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  Introduction 

Understanding of the background in the ttH γγ analysis  
becomes increasingly important 
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•  Analysis recap 
•  Continuum background composition 
•  Resonant background (non-ttH Higgs) uncertainty 
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 Strategy for ttH → γγ search walk-through 
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We start with events with two good photons	
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Small	ttH	
Large	non-ttH	Higgs		

~ 1% signal from ttH production, 
~16 ttH signals, ~ 1700 SM Higgs, 
~ 2 million continuum background 
@36 fb-1 
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SM continuum bkg reduced 
Non-ttH Higgs now small 

ttH remains	

Multiple signal regions	

After requiring the event very likely to have a ttbar system -  

ttH fraction can be as high as 90% 
~ 11 ttH signal divided into 7 categories 
~ a few hundred continuum bkg evts @ 
36fb-1 	



 What do we care about? 
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a) How large is the non-ttH 

Higgs background?  
b) How to assign a 

systematic uncertainty?	

What is the composition of the continuum background? 
Is tt + γγ a large fraction? If so, future optimization will target the 
difference between ttH and tt+ISR/FSR photons 

a) Other signal regions 
constrain ggH, VBF, VH 
b) Extrapolation from non-
ttH regions to ttH-like 
signal regions subject to 
large uncertainties  



  Categorization 
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All	events	with	b-jets	
Nlep	=	0	?		

“hadronic	events”	
Njet	>=	3	

“leptonic	events”	

BDT	1	 BDT	2	

BDT	3	 BDT	4	

Cut	1	 Cut	2	

Cut	3	

Yes No 

BDT from 
training jet 
based variables 

Simple cuts on Nlep, 
Nb-jet, Ncentral jet 

Rejected	

Rejected	
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  Continuum background 

•  Background normalization under the Higgs peak → well 
established fit procedure 

•  Background composition → an accurate understanding 
allows targeted optimization 
•  Future analysis improvement may focus on the 

separation between ttH and tt + FSR / ISR photons 

•  No public statement on the composition was made by 
the LHC experiments 
•  Some ideas on using templates to decompose 

background for events passing preselection 
•  One can imagine the tt + γγ background is large, if 

we are getting close to tt H 
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  Background composition – leptonic channel 

•  Leptonic events 
•  Nbjet > 0 , Nlep > 0;  Additional requirements for 

categorization 
•  tt + γγ should not be trivial 
•  Not clear about V + γγ + b   
 

•  mT template decomposition 
•  mT shape different 

between top, jet fakes 
•  tt + γγ is the majority of 

the background here 
 

•  What can be useful for us 
•  A good modeling of 

ttgamma gamma 
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  Background composition 

•  Hadronic events 
•  Njet ≥ 3, Nbjet ≥ 1, Nlep = 0, additional BDT requirements 

to categorize events 
•  Overwhelming majority γγ+ jets 
•  A small fraction can be tt + γγ 

•  No obvious candidate 
observable for template fit 
1)  Multivariate discriminant 

(based on jet variables) can be 
used (see T. Schwarz and R. 
Hyneman’s talk) 

2)  Template shapes show 
separation between top and 
jets  

•  Best categories have very 
large top contributions 
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  Resonant Higgs processes contribution  

•  Non-ttH Higgs events is a non-trivial fraction of the 
Higgs events in the ttH categories 
•  ~ 10-20% of the total Higgs events 
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ggH VBF WH ZH ggZH ttH bbH tHqb tHW •  Central values of these 
background processes are 
constrained by other 
Higgs signal regions 

•  Question is about how 
well we can extrapolate 
from other regions to the 
ttH regions? 

•  Currently, 100% is assigned, which we hope we can 
reduce in the next round 
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  Resonant Higgs processes contribution  

•  What do we know about processes with b-jets coming 
from sources similar to b-jets in the non-ttH Higgs 
events, from data? 

•  LHC vector boson + jets measurements 
•  H ( → 4l) + b-jet measurement 
•  Data/MC comparison in diphoton sidebands  

 
•  The central value is not a concern – determined from 

combined fits of categories optimizing for different 
production modes 

•  The question is how well we can extrapolate from more 
inclusive phase space to the ttH phase space, 
specifically, H + b-jets 
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  Resonant background estimate 

•  Single photon + bjets measurement 
•  Larger discrepancy for high ET photon in forward 

region 
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 Resonant background estimate 

•  Use H → 4l measurement – orthogonal to diphoton 
data set – full data driven information 
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 Resonant background estimate 

•  Compare data and MC (Sherpa) sample in the 
diphoton mass sidebands  ( | mγγ -125 | > 5 GeV ) 

•  Use the difference to provide an estimate  
 
 
 

Left plot has 
everything 
normalized to 1 
with Nbjet > 0  
 
Different 
generators used 
for signal and 
background 
	
	

Currently, a 100% uncertainty is assigned to the 
contamination of non-ttH production mode 
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   Summary 

•  Continuum background 
•  How large is the fraction of tt + γγ events? 
•  Data-driven methods indicate that in the signal 

regions that tt + γγ is majority 
•  Better modeling of tt + γγ, tt + γ will be helpful  

•  Resonant background – non-ttH + b-jets  
•  The current 100% uncertainty is probably too 

conservative 
•  Data/MC comparison indicates smaller discrepancy  
•  Input from theoretical community useful 

•  Uncovered – tH background; perhaps hard to 
estimate from data? 
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   ATLAS MC Generators 
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   CMS MC Generators 


