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• Quark/gluon	likelihood	discriminator

• On-going	development,	using	BDT,	towards	2017+
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• Jets	from	light-flavour quarks	≠ jets	from	gluons
• CMS has	developed	likelihood-based	discriminator,	
built	from	3 kinematic	variables
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quark-gluon likelihood
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1 Introduction1

As known both from first principles and a large collection of experimental measurements,2

hadronic jets initiated by gluons exhibit differences with respect to jets from light-flavor quarks3

(u, d, s). These differences can be exploited to construct a tagger capable of discriminating jets4

initiated by light-quark partons from those initiated by gluons. This can be used as a tool in5

analyses that rely on the identification of an exclusive final state which includes a fixed num-6

ber of hadronic jets generally originating from light-quarks. In many cases these hadronic final7

states suffer from overwhelming backgrounds from multi-jet QCD production or from elec-8

troweak backgrounds with hard initial or final state gluon radiation. In some cases, this leads9

to a better mass reconstruction of hadronically decaying objects, by reducing combinatorial10

backgrounds.11

A likelihood based discriminator has been used so far [1–3], based on the following three kine-12

matic quantities.13

• Total particle multiplicity14

Total number of particle-flow candidates reconstructed within the jet.The ratio of the15

multiplicities from quark and gluon jets should converge to the color factor ratio of16

CA/CF = 4/9 and provide a good discrimination, especially at high pT. Quark jets17

are expected to have, on average, lower multiplicities compraed to gluon jets.18

• Fragmentation function

Quarks have a harder fragmentation function compared to gluons and are therefore
more likely to produce jets with hard constituents that carry a significant fraction of
the jet energy. This can be expressed with the pTD variable, defined as:

pTD =

q
Âi p2

T,i

Âi pT,i
(1)

where the sum runs over the jet constituents.19

• Minor axis of the jet ellipse20

Jets have a conical structure that can be projected in the h � f plane. Gluon had-21

ronization is expected to produce jets which are wider than jets induced by quark22

hadronization. The shape of a jet can be approximated by an ellipse and its minor23

axis can be used to distinguish quark jets against gluon jets.24

In the likelihood-based approach, the probability density function pi is constructed for each
obserbale i, using QCD Monte-Carlo simulation. The likelihood is calculated based on the joint
probability of p.d.f. such that,

Lquark = Ppi,quark(xi), (2)

Lgluon = Ppi,gluon(xi) (3)

where xi is the observed quantity of variable i. The likelihood ratio is then built as a final
discriminant,

L =
Lquark

Lquark + Lgluon
. (4)

The likelihood-based quark-gluon tagger performs well, as long as the input variables are lin-25

early correlated. However, as the jet pT becomes higher, the correlation between variables will26

become non-trivial and the performance starts to degrade. In addition, one has to determine the27
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gluon-jet rejection
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Likelihood	is	built	in	bins	of	jet	pT /	h /	r (average	pT density	per	unit	area),
using	QCD	di-jet	MC	samples

Better	performance	
at	high	pT (larger	
discrimination	power	
coming	from	
Jet	constituent	
multiplicity)
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Validation	
using	13TeV
Data
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/	16MC	correction
Derive	“reweighting	function”	using	two	validation	regions
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On-going	development	towards	2017+
In	summary:
• Start	investigating	BDT-based	discriminator
• Revise	the	list	of	input	variables

10

8	TeV
CMS-PAS-JME-13-002	(https://cds.cern.ch/record/1599732)

13	TeV
CMS-DP-2016-070	(https://cds.cern.ch/record/2234117)
CMS	PAS-JME-16-003	(https://cds.cern.ch/record/2256875)

Documentations



/	16Likelihood	
à BDT

11

jet

jet

• Trained	BDT	based	on	the	QCD	di-jet	
Monte-Carlo	simulations
• Same	pT /	eta	binning	as	likelihood
• To	avoid	over-training,	
each	bin	should	contain	>	100k	events

Benefit:	better	handling	of	
the	correlation	among	
input	variables

• Training	is	performed	jet-by-jet	basis
• Each	jet	should	originate	from	either	quark	or	gluon
• Each	jet	should	match	to	the	generator-level	parton in	a	
unique	way



/	16Revised	Input	variables	for	BDT
• Examined	~15	possible	input	variables	à use	5	of	them
• Decision	taken	based	on	the	discrimination	power,	correlations	
among	variables	and	to	be	robust	for	pile-up

12

• Minor	axis
• ptD
• Jet	constituent

multiplicity

Likelihood BDT

Newly	added

• Minor	axis
• ptD
• Charged	particle	
multiplicity
• Major	axis	of	the	jet
• Si	(log(pT,i /DR))	/	jet	pT

DR

pT,	i

jet	pTNeutral	multiplicity
has	a	worse	detector	resolution
and	degrades	the	performance
(and	not	robust	against	pileup)



/	16Input	variables	@	low	pT
1332	– 40	GeV

0	<	eta	<	1.3

At	low	pT,	shape	
variables	bring	nice	
discrimination	power
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/	16Input	variables	@	high	pT
14400	– 500	GeV

0	<	eta	<	1.3

At	high	pT,	charged	
particle	multiplicity	
brings	nice	
discrimination	
power
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/	16BDT	output	distributions

• Initial	study	shows	that	BDT	has	a	superior	performance	
compared	to	likelihood	discriminator
• Up	to	10%	additional	rejection	for	given	quark-tagging	eff.
• (5%	coming	from	likelihood	à BDT,	5%	from	revised	input	variables)

• Validation	on-going	using	2016	full	dataset
• Robust	against	soft	emissions	?		Systematics	?	Comparison	of	MC	
generators

15
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• “Classic”	likelihood-based	approach	has	been	fully	
validated	and	used	among	CMS
• MC	corrections	available	for	both	Pythia	and	Herwig	MC;	
absorb	differences	between	different	MC	generators	(as	
well	as	systematic	uncertainties)

• On-going	development	for	the	BDT	based	quark-
gluon	tagger
• Validation	on-going	with	2016	dataset	

• More	advanced	application	of	machine	learning	:	
See	Jan’s	talk	on	Wednesday	
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/	16ROC	curves	of	
individual	variable
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Good	discrimination	power	by	itself
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