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[ ] —definite correspondence between energy and measured value

— complicated unfolding procedure with well-known response functions and
some a priori information about neutron spectrum is required
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Time resolution
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HGND calibration

Ideal case
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HGND calibration G
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HGND calibration

Timeamplitude
correction of signals
made it possibleto get
rid of the dependenceof
time on signal
amplitude, which
Improved the time
resolutionby ~2.4 times.
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Fastest cells for EMD vs hadronic interactions

Comparison of hadronic interactions (CCT2) with electromagnetic dissociation (BT)
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Reconstructed neutrons
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Efficiency of HGND prototype
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Selection of EMD events in measurements
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Selection of hadronic fragmentation events in measurements
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Spectator neutrons in acceptance of the HGND prototype

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

g ? rri I L L I LI I LI I LI I LI LI I LI L I LI LI I L L I rri '? ; 1 I I I I I I I I I I
% ; DCM-QGSM-SMM : %. T DeMaesH-SN
= —3 - - —— —_
S 10 E E = 107" UrQMD-AMC
3 i T 1 E
104 - [ trovb-Ave 4 o 42 Average:
- - 1.36
0 ] e e
i i » T
10°E E 10 T
F i 10°5
1D?E||||||||||||||||||||||||||||||||||||||||||| | | | | | | | | | ]
0 1 2 3 4 5 6 7 8 9 10 6 1 2 3 4 5 6 7 8 9
T, GeV Multiplicity

Trigger efficiency correction from experimental data was applied for all

histograms.
03.12.2025 A. Zubankov 40



Background in simulation
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HGND prototype efficiency

Model M, % 5, % M, X5 %
RELDIS 34.21+0.25| 60.06x0.44 | 20.55+0.21
DCMQGSMSMM 3.87+£0.02 | 37.33x0.17 1.45+£0.01
UrQMDAMC 2.63x0.01 | 45.09x0.25 1.19+£0.01
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Crosssection estimation using different models

2 d =0.175cm
S = NeVG\)Nn> OA . ( Q V\f) N, =6.02 O3° mol*
Nions dCNA 10 r =4.53g/cnt
RELDIS DCMQGSMSMM| UrQMDAMC
Y =N,/ N, neutrong io | (] AG+(0,12)10° (3.78:0.02)10°

(6.92+0.57,... | (16.31+0.10,, | (17.98+0.13.,

N, ON)/N__ (O W
o Q) Nore (0,8 +0.17,) -10° +1.31,) -103 +0.6Q,,) -10°

gow 1.88+0.16,, | 4.44+0.03 4.90+0.03,,
+0.05, b +0.36,,,b +0.16,,b
s sm 1.89+0.02b | 4.76:0.01 b 4.89+0.01 b

Preliminary estimations are in good agreement within the errors with the modeling predict
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Approach to crossection estimation

O8T Ggp TL & £ &

§ " 18 Qwd
RELDIS DCMQGSMSMM| UrQMDAMC
exp b 1.88%0.16,, 4.44+ 0.03, 4.9010.03,
+0.085, +0.36,,.b +0.16,, b
b 1.89:0.02b | 4.760001b | 4.8%0.01b

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

after VETC(]--SS >6 2 NJ ”in@ M M < The highest first interaction probability for

0.02 spectator neutron is at the beginning of
the hadronic part (7 layer), as expected

——

E =3 | | | | | | | | | | | | | | =

A Selection of events without | HI — Hadronie
charged particles usingeTO i e L —EMD i
L 0.08—_ T[] I .

A Background rejection from S . i
' By []° -

spectator neutrons usingoF cut 0.08F E * Bl ﬁﬁ"— :
A Photon rejection usingst layer 0.04F> I 3

=«
M=

A Reconstruction of energy by
maximum velocity 0

l ] l l ]
11213141516
Layer

A R S N N B
3456 78 9101

A Scaled byncident ion beam rate
measured byBeam Trigger BT  VETo- M B

L st layerafter VETO
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Reconstructed spectra for EMD and hadronic interactions

f":ﬁ LA RAREE RARAE RS RS R R R R cf::'J RN AR LN RS RARRE LAE AR LR LR LR
fe 0.3 — + EMD =4 O 0.4F il Hadronic interactions ™
B - s Csl2% 1 & 0355 i m Csl2% .
E 0.25F 4. o without target 3 S 3 W O without target E
o) - + + 1 O 0.3 —
O 0 2FE ) g O = il HiH -
“E - . 0.25F —

- & : . : - E

0.15F ! 3 0.2F N E

: S . : - E

0.1 HL|J* * = 0.15F - E

i = b - & . = - - .

: —_J‘_-—l HH '_-'* : 0.1:_ '—.—:-._' —:

- LT T i LT [ T gy o - -

O Eoa P P I 1 PR s e O:....|...E|mmdhmmmmmmlmm bamam oo

0 1 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

T, GeV T., GeV

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

03.12.2025 A. Zubankov

Comparison with thinner target

0.4 T adronie, Col 2% Corrected spectrafter

{— Hadronic, 2x Csl 1% SUbtraCtlng enpt>/

>3 target spectra

0.3
0.25
0.2

0.15

Measurements with 1%
and 2% target are
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© - RELDIS model:24xe + 130Xe @ 3.8A GeV o S O
B 1 A 1%
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- ' 3
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UrQMDAMC vs DCNQGSMSMM

UrQMDAMC (in Cascade mode)
3.8A GeV 124Xe + 130Xe

DCMQGSMSMM
3.8A GeV 131Xe + 133Cs
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Sources of systematics

The sources of systematics are:
A The number of interactions per incident i6g, s
A Source of trigger timé,, .
A Unevenness of the number of hits on HGND prototype modiles,es
A Uncertainty in the number of neutrons after photon rejecti®ngjection

Source of | EMD systematicsl Hadronic systematics
systematics RELDIS DCMQGSMSMM UrQMDAMC
® eviions - 1.60%
B e 0.53% 0.36%
8 odules 2.36% 1.72% 1.47%
%, rejection 0.73% 1.58% 2.55%
Total 2.52% 8.05% 3.36%




Unfolding using the response from DEMESMSMM for all
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Unfolding using the response from UrQMIMC for all
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Trigger efficiency



Trigger efficiency by V. Plotnikov )
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Trigger efficiency by D. Idrisov

- 1 B —— DCM-QGSM-SMM
: — UrQMD-AMC
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Impact parameter distribution
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Crosssection estimation

C ! d =0.175cm
T‘ep(d) . NerNn> @ nWenB) N, =6.02 ¢6° mot *
| NiO”S r =4.53g/cn?
tP(d)=1 -exp| 4] SYRLUME
d=/: Nge” I\Ihit
P(d) — g :d CNA /0 50O
/ A
NeVQéNn> . é
= W -
T N O.Wa) diN, 7C
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UrQMDAMC vs DCNQGSMSMM

AL L L =
= Ty, = 3.8A GeV =
Al i 124 130 -

.o [ — UrQMD-AMC, ™*Xe+ "Xe (in Cascade mode) -
— DCM-QGSM-SMM, "*'Xe+'*°Cs =
® 600A MeV Sn on Sn, P. Pawlowski et al (2023) -
1 _ g o =
10_1 _ ':}I‘“ _E
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DCMQGSMSMM and
UrQMDAMC describe
the experiment well in
the rapidity regiorny. -
Yo<O.

In the regiony,-y,>0,
DCMQGSMSMM
underestimates the
data whereas UrQMD
AMC overestimates.

For DCMQGSMSMM,
there is a shift in the
rapidity relative to the

beam rapidity
60



Ablation Monte Carlo: decay code from AAMCC

AThe excited nuclear fragments are formed by means of-M&fterization
algorithm after UrQMD

AA few excited nuclear prefragments can be formed, in contrast with {J@$MSMM,
where all the spectator nucleon remain bound in one prefragment.

AExcitation energy of prefragment is calculated by hybrid approximation: a
combination of Ericson formula for peripheral collisions and ALADIN
approximation otherwis®

ADecays of prefragments are simulated as follows:
AFermi breakup model from Geant4 v92
A Statistical Multifragmentation Model (SMM) from Geant4 v19.4

. . . 1) R. Nepeivoda, et al., Partice&022) 40
AWeisskopfEwing evaporation model 2) J. Alison et al. Nucl. Inst8a5(2016) 186
from Geant4 v10.4 3) 55" Geant4 Techical Forum
https://indico.cern.ch/event/1106118/contributions/4693132

AThey were validated and adjusted to describe the &ata
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https://github.com/Spectator-matter-group-INR-RAS/AAMCC
https://github.com/Spectator-matter-group-INR-RAS/AAMCC
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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

A AMC is developed to simulate secondary decays of spectator fragments created in other mode

particular UrQMD.

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

UrQMD:

A Version 3.4

A Offset radius 5 fm
A Evolution timeg 100 fm/c

A Other parameters are set
to default values

A Cascade mode in this worlf

03.12.2025

AMC:

A Find spectator nucleons

clustering

.

A Constand=2.7 fm

A Define prefragments via MST

Unigen file
A Model prefragments decays
A All the participant data remai
intact f‘
A. Zubankov

.

Unigen file

62



Knocking out some spectator nucleons
by mesons

b=10 fm, Tt=13.5 fm/c b=10 fm, T=14.0 fm/c
& &
z, fm | z fm 3
201510 5 0 -5-161520 201510 5 0 —5-161520
~15
=10
—5
E
0 %
5
10 10
15 15
20 20

Blue and yellow Vspectator nucleons, red  Vparticipant nucleons, green Vproduced mesons
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MST-clustering

Clusters representation on the Side A

W (b) & e,
.’v — £ :3.@ 4 y
SRS
.\.’ .1 pr oe

* Graph vertexes — nucleons, edges weights — Cartesian

Beam- eye view

distances between them.

.i
382,
* (@) The minimum spanning tree is selected from the / (J

complete graph

* (b) All edges with a weight greater than d are removed. d is
the clustering parameter depending on the excitation energy

* (c) Connectivity components are separate (pre-)fragments Prefragments in a central

.VICZ

collision
The prefragment is dynamically divided into several
prefragments until thermodynamic equilibrium is reached.
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197Au fragmentation

A ”f.*MM(,L.u T A 3
¥ ‘ UrQMD-AMC 3 T 3
E 70| A Adamovichetal 97 4 = |
N ¥ Botvina et al. 95 *: 3 = 4 3
v 60 4 v ..‘ 3
i 10A GeV Au on Ag 3 35 " e 3
E E 3 e ’z‘~‘“ ( 3
o : 2.5¢ * iM L, o
: (ICIE Y S X TR
150 .Lv“ otia ]
' ok A :
1 :‘ﬂ 05‘4‘ 3
os- ® ° E
0N 20 30 w0 so e M
zbound
AT A A% oy w
v [ 3 W 8 ‘
N 25 1 N El f-" A
2 ~ 1 = TEA, A M4
Vo o2f : M S R
: : * 4 SO
f ;| 5 4270
‘5’I 1 M i
A 4 A ] a A
B S, 1 a * g
o S8 31T 1 E AL
f &% O : E 3
r B 1 2t A
5 A 1 3
f & 3 1F o -
[ 1 E
.............. | TS FEWEE PR STeee | S TS PR T T S "
050 20 30 a0 50 80 70 h) 05020 30 a0 50 e0 70

UrQMD -AMC and AAMCC describe Z .. Models give similar numbers of He
UrQMD -AMC is systematically lower than AAMCC for Z bound < D0. This is due to a smaller spectator volume in UrQMD.

AAMCC is closertodataon M =, while UrQMD -AMC overestimates M ;= 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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UrQMD gives less spectators than AAMCC for all b
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Nuclear interaction

Number of free nucleons
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Nuclear interaction
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Neutron ylelds at 27
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Neutron yields at 27
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Backgrounds DCM)GSMSMM

n o 10° = : . -
C ] ] = . E - . k
2 Kinetic energies —— Side backgrounds F: Kinetic energy reconstruction  sice backgrounds
B —— Primary neutrons
—— Primary neutrons N
10*
- 10° =
10° = -
102 = 10 =
10 = :
- 1=
5 - [Nl |
EL T T T |_||||_||HH|||H|| E RN RN R B | | A PR | | PR | N B I L
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 0 1 2 3 4 5 6 7 8 9 10
T, GeV Trecs GEV
v o - o - [frivisd dee
— Mean x 6.914 20 =
o - Only primary neutrons &, 3 = Only side BG T
E Std Dev 2516 — {18 E Std Devy 2.54 —1400
8— 8—
7;_ —16 75_ —350
= — 14 g
56— 6— gy 30
5 5 250
4; 4; 200
= 3= 150
2 2 100
1= =
— — 50
0 o,
) 2 4 6 8 10 12 14 A. Zubankov 0 0 72



Counts/ions

Backgrounds
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