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This paper reports searches for the low mass Standard Model Higgs boson through the decay
channelH — bb. The searches use data up to an integrated luminosy7db—* accumulated

in the CDF Il detector. To achieve maximal sensitivity on the Higgs boson discovery, we analyze
many channels?VH — ¢vbb, ZH — vvbb, ZH — ¢¢bb, andw H/ZH/VBF — jjbE To further
improve the sensitivity of the analyses, discrimination between the Higgs boson signal and the
large background is improved by employing sophisticated multivariate techniques. The number
of observed events and resulting multivariate output distributions are consistent with the Standard

Model expectations, and we set 95% confidence level (C.L.) upper limits on cross section of each
process.
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1. Introduction

The success of the Standard Model (SM) in explaining and predicting experimental data pro-
vides strong motivation for the existence of a neutral Higgs boson. Current electroweak fits com-
bined with direct searches from LEP2 and Tevatron indicate the mass of the Higgs boson is less
than158 GeV/c? at 95% C.L. L, 2].

In proton-antiproton collisions of/s = 1.96 TeVat the Tevatron, the SM Higgs boson may be
produced through gluon fusiogd — H), in association with a vector bosogg(— WH or ZH),
and through vector boson fusion (VBR)(— gHQ). For low Higgs masses (belok85 GeV/c?),
the dominant decay mode i$ — bb. In this report, we present analyses uskig— bb at the
CDF: pp— WH — ¢vbb [3,14], pp— ZH — vvbb [5], pp — ZH — £¢bb [6], and the all hadronic
channel\VH/ZH/VBF — jjbb) [7].

2. Bottom Quark Tagging Algorithms

To greatly reduce the backgrounds to these Higgs boson searches, we require that at least one
or both two jets from the Higgs boson decay in the event be identified as originating framaak.
To be "b-tagged” the jets from B-quark, we employ three algorithms: the secondary vertex tagging
algorithm which identifie®-quarks by fitting tracks displaced from the primary veri@l the jet
probability tagging algorithm which identifiésquarks by requiring a low probability that all tracks
contained in a jet originated from the primary vertex based on the track impact parargters [
and the artificial neural network (NN) tagging algorithm that identifiegiarks by combining the
information of displaced vertex, displaced tracks and soft m@pn [

3. Higgs Search inpp — WH — fvbb

We selecWH — ¢vbb candidate events with two highr jets, large transverse missing en-
ergy, and exactly one lepton (electron or muon) fromWhé&oson decays. We present two latest
results that employ different strategy on the final signal-to-background separation. One analysis
uses the Bayesian Neural Network technique (BNN), and another uses the Matrix Element method
(ME). The expected and observed limit for a Higgs boson mass of 11505&¥/these channels
are shown in Tabld. The distributions used to set the upper limit are shown in Fidi{eg(b).

4. Higgs Search inpp — ZH — vvbb

We selectZH — vvbb candidate events with two higBr jets and large transverse missing
energy. The additional acceptance from Wi — lvi (lepton is escaped from the detector
acceptance) is also taken account. To remove overwhelming QCD background, we develop the
method to effectively reduce QCD background using a NN technique. The final discrimination
between signal and background is achieved by employing another NN discriminant. The expected
and observed limit for a Higgs boson mass of 115 @éYar this channel is shown in Table The
distribution used to set the upper limit is shown in Figlirg).

5. Higgs Search inpp — ZH — ¢/bb

We selecZH — ¢¢bb candidate events with two higr jets and two highgr leptons from the
Z boson decayse(e or u* ). To increase the signal acceptance, we include the new channel
by requiring a pair of loose muons, which muons are identified using a NN technique. The final
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Channel Int. Luminosity (fo1) | Expected/SM| Observed/SM
pp — WH — ¢vbb (BNN) 5.7 35 4.5
pp— WH — ¢vbb (ME) 5.6 3.5 3.6
pp — ZH — vvbb 5.7 4.0 2.3
pp — ZH — £¢bb 5.7 5.5 6.0
pp— VH — jjbbandVBF H— bb 4.0 17.8 9.1

Table 1: Expected and observed upper limits for a Higgs boson mass @e\t&? for the five low mass
Higgs channels.

discrimination between signal and background is achieved by employing a two dimensional NN
discriminant. The expected and observed limit for a Higgs boson mass of 1153 e¥this
channel is shown in Table The distribution used to set the upper limit is shown in Figli(d).

6. Higgs Search inpp— VH — jjbband VBF H— bb

We selectpp — jij Higgs signal candidate events by requiring four or five Highjets.
The signal process that makgibb final state could come from both the associated production
process with a vector boson and the vector boson fusion production process. By considering the
kinematic difference for these two processes, we separate the signal region into two region to
maximize search sensitivity. Difficult QCD background modeling is achieved by employing data-
driven method. The final discrimination between signal and background is achieved by employing
NN discriminant. The expected and observed limit for a Higgs boson mass of 115°Gehis
channel is shown in Table The distribution used to set the upper limit is shown in Figlie).

7. Conclusions

We have presented the results of a search for the SM Higgs boson decaptﬁ{,jrtal state
performed at the CDF experiment at the Tevatron. We observe no significant excess and set 95%
C.L.upper limit on the Higgs production cross section. The results presented at this report are
expected to significantly improve the overall Tevatron sensitivity in the low mass region Higgs
boson searched(].
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Figure 1: The final discriminant distributions of the — bb analyses. From left to right and top to bottom,
(a) The distribution of thggp — WH — ¢vbb BNN analysis, (b) The distribution of thep — WH — fvbb
ME analysis, (c) The distribution of thep — ZH — vvbb NN analysis, (d) The distribution of thep —
ZH — ¢¢bb NN analysis, (e) The distribution of thegp — VH — jjbENN analysis, respectively.
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