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KanopumeTtpbl Hynesoro yrna (ZDC) - 2020

e HasHaueHue:

A) YckoputenbHasi (PU3MKa:
1) V3mepeHue CBETHMOCTU B TOYKe B3aUMOJEUCTBUS ITyUKOB.
OcobeHHO Ba)KHO B MOMEHT HACTPOWKH CBeJeHUs ITyYKOB.
HeszaBucumoe oT JOpyrux cucrteM, B rmepByr odepens BBC,
MOHHUTOPHPOBaHHE CBETUMOCTH BO BpeMsi Habopa CTaTUCTHKM.
2) I3mepeHue yria CBeJjeHUsI [Ty YKOB.
3) W3mepeHue pa3Mepa Ilyuka B TOYKE B3aUMOZEKUCTBUS
(Vernier scan).

b) ®u3uKa TsoKesIbIX KOHOB:
1) “Minimum bias” Tpurrep.
2) OnpefenieHye LIeHTPaJIbHOCTU COOBITHSI.
3) OrmpeneneHre MJAOCKOCTH COOBITHSI MO CIIEKTaTOPHBIM
HEUTPOHAM.
4) AOconoTHOe U3MepeHHe CBETUMOCTH M0 IIpolieccy
3JIEKTPOMarHMTHOU [AHCCOLAALMH.

B) [IludpakirionHas (pr3uKa:
1) Brigenenue “rapidity gap” Ha ypoBHe TpUrrepa.
2) IIporiecchl ¢ TarpOBaHHBIMM HEMTPOHAMM BIEpe/.
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The tagging stations can be used as polarimeter too!
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(i) investigate pp, pd, dd, p°He, d°He, *He’He colli-
sions with polarized beams, which will allow one to
solve the puzzles of the spin structure of nucleons and
lightest nuclei and elucidate the specific features of the
spin structure of interaction in the region of nonpertur-
bative QCD; it 1s especially important that it will be
possible for the first time to study the interaction of
polarized nuclear matter whose properties may deter-
mine the structure of the core of massive stars with
great magnetic fields;

(1) elucidate the nature of strong polarization effects
in NN interactions at p;,, > 6 GeV 1n the region of lim-
iting large p;, which has not been explained yet, and
find out how these specific features are related to the
change of behavior of valence quarks in this kinematic
region; the availability of polarized nuclei at a collider
will allow one to study the complete 1sotopic set of
states of nucleon—nucleon system (nn, pn, and pp) for
the first time;



FTF model simulation of pp and dd interactions for

estimation of SPD forward calorimeter load
V. Uzhinsky, A. Galoyan, S. Shimansky 13 May 2020
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PaccmoTpens! dd- v pp-CTONKHOBEHUS IPU SHEPTHUSAX /Syy = 6 GeV u /syy = 10 GeV.

JIiist KasKIoTo ciaydast MoaeaupoBanock 106 cronkHoBeHuit, ¢ ucnonb3oBanneM FTF B SPDroot

Table 3: dd-croakmnosernns opu SHePTUU \/ (synv)—6 GeV

tg(f) No hit Hit—1 Hit—2 Neutrons
0.01 | 950 7. (95.0 %) | 45 1. (4.5 %) | 100 (0.01 %) | 24 1. (2.4 %)
0.005 | 999 1. (99.9 %) | 10 1. (1.0 %) 3 6T (0.6 %)




FTF model: DD interactions

Ta6m.1 /laHHBIC MO MOTOKAM HEHTPOHOB B 00JIACTH PAaCIOIOKCHUSA HEHTPOHHOT O

neTexTopa a1g dd-B3anMo1eiicTBHI.

Reaction |+/s vy (GeV) | tan(8) | All neutron/10° int Spect. neutron/106 int
dd 6 0.01 24023 22187
dd 6 0.005 6226 5759
dd 10 0.01 64975 63478
dd 10 0.005 18645 18241

Ta6:m1.2 JlanHble MO MOTOKAM HEHTPOHOB B 00JACTH PAacIOIOKEeHHS HEHTPOHHOT O

JIeTeKTopa JJIs pp-B3aHMO/ICHCTBHIA.

Reaction Vsyn(GeV) tan( 0) All neutron/10¢ int
pp 6 0.01 500
pp 6 0.005 103
pp 10 0.01 819
pp 10 0.005 193

[MpoBeaeHHOEe uccnegoBaHne NoKa3biBaeT, UTO 3arpy3Kka AeTeKTOpPoB
HEMTPOHOB OT YacTul, MAYLLNX HEeNnocpeacTBEeHHO U3 uccneayemMbix
B3auMOAEeNCTBUN, AarneKka oT KPUTUYECKUX 3HaYEeHUMN.
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Proposed new vertical separation scheme for different ions

Individual triplets of the final focus lenses open possibility to collide ions with different
magnetic rigidity. In particular, protons and deuterons with equal gamma-factors!
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The RHIC zero degree calorimeters

C. Adler?, A. Denisov®, E. Garcia®, M. Murray?, H. Stroebele?®, S. White®*
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Single Spin Asymmetry
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Lead Neutron Production

® The ZDC detects very forward neutrons

— Small contamination from K °, photons
* IP 12 experiment measured photon A, consistent with O
* K,? fraction ~3-4%
M Cross section of forward neutrons is understood
B However, source of spin asymmetry is not well

understood
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ZDC Asymmetry

ZDC Shower Max Detector (SMD)
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Geometry definition
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Results for one recent fill
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ZDC Single Spin Asymmetry (fill 15170)

With the same trigger as was used in Run 9
and with the same analysis algorithm,
a similar analyzing power of 7-8% is observed



ZDC at NICA



ZDC for the first NICA run

Electromagnetic calorimeter ~ Magnet  Range system Vertex detector end—[ap/ )y

Time-of-flight system
Straw tracker

Vertex detector

Beam pipe

Range system end-cap

Time-of-flight system end-cap

Beam-beam counter
Aerogel

Straw tracker end-cap
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Two such prototypes are planned

SPD Collab. Meeting, 15.05.2025

Zero degree calorimeter

Electromagnetic calorimeter end-cap

' 37 |

Copper 143x102 mm?
Thickness 30 mm

Scintillator tiles, 31 ps,
20x20 mm2,
thickness 5 mm

PCB with SiPMs,
thickness 1.5 mm

Isolative kapton,
thickness 0.12 mm

Two reflective layers,
thickness 0.1 mm

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

[Jlihlesrzmmxs mm? ] PCB with SiPMs

Katherin Shtejer




ZDC for the first NICA run

Update since the last SPD Collaboration meeting:

[31 tiles 20x20x5 mm?* ] 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.

v’ For the second prototype: - Six boards with SiPMs have been
order to REZONIT and they should be fully ready on May/2025.
— Scintillator layers are being prepared by ITEP group.

v’ Two sets of copper plates, substrates and corners are ready.

v" Internal wiring cables are ready.

SPD Collab. Meeting, 15.05.2025 Katherin Shtejer 3



ZDC for the first NICA run

Update since the last SPD Collaboration meeting:

v" The cables were passed through
the copper screen and go only

on one side of the screen
i d P [ZDC supporting rails

]Cryostat outer
shell

Flanges for the
output connectors

Copper screen cooled to
the nitrogen temperature

v’ Two barrels with print circuit boards (PCB) are ready since the beginning of
February. A barrel with 30 PCBs with 78 connectors DHR-78F (DS1038-78F)
will be installed on one side of the cryostat at large flanges.

v The technology of gluing the plates was tested on both barrel prototypes.
It was selected epoxy resin (department of superconducting magnets and
technologies).

B
: " i\“ A ‘ v The preparation of the barrels with the PCB has started and it should be
& | ready very soon (Svetlana Silneshchikova). —

........

el

v’ The second prototype will be ready on the middle of May.

SPD Collab. Meeting, 15.05.2025 Katherin Shtejer 5



Monte Carlo simulation - GEANT 4

Optics applied

2 neutrons, E, =1GeV * Source particles where randomly generated with a uniform
: — ‘ S distribution in the first transverse plane of the detector,

with momentum parallel to the beam axis.
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* Beam:n,y,m% 1-12GeV

®  Physics: FTFP-BERT-EMZ — FTF parton, Bertini and
precompound models for inelastic hadron-nucleus
processes and Geant4 standard EM physics

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

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

SPD Collab. Meeting, 15.05.2025 Katherin Shtejer 8












Cnacubo 3a BHMMaHue!
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