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We study the observability of a standard-model-like Higgs boson at an upgraded Fermilab Tevatron via the
mode h—W*W*. We concentrate on the main Chan@%h%W*W*—AWV. We also find the mode
aq’ —W* h—W*W*W* —1*v1*pjj useful. We perform detector level simulations by making use of a
Monte Carlo progransHw. Optimized searching strategy and kinematical cuts are developed. We find that
with a c.m. energy of 2 TeV and an integrated luminosity of 30 'fthe signal should be observable ata 3
level or better for the mass range of 145 Gem,<180 GeV. For 95% confidence-level exclusion, the mass
reach is 135 Ge¥m,<190 GeV. We also present results of studying these channels with a model-
independent parametrization. Further improvement is possible by including other channels. We conclude that
the upgraded Fermilab Tevatron will have the potential to significantly advance our knowledge of Higgs boson
physics.[S0556-282(199)04307-§

PACS numbes): 14.80.Bn, 13.85.Qk

[. INTRODUCTION of theoretical interest, about 1000 G¢¥], although it will
be challenging to discover a Higgs boson in the
The mass generation mechanisms for electroweak gaugéntermediate”-mass region 110 Ge¥m,<150 GeV,
bosons and for fermions are among the most prominent mystue to the huge SM background to-bb and the require-
teries in contemporary high-energy physics. In the standar¢chent of an excellent diphoton mass resolution for the
model (SM) and its supersymmetrigcSUSY) extensions, el- — vy signal.
ementary scalar doublets of the §Q) interactions are re- More recently, how much the Fermilab Tevatron upgrade
sponsible for the mass generation. The scalar Higgs bosomsin do for the Higgs boson search has been intensively stud-
are thus crucial ingredients in the theory, and searching foled[9]. It appears that the most promising processes continu-
the Higgs bosons has been one of the major motivations iRusly going beyond the LEP2 reach would be the associated
current and future collider programgl]. Although the production of an electroweak gauge boson and the Higgs
masses of Higgs bosons are free parameters in the modef9son[10-12:
they are subject to generic bounds based on theoretical argu- _
ments. The triviality bound indicates that the Higgs boson pp—WhXZhX (N
mass () should be less than about 800 GeV for the SM to
be a consistent low-energy effective the¢®]. A vacuum  The leptonic decays oW,Z provide a good trigger ant
stability argument, on the other hand, suggests a correlation>bb may be reconstructible with adequdidagging. It is
between them,, lower bound and the new physics scale now generally believed that for an upgraded Tevatron with a
beyond which the SM is no longer valf8]. In other words, c.m. energy Jys=2 TeV and an integrated luminosity
the discovery of a SM-like Higgs boson implies a scalat ~ ©O(10-30) fbr ' a SM-like Higgs boson can be observed at a
which new physics beyond the SM must set in, and thd3—5)o level up to a mass of about 120 Gg\X3]. The
smallermy, is, the lowerA would be. In the minimal super- Higgs boson discovery through these channels crucially de-
symmetric standard mod€MSSM), it has been shown that pends upon thé-tagging efficiency and thieb mass resolu-
the mass of the lightest neutral Higgs boson must be leston. It is also limited by the event rate fam,>120 GeV. It
than about 130 GeV4], and in any weakly coupled SUSY may be possible to extend the mass reach to about 130 GeV
theorym,, should be lighter than about 150 G¢¥]. On the by combining leptonidV,Z decays[9] and slightly beyond
experimental side, the nonobservation of a Higgs signal atia the decay modé— 7" 7~ [12]. It is interesting to note
the CERNe" e~ collider LEP2 experiments has establishedthat this mass reach is just near the theoretical upper bound
a lower bound on the SM Higgs boson mass of 89.8 GeV ain the MSSM. In the context of a general weakly coupled
a 95% confidence levdlC.L.) [6]. Future searches at LEP2 SUSY model, it would be of great theoretical significance for
will eventually be able to discover a SM Higgs boson with athe upgraded Tevatron to extend the Higgs boson coverage
mass up to 105 GeY7]. The CERN Large Hadron Collider to m,~150 GeV. Moreover, it would have interesting im-
(LHC) is believed to be able to cover up to the fl}, range  plications on our knowledge for a new physics scalé we
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FIG. 2. The Higgs boson production cross secti@nsfb) and
various subsequent decay modes versysat the 2 TeV Tevatron
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scales on the right-hand side indicate the number of events per

FIG. 1. The leading Higgs boson production cross sections 39 fy~! integrated luminosity.

fb) versusm,, at the 2 TeV Tevatron. The solid curves are fmy
—h, qq'—=W*h andqq—Zh. The dashed curves are f&f"W~  will have increasingly large branching fractions fon,
andZZ fusion toh. The scale on the right-hand side indicates the=130 GeV and are natural channels to consider for a
number of events per 30 T8 integrated luminosity. QCD correc- heavier Higgs boson. In Fig(&, we show the cross sections
tions[15-17) have been included. for gg—h with h—W*W* and Z*Z* versusm, at \/s

i . . ) . . =2 TeV. The leptonic decay channels are also separately
do find a SM-like Higgs boson or exclude its existence in theshown by solid and dashed curves, respectively

mass range 130—-180 GeV, the so-called “chimney region” for
between the triviality upper bound and the vacuum stability h—W*W* lvjj and 1ol v, (5)
lower bound[14].

It is important to note that the leading production mecha- 7% Z*—>Il_jj and 11w, (6)

nism for a SM-like Higgs boson at the Tevatron is the gluon-

fusion process via heavy quark triangle loops: wherel=e,u andj is a quark jet. The scale on the right-
_ hand side gives the number of events expected for 30'.fb
pp—ggX—hX (20 We see that for then,, range of current interest, there will be
about 1000 events produced for the semileptonic mode
W*W* —lvjj and about 300 events for the pure leptonic
mode W*W* — 1 vl v. Although thel vjj mode has a larger
WHW* . Z*Z* h. (3)  production rate, thévl » mode is cleaner in terms of the SM
background contamination. The corresponding modes from
whereW*W* andZ* Z* are radiated off the quark partons. Z*Z* are smaller by about an order of magnitude. It is natu-
In Fig. 1, we present cross sections for SM Higgs bosorfal to also consider theh—W*W* mode from the
production at the Fermilab Tevatron for procesgbs (2),  Wh-associated production in E€l). This is shown in Fig.
and(3). We see that the gluon-fusion process yields the larg2(0) by the solid curves for
est cross section, typically a factor of 4 above the associated + +
production(1). Form,>160 GeVWW,ZZ fusion processes Woh—IZvWHWE = lvluly, )
become comparable to that of Ed). In calculating the total 1= 01 = vjj . @)
cross sections, the QCD corrections have been included for
all the processefl5-17, and we have used the CTEQ4M The trilepton signal is smaller than the like-sign lepton plus
parton distribution functionf18]. jets signal by about a factor of 3 due to the difference of the
Although the decay mod&é—bb in Egs. (2) and (3)  Wdecay branching fractions te=e,x and to jets. For com-
would be swamped by the QCD background, the deca)parison, also shown in Fig.(® are Wh—bblv (solid

modes to vector boson pairs, curves andZh—bbll (dashed curvésvia h—bb. We see
that the signal rates for these channels drop dramatically for

There are also contributions toproduction from the vector
boson fusion processes

h—W*W*,Z*Z*, @ 5 higherm,,. Comparing théh decays in Figs. @) and Zb),
it makes the gauge boson pair modes of E4). a clear
choice for Higgs boson searches beyond 130 GeV.
'Here and hencefortiw* (Z*) generically denotes&/(Z) boson In fact, the pure leptonic channel in E¢) has been
of either on or off mass shell. studied at SSC and LHC energigs9,20 and at a 4 TeV
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Tevatron[11]. Despite the difficulty in reconstructing, of these channels with a model-independent parametrization
from this mode due to the two missing neutrinos, the obdor the signal cross section. We conclude with a few remarks.
tained results for the signal identification over substantial

SM backgrounds were all encouraging. In a more recent pa- II. DILEPTONS PLUS MISSING TRANSVERSE

per[21], two of the current authors carried out a parton-level ENERGY SIGNAL

study for thew* W* channels of Eq(5) for the 2 TeV Teva-

tron upgrade. We found that the di-lepton mode in &gis final-state signal as two isolated opposite-sign charged lep-

more promising than that dfvjj due to the much larger tons and large missing transverse energy. The leading SM
QCD background to the latter. While the results were ens g 9 9y 9

couraging, realistic simulations including detector effectsbaCkground processes are
were called for to draw further conclusions. — - T * —— " —

In this paper, we concentrate on the pure leptonic channe[fpﬁw Wo—lvly, - 220y )=l WZ(y") =Dl
and carry out more comprehensive analyses for the signa- — — . .. = =
and their SM backgrounds. We perform detector-level simuPP—tt—=Ivlvbb,  pp—=Z(y*)—=7" 7" =lvlvv v.. 9
lations by making use of a Monte Carlo prograrw devel- ©
oped for the. run-l! SUSY/H|ggs Worksho@22,9]. We e first impose basic acceptance cuts for the leptons
present optimized kinematic cuts which can adequately sup-
press the large SM backgrounds and, moreover, have been pr(e)>10 GeV, |[7<15,
structured so as to provide a statistically robust background
normalization. For th&Vh—WW*W* channel, although the pr(n1)>10 GeV, pr(u)>5 GeV, |7,|<1.5,
trilepton signal of Eq(7) is rather weak, the like-sign lep-
tons plus two jeF; in Eq(8) can be useful to enhance the m(ll)>10 GeV, AR(lj)>0.4, E>10 GeV,
signal observability. For completeness, we have also in- (10)
cluded the contributions from the vector boson fusion of Eqg.
(3) andW— rv— vl v, decay mode, although they are small. wherepy is the transverse momentum amdthe pseudora-
We also comment on the systematic effects on the signal ariidity. The cut on the invariant mass(ll) is to remove the
background measurements which would degrade signal otphoton conversions and leptorl£ys andY decays. The iso-
servability. After combining all the channels studied, we findlation cut onAR(lj) removes the muon events from heavy
that with a c.m. energy of 2 TeV and an integrated luminosguark (,b) decays’
ity of 30 fb~2, the signal ofh—W*W* can be observable At this level, the largest background comes from the
at a 3 level or better for the mass range of 145 Gev Drell-Yan process f9r7+7_ production. However, the
=m,=180 GeV. For 95% C.L. exclusion, the mass reach ischarged leptons in this background are very much back to

135 GeV=m, <190 GeV. We thus conclude that the up- back and this feature is also true, although to a lesser extent,

graded Fermilab Tevatron will have the potential to signiﬁ—for other background processes as well. On the other hand, as

cantly advance our knowledge of Higgs boson physics. Thi§ result of the spin correlation of the Higgs boson decay

. S A r ts, the two char leptons tend to move in parallel.
provides strong motivation for a luminosity upgrade of thep oducts, the two charged leptons tend to move in paralle

Fermilab Tevatron b d the Main Iniector ol We demonstrate this point in Figs. 3 and 4 where the distri-
ermifab tevatron beyond the Main Injector pian. butions of the azimuthal angle in the transverse plane

Our signal and background Monte Carlo simulation was ;1Y and the three-dimensional opening angle between
performed using theyTHIA packagg 23] interfaced with the {14 two leptond 4(11)] for the signal and backgrounds are

SHw detector simulatiorf22]. For pair production of reso- ghown? This comparison motivates us to impose the cuts
nances, e.gWW, PYTHIA incorporates the full 2:2—4

matrix elements, thereby ensuring a proper treatment of the d(11)<160°, 6(11)<160°. (11)
final state angular correlations. Similarly for—WW, the

angular correlations between the four final-state fermiondhe 7" 7~ background can be essentially eliminated with the
have been taken into account. The fally* interference is help of the additional cuts

simulated forZZ production; however, the/Z process con-

siders only the puré& contribution. For Higgs boson produc- pr(l1)>20 GeV, cog)_¢ <0.5, M<(lE1)>20 GeV,
tion in association with a gauge boson in Ef), the asso- (12
ciated W and Z decay angular distributions are treated

properly. The production cross sections for the principalk———

background - processes were normalized — t(WW) 2The cuts for leptons were chosen to reflect realistic trigger con-

=10.4 pb, o(tt)=6.5 pb, 0c(W2)=3.1 pb, ando(Z2) siderations. It is desirable to extend the acceptancg in

=1.4 pb. 3The electron identification in therw simulation imposes strict
The rest of the paper is organized as follows. In Secs. lisolation requirements.

and I, we present in detail our studies for the pure leptonic “Since we are mainly interested in the shapes of the kinematic

and like-sign leptons plus jets signals, respectively. In Seddistributions, we present them normalized to unity with respect to

IV, we first summarize our results. We then present a studyhe total cross section with appropriate preceding cuts.

For the pure leptonic channel in E(), we identify the
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where ¢, _¢_ is the relative angle between the lepton pair M(I2Er) is shown.

transverse momentum and the missing transverse momen- S o

tum, which is close to 180° for the signal and near 0° for theand the distributions are shown in Fig. 5. _ _
Drell-Yan 7+ 7~ background. The two-body transverse mass We can further purify the signal by removing the high

is defined for each lepton and the missing energy as
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m(ll) events fromZz—Il as well as fromtt, W*W~, as
demonstrated in Fig. 6. We therefore impose
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m(l1)<78 GeV forete ,u"u",

m(l1)<110 GeV for eu. (14

As suggested in Ref20], the lepton correlation angle be-
tween the momentum vector of the lepton pair and the mo.
mentum of the highep+ lepton () in the lepton-pair rest
frame,a*l, also has discriminating power between the signa

PHYSICAL REVIEW D 59 093001

TABLE I. h—W*W* —lvlv signal cross sectiofiin fb) for
m,=140-190 GeV and various SM backgrounds after the kine-
matical cuts of Eqs(10)—(16). The signal efficiencies are also
shown(in percentage W-fake refers to the background where a
jet mimics an electron with a probability ¢¥(j —e)=10"%. The
backgrounds are independentrof.

m, [GeV] 140 150 160 170 180 190
Signal[fb] 39 44 52 48 3.6 25
Efficiency [%] 35 34 38 39 36 37

WW {f 777 WZ ZZ Wrfake
Backgroundgfb] 130 13 0 44 24 18

Furthermore, if either of the two hard jetg,(j,) is identi-
fied as ab quark, the event will be also vetoed. The
b-tagging efficiency is taken to H&2]

b
= 0, —_—
€,=1.1X57% ta”'{se.os)' (17)

where the factor 1.1 reflects the 10% improvement for a
lepton impact parameter tag.

The results up to this stage are summarized in Table | for
the signalmy=140-190 GeV as well as the SM back-
grounds. The acceptance cuts discussed above are fairly ef-
ficient, approximately 35% in retaining the signal while sup-
pressing the backgrounds substantially. We see that the
dominant background comes from the electrow@&W pro-
duction, about a factor of 30 higher than the signal rate. The

subleading backgroundst and W+fake [the background
where a jet mimics an electron with a probability Bfj

|—>e)=10*4 [24]] are also bigger than the signal. We note
that although thé-jet veto is effective against theg back-

and backgrounds. This is shown in Fig. 7. We thus selecyyound, the final results are not affected if the veto efficiency

events with

—0.3<cosff <0.8. (15
I1

A characteristic feature of the top-quark background is th
presence of har jets. We thus devise the following jet-veto

criteria;

veto if plt>95 Gev, |5|<3,
veto if pl2>50 Gev, |7]|<3,

veto if pl>15 GeV, |7|<3. (16)

e

is significantly worse.

One can improve the signal observability by constructing
a likelihood based on some characteristic kinematical vari-
ables. We choose the variables(&scosé, , the polar angle
with respect to the beam axis of the dilep{@9], (2) ¢(ll)
as in Eq.(11), (3) 4(Il) asin Eq.11), (4) cost ¢, as in EqQ.
(12), (5) pi* as in Eq.(16), and (6) p)? as in Eq.(16). We
wish to evaluate the likelihood for a candidate event to be
consistent with one of five event classes: a Higgs boson sig-
nal (140<my<190 GeV)WW, tt, WZ, or ZZ. For a
single variablex;, the probability for an event to belong to
classj is given by

ff(Xi)

Pi(x)= ——~
) 25:1 f!((xi),

(18

5The previous study21] at the parton level suggested a more Wheref! denotes the probability density for clasand vari-
stringent jet-veto cut. It turns out that it would be too costly for the @blei. The likelihood of an event to belong to clgss given

signal and the more sophisticated jet-veto criterion of @) is
thus desirable.

by the normalized products of the individug|(x;) for the
n=6 kinematical variables:
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leading WW background(shaded for (a) the transverse mass de-
fined in Eq.(21) and(b) the cluster transverse mass defined in Eq.

N h° (22).

AT

0.2

0.1

Mr=2p5(Il)+m?(ll), (22)
0 T L 2
: 0.2 0.3 0.4 0.5 0.6 0.7 Mc=vps(ll)+ m2(|| )+ Er, (22

Likelihood

o
o

o - ) ) ) yield a broad peak neam;, and have a long tail below. The
19':}6' ﬁ' D.'“”?““i”f%”g%“ke(;'hr?of Vzr.'ablgw(:if'”id in Eg. cluster transverse masé. has a Jacobian structure with a
(19 for the signaim, eV and the leading ackgrounds \ye||-defined edge at,. We show the nature of these two
Wwandtt. variables for the signal witm,=170 GeV and the leading
. WW background in Fig. @ for M1 and (b) for M. after
', Pl(x) application of the likelihood cut. For a giveny, to be stud-
N (19 jed, one can perform additional cut optimization. In Table
k=1 =1 TR I, we list m,-dependent criteria for the signal region de-
fined as

Ll

The value of£!) for a Higgs boson signal hypothesi$ (
=1) is shown in Fig. 8 where it can be seen that a substan- my—60<Mc<m,+5 GeV. (23)

tial fraction of thett and WW background can be removed
for a modest loss of acceptance. TWéZ and ZZ back- We illustrate the effect of the optimized cuts of Table IlI
grounds have similar distributions to théW and have been in Fig. 10, where the cluster tranverse mass distribution for a
omitted for clarity. We thus impose the requirement m,=170 GeV signal and the summed backgrounds, normal-
_ ized to 30 fb'!, are shown beforéa) and after(b) the final
£1=1>0.10. (20 cuts. A clear excess of events from the Higgs signal can be
seen in Fig. 1(®). It is important to note that before appli-
The improved results are summarized in Table II. cation of the final cuts, the dominant backgrounds \Af@/

In identifying the signal events, it is crucial to reconstructand theW-+fake with other sources accounting for less than
the mass peak ahy,. Unfortunately, theV* W* mass from  10% of the total. Moreover, for 30 fid integrated luminos-
theh decay cannot be accurately reconstructed due to the twity, the statistical error in the background is less than 2%
undetectable neutrinos. However, both the transverse mabsgfore application of the final cuts. We therefore argue that
M+ and the cluster transverse mads, [25], defined as

TABLE lll. Summary of the optimized cuts additional to those

TABLE Il. h—W*W* -1l signal cross sectiofin fb) for N Eas.(10—(16) for various Higgs boson mass.

m,=140-190 GeV and various SM backgrounds after the kine-

matical cuts of Eqs(10)—(16) and the likelihood cut Eq20). W Mh [GeV] 140 150 160 170 180 190
+fake refers to the background where a jet mimics an electron wit|
a probability ofP(j —e) =glo’4. The back::]rounds are independent £ 36’,*1 >25 <20F;6 0.332)5 0;;5 041;25 21(35
of my,. T

minM(I, &), M-(,E;)] >40 40 75 80 85 75
m, [GeV] 140 150 160 170 180 190  Mt(hEq) >60 60

m(Il) <65 65 65 75 85
Signal(fb] 3.1 3£3 4.5 41 29 2.0 p+(11) >40 50 65 70 70 70

WW ¢t 7't WZ ZZ Wirfake a(11) <100 100 70 70 90 90

Backgroundgfb] 83 4.5 0 31 18 13 Mt >110 120 130 140 140
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o]

E(b) m(h®) = 170 Gev TABLE IV. Summary table forh—W*W* =1 vl v signal for

E m,=140-190 GeV and various SM backgrounds after the kine-
matical cuts of Eqs(10)—(16) and the likelihood cut Eq20). W

+ fake refers to the background where a jet mimics an electron with
a probability ofP(j—e)=10"*. The backgrounds are independent

m(h°) = 170 GeVv

o

30fb”" 30 fb™'

counts/5 GeV
D
I

N
T

8
6 b of my.
Z E my, [GeV] 140 150 160 170 180 190
o HEE0 200 0 T Te 2050 gg—h [fb] 22 24 13 093 085 073
M, (GeV) M (GeV) AssociatedvVH [fb] 0.26 0.31 0.13 0.09 0.06 0.06
o ~VV fusion[fb] 0.12 0.12 0.09 0.06 0.05 0.05
FIG. 10. Cluster transverse mass distributions for the Ieadlnaéignm sumfb] 26 28 15 1.1 096 083
WW background@adetd and the background plus the sigred SM backgroundsfb] 39 27 41 23 38 7.0
—h—=W*W*—1lvlv with m,=170 GeV (histogram (a) before  Fakej—e [fb] 51 34 034 015 0.08 0.45
the optimized cuts in Table Il antb) after the cuts. The vertical Backgrounds surfitb] 44 30 44 2.4 3.8 75
axis gives the number of events per 5 GeV bin for 30 b S/B [%] 58 94 34 45 25 11
S/\B [30 fb 1] 21 28 39 38 27 17

one should be able to normalize the SM background curve
(WW) with sufficient precision to unambiguously identify a
significant excess attributable to a Higgs boson signal. lirilepton mode of Eq(7) [26]. However, the leptonic branch-
should also be noted that by selectively loosening the finaing fractions for theW decays limit the signal rate. Also, the
cuts, it is possible to maintain the sai8e/B while increas-  leading irreducible SM backgroun Z(y*)— 3l is difficult

ing the accepted background by up to factor of 5, and théo suppress to a sufficient level. On the other hand, the
accepted signal by a factor of 2.5. This can provide a powW*W* —1vjj mode gives like-sign leptons plus two-jets
erful cross-check of the predicted backgrowid shape and  eventg 10,26 as in Eq.(8) with a 3 times larger rate than the
can be used to demonstrate the stability of any observetfilepton mode, while the leading background is higher order
excess. thanWZ(y*). In this case, the contributing channels include

Our final results for the channédl—W*W* —|vlv are
summarized in Table IV. We have included the contributions
to h—W*W* from the signal channels in Egél) and(3).
Although they are small to begin with, they actually increase
the accepted signal cross section 2-18 %. We have
also included the contribution frofV— 7v— | v,».% It can be
seen that one may achieve @B of at least 6% for T
140 Ge\m,<190 GeV and reach 45% form, Zh—ZZ" Z* =171 E1 )
=170 GeV. The statistical significancg/\/B, for 30 fb !
integrated luminosity, is @& or better for 156m;
<180 GeV. In Fig. 11a), we present the integrated lumi-
nosities needed to reach ar3significance and 95% C.L.
exclusion computed assuming Poisson probabilitiesripr

To assess the effect of inherent systematic uncertainties,

Wh—WWW* —| = vl = vjj,
Wh—WZ*Z* - 1= vl =1 7jj,

Zh—ZW*W* — 1= 1 *vjj,

We identify the final state signal as two isolated like-sign
charged leptons plus jets. A soft third lepton may be present.
The SM backgrounds are

pp—WWWWWZWZZZZZ ttW,ttZ—1*1%jjX,

. S 24
we reevaluate the corresponding curves in Figblassum- (24
ing a 10% systematic error for the signal and SM _ o~
backgrounds. The results are somewhat degraded, but they& so ) f| & s0 [{0)
are still encouraging. e // 3
30 30
I1l. LIKE-SIGN DILEPTON PLUS JETS SIGNAL 20 20
When considering the—W*W* mode in the associated : o 95% 6L Exel,
production channels of Ed1), it is natural to consider the 227 CL Bl
‘14OI I I160I ‘1&0‘ I140‘ ‘1GOI I IWSO‘ I
m, (GeV) m, (GeV)

SFrom consideration of thev+ (j—e€) background, it should be
clear that improving the sensitivity by incorporating hadronic tau  FIG. 11. The integrated luminosity required to reach Statis-
decays will be a difficult task. We nonetheless encourage the effortical significance and 95% exclusion versug in the h— W*W*
For the purposes of computing the effects of systematic errors or-1 vl v channel for(a) statistical effects only antb) 10% system-
the sensitivity to a Higgs signal, we have scaled the expected baclatic error for the signal and SM backgrounds included. The contri-
ground upward by a given percentage and the expected signalutions fromW— r—| decays, associated production, and gauge
downward by the same percentage simultaneously. boson fusion have also been included.
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0.2 ¢ 0.12 - \‘\\ // // -; \\ \\ / /l
018 | h° : € 80 [ [ 80 /-
016 f e \\j(j / \ - /]
0.14 ;* 0.08 } 0 \\ / 30 \\ //
012 [
o1 | 006 [ 20 20
0.08 ;— F
0.06 [ 0.04 :— 10 10
0.04 3 0.02 | P 5% TCLEREl - 95% TCLEXE]
002 F _'_Lﬂf r il it I Fitliids WA I
0 be— | 0 - 120 140 160 180 200 120 140 160 180 200
o] 50 100 160 0 (GeV) m, (GeV)
m(ij) (GeV) i b
0.12 0.25 FIG. 14. The integrated luminosity required to reach &atis-
o1 b 77 | 025 F tt tical significance and 95% C.L. exclusion versug in combining
g g 3 both channels h—W*W* —[v1v and W*h—W*W*, z*Z*
008 I ous E —|717jj for (a) statistical effects only andb) 10% systematic
0.06 | 0125 F error included for these two channels.
r 01
o0% I 0.075 F Although the triple gauge boson productif®7] in Eq. (24)
C 0.05 . . . T
0:02 1 ooos E constitutes the irreducible backgrounds, W& jj,tt through
) PR EERR  Eaily oy i Y RPN T b or ¢ semileptonic decay and the background fropme
Q 50 100 150 0 50 100 150 f k b I
mGij) (Gev) m(ij) (GeV) akes turn out to be larger.

The basic acceptance cuts required for the leptons are
FIG. 12. Normalized dijet mass distributions ¢}to/dm(jj)

for the signaW=*h—W=W*W* —1*1*j with m,=170 GeV and pr(1)>10 GeV, |#n|<1.5 m(l)>10 GeV,

the background®vz, 77, andtt. .
0.3<AR(lj)<6, E>10 GeV. (26)

Pp—W Z(y*)+jj —I*15jjX, For a muon, we further demand that the scalar sum of addi-
tional track momenta within 30° be less than 60% of the
muon momentum. We require that there be at least two jets

ZZ(y*)+jj—I*1%jjX, tt—lvjjbb, 25  with
_ 1>15 GeV, |7j<3. 2
PP Wi, Z(*)]] + fake. i K 20

To suppress th&/Z background, we require the leading jet

01 g 5 to be withinlnjl|<1.5 and to have a charged track multi-

0.02

0.01 0.02 ¢

and events with a fourth jet satisfying E@7). To suppress
backgrounds associated with heavy flavor jets, we veto the
event if any of the jets have latag.

E 0.14
882 3 n* 0.12 plicity satisfying 2<N<12, while the subleading jet to be
0.07 ‘ 0.1 within |7;j2|<2.0. The tt background typically exhibits
282 : 0.08 | greater jet activity; we therefore veto events having
0.04 ? 0.08 c j3
003 004 F p7>30 GeV, (28

1

0.25 g
0225 | gg—=>h"—=> Ww Like Sign Leptons + Jets
E -~ B F o 12
02 F = 5 =
0175 F E ' E E 10
0.15 E % 6 E % 8
0.125 £ 2 5F H
01 F £ 4F £ 6
E B E B
0075 £ 23k 2 .
0.05 | % 2 "5 2
0.025 £ 1E =
o E S e P | o E 60 o o F 60 fb
-1 ] -0.5 B 5952 (IZLExc\ulsion | | F 95% C\I~ EXC|US]OT |
cos® c0s® ~'140 150 160 170 180 190 2120 140 160 180 200
. . . . my (GeV) m, (GeV)
FIG. 13. Normalized distributions (&jdo/d cos6‘|*1 for the cor-
relation angle defined above Eq15 for the signal W*h FIG. 15. 95% C.L. exclusion for the ratR[Eq. (33)] versusm,
=W W*W*—1717jj with m,=170 GeV and backgrounds for several values of the integrated luminosigy for the channel
WZ, ZZ, andtt. Eq. (31) and(b) for Eq. (32).
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TABLE V. Vh—I*1%jj signal form,=120-200
cuts of Eqs.(26)—(29).

PHYSICAL REVIEW D 59 093001

GeV and the SM backgrounds after the kinematical

m;, [GeV] 120 130 140 150 160 170 180 190 200
Signal sumfb] 0.093 0.20 0.34 0.b2 0.45 0.38 0.29 0.20 0.16
Background channels W2z ZZ WW t VVV tv  W/Z jj+fake Sum

o [fb] 027 006 001 015 007 0.02 0.p81] 0.83

S/B [%] 11 24 41 63 54 46 35 24 19
S/VB [30 fb 1] 056 12 20 31 27 23 1.7 1.3 0.96

In Fig. 12, we present the dijet mass distributions for the Our results presented here are valid not only for the SM
signal and backgrounds. Since the dijets in the signal areliggs boson, but also for SM-like ones such as the lightest

mainly from aW* decay,m(jj) is close to or lower than
Myy . This motivates us to further require

m(jj)<110 GeV, 3j|pi/<150 GeV. (29

Finally, it is interesting to note that the lepton correlation
angle introduced in Eq15) has strong discriminating power
to separate the signal from backgrounds as shown in Fig. 1
We then impose a final cut

cosgf <0.95. (30
I1

With these cuts, we present the results for the signal and

backgrounds in Table V. We can see that for a girrgn the
S/B is larger than that for the dilepton plds; signature,

supersymmetric Higgs boson in the decoupling lif2#]. A
Higgs mass bound can be translated into exploring funda-
mental parameters for a given theoretical model, as shown in
Ref. [29]. Furthermore, if there is an enhancement Fgh
—gg)XB(h—WW,Z2Z) over the SM expectation, or if

B(h—Dbb) is suppressed, such as in certain parameter region

in SUSY[30], the signals of Eq4) would be more substan-

ial and more valuable to study. We can make our study
ore general in this regard by considering the quantity

o(h) X B(h—W*W*) as a free parameter. Define a ratio of

this parameter to the SM expectation for the signal to be

R= a(h) X B(h—W*W*) e\, physics
a(h)XB(h—W*W*)gy,

(33

reaching as high as 63%. One can consider further optimiza-

tion of cuts withm,, dependence. However, the rather small

signal rate for a 30 fb® luminosity limits the statistical sig-
nificance. Also, the systematic uncertainty in the backgroun
may be worse than the purely leptonic channel.

IV. DISCUSSIONS AND CONCLUSION

We have carried out comprehensive studies for
—W*W* via the two channels

p6—>h—>W*W*—>|V_|V, (31
Pp—W=h, Zh—W=(Z)W*W*
—1*17jj. (32

MeasuringR would represent a generic Higgs boson search

(ig a model-independent way. Figure 15 gives the 95% C.L.

xclusion for the ratid? versusmy, for several values of the
integrated luminosity, wher®=1 corresponds to the SM
expectation. Figure 18) is for the channel Eq31), where
we have only included the gluon-fusion contribution, and
Fig. 15b) for Eg. (32). On the other hand, once a Higgs
boson signal is established, a careful examinatioR wbuld
help confirm the SM or identify possible new physics.

Finally, we would like to point out that further improve-

ment on our results is still possible by including other chan-
nels. Although there would be even larger SM backgrounds,
the channeh—W*W* —|vjj was found[21] to be helpful
in improving the Higgs boson coverage. Combining wlith
—Z*Z*—lljj as shown in Fig. 2, we would expect some
possible improvement which deserves further study. The

channelsh—Z* Z* -1l vv,4l may have smaller SM back-

In combining both channels, we present our summary figurggrounds, especially for thel 4node. Unfortunately, the sig-

in Fig. 14, again for(@) statistical effects only an¢th) 10%

nal rate would be very low for the anticipated luminosity at

systematic error for the signal and SM backgrounds includethe Tevatron. It is nevertheless prudent to keep them in mind
for both channels. We conclude that with a c.m. energy of 2n searching for the difficult Higgs boson signal.

TeV and an integrated luminosity of 30 h the Higgs bo-
son signal vich—W*W* should be observable at a-3evel
or better for the mass range of 145 Gew,, <180 GeV.
For 95% C.L. exclusion, the mass reach is 135 &aW,
=190 GeV.

In summary, we have demonstrated the feasibility for an
upgraded Tevatron to significantly extend the Higgs boson
mass coverage. The Fermilab Tevatron with a luminosity
upgrade will have the potential to significantly advance our
knowledge of Higgs boson physics.
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