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PION FLUCTUATION STUDY IN PbÄPb COLLISION
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ALICE EXPERIMENT WITH CHAOS AND
COMPLEX NETWORK-BASED METHODS

S. Bhaduri 1 , A. Bhaduri 2 , D. Ghosh 3

Deepa Ghosh Research Foundation, Kolkata, India

Chaos and complex network-based study is performed to look for signature of phase transition
in PbÄPb collision data sample at 2.76 TeV per nucleon pair from the ALICE experiment. The
analysis is done on the pseudorapidity (η) 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 Å 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 	uctuation pattern of η.
Also, VG method is used to analyze the 	uctuation 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 hadronÄnucleus interaction (π−ÄAgBr (350 GeV)) is different from one nucleusÄnucleus
(32SÄAgBr (200A GeV)) interaction, which is of comparatively higher total energy (Bhaduri S., Ghosh D.
Multiplicity Fluctuation and Phase Transition in High-Energy Collision Å 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 	uctuation pattern in terms of three rigorous parameters Å multifractal
spectrum width, the Hurst exponent and PSVG, between PbÄPb (2.76 TeV per nucleon pair) data as well
as of π−ÄAgBr (350 GeV) and 32SÄAgBr (200A GeV) data, where in both cases the interaction data
are of signiˇcantly 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 	uctuation pattern in terms of
these parameters can be attributed to a phase transition and the onset of QGP.

‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´ ³¥Éμ¤ ¨¸¸²¥¤μ¢ ´¨Ö, μ¸´μ¢ ´´Ò° ´  Ì μ¸¥ ¨ ¸²μ¦´ÒÌ ¸¥ÉÖÌ, ±μÉμ·Ò° ¨¸-
¶μ²Ó§Ê¥É¸Ö ¤²Ö ¶μ¨¸±  ¶·¨§´ ±μ¢ Ë §μ¢μ£μ ¶¥·¥Ìμ¤  ¢ ¸Éμ²±´μ¢¥´¨ÖÌ PbÄPb ¶·¨ Ô´¥·£¨ÖÌ 2,76 ’Ô‚
´  ¶ ·Ê ´Ê±²μ´μ¢ ¢ ¤ ´´ÒÌ, ´ ¡· ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥ ALICE. „ ´´Ò¥ ¶μ ¶¸¥¢¤μ¡Ò¸É·μÉ¥ (η)  ´ -
²¨§¨·ÊÕÉ¸Ö ³¥Éμ¤ ³¨ ³Ê²ÓÉ¨Ë· ±É ²Ó´μ£μ ¤¥É·¥´¤¨·μ¢ ´´μ£μ Ë²Ê±ÉÊ Í¨μ´´μ£μ  ´ ²¨§ ,   É ±¦¥
£· Ë  ¢¨¤¨³μ¸É¨ (ƒ‚), ±μÉμ·Ò° μ¸´μ¢ ´ ´  É¥μ·¨¨ Ì μ¸  ¨ ¸²μ¦´ÒÌ ¸¥É¥°. ”· ±É ²Ó´ Ö ¶·¨·μ¤ 
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¶¨μ´¨§ Í¨¨ ¨§ÊÎ ¥É¸Ö ´  μ¸´μ¢¥ ³¥Éμ¤  ¨§¢²¥Î¥´¨Ö ¶μ± § É¥²Ö •¥·¸É  ¨ ¤ ´´ÒÌ ¶μ Ï¨·¨´¥ ³Ê²Ó-
É¨Ë· ±É ²Ó´μ£μ ¸¶¥±É· , ÎÉμ ¶μ§¢μ²Ö¥É, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¨¸¸²¥¤μ¢ ÉÓ ³ ¸ÏÉ ¡´ÊÕ ¸¢μ¡μ¤Ê ¨ Ë· ±-
É ²Ó´μ¸ÉÓ η. ƒ‚-³¥Éμ¤ É ±¦¥ ¶·¨³¥´Ö¥É¸Ö ¤²Ö  ´ ²¨§  Ë²Ê±ÉÊ Í¨° ¸ ÉμÎ±¨ §·¥´¨Ö ¸²μ¦´ÒÌ ¸¥É¥°.
„ ´´Ò°  ²£μ·¨É³ ¨¸¶μ²Ó§Ê¥É ³¥Ì ´¨§³ ´ Ìμ¦¤¥´¨Ö ³ ¸ÏÉ ¡´μ° ¸¢μ¡μ¤Ò ¤²Ö ¨§¢²¥Î¥´¨Ö ¸É¥¶¥´¨
³ ¸ÏÉ ¡´μ° ¸¢μ¡μ¤Ò £· Ë  ¢¨¤¨³μ¸É¨ (‘Œ‘ƒ‚) ¨ ¶μ§¢μ²Ö¥É ¢μ¸¶·μ¨§¢¥¸É¨ ³ ¸ÏÉ ¡´ÊÕ ¸¢μ¡μ¤Ê ¨
Ë· ±É ²Ó´μ¸ÉÓ. ‚ ¡μ²¥¥ · ´´¨Ì · ¡μÉ Ì ¶μ± § ´μ, ÎÉμ ¸±¥°²¨´£μ¢μ¥ ¶μ¢¥¤¥´¨¥ ¤²Ö ¸Éμ²±´μ¢¥´¨°
 ¤·μ´ÄÖ¤·μ (π−ÄAgBr (350 ƒÔ‚)) μÉ²¨Î ¥É¸Ö μÉ ¶μ¢¥¤¥´¨Ö ¤²Ö ¸Éμ²±´μ¢¥´¨° Ö¤·μÄÖ¤·μ (32SÄAgBr
(200A ƒÔ‚)), ¶μ²´ Ö Ô´¥·£¨Ö ±μÉμ·μ£μ ¡μ²ÓÏ¥ (Bhaduri S., Ghosh D. Multiplicity Fluctuation and
Phase Transition in High-Energy Collision Å A Chaos-Based Study with Complex Network Perspec-
tive // Intern. J. Mod. Phys. A. 2016. V. 31, No. 35. P. 1650185). ‚ ¤ ´´μ° · ¡μÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö
¸É·Ê±ÉÊ·  Ë²Ê±ÉÊ Í¨° ¢ É¥·³¨´ Ì É·¥Ì ¦¥¸É±¨Ì ¶ · ³¥É·μ¢: Ï¨·¨´Ò ³Ê²ÓÉ¨Ë· ±É ²Ó´μ£μ ¸¶¥±É· ,
¶μ± § É¥²Ö •¥·¸É  ¨ ‘Œ‘ƒ‚ ¤²Ö ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ PbÄPb ¶·¨ 2,76 ’Ô‚ ´ 
¶ ·Ê ´Ê±²μ´μ¢, ¨ ¤ ´´ÒÌ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¸Éμ²±´μ¢¥´¨Õ π−ÄAgBr (350 ƒÔ‚) ¨ 32SÄAgBr
(200A ƒÔ‚), £¤¥ ¢ μ¡μ¨Ì ¸²ÊÎ ÖÌ Ô´¥·£¨Ö Î ¸É¨Í ´ ³´μ£μ ´¨¦¥, Î¥³ ¢ · ¸¸³ É·¨¢ ¥³μ³ Ô±¸¶¥·¨-
³¥´É¥ ALICE. Š ± ¡Ò²μ ¶μ± § ´μ, §´ Î¥´¨Ö Ê¶μ³Ö´ÊÉÒÌ É·¥Ì ¶ · ³¥É·μ¢ § ³¥É´μ · §²¨Î ÕÉ¸Ö ¤²Ö
¤ ´´ÒÌ ALICE ¨ ¤ ´´ÒÌ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´Éμ¢. ’ ± ± ± ·¥§±μ¥ ¨§³¥´¥´¨¥ ¢¥²¨Î¨´Ò ¶ · ³¥É· 
¤ ²Ó´μ¤¥°¸É¢ÊÕÐ¨Ì ±μ··¥²ÖÍ¨° ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Ë §μ¢μ³ ¶¥·¥Ìμ¤¥, ¶μÌμ¦¥¥ ¨§³¥´¥´¨¥ ¢ ¸É·Ê±-
ÉÊ·¥ Ë²Ê±ÉÊ Í¨° ¢ É¥·³¨´ Ì ¶·¥¤²μ¦¥´´ÒÌ É·¥Ì ¶ · ³¥É·μ¢ É ±¦¥ ³μ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ±
¶·¨§´ ± Ë §μ¢μ£μ ¶¥·¥Ìμ¤  ¢¥Ð¥¸É¢  ¢ ¸μ¸ÉμÖ´¨¥, ´ §Ò¢ ¥³μ¥ ±¢ ·±-£²Õμ´´μ° ¶² §³μ°.
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