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Ø  Introduc#on	and	mo#va#on	
Ø  Recent	excitement	in	di-boson	searches	
Ø  Diphoton	resonance	search	with	CMS	

Ø  13	TeV	analysis	with	the	magnet	(B=3.8T)	
Ø  13	TeV	analysis	without	the	magnet	(B=0T)	
Ø  Combina#on	with	8	TeV	data	

Ø  Diphoton	resonance	search	with	ATLAS	
Ø  Zγ	resonance	searches	with	CMS	
Ø  Di-boson	VV	(V=	W,	Z,	H)	searches	at	8	and	13	TeV	



Ø  The	Large	Hadron	Collider	(LHC)	is	a	proton-proton	
collider.	

Ø  The	LHC	has	been	performing	extremely	well	at	7,	8	and	
13	TeV	and	CMS	is	efficiently	taking	data.	

	



Ø  There	are	several	models	that	mo#vate	the	existence	of	heavy	par#cles	that	decay	to	pair	of	
bosons.	
Ø  Extra	dimensions	
Ø  Compositeness	
Ø  SUSY/2HDM	
Ø  …	

Ø  These	models	aim	to	explain	open	ques#ons	of	the	SM	models.	
Ø  Hierarchy	between	the	electroweak	and	Planck	scale	
Ø  Quantum	correc#ons	to	the	Higgs	mass	
Ø  Integra#on	of	gravity	into	the	SM	
Ø  …	

Predicted	signature:	heavy	par#cle	->	VV	(V	=	W,	Z,	H),		γZ	and	,	γγ	



Ø  Heavy	resonance	searches	benefit	significantly	
from	increase	of	√s	from	8	to	13	TeV.		

Ø  Cross	sec#on	at	higher	masses	gedng	more	from	
the	√s	increase.	

Ø  Drama#cally	increase	discovery	poten#al.	

Experimental	signature:	bump	
over	a	con#nuous	background	

Ø  Search	for	massive	diboson	resonances	

Ø  Search	for	diphoton	resonances	

Experimental	advantages:		
W/Z/H	with	well	known	mass	→	suppress	backgrounds	
Good	kinema#c	reconstruc#on	→	reconstruct	resonance	mass		

Experimental	disadvantages:		
Many	different	final	states	→	lots	of	channels	
Resolu#on	suffers	in	final	states	with	neutrinos	

Very	clean	signature	->	two	high	Pt	isolated	photons	
excellent	invariant	mass	resolu#on	



Ø  In	this	talk,	new	CMS	and	ATLAS	results	for	searches	in	diboson	final	states	mo#vated	by	
previous	observed	excitements	will	be	reviewed.		

Ø  Many	complimentary	final	state	are	searched	for	the	men#oned	excesses.	
Ø  8	and	13	TeV	results	are	combined	in	some	channels	to	reach	be7er	sensi#vity.	

M_WZ	=2	TeV	

M_γγ	=760	TeV	

ATLAS:	M_γγ	=750	TeV	

Phys.	Le7.	B	755	(2016)	285	

CMS	:	M_WH=1.8	TeV	

CMS-PAS-EXO-15-004		

ATLAS-CONF-2016-018	 10.1140/epjc/s10052-016-4067-z	



Ø  Re-reconstruc#on	of	dataset	with	L=2.7	q-1	

Ø  10	%	improvement	in	analysis	sensi#vity.	
Ø  Addi#onal	0.6	q-1	dataset,	recorded	at	B	=0	T	

(due	to	solenoid).	
Ø  Lead	to	a	further	10%	improvement	on	top	

of	the	re-calibra#on.	
Ø  There	is	no	informa#on	on	tracks	momenta.	

Ø  Dedicated	photon	iden#fica#on.	
Ø  Dedicated	vertex	selec#on.	

Ø  Results	interpreted	in	terms	of	spin-0	and	spin-2	
resonances.		

arXiv:1606.04093	



Ø  Select	events	with	two	photons	of	pT>	75	GeV	with	
dedicated	ID	for	0	and	3.8T.

Ø  Split	events	in	categories:	(EB-EB,	EB-EE)	x	(3.8	T,	0	T)	
Ø  Fit	Mγγ	in	0.5-4.5	TeV	for	the	SM	background		

				0T	

arXiv:1606.04093	

3.8	T	



Ø  CMS	presented	two	searches	for	diphoton	resonances	at		
Ø  HIG-14-004(Phys.	Le7.	B	750(2015)	494):	used	in	500-850	GeV	
Ø  EXO-12-045:	used	from	850	GeV,	similar	to	13	TeV	analysis	



Narrow	width																																																																					wide	width	

Ø  largest	excess	observed	at	mX	=	750	
GeV	and	for	narrow	width	—>	local	
significance:	3.4σ	

Ø  	global	significance	~	1.6σ	
Ø  J=0	and	J=2	hypotheses	have	similar	p-

values	
Ø  	significance	decreases	for	larger	width	

hypothesis	
	



Ø Spin-0	search,	extended	Higgs	sector	
Ø  M->200	-	2000	GeV	
Ø  widths	up	to	10%	of		hypothesized	mass	
Ø  two	photons	with	ET>40(30)	GeV	and	>0.4(0.3)mγγ			

Ø  Best	fit	at	750		GeV	for	a	width	of	45GeV	(Γ/m=6%)	corresponds	to	3.9σ	local	significance.	
Ø  2.1	σ		global	significance.	
Ø  Assuming	narrow	width	signal:	2.9σ	local	significance	at	750	GeV	
Ø  small	excess	in	the	8	TeV	at	750	GeV	(1.9σ)		



Ø Spin-2	search,	Randall-Sundrum	model	with	graviton	excita#on	
Ø  M->500	-	5000	GeV	
Ø  Dimensionless	coupling	k/MPl	ranging	from	0.01	to	0.3		
Ø  two	photons	with	ET>55	GeV	

Ø  Best	fit	at	750		GeV	for	a	width	of	57GeV	(Γ/m=8%,	k/MP=0.23	)	corresponds	to	3.8σ	local	
significance.	

Ø  2.1	σ		global	significance.	
Ø  Assuming	narrow	width	signal:	3.3σ	local	significance	at	770	GeV	
Ø  no	excess	in	the	8	TeV	at	750	GeV	



Ø  ATLAS:comparison	of	events	proper#es	
Ø  700<M<840	
Ø  600<M<700	
Ø  M>840	

Ø  CMS:	the	mul#plicity	and	kinema#c	
distribu#ons	of	the	hadronic	jets	
reconstructed	in	the	events,	do	not	exhibit	
significant	devia#ons	from	the	distribu#ons	
expected	for	SM	processes.		



	
Ø  low	trigger	threshold,	less	background->best	at	low	mass	
Ø  Search	at	8	TeV	with	no	significant	excess	(~	2σ	

fluctua#on	around	750	GeV)	
Ø  13	TeV	analysis:	exactly	two	opposite-sign	electrons	or	

muons,	and	a	photon	
Ø  Combining	ee𝛾/𝜇𝜇𝛾	
Ø  No	excess	around	750	GeV	

HIG-16-014	

ATLAS-CONF-2016-010	 	CMS-PAS-EXO-16-019		

narrow	width	 wide	width	



Ø  Heavy	resonances	decay	results	in	boosted	di-bosons	
Ø  Hadronic	decays	enhancing	the	rates	
Ø  it	is	crucial	to	iden#fy	boosted	V	->	qq	decays	
Ø  Jet	pruning	(arXiv:0903.5081,	arXiv:0912.0033)		

Ø  Recluster	jet	cons#tuents,	applying	addi#onal	condi#ons	at	each	recombina#on		
Ø  Filter	out	so{	and	large	angle	QCD	emissions		

Ø  Mass	Drop	(arXiv:0802.2470)		
Ø  Decluster	jet	by	stopping	before	last	itera#on->two	subjets	

Ø  N-subjeSness	(arXiv:1011.2268)		

Jet		

MX=	2.16	TeV	



	
Ø  higher	acceptance	compared	to	leptonic	channel->	

best	at	high	mass		
Ø  Event	selec#on: Photon	pT>	180,		AK8	jet	pT>	200,	

mJγ>	600	GeV		
Ø  Sub-jet	b-tagging:	Two	categories	(an#-b-tagged	and	

b-tagged)	
Ø  No	significant	excess	observed	
Ø  ATLAS	13	TeV	analysis	gives	the	similar	result	(ATLAS-

CONF-2016-010)			

No	b-tag	 With	b-tag	

narrow	width	

CMS-PAS-EXO-16-020	



Ø  13	TeV	data	is	analyzed	in	both	ATLAS	and	CMS	
with	most	of	the	possible	final	states	
Ø  WW/WZ/ZZ->qqqq	
Ø  	WW/WZ/ZZ->υυqq/lvqq/llqq	

Ø  Reconstructed	jet	masses	in	hadronic	final	states	
are	used	to	define	different	sensi#ve	signal	region	

Ø  65<mpruned<105	GeV		
Ø  No	excesses	observed	by	CMS	and	ATLAS	
Ø  Be7er	limits	than	in	Run	1	

CMS-PAS-EXO-15-002	
ATLAS-CONF-2015-068	
ATLAS-CONF-2015-075	
	
	
	

ATLAS-CONF-2015-071	
CMS-EXO-PAS-15-002	
CMS-PAS-B2G-16-004	



Ø  Higgs	iden#fica#on:	105<mJ<135	
Ø  Same	conclusions	from	ATLAS	and	CMS:	No	

significant	excess	observed	over	background	

ATLAS-CONF-2015-074	
CMS-PAS-B2G-16-003	
CMS-PAS-B2G-16-007	

Ø  Most	significant	excess	from	Run	1	in	CMS:	
2.2σ	local	for	W’->WH@	1.8	TeV	

Ø  Combining	all	8	TeV	VV+VH	searches:	
remains	2.2σ	in	W’	hypothesis	

Ø  Combining	all	8+13	TeV	VV+VH	searches:	
reduced	to	0.9σ	in	W’	hypothesis	



Ø  Combining	8	and	13	TeV	data,	CMS
+ATLAS	conclude	a	solid	“maybe”	on	the	
750	GeV	bump.	

Ø  LHC	already	delivered	more	than	4.5/q	in	
2016	in	the	last	few	weeks	->	we	will	get	
further	understanding	soon!	

Ø  Di-boson	resonance	masses	>TeV	
explored	in	all	final	states	by	CMS+ATLAS	

Ø  Analyses	with	13	TeV	data	supersede	8	TeV	searches	at	>TeV	masses	and	put	
most	stringent	mass	limits	on	W’/Z’/G*	resonances		

Ø  Combina#on	of	8+13	TeV	VV+VH	searches	disfavor	bump	at	2	TeV,	Final	
confirma#on	with	2016	data	






























