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LHC SM Higgs Production and Decay
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gg → H → W−W+ → `ν̄ ¯̀′ν ′

140 GeV < MH < 180 GeV
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LHC SM Higgs Discovery PotentialM. Duehrssen: Standard model Higgs searches at CERN 687

Fig. 2. Discovery potential for a SM Higgs boson [7,8]

Fig. 3. Distribution of: a transverse mass MT in WBF H →

WW [12] and b invariant mass Mττ in WBF H → ττ [13]

3.2 Weak boson fusion

Recent analysis [9,10,11] show that it is very promising in
this low mass range to look for a Higgs boson in the weak
boson fusion (WBF) production mode.

In WBF the Higgs boson is produced together with
two very energetic jets in the forward region of the de-
tector. Since there is no colour flow between the jets, one
does not expect extra jet activity in the central region of
the detector. These two properties are very powerful in
rejecting backgrounds.

Using WBF it is possible to extract a very clear signal
from H → WW ∗ → lν lν and - even more important - to
discover the Higgs boson in the leptonic decay H → ττ
allowing a measurement of the τ -Yukawa coupling, which
is not possible in gluon fusion due to the dominant Z
background. Fig. 3 shows the expected distribution of the
transverse mass in H → WW and the invariant mass Mττ

in H → ττ .
When combining the WBF channels with all other

channels it is possible to discover a SM Higgs boson
(mH > 120 GeV) using only 10 fb−1 (see Fig. 4), which
is the expected integrated luminosity per year for one de-
tector at low luminosity.
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Fig. 4. Discovery potential for a SM Higgs boson in WBF [12]

3.3 Determination of the Higgs boson parameters

Provided that a Higgs boson is discovered, it is essential
to verify that the discovered particle is really a CP-even,
spin-0 boson that couples to all particles in proportion to
their mass as predicted in the SM.

Determination of spin and CP

Information on the CP and spin state of the Higgs boson
can be extracted from the angular correlations in the de-
cay H → ZZ → l+l− l+l− for a Higgs boson above the
ZZ threshold [14]. Due to the good resolution in the fully
leptonic decay, a complete reconstruction of the final state
is possible. The analysis cuts on the reconstructed masses
of the Z bosons and the Higgs boson do not change the an-
gular distributions of the leptons. Using 100 fb−1 of data
it is possible to exclude all anomalous spin and CP states
at the 2 σ level (see Fig. 5).

For a light Higgs boson methods to exclude anoma-
lous spin and CP states using H → ZZ(∗) and angular
correlations in WBF H → WW and H → ττ are under
investigation.

Measurement of coupling parameters

A measurement of the Higgs boson coupling parameters
is possible by combining all Higgs boson production and
decay modes. Depending on the Higgs boson mass, it is
possible to access the Higgs boson couplings to the W -
and Z-boson and the Yukawa couplings to τ , b and t at
the LHC.

However, for a light Higgs boson (mH < 200 GeV) it
is not possible to do an absolute measurement of these
couplings since the total width of the Higgs boson is too
small to be measured directly. Without this knowledge

CMS-NOTE-2003-033
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Irreducible WW Background
qq̄ → W−W+ → e−ν̄e µ+νµ (LO)
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ū

u

ū
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qq̄ → W−W+ → e−ν̄e µ+νµ (NLO)
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gg → W−∗W+∗ → `ν̄ ¯̀′ν ′ (LO)
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Calculation
External fermions massless

Internal fermions massless (but t-b loop)

Single-resonant contributions

Gauge-invariant off-shell calculation

Binoth et al. and Passarino-Veltman reduction

Gram determ. singularities inside phase space

Experimental cuts enhance gluon-scattering (signal!):

∆φll < 45◦ and mll < 35 GeV

jet veto: pTj > 20 GeV and |ηj | < 3

35 GeV < pT l,max < 50 GeV and 25 GeV < pT l,min

M. Dittmar, H. Dreiner, G. Davatz, G. Dissertori, M. Grazzini, F. Pauss
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Results

pp → W ∗W ∗ → `ν̄ ¯̀′ν ′ (
√

s = 14 TeV)

σ(pp → W ∗W ∗ → `ν̄ ¯̀′ν ′) [fb]

qq̄
gg

LO NLO
σNLO

σLO

σNLO+gg

σNLO

σtot 53.61(2)+14.0
−10.8 875.8(1)+54.9

−67.5 1373(1)+71
−79 1.57 1.04

σstd 25.89(1)+6.85
−5.29 270.5(1)+20.0

−23.8 491.8(1)+27.5
−32.7 1.82 1.05

σbkg 1.385(1)+0.40
−0.31 4.583(2)+0.42

−0.48 4.79(3)+0.01
−0.13 1.05 1.29

std: pT,` > 20 GeV, |η`| < 2.5, p/T > 25 GeV
MW /2 ≤ µren,fac ≤ 2MW
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Offshell Effects

σoffshell = 0.97 σNWA , (selection cuts dependent!)
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Public Parton-Level Program/Event Generator

MC program with full spin correlations and off-shell effects

generate weighted and unweighted events

events in LHA format, compatible with PYTHIA etc.

LHAPDF interface

user-friendly specification of selection cuts and histograms

adaptive MC integration (Dvegas)

OmniComp-based parallel mode (incl. histogram filling)

amplitude evaluation in double and quadruple precision
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Summary

calculation for loop-induced gg → W ∗W ∗ → `ν̄ ¯̀′ν′

including full spin correlations and off-shell effects

important background to H → WW searches at LHC

O(α2

s), but enhanced by Higgs search cuts and g L
without cuts only 5% correction to known WW background

but 30% with realistic experimental cuts

dominant higher-order correction to LO WW background!

parton-level program/event generator available
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