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1. SM Higgs Physics as of today

The Standard Model of electroweak and strong interactioedigts the existence of a unique
physical Higgs boson, the quanta of the scalar field resptafir electroweak symmetry breaking.
Although the massny of this scalar boson is a free parameter of the theory soms&traimis can
be derived. Direct searches at thiee— collider LEP set a lower bound at 114.4 GeV at 95% CL;
Tevatron recently excluded the mass range between 160 anGéVv at 95% C.L. On the other
hand indirect limits can also be inferred from high precisalectroweak data exploiting thmay
sensitivity to loop corrections; assuming the completdditstl of the SM the Higgs should have
mass lower then 168 GeV at 95% CL. Nevertheless the uniqueesédghat comes from the SM
theory is thatmy should be lower then 1 TeV to respect the unitarity of the mebbson fusion
process. Moreover the SM is incomplete because the scalkedfa@veak symmetry breaking
(and the mass of the Higgs) is quantum mechanically unstéiblee want the SM to be valid up
to the Planck scale we have to request an incredible fineguretween the energy scale and the
parameters of the theory that force 18@ny < 180 GeV. If we consider the more likely scenario in
which the SM is just an effective theory valid up to a lowersdgat which new physics may appear)
this request is relaxed. This arguments are enough toyjukgfeffort in searching a SM-like Higgs
boson also at higher masses with respect to the range iadibgtthe SM precise measurements.

2. SM HiggsPhysicsat LHC

The LHC, which startup is planned for november 2009, is dexigto collide protons at a
center of mass energy of 14 TeV with a very high luminosity3¢1€m2s-1). The LHC will
thoroughly probe the TeV energy regime for the first time ahdooirse one of the main goals of
the two general purpose detectors, ATLAS [1] and CMS [2]] il to search for the Higgs in
all its possible energy range (100 GeV-1 TeV). As shown in Eig, the main Higgs production
mode at the LHC is the gluon-gluon fusion. The vector bosaiofu accounts for 20% and
reaches the gluon fusion at1 TeV/&. The Higgs production cross-section is of the order juif 1
to be compare to the inclusive p-p one which is B0 Considering the low luminosity scenario
(2x 10 cm2s71) the expected rates are: ®lfor bb events, 0.8 for Higgs eventsy; =120 GeV).
In this environment only leptonic or semileptonic final statan be employed for rare decays.
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Figure 1: (a) Higgs production cross sections as a function of its m@3dHiggs decay branching ratios as
a function of its mass.




Short Title for header Cristina Botta

3. High Mass Higgs search

For masses above 140 Ge¥/t¢he Higgs decays mainly in weak bosons (Fig. 1-b). The
H — WW mode has the highest branching ratiod times higher thail — ZZ). When the decay
into two real W became possible, aroumd ~ 160 GeV, the BR in to WW increase up+4ol due
to the threshold effect and the ZZ decay channel is lesstaansi
Due to the hadronic environment, in the region 4y < 600 GeV the most performant channels
areH - WW* — 2|2v andH — ZZ* — 4l (I=e, u); these channels will be considered in the follow.

3.1 H—ZZ* — 4leptons (4e, 4u or 2e2u) analysis

The four leptons channel represents the golden channelaowéde mass range for its clear
signature: 4 isolated, high leptons emerging from the primary vertex. With NLO crosstisec
compilation~ 90 events oH — ZZ*— 4 with 20 fb~! of data ¢ 1 year at low luminosity) are
expected. The main backgrounds for this channel 27&:— 41, Zbb — 2|bb, tt — 2Wbb (where
2 leptons are supposed to come from khéecays).This analysis relies completely on the lepton
reconstruction, identification and isolation as well ast@irtenergy-momentum measurement; the
precise energy-momentum measurement translate in a@iditjgs boson mass measurement and
so in a narrow peak emerging from the background. The idestifin of isolated leptons emerg-
ing from the primary vertex allows for a drastic reduction@ED-induced source of misidentified
("fake") leptons.Latest results from both experiments [[g]show the power of a simpley inde-
pendent sequence of cuts which provides a clean samplesvkfits while preserving the highest
signal selection efficiency. After a sequence of cuts dor@der to get rid of QCD events (QCD-
lepton enriched sample, Z+jets, W+jets) a tighter seledsoapplied in order to fight against the
backgroundibt?, tt where leptons are coming from semi-leptonic decays of botteesons. These
leptons are likely to be accompanied by hadronic products fihe fragmentation and the decay
processes initiated in the b-quark jets. Moreover they laalegge impact parameter with respect
to the primary vertex because of the long life time of the trba. Thus, a selection incorporating
leptons isolation complemented by impact parameter measants has the potential for powerful
rejection. The results of the CMS analysis optimized foib1* of data are showed in Fig. 2-a; the
ATLAS analysis at 3®b—! leads to the Kinvariant mass spectrum showed in Fig. 2-b.

In evaluating the final significance the effect of theordtigacertainties (mainly due to PDF and
QCD scale) and of the main experimental systematics urictets have been considered. More-
over, on the basis of the foreseen in-situ determinatiom@fietector performances, uncertainties
foreseen for data-driven methods to measure the main bawokds ZZ andeE) have been taken
into account. Both ATLAS and CMS analyses atfB0O' [3] [5] show that theH — ZZ* — 4
channel has a high sensitivity in the 280ny < 400 GeV range and in the 150 GeV region where
a significance of & can be reached. The CMS analysis &b1! [4] shows that a signal evidence
with a significance above®is found unlikely in all the mass range considered; in absaria
significant deviation from SM background the Higgs can bdusled if my > 185 GeV.

3.2 H—-WW* — 212v (I=e, u) analysis

The signal event signature is two isolated higheptons with a small opening angle in the
transverse plane and a small invariant mass, signifE@3t and no hard jets in the central detector.
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Figure 2: (a) CMS analysis at flo~1: 4l invariant mass after the events selection. (b) ATLAS arislgt
30fb~1: 4l invariant mass after the events selection.

This signature is found to be highly sensitive for a Higgshie mass range between 155 and 180
GeV. With NLO cross section compilation 3000 events oH — WW*— 2e2v with 20 fb~? of
data ¢ 1 year at low luminosity) are expected. This channel is faedwy the branching ratio
with respect to the previous one, but the final state is monepbex: due to undetected neutrinos
no Higgs mass peak could be reconstructed and a discovelygen of a Higgs of a certain mass
hypothesis relies on eounting experiment. The dominant SM backgrounds are the continuum
W+HW~ andtt production. An important element for this analysis is areetif/e selection oé
and u which should preserve high efficiency for true isolateddeptfrom W boson decays, while
providing a strong suppression of leptons from heavy quadags or fake leptons from jets. After
the identification of the leptons which could originate fréd%hboson decays, in both ATLAS and
CMS latest analyses [3][6], the signal events selectionigdsetoing all events with reconstructed
jets in the central region and applying an upper cut on theisolated-dileptons invariant mass
and on the angle between them in the transverse plane (Ricargt Fig. 3-b). The central-jet
veto is done mainly to redudé events in which central jets are slightly favoured. The adgb
between the isolated leptons in the transverse plane isiafipeiseful to minimize the contribution
of the non resonant WW background where this angle is expeaotbe large as the leptons are
preferentially emitted back-to-back, while it tends to bl in the decay of the scalar Higgs. The
upper cut on the invariant mass of the lepton-pair is maisigduto reduce the contamination by
leptons coming from Z boson decays. In the ATLAS analysistaoouthe transverse massg of
the WW system as defined in [7] and on theof that system are also applied.

A precise estimation of thi& and WW background as well as of the lepton fake-rate is crtacthis
analysis; data-driven methods have been devised and tineutfeertainties estimated. Including
these uncertainties the multivariate analysis technidubeoCMS analysis at £b~! shows that,
combining all three final statesd, uu, eu), a SM Higgs could be found atdbaround 160 GeV,
from the upper limit calculation the SM Higgs can be excluntetb0-190 GeV region. The ALTAS
analysis at 10fb~ 1 shows that a SM Higgs could be found at & 140-180 GeV region.

4. Combined channelsresults

The statistical combination of the results of the CMS aresy@iZzZ, HWW) at b~! shows
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Figure 3: Invariant mass of the di-lepton system (left) and azimu#tmgular separation between the two
leptons (right) for theu™ ™~ channel after pre-selection cuts and central jet vietp£ 160 GeV).

that a SM Higgs can be excluded in the mass range 140-230 GisVanhge is restricted to 150-190
GeV if the change of the LHC center-of-mass collision endrggn 14 to 10 TeV (foreseen for the
first year run) is considered ( Fig. 4-a). The ATLAS combioatof all the main analyses results
shows that with 5b~* of data at 14 TeV a high mass SM Higgs (140-450 GeV) can be ised.
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Figure4: (a) CMS analysis at flo—: projected exclusion limits for the SM Higgs at 14 and 10 Teviter
of mass energies. (b) Significance contours for differenttilyys masses and integrated luminosities. The
thick curve represents theSliscovery contour.
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