
Cross-Talk Higgs Discussion
Note: these are preliminary results

A. Djouadi, CERN
B. Mangano, UC San Diego
F. Tarrade, Carleton
K. Peters, CERN
J. Bendavid, MIT



Introductory remarks
We desperately wanted a Higgs for Christmas:
we got something which looks furiously like it,

→ thanks to LHC, ATLAS, CMS!
A huge amount of information to digest in
ATLAS and CMS talks and the various notes!
What a (naive) theorist would like to know:
• Significance of Higgs signal in each channel and how many events.
• Combination of all channels and how one gets the global significance.
• Are we talking about same peak? Why∆MH≈2 GeV (res., Escale)?
• Anything special about other peaks and (excluded) mass regions?
• Any new development foreseen for Moriond? WW, ττ ,bb; combo?
• How much effort needed to make “combined significance” (2.98σ)?
• The LEE story poses many questions: why for the first time?
Should elsewhere=the other experiment? Should we change conventions
for evidence and discovery? Should it also apply in case of deficit?...
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Higgs→ γγ Search at CMS

Straightforward analysis in principle: Search for small but narrow mass
peak on smoothly falling background

Select two high pT isolated photons, and extract signal or set limits with
likelihood fit to the di-photon mass distribution in four event classes
based on Barrel vs Endcap and Converted vs Unconverted photons
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Higgs→ γγ CMS Results
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• Guido’s talk from Tuesday: https://indico.cern.ch/getFile.py/
access?contribId=1&resId=0&materialId=slides&confId=164890

• Higgs Results: https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsHIG

• Channels

• H→WW: https://twiki.cern.ch/twiki/bin/view/CMSPublic/
Hig11024TWiki

• Local p-value: http://cms-higgs-results.web.cern.ch/cms-
higgs-results/Comb/HIG-11-032/pvala_all_zoom.png

• H→ZZ: http://cdsweb.cern.ch/record/1406342?ln=en

• H→gg: http://cdsweb.cern.ch/record/1406346?ln=en

• Combination: https://twiki.cern.ch/twiki/bin/view/CMSPublic/
Hig11032TWiki

10
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https://indico.cern.ch/getFile.py/access?contribId=1&resId=0&materialId=slides&confId=164890
https://indico.cern.ch/getFile.py/access?contribId=1&resId=0&materialId=slides&confId=164890
https://indico.cern.ch/getFile.py/access?contribId=1&resId=0&materialId=slides&confId=164890
https://indico.cern.ch/getFile.py/access?contribId=1&resId=0&materialId=slides&confId=164890
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig11024TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig11024TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig11024TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig11024TWiki
http://cms-higgs-results.web.cern.ch/cms-higgs-results/Comb/HIG-11-032/pvala_all_zoom.png
http://cms-higgs-results.web.cern.ch/cms-higgs-results/Comb/HIG-11-032/pvala_all_zoom.png
http://cms-higgs-results.web.cern.ch/cms-higgs-results/Comb/HIG-11-032/pvala_all_zoom.png
http://cms-higgs-results.web.cern.ch/cms-higgs-results/Comb/HIG-11-032/pvala_all_zoom.png
http://cdsweb.cern.ch/record/1406342?ln=en
http://cdsweb.cern.ch/record/1406342?ln=en
http://cdsweb.cern.ch/record/1406346?ln=en
http://cdsweb.cern.ch/record/1406346?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig11032TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig11032TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig11032TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig11032TWiki


11
ATLAS Results

• Fabiola’s talk from Tuesday: https://indico.cern.ch/getFile.py/access?
contribId=0&resId=1&materialId=slides&confId=164890

• Higgs Results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
AtlasResultsHiggsDec11

• Channels

• H→WW: http://arxiv.org/abs/1112.2577

• H→ZZ: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/
CONFNOTES/ATLAS-CONF-2011-162/

• H→gg: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/
CONFNOTES/ATLAS-CONF-2011-161/

• Combination: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/
CONFNOTES/ATLAS-CONF-2011-163/
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ple consists of the same preselected sample used in the
rest of this analysis: events with two leptons and Emiss

T,rel.
The scale factor used to propagate the tt̄ yield from this
sample to the signal region is estimated as the square of
the efficiency for one top decay to survive the jet veto
(estimated using another control sample, defined by the
presence of an additional b-jet), with a correction com-
puted using MC to account for the presence of single
top [27]. A sample enriched in top background is defined
for the H + 1-jet channel by reversing the b-jet veto and
removing the cuts on ∆φ!!, m!!, and mT. The extrap-
olation to the signal region is done using a scale factor
computed using MC. The control samples for top in the
H + 0-jet and H + 1-jet channels also normalize the top
contamination in the correspondingWW control regions.
In both cases, the estimated top backgrounds are consis-
tent with the expected yields in Table I.
The signal significance and limits on Higgs boson pro-

duction are derived from a likelihood function that is the
product of the Poisson probabilities of each of the lepton
flavor and jet multiplicity yields for the signal selections,
the WW+0-jet and WW+1-jet control regions, and top
control region for the H + 1-jet channel. The normaliza-
tion of the signal, the WW cross sections for theH+0-jet
and H +1-jet channels, and the top cross section for the
H +1-jet channel are allowed to vary independently; the
control regions included in the fit constrain all of these
except the signal yield. All other components are normal-
ized to their expectations scaled by nuisance parameters
constrained by Gaussian terms that include the system-
atic uncertainties described below. The results from the
control sample measurements for the top background in
the H +0-jet channel and for the W+jets and Drell-Yan
backgrounds everywhere are used as the expected values
for the corresponding backgrounds in the fit. Since these
contributions are small, the control samples themselves
are not explicitly modeled in the fit as they are for top
in the H + 1-jet channel and for WW everywhere.
The systematic uncertainties include contributions

from the 3.7% uncertainty in the luminosity [28], and
from theoretical uncertainties, which are -8/+12% and
±8% from the QCD scale and 1% and 4% from the par-
ton density functions, for gg → H and qq → qqH respec-
tively. Additional theoretical uncertainties on the accep-
tance are assessed as described in Ref. [29]. In particular,
the uncertainty in the assignment of events to jet mul-
tiplicity bins is included separately as an uncertainty on
the cross section of each bin, calculated from the approx-
imate 10% and 20% uncertainties of the inclusive 0-jet
and 1-jet cross sections, respectively.
Several sources of measurement uncertainty are taken

into account. The uncertainty on the jet energy scale is
less than 10% on the global scale including flavor compo-
sition effects, with an additional uncertainty of up to 7%
due to pile-up [15]. The electron and muon efficiencies are
determined from samples of W and Z boson data with
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FIG. 2: The expected (dashed) and observed (solid) 95% CL
upper limits on the cross section, normalized to the Standard
Model cross section, as a function of the Higgs boson mass.
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uncertainties of 2-5% and 0.3-1%, respectively, depend-
ing on |η| and pT. Uncertainties are < 1% and < 0.1%,
respectively, on the lepton energy scale and < 0.6% and
< 5% on the resolution [13]. The uncertainties on the
b-tagging efficiency and mistag rate are 6-15% and up to
21%, respectively [16]. A 13% uncertainty is applied to
the energy scale for low-pT depositions in the Emiss

T mea-
surement. All these sources of detector uncertainty are
propagated to the result by varying reconstructed quan-
tities and observing the effect on the expected yields. For
the WW background, the total (theoretical and experi-
mental) uncertainty on the ratio of cross sections in the
signal and control regions is 7.6% in the H+0-jet channel
and 21% in the H+1-jet channel; for the top background
in H + 1-jet the total for the extrapolation to the signal
region is 38%, and 29% to the WW control region.

No significant excess of events is observed. The largest
observed deviation from the expected background is 1.9σ.
A 95% CL upper bound is set on the Higgs boson cross
section as a function of mH using the CLs formalism [30].
Figure 2 shows the expected and observed limits. Dis-
continuities occur where the selection changes, since the
signal regions there are less statistically correlated be-
tween adjacent masses. In the absence of a signal, one
would expect to exclude a Standard Model Higgs boson
in the range 134 < mH < 200 GeV at the 95% CL. The
Higgs boson mass interval excluded by the measurements
presented in this Letter, 145 < mH < 206 GeV, is consis-
tent with that expectation. This measurement excludes,
at 95% CL, a larger part of the mass range favored by
the electroweak fits than previous limits [31].
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