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hh	analyses 

Resonance	 

Non-resonance	 

•  The	bb,	WW*,	ττ	channels	
have	the	highest	BRs	
•  γγ	has	the	di-photon	mass	resonance		
(bump	search)			
•  SM	di-higgs	cross-sec2on	at	at	13TeV,	less	

than	0.1%	that	of	SM	Higgs	
•  Some	BSM	models	(2HDM,KK-Gravitons,	

new	scalar)	can	enhance	the	cross-sec2on	
significantly	in	some	region	of	phase	space.	

•  WW*γγ can	bring	you	0Lep,	1Lep,	2Lep		
subchannel.		

2 



hh	⟶WW*γγ:		working	mode	
•  Theorists	always	goes	ahead	of	experimentalists.		

–  Occasionally,	it	is	not	true.		
•  We	cooperated	closely	with	theorists	(Hong-jian	He’s	
group)	and	published		Pheno.	papers	about	HH	channels.		
–  JHEP06	(2018)	090	(WW*γγ),	”,	JHEP06	(2018)	090		
(WW*WW*)	

•  Propose	and	lead	those	analyses	in	ATLAS:		
–  Low	sta2s2cs	prevent	γγ2L	
–  Heavy	QCD	background	for	γγ0L(jets)	
–  CMS	doesn’t	have	dedicated	WW*γγ	analysis.		

•  Mul2lepton	final	states	
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Pheno.	Study	on	H⟶hh⟶WW*γγ		
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WW*γγ	analyses	
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•    According to SM Higgs h, one of W has to be off-shell.  
•   The analyses included two channels according to the decay of WW* (lvqqγγ, lvlvγγ) 

Phys.	Leg.	B	755(2016),	509-522	



Selec2ons	of	WW(lvlv)γγ	analysis	(1)	

6 Working point for b veto :  eff(b-evto) =22% (ATLAS).    

Treatment of fake backgrounds (negligible)  

Irreducible backgrounds:  

Selections on two leptons and two photons 

Mass Window and ET missing selections: 

and SM Higgs is not negligible. 



Selec2ons	of	WW(lvlv)γγ	analysis	(2)	
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In addition, 
for MH>=400 GeV 



Selec2ons	of	WW(lvqq)γγ	analysis	(1)	

8 Working point for b veto :  eff(b-evto) =22% (ATLAS).    

Treatment of fake backgrounds  

Irreducible  backgrounds:  

Selections on one lepton, two photons and two jets 

Mass Window and ET missing selections: 



Selec2ons	of	WW(lvqq)γγ	analysis	(2)	
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For MH>=600 GeV 



Results	for	wwγγ	analyses	
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MH = 300 GeV,  
 L = 300 fb -1,    

MH = 600 GeV,  
 L = 3ab -1,    



Interpreta2on	
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L = 300 fb-1 

 
The pink region 
corresponds to 3 ab-1 

 

MH = 300 GeV MH = 400 GeV 

MH = 400 GeV 

MH = 300 GeV 



(H⟶)hh⟶WW*γγ	with	ATLAS	
detector	
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Object	defini2on
Common	in	most	analyses: 

  Objects	 	Selec3ons	

Photons	 TightID	
EM,	trk	isola2on	
Lead	PT/mγγ>0.35,	Sub	PT/mγγ>0.25	

Jets	 PT>25	GeV,	|η|<2.5	
Jet	vertex	tagger	(JVT)	selec2on	

Muons		 Medium	ID	
PT>4	GeV,	|η|<2.5,		
d0significance,	Z0	selec2on	
B-jet	muon	correc2on		

Electrons	 Loose	Likelihood	ID,	
	PT>10	GeV	|η|<2.47	excluding	the	crack	region	

b-jets	 B-tagging	selec2on	with	eff.	70%		
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Selec2ons		
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Ø  For	high	heavy	mass	and		
non-resonance	cases,		selec2on	of	
PTγγ	can	effec2vely	suppress	bkg	
without	significant	dropping	the	
signal	efficiencies.		

Ø  At	least	two	central	jets 		
Ø  B-veto.		
Ø  At	least	one	lepton	with	

Pt>10	GeV		

We	found	that	the	analysis	is	not	
very	sensi2ve	to	ETmiss	



Background	es2ma2on	
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Ø  Direct	fits	on	the	con2nuum	background	are	implemented	w/	and	w/o	PTγγ	
selec2on		



Results

For	non-resonance	search:		
the	observed(expected)	limits	are	230(160)XSM		
For	the	resonance	search	(mass	275-400	GeV):		
the	observed(expected)limit	ranges	between	
6.1-40	(4.4-17.6	)	pb.	
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 ​Nevent in the mass window: 𝑚↓𝐻 ±2𝜎	



Conclusion	

•  We	work	with	theorist	closely	and	proposed	
H⟶hh⟶WW*γγ	in	ATLAS:	
– No	obvious	excess	has	been	observed.		
–  	limits	have	been	set	with	O(10	pb).	
–  The	best	limit	for	non-resonance	is	230(160)XSM.		

•  Updated	results	will	be	come	very	soon	with	full	
RUN2	data.		
– Analysis	strategies	will	be	upgraded.		
– DT	will	be	used.		
–  0L,	2L	sub-channels	will	be	inves2gated…	
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Backup	slides	
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	Con2nuous	Background	es2ma2on 

Ø  With	13.3	s-1	and	due	to	the	lack	of	sta2s2cs	in	the		1-lepton	(right	plot),	a	
simultaneous	fit	with	2nd	exponen2al	func2on	on	0-lepton	(let	plot)	and	1-lepton	
di-photon	mass	spectra	is	implemented	to	extract	the	con2nuum	bkg.		
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