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

Published	
  May	
  2015	
  

Discussions	
  on	
  Couplings	
  CombinaQon	
  started	
  already	
  10	
  months	
  ago	
  



Why did it take almost a year���
 (and is not finished yet)?



•  Combination is done within LHCHCG working group ���
(1-2 meetings a week)



•  Reports on individual channels analyses


•  Report on individual channels Nuisance Parameters (NP)


•  Build basic Workspaces (WS) for individual channels.���

 WS are like special format data bases on which fits can be 
performed.



•  Cross check WS between ATLAS and CMS (by performing basic fits to 
extract signal yields) and compare with publications



•  Contact physicists  per channel per experiment meet, discuss and give 
an educated recommendation on which NPs should be (if at all) 
correlated



•  Models are discussed and agreed upon


•  Combined WS for all models, are built by each experiment, then 

combined and crosschecked between experiments


•  All models are being fit and cross checked between experiments


•  A detailed support note is written with all details of the details


•  A paper is being written, and turned into a note for LHCP
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Theory Inputs I: Higgs Decays
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The	
  natural	
  width	
  of	
  the	
  Higgs	
  boson	
  is	
  expected	
  to	
  be	
  very	
  small,	
  4.1	
  MeV	
  	
  
(<<	
  resoluQon)	
  	
  

mH=125.09	
  GeV	
  



Theory Input : Event (MC) Generators
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Theory Input II: Event Generators



Subtlety: : the ggZH makes about 8% of the ZH cross section, yet it has 
harder pT spectrum and therefore contributes more to the measurement 
(mainly H->bb which is based on VH). CMS did not use the generator (was 
not in the market at the time of publication), so a pT reweighted qq->ZH 
spectrum sample is used (for Hbb), such that the two production 
processes can be considered as separate in the fit ���
(this is one thing that is different than the CMS publication).
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Theory Inputs III: Production Modes 
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ggH	
   VBF	
   VH	
   [H	
  

Pp	
  collisions	
  

SM	
  ggF,	
  3H,	
  bbH	
  theory	
  uncertainty:	
  ~10%	
  	
  
VBF,	
  VH,	
  ZH:	
  2-­‐3%	
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 H (NNLO+NNLL QCD + NLO EW)

App 

 qqH (NNLO QCD + NLO EW)
App 

 WH (NNLO QCD + NLO EW)

App 

 ZH (NNLO QCD +NLO EW)

App 

 ttH (NLO QCD)

App 



Theory Inputs IV:  Other Production Modes
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ggZH: 


O(10%) effect on VHbb in SM, higher pT than qqZH



���






tHq + tHW



Not really sensitive but has larger effects for negative couplings (kF,kV)












bbH


bbH is ~1% of total HXSC. ���
Similar to ttH but not really distinguishable from ggF





Theory Inputs V: Subtleties
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ggH	
  
   Subtleties:


•  pTH for ggF production is reweighted to match 

calculation of HRes2.1. which includes NNLO (NN 
Leading Order) and NNLL (NN Leading Log) 
corrections. 



•  ggH events with >=2 jets, are reweighted to match 
pTH from POWHEG MINLO H+2jets predictions.



•  This	
  consistent	
  treatment	
  between	
  the	
  two	
  experiments	
  of	
  
the	
  most	
  prominent	
  theoreQcal	
  aspects	
  of	
  Higgs	
  boson	
  
producQon	
  and	
  decay	
  is	
  quite	
  important	
  since	
  	
  all	
  theoreQcal	
  
uncertainQes	
  in	
  the	
  various	
  signal	
  processes	
  are	
  treated	
  as	
  
correlated	
  for	
  the	
  combinaQon.	
  	
  



What do we measure (observables)


A simplified view:





We measure event yields


 (in bins, i.e. shapes)


We want to derive couplings 
and signal strengths




 

The analysis is using 

discriminators (usually 
reconstructed mass related) 
to increase S/B
























ns (i→ f ) = µ iµ f × (σ i × Br f )SM ×A p
i × ε p

i × Lumi
i∑
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i ∈(ggF,VBF,VH ,ttH ) f ∈(γγ ,ZZ,WW ,bb,ττ )
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What do we Measure?


We measure event yields
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ns (i→ f ) = µ iµ f × (σ i × Br f )SM ×A p
i × ε p

i × Lumi
i∑

Observable	
   PO	
   Theory	
   Theory	
  &	
  
Experiment	
  

Accelerator	
  &	
  
Experiment	
  



What do we measure (observables)


We increase sensitivity 
by classifying the events 
via categories and 
measure the signal 
strength per category 
and then combining them 
taking all the sytematic 
and statistical errors 
uncertainties into account






















 18	
  

Loose/Qght	
  high	
  mass	
  2jet	
  (VBF	
  tag)	
  

Phys.	
  Le[.	
  B	
  726	
  (2013),	
  pp.	
  88-­‐119	
  

The	
  categories	
  are	
  also	
  sensiQve	
  to	
  different	
  producQon	
  modes,	
  
	
  allowing	
  the	
  measurement	
  of	
  the	
  couplings	
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i ∈(ggF,VBF,VH ,ttH ) f ∈(γγ ,ZZ,WW ,bb,ττ )
ns

c(i→ f ) = µ iµ f × (σ i × Br f )SM ×A p
i,c × ε p

i,c × Lumi
i,c∑

PO	
  



Statistical treatment – profile likelihood


From L(ATLAS+CMS)���
construct the profile likelihood���
for a statement on ���
the parameter(s) of ���
interest α ���
���
���
���



68% Confidence ���
interval defined by ���
a rise of 1 unit in t(α)���
(asymptotic limit)



Θ: vector of ~4200 "
nuisance parameters


19
α


α

tα − 2 ln
L(α , ˆ̂θα )
L(α̂ ,θ̂ )



Systematics and Nuisance Parameters


Profile likelihood ratio test statistics:
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ns+b (i→ f ) = µ iµ f × si
f (θ )+ b

S(θobs)


S(N|θ)


S(θ=-1)


S(θ=0)


S(θ=+1)


Signal Probability model"
for any value of "

energy scale param θ


Illustration: modeling of energy scale uncertainty


The signal/background distributions can	
  describe	
  distribu+on	
  under	
  a	
  
wide	
  range	
  of	
  parameters	
  	
  for	
  which	
  the	
  true	
  values	
  are	
  unknown	
  
	
  (energy	
  scales,	
  QCD	
  scales…)	
  	
  



Systematics and Nuisance Parameters


Profile likelihood ratio test statistics:















for each likelihood evaluation, all systematic uncertainties (nuisances) are varied to 
maximize the profile likelihood (profiled)



~4200 nuisances in the combined fits


A large part related to the finite MC statistics


Signal theory normalization uncertainties


BG theory uncertainties (for BGs not using the data)


Other experimental uncertainties



Most experimental uncertainties are assumed uncorrelated between the two 
experiments and many tests have been carried out to check the possible impact that 
was found negligible





Main signal theoretical sources of uncertainties :



QCD scales, 


parton distribution functions (PDF), 


UEPS


Higgs boson branching ratios (BRs). 



A care was taken that the state-of-the art calculations of theoretical cross sections 
and BR, Higgs pT are common between the two experiments.


 Sometimes this care required modifications of the analyses.
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Systematics (NPs) details




The PDF uncertainties on the inclusive rates for different 

Higgs boson production processes are correlated between the 
two experiments for the same channel but are treated as 
uncorrelated between different channels, except in two cases:




• the WH and ZH production processes are assumed to be 

fully correlated;


    • the ggF and ttH production processes, which are 
predicted to be anti-correlated at the level of 60%,


are assumed to be fully anti-correlated.
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Correlating Experiments and Channels
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LATLAS ,ZZ µ.θQCDscale,θPDF ,θATLASDet
,θ ,.....( )

LCMS ,ZZ µ.θQCDscale,θPDF ,θCMSDet ,θ ,.....( )

LATLAS ,ττ µ.θQCDscale,θPDF ,θATLASDet
,θ ,.....( )

QCD	
  scale	
  and	
  UEPS	
  uncertainQes	
  are	
  correlated	
  
between	
  the	
  two	
  experiments	
  in	
  the	
  same	
  
producQon	
  channels	
  and	
  are	
  treated	
  as	
  
uncorrelated	
  between	
  different	
  channels.	
  

LCMS ,ZH µ.θQCDscale,θPDF ,θCMSDet ,θ ,.....( )

LCMS ,WH µ.θQCDscale,θPDF ,θCMSDet ,θ ,.....( )

LATLAS ,ZH µ.θQCDscale,θPDF ,θATLASDet
,θ ,.....( )



Systematics (NPs) details: Background


•  Background modeling Uncertainties are difficult to correlate between 

experiments because of different selected phase-space regions 
between the experiments. This is in particular true when the 
background is driven by data control regions.



•  In cases when the BG is fully determined from MC, correlation is safe, 
e.g. ZZ continuum (BG to ZZ) or ttW and ttZ to ttH multi lepton. Of 
course in these cases one can correlate the cross section uncertainties.



•  Subtlety:


ttbb and ttb (BG to ttH,Hàbb) were treated separately by CMS, while in 
ATLAS they were correlated.


The choice of different correlation models between the two experiments was 
studied and  yields an impact on the signal strength measurement below 10% 
of the total uncertainty in this specific channel.
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Experimental Assumptions 


•  We assume a SM-like Higgs boson with JP=0+ and with a narrow width 

(NWA) such that production and decay are decoupled



•  The mass of the Higgs is assumed to be






•  We cannot separate the production from the decay @ the LHC.


    We measure event yields and deduce


    (for example )the global signal strength



•  To measure the global signal strength for a specific channel (f) we 
need to make assumptions, e.g. all production modes are related to 
each other via the SM ratios. ���
 Assumptions should also be made when combining  7 and 8 TeV 
measurements.  All these assumptions bring some model dependence
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mH	
  =	
  125.09	
  GeV	
  

σ i × BR
f



Measuring Signal Strengths
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μV/μF	
  can	
  be	
  measured	
  in	
  
	
  the	
  different	
  decay	
  
	
  channels	
  and	
  combined:	
  

	
  μV/μF	
  =	
  1.06	
  	
  	
  	
  
+0.35	
  
-­‐0.27	
  

SM	
  p-­‐value	
  
72%	
  (6p)	
  

µV
f

µF
f =

µV × BR
f

µF × BR
f =

µV
µF



Measuring Signal Strengths
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μV/μF	
  can	
  be	
  measured	
  in	
  
	
  the	
  different	
  decay	
  
	
  channels	
  and	
  combined:	
  

	
  μV/μF	
  =	
  1.06	
  	
  	
  	
  
+0.35	
  
-­‐0.27	
  

SM	
  p-­‐value	
  
62%	
  (6p)	
  

µV
f

µF
f =

µV × BR
f

µF × BR
f =

µV
µF

This	
  made	
  me	
  think	
  that	
  
	
  μVBF/μggF	
  
Cannot	
  be	
  over	
  5	
  sigma	
  	
  
away	
  from	
  0	
  
	
  and	
  I	
  lost	
  a	
  bet	
  (see	
  later)	
  	
  



Measuring Signal Strengths
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SM	
  p-­‐value	
  
88%	
  (10p)	
  



Measuring Production Signal Strengths


Assuming SM BR we can measure the signal production strengths.






9/15/15	
   Eilam	
  Gross,	
  Lund,	
  Sept	
  2015	
   29	
  

SM	
  p-­‐value	
  
24%	
  (5p)	
  

Largest	
  difference	
  in	
  [H:	
  2.3σ	
  	
  
excess	
  with	
  respect	
  to	
  SM	
  
Over	
  5	
  sigma	
  in	
  VBF	
  

Main	
  uncertainty	
  from	
  ggF	
  xsc	
  

A	
  subtlety:	
  	
  
Assume	
  signal	
  strengths	
  are	
  equal	
  
@	
  7	
  and	
  8	
  TeV	
  



Measuring the Higgs Decay Modes


Assuming SM signal production strengths, we can measure the 
Higgs Decay BRs
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Over	
  5	
  sigma	
  in	
  ττ	
  

SM	
  p-­‐value	
  
60%	
  (5p)	
  



Significance in the different channels


Comparing likelihood of the best-fit with μprod=0 ���
and μdecay=0    we obtain:










































Combination largely increases the sensitivity





VBF and Hàττ now established at over 5 σ.���
 Same as ggF and 

HàZZ, γγ, WW from single experiments
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Model Independent Ratios (Generic I)


One can fit the data with ONE channel specific measurement (iàHàf) , 4 ratios of 
cross sections and 4 ratios of BRs














This way, we make no assumptions on the Higgs boson total


width, which can freely vary, provided the narrow width approximation 
is still valid. 





Furthermore, many theoretical and experimental systematic uncertainties 
cancel in these ratios. In particular, they are not subject to the dominant 
signal theoretical uncertainties on the inclusive cross sections for the 
various production processes. 





These measurements will therefore remain valid, for example when 
improved theoretical calculations of Higgs boson production cross sections 
will become available. The remaining theoretical uncertainties are reduced


to those related to the acceptances and selection efficiencies in the 
various categories.





This is the most generic parameterisation considered, and from the results 
in terms of their central values and the full error covariance matrix, it is 
possible, assuming the asymptotic approximation, to derive other results of 
signal strength parameterisations
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ref :σ i ⋅BR

f ,  e.g. σ ggH ⋅BR
ZZ

σVBF

σ ggH

σWH

σ ggH

σ ZH

σ ggH

σ ttH

σ ggH

BRγγ

BRZZ

BRWW

BRZZ

BRττ

BRZZ

BRbb

BRZZ

σ x × BR
y =σ (i→ H → f ) σ x

σ i

⎛
⎝⎜

⎞
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⋅ BRy

BR f

⎛
⎝⎜

⎞
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Model Independent Ratios (Generic I)


One can fit the data with ONE channel specific measurement 
(iàHàf) , 4 ratios of cross sections and 4 ratios of BRs
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reference process:    i→ f

σ x ⋅BRy =
σ x

σ i

BRy

BRf

⋅ σ i ⋅BRf( )

µx
y ⋅ σ x ⋅BRy( )SM = σ x

σ i

BRy

BRf

⋅ σ i ⋅BRf( )

µx
y = µx

µi

µy

µ f

⋅µi
f

e.g.   ref=gg → H → ZZ

µZH
bb = µZH

µggH

⎡

⎣
⎢

⎤

⎦
⎥ ⋅µggH

ZZ ⋅ µbb

µZZ

⎡

⎣
⎢

⎤

⎦
⎥
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Model Independent Ratios (Generic I)
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reference process:    i→ f

σ x ⋅BRy =
σ x

σ i

BRy

BRf

⋅ σ i ⋅BRf( )

µx
y ⋅ σ x ⋅BRy( )SM = σ x

σ i

BRy

BRf

⋅ σ i ⋅BRf( )

µx
y = µx

µi

µy

µ f

⋅µi
f

e.g.   ref=gg → H → ZZ

µZH
bb = µZH

µggH

⎡

⎣
⎢

⎤

⎦
⎥ ⋅µggH

ZZ ⋅ µbb

µZZ

⎡

⎣
⎢

⎤

⎦
⎥
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Model Independent Ratios (Generic I)


One can fit the data with ONE channel specific measurement 
(iàHàf) , 4 ratios of cross sections and 4 ratios of BRs



Eilam	
  Gross,	
  Lund,	
  Sept	
  2015	
   35	
  

reference process:    i→ f

σ x ⋅BRy =
σ x

σ i

BRy

BRf

⋅ σ i ⋅BRf( )

µx
y ⋅ σ x ⋅BRy( )SM = σ x

σ i

BRy

BRf

⋅ σ i ⋅BRf( )

µx
y = µx

µi

µy

µ f

⋅µi
f

e.g.   ref=gg → H → ZZ

µZH
bb = µZH

µggH

⎡

⎣
⎢

⎤

⎦
⎥ ⋅µggH

ZZ ⋅ µbb

µZZ

⎡

⎣
⎢

⎤

⎦
⎥

9/15/15	
  

WHICH	
  REF?	
  

9 pars
ref :σ i ⋅BR

f ,  e.g. σ ggH ⋅BR
ZZ

σVBF

σ ggH

σWH

σ ggH

σ ZH

σ ggH

σ ttH

σ ggH

BRγγ

BRZZ

BRWW

BRZZ

BRττ

BRZZ

BRbb

BRZZ



Model Independent Ratios (Generic I)
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Model Independent Ratios (Generic I)


Largest deviationfrom SM 
is seen in BRbb/BRZZ, at 
the level of 2.4 σ



Effect mainly coming 
from large ZH and ttH 
(both ratios σi/σggF ~ 3)
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Model Independent Ratios (Generic I)


Largest deviationfrom SM 
is seen in BRbb/BRZZ, at 
the level of 2.4 σ



Effect mainly coming 
from large ZH and ttH 
(both ratios σi/σggF ~ 3)
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!!

generic !ZZ :

µZH
bb =

µZH

µggH

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
⋅µggH

ZZ ⋅
µbb
µZZ

⎡

⎣
⎢

⎤

⎦
⎥ ≈3.1⋅1.14 ⋅0.2=0.7

µttH
bb =

µttH
µggH

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
⋅µggH

ZZ ⋅
µbb
µZZ

⎡

⎣
⎢

⎤

⎦
⎥ ≈3.3⋅1.14 ⋅0.2=0.8

(µV ,µF ):
µV
bb =0.65,µFbb =1.09



Model Independent Ratios (Generic I)


Here is when I lost the 
bet to Guess Who
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ILLUSTRATION	
  



Couplings
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The k-framework has been developed within the LHC Higgs 
Cross Section WG


Higgs boson couplings are scaled by coupling modifiers κ


The definition is such that:





                        for production                    for decay
















Theκ-framework
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Theκ-framework
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  =	
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  +	
  undetected	
  



Theκ-framework
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Experimental	
  AssumpQons:	
  
The current  LHC  data are insensitiveto the coupling modifiers
 κ c  and  κ s  ,  and  have limited  sensitivity to κ µ . 
Thus,  it  is assumed  that  κ c  varies as κ t  ,  
κ s  as κ b ,  and  κ µ  as κτ .

 Other  coupling modifiers κ u ,  κ d  and  κ e( )  are
irrelevant  for  the combination as long as they are order  of  unity.

Undetected  decays can be either  non SM  decays 
or  come from non SM  BRs of  known but  not  measured  decays
such as cc, gg.

BRBSM = BRinv,und



Measuring Higgs Couplings





Can we resolve the���
degeneracy,  disentangle




The degeneracy can be broken by parameterize 

the strength parameters with couplings and 
introduce constraints which reduce the number of 
p.o.i. and allow reasonable fits.         
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µ iµ f⎡⎣ ⎤⎦

kj
2 =

Γ j

Γ j
SM ,  

σ j

σ j
SM kH

2 =
kj

2Γ j
SM∑

ΓH
SM = kj

2BRj
SM∑
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ns (i→ f ) = µ iµ f × (σ i × Br f )SM ×A p
i × ε p

i × Lumi
i∑

i ∈(ggF,VBF,VH ,ttH ) f ∈(γγ ,ZZ,WW ,bb,ττ )
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  Eilam&Gross,&NEXT&Abingdon&2015

VBF Composition

�20

q ′q → q ′q H

µVBF = kVBF
2 ≈ 0.74kW

2 + 0.24kZ
2
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ttH

�21

gg→ ttH ,bbH
µttH = kt

2

µbbH = kb
2



Eilam&Gross,&NEXT&Abingdon&2015

ZH Production

�22

σ (qq→ ZH ) ~ kZ
2

σ (qq→WH ) ~ kW
2

σ (gg→ ZH ) ~ kggZH
2

(Q:Why&not&gWH?)
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tHq  composition (W,t) interference

�23

σ qg→ tH ′q (b)( )
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WtH  composition

�24

σ gb→ tHW( )



Higgs does not couple


 to to Gluons and Photons


 in leading order






The production of the Higgs Boson


 and its discovery 


are due to a pure quantum loop
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kg
2 ≈ 1.06kt

2 + 0.01kb
2 − 0.07ktkb



9/23/2015	
   Eilam	
  Gross,	
  TAE,	
  Sept	
  2015	
   51	
  

Hgg Approximate Calculation

�17

A1/2
H =

Why'a'NEGATIVE  
interference'
term?
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The Seven Decay Modes Probes

�25

Γbb ~ kb
2

Γττ ~ kτ
2

ΓWW ~ kW
2

ΓZZ ~ kZ
2

Γµµ ~ kµ
2

kH
2 = k f

2BRf
SM

f
∑



Disentangling The Couplings
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µVBF
W =

[µVBFµ
W ]

  
µW =

kW
2

kH
2

  
σVBF

WW

σVBF
WW (SM) =

kV
2 ⋅ kV

2

0.75kF
2 + 0.25kV

2

  µVBF = kVBF
2 = kw

2BRSM
WW + kZ

2BRSM
ZZ

The	
  simplest	
  non-­‐trivial	
  
model	
  is	
  (kF,	
  kV)	
  where	
  all	
  
Fermion	
  couplings	
  	
  are	
  
set	
  to	
  kF	
  and	
  
all	
  Boson	
  couplings	
  to	
  kV	
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Indirect Sensitivity to Fermion Couplings






























Note that if all fermion couplings are set to be 
equal, 






kt
2 = Γ tt

Γ tt
SM

kt
2 = gt

2

gt.SM
2
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kg
2 = kF

2

kγ
2 = 1.28kW − 0.28kt

2
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Theκ-framework
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Theκ-framework
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Coupling Scenarios


To make reasonable fits we introduce physics motivated scenarios.


Testing the compatibility of the discovered Higgs with the SM is to 
test also where is it NOT compatible, spotting where NP might 
sneak in.


NP can appear in either the Higgs width and/or in the loops.
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kH
2 =

kj
2Γ j

SM

j=Z ,W ,t ,b,τ
∑ + kγ

2Γγ
SM + kg

2Γg
SM

ΓH
SM

ΓH kγ kg Scenario

ΓH = kH
2 ΓH

SM Kγ (kt ,kW ) Kg (kt ,kb ) only SM particles in loops

ΓH = kH
2 ΓH

SM + BRi,uΓH kγ kg mNP  could be < mH

2

ΓH = kH
2 ΓH

SM kγ kg mNP >
mH

2
ΓH = kH

2 ΓH
SM + BRi,uΓH Kγ (kt ,kW ) Kg (kt ,kb ) NP (not in the loops) 

ΓH = kH
2 ΓH

SM + BRi,uΓH
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Negative Couplings?
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A comment on Interference

is extremely important

�19

 

kt kW

ggF
kg
2 ∼ kt

2

Brγγ
kγ
2 ~ −kWkt

BRWW
kW
2

If&kt=D1&ggF&slightly&  
affected&
WW&unaffected&
!!&increases&

Testing&negative&kt&is&extremely&&important&

ns
γγ ~ kg

2 (kt ,kb )× kγ
2 (kt ,kW ) kγ

2 = 1.28kW − 0.28kt
2



Couplings Generic Model


LHC is not able to 
measure the Higgs full 
width.


The only way to get 
minimal assumptions 
measurement is using 
ratios, and use 
effective couplings for 
Gamma and Gluon
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SM	
  p-­‐value	
  
13% (7p)	
  

λxy =
κ x

κ y



Couplings Generic Model
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Couplings Generic Model
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ggZH  and tH →
possible solutions with negative λtg  and λWZ



kV & kF: The pedagogic plot
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HERE	
  WE	
  ASSUME	
  ONLY	
  SM	
  PARTICLES	
  ARE	
  CONTRIBUTING	
  TO	
  THE	
  LOOP	
  
AND	
  THAT	
  ALL	
  FERMION	
  COUPLINGS	
  EQUAL	
  AND	
  ALL	
  VECTOR	
  COUPLINGS	
  EQUAL	
  

9/15/15	
  

Tension
Drioing	
  
apart	
  

SM	
  –	
  	
  
No	
  Tension	
  

~	
  5σ	
  	
  
exclusion	
  of	
  	
  
kF<0	
  	
  



kV & kF: The pedagogic plot
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HERE	
  WE	
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  SM	
  PARTICLES	
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  LOOP	
  
AND	
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  FERMION	
  COUPLINGS	
  EQUAL	
  AND	
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  VECTOR	
  COUPLINGS	
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9/15/15	
  

Tension
Drioing	
  
apart	
  

SM	
  –	
  	
  
No	
  Tension	
  



kV & kF: The pedagogic plot
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HERE	
  WE	
  ASSUME	
  ONLY	
  SM	
  PARTICLES	
  ARE	
  CONTRIBUTING	
  TO	
  THE	
  LOOP	
  
AND	
  THAT	
  ALL	
  FERMION	
  COUPLINGS	
  EQUAL	
  AND	
  ALL	
  VECTOR	
  COUPLINGS	
  EQUAL	
  

9/15/15	
  

Tension
Drioing	
  
apart	
  

SM	
  –	
  	
  
No	
  Tension	
   Z-­‐t	
  	
  (ggZH)	
  



kV & kF: The pedagogic plot
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HERE	
  WE	
  ASSUME	
  ONLY	
  SM	
  PARTICLES	
  ARE	
  CONTRIBUTING	
  TO	
  THE	
  LOOP	
  
AND	
  THAT	
  ALL	
  FERMION	
  COUPLINGS	
  EQUAL	
  AND	
  ALL	
  VECTOR	
  COUPLINGS	
  EQUAL	
  

9/15/15	
  

Tension
Drioing	
  
apart	
  

SM	
  –	
  	
  
No	
  Tension	
  

W-­‐t	
  (tH)	
  

Looks	
  like	
  we	
  get	
  be[er	
  resoluQon	
  with	
  WW	
  alone	
  



kV & kF: The pedagogic plot
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Fisng	
  only	
  posiQve	
  
Kappas,	
  tautology	
  resolved	
  



kV & kF: The pedagogic plot


Another interesting point




Why in 1D we do not 

see a positive Confidence 
Interval for WW
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1D vs 2D Confidence Interval
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Δχ 2 = 1
Δχ 2 = 2.3  (68% CL)



The CERN Courier PR plot
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SM	
  p-­‐value	
  
59%	
  



In the presence of NP


Here NP will enter in the 
loop and might  
contribute to BRBSM



 We introduce effective 
couplings 




To be able to fit we 

need to constrain the 
width by either assume 
BRBSM=0 (NP>mH/2)


or          and BRBSM>0 
(like in many BSM physics 
such as MSSM)
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kγ ,kg

9/15/15	
  

kV ≤1



Bounds on BRBSM


BRBSM<0.34 @ 95% CL





This is using a


     (BR>0; FC)


test statistics


Which does not


Allow negative


 BRs, leading to


Possible 


Overcoverage


(conservative)
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 !tBR



κg and κγ 


Assuming tree level couplings as in the SM and only 
modifications to the two main loops of ggF and Hàγγ
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ggF	
  loop	
  

Hàγγ	
  loop	
  

AddiQonal	
  heavy	
  fermions	
  or	
  	
  
charged	
  Higgs	
  boson	
  would	
  
modify	
  the	
  effecQve	
  couplings	
  

SM	
  p-­‐value	
  
82%	
  



“SM” fit




This is the olny 

fit where the 
MuMu coupling 
was included in 
the 6p fit. Loops 
content was 
assumed (all loops 
resolved) and 
BRBSM=0 was 
assumed.


   This is actually 
a SM fit which 
leads to the 
“Money Plot”
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The PR Plot (an alternative version)
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kF   or  kV

 

gHff =
gHff
gHff
SM gHff

SM =κ f gHff
SM ∼κ f m f

gHVV = gHVV
gHVV
SM gHVV

SM =κVgHVV
SM ∼κVmV

2

reduced coupling gHVV ∼ κV mV



lq and du
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SM	
  p-­‐value	
  
67%	
  

SM	
  p-­‐value	
  
78%	
  

λdu =
κ d

κ u

    λlq =
κ l

κ q



Conclusions	
  
Concluded?


Not Yet


We will conclude when the paper is out.





What would be the life time of this Legacy result?


Hopefully as short as possible…
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BACKUP
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Signal Theory Uncertaintoes


•  Signal Theory Uncertainties



•  PDF


•  PDF uncertainties on the inclusive rates for different Higgs production 

processes, are correlated between the experiments for the same production 
mode classes (called for historical reasons gg,qq and qg see below), but 
uncorrelated between themselves.



•  The so called gg class include (for signal): ggH,bbH and (anticorrelated with) 
ttH���
the so called qq class include qqH,WH,ZH and (antocorrleated with) ggZH ���
the gq class is gq->tH production



•  No correlations between signal and background.


•  100% anti-correlation between ggF and ttH (both gg generated)


•  tH (WtH and tHbj) are correlated between ttH, H->γγ, Hàmultileptons and 

Hàbb


•  VBF, WH and qqZH are correlated between themselves and anti-correlated with 

gg initiated ggZH
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Signal Theory Uncertaintoes


•  Signal Theory Uncertainties



•  UEPS


PDF and UEPS could be correlated between signal and BG, but since lots of BG is 
data driven its too complicated and assumed to be uncorrelated (between signal 
and BG)


•  UEPS are correlated between experiments for the same production mode���

The qq and gg generated UEPS (for inclusive 0+1 jet)  are split within the VBF 
tag and VH tag ckasses (for 2 jets) 



•  QCD Scale


Similarly, QCD Scale is correlated between experiments in the same production 
channel, but assumed to be uncorrelated between different production channels



•  For BR the full corrleation matrix is implemented for L1 which is the most sensitivie 
model. 



•  Other th uncertainties on signal acceptance and efficiency (which are small) are 
taken uncorrelated because they are treated differently by the experiments and it 
is impossible to asses the correlation.
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