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Strategy for discovering a low-mass Higgs boson at the Fermilab Tevatron
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We have studied the potential of the CDF and BXperiments to discover a low-mass standard model Higgs
boson, during run II, via the processpp—WH—Ivbb, pp—ZH— |*1"bb and pp—ZH— vvbb. We
show that a multivariate analysis using neural networks that exploits all the information contained within a set
of event variables leads to a significant reduction, with respeahyequivalent conventional analysis, in the
integrated luminosity required to find a standard model Higgs boson in the mass range 96°<GkN/
<130 GeVkt?. The luminosity reduction is sufficient to bring the discovery of the Higgs boson within reach
of the Fermilab Tevatron experiments, given the anticipated integrated luminosities of run I, whose scope has
recently been expanded.

PACS numbdis): 14.80.Bn, 13.85.Qk

[. INTRODUCTION ably robust with respect to changes in the parameters of the
theory. Furthermore, in the limit of large pseudoscalar Higgs
The success of the standard mo¢t®M) of particle phys- boson massM,>M;, whereM; is the mass of th& bo-
ics, which provides an accurate description of almost all parson, the properties of the lightest MSSM Higgs bosoare
ticle phenomena observed so far-3), has been spectacular. indistinguishable from those of the SM Higgs bosétyy.
However, one crucial aspect of it remains mysterious: thel hese intriguing indications of a low-mass Higgs boson mo-
fundamental mechanism that underlies electroweak symméivate the study of strategies that maximize the potential for
try breaking(EWSB) and the origin of fermion mass. Eluci- its discovery at the upgraded Tevatrf8. This paper de-
dating the nature of EWSB is the next major challenge ofSCriPes a strategy that achieves this goal. .
particle physics and will be the focus of upcoming experi- 1€ current 95% cL. lower limit on the Higgs bozson
ments at the Fermilab Tevatron and the CERN Large HadroFaSS' from the CERN"e" collider LEP, is 107.9 Ge\f
Collider (LHC) during the early years of the twenty-first cen- 9] and is expected to reach close to 11.4 GEV7] in the
tury. near future. We have therefore studied the mass range

2 2
In many theories, EWSB occurs through the interaction 0190 Ge?]//c S<MM|_'|*_<138 GeVE®, _I\_/\r/]here H, hert_aafte;, dSGI;A
one or more doublets of scaléifiggs fields with the ini-  Notes the Iggs bosohisy. The cross sections for

tially massless fields of the theory. An important goal over'1199S Poson production at the Fermilab Tevatron are shown
the next decade is to determine whether or not, in broad] F19 2. At \/_522 TeV, the dominant process for the pro-
outline, this picture of EWSB is correct. In the standardgduction of Higgs bosons ipp collisions isgg—H. The
model there is a single scalar doublet. The EWSB endows

the weak bosonsW™,Z) with masses and gives rise to a 80.6 T
single physical neutral scalar particle called the Higgs boson —LEP1, SLD, N Data
(Hsy). In minimal supersymmetri¢SUSY) extensions of [

the SM, two Higgs doublets are required resulting in five _ 805 ’
physical Higgs bosons: two neutr@lP-even scalarsi(;H), s

a neutralC P-odd pseudoscala’A) and two charged scalars O 804
(H*). Non-minimal SUSY theories generally posit more =
than two scalar doublets. E

Given this picture of EWSB, the direct and indirect mea- 803 ]
surements of the top quark aMdboson masses constrain the m,, [Ge 1
mass of the SM Higgs bosorM(HSM), as indicated in Fig 1. 8021 -95/300/1000 Preliminary |
A global fit to all electroweak precision data, including the 190 150 170 19d 210
top quark mass, gives a central value dfl,_ m, [GeV]

=10 f% GeVi/c? and a 95% confidence level UF’per limit of FIG. 1. The correlation between th¥ boson mass and the top
225 GeVt?[1]. In broad classes of SUSY theories the MaSyuark mass as predicted by the standard model, for various possible
My, of the lightestCP-even neutral Higgs boso is con-  yajues of the Higgs boson masEach line corresponds to the mass
strained to be less than 150 Ge&¥/[5]. In the minimal  value shown.Also shown are the 68% C.L. contours from direct
supersymmetric SMMSSM), the upper bound oMy, is (dashed contowirand indirect(solid contouy measurements of the
lowered to about 130 Ge¥? [6,7]. This bound is reason- W boson and top quark mass. From Réf}.

0556-2821/2000/62)/07402210)/$15.00 62 074022-1 ©2000 The American Physical Society



BHAT, GILMARTIN, AND PROSPER PHYSICAL REVIEW D62 074022

nels, we have carried out a comparative study of multivariate
and conventional analyses of these channels in which we
compare signal significance and the integrated luminosity
needed for discovery.

The paper is organized as follows: In Sec. Il we describe
our strategy in general terms. Sections Ill, IV and V, respec-
tively, describe our analyses of the single lepton, di-lepton
and missing transverse energy channels. Our conclusions are
given in Sec. VL.

10 2 g T T T T T

3 o(pp—H+X) [pb]
s=2TeV
M, =175 GeV
CTEQ4M

6[pb]

S

Il. OPTIMAL EVENT SELECTION

In conventional analyses a cut is applied to each event
variable, usually one variable at a time, after a visual exami-
nation of the signal and background distributions. Although
analyses done this way are sometimes described as “opti-
_ _ _ ) _mized,” in practice, unless the signal and background distri-

_FIG. 2. Cross sections for various Higgs production processes iy tions are well separated, the traditional procedure for
pp collisions atys=2 TeV as a function of Higgs boson mass. choosing cuts is rarely optimal in the sensevohimizing the
From Ref.[10] probability to mis-classify eventSince we wish to maxi-

. mize the chance of discovering the Higgs boson we need to
Higgs boson decays to lab pair about 85% of the time. achieve the optimal separation between signal and back-
Unfortunately, even with maximally efficiert-tagging this ~ ground, while maximizing the signal significance. Given any
channel is swamped by QCD di-jet production. The moreset of event variables, optimal separation can always be
promising channels arepp—WH—Ilvbb, pp—zH achieved if one treats the variables in a futhultivariate

I*1"bb and pp—ZH bb, which are the ones we Manner. . -
Eive studied Pp= 2=y Given a set of event variables, it is useful to construct the
In WH events the lepton can be lost because of deficien(—j's’c”m'n"’mt functiorD given by
cies in the detector or the event reconstruction or the lepton
energy being below the selection threshold. For such events
the reconstructedinal state would be indistinguishable from

that arising from the processp—ZH—wvvbb. We have herex is the vector of variables that characterize the events
therefore studied these processes in terms of the chgnneggﬁds(x) andb(x), respectively, are the-dimensional prob-
single lepton(l+E:+bb from WH), di-lepton (I*I"bb  ability densities describing the signal and background distri-
from ZH) andmissing transverse enerd¥+bb from ZH butions. The discriminant functiod =r/(1+r) is related to
and WH), whereE denotes the missing transverse energythe Bayes discriminant functiowhich is proportional to the
from all sources, including neutrinos. For each of these chanlikelihood ratio r =s(x)/b(x). Working with D, instead of

gg.94—Hbb
" 1 L L " 1 L L

140 200

M, [GeV]

80 100 120 160 180

s(X)

77007 22

TABLE I. Cross section times branching ratio for théH andZH processes we have studied, for various
My [10] and for the various backgrounds. Note: by tt andZZ processes we give the total cross section.

WH—1vbb ZH— 171" bb ZH— vibb

My (GeV/c?) o X BR(fb) My (GeV/c?) o X BR(fb) My (GeV/c?) o X BR(fh)

90 119.0 90 20.3 90 40.6

100 85.4 100 14.8 100 29.6

110 62.3 110 10.9 110 21.8

120 45.3 120 8.22 120 16.4

130 34.1 130 6.25 130 125

Backgrounds

Wbb 3500.0 Zbb 350.0 Zbb 700.0

wz 164.8

thq 800.0 thq 800.0 thq 800.0

o (fb) o (fb) o (fh)

zz 1235.0 zz 1235.0

th 1000.0 th 1000.0 th 1000.0

tt 7500.0 t 7500.0 t 7500.0
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TABLE Il. Single lepton channel. Variables used in training the

neural networks for signals against specific backgrounds.

Whbb Wz tt

Eb? Eb? Eb?

Eb? Eb? Eb?

M Mpp M

Hy Hy Hr

E E} Er

S S AR(by,1)
AR(by,by) Yl AR(bq,by)

directly with x, brings two important advantage&) it re-

PHYSICAL REVIEW D 62 074022

There is, however, a practical difficulty in calculating the
discriminantD. We usually do not have analytical expres-
sions for the distributions(x) andb(x). What is normally
available are large discrete sets of poirts generated by
Monte Carlo simulations. Fortunately, however, there are
several methods available to approximate the discrimiBant
from a set of pointsq;, the most convenient of which uses
feed-forward neural networks. Neural networks are ideal in
this regard because they approximBelirectly [11,12].

Many neural network packages are available, any one of
which can be used to calculaie We have used theeTNET
packag€g13] to train three-layefthat is, input, hidden and
outpu) feed-forward neural network®IN). The training was
done using the back-propagation algorithm, with the target

duces a difficultn-dimensional optimization problem to a output for the signal set to one and that for the background

trivial one in a single dimension an@) a cut onD can be

shown to be optimal in the sense defined above.
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set to zero. In this paper we use the terms “neural network
output” and “discriminant” interchangeably. However, the
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FIG. 3. Distributions of some of the variables used in the NN analysisWot (M;=100 GeVk) signal (heavily shadedand

backgroundslightly shadedl (a) WH vs WbE (b) WHvsWZ, and(c) WH vs tt. In (d) we compare the neural network output distributions
for signal and various backgrounds. The arrows indicate the cuts.
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from the decay of the Higgs boson. ThéH events were
simulated using theYTHIA program[14] for Higgs boson
masses ofM_=90, 100, 110, 120 and 130 Ged¥#. In

Table | we list the cross section branching ratidBR) we

have used for the procespp—WH—lvbb where |

=eu, T.

The processepp—Wbb, pp—WZ, pp—tt, single top
production—p p— W* —tb andp p—Wg—tgb, which have
the same signaturéybb, as the signal, are the most impor-
tant sources of background. They have all been included in
our study. Thewbb sample was generated usicgMPHEP
[15], a parton level Monte Carlo program based on exact
leading orderLO) matrix elements. The parton fragmenta-
tion was done usin@YTHIA. The single top,tt and WZ
events were simulated usingYyTHIA. To generate the
s-channel proces®y* —th, we forced thé/ to be produced

off-shell, with \/§> m,+m,, and then selected the final state
in which W—tb. The cross sections used for the background
processes are given in Table I.

To model the expected response of the Collider Detector

FIG. 4. Single lepton channel. The number of signal events vét Fermilab(CDF) and DOrun Il detectors we used trgiw

number of background events for 1 fhusing various combina-

program[16], which provides a fastapproximatg simula-

tion of cuts on the three neural network outputs. The standard cutdon of the trigger, tracking, calorimeter clustering, event re-
are optimized based on studies done in the Higgs working grougonstruction and-tagging. ThesHw simulation predicts a

using conventional methods.

distinction between the exact discriminaDt as we have
defined it above, and the network output, which provides a

estimate ofD, should be borne in mind.

Ill. SINGLE LEPTON CHANNEL

di-jet mass resolution of about 14% &t =100 GeVk?,
varying only slightly over the mass range of interest. How-
ever, to allow for comparisons with the othéfH and ZH
Ltudies at the Physics at Run Il SUSY/Higgs worksh®ph
some of which do not ussHw, we have re-scaled the di-jet
mass variables for all signal and background events so that
the resolution is 10% at each Higgs boson mass. The con-

We have considered final states with a high electron
(e) or muon () and a neutrino fronW decay and &b pair

sensus of Run Il workshop is that such a mass resolution can
be achieved, albeit with considerable effort.

TABLE lIl. Single lepton channel. Results for the number of signal and background e¥eptgortion
of the tablé for 1 fo~! of integrated luminosity. The cuts on the network outputs were chosen to yield
maximum significance for each Higgs boson mass, leading to different background counts at each mass.

My GeV/c? 90 100 110 120 130
Number of eventgl fb~?)

WH 8.65 8.97 4.81 4.41 3.71
Wbb 12.28 12.48 5.84 9.66 20.12
wz 7.52 10.32 1.72 1.00 0.97
tqb 0.51 0.95 0.58 0.71 0.96
tb 2.46 5.40 3.44 5.89 9.33
t 5.63 9.89 7.24 8.39 14.49
Total background 28.40 39.04 18.81 25.67 45.87
Signal significance

S/B 0.31 0.23 0.26 0.17 0.081
SKB (1 b1 1.62 1.44 1.11 0.87 0.55
S/\/§ 2t 2.29 2.04 1.57 1.23 0.78
SK/B (30 fb™ 1) 8.87 7.89 6.08 4.77 3.01
Required luminosityfb ~ 1)

50 9.5 12.1 20.3 33.0 82.6
30 34 4.3 7.3 11.9 29.8
1.960 (95% C.L) 1.5 1.9 3.1 51 12.7
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(a) ZH vs. Zbb (b) ZH vs. ZZ
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FIG. 5. Di-lepton channel. Distributions of variables used in training the neural networks for gigitialM =100 GeVt) and
different backgrounds and the results of the trained netwéaksSignal vsZbb backgroundjb) signal vsZZ backgroundjc) signal vstt

background andd) distributions of neural network outputs for networks trained using signal vs the backgddnddb andtt. The signal
histograms are heavily shaded. The arrows indicate the cuts.

In principle, multivariate methods can be applied at allrequirement that two jets bé-tagged. This of course
stages of an analysis. However, in practice, experimentaioes Jittle to reduce the dominaiibb background, due to
cons_lderatlons, such as trigger thre_sholds and the need {R. presence of thbb pair, but it becomes powerful when
restrict data to the phase space in which the detector responge, invariant massM ., of the b-tagged jets is used as an
is well understood, dictate a set of loose cuts on the eveny,an; variable. The di-jet mass distributions for the signal is

variables. These cuts definebasesa.mple of events. Ir_1 our expected to peak at the Higgs boson mass, whereas one ex-
case, the base sample was determined by the following cutB'

: - ects a broad distribution for the background, with the ex-
(i) the transverse momentum of the isolated lepRin ception of theWZ background which peaks at tieboson

>15 GeVk mass.
(i) the pseudo-rapidity of the leptdm| <2 One of theb-tags was required to bigght and the other
(iii) the missing transverse energy in the evdbt |oose[16]. A tight b-tag is defined by an algorithm that uses
>20 GeV . the silicon vertex detector, while a loobdag is defined by
(iv) two or more jets in the event with}**>10 GeV and  the same algorithm with looser cuts or by a soft lepton tag
| 7jed <2. [16]. The mean doublé-tagging efficiency insHw is about

Since the Higgs decays into lab pair we impose the 45%.
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TABLE V. Di-lepton channel. Results for 1 fo'. We searched for variables that discriminate between the
signal and the backgrounds and arrived at the following set:

My (GeVic?) 90 100 110 120 130 (i) ESY EB2_transverse energies of thetagged jets
Number of events (i) Mpg—invariant mass of the-tagged jets
ZH 1.26 0.87 0.79 0.80 0.58 (iii) Hy—sum of the transverse energies of all selected jets
Zbb 0.61 0.45 0.61 1.50 1.42 (iv) E'T—transverse energy of the lepton
7z 204 144 142 083 031 (v) m—pseudo-rapidity of the lepton
tt 028 005 023 044 0.8 (vi) Er—missing transverse energy
Total background 293 194 226 277 191 (Vi) S—sphericity[S=3(Q;+Q,)] whereQ; are the ei-
S/B 0.43 0.45 0.35 0.29 0.31 genvalues obtained by diagonalizing the normalized
s/\B 074 063 054 048 042 momentum tensoM 5, = =, piaPin /=il pi|? Where the

sums are over the final state particle momenta and
the subscripta andb refer to the spatial components
of the momenta;

(a) ZH vs. Zbb (b) ZH vs.ZZ
0.2 0.3 0.2 0.3
0.1 0.15 0.1 0.15 I
O 50 w0 150 "o s0 100 150 ¢ 5o 100 150 "o 50 100 150
Eb1(GeV) E52(GeV) Eb1(GeV) Eb2(GeV)
0.3 04 0.3 04
0.15 0.2
p o L3
0 100 200 300 0 50 100 150 200
H,(GeV) M, (GeVIc)
0.12 0.14
0.06 0.07
: 1 g 15 9 . 1 0
Sphericity E,NEp! (Gev'™) Sphericity
(© ZH vs. tt (d) NN outputs
0.3 0.1
0.15 -
0 S T 0.05
0 50 100 150 0 50 100 150 [
E52(GeV)
0.3
I 0
1
S
200
0.5 N
A
/ N
15 0 Bisinain - n,v'"’///////% r, I - i ' Z
\/ 12 0 02 04 06 08 I 0 02 04 06 08 1
E,NE b1 (GeV'?) P tgb

FIG. 6. Missing transverse energy channel. Distributions of variables used in training the neural networks fofvaipni
=100 GeVk?) and different backgrounds, together with distributions of network outgaitSignal vsZbb; (b) signal vsZZ; (c) signal vs

tt and (d) distributions of neural network outputs for networks trained using signal vs the backgrduhd&bb andtt. The signal
histograms are heavily shaded. The arrows indicate the cuts.
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TABLE V. Missing transverse energy channel. Results for 1  TABLE VII. Combined results of all three channels. We have

fo~ L. simply added the signal counts and background counts from all
three channels to get the total expected signal and background,

My (GeV/c?) 90 100 110 120 130 respectively.

Number of events My (GeVic?) 90 100 110 120 130

ZH 6.66 4.37 3.53 2.76 2.16

WH 559 375 279 198 170 S\B(1fo™Y 24 21 17 14 10

Total signal 1225 812 632 474 386 S\B(@2fY 33 30 24 20 15

Zbb 8.12 4.97 4.83 3.85 3.92 S/\/E (30 b 1) 12.9 11.5 9.4 7.7 5.7

Wbb 21.70 1312 1068 822  7.53 Required luminosity

77 11.24 6.14 2.59 1.05 0.59 50 (Conventional 75 105 183 26.6 422

wz 795 449 199 090 054 50 (NN) 4.5 5.7 85 126 227

tgb 063 027 037 024 029 30(NN) 16 21 3.0 4.5 8.2

tb 6.83 299 427 512  6.40 95% C.L.(NN) 0.7 0.9 13 1.9 35

tt 5.10 2.70 3.00 3.00 4.35

Total background 61.57 34.8 27.73 22.38 23.62 _

s/B 0.20 0.23 0.23 0.21 0.16 Wbb_background where theb-jets come mainly from

s/\B 1.56 1.38 1.20 1.00 0.79 g—bb than inWH events where thé-jets come from the

heavy object decaid —bb.
For each Higgs boson mass we trained three networks to

(viii) AR(by,by)—the distance, in therf,¢)-plane, be-  giscriminate against the main backgrouidsb, WZ andtt.
tween the two b-tagged jets, where AR The subsets of variables used to train the networks are listed

- =VAy°+A¢° and ¢ is the azimuthal angle in Table Il while in Figs. 3a—0 we show the distributions of
(ix) AR(by,1)—the AR distance between the lepton and some of these variables. Each network has 7 input variables,
the firstb-tagged jet. 9 hidden nodes and one output node. We calcuated three

Most of the variables used are directly measufeton-  discriminantsD for every signal and background event and
structed kinematic quantities while some are deduced vari-fgor every Higgs boson mass. Figur&Bshows the distribu-
ables. The choice dfl,,as a discriminating variable is ob- tions of the discriminants for signal and background calcu-
vious, as discussed earlier. The variable is a measure of |ated using the network trained to discriminate between sig-
the “temperature” of the interaction; a largér is a sign of  nal events, with M;=100 GeVt?, and the specified
the decay of massive objects. For exampléH events background. We note that all backgrounds, with the excep-
would have largeH (increasing WithMH) than theWbb

background, but smalleH; than thett background. The Combined Results(WH+ZH)
WH events are also more spherical thanWbbevents and ~3 [
have larger values of sphericity. TReR(b,b) is smaller for g [ 4 56 significance (2.7 x 10° %)

230

. . . . 3o signi 14x107 %
TABLE VI. Comparison ofS/\/B achievable with conventional ®  Josignificance (1.4x )

and neural networks cuts. Shown in the last column are the ratios o
integrated luminosity required in the multivariate analysis to that .5
required in the conventional analysis for a ®bservation.

B 1.960 significance (5%)

uminos

25 b

Required
]
T

Channel Mass  Standard  Neural LNW/Ls® i
(GeV) cuts net (for 50 obsv) I
|+E+bb 100 0.98 1.44 0.46 ol
110 0.69 111 0.39 [
120 0.58 0.87 0.44 10 =
130 0.44 0.55 0.64 [
E.+bb 100 1.09 1.38 0.62 B e
110 0.85 1.20 0.50 [ o
120 0.67 1.00 0.49 T e VI -
130 0.54 0.78 0.47 8 90 95 100 105 110 115 120 125 130 135
I*1"bb 100 0.48 0.63 0.58 M, (GeV/cZ)
110 0.40 0.52 0.59
120 0.40 0.48 0.69 FIG. 7. Required integrated luminosity, with all channels com-
130 0.33 0.42 0.61 bined, at &, 30 and 1.9 (95% C.L) significance, for NN analy-

SIS.
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Combined Results(WH+ZH) IV. DI-LEPTON CHANNEL

)

For the di-lepton channel we followed a strategy similar
to that described for the single lepton channel. The final state
signature considered is: two high- same flavor leptonsee
or uu) from Z boson decay and two b-jetdom H—bb).

The ZH events were generated usiryTHIA for Higgs
boson masses of 90, 100, 110, 120 and 130 @&Vrhe
principal backgrounds are due ZZ, Zbb, single top andt
production. TheZbb background sample was generated us-
ing cCOMPHER with fragmentation done usingyTHIA, while
all other samples were generated usmgHIA. As before,

i the sHw program was used to simulate the detector response
20 + and we assumed that two jets &réagged(one tight and one

I loose. The cross sections for signal and background are
shown in Table I. The base sample was determined by the

[
S
I

B Standard cuts (56)

% NN cuts (56)

Required Luminosity (fb™
3
I

“w
S
I

0 - following cuts:
i e (i) PY>10 GeVk
* (i) | ml<2
Ogs o0 95 100 105 110 115 120 125 130 135 (i) Er<10 GeV

(iv) at least two jets witlEl*'™>8 GeV and| Njer <2.
A network was trained for each Higgs boson mass and for
FIG. 8. Comparison of required integrated luminosity fora 5 each of the three backgrounds with the following variables:

- . . (|) Ebl Eb2
observation with all channels combined for NN and standard cuts. T =T

M,, (GeVIc)

The luminosities given are for single Tevatron experiment, as in (") Pt Ef the two leptons
the previous plots. For a given integrated luminosity the NN analy- (!") Mpp . .
sis provides a much higher discovery reach in mass. (iv) M=invariant mass of the leptons
(v) Hy
(vi) AR(b4,lI) between the first lepton and the first

b-tagged jet.

Distributions of these variables, as well as those of the
network output, are shown in Figs(abd). The signal distri-
butions are foM =100 GeVkt?. Our results after applying
cuts on the three network outputs, for the di-lepton channels
are summarized in Table IV.

tion of WZ, are well separated from the signal. For Higgs
boson masses close to t@emass theWZ background is
kinematically identical to the signal and therefore difficult to
deal with. But for Higgs boson masses well aboveZhmeass
the discrimination betweeWH andWZ improves, as does
that betweeWH and the other backgroundgdn all figures,
the signal histograms are shaded dark while the background
histograms are shaded lighThe arrows in Fig. &) indicate

the cuts applied to the discriminants. The cuts were chosen to
maximize S/\/B, where S and B are the signal and back-

V. MISSING TRANSVERSE ENERGY CHANNEL

This channel has contributions from bat— vwbb and
d A ively. Th s t Wi WH—(I)vbb where(l) denotes the lepton that is lost. The
ground counts, respectively. 1he cuts o suppress event generation and detector simulation were carried out as

background vary from 0.18 to 0.80, increasing for higheryogerineq in the single lepton and di-lepton channel studies.
Higgs boson masses; the cuts to suppkseb are generally  The pase sample was defined by the cuts
about 0.8, while those for top events are in the range 0.35t0 (j) |ml<2

0.75. o , , (i) Er>10 GeVk

At thIS. stage it is instructive to compare the conventlongl (iii) no isolated lepton witPL>10 GeVic
and multivariate approaches, to assess what has been galned(iv) EjTets <30 GeV
by using the latter approach. In Fig. 4 we compare the signal . et
e?‘/ficiengy VS backgfopund efficieng(;given in terr)ms of theg (v) at least two jets WittEy >_8 GeV and| %sz'
number of events for 1 fb!) for an ensemble of possible ~ The three networks were trained witH— vvbb events
cuts on the three discriminanfssing the random grid search as signal andZbb, ZZ and tt as the three backgrounds,
technique[17]) with the efficiencies obtained using the stan- respectively. The same networks were used to evaluate con-
dard cuts defined by the Run Il Higgs Workshi@j. Each  tributions fromWH and the relevant backgrounds. We used
dot corresponds to a particular set of cuts on the three dighe following variables to train the networks:
criminants; the triangular marker indicates what is achieved (i) E."r1 ,E$2
using the standard cuts, while the star indicates the results (ii) M,

obtained from an optimal choice of cutehich maximizes (i) Hy
S//B) on the three network outputs. Table Il shows results  (iv) Er
for the WH channel. (v) S
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(vi) C—centrality €jeisE1/ZjetsE, With El'>15 GeV) tematic error on the total background the required integrated
(Vi) Eq/ /E.?l luminosity for a 5 observation increases from 8.5 fbto
12.8 fot.
Run Il at the Tevatron with the CDF and/D@etectors

The centrality,C, has larger mean valu@s is the case il beain i | v th f h
with S) for signal events than for backgrounds. The variaple/V!"' D€gIn In early 2001. Recently the scope o Run Il has
been expanded. The goahope is to collect about

Er/VE" is a measure of the significance of the missing;5 > 51 per experiment in the period up to and including
transverse energy. The smallest of azimuthal angles betwegRa start of the LHC. After 5 years of running, each experi-

Er and the jets in the event is expected to be smaller fopyent could see ad 5o signal of a neutral Higgs boson with
Wbb, Zbb as well as high multiplicitytt events than in  M,,<130 GeVt?. This exciting possibility for the Teva-
signal events. We show the distributions of the variables angon is the principal motivation for the recent important de-
neural network outputs in Figs(&-d. Again the signal dis-  cision to expand the scope of Run Il in order to accumulate
tributions are forMy=100 GeVkt?. The results for this as much data as possible. However, even with the expanded
channel, after optimized cuts on network outputs, are listedcope a discovery may be possible only if these data are
in Table V. analyzed with the most efficient methods available, such as
the one we have described in this paper. It is important to
VI. DISCUSSION AND SUMMARY note that the results we have presented are feingle ex-
.. periment. That is, our conclusion is that each experiment has
In Table VI we compare the results of our multivariate e potential of making an independent discovery. If the ex-
analysis with those based on the standard cuts, while Tablgsiments combine their results the discovery of a low-mass

VII an_d Figs. 7 and 8 show our final results, where we havq_“ggs boson at the Tevatron might be at hand a lot sooner.
combined all channels. The striking feature of these results is

the substantial reduction in integrated luminosity required to

make a & discovery of the Higgs boson if one adopts a ACKNOWLEDGMENTS
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