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ATLAS+CMS Higgs combination:���
what have we learned?

MEPHI physics discussion,  September 2020 

•  This discussion is based on the run-1 ATLAS+CMS Higgs 
combination paper
•  This is still the most relevant one for combined measurements 

of Higgs properties
•  I was ATLAS editor for this paper 

•  Some theoretical considerations

•  Overview of main results

•  This is therefore NOT a discussion of the difficulties encountered 
in each individual measurement (an individual measurement 
corresponds ideally to a specific Higgs production and decay 
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•  In BSM physics, both gg to ZH and tHq/tHW production processes may 
play an important role through interference effects

gg to ZH

tHqtHq tHW tHW

Theory: how precise do we need to be?
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Theory: how precise do we need to be?

•  Today we have N3LO calculations for ggF, etc, etc (see K.Melnikov at LHCP)
•  Does this help? Actually, less now than at the time of discovery. Why?

1.  Experiments have learned to do Higgs fiducial measurements, which are 
insensitive to the inclusive calculations

2.  Generic coupling measurements are expressed as ratios
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Theory: need for fiducial predictions, jet binning
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Coupling measurements: how is this done?

•  Today we have N3LO calculations for ggF, etc, etc (see K.Melnikov at LHCP)
•  Does this help? Actually, less now than at the time of discovery. Why?
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Coupling measurements: how is this done?

•  Other production channels such as bbH, gg to ZH, tH are included resp. in ggF, 
ZH and ttH since they are not accessible as specific channels (nor will they be in 
run 2)

•  With much larger statistics, it would be interesting to measure specifically the 
signal strength or effective coupling squared for any of the above i to H to f 
processes, where i denotes the production and f denotes the decay
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Coupling measurements: how is this done?

•  Cannot measure σi,BRf or µi,µf at the same time, need to measure ratios 
or make additional assumptions

•  Measuring  ratios  is  done  through  a  generic  parameterisation  of  the 
above yields  or of  σi  x  BRf,  such that  there  is  no dependence on the 
inclusive  theory  cross  section  uncertainties  (signal  strength 
measurements)  or  such  that  one  tests  directly  for  deviations  of  the 
couplings of the Higgs boson from their SM values (κ framework)

•  Additional  assumptions  in  the  narrow-width  approximation  allow 
measurements of production or decay signal strengths

•  Additional assumptions about BSM physics (for example BR_BSM = 0) 
allow measurements of absolute coupling strengths
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Coupling measurements: how is this done?

•  The numerical factors depend on mH but not only! They account for state-of-the-
art QCD and EW corrections, so eg gg fusion and H to gg decay will not have the 
same expression exactly. Worse, the factors depend on kinematics!!
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Coupling measurements: how is this done?

•  The equation above is  free of any theory uncertainties on the inclusive cross 
sections.  However,  the  yields  in  each  channel  assume  the  SM  Higgs  boson 
production and decay kinematics and are subject to theory uncertainties (QCD 
scales, PDFs, jet binning, parton shower, underlying event). 

•  Note that in this parameterisation, as in all signal strength parameterisations, 
the assumptions for the unaccessible decay channels are different from the ones 
in the κ framework. 

•  Here H to cc and H to gg are included in H to bb. ���
And H to Zγ is included in H to γγ.
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Coupling measurements: how is this done?

•  Overall precision on H to WW is the best

•  But systematic uncertainty is much smaller for H to ZZ
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Coupling measurements: how is this done?

•  In  this  parameterisation,  the  rather  high  values  of  σttH  and  σZH  observed, 
especially by CMS, are not observed in H to bb decays, so BRbb decreases

•  This is much less the case when measuring µbb assuming SM for production
MEPHI physics discussion,  September 2020 
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Coupling measurements: how is this done?

•  In the κ framework, H to ZZ was chosen as a reference a long time ago (before 
data-taking).

•  The relationships between the two parameterisations can be seen in the table 
above.

•  The  two  are  not  equivalent,  however,  because  the  additional  assumptions 
concerning small channels are different, ���
namely in the κ framework κc = κt, κµ = κτ, and κs = κb 

MEPHI physics discussion,  September 2020 



MEPHI physics discussion,  September 2020 26 D. Froidevaux, CERN 



27 D. Froidevaux, CERN 

Coupling measurements: how is this done?

•  In  these  measurements,  despite  the  ratios,  the  theory  uncertainties  on  the 
inclusive cross sections are cannot be removed. 

•  Nevertheless, some ratios have small theory uncertainties, eg λγZ and λWZ
MEPHI physics discussion,  September 2020 
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Coupling measurements: how is this done?

•  All  parameters  are  allowed to  have  relative  negative  sign  wrt  each  other in 
principle.

•  Two can be tested currently since we have two processes involving interference 
effects which can be strong (gg to ZH and tH).

•  As shown by the figures above, there is some sensitivity, but it is still marginal.
•  This is similar to the better known κF vs κV plot 
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Stronger assumptions on signal strength: ���
assess compatibility of measurements with SM
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Stronger assumptions on κ coupling modifiers:���
test for presence of BSM physics in Higgs sector
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Stronger assumptions on κ coupling modifiers:���
no BSM physics in the loops nor in the decays
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Stronger assumptions on κ coupling modifiers:���
BSM physics in the loops only or in both loops and decays

•  Here assume either BRBSM = 0 or κW and κZ < 1
•  In the latter case, extract limit on BRBSM <  34% at 95 CL

MEPHI physics discussion,  September 2020 



MEPHI physics discussion,  September 2020 38 D. Froidevaux, CERN 

Extraction of Higgs boson width from off-shell measurements : ���
a brief overview
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