
.s ˭ ͍ͯ͋͊ͤͦͦͭ͟ ͙͔͙ͣͤ ͎ͪͯͨͨ· HGND

ˤ·͎ͫͦͦͪ͊ͤͯ͟͡Ύͪͤ·͚ ͤ ͔͚ͭͪͦͤͤ·͚ ͔͔͒ͭͭͦͪ͟ Ή͔͙͔ͫͨͪͣͤͭ͊͟ 
.aϪb ͤ͊ ͙͔ͯͫͦͪͭ͟͡Έͤͦͣ ͔͔ͦͣͨͫ͟͟͡ bL/!

04.12.2025

˸͔ͦͦ͒͗ͤ͊͡Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ
ζ͙͙̅͊͘͟ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ;͙͊ͫͭͼ ͙ ͎͙ͦͫͣͦͦ͟͡Ύ нлнрη



1.ˤ·͎ͫͦͦͪ͊ͤͯ͟͡Ύͪͤ·͚ ͤ ͔͚ͭͪͦͤͤ·͚ ͔͔͒ͭͭͦͪ͟ HGND

2.˽͙ͪͦͭͦͭͨ HGND

3.ˮ͔͔͙ͣͪͤ͘Ύ ͍·ͻ͍ͦ͒ͦ ͔͚͍ͤͭͪͦͤͦ

4.ˤ͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͔ͫͨͭͪ͊͟ ͔͚͍ͤͭͪͦͤͦ

˽͊ͤ͡ ͒ͦ͊͒͊͟͡
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1. ʕ ·͎ͫͦͦͪ͊ͤͯ͟͡Ύͪͤ·͚ ͤ ͔͚ͭͪͦͤͤ·͚ 
͔͔͒ͭͭͦͪ͟ HGND 

03.12.2025 A. Zubankov 3



BM@N ς ͨ ͔͍ͪ·͚ ͔͚͍͒ͫͭͯΌ΅͙͚ Ή͔͙͔ͫͨͪͣͤͭ͟ ͤ͊NICA

Nuclotron-based Ion Collider fAcility

4



ˮ͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έͫ͊͟Ύ ͎ͨͪͦͪ͊ͣͣ͊ BM@N

5

͔͎͙̏ͤͪΎ ͍ͫΎ͙͘ ͤ͊ ͤͯͦͤ͟͡Υ

˿͙͔͙ͣͣͭͪ;ͤ͊Ύ ͔͙ͣ͊ͭͪΎ͔͎͙̏ͤͪΎ ͙͔͙͙ͫͣͣͭͪ

A.Sorensenet. al.,Prog.Part.Nucl.Phys.134(2024)104080

ˮ͙͍ͦͫͨͤͦ͊͘Ύ ͊ ͙͔͙ͫͣͣͭͪΎ

Åˮ ͯ͘;͔͙͔ͤ EoS
͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͒͡Ύ 
͙͙ͨͦͤͣ͊ͤΎ ͍͚͍ͫͦͫͭ 
͙ͭ͊͟ͻ ͊ͫͭͪͦͺ͙͙͘;͔͙ͫ͟ͻ 
ͦ͋Ά͔͍ͭͦ͟ ͊͟͟ 
͔͚ͤͭͪͦͤͤ·͔ ͍͔͒͘͘·Φ 
Å˻ ͭͤͦ΄͔͙͔ͤ ͍·ͻ͍ͦ͒ͦ ͙ 
͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͍ͨͦͭͦͦ͟ 
͔͚͍ͤͭͪͦͤͦ ͟ ͨͪͦͭͦͤ͊ͣ 
;͍͍͙͔ͯͫͭͭ͡Έͤͦ ͟ ͍͊͒ͯ͟͡ 
Ή͔͎͙͙ͤͪ ͙͔͙͙ͫͣͣͭͪ ͍ 
͍͔͙͔ͯͪ͊ͤͤ ͫͦͫͭͦΎ͙ͤΎ 
Ύ͔͚͒ͪͤͦ ͔͙͙ͣ͊ͭͪΦ

Å˸͊ͦ͡ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·ͻ ͒͊ͤͤ·ͻ ͨͦ ͍͊͒ͯ͟͡ Ή͔͎͙͙ͤͪ 
͙͔͙͙ͫͣͣͭͪ ͙ͨͪ Ή͔͎͙ͤͪΎͻ ͍·΄͔ улл ˸ΉˤΦ

Å˹͔ͦ͋ͻ͙ͦ͒ͣ͊ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Ύ ͨͦͭͦ͊͟ ͔͚͍ͤͭͪͦͤͦ ͙ ͍·ͻ͍ͦ͒ͦΦ



͍̂ͫͭ͊ͤͦ͊͟ BM@N

Baryonic Matter at Nuclotron

6

˹͊ BM@N ͙ ͔ͣͪ͘ΎΌͭͫΎ ͙͊ͤͦͭͪͦͨͤ͘·͔ ͙ͨͦͭͦ͟ ͍ͨͪͦͭͦͤͦ ͫ ͨͦͣͦ΅ΈΌ ͎͙͙͚͋ͪ͒ͤͦ ͔͙͎͍͚ͭͪͤͦͦ͟ ͙͔ͫͫͭͣ· 
͍͔ͫͦͣͫͭͤͦ ͫ ͍͔ͪͣΎ͔ͨͪͦͭͤ͡·͙ͣ ͔͔͙͒ͭͭͦͪ͊ͣ͟ ¢hC ͙ ͔͔͙ͨͪ͒ͤͣ ͊͒ͪͦͤͤ·ͣ ͙͔͊ͦͪͣͭͪͦͣ͟͡ CI/ŀƭ 



˹͔͚ͭͪͦͤͤ·͔ ͔͔͒ͭͭͦͪ͟·
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From Vladimir Yurevich, 
Study of neutron production 
in nucleus-nucleus collisions, 
BM@N collaboration 
meeting, 3ς8 Oct. 2021

HGND

˻͍ͫͤͦͤ·͔ ͔ͣͭͦ͒· ͔͚͚ͤͭͪͦͤͤͦ 
͔͔͙͙ͫͨͭͪͦͣͭͪ͟Υ



˽ͦͤͦͣ͊ͫ͡΄ͭ͋͊ͤ·͚HGND

03.12.2025 A. Zubankov 8

S. Morozov et al., The Highly-Granular time-of-flight Neutron 
Detector for the BM@N experiment, NIM A 2025, 1072, 170152

ÅIDb5 ͪ͊ͪ͊͋͊ͭ͘·͍͔͊ͭͫΎ ͍ ˮ̒ˮ ˾ˢ˹ ͒͡Ύ 
͙͔͔͙ͣͪͤ͘Ύ ͙͊ͣͯͭ͊͘͡Έͤ·ͻ ͍ͨͦͭͦͦ͟ ͙ 
͍·ͻ͍ͦ͒ͦ ͔͚͍ͤͭͪͦͤͦ ͫ Ή͔͎͙ͤͪΎ͙ͣ ͦͭ 
олл ˸Ήˤ ͒ͦ п ˥Ήˤ ͍ Ύ͒ͪͦ-Ύ͔͒ͪͤ·ͻ 
͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύͻ ͙ͨͪ ͍͔͙ͫͭͦͤͦͤ͟͡Ύͻ 
ͭΎ͖͗͡·ͻ ͙͍ͦͤͦ ͫ Ή͔͎͙ͤͪΎ͙ͣ ͒ͦ п! ˥Ήˤ 
͍ Ή͔͙͔͔ͫͨͪͣͤͭ͟ ͫ ͺ͙͙͍͚ͫͪͦ͊ͤͤͦ͟ 
͙ͣ΄͔ͤΈΌ .aϪb ͍ ˻ˮ̒ˮΦ

Å˨͊ͤͤ·͔ ͦ ͔ͨͦͭͦ͟ ͔͚͍ͤͭͪͦͤͦ ͍ 
͙͔͒͊ͨ͊ͦͤ͘ Ή͔͎͙͚ͤͪ .aϪb ͨͦ͊͟ 
͍ͦͭͫͯͭͫͭͯΌͭΦ



˴ͦͤͫͭͪͯ͟ͼ͙ΎHGND
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2 ͨ ͔͡;͊ ͨͦ8 ͫ ͔͍ͦ͡:
Å3 ͫ Cͣu (ͨ ͎͙͔ͦͦͭͭ͡͡Έ)
Å11x11 ͣ ͙͊ͭͪͼ͊ ͫ ͼ͙ͤͭ.Ύ;͔͔͟2.5 ͫ ͣ
ÅлΦр ͫͣ PCB
Å˽͔͔ͦͨͪ;ͤ·͚ ͔ͪ͊ͣͪ͘ ппͻпп ͫͣ2



EQR1511-6060D-SMPPC

Åˢ͙͍ͭͤ͊͟Ύ ͨͦ͡΅͊͒ΈΥ6x6ͣ ²ͣ

Å˴͍͍͊ͤͭͦ͊Ύ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΥ45%(420ͤ )ͣ

Å͙͔͙͔̂ͫͤ͡ ͙͔ͨͪͣͪͤͦ4 × 105

˿ͼ͙͙ͤͭ͡͡Ύͭͦͪ· ͤ͊ ͍͔ͦͫͤͦ ͙͙ͨͦͫͭͪͦ͊͡͡ ͫ ththt
Åˤ͔ͪͣΎ ͍·͍͔ͫ;͙͍͙͊ͤΎΥ оΣф±0,7 ͤ .ͫ

Åˤ͔͔͔ͪͣͤͤͦ ͔ͪ͊ͪ͘΄͔͙͔ͤ Ύ;͔͔͟Υ 150 ͨ ͫ

Å˽ͦͤ͊͡Ύ ͙͒ͤ͊͡ ͔͔͒ͭͭͦͪ͊͟: ~0.5ͣΣ~1.5 i˂nt

Å̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͔͙͍͙͒ͭͭͪͦ͊ͤ͟Ύ ͔͚͍ͤͭͪͦͤͦ: ~50%@1 GeV

Å͔͎͔͙̏ͤͪͭ;͔͔ͫͦ͟ ͔ͪ͊ͪ͘΄͔͙͔ͤ: - 2%(0.3GeV);20%(4GeV)

Å˿͍͔͍ͭͦ·ͻͦ͒ ͤ͊ MIP: 158±9 .ͅΉ.

Å˨͙͙ͤ͊ͣ;͔͙͚ͫ͟ ͙͒͊ͨ͊ͦͤ͘: 1ς8 MIP

03.12.2025 A. Zubankov 10

˴ͦͤͫͭͪͯ͟ͼ͙ΎHGND
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˽͙͔͔͊ͤͪͯͣͦ͡ ͔͙͔ͨͦͦ͗ͤ͡HGND ͤ ͊ BM@N

Å¢ƻC ͔ͣͭͦ͒ ͫ ¢л ͍ ͊͟;͔͍͔ͫͭ ζ͍͎ͫͭ͊ͪͭͦͦͦη ͍͔͔͙ͪͣͤ

Åˤ͔ͪͣΎ͔ͨͪͦͭͤ͊͡Ύ ͋͊͊͘ ~ т ͣ

Å˨͔͔ͭͭͦͪ͟ ͔͖ͪ͊͒ͤ͘͡ ͤ͊ ͍͒͊ ζ͔ͨ͡;͊η ͒͡Ύ ͍͔͙ͯ͡;͔͙ͤΎ ͊͟ͼ͔ͨͭ͊ͤͫ͊ 



2. ˽ ͙ͪͦͭͦͭͨ HGND

03.12.2025 A. Zubankov 12



˽͙ͪͦͭͦͭͨ HGND
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˽͙ͪͦͭͦͭͨ HGND

͍̂ͫͭ͊ͤͦ͊͟ 
BM@N

͔͎͙̏ͭͪͦͣ͊ͤͭͤ͊͟͡Ύ ͙͒ͫͫͦͼ͙͊ͼ͙Ύ ό̏˸˨ύ 
͔͔ͪ͊ͤ ͔ͤ ͙ͯ͘;͊͊ͫ͡Έ ͍ ͍͔͙ͫͭͦͤͦͤ͟͡Ύͻ Xe 
͙ͨͪ Ή͔͎͙ͤͪΎͻ нςпˢ ˥ΉˤΦ

˨͡Ύ ͍͔͙ͨͪͦͪ͟ ͦͤ͟ͼ͔ͨͼ͙͙ 
ͨͦͤͦͣ͊ͫ͡΄͎ͭ͊͋ͤͦͦ IDb5 ͋·͡ 
͔͙͍ͨͪͦͭͫͭͪͦ͊ͤ ͙ͨͪͦͭͦͭͨHGND ͍  
͔ͪ͊͟ͼ͙͙ 124·ŜҌ/ǎL ͙ͨͪ Ή͔͎͙͙ͤͪ ͨͯ;͊͟ 
оΦуˢ ˥Ήˤ ͍ Ή͔͙͔͔ͫͨͪͣͤͭ͟ .aϪbΦ

˽͙ͪͦͭͦͭͨ IDb5 ͔ͣͦ͗ͭ ͋·ͭΈ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͔͚͍ͤͭͪͦͤͦ ͙͘ 
ͯ͡Έ͔͙ͭͪ͊ͨͪͺ͔͙ͪ;͔͙ͫ͟ͻ ͫ ͍͔͙͚ͭͦͤͦͤ͟͡ ͙ ͔͚͍ͤͭͪͦͤͦ-͔͍ͫͨͭ͊ͭͦͪͦ͟ ͤ͊ ͨͯ;͊͟ͻ ͙͘ ˹ͯͦͭͪͦͤ͊͟͡Φ

ˮ͔͔ͣͪͤ͘· ͍·ͻͦ͒· ͔͚͍ͤͭͪͦͤͦ ͫ  ͨͦͣͦ΅ΈΌ ͙ͨͪͦͭͦͭͨ͊ IDb5 ͫ ͔ͣͦ͒͡Έͤͦ-ͦͼ͔͔͚ͤͤͤͦ 
Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΌ ͒͡Ύ ͼ͔ͤͭͪ͊͡Έͤ·ͻ ͙ ͨͦͯ͡ͼ͔ͤͭͪ͊͡Έͤ·ͻ ͫ ͍͔͙͚ͭͦͤͦͤ͟͡Σ ͊ ͔ͭ͊͗͟ ͒͡Ύ ̏˸˨ 
124Xe.



12 cm

12 cm

825mm

Å˿ͼ͙ͤͭ.͚ͫͦ͡ Veto 120x120x25(ͣ )ͣ

Å 1;͊ͫͭΈ:
5 ͫ ͔͍ͦ͡: Pb (8 ͣ ͣύ + ˿ ͼ͙ͤͭ. (25 ͣ ͣύ
+ PCB + ͍ ͦ͒ͯ͘ͻ

Å 2;͊ͫͭΈ:
9 ͫ ͔͍ͦ͡: Cu (30 ͣ ͣύ + ˿ ͼ͙ͤͭ. (25 ͣ ͣύ
+ PCB + ͍ ͦ͒ͯ͘ͻ

˿ͼ͙ͤͭ.Ύ;͔͚͊͟ ς 40 x 40 x 25 ͣ 3ͣ

˻͋΅͔͔ ;͙ͫͦ͡ Ύ;͔͔͟ς 135
˻͋΅͙͚ ͪ ͔͊ͣͪ͘ ς 12 x 12 x 82.5 cm3  

˻͋΅͊Ύ ͒ ͙ͤ͊͡ ~ 2.5 i˂nt

˴ͦͤͫͭͪͯ͟ͼ͙Ύ ͙ͨͪͦͭͦͭͨ͊ HGND

1͚ͫͦ͡ - VETO
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˹͔ͦ͋ͻ͙ͦ͒ͣ· ͒͡Ύ ͔͔͙ͪ͊͒ͤ͘͡Ύ ͙͍͔͚ͤ͡ ͦͭ-ɹ͍͍͊ͤͭͦ͟

ˤ͔͔͔ͪͣͤͤͦ ͔ͪ͊ͪ͘΄͔͙͔ͤ Ύ;͔͔͟~200 ͨ *ͫ,
+ ͫ  ͔͍͔ͤͪ͊ͤͦͣͪͤͦͫͭΈΌ ͍͔ͫͭͦͫ͋ͦͪ͊ Ϥ240 ͨ ,ͫ 
+ ͫ  ͎͙͙͒ͪͯͣ ͺ͙͊ͭͦͪ͊ͣ͟ (͙ͭ͊͟ͻ ͊͟͟ ͔͔͍͔ͤͤͯͦ͡ ͔ͪ͊ͪ͘΄͔͙͔ͤ ͙͎͎͔ͭͪͪ͊) ~270 ͨ  ͫ

Hamamatsu S13360- 6050PE 
ˢ͙͍ͭͤ͟Φ ͨͦ͡΅͊͒Έ ς6x6 mm2

͙̉ͫͦ͡ ͙͔͔͚ͨͫ͟͡ ς 14400
˾͔͊ͣͪ͘ ͙͔ͨͫ͟͡Ύς50 ˃ m 
͙͔͙͔̂ͫͤ͡ς1.7x106

PDE ς40%

*F.F. Guberet al.
10.1134/S0020441223030065



˽͙ͪͦͭͦͭͨ HGND ͍  ͔͔ͫ͊ͤͫXe+CsI@3.8A GeV ͤ B͊M@N
˽͔͙͔ͦͦ͗ͤ͡ 0.7°:

͔͙͍͙͔́ͫͭͪͦ͊ͤ ͫ ͙͍͔͚ͫͭͤͦ͘ 
Ή͔͎͙͔͚ͤͪ ͔͚͍ͤͭͪͦͤͦ(͔͚ͤͭͪͦͤ·-
͔ͫͨͭ͊ͭͦͪ͟·) ς3.8 ˥ ΉˤΦ

˽͔͙͔ͦͦ͗ͤ͡ 27°:

ˮ͔͔͙ͣͪͤ͘Ύ ͔͍ͫͨͭͪͦ͟ ͔͚͍ͤͭͪͦͤͦ 
͍ ͙ͦ͋͊ͫͭ͡~ midrapidity.
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HGND
27° pos.

HGND
0.7° pos.

FHCal

Central 
tracker

Outer tracker

Kruglova I.



3. ˮ ͔͔͙ͣͪͤ͘Ύ ͍·ͻ͍ͦ͒ͦ ͔͚͍ͤͭͪͦͤͦ
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ˢ͒ͪͦͤͤ·͔ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ: ̏˸ :˨

ˤ ͋ͦ͡Έ΄͙͍͔ͤͫͭ ͫͯ͡;͔͍͊, ͍  
͔ͪͯ͘͡Έ͔ͭ͊ͭ̏˸˨ͭΎ͔͗͡·ͻ 
Ύ͔͒ͪ ͙ͨͪͦͫͻ͙ͦ͒ͭ Ή͙͙ͣͫͫΎ 
͎ͦ͒ͤͦͦ ͙͙͡ ͍͒ͯͻ ͔͚͍ͤͭͪͦͤͦ
 ͫͪ ͔͙͔ͦ͗͒ͤͣ ͎ͦ͒ͤͦͦ 
ͦͫͭ͊ͭͦ;͎ͤͦͦ Ύ͒ͪ͊

ˤ͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ Ύ͔͒ͪ

03.12.2025 A. Zubankov 17

I. Pshenichnov, 
Electromagnetic Excitation 
and Fragmentation of 
UltrarelativisticNuclei. 
Phys. Part. Nucl. 2011, 42 
(2), 215-250.

.˸ Baznatet al., Monte-Carlo 
Generator of Heavy Ion 
Collisions DCM-SMM, Phys. 
Part. Nucl. Lett. 2020, 17, 303.

A.O. Svetlichnyiet al., 
Production of spectator 
neutrons, protons and light 
fragments on fixed targets at 
NICA. ArXiv:2510.02992v2 
[Nucl-Th], 20251ς15. 

ˮͫͨͦ͡Έ͔ͯͣ͘ ͔͙ͣͦ͒͡Υ
RELDIS DCM-QGSM-SMM

UrQMD-AMC



ˤ͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ Ύ͔͒ͪ
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˸͔͍͔ͤͦ͗ͫͭͤͤͦͫͭΈ ͔͚͍ͤͭͪͦͤͦ ͍ 
͊͟ͼ͔͔ͨͭ͊ͤͫ ͨ ͙ͪͦͭͦͭͨ͊ HGND

3.8A GeV 124Xe + 130Xe

3.8A GeV 131Xe + 133Cs

RELDIS 3.8A GeV
124Xe + 130Xe

DCM-QGSM-SMM
3.8A GeV 

131Xe + 133Cs

˿ͪΦ ͔͍͔ͣͤͦ͗ͫͭͤͤͦͫͭΈ 
͔͚͍ͤͭͪͦͤͦΥ

1.05 16.01 17.70

˿ͪΦ ͔͍͔ͣͤͦ͗ͫͭͤͤͦͫͭΈ 
͔͚͍ͤͭͪͦͤͦ ͍ ͊͟ͼ͔͔ͨͭ͊ͤͫ 
͙ͨͪͦͭͦͭͨ͊ IDb5Υ

1.02 1.51 1.36

UrQMD-AMC
3.8A GeV 

124Xe + 130Xe



t̀ = 270 ps

131Xe + 133Cs 

124Xe + 130Xe 

˿͍͔͙͔ͪ͊ͤͤ ͙͔͔͙͚ͣͪͤ͘ ͙ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ
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t̀ = 270 ps

˾͔͙͍ͦͤͫͭͪͯͪͦ͊ͤͤ͟·͔ ͔ͫͨͭͪ͟· ͙͘ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ 
ͻͦͪͦ΄ͦ ͎ͫͦ͊ͫͯ͡ΌͭͫΎ ͫ ͒͊ͤͤ·͙ͣΦ

ʍn, % nʁ, % ʍn x nʁ, %

34.21
± 0.25

60.06 
± 0.44

20.55 
± 0.21

 
ὔ

ὔ
‐

ὔ

ὔ

ʍn, % nʁ, % ʍn x nʁ, %

3.87 ± 0.02 37.33 ± 0.17 1.45 ± 0.01

2.63 ± 0.01 45.09 ± 0.25 1.19 ± 0.01

 
ὔ

ὔ
‐

ὔ

ὔ

˿ ͔ͦͪͪ͟͟ͼ͙͔͚ ͤ͊ 
Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͎͎͔ͭͪͪ͊

A. Zubankovet al.Performance study of the 
Highly Granular Neutron Detector prototype in 
the BM@N experiment.NUCL SCI TECH36, 226 
(2025). https://doi.org/10.1007/s41365-025-
01817-x

https://doi.org/10.1007/s41365-025-01817-x
https://doi.org/10.1007/s41365-025-01817-x
https://doi.org/10.1007/s41365-025-01817-x
https://doi.org/10.1007/s41365-025-01817-x
https://doi.org/10.1007/s41365-025-01817-x
https://doi.org/10.1007/s41365-025-01817-x
https://doi.org/10.1007/s41365-025-01817-x


4. ʕ ͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͔ͫͨͭͪ͊͟ ͔͚͍ͤͭͪͦͤͦ
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ˤ͙͡Ύ͙͔ͤ ͍͔͔͎ͪͣͤͤͦͦ ͔ͪ͊ͪ͘΄͔͙ͤΎ ͤ͊ ͔ͫͨͭͪ͟ ͔͚͍ͤͭͪͦͤͦ

03.12.2025 A. Zubankov 21

˿͔ͨͭͪ͟· ͪ͊ͣ͊͘͘·͍͊ΌͭͫΎ ͍ ͫͭͦͪͦͤͯ ͍·͙ͫͦ͟ͻ Ή͔͎͙͚ͤͪ 
͙-͊͘͘ ͍͔͔͎ͪͣͤͤͦͦ ͔ͪ͊ͪ͘΄͔͙ͤΎ Ϥнтл ps.

t̀

t̀



͔́ͯ͟΅͊Ύ ͪ͊͋ͦͭ͊ τ ͪ ͍͊ͦͪ͊͘;͙͍͙͔͊ͤ ͔͍ͫͨͭͪͦ͟

03.12.2025 A. Zubankov 22

˾͍͊ͦͪ͊͘;͙͍͙͔͊ͤ(unfolding) ͫ ͔ͨͭͪ͊͟ ͎͔ͨͦͣͦ͊ͭ ͙ͯͫͭͪ͊ͤͭΈ ͍͊͒͟͡ ͍͔͔͎ͪͣͤͤͦͦ ͔ͪ͊ͪ͘΄͔͙ͤΎ ͍ 
ͺͦͪͣͯ ͔ͫͨͭͪ͊͟Φ
˸· ͙ͫͨͦ͡Έ͔ͯͣ͘ ͺ͔͚͍ͪͣͦͪ͟ RooUnfold ͒ ͡Ύ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͔ͫͨͭͪ͊͟ ͍͙ͤͯͭͪ ͔ͫͪ͒· whh¢.
https://gitlab.cern.ch/RooUnfold/RooUnfold 

˸͙͊ͭͪͼͯ ͙ͦͭ͊͟͟͡ w ͨͦͯ͡;͔͊ͣ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤͣ͡ ͙ͦͭ͊͟͟͡ ͙ͨͪͦͭͦͭͨ͊ IDb5 ͤ͊ ͔͚ͤͭͪͦͤ·Φ

ˮͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͙͔͙͍ͭͪ͊ͭͤ·͚ ͚͔͍͙͚͋͊ͫͦͫ͟ ͔ͣͭͦ͒Σ ͍͍͔͖͒ͤͤ·͚ ͍ ͺ͙͙ͯ͘͟ ;͙͊ͫͭͼ ˨ϥˢ͎͙͙ͦͫͭͤ 
ͤ͊ ͍͔ͦͫͤͦ Ή͔͔͍ͣͤͭͦ͡ ͚͔͍͚͋͊ͫͦͫͦ͟ ͙͙͙ͫͭ͊ͭͫͭ͟Φ
ˤ ͎͙͒ͪͯͻ ͦ͋͊ͫͭ͡Ύͻ Ήͭͦͭ ͨͦ͒ͻͦ͒ ͙͍͔͔ͫͭͤ͘ ͊͟͟ ͔͍͒ͦͤͦ͟͡Όͼ͙Ύ ˾ ͙;͊ͪ͒ͫͦͤ͊-˶Ό͙ͫΦ

А  Ὑ  ʉ  ɼ

͙͙ͫͭͤͤ͊Ύ 
͙͔͙ͤͭ͟;͔ͫ͊͟Ύ 

Ή͔͎͙ͤͪΎ ͔͚͍ͤͭͪͦͤͦ

˾͔͙͍ͦͤͫͭͪͯͪͦ͊ͤͤ͊͟Ύ 
͙͔͙ͤͭ͟;͔ͫ͊͟Ύ Ή͔͎͙ͤͪΎ

ͺͦͤ˸͙͊ͭͪͼ͊ 
͙ͦͭ͊͟͟͡

https://gitlab.cern.ch/RooUnfold/RooUnfold


˾͍͊ͦͪ͊͘;͙͍͙͔͊ͤ ͫ ͨͦͣͦ΅ΈΌ ͙ͦͭ͊͟͟͡ ͙͘ w9[5L{
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RELDIS 

̆ͦͪͦ΄͔͔ ͎͙͔ͫͦ͊ͫ͡ ͍ ͙ͦ͋͊ͫͭ͡ ͙ͨ͊͟Σ ͤͦ ͔ͤ ͦ;͔ͤΈ 
ͻͦͪͦ΄͔͔ ͍ ͻ͍ͦͫͭ͊ͻ ͙͘-͊͘ ͎ͯͦͦ͘͟ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ 
͙͙͎ͫͭͤͤͦͦ Tn ͍  ͙ͣ͊ͭͪͼ͔ ͙ͦͭ͊͟͟͡Φ



˾͍͊ͦͪ͊͘;͙͍͙͔͊ͤ ͫ ͙ͦͭͦͣ͟͟͡ ͙͘ 5/a-QGSM-{aa ͙ UrQMD-AMC

03.12.2025 A. Zubankov 24

UrQMD-AMC

DCM-QGSM-SMM



˾͍͊ͦͪ͊͘;͙͍͙͔͊ͤ ͫ ͙ͦͭͦͣ͟͟͡ ͙͘ 5/a-QGSM-{aa ͙ UrQMD-AMC

03.12.2025 A. Zubankov 25



˿͍͔͙͔ͪ͊ͤͤ ͫ ͒͊ͤͤ·͙ͣ 600A MeV Sn+Sn

03.12.2025 A. Zubankov 26

˹͊͋͡Ό͔͒͊ͭͫΎ ͙͍͙ͤ͊ͪ͊ͤͭͤͦͫͭΈ ͙͔ͦͭͤͦͫͭ͡Έͤͦ Ή͔͎͙͙ͤͪ ͙ 
ͣ͊ͫͫ· ͙͔ͫͫͭͣ·Σ ͙͔ͦ͗͒͊ͣ͊Ύ ͍ ͪ͊ͣ͊͟ͻ ͔͔͋ͦ͡ ͦ͋΅͔͚ 
ͦͤ͟ͼ͔ͨͼ͙͙ ͔͔ͨͪ͒͡Έ͚ͤͦ ͺ͎͔ͪ͊ͣͤͭ͊ͼ͙͙



ˤ·͍ͦ͒·

A. Zubankov 27

ǒʕ ·͎ͫͦͦͪ͊ͤͯ͟͡Ύͪͤ·͚ ͤ ͔͚ͭͪͦͤͤ·͚ ͔͔͒ͭͭͦͪ͟ HGND ͪ ͊ͪ͊͋͊ͭ͘·͍͔͊ͭͫΎ ͍ 
ˮ̒ˮ ˾ˢ˹ ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ ͍·ͻ͍ͦ͒ͦ ͙ ͍ͨͦͭͦͦ͟ ͔͚͍ͤͭͪͦͤͦ ͤ͊ BM@N.

ǒ˽ ͙ͪͦͭͦͭͨ HGND ͯ ͔ͫͨ΄ͤͦ ͙ͫͨͦ͡Έ͍ͦ͊ͫ͘͡Ύ ͍ ͔͔ͫ͊ͤͫ Xe+CsI@3.8A ˥ΉˤΦ

ǒˮ ͔͔ͣͪͤ͘· ͍·ͻͦ͒· ͔͚͍ͤͭͪͦͤͦ ͫ ͨͦͣͦ΅ΈΌ ͙ͨͪͦͭͦͭͨ͊ HGND.

ǒ˾ ͔͙͍ͦͤͫͭͪͯͪͦ͊ͤͤ͟·͔ ͔ͫͨͭͪ͟· ͻͦͪͦ΄ͦ ͎ͫͦ͊ͫͯ͡ΌͭͫΎ ͍ ͔͔ͨͪ͒͊͡ͻ 
͎͔ͨͦͪ΄͔͚ͤͦͫͭ ͫ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤͣ͡Φ

ǒ˽ ͦͯ͡;͔ͤ· ͔͍ͨͪ·͔ ͔ͪͯ͘͡Έͭ͊ͭ· ͨͦ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ό ͔ͫͨͭͪ͊͟ ͔͚͍ͤͭͪͦͤͦ 
ͫ ͨͦͣͦ΅ΈΌ ͨͪͦͼ͔͒ͯͪ· ͔͍͒ͦͤͦ͟͡Όͼ͙͙.

ǒ˹ ͔͚ͭͪͦͤ· ͙͘ ̏˸˨ ͙ ͔͚ͤͭͪͦͤ·-͔ͫͨͭ͊ͭͦͪ͟· ͋ ͯ͒ͯͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͒͡Ύ 
͙͍͙͊͋ͪͦ͟͟͡ HGND.

03.12.2025



˿͙ͨ͊ͫ͋ͦ ͊͘ ͍͙͙͔ͤͣ͊ͤΗ



Backup

03.12.2025 A. Zubankov 29



HGND prototype

03.12.2025 A. Zubankov 30



Time resolution

03.12.2025 31A. Zubankov
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Time
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n + ɔ(0.2%) and  p(0.2%)

              mixture

Time

Calibration on 
photons

Calibration on 
neutrons

ɔ(0.2%) + n(?%)  and  p (0.2%)

                          mixture

Time

Calibration on 
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possible up to 
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Calibration on 
neutrons

ʲҐм
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ʲҐм
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ʲғм
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ʲҔлΦфу

ʲҐлΦфу

ʲҐлΦфт

n (3.0GeV)

HGND calibration



1. Amplitude normalization

landau fit

HGND calibration

1
Ampl Ampl

MPV
= Ö

2. Timeshift for all channelsby the averagefit value

3. Determination of
parameters of the
approximatingfunction for all
channels& time limit

4. Time-amplitude correction 5. Time shift

Signal, MIP

Signal, MIP Signal, MIP

Signal, MIP03.12.2025 A. Zubankov 33



HGND calibration

Time-amplitude
correction of signals
made it possible to get
rid of the dependenceof
time on signal
amplitude, which
improved the time
resolutionby ~2.4 times.

03.12.2025 A. Zubankov 34



EMD hadronic

-ɹquantacut ςno hits in1-2 layers in module => 1.55 X0 or 0.11 ˂ int

Comparison of hadronic interactions (CCT2) with electromagnetic dissociation (BT)
Run 8281 (BT) vs 8300 (CCT2)3.8 AGeV

Fastest cells for EMD vs hadronic interactions

03.12.2025 A. Zubankov 35

Most of the neutrons are deposited after the 7th layer 
for both EMD and nuclear interaction

1 2 3

4 5 6

7 8 9

ς7th 

layer



Reconstructed neutrons

03.12.2025 A. Zubankov 36

Reconstructed neutron spectra for both 3A GeV and 3.8A GeV runs are in correct positions.



Efficiency of HGND prototype

03.12.2025 37A. Zubankov

Geant4 simulation:
Particle source, only 
neutrons
ÅVETO-cut
Å‎-cut
ÅToF cut

66%



Selection of EMD events in measurements

03.12.2025 A. Zubankov 3803.12.2025 A. Zubankov 38

Beam Trigger (BT)
FQH Z2>2500 cut
(<0.02% of CCT events)

Xe ions on Hodoscope 
around Z2=3000 in EMD

Ultra-peripheral collisions ςEMD

OnlysingleXe ion in target



Selection of hadronic fragmentation events in measurements

03.12.2025 A. Zubankov 3903.12.2025 A. Zubankov 39

Central trigger  
(CCT)

FD amplitude 
< 4500 cut

Central & semi-central collisions ςhadronic interactions

OnlysingleXe ion in target



Spectator neutrons in acceptance of the HGND prototype

03.12.2025 40A. Zubankov

Average:
1.36
1.51

Trigger efficiency correction from experimental data was applied for all 
histograms.

Neutron kinetic energy in acceptance of the HGND prototype Neutron multiplicity in acceptance of the HGND prototype



Background in simulation

03.12.2025 A. Zubankov 41

3.8A GeV 124Xe + 130Xet̀ = 270 ps

12198
9.44

1292
SNR= =

Tn, GeV

29979
3.72

8055
SNR= =

t̀ = 270 ps

20811
2.93

7114
SNR= =

t̀ = 270 ps
Tn, GeV

Tn, GeV

3.8A GeV 131Xe + 133Cs

3.8A GeV 124Xe + 130Xe



HGND prototype efficiency

03.12.2025 42A. Zubankov

hit
n

gen

N

N
W = rec

n

hit

N

N
e=

Model ʍn, % nʁ, % ʍn x nʁ, %

RELDIS 34.21 ± 0.25 60.06 ± 0.44 20.55 ± 0.21

DCM-QGSM-SMM 3.87 ± 0.02 37.33 ± 0.17 1.45 ± 0.01

UrQMD-AMC 2.63 ± 0.01 45.09 ± 0.25 1.19 ± 0.01



RELDIS DCM-QGSM-SMM UrQMD-AMC

(1.49±0.12)·10-3 (3.78±0.02)·10-3

(6.92 ±0.57stat 

±0.17syst) ·10-3

(16.31 ±0.10stat 

±1.31syst) ·10-3

(17.98 ±0.13stat

±0.60syst) ·10-3

1.88 ±0.16stat

±0.05systb
4.44 ± 0.03stat 

±0.36systb
4.90 ±0.03stat 

±0.16systb

1.89±0.02 b 4.76±0.01 b 4.89±0.01 b

Cross-section estimation using different models

03.12.2025 43A. Zubankov

, /ev ionsY N N neutrons ion=

exps

sims

( )ev n

n n

ions A

N N A

N d N
s e

r

Ö
= Ö Ö W ³

Ö Ö

23 1

3

0.175

6.02 10

4.53

A

d cm

N mol

g cmr

-

=

= Ö

=

( )ev n ions n nN N N eÖ Ö W ³

Preliminary estimations are in good agreement within the errors with the modeling predictions.



RELDIS DCM-QGSM-SMM UrQMD-AMC

èxp, b 1.88 ±0.16stat

±0.05syst

4.44 ± 0.03stat 

±0.36systb
4.90 ±0.03stat 

±0.16systb

s̀im, b 1.89±0.02 b 4.76±0.01 b 4.89±0.01 b

Approach to cross-section estimation

03.12.2025 44A. Zubankov

Estimations are in good agreement within the errors with the modeling predictions.
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ὔ
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Selection of spectator neutrons

03.12.2025 A. Zubankov 45

ÅSelection of events without 
charged particles using VETO

ÅBackground rejection from 
spectator neutrons using ToF cut

ÅPhoton rejection using 1st layer 
after VETO(1.55 X0ƻǊ лΦмм ˂int)

ÅReconstruction of energy by 
maximum velocity

ÅScaled by incident ion beam rate 
measured by Beam Trigger BT VETO

1st layer after VETO

The highest first interaction probability for 
spectator neutron is at the beginning of 
the hadronic part (7th layer), as expected



Reconstructed spectra for EMD and hadronic interactions

03.12.2025 A. Zubankov 46

Reconstructed spectra were obtained both for runs with CsI 2% target and without it to 
estimate fraction of out of target interactions. 
Empty target spectra were subtracted from target spectra.



Comparison with thinner target

03.12.2025 A. Zubankov 47

Corrected spectra after 
subtracting empty 
target spectra 

Measurements with 1% 
and 2% target are 
consistent



˻ͭ͋ͦͪ ͫͦ͋·͙͚ͭ ̏˸˨ ͙ ͊͒ͪͦͤͤ·ͻ ͍͙͔͚͍͙͚͊ͣͦ͒ͫͭ͘

03.12.2025 A. Zubankov 4803.12.2025 A. Zubankov 48

Beam Trigger (BT)
FQH Z2>2500 cut
(<0.02% of CCT events)

Central trigger  
(CCT)

FD amplitude 
< 4500 cut

ˮͦͤ· Xe ͤ F͊QH ͦ ͦͦ͟͡
Z2=3000 ͍ ̏˸˨

̂͡Έ͔͙ͭͪ͊ͨͪͺ͔͙ͪ;͔͙͔ͫ͟ ͫ ͍͔͙ͭͦͤͦͤ͟͡Ύ τ ̏ ˸˨
͔̇ͤͭͪ͊͡Έͤ·͔ ͙ ͨͦͯ͡ͼ͔ͤͭͪ͊͡Έͤ·͔ ͫ ͍͔͙ͭͦͤͦͤ͟͡Ύ τ 

͊͒ͪͦͤͤ·͔ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ

́ͦ͡Έͦ͟ ͙ͦ͒ͤ ͙ͦͤ Xe ͤ ͊ ͙ͣ΄͔͙ͤ



˿͙ͣͯ͡Ύͼ͙Ύ ̏˸˨ ͫ ͨͦͣͦ΅ΈΌ w9[5L{

03.12.2025 A. Zubankov 49

˿͔ͪ͒ͤΎΎ ͔͍͔ͣͤͦ͗ͫͭͤͤͦͫͭΈ ͔͚͍ͤͭͪͦͤͦς1.05
˿͔ͪ͒ͤΎΎ ͔͍͔ͣͤͦ͗ͫͭͤͤͦͫͭΈ ͔͚͍ͤͭͪͦͤͦ ͍ ͊͟ͼ͔͔ͨͭ͊ͤͫ ͨ ͙ͪͦͭͦͭͨ͊ IDb5 ς1.02

RELDIS model124Xe + 130Xe @ 3.8A GeV

I. Pshenichnov, Electromagnetic Excitation and 
Fragmentation of Ultrarelativistic Nuclei. Phys. 
Part. Nucl.2011, 42 (2), 215-250.



UrQMD-AMC vs DCM-QGSM-SMM

03.12.2025 A. Zubankov 50

16.01

DCM-QGSM-SMM
3.8A GeV 131Xe + 133Cs

UrQMD-AMC (in Cascade mode)
3.8A GeV 124Xe + 130Xe

17.70 .˸ Baznatet al., Monte-Carlo 
Generator of Heavy Ion Collisions 
DCM-SMM, Phys. Part. Nucl. Lett. 
2020, 17, 303.

˿͔ͪ͒ͤΎΎ ͔͍͔ͣͤͦ͗ͫͭͤͤͦͫͭΈ ͔͚͍ͤͭͪͦͤͦ-͔͍ͫͨͭ͊ͭͦͪͦ͟:

˿͔ͪ͒ͤΎΎ ͔͍͔ͣͤͦ͗ͫͭͤͤͦͫͭΈ ͔͚͍ͤͭͪͦͤͦ ͍ 
͊͟ͼ͔͔ͨͭ͊ͤͫ ͨ ͙ͪͦͭͦͭͨ͊ IDb5Υ

1.36 1.51

A.O. Svetlichnyiet al., Production 
of spectator neutrons, protons and 
light fragments on fixed targets at 
NICA. ArXiv:2510.02992v2 [Nucl-
Th], 20251ς15. 



Sources of systematics

03.12.2025 51A. Zubankov

Source of 
systematics

EMD systematics
RELDIS

Hadronic systematics

DCM-QGSM-SMM UrQMD-AMC

eʁv/ions - 1.60%

tʁime 0.53% 0.36%

mʁodules 2.36% 7.72% 1.47%

ʶɹ-rejection 0.73% 1.58% 2.55%

Total 2.52% 8.05% 3.36%

The sources of systematics are:
ÅThe number of interactions per incident ion eʁv/ions

ÅSource of trigger timeʁtime

ÅUnevenness of the number of hits on HGND prototype modules mʁodules

ÅUncertainty in the number of neutrons after photon rejection ʶɹ-rejection

    ɇ‐ Ⱦ

‐ ‐ɇ‐ ɇ‐ ɇ‐



Unfolding using the response from DCM-QGSM-SMM for all

03.12.2025 A. Zubankov 52

DCM-QGSM-SMM

We can use the response matrix from other 
models with minor distortions.



Unfolding using the response from UrQMD-AMC for all

03.12.2025 A. Zubankov 53

UrQMD-AMC

We can use the response matrix from other 
models with minor distortions.



Trigger efficiency

03.12.2025 A. Zubankov 54



Trigger efficiency by V. Plotnikov

03.12.2025 55A. Zubankov



Trigger efficiency by D. Idrisov

03.12.2025 56A. Zubankov



Impact parameter distribution

03.12.2025 57A. Zubankov



Cross-section estimation

03.12.2025 58A. Zubankov
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UrQMD-AMC

03.12.2025 A. Zubankov 59



UrQMD-AMC vs DCM-QGSM-SMM

03.12.2025 60A. Zubankov

DCM-QGSM-SMM and 
UrQMD-AMC describe 
the experiment well in 
the rapidity region yn-
y0<0.

In the region yn-y0>0, 
DCM-QGSM-SMM 
underestimates the 
data whereas UrQMD-
AMC overestimates. 

For DCM-QGSM-SMM, 
there is a shift in the 
rapidity relative to the 
beam rapidity.

(in Cascade mode)



Ablation Monte Carlo: decay code from AAMCC

03.12.2025 61

ÅThe excited nuclear fragments are formed by means of MST-clusterization 
algorithm after UrQMD

ÅA few excited nuclear prefragments can be formed, in contrast with DCM-QGSM-SMM, 
where all the spectator nucleon remain bound in one prefragment.

ÅExcitation energy of prefragment is calculated by hybrid approximation: a 
combination of Ericson formula for peripheral collisions and ALADIN 
approximation otherwise1)

ÅDecays of prefragments are simulated as follows:

ÅFermi break-up model from Geant4 v9.2 2)

ÅStatistical Multifragmentation Model (SMM) from Geant4 v10.4 2)

ÅWeisskopf-Ewing evaporation model 
from Geant4 v10.4 2)

ÅThey were validated and adjusted to describe the data3).

1) R. Nepeivoda, et al., Particles 5 (2022) 40
2) J. Alison et al. Nucl. Inst. A 835(2016) 186
3) 55th Geant4 Techical Forum
https://indico.cern.ch/event/1106118/contributions/4693132/

github.com/Spectator-matter-group-INR-RAS/AAMCC

https://github.com/Spectator-matter-group-INR-RAS/AAMCC
https://github.com/Spectator-matter-group-INR-RAS/AAMCC
https://github.com/Spectator-matter-group-INR-RAS/AAMCC
https://github.com/Spectator-matter-group-INR-RAS/AAMCC
https://github.com/Spectator-matter-group-INR-RAS/AAMCC
https://github.com/Spectator-matter-group-INR-RAS/AAMCC
https://github.com/Spectator-matter-group-INR-RAS/AAMCC
https://github.com/Spectator-matter-group-INR-RAS/AAMCC
https://github.com/Spectator-matter-group-INR-RAS/AAMCC


Combining UrQMD and AAMCC
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ÅAMC is developed to simulate secondary decays of spectator fragments created in other models, in 
particular UrQMD.  

ÅIt is assumed that spectator matter is formed out of nucleons that do not undergo any collisions.

AMC:

Å Find spectator nucleons

Å Define prefragments via MST-
clustering

Å Constant d = 2.7 fm

ÅModel prefragments decays

Å All the participant data remain 
intact

Unigen file Unigen file

UrQMD:

Å Version 3.4

Å Cascade mode in this work

Å Offset radius 5 fm

Å Evolution time ς100 fm/c

Å Other parameters are set 
to default values
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Knocking out some spectator nucleons 
by mesons

Blue and yellow  Ṿspectator nucleons, red Ṿparticipant nucleons, green Ṿproduced mesons
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197Au fragmentation

UrQMD -AMC and AAMCC describe Z max . Models give similar numbers of He

UrQMD -AMC is systematically lower than AAMCC for Z bound < 50. This is due to a smaller spectator volume in UrQMD.

AAMCC is closer to data on M IMF ,while UrQMD -AMC overestimates M IMF in semi -central collisions. This is because of higher 
excitation energy of prefragments since more nucleons are removed.  

The difference in H fragments can be attributed to the different number of participants, because of a larger contribution of 
protons from MST -clustering
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Spectator matter volume as a function 
of impact parameter

UrQMD gives less spectators than AAMCC for all b



Nuclear interaction
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Average multiplicities of neutrons in 208Pbς208Pb collisions at 
ҞǎNN = 5.02 TeV as functions of the collision impact 
parameter

Number of free spectator nucleons as a 
function of the impact parameter in collisions 
between 197!ǳ ƴǳŎƭŜƛ ŀǘ bL/! ŀǘ ҞǎNN = 5 GeV

A. Svetlichnyi & I. Pshenichnov, Formation of Free and 
Bound Spectator Nucleons in Hadronic Interactions 
between Relativistic Nuclei. Bulletin of the Russian 

Academy of Sciences: Physics 2020, 84 (8), 911ς916.

Nepeivoda, R. et al., Pre-Equilibrium Clustering in 
Production of Spectator Fragments in Collisions of 

Relativistic Nuclei. Particles 2022, 5, 40ς51.



Nuclear interaction
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27°
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Neutron yields at 27°
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DCM-QGSM-SMM

UrQMD-AMC



Neutron yields at 27°
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Backgrounds DCM-QGSM-SMM
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Kinetic energies Kinetic energy reconstruction

Only primary neutrons Only side BG



Backgrounds
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Experimental data
Kinetic energy reconstruction



FEE & readout board

FEEboardcoupledto 
scintillationmatrix

Readout 
board

PCIe
connectors

FPGA

Spacefor Cu 
absorber

SecondReadout
board(invisible)

PCIe
connectors

Mechanicalguides
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Å16͔͍ͫͦ͡Ύ;͔͔͟
Å16LEDͨ ͊ͭ͡
Å32FEEͨ ͊ͭ͡
Åу ͫ;͙ͭ·͍͊Ό΅͙ͻ ͨ ͊ͭ͡

Å3 FPGA ͤ ͊ ͨ͊ͭͯ͡
Å84 ͟ ͊ͤ͊͊͡ ͤ  ͊FPGA
Å2000 ͟ ͍͊ͤ͊ͦ͡ ͫͯͣͣ͊ͪͤͦ


