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What	are	the	sources	of	long-range	correla7ons?	

§  LRC	can	be	created	predominantly	at	early	stages	of	the	collision	
§  geometry,	interac7ons	between	strings	

§  can	be	modified	by	medium	and	final	state	interac7ons	
§  hydrodynamic	expansion	
§  energy	loss	in	medium	
§  conserva7on	laws	

Long-range	correlaEons	(LRC)	–	can	be	explored	with	correla7ons	between	par7cles	
separated	by	pseudorapidity	gap.	
Typically:	|Δη|	>	1.0	à	suppress	contribu7on	from	resonances	and	(mini)	jets	

Pb-Pb,	p-Pb	and	pp	collisions	are	under	inves7ga7on	at	the	LHC.	
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ALICE	experiment	
Inner	Tracking	System	(ITS)	
tracking	+	triggering	
	
Time	ProjecEon	Chamber	(TPC)	
tracking	
	
V0	detector	
Two	forward	scin7llator	arrays	
(	-3.7<η<-1.7,	2.8<η<5.1)	
centrality:	par7cles	at	forward	rapidity	
	
Zero-Degree	Calorimeters	
centrality:	spectators	

Analyzed	data	samples:	
•	Pb-Pb	at	√sNN	=	2.76	TeV	(2010	data,	10M	events)	
•	p-Pb	at	√sNN	=	5.02	TeV	(2013	data,	100M	events)	

§  Number	of	min.	bias	Pb-Pb	events:	≈11×106@2.76	TeV,	≈50×106@5.02	TeV	
§  Tracks:	-0.8<η<0.8,	0.2<pT<2.0	GeV/c	
§  Centrality	es;mators:	V0,	ZDC	
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Time	Of	Flight	(TOF)	
(-0.8<η<0.8)	
PID		



Event-by-event	calcula;on:	choose	some	F	and	B	quan77es	
from	separated	η	windows	and	assess	correla7on	strength:	

Forward-Backward	correla7ons:	the	observables	

Forward	Backward	
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η	

§  Descrip7on	of	the	approach	is	in	ALICE	PPR	vol.2	hgp://inspirehep.net/record/733684			
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ηgap	

Correla7on	coefficient:		
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ηgap	

Correla7on	coefficient:		

a	“classical”	measurement,	
done	in	many	experiments	

Igor	Altsybeev,	Forward-backward	correla7ons,	ICPPA,	3.10.2017	

	
		nB-nF		–	between	mul7plici7es	in	F	and	B	

		ptB-ptF	–	between	event-mean	transverse	momenta	in	F	and	B	

		ptB-nF		–	between	event-mean	transverse	momentum	in	B	and	mul7plicity	in	F	

Phys.Rev.Leg.103:172301,	JHEP	1505	(2015)	097		
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ηgap	

Correla7on	coefficient:		

a	“classical”	measurement,	
done	in	many	experiments	
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this	talk	

	
		nB-nF		–	between	mul7plici7es	in	F	and	B	

		ptB-ptF	–	between	event-mean	transverse	momenta	in	F	and	B	

		ptB-nF		–	between	event-mean	transverse	momentum	in	B	and	mul7plicity	in	F	
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Request	for	preliminary	

ALI-PREL-120482

FB	mulEplicity	correla7ons	in	Pb-Pb:	
centrality	dependence	

*	Some	conclusions	made	in	STAR	FB	paper	should	be	rethought	

STAR FB in Au-Au 200 GeV 

Notes:	
•  bcorr	is	non-vanishing	in	peripheral	collisions	
•  bcorr	depends	on	the	width	of	the	centrality	class	
•  bcorr	depends	on	the	width	of	the	η	windows	

Growth	of	Long	Range	Forward-Backward	Mul7plicity	Correla7ons	with	Centrality	in	Au+Au	Collisions	at	√sNN	=	200	GeV	

CGC	model	predicts	the	growth	of	
LRC	with	collision	centrality	[21].	

Both	DPM	and	CGC	argue	that	the	
long	range	correla7ons	are	produced	by	mul7ple	partonparton	
interac7ons		

Pb	 Pb	
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CGC:	
arXiv:0607345	

Centrality	classes	by	V0	detector:	
(-3.7<η<-1.7	and	2.8<η<5.1)	

§  Predic7ons	for	Pb-Pb	from	CGC,	DPM,	…	 Nucl.Phys.A781:201-208	
Phys.Rept.	236	(1994)	225-329	
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§  Strong	dependence	on	centrality	class	width	(volume	fluctua7ons)	

Pb	 Pb	
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Centrality	classes	by	V0	detector:	
(-3.7<η<-1.7	and	2.8<η<5.1)	
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§  STAR	claims	“growth	with	centrality”	–	this	should	be	taken	with	care.		
Phys.Rev.Leg.103:172301,	2009	

…	but	if	by	ZDC:	

Details	of	centrality	selec7on	are	crucial	for	FB	mulEplicity	correla7on	studies	in	A-A.	

*	Some	conclusions	made	in	STAR	FB	paper	should	be	rethought	

STAR FB in Au-Au 200 GeV 

Notes:	
•  bcorr	is	non-vanishing	in	peripheral	collisions	
•  bcorr	depends	on	the	width	of	the	centrality	class	
•  bcorr	depends	on	the	width	of	the	η	windows	

Growth	of	Long	Range	Forward-Backward	Mul7plicity	Correla7ons	with	Centrality	in	Au+Au	Collisions	at	√sNN	=	200	GeV	

CGC	model	predicts	the	growth	of	
LRC	with	collision	centrality	[21].	

Both	DPM	and	CGC	argue	that	the	
long	range	correla7ons	are	produced	by	mul7ple	partonparton	
interac7ons		

§  Strong	dependence	on	centrality	class	width	(volume	fluctua7ons)	
§  Drama7c	dependence	on	centrality	es7mator	(acceptance	and	resolu7on)	

Pb	 Pb	
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FB	mulEplicity	correla7ons	in	Pb-Pb:	
centrality	dependence	
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Centrality	classes	by	V0	detector:	
(-3.7<η<-1.7	and	2.8<η<5.1)	
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FB	correlaEons	between	intensive	observables:	
take	event-mean	transverse	momentum	

Correla7on	coefficient:		

Igor	Altsybeev,	Forward-backward	correla7ons,	ICPPA,	3.10.2017	

Pb	 Pb	
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FB	correlaEons	between	intensive	observables:	
take	event-mean	transverse	momentum	

Correla7on	coefficient:		
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Pb	 Pb	

class	0-5%	

à Tradi7onal	bcorr	is	related	to	slope	of	the	linear	fit.	
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FB	correlaEons	between	intensive	observables:	
take	event-mean	transverse	momentum	
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Correla7on	func7ons	for	FB	mean-pT	correla7ons	are	linear	within	
more	or	less	narrow	centrality	classes	(2,	5,	10%).	

non-linear	in	0-80%	class	

Pb	 Pb	

CorrelaEon	funcEons:	

à Tradi7onal	bcorr	is	related	to	slope	of	the	linear	fit.	
à Always	important	to	look	at	correla;on	func;ons	themselves.	

Correla7on	coefficient:		



FB	mean-pT	correla7ons	vs	centrality	

The	reason	is	that	the	FB	mul7plicity	correla7on	is	a	correla7on	between	extensive	observables,	whereas	the	FB	
mean-pT	correla7on	is	a	correla7on	between	intensive	observables,	which	are	not	influenced	by	trivial	"volume"	
fluctua7ons.	
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Pb	 Pb	
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ALI-PREL-119329

§  Mean-pT	is	an	intensive	observable	
à  robust	against	volume	fluctuaEons		

Centrality	classes	by	V0:	class	widths	10%,	5%,	2%	



ALI-PREL-119329

FB	mean-pT	correla7ons	vs	centrality	

Centrality	classes	by	V0:	class	widths	10%,	5%,	2%	

The	reason	is	that	the	FB	mul7plicity	correla7on	is	a	correla7on	between	extensive	observables,	whereas	the	FB	
mean-pT	correla7on	is	a	correla7on	between	intensive	observables,	which	are	not	influenced	by	trivial	"volume"	
fluctua7ons.	
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Pb	 Pb	

ALI-PREL-120482
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Compare	with	FB	mulEplicity	correla7ons	

§  Mean-pT	is	an	intensive	observable	
à  robust	against	volume	fluctuaEons		

by	V0	



ALI-PREL-136414

FB	mean-pT	correla7ons	vs	centrality	

Centrality	classes	by	V0,	ZDC	and	CL1	esEmators:	

15	

Pb	 Pb	

§  Mean-pT	is	an	intensive	observable	
à  robust	against	volume	fluctuaEons		
…	and	thus	the	centrality	determinaEon	methods		

ALI-PREL-120482

Compare	with	FB	mulEplicity	correla7ons	

ALI-PREL-120489

by	ZDC	

by	V0	
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(η	width	=	0.2)	

closer	values	

Fig.5	 The	 magnitude	 of	 the	 FB	 correla7on	 strength	 is	 obtained	 for	 different	 gaps	
between	pseudorapidity	intervals.	Size	of	F	and	B	intervals	on	this	plot	is	δη=0.2.	
	
At	 all	 η	 gaps,	 the	 shape	 of	 the	 centrality	 dependence	 of	 bcorr	 is	 the	 same,	 however,	
values	are	higher	at	η	gap=0	due	 to	 short-range	contribu7ons	 from	 resonance	decays	
and	mini-jets.	

FB	mean-pT	correla7ons	for	several	η-gaps		

§  at	all	η	gaps,	same	shape	of	the	centrality	dependence	
§  higher	values	at	η	gap=0	due	to	short-range	contribu7ons		

η	gap=0		
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Pb	 Pb	

à	Addi7onal	insights	

Igor	Altsybeev,	Forward-backward	correla7ons,	ICPPA,	3.10.2017	
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§  Similar	behavior	with	centrality	at	both	energies	
§  Higher	bcorr	values	at	5.02	TeV	(by	10-20%)		

FB	mean-pT	correla7ons	at	2.76	and	5.02	TeV	
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Pb	 Pb	
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FB	mean-pT	correla7ons:	interpreta7ons	

The	reason	is	that	the	FB	mul7plicity	correla7on	is	a	correla7on	between	extensive	observables,	whereas	the	FB	
mean-pT	correla7on	is	a	correla7on	between	intensive	observables,	which	are	not	influenced	by	trivial	"volume"	
fluctua7ons.	
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Pb	 Pb	

What	can	cause	mean-pT	FB	correla7ons?	

Size	fluctua7ons	↔	pT	fluctua7ons	

Phys.	Rev.	C	96,	014904	(2017)	

–	pressure	gradients	in	the	fireball	reflect	the	
fluctua7ons	of	the	density	in	the	fireball.	

Igor	Altsybeev,	Forward-backward	correla7ons,	ICPPA,	3.10.2017	

Correla;on	strength:	
§  rises	from	peripheral	to	mid-central		
§  drops	towards	central	collisions.	
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FB	mean-pT	correla7ons:	interpreta7ons	

The	reason	is	that	the	FB	mul7plicity	correla7on	is	a	correla7on	between	extensive	observables,	whereas	the	FB	
mean-pT	correla7on	is	a	correla7on	between	intensive	observables,	which	are	not	influenced	by	trivial	"volume"	
fluctua7ons.	
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Pb	 Pb	

Correla;on	strength:	
§  rises	from	peripheral	to	mid-central		
§  drops	towards	central	collisions.	

What	can	cause	mean-pT	FB	correla7ons?	

Size	fluctua7ons	↔	pT	fluctua7ons	

Phys.	Rev.	C	96,	014904	(2017)	

String	fusion	model	

–	pressure	gradients	in	the	fireball	reflect	the	
fluctua7ons	of	the	density	in	the	fireball.	

strings	overlap		
à	modifica7on	of	string	tension	

à	increased	pT	of	par7cles	
from	the	fused	strings	

What	is	important	for	models	to	capture:	
pahern	of	mean-pT	correlaEons	vs	centrality.	

MC	realiza7on:	arXiv:1308.6618	

Nucl.	Phys.	B	390	542–558	(1993)	
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MC	generators	generally	do	not	describe	centrality	
evolu7on	of	mean-pT	correla7ons.	

²  Calcula7ons	in	other	MC	generators	are	shown	in	Figure	2	(with	different	kinema7c	cuts).								It	can	be	seen	that	only	the	
string	fusion	model	[3]	qualita7vely	describes	the	behavior	of	bcorr	observed	in	data.	

One	of	the	possible	explana7ons	of	the	decline	of	the	mean-pT	correla7on	coefficient	for	most	central	collisions	was	obtained	in	
the	model	with	quark-gluon	string	fusion	on	the	transverse	la|ce	[4].	It	was	shown	that	this	decline	can	be	explained	by	the	
agenua7on	of	color	field	fluctua7ons	due	to	the	string	fusion	processes	at	large	string	density,	which	can	be	gained	only	at	LHC	
energy	(at	energies	above	RHIC).	Note	that	in	this	simple	model	there	is	no	azimuthal	flow.	This	qualita7ve	explana7on	is	
confirmed	by	the	results	[5,	6],	obtained	in	a	more	realis7c	dipole-based	Monte	Carlo	string	fusion	model	[7,	8].	
	

Fig.2	FB	mean-pT	correla7ons	in	different	monte-carlo	models	[5].	
Kinema7c	cuts	are	different	than	in	Fig.1.	
	

§  HIJING:	weak	correla7ons,	no	dependence	on	centrality	
§  AMPT:	generally	reproduces	the	shapes,	not	the	magnitude	in	detail	

§  Rescagering	off	à	rise	of	bcorr	
§  String	mel7ng	off	à	large	“jump”	of	bcorr	

20	

FB	mean-pT	correla7ons:		
what	can	we	learn	from	comparison	with	models?	Pb	 Pb	

Role	of	quark	coalescence?..	

Shadowing,	quenching?	

GOOD	on	AMPT:	Monika:	hgps://indico.cern.ch/event/539093/contribu7ons/2568083/agachments/1474554/2283289/Kofarago.pdf		

Igor	Altsybeev,	Forward-backward	correla7ons,	ICPPA,	3.10.2017	
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FB	mean-pT	correla7ons:		
what	can	we	learn	from	comparison	with	models?	Pb	 Pb	

Compare	to	other	MC	generators:	

V.	Kovalenko,	V.	Vechernin,	J.	Phys.	Conf.	Ser.	798,	012053	(2017)	
arXiv:1611.07274	

(diff.	η-windows,	no	pT	cuts)	

§  THERMINATOR:	freeze-out	hypersurface,	Cooper-Frye	+	decays	
	à	no	mean-pT	correla7ons	due	to	absence	of	e-by-e	fluctua7ons	

§  String	fusion	à	qualita7vely	describes	behaviour	with	centrality		

HIJING	V.K.:	Gluon	shadowing	+	Jet	quenching	

THERMINATOR2	

String	fusion	

Mean-pT	correla7ons	provide	higher	sensi7vity	to	the	proper7es	of	the	ini7al	state	
and	evolu7on	of	the	medium	created	in	A-A	collisions.		

Would	be	nice	to	add	EPOS,	but…	where	to	get	events	from?..	

collec7ve	effects	through	partonic	and	hadronic	interac7ons	
if	string	mel7ng	is	on	–	quark	coalescence	

hgp://www.int.washington.edu/talks/WorkShops/RHICW02/	-	ABOUT	AMPT	2002	GOOD	

ALI-DER-136434

One	of	the	possible	explana7ons	of	the	decline	of	the	mean-pT	correla7on	coefficient	for	most	central	collisions	was	obtained	in	
the	model	with	quark-gluon	string	fusion	on	the	transverse	la|ce	[4].	It	was	shown	that	this	decline	can	be	explained	by	the	
agenua7on	of	color	field	fluctua7ons	due	to	the	string	fusion	processes	at	large	string	density,	which	can	be	gained	only	at	LHC	
energy	(at	energies	above	RHIC).	Note	that	in	this	simple	model	there	is	no	azimuthal	flow.	This	qualita7ve	explana7on	is	
confirmed	by	the	results	[5,	6],	obtained	in	a	more	realis7c	dipole-based	Monte	Carlo	string	fusion	model	[7,	8].	
	



Summary	

² Correla7on	strength	heavily	depends	on	centrality	selec7on	(type	of	es7mator,	class	width)	
	à	any	physical	conclusions	should	be	made	very	carefully.	

	

Forward-backward	mulEplicity	correla7ons:	
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Forward-backward	mean-pT	correla7ons:	

² Forward-Backward	correla7ons	provide	informa7on	about	ini7al	state	of	hadronic	collisions	
² Developments	in	observables	(more	sensi7ve,	more	robust)	
² Theore7cal	interpreta7on	ongoing	

Pb	 Pb	

,	but	string	fusion	model	provides	reasonable	descrip7on.	
	

Igor	Altsybeev,	Forward-backward	correla7ons,	ICPPA,	3.10.2017	

² Measured	for	the	first	7me	in	ALICE	in	Pb-Pb	collisions	at	√sNN=2.76	and	5.02	TeV.	
² Evolu7on	with	centrality:	described	by	some	models	qualita7vely,	but	not	quan7ta7vely.	
² Robust	against	volume	fluctua7ons	and	thus	the	centrality	determina7on	methods	

à	higher	sensiEvity	to	the	properEes	of	the	iniEal	state	and	medium	evoluEon.	
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Forward-backward	mean-pT	correla7ons:	
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Thank you for your attention!

² Measured	for	the	first	7me	in	ALICE	in	Pb-Pb	collisions	at	√sNN=2.76	and	5.02	TeV.	
² Evolu7on	with	centrality:	described	by	some	models	qualita7vely,	but	not	quan7ta7vely.	
² Robust	against	volume	fluctua7ons	and	thus	the	centrality	determina7on	methods	

à	higher	sensiEvity	to	the	properEes	of	the	iniEal	state	and	medium	evoluEon.	



Backup	

Recent	report	by	P.Bozek	
hgps://indico.cern.ch/event/607808/contribu7ons/2582984/agachments/1457672/2250404/Bozek-Sintra.pdf	
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Fig.5	 The	 magnitude	 of	 the	 FB	 correla7on	 strength	 is	 obtained	 for	 different	 gaps	
between	pseudorapidity	intervals.	Size	of	F	and	B	intervals	on	this	plot	is	δη=0.2.	
	
At	 all	 η	 gaps,	 the	 shape	 of	 the	 centrality	 dependence	 of	 bcorr	 is	 the	 same,	 however,	
values	are	higher	at	η	gap=0	due	 to	 short-range	contribu7ons	 from	 resonance	decays	
and	mini-jets.	

FB	mean-pT	correla7ons	for	several	η-gaps		

§  at	all	η	gaps,	same	shape	of	the	centrality	dependence	
§  higher	values	at	η	gap=0	due	to	SR	contribu7ons		

§  Peripheral	events:	steeper	rise	for	smaller	η	gaps	

η	gap=0		

As	a	func7on	of	η	gap:		
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Pb	 Pb	

Igor	Altsybeev,	Forward-backward	correla7ons,	ICPPA,	3.10.2017	



FB	mean-pT	correla7ons	vs	Nch	density:		
compare	with	AMPT	Pb	 Pb	

Igor	Altsybeev,	Forward-backward	correla7ons,	ICPPA,	3.10.2017	
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