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A search for the standard model Higgs boson in the low Higgs mass region (My < 135 GeV)
is presented using data from the Tevatron experiments CDF and DO at a centre of mass energy
of 1.96 TeV. The analyses presented here use an integrated luminosity of 0.9-2.7 fb~! of data.
Several channels with different Higgs production mechanisms and decays are investigated. The
channels that have the highest sensitivity are associated production of the Higgs with either a W
or Z boson, where the Higgs decays to a bb quark pair and the vector boson decays leptonically.
No signal is observed and limits on the Higgs production cross section of between 4-7 times that
predicted by the standard model have been placed.
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1. Introduction

The mechanism of electroweak symmetry breaking, as described in standard model (SM),
requires the existence of a scalar, neutral particle, the Higgs boson. Direct searches at the LEP
collider showed that the mass should be My > 114.4 GeV [1]. The Higgs can also be detected
indirectly via loop corrections to electroweak processes; a compilation of measurements at vari-
ous experiments, including LEP and the Tevatron, yield a constraint of My < 154 GeV at 95%
confidence level [2].

At the present time the Tevatron, which collides, protons and anti-protons at a centre of mass
energy of 1.96 TeV, is the only place where Higgs bosons can be produced. The Tevatron is running
well with data corresponding to an integrated luminosity of ~ 4 fb~!, recorded by each of the two
experiments CDF and DO. This paper reviews those analyses that are sensitive to the production
of a low mass Higgs (My < 135 GeV). The analyses use 0.9-2.7 fb~! of data per experiment. SM
Higgs searches at higher masses are reviewed in [3].

Large numbers of Higgs bosons will be produced at the Tevatron if its mass is low. Unfortu-
nately the dominant decay of H — bb is swamped by background — heavy flavour production of
jets is ~ 9 orders of magnitude larger. The production of a Higgs boson in association with a W or
Z boson, however, has lower backgrounds. Events where the vector vector boson decays leptoni-
cally and the Higgs decays to bb have the most sensitivity for discovery of a low mass SM Higgs.
Several other channels, which have smaller sensitivity have also been investigated by the Tevatron
experiments. It should also be noted that the channel H — W W, which is discussed in [3], also
contributes to the sensitivity in the low mass region. Further details on the analyses presented here
and the latest results can be obtained from [4].

2. Lepton and missing transverse momentum reconstruction

Electrons and muons from W and Z decays are reconstructed with a transverse momentum
typically pr215 GeV. Considerable effort has been made to extend the acceptance of leptons into
the higher |n| regions, and most analyses now accept lepton with || S2.0. The missing transverse
energy K is used to tag neutrinos that do not make energy deposits in the detector. The 7 is
reconstructed from all hadronic energy deposits and the energy of all reconstructed leptons in the
event. Typically a requirement of £7220 GeV is placed to tag a neutrino from W decay. The signals
from electrons, muons and Er are the main way events are triggered in the analyses described here.

3. b tagging

One of the main ways of identifying the Higgs through it’s dominant decay H — bb is to
identify one or both the final state b jets. Since b hadrons have a relatively long lifetime the decay
products can be “tagged” by reconstructing a secondary vertex or identifying tracks displaced from
the vertex. This is achieved by the precise spatial reconstruction of tracks in the silicon tracking
detectors of the two experiments.

CDF uses several different approaches to tag b jets. The standard method is to explicitly
reconstruct a secondary vertex using two or more tracks. An alternative method is to work out the
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Figure 1: (a) The NN output from the CDF analysis of the W H channel with two tags. (b) The dijet invariant
mass for the ZH — vvbb channel. The distributions from the Higgs expectation have been scaled for visual
clarity.

probability that all tracks in the jet originated at the primary vertex using the impact parameter of
tracks. They also combine several track and jet observables in an artificial neural network (NN). DO
combines secondary vertex and track impact parameter variables, together with quantities designed
to reconstruct the leptons from semileptonic b decays in a NN. Using the NN a typical tagging
efficiency of 50% is achieved, with a mistag rate of 0.5% for jets of pr = 50 GeV.

4. The WH associated production channel, WH — [vbb

The W in this channel is tagged by requiring an electron or muon together with H7. The Higgs
is reconstructed by requiring exactly two jets in addition to the W. The events are divided into two
samples with one or two tagged jets. CDF has analysed 2.7 fb~! of data; DO has analysed 1.7 fb ~!.

Background, which mainly arises from W+jets and ¢7 production, is suppressed by combining
several kinematic variables in a NN. Variable that are used include the pr of the jets, the inter-
jet separation and the invariant mass of the jets. An example NN output is displayed in figure 1
(a). Other multi-variant techniques such as a matrix element combined with a boosted decision
tree have also been tested. This channel is currently the most sensitive channel at low mass; CDF
observes a limit of 5.0 x SM Higgs cross section! and DO observes 9.3 x SM Higgs cross section.

DO have, in addition, a dedicated analysis of the WH — tvbb channel. A hadronic 7 is
reconstructed, along with K7 and two b jets. The dijet invariant mass is used to extract the limit of
35 x SM Higgs cross section for 0.9 fb~! of data.

5. The ZH associated production channel, ZH — vvbb

Events are reconstructed by requiring K7 > 50 GeV in addition to one or two tagged jets.
At most one other jet is allowed in addition to the two jets assumed to come from the Higgs.
Further cuts, mainly based on the angles of the jets, are used to suppress background from multi-jet
production. Both collaborations have analysed 2.1 fb~! of data.

LAll limits presented in this paper are at 95% confidence level.
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The signal for this channel contains a large fraction of events from W*H — [*vbb, where
the lepton has not been properly reconstructed. Allowing a third jet in this analysis improves
acceptance for the decay WH — TVbb.

The dominant backgrounds in this channel arises from multi-jet production and W /Z+jet
events. It is suppressed using multi-variant techniques of NN (CDF) and a boosted decision tree
(DO). The invariant mass of the dijet system for the DO analysis is shown in figure 1 (b). CDF
observes a limit of 7.9 x SM Higgs cross section and DO observes 7.5 x SM Higgs cross section.

6. The ZH associated production channel, ZH — "1~ bb

Events in this channel are selected by requiring two electrons or muons in addition to one
or two tagged jets. Since this channel is fully reconstructed with no expected H7, CDF uses the
over-constraints of the kinematics to improve the resolution of the dijet invariant mass. CDF has
analysed 2.4 fb~! of data; DO has analysed 2.3 fb!.

As in the other channels multi-variant techniques are employed to improve the sensitivity.
CDF observes a limit of 11.6 x SM Higgs cross section and D0 observes 11.0 x SM Higgs cross
section.

7. Other channels

Other channels have also been investigated, which although not as sensitive can add to the
overall significance and, could yield a signal if the Higgs’ couplings to other particles was not as
predicted by the SM.

The channel VH — gq'bb, where V is a W or Z boson, has a large cross section due to the
higher hadronic branching fraction of the W and Z, but also has larger background from multi-jet
production. In the analysis by CDF four jets are required, two of which are tagged. The dominant
multi-jet background is estimated using a data driven method. A limit of 37 x SM Higgs cross
section for 2.0 fb~! is obtained.

The channel tTH — [vbbqq'bb is the most complicated final state of any SM Higgs search
at the Tevatron. In the analysis by DO one lepton, H7 and > 4 jets are required. The events are
separated into samples based on jet and tag multiplicity. A limit of 64 x SM Higgs cross section
for 2.1 fb~! is obtained.

CDF performs a search for the decay H — 717~ in association with two jets. This is a simul-
taneous search of the VH, vector boson fusion and gg — H channels. One tau is reconstructed via
its leptonic decay and the other by its hadronic decay. A limit of 31 x SM Higgs cross section for
2.2 fb~! is obtained.

The branching fraction of H — 7y is rather low, but the channel is relatively clean leading to
a peak in the diphoton invariant mass. A search has been performed by DO using a NN to separate
photons from 7% and other hadrons. A limit of 31 x SM Higgs cross section for 2.7 tb~! is
obtained.
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Figure 2: The combined CDF DO cross section limit divided by the SM Higgs cross section shown as a
function of mass. The results are from April 2008.

8. Combined Results

All the channels are combined to provide a cross section limit as a function of My. At My =
115 GeV the CDF? only limit is now 3.2x SM with about 2.4 fb . Unfortunately, due the large
number of channels at low mass, at the time of writing a CDF/D0 combination using the latest
results is not yet available. The results from April 2008 are shown in 2. It is expected that the
limit for My = 115 GeV will fall to below 3 x the SM when all the latest data are included in the
combination.

9. Summary and Outlook

Higgs searches at the Tevatron are a challenge due to the small signal cross section and large
backgrounds. The experiments have shown, however, that with a good understanding of the de-
tector, using multi-variant techniques and combination of several channels, it should be possible
to have sensitivity to a low mass SM Higgs with more data. By the end of data taking a total
of 6-8 fb~! of data should have been recorded by each experiment. If the experiments continue
to improve their analyses it is expected that they will be able to exclude a low mass SM Higgs
in the range 110 < My < 125 GeV by the end of data taking. There is also the possibility of an
observation at the 3 o level.
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