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METOJIUKA ®U3NYECKOI'O 5KCIIEPUMEHTA

SYMMETRY-SCALING-BASED COMPLEX NETWORK
APPROACH TO EXPLORE EXOTIC HADRONIC STATES
IN HIGH-ENERGY COLLISION

S. Bhaduri', A. Bhaduri?, D. Ghosh?
Deepa Ghosh Research Foundation, Kolkata, India

Conventionally invariant mass or transverse momentum techniques have been used to probe for
any formation of some exotic or unusual resonance states in high energy collision. In this work, we
have applied symmetry-scaling-based complex network approach to study exotic resonance/hadronic
states utilizing the clustering coefficients and associated scaling parameter extracted with the complex-
network-based technique of Visibility Graph. We have analyzed the data of Pb—Pb collision data
sample at 2.76 TeV from the ALICE collaboration and analyzed different patterns of symmetry scaling,
scale-freeness, correlation and clustering among the produced particles. This is a chaos-based complex
network technique where simple parameters like Average Clustering Coefficient and Power of Scale-
freeness of Visibility Graph (PSVG) may hint at formation of some exotic or unusual resonance states
without using conventional methods. From this experiment we may infer that in the highest range
of average clustering coefficient there might be the resonance states/clusters from where the hadronic
decay might have occurred and few clusters with highest value of this parameter may indicate that those
clusters may be the ancestors of some strange particles. There has also been extensive study of dilepton
production since the study of lepton pair generation in Drell-Yan processes is immensely important as
these processes enable us to validate the Standard Model (SM) predictions for the fundamental particles
interaction in the new energy region and also to probe for new physics beyond SM. Hence we have
applied the same methodology and extracted the same parameters for pp collision data at 8 TeV from
CMS, to detect possible resonance states eventually generating lepton pairs.

Tp AWIMOHHO M UCCIENOB HUS BO3MOXHOTO (POPMHUPOB HHS HEKHX dK30THUECKUX WIIH HEOOBIYHBIX
PE30H HCHBIX COCTOSHMI B BBICOKO®HEPIeTUYECKUX CTOJKHOBEHMSIX HCIOIB3YIOTCS METO/bl, OCHOB HHBIE
H BBIYHCIICHUH UHB PH HTHBIX M CC WITH MOIEPEYHbIX UMITYJIbCOB. B mpeicT BiaeHHoii p 6ote mist u3yde-
HUS 9K30THYECKUX PE30H HCHBIX/ IPOHHBIX COCTOSHUIT OBUTO UCIIONB30B HO MPHOIMXEHHE KOMIUIEKCHOM
CeTH H OCHOBE CUMMETPUYHOIO CKEIJIMHI C KJI CTEPHBIMH KO3(P(ULIUEHT MU U COOTBETCTBYIOLIMMU UM
I p METP MU CKEWIMHI , KOTOpPbIE M3BJIEK JIUCh C IIOMOLIBI0 KOMIUIEKCHOI CETeBON TEXHHUKH, H 3bIB e-
Mol Tp oM BugrMocTH. [ HHBIA MeTon OBbUI UCIIONB30B H M4 H JM3 A HHBIX CTOJKHOBeHHH Pb-Pb
npu sHepruu 2,76 TsB, cobp HHbIX komn Gop umeit ALICE, u 6buin IIpo H JIM3HPOB HBI P 3ITMYHbIC
(hopMBI CUMMETPHYHOTO CKEIJIMHT : CKEWIHHIOB SI CBOOOX , KOPPENSILMS M KJI CTEepU3 LHsl POXI eMBIX
B CTOJIKHOBEHUH 4 CTHI. B MeToje MCHomb3yeTcsd KOMIUIEKCH S CETeB S TEXHHK H OCHOBE X OC , TIe
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HPOCTBIE 11 P METPBI, T KHE K K CPeAHHH KOI((ULUESHT KJI CTepU3 LIUH U CTENeHb CKEeIlJIMHIOBOM CBO-
6onpl Ip (p BHAMMOCTH, MOTYT YK 3bIB Th H 00p 30B HHE HEKOTOPOTO 9K30THYECKOTO HJIM HEOOBIYHOIO
PE30H HCHOTO COCTOSHHS 6€3 HeoOXOMUMOCTH 00p MIEHNS K OOBIMHBIM METOA M OOH pyXeHHs MOA0OHBIX
cocrosiHuid. ITok 3 HO, 4TO, eciii cpeqHUil KOd(PQUIMEHT K CTepU3 LUK H XOIUTCS B AU I 30HE H H-
GOJBLIMX BO3MOXHBIX 3H YCHHIid, 3TO MOXET O3H 4 Th OOp 30B HHE PE30H HCHBIX COCTOSHHUI/KI CTEpOB,
U3 KOTOPBIX, B CBOIO OYepejlb, MPOMCXOMAT JPOHHBIE P CII Abl. H JHYMe HEeCKOJbKHUX KJI CTEPOB C
H HUOOJBLINMU BO3MOXHBIMU 3H YEHMSIMH JI HHOIO KO3(P(HUIMEHT MOXET CBHUICTEJIbCTBOB Th O TOM,
YTO BTU KJI CTEpHI SIBJISIOTCS POJOH Y JIbHUK MU HEKOTOPBIX CTP HHBIX 4 CTHL. T KXe ObUT JeT JIbHO
HCCIIEOB H MPOIECC POXKIEHUS JHIENTOHOB, IIOCKOJIBKY M3ydeHHE POXKIEHHUS JIENTOHHOM I PbI B APeJUI-
SIHOBCKHMX HPOLIECC X OYEeHb B XHO UL MPOBEPKHU mpeack 3 Huil CT HI PTHOW MOJENH JUIs B3 MMOICH-
CTBHS (DyHI MEHT JIbHBIX Y CTHI[ B HOBOi, JIOCTYITHO! 9KCHEPUMEHT JIbHO OOJT CTH DHEPIUid, T KXe s
MoUCK (PU3MKH, BeIxondmieid 3 p Mku Ct HA pTHOH Momenu. C 9TOH LENbI0 T p METPHI, U3BJICUCHHBIE
U3 1 HHBIX IO CTOJKHOBeHUsIM Pb—Pb, cp BHUB I0TCS ¢ 1 p MeTp MU A7 CTOJKHOBeHMI pp npu 8 TaB,
noiydeHHbIME Kot G6op nmeir CMS, H mpeaMeT BO3MOXHOTo o6p 30B HHsI PE30H HCHBIX COCTOSHHUIA,
NPUBOJSIINX B UTOTE K POXKIEHUIO JIENITOHHBIX II P.

PACS: 24.60.Ky; 24.60.Lz; 24.85.4p; 24.30.-v; 24.30.Gd
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