veto) with 31 scintillator tiles each one.

- Itis assembled from individual planes, each of which has a PCB with SiPMs 3x3 mm? (MicroFC-30050-SMT, produced
by On Semiconductor), the scintillator tiles and the Copper absorber plate. The SiPMs and the tiles are organized
into matrix 7x5. In this stage the plane sizes remain constant for all plates.

v" The second prototype will be installed in June/2025

v" The barrels with the PCB and connectors are ready, but not yet installed on the cryostat.

Simulation

v" The simulation of the 1th stage detector was done within the GEANT4 framework.

3\};/0 @6.5% and for neutrons 95;/0 D66%.

v" The mean number of tiles hit per event is ~25 for photons and ~6 for neutrons.

v" The resolution expected for photons is

v The mean energy deposit in scintillator layers per hit is 1+-4 MeV for photons and 1+2.5 MeV for neutrons.

v" The time resolution of a single scintillator tile is better than 300 ps for photons and 170 ps for neutrons.

v The GeoModel code describing the geometry of ZDC for phase-0 is ready.
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Conclusions

Plan for the first collisions

v’ Test detector in the operating conditions of isolation vacuum and liquid Nitrogen temperature.

v’ Calibrate SiPMs at low temperature.

v" Get statistics from beam collisions for gamma photons and neutrons.

v Compare to Monte Carlo simulations.

v Try to get luminosity measurements.

TODO
v Coding the geometry to be used in the SpdRoot framework.

v Complete the MC simulations to define the accuracy to which the neutrons can be detected in the first
stage.
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BACKUP
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Sci layer 1
Total (3 71 MeV)

Photons

Map of energy deposit in the scintillator tiles per each layer

Sci layer 2
(5 05 MeV)

Sci layer 3
(3 51 MeV)

1GeV g layer 4
(1.93 MeV)

Sci layer 5
(0 95 MeV)

Sci layer 6
(0.40 MeV)
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Neutrons

Map of energy deposit in the scintillator tiles per each layer
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Photons

Deposited energy distribution in scintillator layers
(derived from each event)
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Edep > 1 MeV

Deposited energy distribution in scintillator layers
(derived from each event)
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