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Winter	2016		CMS	Higgs	Results	

•  About	20	new	analyses	approved	since	the	beginning	of	the	year	
–  Roughly	half	are	based	on	the	13	TeV	data	(2015)	



Outline	
•  SM(-like)	Higgs	measurements:	
– Hèγγ,	HèWW,	HèZZ	

•  Heavish	Higgs	searches:	
– Hèγγ,	HèZZ,	HèZγ

•  Ligh>sh	Higgs	searches:	
– Hèaa	

•  This	talk	is	only	a	glimpse	at	select	CMS	Winter	
2016	results	
–  See	CMS	Higgs	public	results	page	for	more:		

hUps://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG	



SM(-like?)	HèZZè4l	at	13	TeV	
•  Essen>ally	the	same	analysis	
as	with	7	and	8	TeV	
–  4µ,	4e,	and	2e2µ	final	states		

•  The	good	news	is	that	the	
125	GeV	Higgs	is	s>ll	there	

•  Significance	of	the	excess	at	
125	GeV	is	2.5σ	(the	
expecta>on	is	3.4σ)	

•  Consistent	with	the	7	TeV	and	
8	TeV	results	

CMS-PAS-HIG-15-004	



SM(-like?)	HèZZè4l	at	13	TeV	
•  Good	agreement	
within	118<m<130	
GeV	range	

•  Fiducial	x-sec>on	
measurement	cuts:	
–  PT1>20,	PT2>10	GeV		
–  PT3/4>7/5	GeV	(e/µ)	
–  Isola>ons,	kinema>c	selec>ons	
–  105<M(4l)<140	GeV	

•  Nice	agreement	with	the	SM	
and	previous	measurements	at	
7	and	8	TeV	 CMS-PAS-HIG-15-004	



Search	for	Heavy	HèZZè4l	
•  Same	analysis,	but	taking	
advantage	of	higher	center	or	
mass	energy	to	look	into	the	
high	mass	domain	
–  Signal	and	background	treated	
in	a	consistent	fashion,	including	
interferences	and	the	H(125	
GeV)	tail	

– MCFM+JHUGen+HNNLO	within	
MELA	framework	

•  Observed	limits	compa>ble	
with	the	expecta>on	for	null	
hypothesis	

CMS-PAS-HIG-15-004	



Search	for	Heavy	HèZZè2l2ν
•  Another	new	13	TeV	

analysis		
•  Leptons	can	be	

electrons	or	muons	
–  PT1/2>25	GeV	
–  PT(ll)>55	GeV	
–  |M(ll)-M(Z)|<30	GeV	
–  MET>125	GeV	
–  b-veto	to	suppress	U-bar	

•  Exclusive	categories	for	ee	and	µµ	channels:	
–  0	jet,	1+	jets,	and	VBF	

•  Data	consistent	with	the	expecta>on	
–  Limits	require	explicit	assump>ons	on	the	width	of	the	new	
boson	

CMS-PAS-HIG-16-001	



Search	for	Heavy	HèZZè2l2ν
•  Generic	limits	in	
the	plane	of	Γ/
ΓSM	vs	mH	
–  For	mH>1	TeV,	
take	ΓSM=mH	

–  Separate	for	gg	
and	VBF	

•  Combina>on	in	assump>on	that	
gg/VBF	follows	the	SM	ra>o	

•  Same	results	interpreted	in	the	
context	of	2HDM	
–  See	CMS-PAS-HIG-16-001	for	
details	

CMS-PAS-HIG-16-001	



Search	for	Heavy	Higgs	AèZγ
•  Selec>ons:	
–  Two	leptons	(e	
or	µ)	with	
PT1/2>10/20	
GeV		

–  Photon	with	
PT>40	GeV	

– M(ll)>50	GeV,	M(llg)>150	GeV	
•  Data	and	SM	expecta>on	
sta>s>cally	compa>ble	
–  95%	C.L.	upper	limit	set	
assuming	narrow	width	signal	
•  In	generator	set	width	ΓA	to	1%	of	
the	m(A)	

CMS-PAS-HIG-16-014	



Higgs	in	Di-Photons	at	13	TeV	
•  13	TeV	data	update	of	the	

diphoton	analysis:	
–  The	Higgs	signal	is	s>ll	

there	
–  1.7σ		signal	significance	

(2.7σ	expected)	

CMS-PAS-HIG-15-005	



Ligh>sh	Higgs	in	Di-Photon	Channel	
•  A	spin-off	of	the	8	
TeV	SM	Higgs	search	
targets	80-110	GeV	
range	
–  E.g.	in	NMSSM,	if	h2	
is	the	125	GeV	Higgs,	
we	are	searching	
here	for	h1	

•  Selec>ons:	
–  pT1(2)/mγγ>28(20)/80	
–  Enhanced	electron	
veto	to	suppress	
Zèee	

CMS-PAS-HIG-14-037	



Ligh>sh	Higgs	in	Di-Photon	Channel	
•  Data	in	sta>s>cal	
agreement	with	
the	background	
only	hypothesis	

•  95%	C.L.	upper	
limits	on	the	
produc>on	rate	
– Combine	all	4	
categories	

– Limits	range	from	
50	to	150	n	 CMS-PAS-HIG-14-037	



Searches	for	Light	Higgses	
•  Several	8	TeV	analyses	targe>ng	NMSSM-like	
scenarios	
– e.g.	h1/2->a1a1	where	a1	is	a	light	CP-odd	Higgs	
boson	

•  Final	states	targe>ng	different	m(a1)	ranges:	
–  (2b)(2µ):	2m(b)<m(a)	
–  (2τ)(2τ):	2m(τ)<m(a)<2m(b)	
–  (2µ)(2µ):	2m(µ)<m(a)<2m(τ)	



Search	for	H(125)èaaèµµbb	
•  Selec>ons:	
– Muons	w/	PT1/2>24/9	GeV	
–  Two	b-tagged	jets	w/	PT>15	
GeV	
•  “Medium”	b-tag	working	point	

–  |m(µµbb)-125|<25	GeV	
•  Target	range	of	m(a):	
–  25-65	GeV	

•  Backgrounds	dominated	by	
Z+jets		
– Generally	a	good	agreement	
with	simula>on	predic>ons	
in	control	regions	

CMS-PAS-HIG-14-041	



Search	for	H(125)èaaèµµbb	
•  No	sta>s>cally	significant	excess	
•  Signal	search	&	limit	seqng	
based	on	fiqng	for	a	smooth	
shape	plus	a	bump	
–  No	input	from	simula>on	for	
backgrounds	

•  Limits	on	the	
produc>on	
rate	and	on	
B(hèaaèµµbb)	

CMS-PAS-HIG-14-041	



Search	for	H(125)èaaèµµττ
•  Assume	two	muons	come	directly	
from	the	decay	of	a	
–  Hit	in	BR,	but	signal	becomes	a	
narrow	bump	

•  Final	states	considered:	µµτeτh,	
µµτµτh,	µµτµτe,	µµτeτe	

•  Selec>ons:	
–  Two	muons	w/	PT1/2>18/9	GeV	to	
trigger	

–  Addi>onal	objects	thresholds	of	
5(τµ),	7(τe),	15(τh)	GeV	

–  |m(µµττ)-125	GeV|<	25	GeV	
–  |m(µµ)-m(ττ)|<0.8	m	(µµ)	

CMS-PAS-HIG-15-011	

Loose	selec?ons	



Search	for	H(125)èaaèµµττ

•  Data	compa>ble	with	
background	only	hypothesis	
–  No	excess	exceeds	2σ	global	
significance	

•  Set	95%	C.L.	upper	limits	on	
signal	event	rate	

•  Also	limits	in	the	context	of	2	
HDM+S	models	

CMS-PAS-HIG-15-011	



Search	for	H(125)èaaèττττ
•  Target	m(a)	range	

between	2mτ	and	
2mb	

•  Mass	resolu>on	is	
not	great,	but	
large	BR	

•  Selec>ons:	
–  Require	a	muon	in	each	boosted	object,	the	
two	muons	should	have	the	same	charge	to	
reduce	backgrounds	

–  Muon	thresholds	pT1/2>17/10	GeV	
–  Exactly	one	extra	track	with	pT>2.5	GeV	
near	muon	and	no	other	tracks	w/	PT>1	GeV	

•  Background	shape	modeled	using	QCD	
enriched	samples	–	good	agreement	

CMS-PAS-HIG-14-019	



Search	for	H(125)èaaèττττ
•  Data	compa>ble	
with	background	
only	expecta>on	at	
the	level	of	
sta>s>cs	

•  Interpreta>on	from	the	fit	for	
signal+background	shapes	to	
the	data	in	selected	bins	
–  95%	C.L.	upper	limit	set	on	the	
produc>on	rate	of	signal	events	

–  Rates	in	excess	of	a	few	pb	are	
excluded	

CMS-PAS-HIG-14-019	



Search	for	Hèaaèµµµµ
•  Selec>ons:	
–  PT1>17	GeV,	PT2/3/4>8	GeV	
–  2	pairs	of	close-by	muons	
– No	requirement	on	4µ	mass	

•  E.g.	in	NMSSM,	it	can	be	“the	
other”	CP-even	Higgs	that	has	
strong	coupling	to	a1	if	a1	has	
large	singlet	component	

•  Search	for	the	excess	on	the	
diagonal	of	m1	vs	m2	
– Model	independent	results,	
also	benchmark	using	NMSSM		

– Assume	SM-like	produc>on	x-
sec>ons	for	h1/2	to	simplify	
interpreta>on	

CMS-PAS-HIG-13-010	



Higgs	Decay	to	Dark	Photons	
•  Spin	the	same	4µ	analysis	as	HèγDγD+X	

–  H	could	be	the	125	GeV	Higgs	or	could	be	
something	else	

•  Dark	photons	could	have	an	appreciable	
life>me	before	decay	
–  Depends	on	the	strength	of	the	mixing	

with	the	SM	sector	(SM	photon)	
•  Benchmark	using	h(125)èn1n1è	(γDnD)

(γDnD)	
–  Limits	in	εmix	versus	m(γD)	for	a	range	of	

values	for	BR	of	SM-like	Higgs	to	these	
states	
•  Implies	model	dependence	when	comparing	

to	low	energy	results		
–  Nice	complementarity	with	ATLAS	

analysis	searching	for	decays	far	from	the	
interac>on	point	

CMS-PAS-HIG-13-010	



Summary	
•  SM(-like?)	Higgs	boson	studies	start	moving	towards	
the	era	of	precision	measurements	
–  Kinema>cs,	proper>es,	produc>on	cross-sec>ons	
–  Only	a	small	13	TeV	dataset,	but	things	look	consistent	
with	what	we	saw	at	7	and	8	TeV	

•  Searches	for	new	physics	in	Higgs	sector	
–  NMSSM,	2HDMs,	heavy	and	light	
–  Becoming	more	systema>c,	combina>ons	are	in	works	

•  Expect	more	exci>ng	news	over	this	year	
–  13	TeV	data	has	just	started	coming	in	2015,	expect	~30	
n-1	by	the	end	of	2016	

–  Troops	are	standing	by	as	evidenced	by	many	Higgs	results	
this	winter	


