PHYSICAL REVIEW D, VOLUME 60, 075012

Supersymmetric Higgs bosons discovery potential at hadron colliders through theg channel
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We explore the discovery potential of the supersymmetric Higgs bosons throudigtbbannel at the
Fermilab Tevatron and CERN LHC. Compared with the procgss—WH, this channel is more advantageous
to finding the supersymmetric Higgs bosons at the Tevatron iBtanlarger than 10.
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One of the most important physics goals for future hightribution function, and the same thing occurs for the bea
energy physics is the discovery of the Higgs boson. Recerquark whenx<<0.01. So the Tevatron and LHC are good
direct search in the CERN LEP2 experiments running aplaces to examine thieg channel.

Js=183 GeV viaete —Z*H yields a lower bound of It is well known that the couplings oEP-even neutral
~89.9 GeV on the standard modéM) Higgs mass1]. Higgs bosons to dpwn-type quarks in supersymmetric
Next year's running at 192 GeV will explore up to a Higgs (SUSY) models are given bjs]

boson mass of about 96 Gd¥]. After LEP2 the search for

the Higgs particles will be continued at the CERN Large —igmp cosa
Hadron Collider(LHC) for Higgs boson masses up to the 2my, cosp
theoretical upper limit. Before the LHC comes into operation

it is worth considering whether the Higgs boson can be dis- —igmp sina -
covered from the existing hadron collider, the Tevatron. A kg for h°DD. 2
Much study has been made in the detection of a Higgs boson 2m,, cosf

at the Tevatron3,4]. In Ref.[2], it was pointed out that if

the Higgs boson is discovered at LEP2, it should be observedhen tan3=35 the couplings oH° h° to theb quark can be
at the Tevatron’s Run Il with c.m. energfs=2 TeV and an as large as those to thiequark. Therefore, it is possible to
integrated luminosity~ 10 fb™ 1, through the production sub-
procesxyq’ —WH, followed byW—lv andH—bb; and if 2
the Higgs boson lies beyond the reach of LER2,=(95 ° [
—100) GeV, then a 5 discovery will be possible in the 105k
above production subprocess in a future Run Il with an in- 2
tegrated luminosity 30 fb' for masses up tm,~125 GeV.
However, we notice that this channel cannot work for large 10%%
tangB [5]. Recently, Ref[6] has studied the Higgs boson i
discovery potential of the proceggg—H [7] at Tevatron, sl
and found that the SM-like Higgs boson could be found if its 2
mass lies in the range of 135 to 180 GeV. In the literature L
there are also many worK8] discussing Higgs boson dis-  10°:
covery abilities withb quarks at hardon colliders. For ex- 3

ample, in the first reference of Reff8], the processPP mz;

—bbHX, in which the actual physical subprocess of the
inclusive rate of Higgs production associated with bottom

quarks isgg—bbH, has been examined. In this paper we
examine the Higgs—bottom-quark association productior

pEHbH(EH)X in which the actual physical subprocess is " — % 7w iz 140 Te0 e

for H°DD, (1)

bg—bH. It is evident that this process is different from e
pp—DbbHX in tagging only oneb quark in our case. FIG. 1. The total cross sections versus for case(l), where

As we know, the distributions of the sémquark and mg=1 TeV, and the solid and dashed lines represent the results at
gluon grow rapidly for the smak region. Wherx<<0.1, the  Tevatron and LHC, and A, B, C, and D represent fan2,10,40
gluon distribution function is far larger than tliequark dis-  and in the SM, respectively.
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FIG. 2. The total cross sections versug, wheremg=1 TeV,

tanB=40, and the solid, dashed, dotted, and dot-dashed lines rep-

resent the results for cagl, (I1), (1) and in SM, respectively. For
case(ll), A;=A,=0 and u=—-500 GeV; for casdlll), A=A,
=u=—500 GeV.

discover SUSY Higgs bosons, in particular for large faat
Tevatron through thég channel.

Including radiative corrections, the mixing angte in
Egs.(1) and(2) is determined by

sin 28(ma+m2) — 2Ry,

cos 28(m3—m3) + Ry~ Ryy

w

tan 2a= 5

<a<0,
()
whereR;; are the radiative corrections to the mass matrix o

the neutral Higgs bosons in thiel?,HI} basis and have been
given in Refs[10,11]. An analysis of the couplings of Higgs

bosons to vector bosons, up-type and down-type quarks i

both large tarB and largem, limits has been performdd 2]
and some numerical results for t8s 1.5 and 30 in vanish-
ing mixing case have been given in REL3]. For our pur-

pose, we shall concentrate on the general analysis of th
couplings of Higgs bosons to down-type quarks, based off

the results given in Refl11]. In order to simplify discussions
we assumeng=my=mp=mg and consider the following
three representative cases.

(I) The case wheré\,;=A,=n=0. There is no mixing
between top squarks as well as between bottom squarks
this case. It should be noted that this case is of only a
academic excisey=0 is ruled out by chargino and neu-
tralino searches at LEP2The leading corrections come
from the top-squark-loop and can be written as

R11=R12=0, (4)

n
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where terms of ordem3/(m3+m?) (i=t,b) or m¥/m? have
been neglected.

(II) The case wherg.# 0, A;=A,=0. The radiative cor-
rections depend on taghstrongly. A large mixing between
bottom squarks happens while the mixing between top
squarks is still small if tag is large andu is not too smalf:
With u>100 GeV, tarB=m/m,, and in the range ofmg
from 500 GeV to 1 TeV,R;,~R;;~a few thousandth of
R22.

(I The case wherg~A;~A,# 0. There is a large mix-
ing between top squarks. The mixing between bottom
squarks is large if tag is large. In this case, fop>100
GeV and tarB=m,/m,, the radiative corrections to nondi-
agonal matrix elemerRR;, can reach more than ten percents
of the raditive corrections to the diagonal matrix eleniept
while the radiative corrections to the other diagonal matrix
elementRy is still far smaller tharR,,.

We calculate the cross sections bf—bh® and bg
bHC in all the above cases for different t&nThrough the
paper,m, and tan3 are choosen as input parameters. The
loop corrected masses of Higgs bosdiisand H® [11] are
used in calculations. The numerical results are given in Figs.
1 and 2.

In Fig. 1, we show the cross sections of the processes
bg—bh® andbg—bH?O for case(l) assumingng=1 TeV.
From these curves, we can see that in a very wide region of
m,, , the cross sections are much larger than that in SM, and
can reach dozens of pb at Tevatron and @b at LHC for
large tarB, which is due to the enhancement of the cou-

plings ofh,—b—b andH —b—b compared to the SM case.

Compared with theﬁ’ —WH channel, théog—bH channel
is more advantageous to searching for SUSY Higgs bosons if

tang is larger than 10, because for tg’ —WH channel

—

fthe cross sections for the supersymmetric Higgs bosons are

always smaller than the SM case, especially for largeBtan
which is due to the suppression of $i{a) [5], and the
(ross sections at most reach 1 pb at Tevatron for the inter-
esting mass region of 95-125 GeV. Compared with the
gluon-fusion mechanisngg—H which is the dominant
mechanism for neutral Higgs boson productions at LHC for
%mall and moderate values of t&nthebg— bH channel can
ompete with it at Tevatron and LHC if tg8=35. One can
also see from the figure that when the mass of the lightest
Higgs boson approaches its upper limit, the cross sections
come back to the SM case, which is due to the reason that
the couplings of the lightest Higgs boson is the same as the
%M case when its mass approaches upper limit.

From our numerical results, we find that the cross sections
in caseqll) and(lll) are similar to those in cagé) in most

1in supergravity models due to the radiative electroweak symme-
try breaking mechanism one usually Hagd=M,, at electroweak
scale[14] so that the condition is satisfied.
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FIG. 3. The total cross sections versug,, where the solid and FhIGd ? The total Crtofr? sectlolr;s vfr_?m—t, wherz S|j|_l|(é; and
dashed lines represent the results at Tevatron and LHC, respetgfjlsI € ';i\s Irgeprejecr:] € res‘: tS a 5 1e0v20ron an ivel » respec-
tively, and A, B, C, and D represent t@¥ 2,10,40 and in the SM. Ively, and A, B, an represent t@=2,10,40, respectively.

_ 0 several dozens pb at Tevatron. We notice that the cross sec-
of range of Higgs masose(below 120 GeV foh™ mass and  (jon, of the charged Higgs boson for &= 10 is smaller than
above 140 GeV forH™ masg, except in a narrow range hose of taB=2 and 40, which is the consequence of the
around 130 GeV where the cross sections in déi$¢ are  ;ompetitive between the couplings /tang andm, tan3.
significantly different from those in cagb). As an example, To summarize, as a complementary processqof
in Fig. 2 we shoyv the cross sections of three cases in the_)WH andgg—>H7, bg channel could be very important in
' 0 . e\‘inding the supersymmetric Higgs bosons at Tevatron and
that the upper limit ofh™ mass for casélll) increases by | e | particular, it is possible to find the SUSY neutral
a_lbout two GeV compared to cade, while much less varia- Higgs bosons at Tevatron via bg channel if &= 10. Any-
tions appear for casil). way, the real Monte Carol simulation including QCD and

_ We did similar calculations foms=0.5 TeV. The result - gjoctroweak corrections is needed, and will give the further
is that the cross sections have little changes while the shift o} ¢5rmation for experiments.

the upper limit ofh® mass is significant.
Figures 3 and 4 are devoted to the procedsgs>bA® This research was supported in part by the National Na-
andbg—tH ™. Since the coupling of psedoscalar Higgs bo-ture Science Foundation of China and the post doctoral foun-
son tob quark is proportional taB, the cross sections in- dation of China. S.H. Zhu gratefully acknowledges the sup-
crease quadraticly with the increment of faiand can reach port of K.C. Wong Education Foundation, Hong Kong.
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