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Hetektop HGND B akcnepumeHTe BM@N

KoHcTpyKuma npototnna HGND

Kannéposka npototuna HGND

CpaBHeHMe OTK/IMKOB /1A pa3HbIX 3HEPrnn

OueHKa aHepruTmnyeckoro paspewueHmna npototuna HGND
3akyeHune



Komnnekc yctaHoBok NICA B ONAN, lybHa

SPD

S MPD
BM@N (Detector) S - %‘/ ‘ ‘ (Detector)

)
Extracted beam | |,de,- /‘ 7 -

E-cooling




YctaHoBka BM@N

OO RfdD OO0 O0OBROBEOBsEmd

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 C(SC 2x15 m’ (14)
TOF 700 (15)

Scwall (16)

Small GEM (17)

Beam Profilometer (18)
FQH (19)

FHCal (20)

HGN (21)



B3anmoaencteusa aaep

AZpOHHbIe B3aUMOAENCTBUSA:

Lenb: b<R,+R,
N3yyeHne wn kanmbpoBka oOTkMka npototuna HGND B peakuuu
124Xe+Csl B 3akcnepumeHTe BM@N B Uensx MNOAroTOBKM K OyayLMM
ceaHcaMm, a Takke cpaBHEeHMe MOJTIyYEeHHbIX AaHHbIX NMPU 3HEPrnm nyyka
3,0A 3B ¢ gaHHbIMK Npu 3Heprum nyyka 3,8A 3B.
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participants

before collision after collision



BbicoKorpaHynsapHbi HEUTPOHHbIN
netektop HGND

11x11 ayeek

Cbopka getektopa: 2 nje4ya no 8 croes

CUMHTUNNALNOHHBI MOay b
6



[TonoxeHne HGND B akcnepumeHTe BM@N

ScWall

-_2000 _

* ToF MeTopn c TO B KayecTBe «CTapTOBOro» BpeMeHU
* BpemganponetHas 6a3a~7 M

e JleTeKTOp pasaenéH Ha ABa «njaevya» 08 YBeIMYEeHU akLenTaHCca
7



[TpoToTKn HGND

9 Mogynel ¢ MeaHbIM NOroTUTENEM

120 mm .
A
o SiPM
E  —1
[] H -l ,
40 mm = 5 moaynei co CBUHLOBbIM NOMOTUTENEM
—“‘\—_
£ Scintillator —>
£ o _ _
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Xapaktepuctukm npototmna HGND

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

CUMHT. g4enKa - 40 x 40 x 25 mm3
CunHTUANATOpP: noauctmpon, 1.5%
napatepdperun, 0.01% POPOP
Ob6uee yncno a4yeek - 135

Obwum pasmep - 12 x 12 x 82.5 cm?
Obuwasa anmHa ~ 2.5

BpeMeHHOe pa3pelieHmne a4yeek ~200 nc,
+ C HepaBHOMEPHOCTbIO cBeTOCOOpa ~240 nc,
+ ¢ apyrumm paktopamm ~ 270 nc

9 MO,CI,y}'leﬁ C MeaHbIM NornoTuTesnem : )

5 Mozly/neit co CBUHLL0BbIM NOMNOTUTENEM

Beto moaynb (6e3 nornotutens)

—
120mm T

' 1 :: :-’ 114

120mm




[TonoxeHune npototuna HGND B yctaHoBKe BM@N

- NMonoxxeHue 0.7°:
Kruglova . ‘ ‘ ‘ ’ |U ]—'—l ‘ TecTMpoBaHMe C N3BECTHOM SHepruen
| [ ] "q HENTPOHOB (HEMTPOHbI-CMEKTATOPbI) -
3.8 3B.

Outer tracker mag [10/10>KEHME 27°:
b, =l /13MepeHns CNEKTPOB HEWTPOHOB B
e— = o6nactu ~ midrapidity.
e — ) — \\E *ANRAN 1y 7
i | o
beam | ’
"'-‘ -
L 0 |
— N LA
Central e &
R : A
tracker RE iy 0
HGND ¥
7° pos. b |
/ ﬂ K il
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TpurrepHasa cuctema akcnepmmeHta BM@N

FQH

o =

HGND prototype

.
[
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Peannsauus nornukn TpurrepoBs

BT BC1xBC2x—~VC




KannopoBKa OTK/IMKaA AeTeKTopa
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Counts

PacnpeaeneHve amnanTya CUrHan0B C OHOW SAYENKU

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

Signal
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Entries

BpeMeHHOWN OTK/IMK AYENKN aeTeKkTopa

20 _Times_min
B Entries 19932
600 — Mean 35.11
B Std Dev 2122
500 —
400
- t(ToF) = t(HGND) - t(BC1)
300(—
200
100{—
- | 1 | |
0

p=



BpemeHHOM OTK/INK AeTeKTopa Nno BCeM sYeiikam A0 BpeMs-

aMM/INTYAHOWN KOPPEKL MM

120
Cell Number

180C

160C
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100C

800

600

400

200
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Time (ns)

BbipaBH/BaHWEe BPEMEHHOrO OTK/IMKa Aveek B O HC M0 BCEM siueikam

AARRRRORRRRRRN

120
Channel

600

500

400

300

200

100
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SPpdekT time-walk

vent 1

-
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-
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—
-
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Time, ns

KannbpoBka 3aBUCMMOCTI BPEMEHW OTK/IMKA OT aMnnTyabl

10 t_ampl_20
i e B ] Entries 40778
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KannbpoBka 3aBUCMMOCTI BPEMEHW OTK/IMKA OT aMmnInTy bl

Original Time Distribution Corrected Time Distribution
proj_orig proj_corr
B 240 Entrles 40778 £ 700 Entles 2176
T pog - Mean 0.7749 I= = Mean  0.0B0B3
] = @ B
= Std Deav 1.822 = Std Dev 1.064
200 600 —
180 -
160 - 500
140 400
120 — =
100 300
80 -
aoE- 200 —
0 100~
20— -
D:III|III|III|I I|III|III|III|II D_III|III|III|IJI| II|I
-10 -8 ] -4 -2 0 2 4 & 8 10 -10 -8 ] -~ d -2 0 2 4 6 8 10

Time, ns Time, ns

KannbpoBka No3Bo/SIET CU/IbHO YMEHBLLLWTL Pa3bpoc B onpeaesieHnn BpeMeHn cpabaTbiBaHns Sueek

19



2000
1800
1600
1400
1200
1000
800
600
400
200

2

Bo3Bpallaem BpeMSA U3 Hy/S B HY)KHOE MOJTIOXKEHNE N3 pacyéTa BPEMEHU
nponérta HentpoHa 3.8 3B

Times shifted_20

20 Times_shifted
Entries 19932
Mean 34.36
Std Dev 1.576

Kannbposka rnossonuna
YNYyYLNTb BPEMEHHOE
paspeLlueHue go ~270 nc
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P(Signal)
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CpaBHeHMe 3KcnepnmMeHTasbHbIX gaHHbIX ana 3.0 n 3.8A 3B

— 3 A GeV

— 3.8 AGeV
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Counts/ions

CpaBHeHMe 3KcnepnmMeHTasbHbIX gaHHbIX ana 3.0 n 3.8A 3B
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OueHKa aHepreTnyeckoro paspeLueHuns

DHeprus 3,0A 1B 3,8A 1B
FWHM, M5B 1800 2600
ot = 2\2In(2)xFWHM, M5B 764.3 1104.0
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0.02
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n, Me
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CpaBHeHue aKcnepMeHTasTbHbIX faHHbIX ana 3.0 n 3.8A 3B
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P(ID)
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E jop MIP
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3akryeHne

B Xxope BbINO/IHEHNUA

Hay4YHO-UCC/1iegoBartes bCKOW

PaboThbl

OblNna

npoBeneHa kannoposka npototuna HGND Ha HenTpoHax-crnekraropax c

3Hepruen 3.8 3B

[poun3BeAeHa OLeHKa SHEPTUTUUYECKOTo pa3peLleHns Ans ABYX SHEPruii:

IHeprus

3,0A 3B

3.8A 3B

GE/E, %

25

29

29
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HenTpoHHble
OCHOBHble MeTobl

IEeTEKTOPbI

Neutron energy, MeV

HEUTPOHHOU 1 10 100 1000 10000
cnekTpomMeTpnn: |
1 n-p elastic scattering eff. ~10°
c | |
Q
= Time-of-flight eff. ~0.01 - 0.9 HGND Calorimetry eff. ~1
= Pulse height distribution eff. ~0.01 - 0.2
< | | |
€ Threshold reactions eff. < 10°
| |
Bonner spheres
| . .
| From Vladimir Yurevich,
[ ] —definite correspondence between energy and measured value StUdy of neutron
:| — complicated unfolding procedure with well-known response functions and productlon In nUCIeUS_
some a priori information about neutron spectrumis required nucleus COIIiSiOﬂS,
BM@N collaboration
04.06.2026 A. Zubankov meeting, 3-8 Oct. 2021
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2 naeya no 8 cnoes:

e 3 cM Cu (nornotutens)

* 11x11 maTpmLa CUMHT. a4eeK 2.5 c™M
* 0.5cmMmPCB

* [lonepeyHbin pazmMep 44x44 cm?

04.06.2026 A. Zubankov

v

b

4 %A x A

Scintillator + MPPC

v

32



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

04.06.2026 A. Zubankov
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e 000

* ToF metop, c TO B Ka4ecTBe «CTapTOBOro» BpeMeHU
* BpemsanposietHas 6asza~ 7™M
e JleTeKTOp pa3feneH Ha ABa «njedya» Ans yBeamyeHns akuenTtaHca

04.06.2026 A. Zubankov 34



CpaBHEHME N3MEePEHNIN U MOAEINPOBAHUS

(7)) X10—3| | | | | I I | | wn ><10_3I | | | | | | | |
S e o7 T T S
g 0-3__ g = < m  Hadroni zl
% - = EMD, exp *-703 0.6E _HLH | adronic, exp -
§ 0.25F g F f L -+ — DCM-QGSM-SMM ]
[ L = 2 =1 131 133 =
8 - RELDIS 8 0.5t o LF’% — uaMAMe :
0.2:— 0 4:_ ‘ ) 124¥ @ + 130X @ _:
0_15:_ = i 0,= 270 PS ]
- 0.3 =
AE = S " .
L = 0.2 - “ﬂ; 3
005E o e Vg, 3
[ E C KoppeKumen Ha %
0'. Y N T T T P P T = | | a|¢d>eKTll48HOCTtl»Terrt?pa | | | -
0 1 2 3 4 5 6 7 8 9 10 O T e T T e o
0, Nhit Nrec T GV 0, = Niie £ Nrec T, GeV
n = £ n — n =
Ngen " Nhit Ngen Nhit
o 9 c o O xe % PeKoHCTpynpoBaHHbIE CNEKTPbI Q.,% g, % Q xeg,%
= = — 13 MOAE/INPOBAaHNA XOPOLLO 3.87+0.02 | 37.33+0.17 | 1.45+0.01
34.21 60.06 20.55 COornacyrwTcd € A4aHHbIMMN. : : ::
+ Qr%é +0.44 +0.21 2.63+0.01 | 45.09+0.25 1.19+£0.01
04.0s A. Zubankov
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BangaHmne BpeMeHHOro paspelleHuns Ha CI'IeKT Hel/lTOHOB

T Vs T, with+ 270 and 150 ps shifts |:f
a
B 5.5 [ gl 03F 1 e
o - | — Original
3 o] t+ 270 ps
= = -270 ps
+ 150 ps

af
3.53
3f
- ~~ u.z4F
B — =
25F = 0.22F
= © 02F
2F 0.18F
= 0.16F
1.5 0.14F
0.12F
1 15 2 25 3 35 4 45 5 55 0.08¢
T, (GeV) 0.06F
CneKTpbl Pa3MasblBaloTCA B CTOPOHY BbICOKUX HEPTUIA o F
13-3a BPEMEHHOrO paspelleHus ~270 ps. R T R T

04.06.2026 A. Zubankov T GeV 36



HGND calibration

Ideal case

.‘L . .

n (3 SﬁGeV)
N (3 OGeV)

B J

Time

Callbratlon on

ﬁ neutrons

~ calibratonon
photons |

Real data

A e e e e e

N+ y(0.2%) and p(0.2%)
- mlxture

~ Calibration on
 neutrons

>

- Time

mlxture

T Callbratlon on
photons is

. possibleupto

8 layer

] . .

CTime . 32



HGND calibration

. . e . . e . . . . — .
1. Amplitude normalization 2. Time shift for all channels by the average fit value
s |
3500 — Entries 227188
= Mean 8599 & &
stiol Sid Dev 6494 5 §
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HGND calibration

Time fit rms

Time-amplitude

w
b M = 1.8 ...........................................
correctjlon Of Slgnals 8 17 Time fit rms corrected | i
made it possible to get D 16
rid of the dependence % 1.5
of time on signal 2 1;
amplitude, which 2 12
' : = 11
improved the time o
resolution by ~2.4 times. € 09
q) LS
c £3
= &7
§ 600? . Entries 18582
C Mean 0.1514
500— Std Dev 0.3229
C ¥2 / ndf 79.17 /50
400 Constant 575.2+58
i Mean 0.1563 + 0.0020
I Sigma 2414 + 0.001
300: /{ g 0. 0.0019

L 10 19 28 37 46 55 64 73 82 91 100 109 118 127 136
BB s s B Channel
04.06.2026 TeTh e A. Zubankov 39



Efficiency, o4
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Efficiency of HGND prototype

2166%

A. Zubankov

G
m =
< 0

Geant4 simulation:
Particle source, only
neutrons

* VETO-cut

* p-cut

* ToF cut
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iccnepoBaTtenbckas nporpamma BM@N

Temperature (MeV)

3200, ys -
J i B L The Phases of QCD
250
Quark-Gluon Plas ma
200
150 [ge®ia @ 4
100 & "@/3%60 IS
E Color
S0 = —— \ Superconductor
—_Vacuum Matter ~_ o
0 .| . 1 [ ] I 1 1 1 I 1 1 1 I 1 1 1 ] XI l 1 1
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Baryon Chemical Potential p (MeV) 4



licchenoBartenibckas nporpalvuvla BM@N
JHeprusa cBA3n Ha HYKJIOH: EA (p, 5) — EA (p, -+ Esym (52 -+ 0(54)

/ 8= (pn — pp)/p

pressure [MeV/fm’]

CVIMMeTpM‘-IHaFI MaTepus 3Heprm| CMMMETpMM
EE———— , - - I/IsochHOBaﬂ acMuMMeTpus
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= = 80~~~ FOPL-LAND %  mass(Skyrme) 1 3y4yeHune EoS
= q ) (=== Tsang et al. % IAS 1
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=
S 7 e o 4 HIC(n)
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2 I geges=="r | o
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? %45 e Févreetal E\ . g98"
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HH#H{ Oliinychenko et al. 20+ g o
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) ‘ Fermi gas . . 1 | . |
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