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Nuclear	modifica<on	factor	in	the	monte-carlo	
model	with	burning-out	partons	

Centrality	classes	 in	MC	model	are	determined	from	distribu<on	of	par<cles	 in	acceptance	of	ALICE	V0	
detector	(V0C	−3.7	<	η	<	−1.7	and	V0A	2.8	<	η	<	5.1).	
Nuclear	modifica3on	factor	is	defined	as	a	ra<o	of	mul<plicity	in	each	centrality	class	of	Pb-Pb	events	to	
mul<plicity	in	min.bias	pp,	scaled	also	by	number	of	binary	nucleonic	collisions	(Ncoll)	from	Glauber	model.	

Conclusions	
§  It	is	shown	that	the	monte-carlo	model,	where	each	parton	from	the	projec<le	nucleus	can	interact	with	
only	one	parton	 inside	the	target,	is	able	to	reproduce	in	a	natural	way	the	cross	sec<ons	and	charged	
par<cle	mul<plici<es	in	pp,	p-A	and	A-A	collisions	simultaneously,	as	well	as	nuclear	modifica<on	factors.	

§  Such	binary	partonic	 interac<ons	 lead	 to	 forma<on	of	 sources	which	have	 a	natural	 interpreta<on	as	
strings,	which	then	decay	into	observed	par<cles.	

•  This	picture	of	“burning-out”	partons	is	opposed	to	the	wounded-quark	model,	where	each	cons<tuent	
can	 interact	 mul<ple	 <mes.	 It	 is	 shown,	 that	 in	WQM	 it’s	 impossible	 to	 describe	 cross-secitons	 and	
mul<plicity	densi<es	in	the	three	colliding	systems	in	a	uniform	way,	without	addi<onal	assump<ons.	In	
WQM	simula<on,	flat	behaviour	of	RAA	with	centrality	is	obtained.	

•  It	 seems	 natural	 to	 apply	 Bayesian	 approach	 for	 es<ma<on	 of	 the	 op<mal	 parameters	 of	 the	model,	
namely,	number	and	distribu<on	of	partons	inside	nucleons	and	partonic	cross	sec<ons.	

Introduc<on	
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The	 so-called	 wounded-quark	 model	 (WQM)	 of	 par<cle	 produc<on	 in	 heavy-ion	
collisions	 extends	 the	monte-carlo	 Glauber	 approach	 to	 sub-nucleonic	 degrees	 of	
freedom	 [Eremin	 and	Voloshin,	 2003].	 In	 the	 current	work,	 a	monte-carlo	model,	
which	 is	conceptually	similar	 to	the	WQM,	 is	presented.	The	main	difference	from	
the	WQM	is	that	each	parton	from	the	projec<le	nucleus	can	interact	with	only	one	
parton	inside	the	target	(“burning-out”	partons).	As	a	result	of	each	binary	partonic	
interac<on,	a	par<cle-emiing	source	is	formed	(usually	modeled	as	a	quark-gluon	
string),	 and	 this	 pair	 of	 partons	 does	 not	 par<cipate	 in	 other	 partonic	 collisions	
anymore.	It	is	shown	that	in	this	model	it	is	possible	to	reproduce	in	a	natural	way	
the	behaviour	of	some	basic	observables	like	the	centrality	dependence	of	charged	
par<cle	mul<plicity	and	nuclear	modifica<on	factor	in	A-A	and	p-A	collisions.		

The	MC	model	

Figure	1.2.	Charge	par<cle	mul<plicity	density	in	
centrality	classes	(determined	by	V0	detector).	

Calcula<ons	with	unconstrained	parameters	
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Calcula<ons	with	constrained	parameters	

Try	WQM-like	version	of	this	model	

One of the main observations from the WQM calculations is the ratio dN/dEta / Ncq remains approximately constant with centrality (however, this result 
depends 
on the number of constituent partons used in calculations). 
 
There were, however, some basic difficulties, one of them is that it’s difficult to reproduce  
experimental values of inelastic pp and A–A cross-sections simultaneously, i.e. with the same Ncq and energy.  
 
There is no clear physical picture of how a parton (quark or gluon), having been “wounded” in one parton-parton interaction, should behave afterwards. 
Moreover, there is a strong physical reason that collided partons should form a quark-gluon string, which is a colorless object and therefore may not 
interact with other partons.  
 
 
In the current work, a Monte-Carlo model with partonic degrees of freedom, which is conceptually similar to WQM, is studied. The main difference from 
the WQM is that each parton in projectile can interact with only parton from the target. In their interaction, both these partons form some source, for 
instance, it can be a quark-gluon string. The final picture for two colliding nuclei looks like two “sheets” of partons collide ... and after each parton finds a 
pair for itself, ... 
 
Behaviour of some fundamental quantities ... like centrality dependence of charged particle multiplicities, is studied. It is argued that the “energy loss” in 
non-peripheral collisions can be naturally understood in this model as to be due the fact that partons are “burning out” from the nuclei in central events. 
Without the need to introduce “gluon shadowing”?.. 
 
 
How to model dependence on collision energy? 
1) In PHENIX approach: the size of the proton is energy independent, whereas the quark-quark cross section increases with the collision energy. 
2) In a different approach, the increase of the nucleon-nucleon cross section with energy is achieved with the increase of the nucleon size [11]. 
IA: with growing energy, more and more sea quarks and gluons become accessible for interaction (SOME REFS HERE ARE NEEDED). 
 
 
Parameters were tuned to reproduce the correct value of inelastic proton-proton cross-section  
 
 
 

, mbinel
ppσ

40

50

60

70

80

, binel
Pb-Pbσ

6.5

7

7.5

8

8.5

, binel
p-Pbσ

1.4

1.6

1.8

2

2.2

2.4

MB
pp
〉η/d

ch
dN〈

3

3.5

4

4.5

5

MB
p-Pb
〉η/dchdN〈

4

6

8

10

12

14

16

Parameters	of	the	model	which	are	varied:	
§  Parton	interac<on	distance	dpart.	int.	∈	0.2−0.6	fm	
§  Mean	number	of	partons	inside	nucleons	npartons∈	3−14	
§  Radius	of	nucleon	in	transverse	plane	in	terms	of	2D-Gauss	sigma	rnucl	∈	0.3−0.45	fm		
§  Mean	par<cle	mul<plicity	emiked	from	one	string	per	rapidity	unit	μ	∈	0.5−1.8	
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We	 need	 to	 constrain	 parameter	 space	 of	 the	model	 to	 those	 values	 which	
describe	 well	 some	 basic	 characteris<cs	 of	 pp,	 p-Pb	 and	 Pb-Pb	 collisons,	
namely,	their	cross	sec<ons	and	mul<plicity	density	of	charged	par<cles.	
Let	us	focus	on	results	at	2.76	TeV.	
On	the	plots:	red	–	values	from	experiment,	blue	–	calcula<ons	in	the	model.	

Figure	1.1.	Calcula<ons	with	unconstrained	parameter	sets:	

Now	constrain	model	parameters	 in	such	a	way	that	they	describe	experimental	
cross	sec<ons	and	mul<plicity	densi<es:	
in	pp	collisions:	within	1σ,	in	p-Pb	and	Pb-Pb	–	within	2σ.	
It	can	be	seen	that	p-Pb	and	Pb-Pb	mul3plici3es	can	be	captured,	as	well	as	RAA.	

Figure	1.3.	Nuclear	modifica<on	factor	(all	pT)	
within	centrality	classes.	

Figure	2.2.	Charge	par<cle	mul<plicity	density	in	
centrality	classes.	Model	parameters	are	constrained.	

Figure	2.3.	Nuclear	modifica<on	factor	(all	pT)	in	
centrality	classes.	Model	parameters	are	constrained.	
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Figure	3.2.	Charge	par<cle	mul<plicity	density	in	
centrality	classes.	WQM-like	version	of	the	model.	

Figure	3.3.	Nuclear	modifica<on	factor	(all	pT)	in	
centrality	classes.	WQM-like	version	of	the	model.	

What	 if	we	 try	 to	 run	 the	model	 in	a	wounded-quark	mode,	 that	 is,	 if	partons	 can	
interact	mul8ple	<mes	(not	only	once)?	Let	us	fix	also	the	number	of	partons	in	each	
nucleon	(i.e	switch-off	fluctua<ons	in	npartons).	
à  If	we	constrain	parameters	to	match	pp	data	(cross	sec<on	and	mul<plicity),	
it’s	impossible	to	match	mul3plici3es	in	p-Pb	and	Pb-Pb.	

*p-Pb	data	was	extrapolated	from	5.02	to	2.76	TeV	

Simula3on	of	the	event:	
§  Nuclei:	Pb208,	the	Woods-Saxon	radius	is	6.62	fm,	a	=	0.546	fm	
§  Inside	each	nucleon,	partons	are	distributed	in	transverse	(xy)	plane	with	2D-Gauss	law	
§  The	number	of	partons	inside	each	nucleon	is	distributed	according	to	Poisson	law	
§  Each	parton	can	interact	with	only	one	parton	from	another	nucleus,	if	the	distance	

between	partons	in	xy	plane	is	less	then	some	parton	interac<on	distance	dpart.int..	
§  From	each	binary	partonic	interac<on	a	string	is	formed,	each	string	emits	par<cles	in			

a	wide	pseudorapidity	range.	

Figure	2.1.	Calcula<ons	with	constrained	parameters:	

Figure	3.1	

(WQM-like mode) 

(WQM-like mode) 


