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Llenn nccnenoBaHUA

MoaennpoBaHMe CBOMUCTB CMEKTAaTOPHOM MaTeEPUN N e€ pachnaja B A4P0-
A4ePHbIX CTO/IKHOBEHUAX C YY4eTOM reomeTpumn npedparmeHToB

N3yyeHne BAnAHNA 3oPEeKTOB NpepaBHOBECHOWU KaacTepmusaumm
npedparmeHTa Ha KOHEe4YHbIN COCTaB CNEeKTaToOpOB

[ToumeHeHne moaenn AAMCC-MST ana moaenmpoBaHUA OTKINKOB
nepeaHnX KANOPUMETPOB B SKCMEepUMEHTaX NO N3y4YeHUo AAP0-AAePHbIX
CTO/TKHOBEHUM



AKTYa/IbHOCTb MCCNea0BaHUA

B NpoTMBOMNO/IOXHOCTb 3KCNEPUMEHTAM NPU HU3KMUX SIHEPTUAX CBOMCTBA
CMEeKTaTOPHOM MaTepuu B CTOIKHOBEHUAX YIbTPAPEensaTUBUCTCKUX a4ep
OCTalOTCA Ma/IOU3YYEHHbIMU

MopaennpoBaHue CBOUCTB CMEKTAaTOPHOU MATEPUU U CPABHEHUE UX C
M3MEPEHHbIMM NO3BOAAET onpeaennuTb GopmMmy M1 CTeneHb
reoMmeTpmMYyecKoro NnepeKkpbiTma aaep B coObbITUK

[1na coBpeMeHHbIX 3KCNEPUMEHTOB MO N3YYEHUIO AAPO-AAEPHbIX
CTONNIKHOBEHUN HEOBXOAMM COBPEMEHHbLIN FTEHEPATOP CNEKTAaTOPHOWN
MaTepun



Brnsyanmsauma CTONKHOBEHUI
DENATUBUCTCKUX AOEP

@ - poToHbl
’ - HEUTPOHDI




Cneundunyeckasa Gopma npedparMeHTa B LLeHTPas/IbHbIX CODbITUAX

Glauber Monte Carlo v3.2 nnntoctpaumsa ctonkHoseHuin 298Pb-293Pb (gyy = 67.7 mb)
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MpedparmeHTbl NpeacTaBaaoT cobon ase MeHee nI0THasA CNeKTaToOpHanA MaTepmsa UMeET
CBSi3aHHble CUCTEMDbI XapaKTepHyo popmy y3Koro noaymecsua

Heobxoanma gononHuTenbHasa 'reomerpuyeckKan”
dparmeHTauua CNEeKTaTopHOro npedparmeHTa, OTCYTCTBYIOLAA
B TPAAULMOHHDBIX moaenax abrasion-ablation

J. Gaimard, K. Schmidt Nucl. Phys. A531, 709 (1991); Hiifner et al. Phys. Rev. A, 12 (1975)



.VICZ AAMCC model

Abrasion-Ablation Monte Carlo for Colliders”

Bo3byxaeHne cnekTaTopHoro dparmeHTaLUA
K/1acTepos

BbibBaHMe HYKNOHOB

MST — Knactepunsauma

npepparmeHTa

1. NapameTpunszauma ALADIN?

2. Dopmyna Ericson?
3. [nbpuaHaa napameTpmsaumna

Glauber Monte Carlo PacnagHble moaenu Geant43

® €* > 4 MsB/HyK/0H:

Po3bIrpblLl NONOKEHUN HYK/TOHOB MynbTndparmenTtaums (SMM)?

BbiuncneHme saHeprum Bo3byKaeHuA

PaspeneHne HyK/IOHOB Ha CneKTaTopHOro npedparmeHTa Nno o4HOMN U3 TPEX ‘ McnapeHwne?
NAaPTUCUNAHTbI N CMEKTATOPbI 2 LLI A .
P P npuBeAEeHHbIX Bbille NapameTpusaumm ‘ Fermi BreakUp (4 < 19,Z < 98
C. Loizides, J. Kamin, D. d’Enterria 1A. Botvina et al. Nuclear Physics A 584 (1995) 737-756 3). Alison et al. Nucl. Inst. A 835 (2016) 186-225
Phys. Rev. C 97 (2018) 054910 2T. Ericson Adv. In Physics 9 (1960) 737-756 %J. Bondorf et al. Phys. Rep. 444 (1985) 460-476

V. Weisskopf Phys. Rev. 52 (1937) 295
*A. Svetlichnyi, R. Nepeivoda, I. Pshenichnov Particles. 4 (2021) 227-235 °E. Fermi Progress of Th. Phys. 5(1950)570 ¢



Anropmntm MST-Knactepusaunm

Minimum Spanning Tree

Anroputm Kpackana  Kputuuyeckoe pacctoaHne KomnoHeHTbl CBA3HOCTU

[TOUCK MMHMMANBbHOTO OCTOBHOIO AepeBa YYET paclimpeHuns pasorpetoro npedparmeHTa [Mouck B rnybuHy
ObpbiBaHUE ANNHHbIX pEbep

o0

im
~7

BepLlUunHbI — HYKNOHbI; BECa — MOAY/IN PAacCTOAHUA B TPExMepHOM npocTtpaHcTBe™ R, Nepeivoda, A. Svetlichnyi, N. Kozyrev I. Pshenichnov. Particles. 5(1) (2022) 7



Knactepusauma B CTONKHOBeHMAX “YPb—2Y¢Ph
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dparmeHTauma P/Au B AaaepHOn GOTOIMY/IbCUN

E'D 1 T 11 T 1 1 T 11 T 11 T 11 T T 1 T 1 | | 1 1 L I UL L -
AH - | | | | | | ! ] A”_ :I ﬁl | =
E?D:— ® AAMCC-MST , ] = 4 —

NE O AAMCC 1 S..F -
V gof. A Adamovichetal. (1997) E v S ~ =
C % Botvina et al. (1995) ] N3 ' E
50 10.7 GeV/nucl. Au-Ag = 255_ ;* E
40E- = : ) + -
— = 2__ e ﬁ -
- - u . ]
O ] 15 Tﬁ + =
10 — 'EI.EE— @ .k _f
0 l l L | l Lo IZI: 2 1N l l N ‘ —
10 20 30 40 50 60 70 80 10 20 30 40 50 EEI ?{I 0
Zh3 Z hound
AFEE _l_l | L I | L | | I L L] I | L I 1 I 1 I I I _I -ré"'l gE— I LI I LI L I 1 I 1 I I I LI | I—E
1l = - [ .
. " gE- + | =
NOOF . N CF -
- _ \ ] : ; E
v 200 ~ 3 Us ! =
z ., e :
PF B =
i } aF- =
10—~ — | .
[ i 3 —
5[ = 2F- =
i ] 1 L
o L | | Lol | | 1 ot | | Ly | | ....Hj

0 10 20 30 40 50 60 0 10 20 30 40 50 60 70
Zh3 %

PacxoxaeHune moxet 6bITb CBA3AHO C HecoBepweHCTBOM OMNMUCaHUA nornepeyvyHbIX MMnys1bCoB B MOAENN

. Zpound — total charge confined in fragments with Z > 2

. Zpn, — same as Zpound, but for 7 > n.

. My p — number of intermediate mass fragments (3 < Z < 30)
. Nz—,, — number of fragments with Z =n, Nz—; of H, Nz_, of He ...

. Zmaz — charge of fragment with largest 7

MST-Knactepmnsauma No3BONAAET YAYULLNUTD

onmncaHue

*  MaAKCMMaANbHOro 3apsaga ¢parMeHTOoB,

* BbIXO40B pPArMeHTOB MPOMEXYTOYHOU
Macchbl.

Bbixoabl aaep renna n Boaopoaa nyylue

onucbiBatotca 6e3 MST.

TpebyeTca AanbHenLWasa HaCTPOMUKa

napameTpoB MOAENMN.

EMU-01/12-collaboration. 359 (1997) 277-290
A.S. Botvina et al. Nuclear Physics A. 584(1995) 737-756



Entries

MoaenmnpoaHue otknmnka FWall 8 akcnepmumente HADES

Au + Au sTm = 2.42 GeV
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BbIBOAbI

Moaenb AAMCC bblna A4ono/sIHEHA aZITOPUTMOM NpPeapaBHOBECHOU Knactepudaumm Minimum
Spanning Tree (MST), YYNTbIBAIOLLMM CNOMKHYIO rEOMETPUIO CNEKTAaTOPHOMN MATEPUM N PACLLUPEHME
BO30OYXXAEHHOTO nNpedparmeHTa.

BbinonHeHO cpaBHeHMe pe3synbratoB moaenn AAMCC-MST c akcnepumeHTanbHbIMU AaHHbBIMU NO
dbparmeHTaunmn CNeKTaTopoB, BbIYNCAEH OTKAUK nepeaHero rogockona B akcnepumeHte HADES.
[ToKa3aHo, YyTo MIST-Knactepmnsauma Nno3BOAET YAYULLUTb ONUCaHne

1. MaKcnumanbHOro 3apana cpeam CnekTaTopHbIX GparmeHToB B COObITUN

2. MHOXeCTBEHHOCTUN PParmMeHTOB NMPOMEKYTOYHOM MACChb

3. CB0H60OAHbLIX HEUNTPOHOB U NMPOTOHOB
PacxoXXageHne Teopun 1 sKCnepmmeHTa B OTHOLWEHWK BbIXOA0B A4ep BOAOPOAA U renna MmoXXeT

VKa3biBaTb Ha HECOBEPLUEHCTBO ONMCAHUA NONEPEYHbIX UMMNYNbCOB B MOAENN, YTO TpebyeT
nNanbHenwen pabortol

M ccnenoBaHue BBIIOIHEHO IpU (pMHAHCOBOM nojaaepkke PODI B
pamMKax Hay4dHoro mnpoekra Nel8-02-40035-Mmera.



Cnacmbo 3a BHMMaHue!



BACKUP SLIDES



Luazpamma oemoHcmpupyrowaa cxemosl pabomoer AAMCC-MST
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Prefragment Expansion

* When €™ > 2 MeV /nucl, nuclear matter ;f‘
undergoes liquid-gas phase transition v

* The larger the size of the prefragment, the longer
the average distance between nucleons

* Therefore, d increases with the density of the
prefragment:

d oV 13 —m  d opl/3(*)
Following J. De (2006) and V. Viola (2004) we assume:

dy, €< 2 MeV /nucl

d = a
do - (€7 /€9)3, € > 2 MeV /nucl

Where dy = 2.7 fm,while « = —1.02 + 0.10,¢q = 2.17 + 0.23 MelV
are the fitting parameters
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J. De et al. Phys. lett. B 638 (2006) 160-165
V. Viola et al. Phys. Rev. lett. B 93 (2004) 1-4
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Momentum for nucleons from MST

Mpf — Mground + Eoy > My after MST — 2 Mf (*)
7

the excitation energy is distributed only between the fragments with A > 1

Ay
Apf

Y. — f ground’ for nucleons E, =E,,-
F =M + Er_, not nucleons

fground

The difference in masses (*) is converted into the impulses

G4FermiPhaseSpaceDecay :: Decay(My¢, std:: vector < G4double > MstMassVector)

This method returns std::vector<G4LorentzVector *>
(MstMassVector is the vector of M;s)

then the boost into the LabSystem is made




Visualization of the results of the MST algorithm in central collisions

Clusters representation from both sides PbPb 158AGeV, b = 2 fm
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gj:'f * The colors of the nucleons indicate different clusters
“la Lo * In the central collisions, the prefragment has the shape of a
. narrow crescent
A = * MST-clustering increases the yield of free nucleons
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Spectator fragments from **0O—1*°0 collisions at the LHC
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* Production of He, Li, Be, B and N is described well by the  The rates of one, two and three alphas are underestimated

AAMCC-MST in contrast to the helium production in the left panel.

 However AAMCC-MST underestimates the production of C ¢ The overestimation of 3He could be a reason

Note: the a —clustering in initial 1°0 is neglected in AAMCC-MST.



Density distributions of 1°0
calculated by HF based on SkV
functional

X.B. Wang et al. PLB 790 (2019) 498-501

Alpha-cluster model of t°0O

Shapes of nuclei with & —clustering. The isodensity
lines correspond to 1, 15, 50, 75 and 95% of the
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Z. Sosin et al. Eur. Phys. J. A 52, 120 (2016)

* Accounting for the o —clustering
structure of 1°0O can change the
composition of spectator matter
produced in the relativistic 10—
160 collisions.

* MST-clustering algorithm can also
improve the description of the
vield of secondary %C due to
their & —clustering structure.

See the talk by A. Svetlichnyi at EPS HEP

Conference 2021 explaining the need in

accounting for &« —clustering in t°0—1°0O
collisions.

https://indico.desy.de/event/28202/contributions/105829/
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