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Probe	of	parton	energy	loss	mechanism

§ Jet	production	and	propagation

§ Insight	into	quark	and	gluon	energy	

loss	in	QGP

§ Jet-medium	interaction

3



Light	hadron	suppression
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§ Jet	quenching	has	been	
well	established	in	
experiments,	e.g.,		in	
light	hadron	suppression

§ However,	there	remain	
interesting	puzzles,	
worth	further	study



Heavy	quark	energy	loss

§ Gluon	bremsstrahlung	off	heavy	quarks	is	expected	to	be	suppressed	
compared	to	massless	partons

§ This	is	the	so-called	“dead	cone”	effect
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§ b	quarks	are	expected	to	suffer	

the	least	amount	of	medium-

induced	radiative	energy	loss:

�Erad(g) > �Erad(q) > �Erad(c) > �Erad(b)



Quenching	of	b-jets
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§ b-jets	and	inclusive	jets	have	
been	experimentally	
observed	to	suffer	similar	
quenching	

§ Must	look	deeper	as	to	why	
this	is	the	case	

§ In	heavy	ion	collisions,	it	is	
very	important	to	know	
flavor	origins	of	jets

§ b-jets	are	not	necessarily	b-
quark	



b-jet	vs.	light	quark	jet
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§ Single	b-jets	do	not	shed	light	on	heavy	quark	energy	loss
§ Fractional	contributions	of	subprocesses and	RAA show	single	b-jets	

behave	more	like	light	quarks	in	QCD	medium
§ Gluon	splitting	to	b-bbar contribution	dominates,	thus	not	a	good	

observable	for	b-quark	energy	loss 7



Why	dijets?

§ Dijets are	particularly	well-suited	to	probe	the	heavy	flavor	dynamics	in	
the	QGP

§ b	quarks	are	expected	to	suffer	the	least	amount	of	medium-induced	
radiative	energy	loss:

§ This	motivates	our	study	of	b-tagged	dijets

�Erad(g) > �Erad(q) > �Erad(c) > �Erad(b)
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Definition	of	inclusive	and	heavy	flavor	jets

§ Inclusive	jets:	found	using	Fastjet and	anti-kT
algorithm

§ b-jet:	Among	inclusive	jet	samples,	if	one	or	
more	b	quarks	are	found	inside	the	jet,	jet	is	b-
tagged

§ Definition	of	“inside”	is	within	the	jet	cone	
radius	R

§ b-jets	are	not	necessarily	from	b-quarks
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p+p baseline

§ One	of	the	main	observables	we	are	after	is	the	nuclear	modification	
factor,	hence	p+p baseline	is	crucial

§ We	generate	this	baseline	with	using	the	monte	carlo event	generator,	
Pythia	8

§ Easy	to	tune	parameters	and	cuts	to	match	those	of	LHC,	and	thus	
validate	our	simulations

§ Finding	dijets involves	identifying	leading	pT jet	then	determining	the	
corresponding	subleading jet
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Comparisons	to	LHC	data:	b-dijet
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§ Differential	cross	section	vs.	invariant	mass	of	b-tagged	dijets
§ Data	from	ATLAS	collaboration	(left:	2011,	right:	2017)
§ Simulations	agree	reasonably	well	with	experimental	data
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Comparisons	to	LHC	data:	inclusive	dijet
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§ Differential	cross	section	vs.	invariant	mass	of	inclusive	dijets
§ Data	from	ATLAS	(left:	2014)	and	CMS	(right:	2013)	collaborations
§ Again,	reasonable	agreement
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Flavor	origins	of	inclusive	dijets
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§ Light	dijet	production	
dominated	by	q+g
channel	for	majority	
of	pT range
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Flavor	origins	of	b-dijets
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§ b-dijet production	dominated	by	b+b channel	across	entire	pT
range

§ Truly	reflects	b-quark	energy	loss
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Jet	energy	loss	in	nuclear	medium

§ To	understand	the	medium-induced	radiative	energy	loss,	we	used	SCET	
with	Glauber gluons	to	represent	the	interactions	between	the	
quark/gluon	and	medium

§ For	light	flavors:	massless	version	-- SCETG	(Idilbi,	Majumder,	Ovanesyan,	
Vitev …)

§ For	heavy	quarks:	massive	version	– SCETM,G (Kang,	Ringer,	Vitev)
§ Soft	gluon	approximation	made	for	both	light	and	heavy	quarks
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Jet	energy	loss	in	nuclear	medium

§ Fraction	of	medium-induced	parton	shower	energy	retained	in	cone:
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§ Prepare	an	initial	higher	energy	jet	to	get	the	final	jet	that	we	
observed

§ We	also	included	collisional	energy	loss		
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Dijet	production	in	heavy	ion	collisions

§ Suppression	of	dijet	production

§ Where	the	phase	space	Jacobian	is	given	by:
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Nuclear	Modification	Factor
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§ Large	suppression	in	symmetric	region	(steeper	shape	in	symmetric	region)
§ Overall	smaller	suppression	for	b-dijet than	inclusive	dijet

preliminary preliminary



Momentum	imbalance	shift:	b-dijet
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§ Bands	represent	two	
effective	parton masses

§ We	do	not	observe	much	of	
a	shift	between	p+p and	
Pb+Pb simulations

preliminary
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Momentum	imbalance	shift:	inclusive	dijet
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§ We	see	quite	good	
agreement	with	
experimental	data	at	
this	coupling	strength

§ Somewhat	flatter	
profile	than	b-dijet
case

§ Pb+Pb distribution	
shifted	from	p+p in	
simulation

preliminary
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b-tagged	vs.	inclusive
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preliminary preliminary

§ In	these	early	stages	we	find	best	agreement	with	data	using	
different	coupling	strength	values

§ We	explore	the	effect	of	varying	coupling	strengths
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b-tagged	vs.	inclusive

22
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§ We	test	medium	coupling	strengths	of	g	=	1.8,	2.0,	and	2.2

preliminary preliminary



b-tagged	vs.	inclusive
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§ LHC	observes	less	dramatic	shift	in	peak	for	b-dijets,	but	similar	shift	
for	inclusive	(different	jet-medium	interaction	strength	(g))

§ Difference	in	p+p profiles	likely	due	to	smearing	in	CMS	measurements		
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Summary

§ We	have	evaluated	b-tagged	and	inclusive	dijet quenching	in	Pb+Pb
collisions	at	5	TeV

§ Nuclear	modification	factors	and	momentum	imbalance	shifts	shed	light	
on	energy	loss	mechanisms

§ Detailed	study	of	flavor	origin	of	observed	final	state	is	essential	in	
probing	energy	loss	mechanisms	in	heavy	ion	collisions

§ b-dijet is	a	good	observable	for	b-quark	energy	loss
§ Stay	tuned
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Thank	you!
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