
Electroweak production of two jets in 
association with a Z boson and a high-
energy photon with the ATLAS detector

Zhijun	Liang	(IHEP,	CAS)
梁志均

中国科学院高能物理研究所
On	behalf	of	ATLAS	collaboration	



Latest	ATLAS	news	

2

https://arxiv.org/abs/1705.01966



Introduction

• Study of the VBS Zγ production at 8 TeV

• Measure	the	EW	Zγ fiducial	production	cross	section	that	is	sensitive	to	VBS	process	

• Limits	on	anomalous	Quartic	Gauge	Couplings	(aQGC)	

• Motivation:	

• higher	production	rate	than	WW/ZZ/WZ	VBS	processes	

• Important	test	of	SM	EWK	sector	and	EFT	parameterization	of	anomalous	couplings	

• Channels :	

• Leptonic channel	(Z->ee,	Z->μμ)

• Neutrino	channel		(Z->vv)
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Fiducial region for Lepontic channel
Dataset: 8TeV full dataset collected by ATLAS

Trigger : Use both Single lepton and di-lepton trigger 
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Effect of FSR cut 



• Inclusive	region:	l+l- 𝛾 +2	jets	
• Signal	regions(SR)	:l+l- 𝛾 +2	jets	+	Mjj>500GeV	
• Control	regions(CR):	l+l- 𝛾 +2	jets	+	150GeV<Mjj<500GeV	
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Kinematics distribution 

SRCR
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Analysis Overview 

• Cross section measurement:	

• Separate	the	QCD	and	EW	components	assuming	interference	negligible	

• The	fiducial	region	for	EW	cross	section	(signal-enhanced)	:	mjj>500	GeV	

• Control	region	is	build	(background	enhanced):	150<mjj<500	GeV

• control	normalisation of	QCD	Zγ background	

• constraint	systematic	uncertainties

• Limits	on	anomalous	Quartic	Gauge	Couplings	(aQGC)	in	high	𝛾 pT region
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Background in charged-lepton channel  

• Dominant Background (QCD Zγ + 2jets) 

• data-driven	estimation	

• “EWK” backgrounds 

• ttbar +	gamma	:	Madgraph

• Diboson (mainly		WZ)



• ~15% Zjets contribution  
• ~70% Z𝛾 QCD 
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Background summary in charged-lepton 
channel  
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Kinematics distribution: photon pT (pre-fit)

Signal and background shape in photon pT is similar 



• Signal and background shape is similar 

12

Kinematics distribution: 
Number of jets (pre-fit)



Kinematics distribution: 
Z𝛾 centrality (pre-fit)
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• Signal is more likely to has low Z𝛾 centrality



• Binned fit Zgamma based on Z𝛾 centrality
• Simultaneous	fit	on	both	CR	and	SR	regions.
• Signal	template	from	signal	MC	
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Cross section measurement 
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Cross section results 

Theory prediction from VBFNLO 



• Jet energy scale is one of the major systematics 
• Especially	for	the	forward	jet	calibration	

• Theory systematics 
• Uncertainty due to the choice of QCD scale 
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Systematics 
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Anomalous quartic gauge-boson couplings
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Anomalous quartic gauge-boson couplings



• aQGCs region=	SR	region	+	ET(𝛾)>250	GeV

19

Anomalous quartic gauge-boson couplings
Lepontic channel  
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Fiducial region for neutrino channel
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Background composition in neutrino 
channel
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Background composition in neutrino 
channel

Wgamma is major background 
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Kinematics distribution: 
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Anomalous quartic gauge-boson couplings
Neutrino channel  
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aQGCs limits 
aQGCs limit from this ATLAS analysis is similar to corresponding CMS analysis



• In	order	to	avoid	the	aQGCs model	violating	unitarity.	
• We	also	provide	limits	with	form	factors					
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aQGCs limits with form factor  
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Summary 

• Observed significance for Zγ j j EWK production: 2σ

• The total Zγ j j production (EWK+QCD) cross-section is 

also measured in signal region and control regions. 

• aQGCs Limits are set using  high γ  pT regions. 



Backup	

28



Higgs-bottom Yukawa coupling
• H→bb̄ has the largest predicted branching ratio (~58%)  

• Test	of	Yukawa	coupling	between	b-quarks	and	Higgs	boson	

• Evidence of fermionic decays in Run 1: 

• H → bb:	2.6σ	(expected	3.7σ)	
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VH(→bb̄ )

channel Reference	 Integrated	
Lumiosity

VH(bb̄ ) ATLAS-CONF-2016-091 13.2	fb-1 ( 13TeV)

VBF	H(bb)𝛾 ATLAS-CONF-2016-063 12.5	fb-1 ( 13TeV)
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• Search	for	H->bb	in	VBF	events	containing	a	central	photon
• Advantages	of	requiring	a	photon

• extra	handle	for	trigger
• suppresses	QCD	background	containing	initial	state	gluons
• Special	VBF	production	
• Sensitive	to	WWH	VBF	production
• not	sensitive	to	ZZH	VBF		

• Existing	results	for	inclusive	VBF	(H->bb)
• ATLAS	in	Run	1

• observed	(expected)	upper	limit	:	4.4	(5.4)	x	SM
• CMS	in	Run	1

• observed	(expected)	significance	:	2.2	(0.8)	x	SM
• observed	(expected)	upper	limit	:	5.5	(2.5)	x	SM

• CMS	in	Run	2	(2015	data)
• observed	(expected)	upper	limit:	3.0	(5.0)	x	SM

VBF	H(bb)𝛾
ATLAS-CONF-2016-063  



• Trigger: 
• L1	trigger:	single	photon	(pT >	25	GeV)	
• High	level	trigger:	4	jets	pT >	35	GeV,	mjj>	700	GeV	

• Offline Selection: 
• Tight	ID	photon,	pT >	30	GeV	
• 4	jets	with	pT>	40	GeV	
• 2central(|η|<2.5) b-tagge djets
• pT(bb)>80GeV	
• mjj>	800	GeV	

• BDT discriminant 

• Define 3 regions with different S/B
• Fit mbb in 3 regions 31

VBF	H(bb)𝛾 :	event	selection	
ATLAS-CONF-2016-063  



• Non-resonant background (𝛾+jets ) estimated with 2nd 
order polynomial fit. 
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VBF	H(bb)𝛾 signal	extraction	

High BDT score region 

VBF H（bb）𝛾 production cross section limit

ATLAS-CONF-2016-063  
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