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Effect on yield  
❖ Contribution of gluon to J/Ψ production is little 

higher compared to contribution of quark.
❖ Inclusive hardQCD processes is dominant  

  over                  and                . 
❖ The contribution of MPI to the J/Ψ 

production(semi-hard  J/Ψ) is dominant 
process and is increasing with multiplicity. 

Effect on <pT> 

❖  The <p
T
> of J/Ψ for inclusive hard QCD 

processes is less compared to                   and                                
                     . 
❖  Inclusive hardQCD processes contains semi-

hard MPI, which lowers down the <p
T
> of J/Ψ.

❖  <p
T
> of J/Ψ increase with increase of 

multiplicity, indicates more harder  J/Ψ are 
produced in going from low to high 
multiplicity.
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QCD Processes

HardQCD
cc→gg
cc→qq
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To	understand	the	Possibility	of	system	formation	in	
high-multiplicity	events	for	pp@13	TeV,	we	define

Rpp = (dN/NevtdpT )80�170/<Nch>MB

(dN/NevtdpT )MB/<Nch>80�170
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Rcp = (dN/NevtdpT )80�170/<Nch>0�5

(dN/NevtdpT )0�5/<Nch>80�170
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Observations	
✦ For	pT	<	2	GeV/c,	Rpp	shows	10%	

suppression	
✦ There	is	no	suppression	observed	for	Rcp	

rpp
It	gives	us	idea	about	possible	system	size	in	high	
multiplicity	
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4C-Tuned	PYTHIA8	is	used	for	the	analysis[3].

❖ General	Settings	
✦ ISR	and	FSR	is	ON	for	the	whole	analysis	
✦ MPI	with	CR/MPI	is	used	

❖ Specific	settings	
✦ Multiparton-Interactions:bProfile=3,	 to	 allow	 all	

incoming	 patrons	 to	 undergo	 hard	 and	 semi-hard	
interactions	

✦ ColourReconnection:mode(0),	MPI-based	scheme	of	CR			
✦ HardQCD:all=on,	 inelastic,	 non-diffractive	 components	

of	the	total	cross	section	for	all	had	QCD	processes.

The	relative	J/Ψ yield is defined as:

where, i stands for its multiplicity bin.
✦ These setting reproduces ALICE Results
✦ Analysis is extended for all other LHC energies 

keeping the same setting
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1.Introduction	and	motivation

			PYTHIA8	Settings Effect	of	hard	QCD	processes	on	yield	and	<pT>	
of	J/Ψ production

Nuclear	Modification	Like	Factors	(Rpp/cp)

—————————————————————————————
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Introduction	and	motivation
In inelastic p+p collisions, the interaction objects are patrons. In a single p+p	collisions, a large number of interaction of partons 
occurs in parallel which is called as multi-parton interactions (MPIs)[1]. If the interaction involves large pT  transfer, the semi-
hard interaction multiple interactions of partons lead to the production of heavy particles like J/Ψ. 

Motivation	for	the	multiplicity	dependence	studies	of	J/Ψ	production:	

1. Recently,	ALICE	has	observed	that	the	relative	J/Ψ	yield	increases	nearly	linearly	with	charged	particle	multiplicity	in	p	+	p	collisions	[Fig1].	
2. 	These	results	leave	some	curiosity:	

				Is		the	behaviour	solely	due	to	MPI		at	the	partonic	level	or	it	has	some	contribution	from	CR	at	the	final	state?	
			What	will	be	the	energy	dependence	behaviour	of	MPI	and	CR?	
			How	do	the	higher	states	of	charmonium	behave?	
			What	is	the	contribution	of	quark/gluons	with	multiplicity?	
			Is	there	any	J/Ψ	kind	of	suppression	be	seen?	

3.		As	PYTHIA8	well	explains	the	trends	up	to	(dNch/dη)/(<	dNch/dη >) ~ 4.5,   we have tried to study the multiplicity dependence and       
    the	contribution	of																					and																					toward		J/Ψ  production using pQCD inspired model (PYTHIA8).
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Fig.	1

Energy	dependence	and	CR	effect	on	J/Ψ
production

✦ The J/ Ψ relative yield increases linearly with 
charged particle multiplicity

✦ The hard-MPIs increase with centre of mass 
energy and is more significant for higher 
multiplicity

✦ To get a qualitative idea, it is fitted with a 
phenomenological function f(x) = A xn. Here “n” 
indicates the rate of increase of rela1ve J/ψ yield 
with √s

✦ n-parameter is plotted versus multiplicity. It is 
found that n is negative for Nch < 20 and is 
positive for Nch > 20

✦ Nch ≈ 20 is the threshold number of charged 
particle multiplicity in the final state for 
substantial MPI effects on the charmonium 
production

✦ Color reconnection has more contribution to J/Ψ 
production at higher multiplicities as well as 
higher center of mass energies

✦ The difference between CR and no-CR is very less: 
reveals that final state effects have little contribution 
to J/ψ production and it may be from the hard MPIs
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<latexit sha1_base64="4x6cFRGza1uHUadPkHqMRxXZlnM=">AAACBnicbVC7SgNBFL0bXzG+Vi1VGAyCVdi10TJoY5mAeUB2CbOT2WTI7CMzs0pYtrLxV2wsFNHSb7Cz81OcbFJo4oELh3Pu5d57vJgzqSzryygsLa+srhXXSxubW9s75u5eU0aJILRBIh6Jtocl5SykDcUUp+1YUBx4nLa84dXEb91SIVkU3qhxTN0A90PmM4KVlrrm0cjxsEhHGXIE6w8UFiK6QyQXSdY1y1bFyoEWiT0j5erhe/0bAGpd89PpRSQJaKgIx1J2bCtWboqFYoTTrOQkksaYDHGfdjQNcUClm+ZvZOhEKz3kR0JXqFCu/p5IcSDlOPB0Z4DVQM57E/E/r5Mo/8JNWRgnioZkushPOFIRmmSCekxQovhYE0wE07ciMsACE6WTK+kQ7PmXF0nzrGJbFbtul6uXMEURDuAYTsGGc6jCNdSgAQTu4RGe4cV4MJ6MV+Nt2lowZjP78AfGxw8FD5uu</latexit><latexit sha1_base64="S140lFEf1yM136kkI9edODpMhAE=">AAACBnicbVDLSgMxFM34rPU16tIHwSK4KjNudFl047IF+4BOKZk004ZmkmmSUcowKxH8FTcuFLFLv8Gd3+BPmE670NYDFw7n3Mu99/gRo0o7zpe1sLi0vLKaW8uvb2xubds7uzUlYolJFQsmZMNHijDKSVVTzUgjkgSFPiN1v3819uu3RCoq+I0eRqQVoi6nAcVIG6ltHw48H8lkkEJP0m5PIynFHcSZiNO2XXCKTgY4T9wpKZQORpXvh6NRuW1/eh2B45BwjRlSquk6kW4lSGqKGUnzXqxIhHAfdUnTUI5ColpJ9kYKT4zSgYGQpriGmfp7IkGhUsPQN50h0j01643F/7xmrIOLVkJ5FGvC8WRREDOoBRxnAjtUEqzZ0BCEJTW3QtxDEmFtksubENzZl+dJ7azoOkW34hZKl2CCHNgHx+AUuOAclMA1KIMqwOAePIEX8Go9Ws/Wm/U+aV2wpjN74A+sjx/jRZ0U</latexit><latexit sha1_base64="S140lFEf1yM136kkI9edODpMhAE=">AAACBnicbVDLSgMxFM34rPU16tIHwSK4KjNudFl047IF+4BOKZk004ZmkmmSUcowKxH8FTcuFLFLv8Gd3+BPmE670NYDFw7n3Mu99/gRo0o7zpe1sLi0vLKaW8uvb2xubds7uzUlYolJFQsmZMNHijDKSVVTzUgjkgSFPiN1v3819uu3RCoq+I0eRqQVoi6nAcVIG6ltHw48H8lkkEJP0m5PIynFHcSZiNO2XXCKTgY4T9wpKZQORpXvh6NRuW1/eh2B45BwjRlSquk6kW4lSGqKGUnzXqxIhHAfdUnTUI5ColpJ9kYKT4zSgYGQpriGmfp7IkGhUsPQN50h0j01643F/7xmrIOLVkJ5FGvC8WRREDOoBRxnAjtUEqzZ0BCEJTW3QtxDEmFtksubENzZl+dJ7azoOkW34hZKl2CCHNgHx+AUuOAclMA1KIMqwOAePIEX8Go9Ws/Wm/U+aV2wpjN74A+sjx/jRZ0U</latexit><latexit sha1_base64="Hg8u58IwuIHqfUL9A2o0YPZ2SjQ=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5J40WPRi8cK9gOaUCbbTbt0s0l3N0oJPXnxr3jxoIhXf4M3/43bNAdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Cl4lQS2iQxj2UnAEU5E7Spmea0k0gKUcBpOxhdz/z2PZWKxeJOTxLqRzAQLGQEtJF69vHYC0Bm4yn2JBsMNUgZP2CSi2Tas6tOzcmBl4lbkCoq0OjZX14/JmlEhSYclOq6TqL9DKRmhNNpxUsVTYCMYEC7hgqIqPKz/I0pPjVKH4exNCU0ztXfExlESk2iwHRGoIdq0ZuJ/3ndVIeXfsZEkmoqyHxRmHKsYzzLBPeZpETziSFAJDO3YjIECUSb5ComBHfx5WXSOq+5Ts29dav1qyKOMjpCJ+gMuegC1dENaqAmIugRPaNX9GY9WS/Wu/Uxby1Zxcwh+gPr8wf1Bplp</latexit>

✦ MPI	drives	the	J/Ψ	production	with		little	effect	of	CR	in	pp@LHC	energies
✦ From <pT> study, it is found that                 dominates over                                        

towards high multiplicities.

✦ rpp trends shows that even at high centre-of-mass energy of pp 
collisions, regeneration is negligible and almost all the measured J/Ψ 
are produced from initial hard processes.

✦ Rpp shows suppression: the QCD medium formed in high multiplicity 
pp collisions is different than MBI.

gg ! cc̄
<latexit sha1_base64="xGv7GSkQqShJlrsa+EXVAVAHGdc=">AAACAHicbVC7TsNAEFzzDOFloKCA4kSERBXZNFBG0FAmEnlIsRWdL2fnlPPZujuDIssNv0JDAUJ0iM+go+NTuDwKSBhppdHMrnZ3gpQzpR3ny1paXlldWy9tlDe3tnd27b39lkoySWiTJDyRnQArypmgTc00p51UUhwHnLaD4fXYb99RqVgibvUopX6MI8FCRrA2Us8+jCLkSRYNNJYyuUfEC7DMSdGzK07VmQAtEndGKrXj98Y3ANR79qfXT0gWU6EJx0p1XSfVfo6lZoTTouxliqaYDHFEu4YKHFPl55MHCnRqlD4KE2lKaDRRf0/kOFZqFAemM8Z6oOa9sfif1810eOnnTKSZpoJMF4UZRzpB4zRQn0lKNB8Zgolk5lZEBlhiok1mZROCO//yImmdV12n6jbcSu0KpijBEZzAGbhwATW4gTo0gUABj/AML9aD9WS9Wm/T1iVrNnMAf2B9/ADtpZjV</latexit><latexit sha1_base64="eZSGJXPlVOATHbj9Q0FJMCyw55c=">AAACAHicbVDLSsNAFJ3UV62vqAsXigwWwVVJ3Oiy6MZlC/YBTSiT6SQdOpkJMxOlhGwEv8SNC0XcFT/Dnd/gTzh9LLT1wIXDOfdy7z1BwqjSjvNlFZaWV1bXiuuljc2t7R17d6+pRCoxaWDBhGwHSBFGOWloqhlpJ5KgOGCkFQyux37rjkhFBb/Vw4T4MYo4DSlG2khd+yCKoCdp1NdISnEPsRcgmeG8a5edijMBXCTujJSrR6P69+PxqNa1P72ewGlMuMYMKdVxnUT7GZKaYkbykpcqkiA8QBHpGMpRTJSfTR7I4alRejAU0hTXcKL+nshQrNQwDkxnjHRfzXtj8T+vk+rw0s8oT1JNOJ4uClMGtYDjNGCPSoI1GxqCsKTmVoj7SCKsTWYlE4I7//IiaZ5XXKfi1t1y9QpMUQSH4AScARdcgCq4ATXQABjk4Am8gFfrwXq23qz3aWvBms3sgz+wPn4Ay+qaOw==</latexit><latexit sha1_base64="eZSGJXPlVOATHbj9Q0FJMCyw55c=">AAACAHicbVDLSsNAFJ3UV62vqAsXigwWwVVJ3Oiy6MZlC/YBTSiT6SQdOpkJMxOlhGwEv8SNC0XcFT/Dnd/gTzh9LLT1wIXDOfdy7z1BwqjSjvNlFZaWV1bXiuuljc2t7R17d6+pRCoxaWDBhGwHSBFGOWloqhlpJ5KgOGCkFQyux37rjkhFBb/Vw4T4MYo4DSlG2khd+yCKoCdp1NdISnEPsRcgmeG8a5edijMBXCTujJSrR6P69+PxqNa1P72ewGlMuMYMKdVxnUT7GZKaYkbykpcqkiA8QBHpGMpRTJSfTR7I4alRejAU0hTXcKL+nshQrNQwDkxnjHRfzXtj8T+vk+rw0s8oT1JNOJ4uClMGtYDjNGCPSoI1GxqCsKTmVoj7SCKsTWYlE4I7//IiaZ5XXKfi1t1y9QpMUQSH4AScARdcgCq4ATXQABjk4Am8gFfrwXq23qz3aWvBms3sgz+wPn4Ay+qaOw==</latexit><latexit sha1_base64="9b6VqPULtWCigSxml9tRzKZUXfs=">AAACAHicbVA9T8MwEL2Ur1K+AgwMLBYVElOVsMBYwcJYJNoitVHluE5q1bEj2wFVURb+CgsDCLHyM9j4N7htBmh50klP793p7l6YcqaN5307lZXVtfWN6mZta3tnd8/dP+homSlC20Ryqe5DrClngrYNM5zep4riJOS0G46vp373gSrNpLgzk5QGCY4FixjBxkoD9yiOUV+xeGSwUvIRkX6IVU6KgVv3Gt4MaJn4JalDidbA/eoPJckSKgzhWOue76UmyLEyjHBa1PqZpikmYxzTnqUCJ1QH+eyBAp1aZYgiqWwJg2bq74kcJ1pPktB2JtiM9KI3Ff/zepmJLoOciTQzVJD5oijjyEg0TQMNmaLE8IklmChmb0VkhBUmxmZWsyH4iy8vk855w/ca/q1fb16VcVThGE7gDHy4gCbcQAvaQKCAZ3iFN+fJeXHenY95a8UpZw7hD5zPH92rlpA=</latexit>

qq̄ ! cc̄
<latexit sha1_base64="4x6cFRGza1uHUadPkHqMRxXZlnM=">AAACBnicbVC7SgNBFL0bXzG+Vi1VGAyCVdi10TJoY5mAeUB2CbOT2WTI7CMzs0pYtrLxV2wsFNHSb7Cz81OcbFJo4oELh3Pu5d57vJgzqSzryygsLa+srhXXSxubW9s75u5eU0aJILRBIh6Jtocl5SykDcUUp+1YUBx4nLa84dXEb91SIVkU3qhxTN0A90PmM4KVlrrm0cjxsEhHGXIE6w8UFiK6QyQXSdY1y1bFyoEWiT0j5erhe/0bAGpd89PpRSQJaKgIx1J2bCtWboqFYoTTrOQkksaYDHGfdjQNcUClm+ZvZOhEKz3kR0JXqFCu/p5IcSDlOPB0Z4DVQM57E/E/r5Mo/8JNWRgnioZkushPOFIRmmSCekxQovhYE0wE07ciMsACE6WTK+kQ7PmXF0nzrGJbFbtul6uXMEURDuAYTsGGc6jCNdSgAQTu4RGe4cV4MJ6MV+Nt2lowZjP78AfGxw8FD5uu</latexit><latexit sha1_base64="S140lFEf1yM136kkI9edODpMhAE=">AAACBnicbVDLSgMxFM34rPU16tIHwSK4KjNudFl047IF+4BOKZk004ZmkmmSUcowKxH8FTcuFLFLv8Gd3+BPmE670NYDFw7n3Mu99/gRo0o7zpe1sLi0vLKaW8uvb2xubds7uzUlYolJFQsmZMNHijDKSVVTzUgjkgSFPiN1v3819uu3RCoq+I0eRqQVoi6nAcVIG6ltHw48H8lkkEJP0m5PIynFHcSZiNO2XXCKTgY4T9wpKZQORpXvh6NRuW1/eh2B45BwjRlSquk6kW4lSGqKGUnzXqxIhHAfdUnTUI5ColpJ9kYKT4zSgYGQpriGmfp7IkGhUsPQN50h0j01643F/7xmrIOLVkJ5FGvC8WRREDOoBRxnAjtUEqzZ0BCEJTW3QtxDEmFtksubENzZl+dJ7azoOkW34hZKl2CCHNgHx+AUuOAclMA1KIMqwOAePIEX8Go9Ws/Wm/U+aV2wpjN74A+sjx/jRZ0U</latexit><latexit sha1_base64="S140lFEf1yM136kkI9edODpMhAE=">AAACBnicbVDLSgMxFM34rPU16tIHwSK4KjNudFl047IF+4BOKZk004ZmkmmSUcowKxH8FTcuFLFLv8Gd3+BPmE670NYDFw7n3Mu99/gRo0o7zpe1sLi0vLKaW8uvb2xubds7uzUlYolJFQsmZMNHijDKSVVTzUgjkgSFPiN1v3819uu3RCoq+I0eRqQVoi6nAcVIG6ltHw48H8lkkEJP0m5PIynFHcSZiNO2XXCKTgY4T9wpKZQORpXvh6NRuW1/eh2B45BwjRlSquk6kW4lSGqKGUnzXqxIhHAfdUnTUI5ColpJ9kYKT4zSgYGQpriGmfp7IkGhUsPQN50h0j01643F/7xmrIOLVkJ5FGvC8WRREDOoBRxnAjtUEqzZ0BCEJTW3QtxDEmFtksubENzZl+dJ7azoOkW34hZKl2CCHNgHx+AUuOAclMA1KIMqwOAePIEX8Go9Ws/Wm/U+aV2wpjN74A+sjx/jRZ0U</latexit><latexit sha1_base64="Hg8u58IwuIHqfUL9A2o0YPZ2SjQ=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5J40WPRi8cK9gOaUCbbTbt0s0l3N0oJPXnxr3jxoIhXf4M3/43bNAdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Cl4lQS2iQxj2UnAEU5E7Spmea0k0gKUcBpOxhdz/z2PZWKxeJOTxLqRzAQLGQEtJF69vHYC0Bm4yn2JBsMNUgZP2CSi2Tas6tOzcmBl4lbkCoq0OjZX14/JmlEhSYclOq6TqL9DKRmhNNpxUsVTYCMYEC7hgqIqPKz/I0pPjVKH4exNCU0ztXfExlESk2iwHRGoIdq0ZuJ/3ndVIeXfsZEkmoqyHxRmHKsYzzLBPeZpETziSFAJDO3YjIECUSb5ComBHfx5WXSOq+5Ts29dav1qyKOMjpCJ+gMuegC1dENaqAmIugRPaNX9GY9WS/Wu/Uxby1Zxcwh+gPr8wf1Bplp</latexit>

	Summary

gg ! cc̄
<latexit sha1_base64="xGv7GSkQqShJlrsa+EXVAVAHGdc=">AAACAHicbVC7TsNAEFzzDOFloKCA4kSERBXZNFBG0FAmEnlIsRWdL2fnlPPZujuDIssNv0JDAUJ0iM+go+NTuDwKSBhppdHMrnZ3gpQzpR3ny1paXlldWy9tlDe3tnd27b39lkoySWiTJDyRnQArypmgTc00p51UUhwHnLaD4fXYb99RqVgibvUopX6MI8FCRrA2Us8+jCLkSRYNNJYyuUfEC7DMSdGzK07VmQAtEndGKrXj98Y3ANR79qfXT0gWU6EJx0p1XSfVfo6lZoTTouxliqaYDHFEu4YKHFPl55MHCnRqlD4KE2lKaDRRf0/kOFZqFAemM8Z6oOa9sfif1810eOnnTKSZpoJMF4UZRzpB4zRQn0lKNB8Zgolk5lZEBlhiok1mZROCO//yImmdV12n6jbcSu0KpijBEZzAGbhwATW4gTo0gUABj/AML9aD9WS9Wm/T1iVrNnMAf2B9/ADtpZjV</latexit><latexit sha1_base64="eZSGJXPlVOATHbj9Q0FJMCyw55c=">AAACAHicbVDLSsNAFJ3UV62vqAsXigwWwVVJ3Oiy6MZlC/YBTSiT6SQdOpkJMxOlhGwEv8SNC0XcFT/Dnd/gTzh9LLT1wIXDOfdy7z1BwqjSjvNlFZaWV1bXiuuljc2t7R17d6+pRCoxaWDBhGwHSBFGOWloqhlpJ5KgOGCkFQyux37rjkhFBb/Vw4T4MYo4DSlG2khd+yCKoCdp1NdISnEPsRcgmeG8a5edijMBXCTujJSrR6P69+PxqNa1P72ewGlMuMYMKdVxnUT7GZKaYkbykpcqkiA8QBHpGMpRTJSfTR7I4alRejAU0hTXcKL+nshQrNQwDkxnjHRfzXtj8T+vk+rw0s8oT1JNOJ4uClMGtYDjNGCPSoI1GxqCsKTmVoj7SCKsTWYlE4I7//IiaZ5XXKfi1t1y9QpMUQSH4AScARdcgCq4ATXQABjk4Am8gFfrwXq23qz3aWvBms3sgz+wPn4Ay+qaOw==</latexit><latexit sha1_base64="eZSGJXPlVOATHbj9Q0FJMCyw55c=">AAACAHicbVDLSsNAFJ3UV62vqAsXigwWwVVJ3Oiy6MZlC/YBTSiT6SQdOpkJMxOlhGwEv8SNC0XcFT/Dnd/gTzh9LLT1wIXDOfdy7z1BwqjSjvNlFZaWV1bXiuuljc2t7R17d6+pRCoxaWDBhGwHSBFGOWloqhlpJ5KgOGCkFQyux37rjkhFBb/Vw4T4MYo4DSlG2khd+yCKoCdp1NdISnEPsRcgmeG8a5edijMBXCTujJSrR6P69+PxqNa1P72ewGlMuMYMKdVxnUT7GZKaYkbykpcqkiA8QBHpGMpRTJSfTR7I4alRejAU0hTXcKL+nshQrNQwDkxnjHRfzXtj8T+vk+rw0s8oT1JNOJ4uClMGtYDjNGCPSoI1GxqCsKTmVoj7SCKsTWYlE4I7//IiaZ5XXKfi1t1y9QpMUQSH4AScARdcgCq4ATXQABjk4Am8gFfrwXq23qz3aWvBms3sgz+wPn4Ay+qaOw==</latexit><latexit sha1_base64="9b6VqPULtWCigSxml9tRzKZUXfs=">AAACAHicbVA9T8MwEL2Ur1K+AgwMLBYVElOVsMBYwcJYJNoitVHluE5q1bEj2wFVURb+CgsDCLHyM9j4N7htBmh50klP793p7l6YcqaN5307lZXVtfWN6mZta3tnd8/dP+homSlC20Ryqe5DrClngrYNM5zep4riJOS0G46vp373gSrNpLgzk5QGCY4FixjBxkoD9yiOUV+xeGSwUvIRkX6IVU6KgVv3Gt4MaJn4JalDidbA/eoPJckSKgzhWOue76UmyLEyjHBa1PqZpikmYxzTnqUCJ1QH+eyBAp1aZYgiqWwJg2bq74kcJ1pPktB2JtiM9KI3Ff/zepmJLoOciTQzVJD5oijjyEg0TQMNmaLE8IklmChmb0VkhBUmxmZWsyH4iy8vk855w/ca/q1fb16VcVThGE7gDHy4gCbcQAvaQKCAZ3iFN+fJeXHenY95a8UpZw7hD5zPH92rlpA=</latexit>

qq̄ ! cc̄
<latexit sha1_base64="4x6cFRGza1uHUadPkHqMRxXZlnM=">AAACBnicbVC7SgNBFL0bXzG+Vi1VGAyCVdi10TJoY5mAeUB2CbOT2WTI7CMzs0pYtrLxV2wsFNHSb7Cz81OcbFJo4oELh3Pu5d57vJgzqSzryygsLa+srhXXSxubW9s75u5eU0aJILRBIh6Jtocl5SykDcUUp+1YUBx4nLa84dXEb91SIVkU3qhxTN0A90PmM4KVlrrm0cjxsEhHGXIE6w8UFiK6QyQXSdY1y1bFyoEWiT0j5erhe/0bAGpd89PpRSQJaKgIx1J2bCtWboqFYoTTrOQkksaYDHGfdjQNcUClm+ZvZOhEKz3kR0JXqFCu/p5IcSDlOPB0Z4DVQM57E/E/r5Mo/8JNWRgnioZkushPOFIRmmSCekxQovhYE0wE07ciMsACE6WTK+kQ7PmXF0nzrGJbFbtul6uXMEURDuAYTsGGc6jCNdSgAQTu4RGe4cV4MJ6MV+Nt2lowZjP78AfGxw8FD5uu</latexit><latexit sha1_base64="S140lFEf1yM136kkI9edODpMhAE=">AAACBnicbVDLSgMxFM34rPU16tIHwSK4KjNudFl047IF+4BOKZk004ZmkmmSUcowKxH8FTcuFLFLv8Gd3+BPmE670NYDFw7n3Mu99/gRo0o7zpe1sLi0vLKaW8uvb2xubds7uzUlYolJFQsmZMNHijDKSVVTzUgjkgSFPiN1v3819uu3RCoq+I0eRqQVoi6nAcVIG6ltHw48H8lkkEJP0m5PIynFHcSZiNO2XXCKTgY4T9wpKZQORpXvh6NRuW1/eh2B45BwjRlSquk6kW4lSGqKGUnzXqxIhHAfdUnTUI5ColpJ9kYKT4zSgYGQpriGmfp7IkGhUsPQN50h0j01643F/7xmrIOLVkJ5FGvC8WRREDOoBRxnAjtUEqzZ0BCEJTW3QtxDEmFtksubENzZl+dJ7azoOkW34hZKl2CCHNgHx+AUuOAclMA1KIMqwOAePIEX8Go9Ws/Wm/U+aV2wpjN74A+sjx/jRZ0U</latexit><latexit sha1_base64="S140lFEf1yM136kkI9edODpMhAE=">AAACBnicbVDLSgMxFM34rPU16tIHwSK4KjNudFl047IF+4BOKZk004ZmkmmSUcowKxH8FTcuFLFLv8Gd3+BPmE670NYDFw7n3Mu99/gRo0o7zpe1sLi0vLKaW8uvb2xubds7uzUlYolJFQsmZMNHijDKSVVTzUgjkgSFPiN1v3819uu3RCoq+I0eRqQVoi6nAcVIG6ltHw48H8lkkEJP0m5PIynFHcSZiNO2XXCKTgY4T9wpKZQORpXvh6NRuW1/eh2B45BwjRlSquk6kW4lSGqKGUnzXqxIhHAfdUnTUI5ColpJ9kYKT4zSgYGQpriGmfp7IkGhUsPQN50h0j01643F/7xmrIOLVkJ5FGvC8WRREDOoBRxnAjtUEqzZ0BCEJTW3QtxDEmFtksubENzZl+dJ7azoOkW34hZKl2CCHNgHx+AUuOAclMA1KIMqwOAePIEX8Go9Ws/Wm/U+aV2wpjN74A+sjx/jRZ0U</latexit><latexit sha1_base64="Hg8u58IwuIHqfUL9A2o0YPZ2SjQ=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5J40WPRi8cK9gOaUCbbTbt0s0l3N0oJPXnxr3jxoIhXf4M3/43bNAdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Cl4lQS2iQxj2UnAEU5E7Spmea0k0gKUcBpOxhdz/z2PZWKxeJOTxLqRzAQLGQEtJF69vHYC0Bm4yn2JBsMNUgZP2CSi2Tas6tOzcmBl4lbkCoq0OjZX14/JmlEhSYclOq6TqL9DKRmhNNpxUsVTYCMYEC7hgqIqPKz/I0pPjVKH4exNCU0ztXfExlESk2iwHRGoIdq0ZuJ/3ndVIeXfsZEkmoqyHxRmHKsYzzLBPeZpETziSFAJDO3YjIECUSb5ComBHfx5WXSOq+5Ts29dav1qyKOMjpCJ+gMuegC1dENaqAmIugRPaNX9GY9WS/Wu/Uxby1Zxcwh+gPr8wf1Bplp</latexit>
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Motivation:	The	pp	Collisions
❖ At	very	high	LHC	energies,	protons	are	no	more	a	point	particle.	

Energy
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02

Motivation:	The	pp	Collisions
❖ At	very	high	LHC	energies,	protons	are	no	more	a	point	particle.	

✓ Proton	contains	partons	(quark	and	gluons)	
✓ Quark	radiates	gluons	and	the	gluon	density	is	

more	at	very	high	energy.	
✓ 	Gluon	splits	in	to	quark	and	anti-quarks	or	a	

pairs	or	gluons.	
✓ At	very	high	energy	proton	is	treated	as	“Parton	

distribution”	

Energy

T.	SjÖstrand,	M.	van	Zijl,	Phys.	ReV.	D36	(1987)
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Two	interesting	questions	!!
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Two	interesting	questions	!!

Associated	Event	activity	
• Multipartonic	interaction	(MPI)	
• Color-reconnection	
• hadronic	activity	like	
							qq̄ ! cc̄ gg ! cc̄

PHYSICAL	REVIEW	D96,114019	(2017)
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Two	interesting	questions	!!

Associated	Event	activity	
• Multipartonic	interaction	(MPI)	
• Color-reconnection	
• hadronic	activity	like	
							

QGP	signature	in	high-multiplicity	pp	events	
• Strangeness	enhancement	(Nature	Physics	13,	535–539	(2017))	
• Indication	of	collective	behavior	at	√s	=	0.9,	2.76	
and	7	TeV.				(W.	Li,	et	al.,	CMS	Collaboration,	J.	Phys.	G	38	(2011)	124027,	V.	Khachatryan,	et	al.,	

CMS	Collaboration,	JHEP	1009	(2010)	091	)	

• J/Ψ	Suppression?qq̄ ! cc̄ gg ! cc̄
PHYSICAL	REVIEW	D96,114019	(2017)
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• J/Ψ	Suppression?qq̄ ! cc̄ gg ! cc̄

❖	Some	of	the	question	can	be	answered	by	pQCD	inspired	model	like	PYTHIA8,	which	describes	well	the	multiplicity	
dependence	behaviour	of	particle	production.

PHYSICAL	REVIEW	D96,114019	(2017)

T.	SjÖstrand,	M.	van	Zijl,	Phys.	ReV.	D36	(1987)
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Simulating	J/Ψ	using	PYTHIA8

03

❖ Advantages	of	PYTHIA8	over	PYTHIA6	is	inclusion	of	MPI	in	harder	scale
• Which	can	produce	“c	“	and		“b”	quarks	via	first	2	->	2	partonic	interacmon		
• Finite	probability	of	producmon	in	subsequent	hard	interacmons

❖ “	4C	Tune”	is	used,	which	well	explains	the	charged	parmcle	mulmplicity	in	pp@	7	TeV
(J.	High	Energy	Phys.	03	(2011)032,	Phys.	Rev.	D	95	,	014016	(2017)	)

The	detailed	about	the	setting	is	in	back	up	slide
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Phys.	Lett.	B712,	165	(2012)
Eur.	Phys.	J.	C77,	392	(2017)
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Energy	dependence	of	J/Ψ	production	

04

f(x)	=	A	xn	

• The	J/Ψ	relamve	yield	increases	linearly	with	charged	parmcle	
mulmplicity.	

• The	saturamon	of		relamve	J/Ψ	yield	towards	higher	mulmplicity	bins	
needs	to	be	understood.

✓ “n”	indicates	the	rate	of	increase		of	relamve	J/Ψ	with	√s

• The	hard-MPIs	increase	with	center-of-mass	energy

• n-parameter	vs.	Nch

✓negamve	for	Nch	<	20	
✓posimve	for	Nch	>	20

❖ The	event	acmvity	beyond	Nch	≈	20	is	more	prominent	
to	the	producmon	of	charmonia

(		Phys.Rev.	D97	(2018),	094002	)
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Effect	of	color	reconnection	on	J/Ψ	production	

• Color	reconnecmon	has	more	contribumon	to	J/Ψ	
producmon	at	higher	mulmplicimes	as	well	as	
higher	center	of	mass	energies.

Expected	reasons

✓ High	density	of	color	partons	

✓ Substanmal	overlap	of	color	strings	in		posimon	and		
						momentum	space	leads	to	higher	probability		
						of		color	reconnecmon	

✓ Partons	from	two	MPIs	connect,	hence	probability		
						of	combinamon	of	charm	and	anm-charm	quark	

increases

Conclusion	of	the	study

✓ At	the	final	state,	CR	has	less	contribumon	to	J/Ψ	producmon.	Most	of	the	J/Ψs	are	coming	from	the	inimal	event	
acmvity.			

(		Phys.Rev.	D97	(2018),	094002	)
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Multiplicity	dependence	of	quark/gluon	contribution	to	J/Ψ	production

06 

chN
0 20 40 60 80 100 120 140 160

ψ
J/|

M
B

Q
C

D
 P

ro
ce

ss
> T

<p

Q
C

D
 P

ro
ce

ss
> T

<p
0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7
QCD Processes

HardQCD
cc→gg
cc→qq

chN
0 20 40 60 80 100 120

M
B

Q
C

D
 P

ro
ce

ss
>

ψ
J/

<N

Q
C

D
 P

ro
ce

ss
ψ

J/N

0

2

4

6

8

10

12 QCD processes
HardQCD

cc→gg
cc→qq

MPIN
5 10 15 20 25 30 35

0

2

4

6

8

10

12
The	effect	to	yield	of	J/Ψ	

• Contribution	of	gluon	to	J/Ψ	production	is	little	higher	
compared	to	contribution	of	quark.	

• Inclusive	hardQCD	processes	is	dominant	over			
						and																		.	

• The	contribution	of	MPI	to	the	J/Ψ	production	(semi-
hard	J/ψ	)		is	dominant	process	and	is	increasing	with	
multiplicity.

gg ! cc̄
qq̄ ! cc̄

• The	<pT>	of	J/Ψ	for	inclusive	hard	QCD	processes	
is	less	compared	to																				and																		.	

• Inclusive	hardQCD	processes	contains	semi-hard	
MPI	is	lowering	the	<pT>	of	J/Ψ.	

• With	increase	of	multiplicity,	<pT>	of	J/Ψ	is	
increasing,	indicates	more	harder	J/Ψs	are	
produced	as	we	go	from	low	multiplicity	to	high	
multiplicity.	

gg ! cc̄ qq̄ ! cc̄

Effect	to	<pT>	of	J/Ψ

(arXiv:1808.01841)
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Medium	modification	factor	(Rpp/Rcp)	

07

Rpp = (dN/NevtdpT )80�170/<Nch>MB

(dN/NevtdpT )MB/<Nch>80�170
<latexit sha1_base64="wG1xvyw3cBPIDmwYJyDtD3sZfA8="></latexit><latexit sha1_base64="Oj15ku7QxT+R31vnKcXKGjtP3XE="></latexit><latexit sha1_base64="Oj15ku7QxT+R31vnKcXKGjtP3XE="></latexit><latexit sha1_base64="n1cm6ExqprUjH/qePu1k34sCTxY="></latexit>

• For	pT	<	2.0	GeV	Rpp	show	around	10	%	medium	modification(or	biasing),	where	as	there	is	no	medium	
modification	observed	from	low-multiplicity	to	high-multiplicity	(Rcp).	

• QCD	medium	formed	at	high	multiplicity	p+p	collisions	is	different	than	MB.

• Medium	modification	(	or	biasing	to	the	pp	reference)	is	calculated	as:
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(arXiv:1808.01841)
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Summary

08

✓ pp@LHC	energies,	MPI	drives	the	the	quarkonia	producmon	with	liwle	effect	of	CR	at	the	
final	state	

✓ 																	dominates	over																			as	we	go	from	low	mulmplicity	to	high	mulmplicity	

✓ 	Rpp	hinmng	that	the	QCD	medium	formed	in	high	mulmplicity	p+p	collisions	is	different	
than	that	of	MB													

gg ! cc̄ qq̄ ! cc̄

Thanks	!!

Collaborators	
D.	Thakur,	Dr.	R.	Sahoo,	Dr.	S	De,	S.	Dansana
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Backup	Slide
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Summary

Ø General	se)ngs	
ü  ISR	and	FSR	are	ON	for	whole	analysis	
ü  MPI	with	CR	and	MPI	with	no-CR		are	used	

Ø Specific	Se(ngs	
ü  Mul$parton-Interac$ons:bProfile=3,	to	allow	all	incoming	partons	to	
						undergo	hard	and	semi-hard	interac$ons	
ü  ColourReconnec$on:mode(0),	MPI-based	scheme	of	Colour	Reconnec$on	
ü  HardQCD:all=on,	inelas$c,	non-diffrac$ve	component	of	the	total	cross	sec$on	for	

all	hard	QCD	processes	
ü  pT	cut	off	0.5	GeV/c	is	used	using		PhaseSpace:pTHatMinDiverge,	to	avoid	

divergences	of	QCD	processes	in	the	limit	pT→0	
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Test
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Relative Charged Multiplicity
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			Medium	modification	factor	(rpp)	
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(	Nucl.	Phys.	A834(2010)249C	)

• <pT2>	attributes	toward	the	multi	scattering	of	partons	
in	the	initial	state.	Hence,	can	be	treated	as	random	
walk	in	transverse	momentum	space.	

• <pT2>		is	predicated	to	increase	linearly	with	the	mean	
path	length	of	the	traversed	parton.	

• At	SPS	almost	all	the	measured	J/ψ	are	produced	via	
initial	hard	processes	and	the	increase	with	centrality/
multiplicity.

✓ <pT2>ith-bin	=	mean	pT	of	ith		multiplicity	bin	

✓ <pT2>MB	=	mean	pT	of	MB

(arXiv:1808.01841)
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