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[1nhaH

* Netektop HGND B akcnepumeHTe BM@N
* KoHCTpykKuma npototuna getektopa HGND
* CpaBHeHME 3KCcnepuMeHTaslIbHbIX AaHHbIX

* 3aK/rueHumne



Komnnekc yctaHoBok NICA B ONAN, lybHa
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YctaHoBKa BM@N

OO0 00 OCBOEOHENRO

Magnet SP-41 (0)
Vacuum Beam Pipe (1)
BC1, VC, BC2 (2-4)
SiBT, SiProf (5, 6)

BD (7)

VSP, FSD, GEM (8, 9, 10)
FD (11)

L x CSC 1x1 m*(12)
TOF 400 (13)

2 x (SC 2x1.5 m” (14)
TOF 700 (15)

ScWwall (16)

Small GEM (17)

Beam Profilometer (18)
FQH (19)

FHCal (20)

HGN (21)



AiccnepoBaTtenbckasa nporpammva BM@N
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licchenoBartenbckas nporpawuwa BM@N
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B3anmogencrtena aaep

Llenb uccnepnoBaHus: AJpOHHbIE B3aUMOAENCTBUA:

3ydyeHne xapakTepuCTUK M BO3MOXXHOCTU KanmbpoBKu b<)l'\»"1+)f;’2
npototna HGND Ha HeWTpoHax-cnekratopax B
peakunn 124Xe+Csl npn aHeprum noHoB KceHoHa 3,0A
3B B 3kcrnepumeHTe BM@N B uendx noarotoBKU K
OyaywiMM ceaHcaM, a Takke CcpaBHeHWe C paHee
Noy4eHHbIMU AaHHLIMW NpU 3Heprum nyyka 3,8A 3B.
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[TonoxeHne HGND B akcnepumeHTe BM@N
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* ToF MeTopn c TO B KayecTBe «CTapTOBOro» BpeMeHU
* BpemganponetHas 6a3a~7 M

e JleTeKTOp pasaenéH Ha ABa «njaevya» 08 YBeIMYEeHU akLenTaHCca
8



BbICOKOrpaHynapHbI HEUTPOHHbIN
netektop HGND

11x11 aueek

Cbopka getektopa: 2 nje4ya no 8 croes

CUMHTUNNALNOHHBI Moay b
9



[TpoToTKn HGND

9 MozZy/1e C MeAHbIM NOI0TUTEIEM

120 mm =
- SiPM
E | —1
[] H - ,
40 mm = 5 moaynem o CBUHL,OBbIM NOMNOTUTENEM
—“\—-—_
£ Scintillator —>
E o _ _
. . . a BeTto moaynb (6e3 nornoturtens)
120mm T
120mm

1 cnom - VETO

o
>

10

' Y : . 825 mm
HeobxoanMbl AN pa3aeneHns IMBHEN OT Y-KBaHTOB




Xapaktepuctukm npototmna HGND

SiPM
Hamamatsu S13360- 6050PE
AKTMBH. nsiowagb - 6x6 mm?
Yucno nukcenen - 14400
Pasmep nukcensa - 50 um
Ycunenue - 1.7x10°¢
PDE - 40%

CUMHT. g4enka - 40 x 40 x 25 mm3
Obuee yncno g4yeek - 135
O6bwmn pazmep - 12 x 12 x 82.5 cm3

Obwan gavHa ~ 2.5\,

BpeMeHHoe pa3pelueHue a4yeek ~200 nc,

+ C HepaBHOMEPHOCTbLIO cBeTocbopa ~240 nc,
+ ¢ ApyruMu daktopamu (Takux Kak
HeHyneBoe paspelueHune Tpurrepa) ~270 nc

9 mogynei ¢ MegHbIM NOMOTUTENEM

5 Mozyneit Co CBUHLL0BbIM MOMNOTUTENEM

Beto moaynb (6e3 nornotutens) e 13 ;
— { ¢ i A 3 i
120mmT ' '

120mm
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[TonoxeHune npototuna HGND B yctaHoBKe BM@N

NMonoxeHue 0.7°:
TecTnpoBaHuMe C U3BECTHOM SHEPrnen
HENTPOHOB (HEMTPOHbI-CMEKTATOPbI) -

3.8 '=3B.
MonoxkeHue 27°:

N3mMepeHUs cnekTpoB HEMTPOHOB B

m}
Kruglova I. ‘ ‘ ‘ ‘

Outer tracker

e obnactu ~ midrapidity.
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Central &
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TpurrepHaa cucrtema akcnepmmveHta BM@N
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Counts

YnaneHue nepBoro nuka n omtuposaHne
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Time (ns)

LieHTpMpoBaHne BPEMEHHOTo pacrnpeaeneHus
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Counts

LieHTpMpoBaHne BPEMEHHOTo pacrnpeaeneHus

sp ch 7
- Entries 96975
250— Mean 4883
B Std Dev 1923
200|—
150—
100 —
50—
|_III|IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|
oo 2000 3000 4000 5000 6000 7000 8000 9000 10000

Signal

16



Time, ns

KannbpoBka 3aBUCMMOCTV BPEMEHM OTK/IMKA OT aMnINTyapl
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3akryeHne

B xoge BbINOMHEHUS Hay4HO-UCCneaoBaTeslbCKoM paboTbl  Oblnia
paspaboTaHa W pea/n3oBaHa MeToAMKa KasIMOPOBKM nNpoToTUNa
HenTpoHHOoro aetektopa HGND.

AMNINTYyaAHaA KanmbpoBka
BpemMeHHasa CMHXPOHM3aLmns

HuesennposaHune adopekta time-walk
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HenTpoHHble AETEKTOPbI

OCHOBHbl€ MeTOAbI Neutron energy, MeV
HEUTPOHHON 4 10 100 1000 10000
cnekTpomMeTpnn: |
1 n-p elastic scattering eff. ~10

c | |
‘% Time-of-flight eff. ~0.01 - 0.9 HGND Calorimetry eff. ~1
3 | |
O . . N = Q
= Pulse height distribution eff. ~0.01 - 0.2
Z | | |
e Threshold reactions eff. < 10°

| |

Bonner spheres
|

From Vladimir Yurevich,

[ ] - definite correspondence between energy and measured value

:’ — complicated unfolding procedure with well-known response functions and
some a prioriinformation about neutron spectrum is required

05.05.2026 A. Zubankov

Study of neutron
production in nucleus-
nucleus collisions,
BM@N collaboration
meeting, 3-8 Oct. 2021
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2 naeyvya no 8 cnoes:

05.05.2026

3 cm Cu (nornotutens)
11x11 maTpunua CUUHT. A4eeK 2.5 CM
0.5 cm PCB

[TonepeyHbin pa3mMep 44x44 cm?

A. Zubankov

v

A XA o4

Scintillator + MPPC

4
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EQR15 11-6060D-S MPPC

AKTMBHas niowaab: 6x6 Mm?

KBaHTOBas 3pdeKTMBHOCTL: 45% (420 HM)

Ycunenune npuMepHo 4 x 103

CuMHTUANATOPDLI Ha OCHOBeE noaunctupoaa c POPOP

BpeMms4 BbicBeunBaHusa: 3,9+0,7 Hc.

BpeMeHHoe pa3pellieHune a4eek: 150 nc

MonHasa anvHa getekropa: ~0.5 M, ~1.5 A

2bPEKTUBHOCTb AETEKTUPOBAHMNSA HEUTPOHOB: ~50% @ 1 GeV
JHepreTuyecKoe paspelueHue: - 2% (0.3 GeV); 20% (4 GeV)
CeTtoBbixoa Ha MIP: 1589 ¢.s.

[nHaMmnyeckmm gmnanasoH: 1 - 8 MIP

05.05.2026 A. Zubankov
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* ToF metop, c TO B Ka4ecTBe «CTapTOBOro» BpeMeHU
* BpemsanposietHas 6asza~ 7™M

e JleTeKTop pa3fenéH Ha ABa «MnJedya» A8 YBeIMYEHUS aKLEnTaHCca

05.05.2026 A. Zubankov 23



CpaBHEHME N3MEPEHNIN U MOAEINPOBAHUS

x107° x10°
g :|||Illlll||||I||||I||||||||||||||I||||I||||I||||_ g 0'7-_‘|T||||lllll'll'llllllllll[l'llllllllll]lllllllllll_‘_
o 03 «© n " & m  Hadronic, ex .
> - = EMD, exp <0 0.6 | | e 3
S 0.25F § - f L " —— DCM-QGSM-SMM ]
— o il . gl 131 133 i
S F RELDIS 3 05f i L_% et incs
0. - 0.4 :_ ‘ : 124%a 4 130X @ _:
0_15:_ = i 0,= 270 PS .
- 0.3F =
0.1 5 - 4
- 0.2 - *1; =
o = C KoppeKuuen Ha < - =
0-. Y N T T T T I = | | a|¢d>eKTl|48HOCTtl»Terrt?pa | | | -
I AR 0TS e Ty 6 7 8 9 10
_ Nnie Nyec T GV n. = Nnit _ Nyee T, GeV
=3 &n " Noew ™ N
gen Nhit gen hit
0 % c % |O xe 9] PEKOHCTPYMpOBaHHble CMEKTPbI Q% £, % Q xe,%
3;: 1 6(; 06 ;O 5n5 N3 MOAENNPOBaHNA XOPOLLO 3.87+0.02 | 37.33+0.17 | 1.45+0.01
: : ‘ COornacyrwTcd € A4aHHbIMMN. 2.63+0.01 4509 + 0.25 1.19 +0.01
+ 0,25 +0.44 +0.21 oo b 7Y
— A. Zubankov

24



BangaHmne BpeMeHHOro paspelleHns Ha CI'IeKT Hel/ITOHOB
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HGND calibration

Ideal case
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HGND calibration

1. Amplitude normalization . ... | 2. Time shift for all channels by the average fit value
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HGND calibration

Time fit rms

Time-amplitude
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Efficiency, og
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Efficiency of HGND prototype

2166%

A. Zubankov
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Geant4 simulation:
Particle source, only
neutrons

* VETO-cut

* p-cut

* ToF cut
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