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Introduction

" The High Granular Neutron Time-of-Flight Detector (HGND) at the
BM@N experiment is under development for measuring the
energy of neutrons produced in nucleus-nucleus collisions.

" For the first time, small prototype of the HGND was used in Xe+Csl
at 3.0 and 3.8 AGeV run at the BM@N.

= The multilayer (absorber/scintillator) and high granular structure of
the ToF HGND makes it possible to identify and measure the
energies of neutrons.

" The purpose of the research is to investigate forward neutron
vields for electromagnetic dissociation (EMD) and nuclear
interaction at O degrees by HGND prototype
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® Design of High Granular Neutron Detector prototype
® Selection of neutrons from nuclear interaction and EMD

® Estimation background events from an empty target

e Estimation of the ratio of neutron yields from nuclear
Interaction to EMD

e Comparison with simulation



HGND prototype design

e Scint. layer Veto 120x120x25 (mm)
e 15t (electromagnetic) part:

5 layers: Pb (8mm) + Scint. (25mm)

+ PCB + air ~ ' scintillator
e 2" (hadronic) part:

9 layers: Cu (30mm) + Scint. (25mm)

+ PCB + air - Hamamatsu S13360- 6050PE
Photosensitive area — 6x6 mm?
: _ 3
Scint. cell =40 x 40 x 25 mm Number of pixels — 14400
Total number of cells — 135 12 cm Pixel size — 50 um
Total size—12x12x82.5cm3 Gain — 1.7x10°
Total length ~ 2.5 A, 2o PDE — 40%

1 layer - VETO Average time resolution = 134129 ps

<

‘ Y / 825 mm
Necessary to separate showers from y-quanta
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HGND prototype in the Xe run of BM@N on Xe ion beam
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Test and calibration with known
neutron energy (energy of a
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Interactions of nuclei

Nuclear interaction: EMD:
with overlap of nuclear densities without overlap of nuclear densities
11
b<R,+R, b>R +R,

A, Z
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In most cases, EMD of a
heavy nucleus results in
the emission of a single
or just few neutrons
with the production of a
single residual nucleus



Criteria for selecting events with neutrons

Central collisions — Nuclear interaction: Ultra-peripheral collisions — EMD:

e 1 Xeion, BC1S + CCT2 + Vertex £1.5cm e 1 Xeion, BC1S + BT

« FD Ampl <4500  Hodo 7Z2>2500

* Veto cut, Ampl cut, ToF cut, y-cut, >=2 cells in ev. * Veto cut, Ampl cut, ToF cut, y-cut, >=2 cells in ev.

Reconstruction of energy by maximum velocity
(without efficiency correction)
Scaled by incident ion beam rate

. 0.05X10° = 10
3 — x2 / ndf = 86.48 / 22 2 o006 B %2/ ndf 25.22 /24
‘% B Constant 4.544e-05 + 3.258¢-07 % - Constant  5.015e-05 + 2.234e-06
3 - I Mean 3679+72 | 3 - Mean 3672+36.7
0.04 B %7 Sigma 9416 +10.3 0.05- A_L‘ Sigma 843.5+41.6
0.03F / Run 8300 0.04 1~ I f\j Run 8281
- 3.8 AGeV m N \ 3.8 AGeV
N Csl 2% 0.03 7 " - Csl 2%
0.02 g -
] 0.7 deg. pos. ook Tl 0.7 deg. pos.
- CCT2 trigger k ) % BT trigger
0.01 L —
3 JH LLL”HI 0.01- FJ uﬂﬂuﬁw
[ Iu—l_'_'_u—\_ L
00_‘. N ol AJ Al Mo
0

1000 2000 3000 4000 5000 6000 7000 8000 9000 1000 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
T, MeV T, MeV
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Event selection

Comparison of nuclear interaction (CCT2) with 0 T
electromagnetic dissociation (BT)
1"
on Hodoscope vs FD | ’ 1516|1819
Run 8281 (BT) vs 8300 (CCT2) 3.8 AGeV 2 3.4 7 . 12 3 12141 117 20
F"Mq-m—j’fﬁ‘-&./ 8 9
1 56 5 5.6
1
10
Xe ions on Hodoscope — FD Hodo
Hodo 72 around Z?=3000 in EMD Hodo Z2 2
4000 — 4000 - _

- BT ) - CCT2 FD Ampl < 4500 cut 3
3500 — | ¢ 3500 -

- - — - — 10t
BO00 e N - 3000F =
25003 b 2500f _; 10

-  Hodo Z2>2500 ct — 1 L )
2000 2000 [
1500f = 15003 o
1000: 10 10003

- — - 10
500 — 500—

= - -

O Y000 2000 3000 2000 5000 ‘60'00 w000 000 % 1000 2000 3000 4000 5000 6000 7000 8000 |
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Fastest cells for EMD vs Nuclear interaction

Comparison of nuclear interaction (CCT2) with electromagnetic dissociation (BT)
Run 8281 (BT) vs 8300 (CCT2) 3.8 AGeV

s 0
3 10 BT 1 3 10 CCT2 — 1400

i —125 B v —1200

A A - B
— — 1519 1172 @1255 1299 1085 1 DDO
: T E
— — 1069 1181

6 —_ 6 —_ 1506 1117 1203 800
L 15 L

I3 :
: : 1291 1000 1050 400

2— ol
— 5 — 1113 1043 1079 200
B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

00 2 4 6 8 10 12 14 16 0 00 2 4 6 8 10 12 14 16 0

Layer ID Layer ID
y-quanta cut —no hits in 2 & 3 & 4 layers in module =>4.52 X, or 0.266 A ,
Most of the neutrons are deposited after the 7t layer for
both EMD and nuclear interaction
15.05.2024 A. Zubankov 9

120



Counts/ev.
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All —99.5k (100%)
No hits in 2-4 layers — 57.2k (57%)
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Deposited energy for EMD vs Nuclear interaction

Comparison of nuclear interaction (CCT2) with electromagnetic dissociation (BT)
Run 8281 (EMD) vs 8300 (Nucl int) 3.8 AGeV

0.09

Counts

0.08

Deposited energy looks similar for
EMD and nuclear interaction.
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0.06
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Empty target vs Csl 2% for nuclear interaction

Total number of events — 304k
lons — 26.6k*2k

BC1S + CCT2 — 75.5k

Vertex £ 1.5 — 7.9k

Number of neutrons — 1766

Empty vs Csl 2%
0.7 deg., 3.8 AGeV, CCT2+BC1S — Nucl int
Scaled by incident ion beam rate

Total number of events — 1kk
lons — 22k*2k

BC1S + CCT2 — 364k

Vertex + 1.5 — 268k

Number of neutrons — 57.2k

=
o
[12]
€
3
Q
O
neutrons/ion, :
Target ./ Ratio
n/i
Csl 2% 1.307 - 103 39.61 +
1.12
107 l |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
T, MeV
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Empty target vs Csl 2% for EMD

Empty

Total number of events — 121k
lons — 117k

BT + BC1S —74k

Number of neutrons — 61

Runs 8281 Csl 2% vs 8282 Empty
0.7 deg., 3.8 AGeV, BT+BC1S - EMD
Scaled by incident ion beam rate
BT trigger, beam pos.: x=-7 mm y=-14 mm

Counts/ev.

006 -

] AR . A -

004 e ..............................

003 e .................
002 e ............... .

001 e ....................................

0 I | I —

i

Csl 2%

Total number of events — 994k
lons — 956k

BT + BC1S — 496k

Number of neutrons — 1236

Target

n/i Ratio

Csl 2%

1.293 - 103

2.48 + 0.40

[T

0 1000 2000
15.05.2024

4000 5000 6000 7000 8000 9000 10000
T, MeV
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EMD vs Nuclear interaction

Total number of events — 994k
lons — 956k

BT + BC1S — 496k

Number of neutrons — 1.2k

Comparison of nuclear interaction (CCT2)
with electromagnetic dissociation (BT)
Run 8281 (EMD) vs 8300 (Nucl int)
0.7 deg., 3.8 AGeV
Scaled by incident ion beam rate

Total number of events — 1kk
lons — 22k*2k

CCT2 + BC1S — 364k

Vertex + 1.5 — 268k

Number of neutrons — 57.2k

x10°°
% 455 N Interaction n/i n/i - n/iempty
§ = ] Nucl. int Nucl. int. |1.307 - 103| (1.274 + 0.006) - 103
= JJ 117 EMD |1.293-103| (0.772+0.106) - 103
AL
30 -
= EMD LL‘ n / |
— nucl
251 J-fF LIHL‘ LI_L . = 1.01+0.04
20| ’j - UL‘ qLL‘ n/ | EMD
151 2 - - empty
= J-'Ir L‘H LLL-‘ n/Inucl_ﬂ/lnucl — 1.65+0.24
10_ L L — . —_ .
- i, /iy, —N/ioe
5 ] EMD EMD
— ‘_HJ |-|_|_| EL_‘_HL_'_"'_"
0 L1 1 1 1 1 1 L 1 | | [ N I [ [ N J—‘J_II-| I_I_l ﬂ::l-lh-l_‘l_—ﬂl_‘_'l:l._m__l_l_l_
0 1000 2000 3000 4000 5000 6000 7000 8000 900(% M1 9/000
n Ve
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EMD vs Nuclear interaction in simulation
1. HGND prototype acceptance & seIectlon for neutrons from nuclear interaction and EMD:

DCM-QGSM-SMM (0-60%) 510-' : “Entie )
o2 o Xe+ Cs @ 3.8AGeV & = Primary neutrons spectra at
= 1022107 F Enies 16280
S 3 Miear 438 HGND entrance
1] 2 ' —3 I -
g 10 10 210 Reconstructed energy spectra
AT L 107
1 |II" I||||iI ' 1 ’_I_I_‘IJI
Ill ” = S 10 10 1 2 3 4 5 6 7 8 9 10 nse|ected .
I%netlc energy [Ge“d’] Kinetic energy [GeV] aCC — :
RELDIS! LA IS g MNiotal
124 + 130Xe @ 3.8 AGeV o | e
?1. 10° I;:nnr;::f'uEnThEta mﬂrllgg;nﬂ "}2";':'10 3 "Entries 16524
ries = | Mean 4.377
g E 1R N A b2 suloacc, ., =0.558+0.005%
o 10 RME x o123 F
E RS v 0.280x3 10 b
; LN ST = 8.039+0.080%
| H o o Myl @Clewp = 8.U9d T U.UBUY
-5 L | A1 T T
T 10 5 4 5 5 7 5 0 10
0 5 3 4 5 6 7 8 9 10 Kinetic energy [GeV]

Kinetic energy [GaV] _ ] . _
1. Pshenichnov, Electromagnetic Excitation and Fragmentation of

15.05.2024 A. Zubankov Ultrarelativistic Nuclei. Phys. Part. Nucl. 2011, 42 (2), 215-250. 15



EMD vs Nuclear interaction in simulation

2. Calculation of the ratio of the number of neutrons from a nuclear interaction to EMD:

Cross section, |interactions/ion, | <neutronsy/interaction, : -
Mgl o [b] int/i n»/int gt -t
DCM-QGSM-SMM (0-60%) 3.165 1.162 - 102 14.61 1.102 + 0.009
RELDIS 1.9 0.695 - 102 1.03 0.587 + 0.006
nfi (|nt/|-<n>/|nt-acc)nucl
_ S _ =1.65+0.03
Nfigyo (int/i-(n)/int-acc)
VS

Experimental result: Not taken into account yet:

_ _— : * Triggers efficiency
_ empty .10-3
IFII\;CGFEIBC.U:” ”/i 2”7/4 e ’00160 Ratio * FD cut in simulation
ucl. int. .274 £ 0.
1.65+0.2
EMD 0.772 + 0.106 0>%0.24
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Conclusions “D

® The response of the HGND prototype to neutrons from the nuclear
reaction and EMD was studied.

e Taking into account the acceptance and efficiency of neutron
detection by the HGND prototype, the ratio of neutron yields from a
nuclear reaction to EMD is 1.65+0.24, which is close to the simulation
—1.65+0.03.

e |t is shown that spectator neutrons from nuclear reaction and
neutrons from EMD can be used to calibrate HGND.

e EMD in the BM@N experiment can be used as a source of high energy
neutrons with multiplicity =1.

15.05.2024 A. Zubankov 17
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Comparison of experimental results with simulation

— EMD exp
— Nucl int exp
1 Nucl int sim
JEMD sim

45—

Counts/ion

40

35 e . . .
Interaction n/i - n/iempty .10-3 Ratio

............................ NUCI. |nt. 1.274 i- 0.006
EMD 0.772 + 0.106

25:_ T I e e ee—— Fr—— Fr— P— ——

30

1.6510.24

20

............................ Model n/i’ '10_3 Ratio

___________________________ .| PEM-QGSMSMM 1 4 102 + 0.009

(0-60%) 1.65+0.03
RELDIS

15

e
10 0.587 - 0.006
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Nuclear interaction

Number of free nucleons
80

70
60
50
40
30

20 k

0 6 8 10 12 14
Number of free spectator nucleons as a

function of the impact parameter in collisions
between %’Au nuclei at NICA at Vs, =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), 911-916.

™ GO_III LI [ IIIIIII III|III|III|III|III_
= — AAMCC-MST 1
~ 50__ .- AAMCC N
: e ALICE (2021) -

40 -
30 -

20 |- .
105 ® -
0:'_'_I-|III|III|IIIIIII|III|IIIIIII | :

0 2 4 6 8 10 12 14 16 18 20

b, fm

Average multiplicities of neutrons in 2°2Pb—2%8Pb collisions at
Vsyy = 5.02 TeV as functions of the collision impact parameter

Nepeivoda, R. et al., Pre-Equilibrium Clustering in
Production of Spectator Fragments in Collisions of
Relativistic Nuclei. Particles 2022, 5, 40-51.
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Nuclear interaction

protons neutrons
E _||||| TT 11 IIII|IIII|IIII|IIIIIIIMean 10.92 E-. EI | | Mean 17.62
o 01F T 00.07F T

0.08- i 0.06 E
0.05F .
0.04 _' 0.03F B
! ] 0.02F h
0.02 — : ]
: : 001 [ -
O-I L1 1 I 11 1 I L1 11 I L1 11 I 11 I L1 11 I L1 11 I L1 11 I- O:I I:
0O 5 10 15 20 25 30 35 40 O 5 10 15 20 25 30 35 40
N 'Xe"""Xe, 3.8A GeV, 0-60%, Gy gy, = 3.164922b |
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EMD vs Nuclear interaction

Comparison of nuclear interaction (CCT2)
with electromagnetic dissociation (BT)
Run 8281 (EMD) vs 8300 (Nucl int)
0.7 deg., 3.8 AGeV
Scaled by incident ion beam rate

Total number of events — 994k
lons — 956k

BT + BC1S — 496k

Number of neutrons — 1.2k

Total number of events — 1kk
lons — 22k*2k

CCT2 + BC1S — 364k

Vertex + 1.5 — 268k

Number of neutrons — 57.2k

. x10™°
> -
% 0.06 § ) _ —
g - Interaction n/i n/i - n/iempty
S 0 05: eMvOI | Nucl. int. |1.307 - 10-3| (1.274 +0.006) - 103
E LLq EMD 1.293 - 103| (0.772 +0.106) - 103
0.04 E ﬁ
I

- n/i
0.03- j{ 1] : / nuel 101"‘ 004
— f Nucl. int. N /l —
- f| EMD
0.02| d |_| W{hﬂﬂ | ety
- N/l — N/l
- y UWFEE n/lI —N/I
O_I | | | | | Lﬂ' | | | | | | | | | | | | | | | | | | | | w:ﬁq—m—‘_ﬁﬁr EMD EMD
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
T, MeV
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EMD vs Nuclear interaction

Total number of events — 994k
lons — 956k

BT + BC1S — 496k

Number of neutrons — 1757

Comparison of nuclear interaction (CCT2)
with electromagnetic dissociation (BT)
Run 8281 (EMD) vs 8300 (Nucl int)
0.7 deg., 3.8 AGeV
Scaled by incident ion beam rate

Total number of events — 1kk
lons — 22k*2k

CCT2 + BC1S — 364k

Vertex + 1.5 — 268k

Number of neutrons — 99.5k

. x10°7°
q>) 008 e T e S
2 — Interaction n/i n/i - n/iempty
8 007 R
© — Nucl. int. |2.261-103| 2.205 - 103
0.05 I S A == SUUU N DR S S S ..................................... ..................................... -
- N/l
- Mina _ 1 2340,03
004 : .................... n/l EMD
0.03 : ................................................................................................. ..................................... .....................................
= - . - empty
0.02f— R R H— _____________________________________ n/ Inucl n/ Inucl -1 83"‘ O 19
- n/i n/isey R
oot oo e T —— EmD 'Y/ 'EMD
0 _I | | | [ ] ] | | | | | | | | | | | | | | | 1 |—I—| ’7 ] J—ij
0 1000 2000 3000 4000 5000 6000 7000 8000 QOOQI_ M1 %(’JOO
n: e
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EMD vs Nuclear interaction in simulation

2. HGND prototype acceptance for . . | RELDIS
: : = = - s OF Ewes — — Tozva ] g 107
neutrons from nuclear interaction S e B ezr iy
and EMD: & 0 8 10} T S
: = | = ;
n n TR . m 1
det det :
acc = ; | L .
ntotal <n> * eV. L P?ineﬁc e_:;erg',r [Ggeul]u 0 I E 34 EI[‘IEIEC E?erg',r [Ge"u"]
Primary neutrons distributions at vacuum wall before HGND prototype
nUC| —_ 3 47 + O 01% — 1 - . . h_kinE=bl_geim_tisva LT 3na_pd ST 0 cens 0 Bopses e
s F | it o
aCCeyp =36.13+£0.21% 81| R e oo
= Enfries 61443 Entries 56263
5 Mean 4.107 Mean 4.013
8[]-2 L F!ME 1.732 |[RMS o974
_ Nelect . ; -
m=— 1078
n
det | : _
2 + 0 1[]'4[}" ”EI”BI 1[] :
nucl =52.09+0.36% Klnetlc energy [GEV] 0246 8101214161820
Kinetic energy [GeV]
My = 74.16+0.58% . N 0
acc.,-m , =181+0.08% acc,, M, =26.79+0.17%
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HGND calibration

Ideal case
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HGND calibration

L] L] L] e L] [ ]
1. Amplitude normalization 2. Time shift for all channels by the average fit value
3500/ — Entries 227188
F Mean 8599 ” h2_tvschan_cut_veto_min | ” ['h2_tvschan_cut_veto_min
i Std Dev 6494 < & Entries < k Entries 1678095
3000 landau fit 22/ ndf 63.25/23 g s E oF Memiy  doss
C Constant  1.887e+04 * 1.073e+02 36f ggge“ = SdDevx  31.06
2500 — evy C StdDevy  1.572
1 - Sigma 8057 126 i E
A I _ A I 2000[— T % 2F
mpl = Ampl - ——— =*. : W
MPV 19005 28f P ‘
10003— - 4 }
- 24f 6 !
500 22t 8- }
o= 1 1 R e B0 B R TP B T g
0 5000 10000 20000 25000 30000 Channel Gl
Signal
[ . . [ 3 . [ .
3. Determination of 4. Time-amplitude correction 5. Time shift
a 10 i _ 10,
parameters of the |: : I =
E Meany  0.0365 A 0.0365 H H
. . . 6 Sioes: 1w ot 198 Timestamp vs Channelld (cut veto) min cell
approximating function for all | - | A - 00
i £\ st s | 5 F
L3 L3 L E 50 E % -
channels & time limit . > S oo || & s a0
E F BT s S -
s ’E ) 33—
h2_tvsamp_veto_min_pfx b % af E 1200
10 Entries 1597962 oF 20 sf 32—
o Mean 2.279 E o =
8- Mean y 0.8306 2k Lot K T , 3E- 1000
. Std Dev 1,534 o A v o B
6— Std Dev y 4.989 Signal, MIP Signal, MIP 0=
Eo a x2 / ndf 2536 / 559 . sl
af || — +tn PO 4.433 £ 0.072 EE oo Son| g
F N 4 Qeb p1 0.08698 + 0.02075 £ s o osF
2 |y p2 -2.49 +0.03 & SwDavy 06138 F
: © 27
0— 2 C
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HGND calibration

Time fit rms

Time-amplitude

correction of signals
made it possible to get
rid of the dependence of
time on signal
amplitude, which
improved the time
resolution by ~2.4 times.

Time fit rms corrected

LW O N®

4 =i —i =k i i =k

—e

..................................................................................................................

Time resolution between cells, ns
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§ 600? 7 Entries 18582 | 0.6}
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ol / Soma 02614 100019 g-g
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Nuclear interaction in 3.0 vs 3.8 AGeV runs

Run 8320 — 3 AGeV Csl 2% 3 AGeV vs 3.8 AGeV Run 8300 — 3.8 AGeV Csl 2%
Total number of events — 579k i Total number of events — 1kk
lons — 15k*2k 0.7 deg., CCT2+BC1S lons — 22k*2k
BC1S + CCT2 — 212k Scaled by incident ion beam rate BC1S + CCT2 — 364k
Vertex + 1.5 — 166k Vertex + 1.5 — 268k
Number of neutrons — 30k Number of neutrons — 58k
. x10°°
5 -
2 35 -]
= —
S -
N il
30 n/ev.
— ’j LL Run (BC1S+CCT2) n/ions
o5 3 AGeV 11.8% 0.083%
E r L‘ 3.8 AGeV 12.9% 0.107%

P e

— | ,rlJ IIL Calibration performed o-n 3.8
— _,J i IL"|_|_| _ AGeV data gives a peak in

1OF J_|_|J pr “'-|j - 'LJ-—LFJ_L correct position for 3 AGeV runs
- ,_.4 I Tl

—LI—I_I_L‘ H
0 :I L1 1 J:FJ"H—F [ [ [ L1l }%%W%
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
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Estimating the time resolution of cells

Selection — hits in 4 consecutive layers: (i) & (i+1) & (i+2) & (i+3),
3 of which are used to calculate the time resolution of the cell in layers 6 — 11.

15t step 1-3 layers

1 s|6| 7|8 910|11]12]13]14]15
2" step 1-3 layers
1 s | 6|7 (8] 9 10[11|12]13]14]15
P o= (ot +ofy — 02)/2)
0{ + 0, = 013
0% + 0% = 035 i\/ o \/((0122 + 02, — 0)/2)
of + 0% = of5

15.05.2024

@+ % = at)/2)

Average time resolution o, = 134129 ps
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Xe + Csl (2%) @ 3.8 AGeV
1 Xe ion, BC1S, CCT2
HGN 0 deg. pos., Veto cut

T2-T1 (VETO) Chanel #5 3-2 layers
3_t1t2_Channel_5

705 Entries 940
[ — Mean 0.0597
£0H= 325+ 19 ps Std Dev 0.4738
60° 1 %2 / ndf 30.85/19
I Constant 529127
50! N Mean 0.1174 £0.0145
I i A Sigma 0.3247 £0.0188
I I
4o} i
I -
30! .l i
[ vl \
20 | 1
: food
10}
E T T T

T2-T1 . ns
T3-T2 (VETO) Chanel #5 4-3 layers
4_12t3_Channel_5

Entries 940
—_ Mean 0.111
¥ 0x3= 335116 ps Std Dev 0.4212
[ R %2/ ndf 243/21
50 it Constant 51.85+2.45
I# i Mean 0.08574 +0.01519
o0 Sigma 0.3351+0.0157
40 [ 4
| I
30 I
i {
o
20 ] |
i It
10
L T T e e

$a1 nd
T3-T1 (VETO) Chanel #5 4-2 layers
] 4 _t1t3_Channel_5 |
Entries 940

»03=459£27ps 5
= T Std Dev 0.594
w—"13 X2/ nof 16.74125
| H| Constant 385+19
A Mean 02142 +0.0229
w R | sigma 0.459 +0.027
I
2 [
20} !
]
15 I\
%
10
N
0 [l n -
5 4 3 2 1 [i] 1 2 3 4
T3-T1.ns



Estimation of y-background

Criterion for selecting events with “y-quanta”:

* Veto ==

« Ampl> 0.5 MIP

* Hitsin 2 & 3 & 4 layers in module
=>4.52 X,0r 0.266 A\, ,

layer

1|2 3

4I5 6

7

8 9 10

11

12 13 14 15

For inverted HGND prototype:

* Hitsin 14 & 13 layers in module =>4.36 X,

Fraction of y-ev. in single individual cells

Gamma hits in module 5 (central)

Hits

3 4

1ooi—
EO}
60:—
40}
20:—

ol 1+ 1

Gamma signal/ev. in module 5 (central)

nDetProfileRadHit ‘ 10 nDetProfileRad
Entries 1515 § 022 Entries 1515
Mean 2.446 & E Mean 2174
Std Dev 2.367 2 02 Std Dev 1.956
Integral 383 = 2 Integral  0.0007241
E 018
< o
016
014
012
0.1
0.08
0.06 |
0.04F
0.02F
A0l 19, 412 |43 A4 4 45 , | 0:... i R - L A0 9, 420 143 14 o A5 |
15 20 25 0 5 10 15 20 25

0

5 10

%,

Fraction of y-ev. for inverted HGND prot.

Xe + Csl (2%) @ 3.8 AGeV

HGN 27 deg. pos.

Total number of events:

1 Xe ion, BC1S + CCT2 — 1.2M (100%)
+ Veto cut — 68.2k (5.67%)

Fraction of y-ev. in full HGND
prototype (all cells):
0.173 %

Comparable to simulation
(0.1-0.2%)

Cell 1 Cell 2 Cell 3 Cell 3 Cell 2 Cell 1
(layer 3 0.0092% 0.0097% 0.0287% 0.0131% 0.0117%
didn’t work) | £0.0009% +0.0009% £0.0015% = £0.0010% +0.0010%
Cell 4 Cell 5 Cell 6 Cell 6 Cell 5 Cell 4
® 0.0202% 0.0084% 0.0099% ® 0.0287% 0.0131% 0.0227%
Beam  ¥0.0013% +0.0008% +0.0009% geam| F0.0015%  £0.0010% +0.0013%
Cell 7 Cell 8 Cell 9 Cell 9 Cell 8 Cell 7
0.0221% 0.0118% 0.0102% 0.0340% 0.0117% 0.0146%
+0.0014% +0.0010% +0.0009% +0.0016% = +0.0010% +0.0011%
Gamma rejection efficiency is the same in both configurations
15.05.2024 A. Zubankov
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High granular neutron time-of-flight detector (HGND)

The EoS establishes the relationship between pressure, density, energy,
temperature and the symmetry energy.

EA(p,0) = EA(p,0) + E,,(p) - %+ O(6?)
The symmetry energy term characterizes the isospin asymmetry of nuclear matter

6 =(p.—p,)/p

The ratio of the directed and elliptic neutron flow to corresponding flow of protons

is a sensitive observable of the symmetry energy contribution to the EoS of high
density nuclear matter.

To measure yields and flow of neutrons at the BM@N a new high-granular
neutron time-of-flight detector (HGND) is now developed and constructed

15.05.2024 A. Zubankov 32



CSCa
ponoL

/
% Analyzing Magnet ToF-400 //ToF-700 P
/

BC1, VC, BC2

BD uSi beam tracker

FD \
AP

.Si beam profiler / 4
= Si beam profiler /
= FwdSi
7777777 Schematic view of the BM@N set up
Trigger type Trigger logic
Beam Trigger (BT) BT =BC1 * BC2 = IVC

Min. Bias Trigger (MBT) MBT =BT * 'FD
Cenfrality Trigger 1 (CCT1) CCT1 =BT *BD

15.052024 Centrality Trigger 2 (CCT2) A. Zubankov CCT2 = MBT * BD




EMD vs Nuclear interaction in simulation

1. In the analysis of the experiment, only one fastest neutron in the event is identified,
regardless of how many neutrons hit the detector surface:

RELDIS1

hitdthl_primi_teha LT gl OT 0 oia 0 B0 — | p—— ] PRI LT S 2T
| Entries 159318 aE} 1 B0.6277 : : : : |Enties 200000
| Maan 0.7403
LE 0.9441

Detection efficiency of 3.8 GeV
neutrons:

€=75.1%

with y-cut:

=52.8%

—
1 LU

<
P
!

Taiond | i 0 S F
/= | ®?F looss
' §oooz R Lo

y -cut —

—. Caunts/event
. L

=
£
|
-
<
]
|

.310. o loocoz

0123456 910 012345678910
Z mult mUIt Mu?tlph-:lw Multiplicity

it =54.10+0.77% m,,, = 74.04+0.64%

nucl

with y-cut: M’ =41.70+0.60% méMC[L)H 52.27+0.45%

nucl
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EMD vs Nuclear interaction in simulation

2. HGND prototype acceptance for neutrons from nuclear interaction and EMD:

RN e e
DCM-QGSM-SMM (0-60%) D\ i ”-:;;?1?1 Primary neutrons distributions at
—_ 1 . KinEnTheta_newtr_prim_| A0 F T e bt T et e Rt
§ 10° é;i:i E;-FESE 107 E’ Enkries g1#a3 1 vacuum wall before HGND prototype
1 o . S LU 3 AMS — 7% | Reconstructed energy spectrum
£ % N ; T (without y-cut)
SN 107
1 '||||' i
L 1074 Lia — el N N
0 1 2 3 456 7 8 9 10 0 2 4 6 8 10 12 _ " det __ det
Kinetic energy [GeV] Kinefic energy [GeV] aCC = = ,
= 1 p : : r|E_h.i;FrN_uri'll_lilre_LT_Mm_p?E:;;_Eﬂ ntotal <n> | eV'
RELDIS g_-? - MI;aI:E 3.807
AMS 0125
Y IDA E_ pm'."EnThEta neulr_prim .IDE %D_'l‘ hT._k.inl:l|_mt-r|l3uls_|nr|:|'nlr_m'n‘l=llnn2|3ﬁ
g | s S |3 € 72| acc ., =3.47+0.01%
= Mean y 06472 = 5 Mean 4013 nucl . —_ .
g 10f AN 1 s |4 10 30 e
= 3
L : 107 acC.,,, =36.13+0.21%
1I
|‘l ) | 1[]—4 P PR P AP
D1 2 3 4 5 6 7 8B 9 10 o 2 4 6 8 10 12
Kinetic energy [GeV] Kinetic energy [GeV]
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