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•  		=	electric	current	density	[GeV/fm2]		
•  			=		Electric	field	[GeV/fm]	
•  σel	=	electric	conductivity		
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“..the	 charge-dependent	 directed	 flow	 of	 hadrons	 is	
sensitive	 to	 the	 charge	 dipole	 in	 the	 medium	 and	 is	
useful	 in	 estimating	 the	 electric	 conductivity	 of	 the	
QGP.”	
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•  No	overlap	of	hadronic	volumes	
•  Free	hadron	gas	
•  n	<	nH	=	0.48	n0	

•  Overlapping	of	hadrons	but	not	in	their	cores	
•  Hadronic	matter	
•  n	≥	nH	=	0.48	n0	

•  Overlap	of	hadronic	cores	
•  Quark	matter	
•  n	≥	nQ	=	3.84	n0	

3	regimes	of	nuclear	matter	density,	n	≅	Occupied	Vol./Total	Vol.	

What	is	percolation?	
Ø  Percolation	 approach	 provides	 both	 Qualitative	 picture	

and	 Quantitative	 values	 for	 the	 transition	 of	 strongly	
interacting	matter.		

Co-existence	regions	

1.  Lower	 bound	 and	 higher	 bound	 between	 two	 phases	
says	the	clustering	starts	and	ceases,	respectively.	

2.  Solidification	 of	 hadron	 gas	 to	 hadron	 solid	 	 occur	 at	
critical	density.,	nHC	=	0.77n0	

3.  There	 is	 a	 critical	 density	 from	 bound	 to	 unbound	
constituents	of	hadrons.	is,	nHQ	=	4.5n0	
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q  The	possible	transition	of	strongly	interacting	matter	from	a	hadron	to	a	quark	state	can	be	treated	by	
percolation	theory.	

q  This	can	be	used		to	investigate	the	phase	structure	of	the	hadronic	matter.	

q  Transport	properties	of	 strongly	 interacting	matter,	 such	as	electrical	 conductivity	 (σel),	 shear	 (η)	and	
bulk	 viscosities	 (ζ)	 are	 of	 particular	 importance	 to	 understand	 the	 nature	 of	 QCD	matter	 along	with	
other	 thermodynamic	 and	 transport	 properties	 like:	 initial	 energy	 density	 (ε),	 trace	 anomaly	 (Δ),	 the	
squared	speed	of	sound	(Cs2	),	entropy	density	(s)	etc.			

	P	Petreczky,	J.	Phys.	G,	39,	093002	

[	Gordan	Baym,	Physica	96A	(1979)]	

ε/T4	
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q  Multiparticle	production	at	high	energies	 is	described	 in	terms	of	color	strings,	stretched	between	
the	projectile	and	target.	

q  These	strings	decay	into	new	strings	by	production	and	then	subsequently	hadronize	to	produce	the	
observed	hadrons.	

q  The	no.	of	strings	grow	with	energy	and	no.	of	participating	nuclei	start	to	 interact	and	overlap	 in	
transverse	space	as	it	happens	for	disks	in	the	2-D	percolation	theory.	

	
q  In	heavy-ion	collisions,	the	percolation	density	parameter	(ξ)	is	given	as,	

Ns	=	#	of	strings	
S1	=	Single	string	area	
SN	=	Total	overlap	area	



Using	the	pT	spectrum	of	pp	collisions,	where	there	is	low	string	overlap	probability,	we	evaluate	the	fit	
parameters,	
	
	
	
	
To	evaluate	the	interactions	of	strings	in	A+A	collisions,	we	use	the	above	parameterization	as	follows:	
	

Formulation	
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F (⇠) =

s
1� e�⇠

⇠

M.	A.	Braun	and	C.	Pajares,	Eur.	Phys.	J.	C16,349	(2000)	
P.	Sahoo,	S.	K.	Tiwari,	R.	Sahoo,	Phys.	Rev.	D	98,	054005	(2018)	

Temperature	is	defined	as,	
	

d2N

dp2T
=

a

(p0 + pT )
↵

d2N

dp2T
=

a

(p0
q

F (⇠)pp/F (⇠)AA + pT )
↵

T (⇠) =

s
< p2T >1

2F (⇠)

where,	F(ξ)	is	the	color	suppression	factor	which	reduces	the	hadron	
multiplicity	from	n0	to	the	interacting	string	value.	

(	a,	p0	and	α	are	the	fitting	parameters)		

<pT2>1	=	mean	transverse	squared	of	a	single	string	
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To	calculate	the	electrical	conductivity	of	strongly	interacting	matter,	the	mean	free	path	is	
used,	which	describes	the	relaxation	of	the	system	far	from	equilibrium	can	be	written	as,	
	
	
			 �mfp =

1

n�tr
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n	=	number	density	of	an	ideal	gas	of	quarks	and	gluons		
σtr	=	transport	cross	section		
	

In	the	CSPM,	the	number	density,	
		
	 n =

Nsources

SnL
<latexit sha1_base64="b0mXswGlE+SrGESCvlGfVjHf2qI=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBbBVUlE0I1QdONCpKJ9QFvCZDpph04mYWYilJCdG3/FjQtF3PoL7vwbp20W2nrgwuGce2fuPX7MmdKO820VFhaXlleKq6W19Y3NLXt7p6GiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3g59psPVCoWiXs9imk3xH3BAkawNpJn7wt0jjqBxCS98dLpsyrL0jsvFdl15tllp+JMgOaJm5My5Kh59lenF5EkpEITjpVqu06suymWmhFOs1InUTTGZIj7tG2owCFV3XRyR4YOjdJDQSRNCY0m6u+JFIdKjULfdIZYD9SsNxb/89qJDs66KRNxoqkg04+ChCMdoXEoqMckJZqPDMFEMrMrIgNsQtEmupIJwZ09eZ40jiuuU3FvT8rVizyOIuzBARyBC6dQhSuoQR0IPMIzvMKb9WS9WO/Wx7S1YOUzu/AH1ucPfCiZtw==</latexit><latexit sha1_base64="b0mXswGlE+SrGESCvlGfVjHf2qI=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBbBVUlE0I1QdONCpKJ9QFvCZDpph04mYWYilJCdG3/FjQtF3PoL7vwbp20W2nrgwuGce2fuPX7MmdKO820VFhaXlleKq6W19Y3NLXt7p6GiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3g59psPVCoWiXs9imk3xH3BAkawNpJn7wt0jjqBxCS98dLpsyrL0jsvFdl15tllp+JMgOaJm5My5Kh59lenF5EkpEITjpVqu06suymWmhFOs1InUTTGZIj7tG2owCFV3XRyR4YOjdJDQSRNCY0m6u+JFIdKjULfdIZYD9SsNxb/89qJDs66KRNxoqkg04+ChCMdoXEoqMckJZqPDMFEMrMrIgNsQtEmupIJwZ09eZ40jiuuU3FvT8rVizyOIuzBARyBC6dQhSuoQR0IPMIzvMKb9WS9WO/Wx7S1YOUzu/AH1ucPfCiZtw==</latexit><latexit sha1_base64="b0mXswGlE+SrGESCvlGfVjHf2qI=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBbBVUlE0I1QdONCpKJ9QFvCZDpph04mYWYilJCdG3/FjQtF3PoL7vwbp20W2nrgwuGce2fuPX7MmdKO820VFhaXlleKq6W19Y3NLXt7p6GiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3g59psPVCoWiXs9imk3xH3BAkawNpJn7wt0jjqBxCS98dLpsyrL0jsvFdl15tllp+JMgOaJm5My5Kh59lenF5EkpEITjpVqu06suymWmhFOs1InUTTGZIj7tG2owCFV3XRyR4YOjdJDQSRNCY0m6u+JFIdKjULfdIZYD9SsNxb/89qJDs66KRNxoqkg04+ChCMdoXEoqMckJZqPDMFEMrMrIgNsQtEmupIJwZ09eZ40jiuuU3FvT8rVizyOIuzBARyBC6dQhSuoQR0IPMIzvMKb9WS9WO/Wx7S1YOUzu/AH1ucPfCiZtw==</latexit><latexit sha1_base64="b0mXswGlE+SrGESCvlGfVjHf2qI=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBbBVUlE0I1QdONCpKJ9QFvCZDpph04mYWYilJCdG3/FjQtF3PoL7vwbp20W2nrgwuGce2fuPX7MmdKO820VFhaXlleKq6W19Y3NLXt7p6GiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3g59psPVCoWiXs9imk3xH3BAkawNpJn7wt0jjqBxCS98dLpsyrL0jsvFdl15tllp+JMgOaJm5My5Kh59lenF5EkpEITjpVqu06suymWmhFOs1InUTTGZIj7tG2owCFV3XRyR4YOjdJDQSRNCY0m6u+JFIdKjULfdIZYD9SsNxb/89qJDs66KRNxoqkg04+ChCMdoXEoqMckJZqPDMFEMrMrIgNsQtEmupIJwZ09eZ40jiuuU3FvT8rVizyOIuzBARyBC6dQhSuoQR0IPMIzvMKb9WS9WO/Wx7S1YOUzu/AH1ucPfCiZtw==</latexit>

Nsources	=	number	of	sources	per	unit	volume		
	L	=	longitudinal	extension	of	the	string	≈	1	fm			

Nsources =
(1� e�⇠)Sn

S1F (⇠)
<latexit sha1_base64="yRW6h304azn79u2XBYFLtuT1c1A=">AAACHnicbVDLSgMxFM34rPVVdekmWIR20TIjim6EoiCupKJthbYOmTRjQzOZIcmIJeRL3PgrblwoIrjSvzF9LLT1QMjhnHtvck+QMCqV6347M7Nz8wuLmaXs8srq2npuY7Mu41RgUsMxi8VNgCRhlJOaooqRm0QQFAWMNILe6cBv3BMhacyvVT8h7QjdcRpSjJSV/NzBha9Hw6SBx7AVCoR1wSuRW11qPVBTvPI1N0bbyzNnumC1ojF+Lu+W3SHgNPHGJA/GqPq5z1YnxmlEuMIMSdn03ES1NRKKYkZMtpVKkiDcQ3ekaSlHEZFtPVzPwF2rdGAYC3u4gkP1d4dGkZT9KLCVEVJdOekNxP+8ZqrCo7amPEkV4Xj0UJgyqGI4yAp2qCBYsb4lCAtq/wpxF9mElE00a0PwJleeJvW9sueWvcv9fOVkHEcGbIMdUAAeOAQVcA6qoAYweATP4BW8OU/Oi/PufIxKZ5xxzxb4A+frB/MVol4=</latexit><latexit sha1_base64="yRW6h304azn79u2XBYFLtuT1c1A=">AAACHnicbVDLSgMxFM34rPVVdekmWIR20TIjim6EoiCupKJthbYOmTRjQzOZIcmIJeRL3PgrblwoIrjSvzF9LLT1QMjhnHtvck+QMCqV6347M7Nz8wuLmaXs8srq2npuY7Mu41RgUsMxi8VNgCRhlJOaooqRm0QQFAWMNILe6cBv3BMhacyvVT8h7QjdcRpSjJSV/NzBha9Hw6SBx7AVCoR1wSuRW11qPVBTvPI1N0bbyzNnumC1ojF+Lu+W3SHgNPHGJA/GqPq5z1YnxmlEuMIMSdn03ES1NRKKYkZMtpVKkiDcQ3ekaSlHEZFtPVzPwF2rdGAYC3u4gkP1d4dGkZT9KLCVEVJdOekNxP+8ZqrCo7amPEkV4Xj0UJgyqGI4yAp2qCBYsb4lCAtq/wpxF9mElE00a0PwJleeJvW9sueWvcv9fOVkHEcGbIMdUAAeOAQVcA6qoAYweATP4BW8OU/Oi/PufIxKZ5xxzxb4A+frB/MVol4=</latexit><latexit sha1_base64="yRW6h304azn79u2XBYFLtuT1c1A=">AAACHnicbVDLSgMxFM34rPVVdekmWIR20TIjim6EoiCupKJthbYOmTRjQzOZIcmIJeRL3PgrblwoIrjSvzF9LLT1QMjhnHtvck+QMCqV6347M7Nz8wuLmaXs8srq2npuY7Mu41RgUsMxi8VNgCRhlJOaooqRm0QQFAWMNILe6cBv3BMhacyvVT8h7QjdcRpSjJSV/NzBha9Hw6SBx7AVCoR1wSuRW11qPVBTvPI1N0bbyzNnumC1ojF+Lu+W3SHgNPHGJA/GqPq5z1YnxmlEuMIMSdn03ES1NRKKYkZMtpVKkiDcQ3ekaSlHEZFtPVzPwF2rdGAYC3u4gkP1d4dGkZT9KLCVEVJdOekNxP+8ZqrCo7amPEkV4Xj0UJgyqGI4yAp2qCBYsb4lCAtq/wpxF9mElE00a0PwJleeJvW9sueWvcv9fOVkHEcGbIMdUAAeOAQVcA6qoAYweATP4BW8OU/Oi/PufIxKZ5xxzxb4A+frB/MVol4=</latexit><latexit sha1_base64="yRW6h304azn79u2XBYFLtuT1c1A=">AAACHnicbVDLSgMxFM34rPVVdekmWIR20TIjim6EoiCupKJthbYOmTRjQzOZIcmIJeRL3PgrblwoIrjSvzF9LLT1QMjhnHtvck+QMCqV6347M7Nz8wuLmaXs8srq2npuY7Mu41RgUsMxi8VNgCRhlJOaooqRm0QQFAWMNILe6cBv3BMhacyvVT8h7QjdcRpSjJSV/NzBha9Hw6SBx7AVCoR1wSuRW11qPVBTvPI1N0bbyzNnumC1ojF+Lu+W3SHgNPHGJA/GqPq5z1YnxmlEuMIMSdn03ES1NRKKYkZMtpVKkiDcQ3ekaSlHEZFtPVzPwF2rdGAYC3u4gkP1d4dGkZT9KLCVEVJdOekNxP+8ZqrCo7amPEkV4Xj0UJgyqGI4yAp2qCBYsb4lCAtq/wpxF9mElE00a0PwJleeJvW9sueWvcv9fOVkHEcGbIMdUAAeOAQVcA6qoAYweATP4BW8OU/Oi/PufIxKZ5xxzxb4A+frB/MVol4=</latexit>

n =
(1� e�⇠)

S1F (⇠)L
<latexit sha1_base64="yRtjyCbdFw0FRhbIZKid7pn6PAc=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsFy0zIuhGKAriwkVF2wqdWjJppg3NZIYkI5Ywn+DGX3HjQhG3Lt35N6aPhbYeuHByzr3k3uPHjErlON9WZm5+YXEpu5xbWV1b37A3t+oySgQmNRyxSNz6SBJGOakpqhi5jQVBoc9Iw++fDf3GPRGSRvxGDWLSClGX04BipIzUtvc5PIFeIBDWBbdE7nTJe6BpMdXXbe2m57pgnsX0Mm3beafsjABniTsheTBBtW1/eZ0IJyHhCjMkZdN1YtXSSCiKGUlzXiJJjHAfdUnTUI5CIlt6dFAK94zSgUEkTHEFR+rvCY1CKQehbzpDpHpy2huK/3nNRAXHLU15nCjC8fijIGFQRXCYDuxQQbBiA0MQFtTsCnEPmXSUyTBnQnCnT54l9YOy65Tdq8N85XQSRxbsgF1QAC44AhVwAaqgBjB4BM/gFbxZT9aL9W59jFsz1mRmG/yB9fkDwHSbyw==</latexit><latexit sha1_base64="yRtjyCbdFw0FRhbIZKid7pn6PAc=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsFy0zIuhGKAriwkVF2wqdWjJppg3NZIYkI5Ywn+DGX3HjQhG3Lt35N6aPhbYeuHByzr3k3uPHjErlON9WZm5+YXEpu5xbWV1b37A3t+oySgQmNRyxSNz6SBJGOakpqhi5jQVBoc9Iw++fDf3GPRGSRvxGDWLSClGX04BipIzUtvc5PIFeIBDWBbdE7nTJe6BpMdXXbe2m57pgnsX0Mm3beafsjABniTsheTBBtW1/eZ0IJyHhCjMkZdN1YtXSSCiKGUlzXiJJjHAfdUnTUI5CIlt6dFAK94zSgUEkTHEFR+rvCY1CKQehbzpDpHpy2huK/3nNRAXHLU15nCjC8fijIGFQRXCYDuxQQbBiA0MQFtTsCnEPmXSUyTBnQnCnT54l9YOy65Tdq8N85XQSRxbsgF1QAC44AhVwAaqgBjB4BM/gFbxZT9aL9W59jFsz1mRmG/yB9fkDwHSbyw==</latexit><latexit sha1_base64="yRtjyCbdFw0FRhbIZKid7pn6PAc=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsFy0zIuhGKAriwkVF2wqdWjJppg3NZIYkI5Ywn+DGX3HjQhG3Lt35N6aPhbYeuHByzr3k3uPHjErlON9WZm5+YXEpu5xbWV1b37A3t+oySgQmNRyxSNz6SBJGOakpqhi5jQVBoc9Iw++fDf3GPRGSRvxGDWLSClGX04BipIzUtvc5PIFeIBDWBbdE7nTJe6BpMdXXbe2m57pgnsX0Mm3beafsjABniTsheTBBtW1/eZ0IJyHhCjMkZdN1YtXSSCiKGUlzXiJJjHAfdUnTUI5CIlt6dFAK94zSgUEkTHEFR+rvCY1CKQehbzpDpHpy2huK/3nNRAXHLU15nCjC8fijIGFQRXCYDuxQQbBiA0MQFtTsCnEPmXSUyTBnQnCnT54l9YOy65Tdq8N85XQSRxbsgF1QAC44AhVwAaqgBjB4BM/gFbxZT9aL9W59jFsz1mRmG/yB9fkDwHSbyw==</latexit><latexit sha1_base64="yRtjyCbdFw0FRhbIZKid7pn6PAc=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsFy0zIuhGKAriwkVF2wqdWjJppg3NZIYkI5Ywn+DGX3HjQhG3Lt35N6aPhbYeuHByzr3k3uPHjErlON9WZm5+YXEpu5xbWV1b37A3t+oySgQmNRyxSNz6SBJGOakpqhi5jQVBoc9Iw++fDf3GPRGSRvxGDWLSClGX04BipIzUtvc5PIFeIBDWBbdE7nTJe6BpMdXXbe2m57pgnsX0Mm3beafsjABniTsheTBBtW1/eZ0IJyHhCjMkZdN1YtXSSCiKGUlzXiJJjHAfdUnTUI5CIlt6dFAK94zSgUEkTHEFR+rvCY1CKQehbzpDpHpy2huK/3nNRAXHLU15nCjC8fijIGFQRXCYDuxQQbBiA0MQFtTsCnEPmXSUyTBnQnCnT54l9YOy65Tdq8N85XQSRxbsgF1QAC44AhVwAaqgBjB4BM/gFbxZT9aL9W59jFsz1mRmG/yB9fkDwHSbyw==</latexit>

=) �mfp =
L

(1� e�⇠)
<latexit sha1_base64="+j4B/x0RrlRXyMMZRxw48Ngv/B8=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEInFXBG2EoI2FRQTzgGwMs5O7yZCZ3WVmVgzLfoaNv2JjoYhtOv/GyaPQxAMDh3Pu4c49XsSZ0rb9bWWWlldW17LruY3Nre2d/O5eXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiD67HfeASpWBjc62EEbUF6AfMZJdpInfyJy4TZAwq73KS6pJMIP0rxJXZ9SWhymyZFpwQPScl9Yulx2skX7LI9AV4kzowU0AzVTn7kdkMaCwg05USplmNHup0QqRnlkObcWEFE6ID0oGVoQASodjI5LMVHRuliP5TmBRpP1N+JhAilhsIzk4Lovpr3xuJ/XivW/kU7YUEUawjodJEfc6xDPG4Jd5kEqvnQEEIlM3/FtE9MIdp0mTMlOPMnL5L6admxy87dWaFyNasjiw7QISoiB52jCrpBVVRDFD2jV/SOPqwX6836tL6moxlrltlHf2CNfgAixJ/M</latexit><latexit sha1_base64="+j4B/x0RrlRXyMMZRxw48Ngv/B8=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEInFXBG2EoI2FRQTzgGwMs5O7yZCZ3WVmVgzLfoaNv2JjoYhtOv/GyaPQxAMDh3Pu4c49XsSZ0rb9bWWWlldW17LruY3Nre2d/O5eXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiD67HfeASpWBjc62EEbUF6AfMZJdpInfyJy4TZAwq73KS6pJMIP0rxJXZ9SWhymyZFpwQPScl9Yulx2skX7LI9AV4kzowU0AzVTn7kdkMaCwg05USplmNHup0QqRnlkObcWEFE6ID0oGVoQASodjI5LMVHRuliP5TmBRpP1N+JhAilhsIzk4Lovpr3xuJ/XivW/kU7YUEUawjodJEfc6xDPG4Jd5kEqvnQEEIlM3/FtE9MIdp0mTMlOPMnL5L6admxy87dWaFyNasjiw7QISoiB52jCrpBVVRDFD2jV/SOPqwX6836tL6moxlrltlHf2CNfgAixJ/M</latexit><latexit sha1_base64="+j4B/x0RrlRXyMMZRxw48Ngv/B8=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEInFXBG2EoI2FRQTzgGwMs5O7yZCZ3WVmVgzLfoaNv2JjoYhtOv/GyaPQxAMDh3Pu4c49XsSZ0rb9bWWWlldW17LruY3Nre2d/O5eXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiD67HfeASpWBjc62EEbUF6AfMZJdpInfyJy4TZAwq73KS6pJMIP0rxJXZ9SWhymyZFpwQPScl9Yulx2skX7LI9AV4kzowU0AzVTn7kdkMaCwg05USplmNHup0QqRnlkObcWEFE6ID0oGVoQASodjI5LMVHRuliP5TmBRpP1N+JhAilhsIzk4Lovpr3xuJ/XivW/kU7YUEUawjodJEfc6xDPG4Jd5kEqvnQEEIlM3/FtE9MIdp0mTMlOPMnL5L6admxy87dWaFyNasjiw7QISoiB52jCrpBVVRDFD2jV/SOPqwX6836tL6moxlrltlHf2CNfgAixJ/M</latexit><latexit sha1_base64="+j4B/x0RrlRXyMMZRxw48Ngv/B8=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEInFXBG2EoI2FRQTzgGwMs5O7yZCZ3WVmVgzLfoaNv2JjoYhtOv/GyaPQxAMDh3Pu4c49XsSZ0rb9bWWWlldW17LruY3Nre2d/O5eXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiD67HfeASpWBjc62EEbUF6AfMZJdpInfyJy4TZAwq73KS6pJMIP0rxJXZ9SWhymyZFpwQPScl9Yulx2skX7LI9AV4kzowU0AzVTn7kdkMaCwg05USplmNHup0QqRnlkObcWEFE6ID0oGVoQASodjI5LMVHRuliP5TmBRpP1N+JhAilhsIzk4Lovpr3xuJ/XivW/kU7YUEUawjodJEfc6xDPG4Jd5kEqvnQEEIlM3/FtE9MIdp0mTMlOPMnL5L6admxy87dWaFyNasjiw7QISoiB52jCrpBVVRDFD2jV/SOPqwX6836tL6moxlrltlHf2CNfgAixJ/M</latexit>
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•  The	Electrical	conductivity	in	the	relaxation	time	approximation	is,	

	
	
•  Considering	the	density	of	the	up	quark	(u)	and	its	antiquark	(ū),	
	

•  Here,	λmfp	=	mean	free	path	of	partons,	nq	=	number	density,	e	=	charge	of	partons.	

•  In	the	framework	of	CSPM	,	the	shear	viscosity–to–entropy	density	ratio	(η/s)	is,		

�el =
1

3T
⌃M

k=1q
2
knk�mfp

�el =
1

3T

4

9
e2nq(T )

L

1� e�⇠

⌘/s ' TL

5(1� e�⇠)
<latexit sha1_base64="J/D5T82hpjdKtzIgJ02wJGXWOGE=">AAACD3icbVC5TsNAEF2HK4TLQEmzIgKFIsFGICgjaCgogpRLikO03oyTVdYHu2tEZPkPaPgVGgoQoqWl42/YHAUEnjTS03szmpnnRpxJZVlfRmZufmFxKbucW1ldW98wN7fqMowFhRoNeSiaLpHAWQA1xRSHZiSA+C6Hhju4GPmNOxCShUFVDSNo+6QXMI9RorTUMfcdUORQYkcyH26x4wlCk+pVmpwU7CLcJEXnnqUHacfMWyVrDPyX2FOSR1NUOuan0w1p7EOgKCdStmwrUu2ECMUohzTnxBIiQgekBy1NA+KDbCfjf1K8p5Uu9kKhK1B4rP6cSIgv5dB3dadPVF/OeiPxP68VK++snbAgihUEdLLIizlWIR6Fg7tMAFV8qAmhgulbMe0THYnSEeZ0CPbsy39J/ahkWyX7+jhfPp/GkUU7aBcVkI1OURldogqqIYoe0BN6Qa/Go/FsvBnvk9aMMZ3ZRr9gfHwDffybqw==</latexit><latexit sha1_base64="J/D5T82hpjdKtzIgJ02wJGXWOGE=">AAACD3icbVC5TsNAEF2HK4TLQEmzIgKFIsFGICgjaCgogpRLikO03oyTVdYHu2tEZPkPaPgVGgoQoqWl42/YHAUEnjTS03szmpnnRpxJZVlfRmZufmFxKbucW1ldW98wN7fqMowFhRoNeSiaLpHAWQA1xRSHZiSA+C6Hhju4GPmNOxCShUFVDSNo+6QXMI9RorTUMfcdUORQYkcyH26x4wlCk+pVmpwU7CLcJEXnnqUHacfMWyVrDPyX2FOSR1NUOuan0w1p7EOgKCdStmwrUu2ECMUohzTnxBIiQgekBy1NA+KDbCfjf1K8p5Uu9kKhK1B4rP6cSIgv5dB3dadPVF/OeiPxP68VK++snbAgihUEdLLIizlWIR6Fg7tMAFV8qAmhgulbMe0THYnSEeZ0CPbsy39J/ahkWyX7+jhfPp/GkUU7aBcVkI1OURldogqqIYoe0BN6Qa/Go/FsvBnvk9aMMZ3ZRr9gfHwDffybqw==</latexit><latexit sha1_base64="J/D5T82hpjdKtzIgJ02wJGXWOGE=">AAACD3icbVC5TsNAEF2HK4TLQEmzIgKFIsFGICgjaCgogpRLikO03oyTVdYHu2tEZPkPaPgVGgoQoqWl42/YHAUEnjTS03szmpnnRpxJZVlfRmZufmFxKbucW1ldW98wN7fqMowFhRoNeSiaLpHAWQA1xRSHZiSA+C6Hhju4GPmNOxCShUFVDSNo+6QXMI9RorTUMfcdUORQYkcyH26x4wlCk+pVmpwU7CLcJEXnnqUHacfMWyVrDPyX2FOSR1NUOuan0w1p7EOgKCdStmwrUu2ECMUohzTnxBIiQgekBy1NA+KDbCfjf1K8p5Uu9kKhK1B4rP6cSIgv5dB3dadPVF/OeiPxP68VK++snbAgihUEdLLIizlWIR6Fg7tMAFV8qAmhgulbMe0THYnSEeZ0CPbsy39J/ahkWyX7+jhfPp/GkUU7aBcVkI1OURldogqqIYoe0BN6Qa/Go/FsvBnvk9aMMZ3ZRr9gfHwDffybqw==</latexit><latexit sha1_base64="J/D5T82hpjdKtzIgJ02wJGXWOGE=">AAACD3icbVC5TsNAEF2HK4TLQEmzIgKFIsFGICgjaCgogpRLikO03oyTVdYHu2tEZPkPaPgVGgoQoqWl42/YHAUEnjTS03szmpnnRpxJZVlfRmZufmFxKbucW1ldW98wN7fqMowFhRoNeSiaLpHAWQA1xRSHZiSA+C6Hhju4GPmNOxCShUFVDSNo+6QXMI9RorTUMfcdUORQYkcyH26x4wlCk+pVmpwU7CLcJEXnnqUHacfMWyVrDPyX2FOSR1NUOuan0w1p7EOgKCdStmwrUu2ECMUohzTnxBIiQgekBy1NA+KDbCfjf1K8p5Uu9kKhK1B4rP6cSIgv5dB3dadPVF/OeiPxP68VK++snbAgihUEdLLIizlWIR6Fg7tMAFV8qAmhgulbMe0THYnSEeZ0CPbsy39J/ahkWyX7+jhfPp/GkUU7aBcVkI1OURldogqqIYoe0BN6Qa/Go/FsvBnvk9aMMZ3ZRr9gfHwDffybqw==</latexit>
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•  The	conductivity	stays	almost	constant	with	increasing	temperature	in	a	fashion	similar	to	that	shown	
by	BAMPS	(Boltzmann	approach	to	multiparton	scattering)	data.		

•  It	matches	 the	 results	 obtained	 in	 BAMPS	with	 the	 fixed	 strong	 coupling	 constant	 considering	 the	
elastic	cross	section	only.	

•  In	 the	 CSPM,	 η/s	 first	 decreases,	 and	 after	 reaching	 a	 minimum	 value,	 it	 starts	 increasing	 with	
temperature.	Thus,	it	forms	a	dip	that	occurs	at	T/Tc	=	1.	The	quasiparticle	model	results	show	a	similar	
behavior,	but	the	dip	does	not	occur	at	the	critical	temperature	in	this	case.	
P.	Sahoo,	S.	K.	Tiwari,	R.	Sahoo,	Phys.	Rev.	D	98,	054005	(2018)	
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•  A	small	value	of	η/s	suggests	large	scattering	rates	,	which	can	damp	the	conductivity.		

•  The	η/s	is	affected	by	the	gluon-gluon	and	quark-	quark	scatterings.		
•  σel	is	only	affected	by	the	quark-	quark	scatterings.		

P.	Sahoo,	S.	K.	Tiwari,	R.	Sahoo,	Phys.	Rev.	D	98,	054005	(2018)	
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•  The	 study	 of	 thermodynamical	 and	 transport	 properties	 like	 electrical	 conductivity	 and	
shear	 viscosity	 to	 entropy	 ratio	 of	 the	 QCD	 matter	 created	 at	 high	 energy	 heavy-ion	
collisions	by	using	the	clustering	of	color	sources	phenomenology	has	done.	

•  The	minimum	 η/s	 is	 observed	which	 envisages	 the	 formation	 of	 perfect	 fluid	 like	matter	
created	in	high	energy	heavy-ion	collision	scenario.	

•  The	normalized	electrical	conductivity	(σel/T	)	estimated	using	the	CSPM	approach	shows	a	
very	weak	dependence	on	the	temperature.	


