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We study integrated and differential rates for the production of charged Higgs bHSows$ the minimal
supersymmetric standard model Wiajuark-initiated subprocessespp collisions at the CERN Large Hadron
Collider. In detail, we compute cross sections and distributions of the readtibRsbDH* —bD7* v,

@c.c. andbU—bDH*—bDtbh—bDbbjj@c.c., for aH™ scalar in the intermediatg.e., M*<m,+m,) and
heavy(i.e., M*>m,+m,) mass range, respectiveli{ (andD represent generig- andd-type light quarks

In the former case, charged Higgs boson masses up to about 145 GeV can be covered for both large and small
tan@’s. In the latter case, charged scalars can be detected for valddg-ofip to about 500 GeV, especially

if tangB is large, and provided that either excelldmtagging performances can be achieved or the high
luminosity option becomes available50556-282(97)01009-9

PACS numbg(s): 13.85-t, 11.30.Pb, 12.60.Fr, 14.80.Cp

I. INTRODUCTION W™) into electrons and muon&@nd corresponding neutri-
nos. The charged Higgs boson is searched for by means of
At the CERN Large Hadron CollidefLHC) [1,2], the  the leptonic signaturél™—rv_.
charged Higgs bosoii™ of the minimal supersymmetric Since neutrinos in the final state prevent one from recon-
standard modelMSSM) is expectedif it exists) to be copi- ~ structing the Higgs boson mass from the momenta of its
ously produced in top quark decays, via the chaindecay products, the existenceldéf- signals in the data can
t—bH*—b(7rv,), provided tham,>M - +mj, and that the ~ be inferred only from an excess ofproduction with respect
value of targ is low or high enougH. to what is predicted for the standard mod&M) back-

The main decay modes of thel* scalar are (for grounds (lepton universality 'breakin_g;ignab. Among the
My=<m+my) into cs, 7v,, andW=h pairs, where in the latter, one must number the irreducible orteenresonant

. . . production andtt_production followed byt—W*b and

e e e Iohist ) 0 boson ST W~ ) as el 2 th recucbe cnemaiy L where
the second is .overcome by tr)(e third in a narrow 'mass Win_either ajet from a\" fakes ar or ab jet decays leptonically
dow right before the opening of thd Higgs boson decay nto or ques ar, EUt ‘?'SO bb_ production fgllowed. by
threshold, but only at very small values of garOtherwise, bb—7 + jets andV\_/ + Jet_s, with one of the jets faking a
the branching ratioB(H*— rv,) is the largest(around 7) [1.'.2]‘ By sglectmg an |so!ated higpy lepton and by
98% for tang>2), and it depends only slightly on the requiring one jet to have a high transverse energy together
angle. WherM ;- >m,+m,, theH* —tb decay mode is in with oneb tagging should allow one to explore a large por-
practice the only relevant ofdwith a branching ratio of ton of the (I\/IA,tar}?). plane, with a significance up 005
practically 100%. (assuming a 10 fb* integrated luminosity of the collidger

Extensive studies and simulations fdr* production at [1]. . _ .
the LHC have been carried o{d,2]. Top quarks are pro- It is t_he purpose of th|s_paper to study other production
duced intt pairs, viagq andgg fusion, with a large cross mechamsms of charged nggs bosqns of t,h?, MSSM at the
section (around 500 pb at/s,,= 14 TeV and form,= 175 LHC_, via subprocesses with qgarks in the initial statg. In
GeV). The signal that has B?aen considered in the ATLASpart'CUIar’ we calculatéfor a H™ scala_r V\_/hose_mass is be-
and CMS Technical Proposals is the one involving one todow_the t_b thresholdl the signal reactioriincluding charge
quark decaying to a charged Higgs boson, and the other dg_onjugatlor)
caying inclusively(i.e., either via aH™ or, mostly, via a bU—bDH*—bDr" v @c.c., 1)

and the background processes
The minimum of the—bH* decay rate is at about t8r6.

?n the above discussion and throughout this paper we have as-bU—bD7r" v, @c.c. viaintermediatew™*,y,Z,H,h,A,

sumed that the mass scale of the supersymmetric particles is above 2
the H* mass, such that only decays into ordinary matter are here
considered. bU—bD7" v @c.c. viaintermediatev*,g, (3)
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UD—bbrt v.@c.Cc. viaintermediatew*=,g, (4)  Pputing processe€l)—(5) are given in Figs. (8)—1(d).® Note
that the virtual particle content of the diagrams is explicitly
where U(D) represents a generig- (d-)type light quark indicated in Fig. 1 for all reactions. .
(i.e.,u, d, s, andc) found inside the proton and,h,A are Concerning the values of the various parameters entering
the three neutral Higgs bosons of the MSSM. For a heavjn the computation of processeb—(5), we have proceeded
H*, we consider the production and decay ch@igain in- as follows. First, we have set up the mass scale of the super-

cluding charge conjugation symmetric partners of ordinary matter well above the energy
reach of the LHC, such that we can neglect their contribution
bU—>bDH+—>bDE—>bDEjj®c.c., (5)  in our calculations. To further simplify the discussion, we

have assumed a universal soft supersymmetry-breaking mass

assuming that, because of the spectacular signature that [i53.14

produced in the final state, background processes can easily

be kept under control. In reactiori$)—(3) and (5) we treat m%:m%: m%, (6)

the initial b quark as a constituent of the proton with the

appropriate momentum fraction distributidlg,p(x,Qz), as

given by our default set of partonic structure functions.
The relevance of these reactions can be understood if o

considers that at the typicgbartonig energies of the LHC

the content ob quarks inside the colliding protons is very Ar=Ap=pn=0. (7)

much enhanced, compared to lower energy hadronic scatter-

ings(such as, e.g., at the Fermilab Tevairdhe presence of One-loop corrections to the masses of the MSSM neutral

b quark in initial, virtual, and final states means that many ofC P-even Higgs bosons and to the mixing anglere intro-

the MSSM Yukawa couplings of the Higgs bosons of theduced via the parameterof Ref.[15], given by(neglecting

theory are increased for large values ofgaand the vertex- theb mas$

tagging performances of the LHC detectors are expected to

and negligible mixing in the top-squark and bottom squark
Jgass matrices:

become almost “ideal” by the time the machine starts op- 3e? m2
erations, thus allowing one to greatly reduce the QCD back- E= o5 — mfln 1+—g> , (8)
ground of light quark and gluon jets. 8m°Myy=Sir? Oy m;

Finally, we also stress thdit-quark initiated processes at
LHC energies have already been demonstrated to be impofyheree?=4ma,,. One then get13]
tant in the case of neutral MSSM Higgs boson production,
especially at large ta#is and for intermediate masses of the

scalars[4], as well as in the case of charged Higgs boson Mﬁ'Hzg[Mfﬁ M2+ &/sir? 8]
production, via the reactiogb—H t@®c.c.[5].
The plan of this paper is as follows. In the next section we i{[(M/Zr M%)COSZB'F glsir?B]?
give some details of the calculation and list the values
adopted for the various parameters. Section Il is devoted to +(Ma+M3)%sinf28112, C)

a discussion of the results. Conclusions are in Sec. IV. In the
Appendix we write down the amplitudes squared of the sigyng
nal processes.

(MA+M2)sin2B
(M3—M3)cosB+e/sirfB’

II. CALCULATION tan2a= (10

To calculate processdd)—(5) we have used the spinor
techniques described in Ref6—8]. TheFORTRAN Codes We  For the MSSM charged Higgs boson masses we have main-
have produced have been counterchecked against the outpwisned the tree-level relations
of MADGRAPH [9], which incorporates theeLAS subroutines
[10]. We have always found perfect agreement between the
two kind of programs. The codes written using the helicity
formalism of Refs.[6—8] have also been tested for gauge
invariance. Furthermore, in order to speed up the numericalince one-loop corrections are small compared to those for
evaluations in Monte Carlo simulations, the matrix elementghe neutral Higgs bosofi4].
for the signal processd4) and(5) have been computed us-  In the numerical calculations presented in the next section
ing the textbook method of taking the trace of thenatrices, we have adopted the following values for the electromag-
with the help ofForm [11]. The analytical expressions ob- netic coupling constant and the weak mixing angle:
tained in this way are very simple, so that we do reproducere,=1/128 and sif4,=0.2320. The strong coupling con-
them here(see the Appendjx They have been eventually stantag, which appears at next-to-leading order in the com-
implemented and their numerical results agree with those of
the other codes. The integrations over the phase space have
been performed usingeGAs [12]. 3The c.c. diagrams can be obtained by simple crossing and time
The tree-level Feynman diagrams that one needs for comnaversion of fermion lines.

2 aa2 2
MZ.=M2+Mj,., (11)
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FIG. 1. Feynman diagrams contributing at lowest order to the subpridgssbDrt v @c.c.: (a) via H* resonant graphgp) via
W™ resonant graphs and through EW onlg) via W™ resonant graphs and through QCD interactions; and to the subprocess
UD—bbr v, ®c.c.: (d) via W* resonant graphs and through QCD interactions. Hereand D represent any of the light quarks
u, d, s, andc. The labeling of the particles in the initial state corresponds to their ordering in the left-hand side Gf)E(®, whereas for
the final state it refers to the right-hand side of E(3—(4) and to the stage of on-shell top quark production in €&). The PostScript
version of the Feynman graphs has been produced wsingrarPH [9].

putation of the charged Higgs boson decay wititee Ref. analysismg=1 TeV and the LHC center-of-mags.m) en-
[3]) and enters in some of the production mechanisms, hagrgy is/s,,= 14 TeV. Finally, throughout the paper we have
been evaluated at two loops, wiﬂfwi%= 230 MeV, and with  always used Martin-Roberts-Stirling set(MRSA) [20]* as
the number of active flavor&N; (and the corresponding

A%)) calculated according to the prescription of Rab] at

2_
the scaleQ”=s. “Actually, we have done so only in the production processes

For the gauge boson masses and widths we have takefose represented by the graphs in Fige)21(d)]. In fact, for
Mz=91.1888 GeV*rZ:2-5 GeV, wa:80-23 GeV, and  process(5), to describe the decay chatr-bW* —bjj, we have
I'w==2.08 GeV, while for the fermion masses we have useqseq a narrow width approximatiaWA) for the top quark, by
Me= mVe=mVM=m,,T=0, m,=0.105 GeV,m,=1.78 GeV,  implementing the decay formulas as given in R@f]. This has
m,=myg=ms=m.=0, my=4.25 GeV, andm;=175 GeV, been done in order to avoid a large consumption of CPU time in
with all widths equal to zero except fdr,. We have calcu- computing exactly a 2:6 partonic process convoluted with initial
lated this at the tree level within the MSSM, using the ex-structure functions and in presence of multiple resonant peaks in
pressions given in Refs.[17,18. The universal different regions of the phase space. We are confident that such an
supersymmetry-breaking squark mass is in the numericapproximation does not spoil the validity of our conclusions.
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FIG. 2. Cross section of the four proces$gs-(4), at the LHC
for \/s,p=14 TeV, in the region 60 Ge¥M,=<480 GeV and for
two different values of ta@ [in the case of processés$) and (2)].
In the top right hand plot we enlarge the region 60 GeV large excess of events could be produced in the scattering

=M,=<150 GeV. Solid line:

procesgél) with tan3=1.5. Dashed

line (large spacing process(1) with tand=30. Dotted line(large

spacing: process2) with tang

=1.5. Dot-dashed line: proce$®)

with tan3=30. Dashed lingsmall spacing process(3). Dotted

line (small spacing process(4). The cutp’™>10 GeV has been
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of the H* —tb off-shell decay channdkee Refs[3,22)).

Concerning the background process2s-(4), one no-
tices that they are “roughly” independent & 5, and tarB.
This is obvious for processd8) and (4), as they proceed
through SM graphpFigs. 1c) and Xd)], whereas for process
(2) this indicates that the contributions to the total cross sec-
tion due to interactions involving MSSM verticéthat is,
graphs 8 and 11 in Fig.(t)] are irrelevant(even at tag
=30). We also notice that, unlike procesd@s and (3), re-
action (4) is not an irreducible background, as its final state
is different from that of the signal. Nevertheless, as it in-
cludes two bottom quarks among the produced particles, the
probability that its final signature be the same as the signal is
(neglecting the misidentification of light flavor quarks as
b's as well as correlations between the two possible)tags
P=1-B, where B=28b—s§, g, being the efficiency of
tagging oneb jet. Hence, betteb tagging leads to lower
detection rates of the background procéds

Therefore, from the figure it is clear that, in principle, a

process, provided thad¥l ,=<120-130 GeV(at large taB'’s
such an interval can be possibly extended up to 130-140
GeV). The possibilities of actually disentangling the signal
depend strongly on the detector performances of the LHC, in
particular in recognizing the displaced vertex in jets which

applied to all particles in the final states, except for neutrinos. Theyriginate from b quarkss. In fact, the signature that one

structure function set MRSA

has been used.

the default set of partonic distributions, with the sameand

A% as above, wherblS denotes the modified minimal sub-

traction scheme.

lll. RESULTS

would look for isbjrEX, whereE represents the missing
(transversgenergy due to the neutrino escaping the detectors
and j is the jet arising from the light parton scattered in the
proton. In order to quantify the significance of the signals we
list in Table | the total cross sections of procesdgs(4) (as
read from Fig. 2 for M ,=60(80) 100]{120; GeV (corre-
sponding toM = =100(113) 128]{144 GeV), for both val-

ues of taB=1.5 and 30, multiplied by thé-tagging effi-

As it is impractical to cover all possible regions of the ciencies and by the yearly luminosity£dt=10 fb ! (the
MSSM parameter spaceM(,,tan3), we have decided to minimum considered for the final collider desjgfurther-
concentrate here on the two representatara extremgval-
ues ta=1.5 and 30, and on masses of the pseudoscaleé® with respect to the total backgroum] asA=S/BXx 100.
Higgs bosonrA in the range 60 GeVeM <500 GeV. The
large bibliography existing on the MSSM Higgs boson decaylowing three reference values;=1.0, 0.75, and 0.8 From
phenomenology allows one to easily extrapolate our resultthe numbers given there one deduces that the relative excess

to other values of tgh [21].

more, we also compute the relative excess of signal events

For the microvertex performances, we have adopted the fol-

of H* events is always quite large, especially at@ar80,

In Fig. 2 we display the total cross sections at the LHC forand that the absolute statistics is huge, betweer®* and

processesl)—(4), for value

s ofM, up to 480 GeV and for

10° signal events per year. In our opinion then, given the

the two above-mentioned tgis (note that a minimum trans- expected performances of the LHC detec{drg], such sig-

verse momentum of 10 GeV is required for all detectablenals could well be detectable soon after turning on the ma-
particles in the final states of all procegsebhe relevant
feature of Fig. 2 is that proces$) has rather large rates, of larger, the significance of the signal with respect to the total
the same order as the backgrouri@ds-(4). This is particu-

larly true below M ~120 GeV (which corresponds to

chine. Moreover, we stress that, as the total luminosity gets

background will increase further.
However, before drawing optimistic conclusions, one has

My==~145 GeV, small window in the upper right corner of to carefully consider first the kinematic properties of pro-
Fig. 2), and more for large than for small values of gaThe
latter aspect is a consequence of the fact that the branchireyage(for example, in pseudorapidity and transverse mo-
ratio (BR) of the charged Higgs boson inta, pairs is en-
hanced at taf=30, a value for which thes channel is

negligible (see Ref[3]). An additional contribution comes
from graph 2 in Fig. (a), which involves Yukawa vertex

cesseg1)—(4), as the LHC detectors will have a finite cov-

mentumpy of the visible particles Hence, we have plotted

SWe believe that hadronie decays can be easily distinguished

contributions proportional to tgh However, the largest part from quark and gluon jets.
of the signal cross section is due to graph 1 in Fign),1
because of a resonant top quark decay. The steep decreasavididentification of light quarks and gluons &s jets is large

the signal rates around ,~150 GeV is due to the opening enough, that we can neglect the reducible QCD background here.

®In first approximation, we assume that the rejection factor for
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TABLE I. Number of events for signall) and total backgroun{?)—(4), at the LHC with c.m. energy
\/Epp: 14 TeV, for M,=60(80) 100]{120 GeV, and ta=1.5 and 30, assuming the yearly luminosity
f£dt=10 fb~* and theb-tagging efficiencies,= 1.0, 0.75, and 0.%first, second, and third row, respec-

tively), together with the relative excess of signal events with respect to the total background.

Ne(bj 7EX)

S B A
386(289)170]{62} X 10° 630(645) 654]{671 X 10° 61(45) 26]{91%
289(217) 127){47} X 1¢° 488(498]506]{518 x 10° 59(44) 25]{9}%
193(145)85]{31} x 10° 375(383]387]{396 X 10° 51(38)22]{8}%

tan3=1.5
551(436]294]{145 X 10° 623(639]651]{672 X 10° 88(68) 45]{221%
413(327]220]{109 x 10° 483(494]504]{519 x 10° 86(66) 44]{21}%
275(218)147]{73 x 10° 372(380) 386]{396 X 10° 74(57) 38]{18%

tan3=30

M ,=60(80) 100]{120, GeV
pial>10 Gev MRSA

Vspp=14 TeV JLdt=10 fb~?

in Figs. 3 and 4, the differential spectra in the above varit—bW* and W*—jj branching ratios are included. For

ables for both signal and background processes. If one agomparison, we also reproduce from Fig. 1 the rates for pro-
sumes that the phase-space region that can be covered %qq1). A first feature that is worth noticing in Fig. 5 is that
perimentally is approximately the one delimited by theagain the rates of process) for tan3=30 are larger than
those for tag=1.5. In practice, there are two opposite ef-
Yects which take place: on the one hand, at smalBiahe

tained in the detectable regigwe have checked that also in B(H*—tb) is larger whereas, on the other hand, at large

the caseM ,=60 GeV one gets distributions similar to those h ibution f h2in Fi . h q
of Figs. 3 and 4 This is true for background events as well, {218, the contribution from graph 2 in ig(d) is enhance

process(4) being possibly the only exceptidin the pseu- by couplings pror_)ortlonal to tghitself.” Of the two, it is the
dorapidity spectra, upper left corner in Figayiand 4b)]. second that dominates over most of e+ range. Further-

In the end then, one should expect that usual selection criténore, at large tg8's, processegl) and(S) yield rates of the
ria will not alter the conclusions that were previously ex-Same order foM ,=200 GeV, such that in this case they can

tracted from the total rates of Table |I. be contemporaneously exploited in searchingH6r signals.

If the charged Higgs boson mass is above tihehresh-  This is not true at small tgh In general, it should be noted
old, H* scalars could reveal themselves via the productiorthat in Fig. 5 one is dealing with total rates that are more
and decay mechanisi®). For a heavyH = boson, we con- than two orders of magnitude smaller that for the case of an
sider then the signatugbhjjj X, whereb represents either a intermediate maskli™ boson in therv, channel. Neverthe-
quark or the corresponding antiquark,dana jet that does less, as a starting point one can rely erl0-100 signal
not show a displaced vertex. In this case, the final state thaivents produced vid = —tb per year(for the same luminos-
should be detected is much more complicated than that of &ty as abovg Clearly, in this case the need for a high value
intermediate massi ™ boson, as it is made up of six jets. of ¢, is crucial. For example, a vertex-tagging efficiency of
Nevertheless, the complex resonant structure of pro@ss 50% reduces the production rates by a factor of 8.
brings some advantages to the tagging procedure. In fact, on In Fig. 6 we plot the spectrum in the sum of the invariant
the one hand, three vertex tags are now requivgich in-  mass of all possiblébjj combinations entering in process
troduce the suppression facteg), and in a high hadronic (5).2 The values ofVl, considered here as a reference are
multiplicity environment, in addition, complications arise 200, 300, 400, and 500 GeV. Since at least one ofothig
from the combinatorics of the jets. On the other hand, thesystems is made up by the decay products of the charged
kinematics of the jets in the final state is highly constrainedHiggs boson, a peak should possibly appear in the distribu-
since (i) one of three possible jj combinations must repro-tions (at M ;==215, 311, 408, and 506 GeV, respectivyely
duce theWw* mass(i.e., Mj~Myz=); (ii) one of the nine on top of the combinatorial background. Indeed, the resonant
possiblebjj combinations must reproduce at the same time
thet and W™ massesi.e., Myj=m;, with M;=M=). In
this respect, note that in the decay chainbW=—bjj we "Also note that at the same time, sinkbl,->m+mj, the first
do not need to consider intermedialé contributions, as in  graph in Fig. 1a) is no longer resonant.
the heavyM = range the—bH™ is forbidden. ®ote that in our NWA approach we automatically obtain

The total cross section for proceds is displayed in Fig.  My;=m, for the right three jet combination. In the case of the
5, as a function of theA mass in the range 140 GeV W~ decay we have adopted the “conservative” requirement
=M,=480 GeV (for both tapd=1.5 and 30. Both the [M;—My:=|<15 GeV.
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FIG. 3. Differential distribution in transverse momentum of the  FIG. 4. Differential distribution in pseudorapidity of thequark
b quark(a) and of ther lepton(b) for the four processed)—(4), at  (a) and of ther lepton(b) for the four processed)—(4), at the LHC
the LHC for \/gpp: 14 TeV, for the following selection of masses for \/§pp: 14 TeV, for the following selection of masses
M,=280,100,120 GeV and for two different values of gafin the M,=280,100,120 GeV and for two different values of gafin the
case of processe¢l) and (2)]. Solid line: process(1) with case of processe¢l) and (2)]. Solid line: process(1) with
tan3=1.5. Dashed line (large spacing process (1) with tan3=1.5. Dashed line (large spacing process (1) with
tan8=30. Dotted line(large spacing process(2) with tan3=1.5.  tanB=30. Dotted line(large spacing process(2) with tan3=1.5.
Dot-dashed line: proces®) with tan3=30. Dashed lineg(small Dot-dashed line: proces®) with tang=30. Dashed ling(small
spacing: process(3). Dotted line (small spacing process(4). spacing: process(3). Dotted line (small spaciny process(4).
Please note that the two curves corresponding to pro@sare Please note that the two curves corresponding to pro@sare
practically indistinguishable. The cpf"™®>10 GeV has been ap- practically indistinguishable. The cyfi"™>10 GeV has been ap-
plied to all particles in the final states, except for neutrinos. Theplied to all particles in the final states, except for neutrinos. The
structure function set MRSA has been used. structure function set MRSA has been used.

peaks are quite shafthe H* widths are approximately, for
the above values of mass: 0.84, 3.03, 5.20, and 7.20 GeV
both tarB values, and clearly visible. However, the total
number of events in the region, say pp; — My=|<25 GeV
is, for tan3=30: 25(10) 3], 9(4)[1], 4(2)[0.4], and 2(1)
[0.2] (for the four masses abonefor 10 fb ! per year of
luminosity, assuming:,=1(0.75)0.5]. Therefore, at least
for not too heavyH='s and highb-tagging performances,
one could possibly look foH* signals in thetb channel at
large tagB’s. Certainly, if the high luminosity option
[£dt=100 fo ! can be achieved at the LHC, things would
be very optimistic, as in a few years of running, even the IV. CONCLUSIONS
very heavy mass region could be scanned. At small values of
tan3 one has to consider rates that are typically smaller by In this paper we have studied, within the MSSM, a new
one order of magnitude, rendering Higgs boson detectiofproduction mechanism of charged Higgs bosbiisat LHC
much more difficult. energies, viab-quark-initiated interactions. Two possible
Finally, in Fig. 7, we show the differential spectrum in Higgs signatures have been considered, depending on

gtansverse momentum of the variooibjj combinations that
can be reconstructed from procé5s for the same values of
M, as above. We notice that from the figure it is clear that
the pt spectrum of the Higgs boson decay products is sig-
nificantly hard(because of the large mass of the sdalar
feature that could well help in disentangling hea¥y boson
signals, especially considering that the ordinary QCD back-
ground in six-jet events has quite a soft transverse momen-
tum distribution.
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FIG. 7. Differential distribution in transverse momentum of the
bbjj systems for proceg$), at the LHC for\/§pp= 14 TeV, for the
following selection of massed ,=200,300,400,500 GeV, for
tan3= 1.5 (solid line) and 30(dashed ling The cutp™>10 GeV

. ; . has been applied to all particles in the final states, including the top
tan3=30. Dashed line (small spacing process (5) with

tan3=1.5. Dotted line: proces{5) with tang=30. The cut quark decay products. The structure function set MRSA has been

i ; . . ) sed.
pr'”""'>10 GeV has been applied to all particles in the final states,u

including the to ark decay products. The structure function set . - .
'MRléA r?as beerﬁ) Ssec: y products Structure Tunction S&onic w decays of the top quarkas been considered. The

signature arising from heavid* decays is complicate¢h
whether the mas#/,: is below or abovem,+m,~180 six-jet final state i_nvolving thred jets and only a small
GeV. number of events is expected. Nonetheless, the resonant be-
havior of thet, H*, and W= decay products should allow
one to eliminate the ordinary QCD background in light quark

should be identifiable as a clear excess in the number of and gluon jets, althougfin the heavy mass range signal-

events with respect to the rates predicted by the non-SUS@'baCkgrounq analysis has not been F’e”ofmed- In general,
backgrounds, provided tha ,<130 GeV(i.e., M+ <144 if high b-tagging performances can be achieved and/or the

high luminosity option becomes available at the LHT;
GeV), both at large and small values of ganAlso, the ab- .
v g val fa scalars with masses up to 500 GeV could well be searched

solute number of signal events is statistically very large. lnf&)r, as the combinatorial background does not spoil the form
of the Higgs boson peaks. This is, however, true only for
large values of ta8, since for low taB’s the event rates are
smaller by one order of magnitude.

The range betweet ,~130-140 GeV and up to the

opening of thetb decay threshold is extremely difficult to

FIG. 5. Cross section of processds and (5), at the LHC for
\/Epp= 14 TeV, in the region 140 Ge¥M,<480 GeV and for
two different values of taf. Solid line: process(l) with
tan3=1.5. Dashed line (large spacing process (1) with

In the first case, by exploiting one vertex tag on @njet
in the final state, the Higgs boson decay charthél— 7v,

sources has been performed.
In the second case, the chanket —tb—bbjj (via had-

200 300 400 500 600 700 200 300 400 500 600 700
T T T T T T T T T

ool e e aod Gevg 10 ’ cover, as rates in thev, channel drastically decrease well
- ~ 1074 below the background rates and at the same time the off-
5 ] ] shelltb channel has a very small statistics.
g = 3 107 Finally, we stress that, before drawing any firm conclu-
£ ]l N 106 sion from our results, one should include a realistic simula-
g S, S tion of the expected performances of the LHC detectors and
g 108 I 0] e s0d Gevd 1070 that, in the heavy mass randéd,->m,+m,, a detailed
s - 7 . , B 104 background studyincluding all the hadronization effects in
: 'l ]k 5 a six-jet final state, an analysis which was beyond our capa-
1075 Lm A1 B —10-5 bilities) should be performed. Nevertheless, we believe that
5 R j]k the matter presented here would deserve experimental atten-
w076 Aol ol - e S L L] 106 tion when proceeding to the various simulations of the
200 300 400 500 600 700 200 300 400 500 600 700
M(bbj)  (GeV) MSSM Higgs phenomenology at the CERN hadron collider.
FIG. 6. Differential distribution in invariant mass of thebjj
systems for proceseb), at the LHC for \/§pp= 14 TeV, for the ACKNOWLEDGMENTS
following selection of masse#M ,=200,300,400,500 GeV, for
tan3= 1.5 (solid line) and 30(dashed ling The cutpi™>10 GeV We thank Gavin Salam for reading the preliminary ver-

has been applied to all particles in the final states, including the togion of the present manuscript. This work was supported in
boson decay products. Bins are 5 GeV wide. The structure functiopart by the Ministero dell’ Universita della Ricerca Scien-
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Capital and Mobility,” Network “Physics at High Energy &c.c.. However, by replacing—t andv,_—Db, one can eas-
Colliders,” Contract No. CHRX-CT93-0357, DG 12 COMA ily obtain that for top-bottor{on-shel) production. In fact,
(S.M.). K.O. is grateful to Trinity College and the Commit- we have used a narrow width approximation for the top
tee of Vice-Chancellors and Principals of the Universities ofquark when this is produced from ti&" splitting, by com-

the United Kingdom for financial support. puting_the exact amplitude squared fdsU—bDH"
—bDtb@&c.c. and by interfacing this with 8UBROUTINE
APPENDIX implementing the top quark decay formulas ift&v" pairs

as given in Ref[19].
In this additional section we write down in analytic form  The matrix element squareggummed or averaged over
the matrix element for the signal processes. As an examplehe final or initial spins and coloysfor the process
we reproduce that of the reactidd—~bDH"—bD7 v, bU—bDH"—bDr"v, reads as

| M|2= [ M| [Pyl 2 Pwl2(| M|+ | M|+ 2] M M),
with

| Mol?=(g*/2M{)?[p,-p, (mtar’ B+ mj cof B) —2mzm ],
Ph=(PR=ME&+IMATW) " Py=(py—M{+iMulw) %,
| Mi|?=2[P1|?pp in- PUL2ME(M{ + P, ouc PetaITB) i Pp -+ (M{cof B—mipitar 8)py our Pols
| My|?=miseéB(2py- PoPr- Pu—PaPU- Po)MG(IPH, nl> = [Pagl?) + Po.out Po,inll Phg.ngl”+ [Pa )1,
2| M M y|=mise@{Re P} ( Phgh,~ PAO)]thCOtB_ RE P} (Py, n+ PAO)]mﬁtanG}(pb,out' PoPH* PuT Pb,out PuPH" Pp
~ Pb,out PHPu- Po) +{RE P} Py n,— Pa) ImitanB+ Re P} (Pyy  + P ) J(M{COB+ 2P in Pp outanB)}
X (Pp,in* PoPH* Put Po,in" PUPH® Po~ Pb,in* PHPu - Po) T 2RE P (P n + Pa ) 1tanB(py,in PuPb,out PHPU* Po
~ Pb.in PuPb,out PoPu PH+ Pb,in* PoPu* Pb,ouPu* PH = Pb,in* PHPU* Pb,ouPu - Pp)
—2€,maPh inPh ouPUPB{IM(PY Pa )mitand—Im(P} Py 1 )micotB
—Im[P{ (P, ny+ Pay) 1tanB(Po,in* Po,out™ Pb.in* Pu+ Pb,our Pu)})-
Here, we have sahy=mp=0, p;=Pp.int Pw= Pp,out+ P, and
P=(pZ—mZ+imI )%,
P, hy= COSSIN(B— @) (p5— M +iMy Ty )"+ sinacog B—a)(p5— M +iMp T )~

Pa,=SiNB(p5—MAa +iMa Ta) ™,

PH=P:TPv, Py=Pb,in~Pbouts Pw=Pu~Pp;

wherepy in, Pu, Po.outs Pos Prs andeT are the external momentaacoming or outgoing in the initial or final stgteNote
that the symbols Re and Im refer to the real and imaginary part of a complex number, respectively, ang,théat the
Levi-Civita tensor (q1,5=1). Finally, by exchangingy in<> — Pp.out aNd €,,,) o< — €,,1,, ONE can obtain the amplitude
squared fobU fusion, and by relabelingy — D, those for thebD- andbD-initiated reactions.
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