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CLAN-MODEL OF PARTICLE
PRODUCTION PROCESS REVISITED
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The multiplicity distribution of high-energy interaction had earlier been analyzed with reference to
clan-model and negative binomial distribution (NBD), which described the underlying particle production
process by means of cascading mechanism. Clan was deˇned to contain the particles stemming from
the same ancestor, and average multiplicity within clan was deduced from the best ˇtted NBD for the
multiplicity distribution of full phase space. Since the latest data could not be confronted with NBD alone
to deduce the number of clans and their internal dynamics, we propose a new rigorous method using
complex network and chaos-based visibility-graph algorithm to extract clusters from different rapidity
regions around the central rapidity (cr) of exemplary data of 32SÄAgBr (200A GeV) interaction. These
clusters are found to be scale-free and self-similar. For each cluster power-of-scale freeness of visibility
graph (PSVG) and two important topological parameters Å average clustering coefˇcient and average
degree Å are extracted based on visibility of the nodes from each other in the visibility graph constructed
from the cluster. The clan-model is revisited by correlating clusters with clans and average degree of
the clusters with the number of particles in the clan. For each rapidity region around cr the number of
clusters/clans having higher values of both average clustering coefˇcient and PSVG is extracted. For
those clusters, (average degree) / (number of particles in the clan) ratio has been calculated. It has been
found that there are fewer number of clusters/clans having higher average clustering coefˇcient and
PSVG, in the rapidity-region nearest to cr , and this count increases monotonically across increasing
overlapping rapidity-regions around cr .

� ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨ ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¡Ò²μ · ´¥¥ ¶·μ-
 ´ ²¨§¨·μ¢ ´μ ¢ · ³± Ì ±² ´μ¢μ° ³μ¤¥²¨ ¨ μÉ·¨Í É¥²Ó´μ£μ ¡¨´μ³¨ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö (�	�),
±μÉμ·Ò¥ ¶·¥¤¸É ¢²ÖÕÉ ¨¸¸²¥¤Ê¥³Ò° ¶·μÍ¥¸¸ ·μ¦¤¥´¨Ö Î ¸É¨Í ¢ ¢¨¤¥ ± ¸± ¤ . Š² ´μ³ ´ §Ò¢ ¥É¸Ö
£·Ê¶¶  Î ¸É¨Í, ·μ¦¤¥´´ÒÌ μÉ μ¤´μ£μ ·μ¤¨É¥²Ö,   ¸·¥¤´ÖÖ ³´μ¦¥¸É¢¥´´μ¸ÉÓ Î ¸É¨Í ¢ ±² ´¥ ¢ÒÎ¨-
¸²Ö¥É¸Ö ¨§ ´ ¨²ÊÎÏ¥£μ Ë¨É  ¸ ¶μ³μÐÓÕ �	� ³´μ¦¥¸É¢¥´´μ¸É¨ ¢ ¶μ²´μ³ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥.
�μ¸±μ²Ó±Ê ¸ ³Ò¥ ´μ¢Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ´¥ ³μ£ÊÉ ¡ÒÉÓ μ¶¨¸ ´Ò Éμ²Ó±μ �	� ¤²Ö ¢Ò-
Î¨¸²¥´¨Ö Î¨¸²  ±² ´μ¢ ¨ ¨Ì ¢´ÊÉ·¥´´¥° ¤¨´ ³¨±¨, ¢ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤² £ ¥É¸Ö ´μ¢Ò° ¸É·μ£¨°
³¥Éμ¤, ¶·¥¤¶μ² £ ÕÐ¨° ¨¸¶μ²Ó§μ¢ ´¨¥ ±μ³¶²¥±¸´μ° ¸¥É¨ ¨ μ¸´μ¢ ´´Ò° ´  Ì μ¸¥  ²£μ·¨É³  £· Ëμ¢
¢¨¤¨³μ¸É¨ ¤²Ö ¢Ò¤¥²¥´¨Ö ±² ¸É¥·μ¢ ¨§ μ¡² ¸É¥° ¸ · §´Ò³¨ ¡Ò¸É·μÉ ³¨ ¢¡²¨§¨ Í¥´É· ²Ó´μ° ¡Ò-
¸É·μÉÒ cr . „²Ö ¶·¨³¥·  ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ¤ ´´Ò¥ ¢§ ¨³μ¤¥°¸É¢¨Ö 32SÄAgBr (200A ƒÔ‚). �¡´ -
·Ê¦¥´´Ò¥ ±² ¸É¥·Ò ¶μ± §Ò¢ ÕÉ ´¥§ ¢¨¸¨³μ¸ÉÓ μÉ ³ ¸ÏÉ ¡μ¢ ¨ ¸ ³μ¶μ¤μ¡¨¥. „²Ö ± ¦¤μ£μ ±² ¸É¥· 
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¨§¢²¥± ¥É¸Ö ¶ · ³¥É· ¸É¥¶¥´´μ° ¸¢μ¡μ¤Ò £· Ë  ¢¨¤¨³μ¸É¨ (‘‘ƒ‚),   É ±¦¥ ¤¢  ¢ ¦´ÒÌ Éμ¶μ²μ£¨-
Î¥¸±¨Ì ¶ · ³¥É· : ±μÔËË¨Í¨¥´É Ê¸·¥¤´¥´´μ° ±² ¸É¥·¨§ Í¨¨ ¨ Ê¸·¥¤´¥´´ Ö ¸É¥¶¥´Ó. ‚ÒÎ¨¸²¥´¨¥
μ¸´μ¢ ´μ ´  ¢§ ¨³´μ° ¢¨¤¨³μ¸É¨ Ê§²μ¢ £· Ë  ¢¨¤¨³μ¸É¨, ¶μ¸É·μ¥´´μ£μ ¤²Ö ± ¦¤μ£μ ±² ¸É¥· . �·¨-
£¨´ ²Ó´ Ö ±² ´μ¢ Ö ³μ¤¥²Ó ³μ¤¨Ë¨Í¨·μ¢ ´  ¸ ÊÎ¥Éμ³ ±μ··¥²ÖÍ¨¨ ±² ¸É¥·μ¢ ¸ ±² ´ ³¨,   É ±¦¥
¸¢Ö§¨ ¸·¥¤´¥° ¸É¥¶¥´¨ ±² ¸É¥·μ¢ ¸ Î¨¸²μ³ Î ¸É¨Í ¢ ±² ´¥. „²Ö ± ¦¤μ° μ¡² ¸É¨ ¡Ò¸É·μÉ ¢¡²¨§¨ cr

¨§¢²¥± ¥É¸Ö Î¨¸²μ ±² ¸É¥·μ¢/±² ´μ¢, ¨³¥ÕÐ¨Ì ¡μ²ÓÏ¨¥ §´ Î¥´¨Ö ±μÔËË¨Í¨¥´É  Ê¸·¥¤´¥´´μ° ±² -
¸É¥·¨§ Í¨¨ ¨ ‘‘ƒ‚. „²Ö É ±¨Ì ±² ¸É¥·μ¢ É ±¦¥ ¢ÒÎ¨¸²¥´μ μÉ´μÏ¥´¨¥ (¸·¥¤´ÖÖ ¸É¥¶¥´Ó) / (Î¨¸²μ
Î ¸É¨Í ¢ ±² ´¥). ‚ · ¡μÉ¥ ¶μ± § ´μ, ÎÉμ ¢¥²¨Î¨´  ±² ¸É¥·Ò/±² ´Ò ¸ ¡μ²ÓÏ¨³ ±μÔËË¨Í¨¥´Éμ³
Ê¸·¥¤´¥´´μ° ±² ¸É¥·¨§ Í¨¨ ¨ ‘‘ƒ‚ ³¥´ÓÏ¥ μ¦¨¤ ¥³μ° ¢¥²¨Î¨´Ò ¢ μ¡² ¸ÉÖÌ ¡Ò¸É·μÉ, ¡²¨¦ °Ï¨Ì
± cr , ¨ μ´  Ê¢¥²¨Î¨¢ ¥É¸Ö · ¢´μ³¥·´μ ¶μ ³¥·¥ Ê¤ ²¥´¨Ö μ¡² ¸É¥° ¡Ò¸É·μÉ μÉ cr .
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