Constraining High-Mass Standard Model Higgs Bosons

Abstract

We present a search for standard model Higgs production with

subsequent decay to W boson pairs using about 2:4fb ! of
CDF Run Il data. For Higgs masses greater than 135 GeV/c?
the dominant decay is to W boson pairs. We look in the di-
lepton nal state:

gg! H! wWw !

where ™ can be eithereg e ,or . We use a combined Matrix
Element (ME) and Neural Net (NN) approach to set limits on

(H) BR(H ! WW ) for Higgs masses between 110 GeV/c?
and 200 GeV/c?.

Introduction and Motivation

The Higgs mechanism is used in the standard model (SM)
to break the electroweak SU(2).  U(1)y symmetry, giving
rise to the masses of the W and Z bosons, and the fermions.
A single neutral spin-zero Higgs boson is a manifestation of
this mechanism. Although we know this symmetry is broken,
the mechanism underlying the symmetry breaking has not
yet been identi ed, and so the discovery of a Higgs boson is
of considerable importance to establishing this mechanism.
Direct searches at the LEP experiments have established a
lower limit on the SM Higgs boson mass, my, of 114.4 GeV/c?
at a con dence level (C.L.) of 95%. Precision electroweak mea-
surements give an indirect upper limit of my < 160GeV/ ¢?
at 95% C.L. through radiative corrections to the SM predic-
tions of the particle masses and couplings. However, these
indirect limits assume there are no signi cant contributio ns to
the radiative corrections due to any other unobserved parti cles.

For a SM Higgs with a mass that is not directly excluded by the
LEP experiments, the dominant production mechanism at the
Tevatron is gluon-gluon fusion which proceeds predominant ly
via a virtual top quark loop. For my > 135GeV/ ¢?, the SM
Higgs boson decays primarily to the WW nal state, where one
of the nal state W bosons is virtual for my below two times
the W mass.

. SM Higgs branching ratios (HDECA
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H! WW Final States

Each W boson can decay either
hadronically (67% of the time), or,
leptonically (33% of the time).
This de nes the possible

search channels.

Dilepton (e, ): Branching Ratio = 5 %

- Clean, easily triggerable, some sensitivityto ! (e; )
- However, small branching ratio

- This is the decay channel used in this analysis

Lepton + a4 Branching Ratio =5 %
- Of potential use in future analyses at CDF

Lepton + Jets: Branching Ratio = 30 %
- Large branching ratio, but huge W + multi-jet background
makes it presently unusable

All Hadronic : Branching Ratio = 45 %
- Largest branching ratio, but swamped by QCD background

using H'! WW
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Experimental Apparatus

The Tevatron at Fermilab provides the world's highest energ y
particle collisions (until the LHC turns on later in 2008).

P

Tevatron: p! p  s$=1:96TeV

Delivered luminosity to date: 38fh *

Analysis shown here uses up to 2:4fb *

The resulting particles of these collisions are collected by
two general purpose particle detectors (CDF and D@). The
CDF detector was designed for precision measurements of
the energy, momentum and position of particles produced in
proton-antiproton collisions. It is about 12 meters high, a nd
weighs over 5000 tons.

Silicon tracking
- (precision vertexing)

Drift chamber
- (tracking, momentum)

EM & Had Calorimetry
- (energy deposition) >

Muon Chambers
- (muon identi cation)

Event Selection m,

.
| Require: 0

2 Opposite sign high-P+ leptons
(electrons or muons):
P} > 20GeV, PZ > 10 GeV

Oor1jets with Ex > 15 GeV)
Signi cant missing transverse energy,

)
«
)

T

| Backgroundsinclude: Z= ,tt, WW ,WZ,ZZ ,W + ,W + jets
i is SM Ww i

Cross check (one of many):

COF Run 1 preminay oLa2ent
10 m, (160)

| Look at same sign leptons ()

| Agoodmeasure of W and W + jet
predictions, where the  or jet “fakes”
the second lepton signature

Predict 177 26 events
Observe 195 events

Diepton wass Gevic]

Matrix Elements
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Neural Network

We use the NEUROBAYES™ Neural Network program.
Train NN on weighted sum of all backgrounds at each my .
Input variables include:

| The 5 Matrix element LR's (as de ned on previous slide)
(&7, orjet),...
At my = 160 GeV expect 9.5 signal events and 626 background
events in 224fb *. The NN does an excellent job in separating this
signal from the background.

COF Run 1 Prefminary

| Kinematic variables: B, u, Ru,mu,
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NN Output

Upper limits on (H) BR(H ! WW ) at 95% C.L. are
calculated for each my hypothesis from a Bayesian-based
procedure that uses the binned likelihoods from the NN out-
put distributions.
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Near-Future Improvements

| Include the associated production (VH ! VWW) and vector
boson fusion (qqH ! qqW W) processes

Add 2-jet events (large gain from above two processes)
Include decays with hadronic s, and add forward muons

If trend continues, will soon be excluding SM Higgs around
160 GeV/ ¢ !! (even sooner through combinations with D@)

{ For THE HEAVIER soson

Conclusions

¥

(y) Ef ciency & COF Fun I prel
G(%s;¥)  Resolution effects o
1=hi Normalization

Model 5 processes:
H! WW, WW,ZZ W W + jets
Calculate Likelihood Ratios:

Pm (¥obs)

LRm = 0701702 03 04 05 06 07 08 00 1
e

Pm (%obs) + ; Ki Pi (%obs) o

Can think of LR 1, as the probability that an event “looks like” process * m™” based on
ME calculations. Gives very good discriminating power particularly for 0 et events. To
further increase separation of signal and background we nex t employ a Neural Network...

We have presented limits on the production of Higgs bosons
through gluon-gluon fusion followed by decay to a pair of
W bosons using multivariate discriminators. At the most
sensitive value of my = 160 GeV/c?, the observed limit is
1.6 times the SM prediction where the expected limit is 2.5,
corresponding to a downward uctuation of slightly larger
than one standard deviation. If this trend continues, we will
soon be excluding high-mass Higgs bosons at the Tevatron,
which would represent the rst time a hadron collider has
excluded a range of Higgs masses. This measurement also
constrains alternative models in which the gg! H coupling
is enhanced by additional particles in the loop.




