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	Outline	of	the	talk	

q  Introduc3on	
								Results	from	8	TeV	
q Extended	Higgs	sector	

Ø  Charged	Higgs	boson	in	top	decays	
Ø  High-mass	Higgs	(mH	>	600	GeV)	
			Results	from	13	TeV	

q Pileup	mi3ga3on	
q First-genera3on	leptoquarks	
q SUSY	in	fully	hadronic	channel	
	
q Summary	and	outlook	
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	What	is	the	deal?	

Ø  Explore	new	physics	beyond	

Ø  Experimentally	well	tested,	but	not	complete	

Proper	<me	difference	between	two	B	mesons	
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	Any	candidates	out	there?	

New	Physics	

Extra	dimension	

Supersymmetry	

Extended	Higgs	
sector	

Extra	bosons	
(W’,	Z’	...)	

You	name	it!	
Leptoquarks	



NP	at	Energy	Fron<er	
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Good	for	all:	2.2	I-1	

Good	for	many*:	2.6	I-1	

Good	for	muons:	2.7	I-1	

Ø  A	play	of	two	equa3ons	

E	=	mc2	 Nexp=	σ.Lint.εdet	
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Chasing	the	charged	Higgs	boson	
q  Charged	Higgs	boson	(H+)	appears	in	various	NP	models	e.g.	MSSM,	2HDM	
q  Its	produc3on	and	decay	rates	at	tree-level	depends	on	two	parameters	

1)  Ra3o	of	vacuum	expecta3on	values	of	two	Higgs	doublets	(tan	β)	
2)  Mass	of	the	CP-odd	Higgs	boson	(mA)	

q  Two	possible	produc3on	mechanisms	for	H+	at	the	LHC:	
²  For	mH	<	mt,	it	can	appear	as	a	top-quark	decay	product	
²  For	mH	>	mt,		it	can	directly	produced	in	associa3on	with	a	t	and	b	quark	

q  Our	focus	is	on	the	first	case,	in	par3cular	where	the	charged	Higgs	boson	
decays	to	a	charm	and	an	an3-strange	quark	

Ø  The	cs-bar	channel	is	important	for	
the	low	tan	β	region	
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What	are	we	looking	aTer?	
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Signal	
tt̄ ! bH+b̄W�

Backgrounds	
²  Irreducible	SM	
²  Single	top	
²  W+jets	
²  Z+jets,	dibosons	and	QCD	

tt̄ ! bW+b̄W�

q  Final	state	comprises	a	high-pT	isolated	lepton,	at	least	four	jets	(two	are	
b-tagged)	and	large	missing	ET	due	to	neutrino	
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Perform	a	kinema3c	fit	with	the	top	mass	
constraint	to	improve	the	dijet	mass	resolu3on	
for	reconstruc3ng	the	W	or	H	boson	
	

ü  Fit	inputs:	lepton,	all	jets	passing	selec3on,	MET	
	
ü  Constrain	the	mass	of	both	hadronic	and	leptonic	

decaying	top	quarks	to	their	nominal	value	
	
ü  No	constraint	is	applied	on	the	W	mass	as	we	

expect	H	boson	in	the	dijet	mass	distribu3on		

/H+	

Key	point:	Kinema<c	Reconstruc<on	
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Final	discriminant	distribu<on	
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Combined	limits	

q  Most	sensi3ve	upper	limit	across	the	en3re	mass	range	probed	
q  Would	be	nice	to	see	the	fate	of	the	3ny	excess	around	150	GeV	
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High-mass	Higgs	in	WW	final	state	
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Key	analysis	features	

	
High	pT	lepton	+	high	MET		

	
High	boost,	jets	merged	
together	to	form	a	“fat	jet”	

Signal:	ggH	+	qqH,	(mH=	600-1000	GeV)	
Backgrounds:	W+	jets(dominant)	mbar,	
single	top	,	WW/WZ/ZZ		

Use	jet	substructure	techniques	to	
	iden3fy	single	jets	containing	decay		
products	of	hadronic	W		

Kinema<cs:	boosted	leptonic	W	back-to-back	to	a	merged	jet		
Discrimina<ng	observables:	pruned	jet	mass(mJ)	and	three-body	
mass	(mlνJ	)		
Unbinned	shape	limits	using	mlνJ	distribu3ons		

Background	es<ma<on		
Data-driven	Background	extrac3on	using	the	mJ		
sideband	for	W+jets	and	top	enriched	control	regions		

W ! `⌫ W ! qq̄0
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	Data-MC	comparison	in	0+1	jet	bin	
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Final	Results	

q  No	significant	excess	observed	in	the	mass	region	inves3gated	
q  Watch	out	the	region	around	750-850	GeV	
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Going	from	8	to	13	TeV	
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Before	going	to	physics	studies	

Pileup	mi<ga<on	
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	How	do	we	do	it?	
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	Results	from	trimming	
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	Results	from	prunning	
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Enter	the	leptoquarks	
q  Leptoquarks	are	mo3vated	by	many	NP	models	like	grand	unified	theories	

based	on	gauge	groups	including	Pa3-Salam	SU(4)	color	symmetry,	SU(5),	
SO(10)	and	so	on	

q  They	appear	as	either	scalar	or	vector	bosons	carrying	both	baryon	and	
lepton	numbers	as	well	as	frac3onal	charge	

q  Symmetry	between	quarks	and	leptons	is	the	key	mo3va3on	behind	the	
search	for	leptoquarks	

Typical	signal	final-state	
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Es<ma<ng	QCD	background	
q  One	of	the	trickiest	backgrounds	to	es3mate	as	we	don’t	have	a	very	

reliable	and	sufficiently	large	MC	sampleè	use	data-driven	approach	
q  QCD	pollutes	the	signal	region	mostly	due	to	jets	faking	as	electrons	
q  Use	a	2	loose-electron	control	region	to	calculate	its	contribu3on	

How	to	calculate	the	jet-to-electron	fake	rate?	
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	Fake	Rate	and	Closure	Test	

q  Plot	on	leq	shows	the	obtained	fake	rate	as	a	func3on	of	ET	of	electrons	
q  On	the	right,	we	compare	the	predicted	QCD	contribu3on	from	MC	with	

data-driven	QCD	es3ma3on	

Next	steps	
q  Es3mate	other	backgrounds	and	finally	set	limit	in	case	of	no	excess	in	data	
q  Aiming	for	a	combined	PAS	including	the	results	with	2nd	genera3on	LQs	

Ø  For	details	see	Muzamil’s	poster	
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SUSY	in	fully	hadronic	channel	

q  CMS	SUSY	search	results	are	interpreted	in	the	context	of	simplified	model	
spectra	(SMS)	

q  Only	parameters	here	are	masses	of	pair-produced	SUSY	par3cles	(e.g.,	
gluinos),	the	LSP	mass	and	the	produc3on	cross	sec3on	

What	special	about	gluinos?	

q  Higher	rate	of	produc3on	
q  High	par3cle	mul3plicity	
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Search	Strategy	

q  Each	of	the	discrimina3ng	variables	exhibits	a	good	signal-to-background	
rejec3on	

q  To	maximize	sensi3vity,	search	is	performed	in	the	bins	of	HT,	missing	HT,	Njet	
and	Nb-jet	

q  Our	strategy	is	to	keep	it	
q  general:	if	natural	SUSY	does	not	look	like	an	SMS	model	we	don’t	want	to	miss	it	
q  simple:	we	can	probe	a	new	territory	with	the	early	data	
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	Excess,	excess:	where	are	you?	

q  Plot	on	leq	shows	the	overall	agreement	between	data	and	expected	SM	
background	in	all	72	search	regions	è	consistency	at	2σ	level	

q  Right	plot	is	the	missing	HT	distribu3on	

If	there	were	a	signal	...	
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	Impressive	limits...	

Ø  More	details	to	follow	in	Bibhu’s	talk	

q  Limits	from	our	study	is	the	most	stringent	one	over	the	en3re	parameter	
space	
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		Summary	

q Briefly	summarized	several	NP	searches	we	
are	involved	in	

	
q No	significant	excesses	any	where	(SM	is	in	

good	shape)	
	
q But,	of	course	the	fun	has	just	begun	


