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Goals and assumptions 	


[1] CMS-PAS-HIG-15-002 / ATLAS-CONF-2015-044 
[2] JHEP 08 (2016) 045 
[3] PRL 114 (2015) 191803 

•  ATLAS-CMS measurements [1,2] try to answer certain questions: 
•  Is the 125 GeV Higgs-like particle the SM Higgs boson? 
•  Are all the Higgs boson properties (couplings, decay rates, etc) 

compatible with the SM predictions? 
•  Is there any new physics? For instance, in the loop-induced 

Higgs-gluon, Higgs-photon processes. 
•  Run 1 luminosity:  ~5 fb-1 at √s = 7 TeV , ~20 fb-1 at √s = 8 TeV. 
 
Assumptions: 
•  Higgs mass fixed at the measured value (125.09 GeV) from ATLAS-

CMS combination [3]. Small impact of mass uncertainty (±0.24 GeV) 
to the coupling measurements. 

•  Higgs width below ~2 GeV (SM prediction ~0.004 GeV). 
•  Only signal normalizations allowed to vary. Kinematics assumed to 

be close to SM predictions. 
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Higgs Production Channels 	


ggF VBF VH ttH 

Main	  Higgs	  production	  mechanisms	  depend	  on	  V-‐H	  or	  fermion-‐H	  couplings	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  
	  
	  
	  	  

V-‐H	  
couplings	  

top-‐H	  
couplings	  
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Higgs Decay Channels 	


Hàgg, cc, Zγ not included in the 
measurement but their contribution is 
included in the total width. 

Signal Strengths 
 
 
 
 
 
 
 
 
 
 
 
Coupling Modifiers 

κ j
2 =σ j σ j

SM   or  κ j
2 = Γ j ΓSM

j   

for a specific process  i→H→ f

µi =
σ i

σ i( )SM
   and   µ f =

B f

B f( )SM
               µi

f = µi ⋅µ
f

Strengths/Couplings 	
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Production × BR fit 	
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σ×BR fit: 25-2 parameters 	


7 



19-Sept-2016 

•  Assuming a single Higgs boson, 
σi and Bf can be fitted with 
respect to a reference 
ggàHàZZ: 

 

 

•  Results compatible with SM (p-
value 16%) with outliers (>2σ): 

σ i ⋅B
f =σ gg→H→ ZZ( ) σ i
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Higgs production and decay 	


σ ttH
σ ggF

= 3.3−0.9
+1.0

8 (Normalized to SM predictions) 



19-Sept-2016 

Signal Strength 	
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SM cross-sections, BRs floating Cross-sections floating, SM BRs  

Higgs signal strengths 	
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VBF production and Hàττ channel 	


•  Combination of ATLAS and CMS measurements leads to a higher 
than 5 sigma observation of the VBF production process and the 
Hàττ decay channel. 
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Production Asymmetry 	


•  Deviation from the SM in the 
boson vs fermion mediated 
production is searched by fitting 
the signal strengths using the 
VBF+VH/ggF+ttH ratio with the 5 
Branching Ratios floating. 

•  We also allow for different ratio 
per decay channel (10 parameter 
fit). The result is still compatible 
with SM. 

µVBF+VH
f

µggF+ttH
f =1.09−0.28

+0.36
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Higgs Couplings 	
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•  The σi and Bf have been 
resolved in terms of the ki 
Higgs coupling modifiers. 

•  For gluon-Higgs and 
Higgs-photon loops, 
effective coupling 
modifiers kg, kγ are used 
to search for new physics 
present in these loops. 

= kg
2

Higgs couplings 	
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Couplings for BSM physics contributing to the  
Higgs width  	


15 

Allow Higgs to have BSM 
decays à increase of the 
total width. 

No BSM Higgs decays. 
(BSM can still enter in couplings) 



Fermion vs Vector-Boson couplings 

Fit two couplings. 
A Fermion coupling:  
 
 
 
 
and a Vector-Boson coupling: 
 
 
 
 
 
Results for all decays and 
combined compatible with the 
SM (p-value 64%). 

kF=kt=kb=kτ =kµ

kV =kW =kZ
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BSM physics in loops: kg, kγ 	


kg 

kγ 

•  Fit effective couplings with 
all other parameters fixed 
to their SM values. 

•  kg, kγ compatible with SM. 
17 



Vector and fermion couplings vs mass 
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Couplings scale with the 
masses as SM predicts. 

1. Fit the 1/v dependence of 
couplings to mass 

2. Fit data using two degrees 
of freedom ε and M [1] 

[1] JHEP 06 (2013) 103 

λF = kF
mF

υ
,   λV =  kV

mV

υ
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Coupling ratios (norm to ggàHàZZ) 

λbZ = 0.58−0.20
+0.16

λtg =1.78−0.27
+0.30

•  13% compatibility with SM 
 
•  Outliers (>2σ): 
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Summary 
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•  A combination of ATLAS and CMS Run-1 (7/8TeV) measurements of 
Higgs boson production and decay rates has been presented. 

•  No deviations from the SM have been observed. 

•  Higgs couplings were measured using different models and found to 
be compatible with the SM. 

•  The global Higgs signal strength measured is: 1.09±0.1 

•  The VBF production and Hàττ decay processes were observed 
with a combined significance of 5.5σ and 5.4σ respectively. 

•  Run-2 is in progress, with ~30 fb-1 already delivered by LHC. 
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Backup 	
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Fermion asymmetry 	

Lepton-quark symmetry up-down quark symmetry 

Lepton-quark and up-down quark asymmetry was probed using a 3-parameter fit. 
Measurements consistent with SM. 
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Global signal strength: ATLAS vs CMS 	




19-Sept-2016 24 

Signal strength per production process 	
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SM Higgs branching ratios	
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SM Higgs production modes	


ggF VBF VH ttH 

The	  main	  Higgs	  production	  mechanisms	  depend	  on	  V-‐H	  or	  top-‐H	  couplings	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  
	  
	  
	  	  

V-‐H	  
couplings	  

top-‐H	  
couplings	  
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 H (NNLO+NNLL QCD + NLO EW)App 

H (NNLO QCD + NLO EW)q qApp 

 WH (NNLO QCD + NLO EW)App 

 ZH (NNLO QCD + NLO EW)App 

H (NLO QCD)t tApp 

 = 8 TeVs

ggF ~ 90% 
 
 
VBF~ 7-8% 
 
VH  ~ 3-4% 
 
ttH  ~ 0.5-0.8% 
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Run-2 2016 µ’s 

ATLAS-CONF-2016-091 
ATLAS-CONF-2016-081 
ATLAS-CONF-2016-068 
CMS-PAS-HIG-16-020 

VHàbb ttH 

Hàγγ, HàZZ 



ATLAS/CMS combination: mass 

First ATLAS + CMS combined publication 

Sep&1,&2015& Marco&Pieri&UC&San&Diego& 5&

1D2scan&

MH&=&125.09&±&0.24&GeV&
&&&&&&&=&±&0.21&(stat.)&±&0.11(syst.)&GeV&

&Mass&is&measured&with&high&precision&channels&γγ&and&ZZ!4l&

Measurement in the individual channels 

Sep&1,&2015& Marco&Pieri&UC&San&Diego& 6&

Some&tension&between&the&four&measurements&(pNvalue&~10%)&and&
opposite&in&ATLAS&and&CMS&N&very&good&agreement&in&the&central&values&

δmH/mH=0.2% 

19-Sept-2016 28 PRL 114 (2015) 191803 


