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PION FLUCTUATION STUDY IN Pb-Pb COLLISION
AT 2.76 TeV PER NUCLEON PAIR FROM THE
ALICE EXPERIMENT WITH CHAOS AND
COMPLEX NETWORK-BASED METHODS

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

Chaos and complex network-based study is performed to look for signature of phase transition
in Pb—Pb collision data sample at 2.76 TeV per nucleon pair from the ALICE experiment. The
analysis is done on the pseudorapidity (1) values extracted from the data of the experiment, and the
methods used are Multifractal Detrended Fluctuation Analysis (MF-DFA) and a rigorous chaos and
complex network-based method — Visibility Graph (VG) analysis. The fractal behavior of pionisation
process is studied by utilizing MF-DFA method for extracting the Hurst exponent and multifractal
spectrum width to analyze the scale-freeness and fractality inherent in the fluctuation pattern of 7.
Also, VG method is used to analyze the fluctuation in terms of complex network. This algorithm
implies scale-freeness detection mechanism to extract the Power of Scale-freeness of Visibility Graph
(PSVG), re-establishes the scale-freeness and fractality. Earlier, it has been shown that the scaling be-
havior for one hadron—nucleus interaction (7~ —AgBr (350 GeV)) is different from one nucleus—nucleus
(®?S—AgBr (200A GeV)) interaction, which is of comparatively higher total energy (Bhaduri S., Ghosh D.
Multiplicity Fluctuation and Phase Transition in High-Energy Collision — A Chaos-Based Study with
Complex Network Perspective // Intern. J. Mod. Phys. A. 2016. V.31, No.35. P.1650185). In this
work, we have compared the fluctuation pattern in terms of three rigorous parameters — multifractal
spectrum width, the Hurst exponent and PSVG, between Pb—Pb (2.76 TeV per nucleon pair) data as well
as of m—AgBr (350 GeV) and 32S—AgBr (200A GeV) data, where in both cases the interaction data
are of significantly less energy. We have found that the values of the three parameters are substantially
different for ALICE data compared to the other two interaction data. As remarkably different value of
long-range correlation indicates phase transition, similar change in the fluctuation pattern in terms of
these parameters can be attributed to a phase transition and the onset of QGP.

B p Gore npeicT BieH METOJ UCCIIENOB HUS, OCHOB HHBIH H X OCE M CIIOXHBIX CETSIX, KOTOPBIil UC-
MOJIB3yeTCs A1 MOUCK MPHU3H KOB () 30BOTO Mepexo B CTONKHOBeHHIX Pb—Pb npu suepruax 2,76 ToB
H I py HYKJIOHOB B 1 HHBIX, H Op HHbIX B akcriepuMenTe ALICE. ]I HHble 1o mceBOOOBICTpOTE (1)) H -
JIU3UPYIOTCS METOI MU MyNbTU(D KT JIBHOTO JETPEHAUPOB HHOTO (PIyKTy HHOHHOIO H JIU3 , T KXe
rp ¢ Bugumoctu (I'B), KOTOpBI OCHOB H H TEOPUHU X OC U CIOXHBIX ceTell. dp KT JIbH S HPUPO
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MHOHU3 LU U3y4 €TCS H OCHOBE METOJ H3BJEUYEHMS MOK 3 Telisl XepcT U JI HHBIX MO IIMPHHE MYITb-
TH(DP KT JIBHOTO CIIEKTP , YTO IO3BOJISIET, B CBOIO OYEPe/ib, HCCIENOB Th M CLIT OHYyI0 cBoGoxy U ¢p K-
T JBHOCTH 7). 'B-MeTon T KXe mpuMmeHseTcs Uil H U3 (QUIyKTy LU ¢ TOYKH 3PEHUS CIOXHBIX CeTeil.
JI HHBII JITOPUTM MCIIOJIB3YeT MEX HM3M H XOXIEHHS M cIUT OHOM CBOOOIBI [l M3BJICYEHHUS CTEIIEHH
M cit 6HO# cBoGombl p ¢ BuguMmoctd (CMCI'B) 1 11o3BosIseT BOCIPOU3BECTH M CIIT OHYIO CBOGOIY U
¢p kT aBHOCTE. B Gonee p HHUX p 6OT X HOK 3 HO, YTO CKEIJIMHIOBOE MOBEIEHUE JUIS CTOMKHOBEHUH
ApoH—s1po (1~ —AgBr (350 T'3B)) oTnuy ercs OT MOBENEHHs VISl CTOJKHOBeH il aapo—spo (32S—AgBr
(200A T'»B)), nmonu s aHeprusi Kotoporo 6omviue (Bhaduri S., Ghosh D. Multiplicity Fluctuation and
Phase Transition in High-Energy Collision — A Chaos-Based Study with Complex Network Perspec-
tive // Intern. J. Mod. Phys. A. 2016. V.31, No.35. P.1650185). B 1 HHoii p GoTe p ccM TpHB eTcst
CTPYKTYp (IyKTy LiMii B TEDMUH X TPEX KECTKUX I P METPOB: LIMPUHBI MyIbTU(D KT JBHOTO CIEKTp ,
nok 3 tens Xepcr u CMCIB misa 1 HHBIX, MOJTy4eHHBIX B CTONKHOBeHHSIX Pb—Pb mpu 2,76 TeB u

II Py HYKJIOHOB, U JI HHBIX APYTHX SKCIIEPHMEHTOB 110 CTONKHOBeHMI0 m —AgBr (350 I'sB) u 2S—-AgBr
(200A TI'»B), rae B 060uX CIIyd sIX DHEPrUs 4 CTULl H MHOTO HUXe, YeM B P CCM TPUB €MOM DKCIEpH-
mente ALICE. K k 6bU10 IOK 3 HO, 3H Y€HHS YIIOMSIHYTBIX TPeX I P METPOB 3 METHO P 3/UY IOTCS I
1o HHBIX ALICE U 1 HHBIX Jpyrux 3KCIEepUMeHTOB. T K K K pe3Koe W3MEHEHUE BEeJIMYUHBI I P METp

1l TbHOJEUCTBYIOLIUX KOPPEALUil CBUIETENLCTBYET O () 30BOM IEPEXOJIE, TOX0XKEe U3MEHEHHE B CTPYK-
Type (UIyKTy IMif B TEPMHH X IPENIOXEHHBIX TPEX I P METPOB T KXKXE€ MOXET P CCM TPHB Thcs K K
NPU3H K ¢ 30BOro Mepexoj BEIECTB B COCTOSIHUE, H 3bIB €MOE KB PK-IJIIOOHHOH I 3MOIi.

PACS: 24.60.Ky; 24.60.Lz; 24.85.+p
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