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We study the production and detection of the standard-model Higgs boson at the Fermilab
Tevatron. The most promising mode is WH and ZH associated production followed by leptonic
decay of the weak vector bosons and H — bb. It may be possible to detect a Higgs boson of mass
mpyg = 60-80 GeV with 1000 pb™! of integrated luminosity. We also study the signature for a
nonstandard “bosonic” Higgs boson whose dominant decay is to two photons. A signal is easily
established with 100 pb™! in the WH and ZH channels, with the weak vector bosons decaying

leptonically or hadronically, up to my = 100 GeV.

PACS number(s): 14.80.Bn, 13.85.Qk

I. INTRODUCTION

The evidence is overwhelming that the electroweak in-
teraction is described by an SU(2) x U(1)y gauge the-
ory, spontaneously broken to U(1)gy. However, the pre-
cise mechanism which breaks the electroweak symmetry
is unknown. The simplest mechanism is the standard
Higgs model, in which the symmetry is broken by the
vacuum expectation value of a fundamental scalar field.
This model predicts the existence of a scalar particle, the
Higgs boson, with fixed couplings to other particles, but
of unknown mass. The search for this particle constitutes
the base line in our search for phenomena associated with
the electroweak-symmetry-breaking mechanism.

The current lower bound on the mass of the Higgs bo-
son is about 60 GeV, from the process 7 — Z*H at
the CERN e*e™ collider LEP [1] (Z* denotes a virtual
Z boson). This bound is limited by statistics and back-
grounds, and is unlikely to improve significantly. The
next extension in reach will be provided by LEP II, begin-
ning in 1995, which will explore up to a Higgs-boson mass
of about 80 GeV via Z* — ZH [2]. Much higher masses
will be explored by the CERN Large Hadron Collider
(LHC) and the Superconducting Super Collider (SSC),
which can reach as high as my = 800 GeV via the pro-
cesses g¢g » H and V*V* - H (V =W, Z) [3].

Conspicuously absent from this discussion is the Fer-
milab Tevatron pp collider. It is generally assumed that
the Tevatron cannot probe the electroweak-symmetry-
breaking mechanism. However, there are two reasons
why this is an appropriate time to study the possibility
of searching for the Higgs boson at the Tevatron. First,
the Tevatron is operating with a high luminosity, and
it now seems possible that 100 pb~?! of integrated lumi-
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nosity will be delivered to each of the two detectors by
the end of 1994. Furthermore, with the Main Injector,
a fivefold increase in luminosity will be obtained, yield-
ing 1000 pb~! of integrated luminosity per detector by
the end of the century, and perhaps more. Second, it
has been demonstrated that secondary vertex detection
is feasible in a hadron-collider environment. This allows
the detection of secondary vertices from the decay of b
quarks, which is vital for searching for the decay H — bb.

In Sec. IT we study the production of the Higgs boson
in association with a W or Z boson at the Tevatron [4].
The leptonic decay of the W or Z boson provides a trig-
ger for the event and suppresses the backgrounds. In the
mass range of interest, the standard Higgs boson decays
predominantly to bb, and vertex detection must be used
to separate b jets from light-quark jets. This process has
been extensively studied for the LHC [5] and SSC [6-10],
but no similar study has been undertaken for the Teva-
tron. While the analysis is similar to that of the LHC
and SSC in many respects, it differs in several important
ways.

In Sec. III we discuss the search for a “bosonic” Higgs
boson, which is a Higgs boson with ordinary coupling to
weak vector bosons, but suppressed coupling to fermions.
For myg < 100 GeV, this Higgs boson has a significant
branching ratio to two photons via a virtual W-boson
loop. Its production in association with a W or Z bo-
son yields an observable signal in both the leptonic and
hadronic decay modes of the weak vector bosons with 100
pb~! of integrated luminosity. In Sec. IV we summarize
the conclusions of our study.

II. STANDARD HIGGS BOSON

The production of the standard Higgs boson at the
LHC and/or SSC has been extensively studied [3]. The
same processes occur at the Tevatron, but with different
relative rates. We show in Fig. 1 the total cross sections

1354 ©1994 The American Physical Society



49 HIGGS BOSONS AT THE FERMILAB TEVATRON

1 0 T T T T T ]
1 Tevatron

V5 =2Tev

o (pb)

001 [ S E

0.(X)1 1 1 1 1 1
60 80 100 120 140 160 180 200

my (GeV)

FIG. 1. Cross sections for various standard Higgs-boson
production processes at the Tevatron (/s = 2 TeV) versus the
Higgs-boson mass. The Harriman-Martin-Roberts-Stirling
set B [HMRS(B)] parton distribution functions [16] are used
for all calculations, and m: = 150 GeV is assumed.

for various Higgs-boson production processes: gluon fu-
sion via a virtual top-quark loop [11], associated pro-
duction with a W or Z boson [4], weak-vector-boson fu-
sion [12], and associated production with a bb [13] or
tf [14,15] pair (m; = 150 GeV). We have included the
QCD correction® to the gluon-fusion cross section, which
is approximately a factor of 2.2 [in the modified minimal
subtraction (MS) scheme with g = mpg] [17-19]. The
QCD correction to W H/Z H production is also included;
it is about +25% in the MS scheme with u = My g [20].
The QCD correction to vector-boson fusion is only a few
percent [21]. Although gluon fusion yields the largest
cross section, it is relatively less important than at the
LHC and SSC due to the decreased gluon luminosity at
the Tevatron. The associated production with a tZ pair is
suppressed relative to the LHC and SSC for the same rea-
son, especially because the top quark is relatively heavy
compared with the machine energy. For this reason, as-
sociated production with a bb pair is much larger than
with a ¢f pair, in contrast with the corresponding cross
sections at the LHC and SSC.

The branching ratios of the Higgs boson decay to bb,
cé, tr—, WW®, and ZZ®) [22] are shown in Fig. 2.
The direct production of the Higgs boson via gluon fu-
sion, followed by H — bb or cc, is swamped by the
QCD production of bb and ¢ pairs. Similarly, the mode
H —» WW® - ¢pf'v' is swamped by the production of

LAll QCD corrections quoted in this paper are in the MS
scheme, with a fixed set of next-to-leading-order parton dis-
tribution functions [16] used for the leading-order and next-
to-leading-order calculations.
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FIG. 2. Branching ratios of the standard-Higgs-boson de-
cay into bb, c&, Tr=, WW®™), and ZZ(®, versus the
Higgs-boson mass.

real W-boson pairs. The H — ZZ®) — (20'? or Llvi
modes yield too few events to observe.? The H — 777~
mode cannot be reconstructed due to the loss of the 7
neutrinos [24].

Associated production with a W or Z boson is rela-
tively more important at the Tevatron than at the LHC
and SSC. The leptonic decay of the W or Z boson (in-
cluding Z — vw) provides a trigger for the event, and
suppresses backgrounds. It is these processes upon which
we concentrate. The W H process has already been used
at the Tevatron to eliminate a very light Higgs boson
[25]. As we will show, at least 1000 pb~?! will be required
to search for a more massive Higgs boson at the Teva-
tron. Thus we make cuts to simulate the acceptance of
upgraded CDF and DO detectors that one can envision
existing by the time the Main Injector is operating.

Consider the decay of the Higgs boson to a bb pair. To
suppress the Wjj and Zjj backgrounds, we must require
that at least one of the jets be identified as coming from
a b quark. We require |n| < 2 for the b and b rapidity to
simulate the coverage of the vertex detector (the coverage
of the existing CDF vertex detector is |n| < 1), and we
further require the rapidity, transverse momentum (pr),
and isolation cuts listed in Table I. The resulting cross
sections are shown in Fig. 3, including all branching ratios
(€ = e,pu). The W H process contributes to the ZH cross
section when the charged lepton from the W decay is
missed; the ZH process contributes only a small amount
to the W H cross section, when one of the charged leptons

2This process was considered by Barger and Han in Ref. [23]
at the Tevatron with /s = 3.6 TeV and 1000 pb~', with a
negative conclusion.
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TABLE I. Acceptance cuts used in Sec. II to simulate an
upgraded CDF and DO detectors.

] < 2 pre > 15 GeV
[mel < 2.5 pre > 20 GeV
[nj] < 2.5 pr; > 15 GeV
|AR65\ > 0.7 [ARbg[ > 0.7

Br > 20 GeV (for W — £p, Z — vi)

from Z — ¢ is missed.

The principal backgrounds are Wbb [15,6,10,26,27] and
Zbb [26,28], WZ [29] and ZZ [30] followed by Z — bb,
and tf production. The Wbb and Zbb backgrounds
are shown in Fig. 3, assuming a bb invariant-mass res-
olution equal to a typical two-jet invariant-mass reso-
lution. We assume AE;/E; = 0.80/VE; & 0.05 for
the jet energy resolution, which corresponds to approx-
imately AMJ'J'/M]']' = 0.80/\/ij @ 003 fOI‘ the two—jet
invariant-mass resolution. We integrate the background
over an invariant-mass bin of size £2AMj; centered at
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FIG. 3. Cross sections and backgrounds for (a) WH and
(b) ZH production, followed by H — bb and W — {7,
Z — L, vp, versus the Higgs-boson mass. The cuts which
are made to simulate the acceptance of the detector are listed
in Table I. The backgrounds are from Wbb and Zbb, WZ
and ZZ followed by Z — bb, and tt — W+ W ~bb with one W
missed (for W H) or with both W’s missed (for ZH, Z — vv).

mp, which contains nearly all the signal events. The
invariant-mass resolution may be degraded somewhat
since about 40% of all events have at least one neutrino
from semileptonic b decay. The signal-to-background ra-
tio is of order unity, and is better for ZH than WH
because the HZZ coupling is bigger than the HWW
coupling by M%/M3,. Recall that at the LHC and SSC
the ZH signal is swamped by gg — Zbb [6]. This is not
the case at the Tevatron; g§ — Zbb is slightly larger than
gg — Zbb, due to the decreased gluon luminosity.

The background processes WZ and ZZ, with Z — bb.
populate the region between about 80 and 100 GeV. The
cross sections, including the QCD corrections (+33% for
W Z [29], +25% for ZZ [30] in the MS scheme with p =
My v ), are shown in Fig. 3; they are comparable to the
signal, and increase the background in this region. These
backgrounds could be calibrated using the purely leptonic
decays of the gauge-boson pairs.

The top quark is also a potential background. The
process tt — W*W~bb mimics the WH signal if one
W goes undetected. We assume a coverage for jets of
Injl < 2.5 and pp; > 15 GeV, and reject events with
additional jets.> With this coverage, the dominant tf
background occurs when the charged lepton from a W
decay goes outside the coverage of the detector. We make
the additional requirement that the transverse mass of
the observed charged lepton plus the missing pr be less
than Mw, which is always true for the signal. This cut
reduces the background by about a factor of 2. This
background is shown in Fig. 3(a) for m; = 150 GeV; it
is far less troublesome than the direct Wb background.
The top quark is also a background to the ZH signal,
with Z — vo, if both W’s are missed. This background
is shown in Fig. 3(b); it is negligible. In both cases, the
top-quark background decreases for a heavier top quark.
The top-quark background is a much worse problem at
the LHC and SSC.*

Another potential background is Wcé and Zcé. Since
the charm-quark lifetime is comparable to that of the
bottom quark, these events can also produce a displaced
vertex, and could as much as double the background.
Final states with a single charm quark, such as W™¢s,
can also contribute to the background if only one jet is
required to have a displaced vertex. In Refs. [7,8] the
charm-quark background was suppressed by demanding
that the b quark decay semileptonically, with lepton mo-
mentum transverse to the b jet of at least 1 GeV. Because
of the modest number of signal events, one may not be
able to afford such a cut at the Tevatron.

One must also consider the Wjj and Zjj backgrounds,
where the jets come from light quarks [31-37]. Applying
the same acceptance cuts and invariant-mass resolution

3Rejecting events with additional jets decreases the signal
somewhat. This reduction can be minimized by increasing the
minimum pr of the additional jets, without greatly increasing
the background.

*The top-quark background at the SSC was considered by
Kauffman in Ref. [9].
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as before, we find that these cross sections are over 100
times as large as the Wbb and Zbb backgrounds.® Excel-
lent light-quark-jet/b-jet discrimination will be required
to eliminate this background. The W3jj and Zjj back-
grounds are much more severe at the LHC and SSC be-
cause of the large gluon luminosity. They were eliminated
in Refs. [7,8] by demanding a semileptonic decay of a b
quark, with lepton momentum transverse to the b jet of
at least 1 GeV, as mentioned above.

The efficiency for detecting a displaced vertex from a
b-quark jet within the coverage of the vertex detector and
with prp > 15 GeV is hoped to reach about 30%, or 50%
to detect at least one displaced vertex per bb pair. We
present in Table II the number of signal and background
events with at least one displaced vertex for various val-
ues of the Higgs-boson mass for 1000 pb~! of integrated
luminosity. We assume a 1% misidentification of a light-
quark (or gluon) jet as a b jet. A charm jet produces a
displaced vertex which mimics a b jet with only 5% prob-
ability, and so the Wee and Zc€ backgrounds are small
compared with Wbb and Zbb. The W3jj and Zjj back-
grounds, as well as the single-charm background (which
we estimate is small), could be eliminated completely by
requiring a double b tag; however, the double-tag effi-
ciency is only 10% per bb pair. The significance of the
signal is a bit better with a double tag, but the num-
ber of signal events is small. Additionally, one can tag b
jets using semileptonic decays; however, this has an effi-
ciency of only about 10%, with a 1% misidentification of
light-quark jets.

The number of signal events with at least one dis-
placed vertex for my = 60-80 GeV may be enough to
detect the Higgs boson at the Tevatron, especially if the
light-quark-jet misidentification can be reduced below
1%. The statistical significance of the W H/Z H signal is
about 2.5/3.30 for mpy = 60 GeV, and about 1.6/2.2¢ for
mpg = 80 GeV. If the light-quark-jet misidentification can
be reduced to 0.5%, the significance of the WH/Z H sig-
nal increases to about 3.3/4.30 and 2.1/2.9¢0 for mg = 60
and 80 GeV, respectively. The significance of the ZH
signal is greater than that of the W H signal because

TABLE I1. Number of signal and background events, per
1000 pb~?, for production of the Higgs boson in association
with a weak vector boson, followed by H — bb and W — (7,
Z — £L,vp. The cuts which are made to simulate the accep-
tance of the detector are listed in Table I. We assume a 50%
efficiency for detecting a displaced vertex from a b-quark jet
per bb pair within the rapidity coverage of the vertex detector
and with prs > 15 GeV. We also assume a 1% misidentifica-
tion of light-quark and gluon jets as a b jet.

mu (GeV) WH/ZH Wbb/Zbb Wij/Zjj
60 50/58 60/52 340,/260
80 28/35 39/38 260,210
100 15/20 25/26 180/160
120 8/10 17/18 130/120
140 3/3.8 11/13 90/88

®The Wjj and Zjj backgrounds were calculated using the
code developed in Ref. [35].

the HZZ coupling is bigger than the HWW coupling
by M2 /M3, as we remarked earlier. One should keep in
mind that LEP II will have already explored these masses
by the time 1000 pb~! is delivered. However, the confir-
mation of the Higgs boson at the Tevatron would be of
interest since both the ZH (similar to LEP II) and WH
processes could potentially be detected. A Higgs boson
of mass near the Z-boson mass will be difficult to sepa-
rate from the WZ and ZZ backgrounds. A Higgs boson
of mass in excess of the Z-boson mass would require in-
creased integrated luminosity for discovery.

Let us also consider the Higgs-boson signal for 100
pb~! of integrated luminosity. Presently only CDF has
a vertex detector, and so we apply cuts to simulate their
acceptance: |ny| < 1, pry > 15 GeV, || < 2.5, |n,| < 1,
pre > 20 GeV, g > 20 GeV, |ARbg| > 0.7, |ARp| > 0.7.
Although the signal-to-background ratio is again of order
unity (for the Wbb and Zbb backgrounds), the number of
signal events is only 2/2 for WH/Z H (including the 50%
single-tag efficiency) for mg = 60 GeV, decreasing to 1/1
for myg = 80 GeV, not enough for discovery.

For my > 140 GeV, the H — WW®) branching
ratio becomes significant, and one can consider search-
ing for WH production, followed by leptonic decay of
the like-sign W bosons, leading to an isolated like-sign-
dilepton plus missing pr signature. This signal has no
irreducible background, and could potentially be used
for myg = 140-180 GeV. Unfortunately, the number of
events in 1000 pb~! of integrated luminosity is of the
order of unity. This signal could be useful for larger in-
tegrated luminosity.

The search for the Higgs boson at the Tevatron is chal-
lenging, but is matched by the importance of the search.
A Higgs boson in the range 80-140 GeV (the so-called
intermediate-mass range) is also difficult for the LHC and
SSC to discover. Studies at the LHC and SSC usually
focus on the rare two-photon decay of the Higgs boson
[38,39]. It might be worthwhile to reconsider the bb decay
mode at these machines [40,41].

III. “BOSONIC” HIGGS BOSON

The standard Higgs boson is responsible for generat-
ing the masses of both the weak vector bosons and the
fermions. One can imagine that the mass generation of
the weak vector bosons has little or nothing to do with
that of the fermions [42-48]. A Higgs boson associated
only with the generation of the weak-vector-boson masses
would be expected to have couplings to the weak vec-
tor bosons of standard-model strength, but suppressed
couplings to fermions. We will refer to such a particle
as a “bosonic” Higgs boson.® For example, a bosonic
Higgs boson can arise in models with two Higgs doublets
[42,43,45,46] or with doublets and triplets’ [49,47,48],
although fine tuning of the renormalized coupling of

SSuch a particle is referred to as a “fermiophobic” Higgs
boson in Ref. [43].

"The bosonic Higgs bosons in this model are the Hs and the
HY.
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the Higgs boson to fermions is necessary in both cases
(42,46-48]. In general, one expects some mixing to oc-
cur such that a bosonic Higgs boson has a nonvanishing
coupling to fermions.

Since the fermionic decay modes of a bosonic Higgs
boson are greatly suppressed, the decay of a bosonic
Higgs boson of mass less than 2Myw is not dominated by
H — bb. It was noted in Refs. [43,45,48] that the dom-
inant decay mode of a sufficiently light bosonic Higgs
boson is to two photons via a W-boson loop [50], as
shown in Fig. 4(a). The bosonic Higgs boson can also
decay to bb at one loop, as shown in Fig. 4(b); how-
ever, this decay mode is suppressed relative to the two-
photon mode by m2 /M, (assuming the fine-tuning men-
tioned above), and can be neglected. As the Higgs-boson
mass approaches My, the decay H - WW* (and even
H — W*W* [51]) begins to compete with the two-
photon decay. The branching ratios of a bosonic-Higgs
decay to vy, WW®) and ZZ™) are shown in Fig. 5.
Note that a top-quark loop does not contribute to the vy
decay of the bosonic Higgs boson. Charged Higgs bosons
(present in multi-Higgs-boson models) may contribute, if
they are not too heavy; their contribution is suppressed
relative to that of the W boson by Mﬁ,/m%i.

A bosonic Higgs of mass less than about 60 GeV would
have been seen at LEP via Z — Z*H, with H — vv [52].
We will show that the Tevatron, with 100 pb~! of inte-
grated luminosity, can search for the two-photon decay of
the bosonic Higgs up to about mpy = 100 GeV, prior to
the commissioning of LEP II. The production process is
the same as in the previous section: q¢ - WH,ZH. The
photons from the Higgs decay can serve as the trigger,
and so we can consider both the leptonic and hadronic
decays of the W and Z bosons. We simulate the ac-
ceptance of the detector with the cuts listed in Table
ITI. Decreasing the rapidity coverage of all particles to 1
unit decreases the cross sections by about a factor of 2.

W Y
He——— —
Y
(@) +
w Y
H————
Y
w,z b
®  H—————

b

FIG. 4. (a) Two-photon decay of a bosonic Higgs boson
via a W-boson loop; (b) decay of a bosonic Higgs to bb via
virtual W and Z bosons. The latter decay mode is suppressed
relative to the former by mi /M3, .
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FIG. 5. Branching ratios of a bosonic-Higgs-boson decay
to v, WW(‘), and ZZ('), versus the Higgs-boson mass.

We show in Fig. 6 the cross sections for WH and ZH,
followed by H — ~vy, for both (a) leptonic (including
Z — vv) and (b) hadronic decays of the W and Z. For
the hadronic decays, we combine the WH and ZH sig-
nals since the assumed two-jet invariant-mass resolution
(discussed below) cannot separate the W and Z peaks.
We use a machine energy of \/s = 1.8 TeV throughout
this section.

For the leptonic decay of the W and Z bosons, the
main background is W~y [53] and Zvyvy. We assume a
photon energy resolution of AE, /E., = 0.15/@@0.01;
this corresponds to a two-photon invariant-mass resolu-
tion of approximately AM,, /M, = 0.15/,/M.,,0.007.
We integrate the background over an invariant-mass bin
of £2A M., centered about my, which contains nearly
all the signal events. The resulting backgrounds are less
than 10™% pb for my > 60 GeV, too small to display in
Fig. 6. There is no background from WZ or ZZ since
Z — v~ is forbidden by Yang’s theorem [54]. Thus the
signal for the bosonic Higgs produced in association with
a W or Z which decays leptonically is essentially back-
ground free.

The dominant background when the W and Z decay
hadronically is a mixed QCD-QED process leading to a
JJvv final state [55-58]. We take a two-jet invariant-
mass resolution as in the previous section, AM;;/M;; =
0.80/y/M;; ® 0.03, and integrate over a bin of width
+2AM;; centered on the W or Z mass; effectively, this
corresponds to 65 GeV< M;; < 105 GeV, with no effort

TABLE III. Acceptance cuts used in Sec. III.

Iny| < 2.5 pry > 10 GeV
[me| < 2.5 pre > 20 GeV
Ini| < 2.5 pr;j > 15 GeV
|AR;;| > 0.7 |ARjy| > 0.7

Pr > 20 GeV (for W — £v, Z — vD)
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FIG. 6. Cross sections and backgrounds for the bosonic
Higgs boson, produced in association with a W or Z, followed
by H — vy and (a) W — £p, Z — ££,vv, and (b) W, Z — jj,
versus the Higgs-boson mass. The cuts which are made to
simulate the acceptance of the detector are listed in Table
III. The signal with the leptonic decay of the weak vector
bosons has no background. The background to the hadronic
decay is from a mixed QED-QCD process leading to a jjvyvy
final state.

made to separate the W and Z peaks. The two-photon
invariant-mass bin is treated as above. The resulting
cross section is shown in Fig. 6(b). The signal is above
the background up to a Higgs-boson mass of about 110
GeV.

Although the bosonic Higgs cannot be produced via
gluon fusion, it is produced with standard-model strength
via V*V* - H (V = W, Z). Because the virtual vector
bosons are radiated from quarks and antiquarks, the fi-
nal state contains two jets, and thus also has a jjyvy
signal. This cross section is shown in Fig. 7, with the

TABLE IV. Number of signal and background events, per
100 pb~!, for production of a bosonic Higgs boson in asso-
ciation with a weak vector boson, followed by H — v and
W — i, Z — €L, v, or W, Z — jj. The cuts which are made
to simulate the acceptance of the detector are listed in Table
III.

1 T T T T T T T
Tevatron
V5 =2TeV
0.1 M; >100GeV |
—_ VW H-oyy
o
& F~<
©
0.01 | -1
0.001 L
60 140

my, (GeV)

FIG. 7. Cross section and background for the production
of the bosonic Higgs boson via weak-vector-boson fusion, fol-
lowed by H — ~~, versus the Higgs-boson mass. The cuts
which are made to simulate the acceptance of the detector
are listed in Table III. The two jets in the final state, left over
from the radiation of the weak vector bosons, have an invari-
ant mass greater than 100 GeV. The background is from a
mixed QED-QCD process leading to a jjv~ final state.

acceptance cuts listed in Table III, plus the requirement
that the two-jet invariant mass exceed 100 GeV to sepa-
rate it from the WH/Z H signal. Also shown in Fig. 7 is
the jjyvy background with the same cuts; the signal lies
above the background up to myg = 90 GeV. The two-
photon signal without the additional jets lies below the
continuum background from ¢g,gg — 7.

We list in Table IV the number of signal and back-
ground events for WH/ZH production for 100 pb™! of
integrated luminosity. Table V gives the number of sig-
nal and background events for the weak-vector-boson-
fusion process, also for 100 pb~!. It should be relatively
straightforward to search for a bosonic Higgs decaying
to two photons up to the point where the two-photon
branching ratio falls off, roughly myg = 100 GeV. If
such a particle were discovered, it would have dramatic
consequences for our understanding of the source of elec-
troweak symmetry breaking.

With 1000 pb~1, it may be possible to detect a bosonic
Higgs of my > 100 GeV decaying to WW™ if it is pro-
duced in association with a W boson, and the like-sign
W’s decay leptonically, leading to an isolated like-sign
dilepton plus missing pr signal. There is no irreducible
background to this signal. However, the Higgs-boson
mass cannot be reconstructed, due to the loss of the neu-
trinos.

TABLE V. Number of signal and background events,
per 100 pb~!, for production of a bosonic Higgs via
weak-vector-boson fusion, followed by H — ~v. The cuts
which are made to simulate the acceptance of the detector
are listed in Table III.

mpy (GeV) WH/ZH (leptonic) WH + ZH (jets) jjvy

mpg (GeV) H+ 2 jets 7ivy
60 14/11 73 5 60 8 4.5
80 5.3/5 29 2.7 80 4.7 2.7
100 0.8/0.7 4.4 1.4 100 1 1.6




1360 A. STANGE, W. MARCIANO, AND S. WILLENBROCK 49

One might also consider the possibility that the Higgs
boson associated with the generation of the weak-vector-
boson masses is also associated with the top quark, but
not with any other fermion (“semibosonic”). This is sug-
gested by the fact that the top-quark mass is thought
to be of the order of the W and Z masses, and is much
heavier than the other known fermions. Such a Higgs
boson might arise in a top-quark condensate model. The
dominant decay of such a Higgs boson is to two gluons
via a top-quark loop for my = 60-80 GeV, but it still has
a significant branching ratio to two photons. It will be
copiously produced via gluon fusion. Since the produc-
tion cross section is proportional to the H — gg partial
width, the cross section for g9 - H — ~~ is propor-
tional to I'(H — gg)B(H — vv) =~ I'(H — vv); i.e.,
it is independent of I'(H — gg), and depends only on
L(H — vy).

The cross section for g9 — H — ~+y is presented in
Fig. 8, with cuts on the photons of |n,| < 1 and pr, > 10
GeV. The rapidity is restricted to less than unity to sup-
press the background from ¢¢§ — ~7~, which is peaked in
the forward-backward direction. This background, com-
bined with gg — <+, integrated over an invariant-mass
bin of £2AM,, centered on mpy, with AM,, as given
previously, is also presented in Fig. 8; it is much larger
than the signal.® More than 1000 pb~?! of integrated lu-
minosity would be needed to establish a signal.

IV. CONCLUSIONS

We have studied the production and detection of the
standard Higgs boson at the Fermilab Tevatron. With
1000 pb~! of integrated luminosity, it may be possible to
observe the Higgs boson produced in association with a
W or Z, followed by H — bb and W — £, Z — €, v,
for mgy = 60-80 GeV. Excellent light-quark-jet/b-jet dis-
crimination, and some c-jet/b-jet discrimination, will be
required. Higher Higgs-boson masses will require in-
creased integrated luminosity for discovery. Although the
search for the Higgs boson at the Tevatron is tantalizing,
our study has further strengthened our conviction that
a higher-energy and higher-luminosity collider, such as
the LHC or SSC, is needed to explore the electroweak-
symmetry-breaking mechanism.

We have also studied the possibility of detecting a
nonstandard Higgs boson with suppressed couplings to
fermions, dubbed the bosonic Higgs boson, via its en-
hanced two-photon decay mode. With just 100 pb~! of

8We have not included the QCD correction to q§g — 77,
which is given in Ref. [59].
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FIG. 8. Cross section and background for the production of
the top-quark-condensate Higgs boson, followed by the decay
H — v, versus the Higgs-boson mass. The background is
from ¢q, 99 — vv.

integrated luminosity, it will be possible to detect such a
particle, produced in association with a W or Z, with the
weak vector bosons decaying leptonically or hadronically,
up to myg = 100 GeV. There may also be an observable
signal from the weak-vector-boson-fusion process. The
discovery of such a particle would have an enormous im-
pact on our understanding of the electroweak-symmetry-
breaking mechanism.

Note added in proof. The Wjj background in Table
II was underestimated by about 40% in a preliminary
version of this paper. The correct values appear in Table
IT. After this work was submitted for publication there
arose another, unwelcome, motivation: the SSC project
was canceled by the U.S. House of Representatives on
October 19,1993.
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