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Phenomenology ofW6H 7 production at the CERN Large Hadron Collider
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Barrientos Bendezu´ and Kniehl recently suggested thatW6H7 associated production may be a useful
channel in the search for the elusive heavy charged Higgs bosons of the 2 Higgs doublet model at the CERN
Large Hadron Collider. We investigate the phenomenology of this mechanism in the minimal supersymmetric

standard model, with special attention paid to the most likely heavy Higgs boson decay,H7→tb→bb̄W7, and
to the irreducible background from top quark pair production. We find that the semileptonic signature

‘‘ bb̄W1W2→bb̄j j l 1missing momentum’’ is dominated by top-quark–top-antiquark events, which over-
whelm the charged Higgs boson signal over the heavy mass range that can be probed at the CERN collider.
@S0556-2821~99!05303-5#

PACS number~s!: 12.60.Fr, 12.60.Jv, 13.85.2t, 14.80.Cp
l

re

b
m

d

ly

o
a
o

-
o

n
top

ate
ur-
and
in-

we
eter

of

for-
es
ys.

ular

lly.
rect

he
E

ase
l to
I. INTRODUCTION

In Ref. @1#, Barrientos Bendezu´ and Kniehl pointed out
that the processes

bb̄→W6H7 ~1!

and

gg→W6H7 ~2!

can be used in the search for the heavy (MH6.mt1mb)
charged Higgs bosonsH6 of the 2 Higgs doublet mode
~2 HDM! at the CERN Large Hadron Collider~LHC!.

This result is particularly welcome, since it has been
marked on several occasions~see Ref.@2# for an overview!
that at present it is not at all certain that such particles can
detected at the CERN LHC, even in the minimal supersy
metric standard model~MSSM!, if the typical energy scale
of supersymmetry~SUSY! is much greater than the charge
Higgs boson mass.

Previous studies have shown that, ifMH6.mt1mb , the
chances ofH6 detection at the CERN LHC are reliant on
on two production mechanisms: the subprocessesbg
→tH6 @3# and bq→bq8H6 @4# and provided thatMH6

&300– 400 GeV@5#. These channels generally have po
signal-to-background ratios, as the event signatures alw
involve a large number of jets, which is the typical noise
a hadron-hadron machine.

WhenH6’s are heavy, forMSUSY@MH6, they decay al-
most exclusively tob̄t(b t̄) @6#. In addition, hadronic signa
tures ofW6 bosons produced in top quark decays are n
mally selected in order to allow for theH6 mass
reconstruction. Therefore, it appears that the signals~1!,~2!
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advocated in Ref.@1# as a useful source of Higgs boso
events suffer from the irreducible background due to
quark pair production,

qq̄→t t̄ and gg→t t̄ , ~3!

with subsequent decay through the intermediate st1

bb̄W1W2. In order to understand whether the signal s
vives, we made a detailed signal-to-background analysis
found that top-quark–top-antiquark production and decay
deed overwhelms the new Higgs boson signal.

The plan of this paper is as follows. In the next section
describe the details of the calculation and list the param
values adopted. Section III is devoted to the discussion
results. We present our conclusions in Sec. IV.

II. CALCULATION

We generated the signal cross sections by using the
mulas of Ref.@1#. However, for phenomenological analys
we need to supplement those expressions in several wa

First, their matrix elements~MEs! do not include theW6

boson decay and thus carry no information on the ang
distributions of the fermion pair it produces. For theH6 this
does not matter, since scalar particles decay isotropica
However, even in this case one has to provide the cor
kinematics for the decay sequenceH6→tb→bb̄W6

→bb̄j j ~wherej represents a light quark jet produced in t
W6 decay!, which we have done by computing the exact M
constructed by means of theHELAS subroutines@7#. As for
the W6 decay in the production channels~1! and ~2!, we

1Alternatively, in a narrow window inMH6 and only at low tanb,
the charged Higgs bosons can decay toW6h pairs, whereh repre-
sents the lightest Higgs boson. Although we will not treat this c
here, we note that even in this channel the final state is identica

that of a top-quark–top-antiquark pair, ash→bb̄ is dominant over
most of the SUSY parameter space.
©1999 The American Physical Society08-1
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STEFANO MORETTI AND KOSUKE ODAGIRI PHYSICAL REVIEW D59 055008
have reevaluated their MEs with the additional insertion
the W6 boson decay currents. For thebb̄ fusion case, the
actual expression is the same as for thebq→bq8H6 process
calculated in@4# and recently modified in@8#, but with some
leg crossings. For thegg fusion case, the result is simply th
replacement

l~s,MW6
2 ,MH6

2
!→4g2MW6

2 uGW6u2@2~p1•pH6!~p2•pH6!

2~p1•p2!MH6
2

# ~4!

in Eq. ~8! of @1#, whereg254paem/sinuW
2 ,uGW6u25@(pW6

2

2MW6
2 )21(GW6MW6)2#21, with pH6, pW6, p1 andp2 the

four-momentum of theH6, W6, first and second lepton, sa
l andn l , from the gauge boson decay, respectively.

Secondly, their MEs for thegg fusion processes do no
involve squark loops, thus preventing one from studying p
sible effects of the SUSY partners of ordinary quarks, wh
their mass is below the TeV scale. For example, these
rections are expected to be sizable in the MSSM, which
adopted here as the default SUSY framework. In this resp
we have modified thegg triangle formula of Ref.@1# for the
case of intermediate neutral Higgs production~top graph in
Fig. 2 there!, by inserting the well known@5,9,10# squark
loop terms@5#.

Conversely, we have not included here the contribution
the box diagrams~bottom two graphs of Fig. 2 in Ref.@1#!.
According to the curves in Fig. 5 of@1#, this should result in
an overestimate of the total cross section of subprocess~2!,
as the triangle and box diagrams interfere destructively.
overall effect is however negligible at large tanb, the regime
where theW6H7 cross section is larger~whereas, for tanb
51.5, it can at times be more than a factor of two: see Fig
of Ref. @1#!. In addition, this is particularly true forMH6

@mt , the mass interval with which this paper is concern
Indeed, in most of our plots we will concentrate on th
portion of the MSSM parameter space, for which we exp
our results to be reliable.

Finally, all our calculations for the signal were test
against the original cross sections of@1#, and also using
MADGRAPH @11# for the casebb̄→W6H7.

For the background we have assumed that the QCD c
tribution is reducible by cuts on the reconstructed top a
W6 masses. Therefore, we studied the top quark pair ba
ground only, which is anyhow the dominant component
the final statebb̄UD̄l n̄ l where U and D refer to up- and
down-type mass-less quarks andl 5e or m. We have consid-
ered both qq̄→t t̄→bb̄UD̄l n̄ l and gg→t t̄→bb̄UD̄l n̄ l ,
which we generated at leading order using theHELAS library
@7#. The outputs of the corresponding code agree with
results given in Ref.@12# when theW6’s are on the mass
shell. In fact, notice that finite widths effects of top quark
gauge and charged Higgs bosons have been taken into
count here.

Concerning the values of the various MSSM parame
entering the computation of the signal processes~1!, ~2!
~and, marginally, the MSSM top quark width!, we proceeded
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as follows. First, we produced the masses and the width
the Higgs bosons by means of the two loop relations of R
@13# ~see also@14#!. To simplify the discussion, we hav
assumed a universal soft supersymmetry-breaking massmũ

2

5m
d̃

2
[mq̃

2, and negligible mixing in the stop and sbotto

mass matrices,At5Ab5m50. Second, the MSSM Higgs
boson widths were generated using the programHDECAY

@15#, which in turn uses mass relations at the same pertu
tive level. Squark masses entering the loops in thegg in-
duced signal processes have been kept as independen
rameters and their values varied between 300 GeV an
TeV, the minimum figure being chosen in such a way th
the superpartners do not enter theH6 decay chain; as for the
upper mass of the latter we have taken the value of 600 G
Further notice that squark masses have been considere
generate, for illustrative purposes, so that only sbottom
stop loops in practice contribute.

In the numerical calculations presented in the next sec
we have adopted the following values for the electrom
netic coupling constant and the weak mixing angle:aem
51/128 and sin2 uW50.2320. The strong coupling consta
as , which appears in higher orders in the computation of
charged Higgs boson decay widths and enters in some o
production mechanisms, has been evaluated at one or
loops, depending on the parton distributions functio
~PDFs! used, withLMS

(4) ~for the number of active flavors
Nf54! input according to the values adopted in the fits
the latter, whereMS denotes the modified minimal subtra
tion scheme. For the leading-order~LO! package CTEQ4L
@16#, which constitutes our default set~as in @1#!, we have
taken 236 MeV. The factorization-renormalization scaleQ
entering in bothas and the PDFs was set toAŝ, the center-
of-mass~c.m.! energy at the partonic level, in all process
generated.

In order to have an estimate of the dependence of
bottom quark and gluon structure function we tested our s
nal rates against the next-to-leading~NLO! Martin-Roberts-
Stirling ~MRS! sets (R1,R2,R3,R4) @17#, i.e., the Martin-
Roberts-Stirling packages of the same ‘‘generation’’ as
CTEQ ones considered here, plus the newly presented M
Thorne ~MRST! sets@18#, which embody new data and a
improved description of the gluons at smallx, along with a
dedicated treatment of the heavy quark structure functio
Typical differences were found to be within 15–20 %,
cross section level, with the shape of the relevant differen
distributions being little affected by the treatment of the p
tons inside the proton.

For the gauge boson masses and widths we have ta
MZ591.1888 GeV,GZ52.5 GeV,MW6580.23 GeV and
GW652.08 GeV. For the top quark mass we have usedmt
5175 GeV with the corresponding width evaluated at tr
level in the MSSM ~yielding G t51.55 GeV if MH6.mt
2mb , the standard model value!. Bottom quarks have bee
considered massless when treated as partons inside the
ton, while a finite value of 4.25 GeV~pole mass! has been
retained in the final states. Note that in calculating the M
for the decay processH6→tb the Yukawa mass of theb
quark has been run up to the charged Higgs boson m
8-2
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PHENOMENOLOGY OFW6H7 PRODUCTION AT THE CERN . . . PHYSICAL REVIEW D 59 055008
scale, in accordance with the way the corresponding w
has been computed. Finally, for simplicity, we set t
Cabibbo-Kobayashi-Maskawa matrix elementVCKM

bt to one.

III. RESULTS

As it is impractical to cover all possible regions of th
MSSM parameter space (MA tanb), we concentrate here o
the two representative~and extreme! values tanb51.5 and
30, and on masses of the charged Higgs boson in the ra
160 GeV&MH6&600 GeV. The large bibliography exis
ing on the MSSM Higgs boson decay phenomenolo
should allow one to easily extrapolate our results to ot
values of tanb @5#.

We consider the semileptonic event modes for proces
~1!–~3!:

W6H7→W6tb→bb̄W1W2

→bb̄j j l 1missing energy–momentum. ~5!

In fact, we base our signal selection procedure on
following general requirements.

~1! High purity doubleb quark tagging. This may be ex
pected to yield an efficiency of at least 50% per fiducialb jet
@19,20#. This is essential considering the large rate ofW6

1 jet events with light quarks and gluons. All our results w
assume 100% bottom quark tagging efficiencyeb , and thus
will eventually need to be multiplied by the actualeb

2 once
we will have the CERN LHC detectors running.

~2! Lepton isolation at high transverse momentum. Sele
ing semileptonic events should enable one to use the higpT
and isolated lepton~electron and/or muon! originating from
the W7 produced in association with theH7 as a clean
trigger2 @1#. In addition, the light quark jetsj coming from
the secondaryW7, from H7→tb→bb̄W7, would allow for
the reconstruction of the Higgs boson mass peak. Howe
one should recall that the two gauge bosons could decay
other way around; thus in principle spoiling the efficiency
the signal selection. In practice, one can remove the co
bution from semileptonic Higgs boson decays by simply i
posing cuts on the reconstructed top quark mass.

~3! W6 and t mass reconstruction in two and three
combinations, respectively, to eliminate QCD multijet pr
duction.

Our results are shown throughout Figs. 1–8. When diff
ential spectra are plotted, the three representative param
space points ofMA5200, 400 and 600 GeV at tanb530
have been chosen, corresponding toMH65214, 407 and 605
GeV, respectively.

As a preliminary exercise, in order to understand the
nematics of the signal and background better, and possib
pin down systematic differences which can be used in
selection of candidate Higgs events, we compare their t

2For the time being, we neglectW6→tnt decays, which should
also be identified easily thanks to their ‘‘one-prong’’ signatures,
remarked in@1#.
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and differential rates in the channel~5! without the usual
detector cuts on transverse momenta and pseudorapidit
fact, both processes have finite production rates at low
order over all of the phase space.

The main frame of Fig. 1 shows the signal~with no
squark loop contributions! and background cross sections b
fore any detector or selection cuts, evaluated at the CE
LHC energy~14 TeV! and plotted against theH6 mass for
the two values of tanb. The background remains constant
a function of the charged Higgs boson mass, except when
decayt→bH1 is kinematically allowed. It is found that eve
when the signal cross section is the highest the sig
background ratio is less than one in a thousand.

In the central inset of Fig. 1 we study possible virtu
effects of SUSY, manifesting itself in the triangle diagram
of gg fusion. In fact, we plot the ratio of the signal cros
sections obtained by adding the rates of both subproce
~1! and ~2!, the latter including squark loops, against tho
calculated when such contributions are neglected. As alre
remarked in the literature@10#, sizable SUSY effects in the
gg subprocess are expected only for squark masses b
500 GeV or so and particularly at small tanb. Thus, in our
plot we present the ratios formq̃5300 and 500 GeV at
tanb51.5 only. Given the remarks made in the Introductio
concerning our remotion of the box diagrams and, con
quently, of the cancellations against the triangle ones~which
we would further think to be active for virtual squark contr
butions as well!, our numbers should in this circumstance
intended as a sort ofupper limit that one might expect from
such SUSY effects. From this prospect, it is then clear t
production rates can increase by no more than 20% or
and provided squark masses are rather low, a correction
deed comparable to the combined uncertainties related to

s

FIG. 1. Total event rates forW6H7 ~solid! and t t̄ production
~dashed! at the CERN LHC, with no cuts implemented, usin
CTEQ~4L!, as a function ofMH6 for tanb51.5 and tanb530. In
the blown up figure, theW6H7 production rates for tanb51.5
including squark loop contributions, withmq̄5300~dotted! and 500
~dot-dashed! GeV, divided by those obtained when the latter a
neglected. For tanb530, squark contributions are negligible, s
that the same ratios would visually coincide with one.
8-3
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STEFANO MORETTI AND KOSUKE ODAGIRI PHYSICAL REVIEW D59 055008
b quark and gluon PDFs in Eqs.~1! and~2!, respectively, and
to the scale dependence of thegg production rates@10#. For
this reason, and to simplify the discussion as well, herea
we will neglect altogether the squark loop contributions
our signal rates. The differential spectra are displayed
Figs. 2–6. In particular, we plot3 the lepton, light quark,b jet
and missing transverse momentum, the lepton, light qu
andb jet pseudorapidity, and the lepton–light quark jet a
lepton–b jet separation, defined by the variableDR
5A(Dh)21(Df)2 in terms of pseudorapidityh and azi-
muth f.

Furthermore, we present the invariant mass spectra o
following systems: bb, as obtained by pairing the two jet
with displaced vertices; three jets, with only oneb jet in-

3We make no distinction betweenb and b̄ jets, tacitly assuming
neither jet charge determination nor lepton tag.

FIG. 2. Differential spectra in lepton–light quark jet~top-left!, b
jet ~top-right! and missing~bottom! transverse momentum. Here
tanb530 and theW6H7 rates are plotted forMH65214 ~solid!,

407 ~dashed!, and 605~dotted! GeV. AsMH6.mt1mb , t t̄ events
have no MSSM parameter dependence~dot-dashed!. No cuts have
been implemented. The PDFs CTEQ~4L! have been used. Distribu
tions are normalized to unity. Note that, in the case of the lep
and light quark jet, the curves coincide.
05500
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volved; four jets, involving all four jets in the final state.
The combinatorics in the three, four and lepton–lig

quark jet systems is accounted for by simply plotting
possible momentum combinations each with the same e
weight. In other terms, the signal spectra contain both h
ronic and leptonicW6/H7 decay modes~but not their inter-
ference, that we expect negligible!, which have in fact dif-
ferent kinematics. The two components will eventually
separated by imposing cuts around the reconstructed
quark mass, as mentioned before. In contrast, the backgro
spectra, obviously, do not depend on whether the top qu
or the top antiquark decays leptonically.

The usual distributions inpT andh indicate the effects of
detector acceptance cuts on the signal and backgro
samples. Neither of these affects the event rates significa
The distribution in DR indicates that the requirement o
lepton-jet separation will not harm the event rates eith
Furthermore, the signal and background distributions
very similar and it is clear that none of these variables c
profitably be used to optimize the selection procedure. In
dentally, we mention that we also had a look at the tra
verse momentum and pseudorapidity of the three hadro
systems introduced above, without finding any significa
difference between Higgs boson and top quark events.

Presumably, the invariant mass distributions, see Fig
and 6 for the purely hadronic and semileptonic systems,
spectively, will give us the greatest chance of removing
background. By imposing cuts on the two light quark jet a
two light quark plus bottom quark jet invariant mass
around theW6 and top quark resonances, respectively,
can remove most of the QCD noise, having to deal fina
with the semileptonic top quark pair decays which is t

n

FIG. 3. Differential spectra in lepton–light quark jet~left! andb
jet ~right! pseudorapidity. Here, tanb530 and theW6H7 rates are
plotted forMH65214 ~solid!, 407~dashed!, and 605~dotted! GeV.

As MH6.mt1mb , t t̃ events have no MSSM parameter depe
dence~dot-dashed!. No cuts have been implemented. The PD
CTEQ~4L! have been used. Distributions are normalized to un
Note that, in the case of the lepton and light quark jet, the cur
coincide.
8-4
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PHENOMENOLOGY OFW6H7 PRODUCTION AT THE CERN . . . PHYSICAL REVIEW D 59 055008
greatest challenge. As a matter of fact, dijet pairs of lig
quarks fromt t̄ events naturally peak atMW6, exactly as
those fromW6H7 do. As for the three jet systems, mispa
ings of b quarks with the wrongW6 have more severe ef
fects on the signal than on the background, as one can
itively expect from the production dynamics and as it can
appreciated in the middle plot of Fig. 5~note the height of
the peak fort t̄ events, as compared to that of theW6H7

ones!.
Here we propose the following related and complem

tary cuts on invariant masses. For a start, we put ourselve
the favorable phenomenological position that the char
Higgs boson massMH6 is known, e.g., thanks to a previou
detection of the light Higgs scalarh and to the measuremen
of its couplings. Under these circumstances, in order to
hance theW6H7 to t t̄ rates, one can impose a cut on t
invariant mass of thebb pair. Since in the signal both bottom
quark jets originate from theH6 scalar and assuming tha
H6→bb̄W6, the invariant mass squaredMbb must be below
AMH6

2
2MW6

2 ~apart from finite width effects!. The distribu-
tion from top quark pair events has a characteristic scal
2mt and therefore, at lowMH6, it can be filtered out by
setting a sufficiently low cut. The gain for the signal-t
background rate is large ifH6 is reasonably (mt,MH6

,2mt) light ~solid and dashed curves in Fig. 5, upper plo!,

FIG. 4. Differential spectra in pseudorapidity-azimuth sepa

tion between the following pairs of particles inW6H7 and t t̄
events: lepton–b jet ~top!; lepton–light quark jet~bottom!. Here,
tanb530 and theW6H7 rates are plotted forMH65214 ~solid!,

407~dashed!, 605~dotted! GeV. AsMH6.mt1mb , t t̄ events have
no MSSM parameter dependence~dot-dashed!. No cuts have been
implemented. The PDFs CTEQ~4L! have been used. Distribution
are normalized to unity.
05500
t
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whereas for heavy charged Higgs bosons, whenMH6 is of
the order 2mt or greater, the cut is not useful~dotted curve in
Fig. 5, upper plot!. However, one should note that this sele
tion cut can be utilized successfully only whenMH6 is ap-
proximately known, and is of limited use even then, since
only removes the background from regions of phase sp
far away from reconstructing the charged Higgs boson m
peak.

Similarly, one can impose a cut on the invariant mass o
bl pair, whereb is the bottom quark jet which does no
reproduce the top quark with the light dijet pair~i.e., the one
yielding the reconstructedmt further away from its actua
value!. Here, the selection works because for thet t̄ back-
ground, if both the top quark andW6 are on the mass shel
one hasMbl,Amt

22MW6
2 . However, it should be noticed

that the Higgs boson production mechanism can really p
the Mbl value beyondAmt

22MW6
2 only if MH6 is large

enough: see dashed and dotted curves in Fig. 6, forMbl/ j
*160 GeV. Failing this condition, the suppression agai
the signal itself can be quite large~e.g., an additional rejec
tion factor of five forMH65214 GeV at tanb530!. How-
ever, it turns out that such a constraint is definitely necess
to bring down the background rates to manageable levels~as
it contributes with an additional factor of thirty or so to th
suppression of top-quark–top-antiquark events!, so that we
employ it even at lowMH6 values.

In addition, we have made the following, more standa
cuts:~1! isolation of the two bottom quark jets from the ligh

-

FIG. 5. Differential spectra in invariant mass for the followin

systems inW6H7 andt t̄ events: bb ~top!; three jet~middle!; four
jet ~bottom!. Here, tanb530 and theW6H7 rates are plotted for
MH65214 ~solid!, 407 ~dashed!, and 605~dotted! GeV. As MH6

.mt1mb , t t̄ events have no MSSM parameter dependence~dot-
dashed!. No cuts have been implemented. The PDFs CTEQ~4L!
have been used. Distributions are normalized to unity.
8-5
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STEFANO MORETTI AND KOSUKE ODAGIRI PHYSICAL REVIEW D59 055008
quark jets and from each other, as we tentatively set
azimuthal-pseudorapidity separation atDRbb,b j.0.7 be-
tween them,4 ~2! for an isolated lepton, we impose the c
DRlb,l j .0.4 between the lepton and all jets;~3! the light
quark jet pair massM j j within MW6610 GeV; ~4! the light
quark jet pair and a bottom quark jet combine at least onc
a massMb j j of mt610 GeV; ~5! all one-particle pseudora
pidities ~of leptons, light and heavy quarks! are constrained
within a detector region of 2.5;~6! the transverse momentum
cut was set at 20 GeV for all jets and leptons, and for
missing transverse momentum as well.

Figure 7 displays the total rates for signal and backgro
after the above selection cuts have been enforced. Since
latter depends on the value ofMH6, the cross section fo
events of the type~3! is no longer constant whenMH6

*mt . However, given the weak dependence ofMH6 on
tanb, the two top-quark–top-antiquark curves overlap in th
mass range. Although the signal-to-background ratio
greatly improved, as compared to the initial situation in F
1, for any combination ofMH6 and tanb, this is still very
small, at least one part in a hundred, so to presumably d
away any hopes of resolving the Higgs boson peak.

In fact, to be realistic, one should expect a four jet m
resolution of no less than 10 GeV, given the usual uncert
ties in reconstructing parton directions and energies fr
multihadronic events. Therefore, in Fig. 8, we have binn
the invariant masses of thebbjj system in signal and back
ground using that value. If one does so, it is clear that
Higgs boson mass peaks at 214, 407 and 605 GeV~with
Breit-Wigner width GH6 of 1.2, 4.4 and 6.1 GeV, respec

4Note that we allow for the light quark jets to be arbitrarily clos

FIG. 6. Differential spectra in invariant mass for thebl/jet sys-

tem in W6H7 and t t̄ events. Here, tanb530 and theW6H7 rates
are plotted forMH65214 ~solid!, 407 ~dashed!, and 605~dotted!

GeV. As MH6.mt1mb , t t̄ events have no MSSM parameter d
pendence~dot-dashed!. No cuts have been implemented. The PD
CTEQ~4L! have been used. Distributions are normalized to uni
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tively!, at tanb530, are overwhelmed by the top-quark–to
antiquark events. Seemingly, even where the signal is m
pronounced over the background~at largeMH6!, the excess
amounts to no more than 10% at the most in the central
This is probably too little, further considering, on the o

FIG. 7. Total event rates forW6H7 ~solid! and t t̄ production
~dashed! at the CERN LHC, after the selection cuts have be
implemented, using CTEQ~4L!, as a function ofMH6 for tanb
51.5 and tanb530.

FIG. 8. Differential spectra in the four jet invariant mass

W6H7 and t t̄ events for tanb530 and MH65214 ~solid!, 407
~dashed!, and 605~dotted! GeV. Their sum~dot-dashed! is also

reported in the three blown up frames, compared against tht t̄

rates. Even thoughMH6.mt1mb , t t̄ events have a MSSM param
eter dependence due to anMH6 based constraint being imple
mented in the selection cuts. The PDFs CTEQ~4L! have been used
Distributions are normalized to total cross sections.
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hand, the aforementioned uncertainties~PDFsK factors, etc.!
and, on the other hand, that the event rate is poor, o
around 1 fb prior to the vertex tagging efficiencyeb

2 being
applied. Needless to say, if one looks back at Fig. 7, sim
conclusions should be expected for all other combination
MA and tanb considered here, finally recalling our system
atic overestimate of the signal rates for low values of
latter.

IV. CONCLUSIONS

We believe that in theH7→tb→bb̄W7 channel,heavy
charged Higgs boson scalars of the minimal supersymme
standard model produced in association withW6 gauge
bosons cannot be resolved at the CERN LHC, via se
leptonicW1W2 decays, for Higgs boson masses in the ran
between 2mt and 600 GeV~those producible at observab
rate!, at neither low nor high tanb, because of the presenc
of the irreducible background from top-quark–top-antiqua
events. Furthermore, our results can safely be applied
more general 2 Higgs doublet model too~where mass and
coupling constraints in the Higgs sector can be relaxe!,
given the extremely poor significance of theW6H7 rates
over the t t̄ ones. As for other hadronic collider environ
ments, the prospects of detection at the Tevatron~Run II! are
even more reduced, given the lower machine luminosity
since the production cross section of the signal there is a
three orders of magnitude smaller than at the CERN ac
erator~for detectable Higgs boson masses below 300 GeV
. S

n

-

:
u-

n-

cl

05500
ly

r
of

e

ic

i-
e

k
a

d
ut
l-
r

so!, while the background only decreases by about two
ders.

We have reached these conclusions after performin
detailed signal-to-background analysis, based on matrix
ment calculations of elementary 2→6 suprocesses, convo
luted with up-to-date parton distribution functions, and e
ploiting dedicated selection cuts, beyond the us
requirements in transverse momentum and pseudorapi
Although we have confined ourselves to the parton le
only, wherein jets are identified with partons, we are ho
ever confident that hadronization and detector effects
not modify our main results.

Nonetheless, we would like to conclude this paper with
positive note. Charged Higgs boson production in asso
tion with W6’s, via bb̄ and gg fusion at hadron colliders
represents a novel mechanism, whose decay phenomeno
is largely unknown and that should be investigated furth
considering that the detection of this particle isnot at all
certain at the next generation of hadronic machines, es
cially in the heavy mass range. In this respect, we would l
to advocate, for example, the consideration of non-stand
model decay channels, involving squarks, sleptons
gauginos, which was beyond the intention of this study.
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