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Phenomenology ofW*H* production at the CERN Large Hadron Collider

Stefano Moretti
Rutherford Appleton Laboratory, Chilton, Didcot, Oxon OX11 0QX, United Kingdom

Kosuke Odagirf
Cavendish Laboratory, University of Cambridge, Madingley Road, Cambridge CB3 OHE, United Kingdom
(Received 4 September 1998; published 2 February 1999

Barrientos Bendezand Kniehl recently suggested th&t™H* 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 ﬁe:caytbebﬁwi, and
to the irreducible background from top quark pair production. We find that the semileptonic signature
“ bEW*W’HbEjjI +missing 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.
[S0556-282(199)05303-5

PACS numbgs): 12.60.Fr, 12.60.Jv, 13.85t, 14.80.Cp

I. INTRODUCTION advocated in Ref[1] as a useful source of Higgs boson
events suffer from the irreducible background due to top
In Ref. [1], Barrientos Bendezand Kniehl pointed out quark pair production,

that the processes - —
gqg—tt and gg—tt, 3

bb—W*H" @ with subsequent decay through the intermediate state

bbW*™W~. In order to understand whether the signal sur-
vives, we made a detailed signal-to-background analysis and
I found that top-quark—top-antiquark production and decay in-
gg—W*H™ (2} deed overwhelms the new Higgs boson signal.
The plan of this paper is as follows. In the next section we
can be used in the search for the heaW(->m+m,)  describe the details of the calculation and list the parameter
charged Higgs bosonsl = of the 2 Higgs doublet model values adopted. Section Ill is devoted to the discussion of

and

(2 HDM) at the CERN Large Hadron Collid¢LHC). results. We present our conclusions in Sec. IV.
This result is particularly welcome, since it has been re-
marked on several occasiofsee Ref[2] for an overview Il. CALCULATION

that at present it is not at all certain that such particles can be
detected at the CERN LHC, even in the minimal supersym-
metric standard modéMSSM), if the typical energy scale
of supersymmetrySUSY) is much greater than the charge
Higgs boson mass.

Previous studies have shown thatMf,~>m,+m,, the

We generated the signal cross sections by using the for-
mulas of Ref[1]. However, for phenomenological analyses
d We need to supplement those expressions in several ways.

First, their matrix elementéMEs) do not include thav=
boson decay and thus carry no information on the angular
chances oH* detection at the CERN LHC are reliant only distributions of the fermion pair it produces. For tHe this
on two production mechanisms: the subprocesses does not matter_, since scalar particles deca_y isotropically.
—tH* [3] and bq—bq'H* [4] and provided thatM - However, even in this case one has to provide the correct
<300-400 GeV[5]. These channels generally have poorkinematics for the decay sequencel®—tb—bbW*
signal-to-background ratios, as the event signatures always bbjj (wherej represents a light quark jet produced in the
involve a large number of jets, which is the typical noise of W= decay, which we have done by computing the exact ME
a hadron-hadron machine. constructed by means of theLAS subroutineq7]. As for

WhenH™’s are heavy, foMsysy>My =, they decay al-  the W* decay in the production channe() and (2), we
most exclusively tdt(bt) [6]. In addition, hadronic signa-
tures of W= bosons produced in top quark decays are nor-
mally selected in order to allow for thed™ mass 1alternatively, in a narrow window iM 4= and only at low tarB,
reconstruction. Therefore, it appears that the sigfiBl$2)  the charged Higgs bosons can decay\dh pairs, whereh repre-

sents the lightest Higgs boson. Although we will not treat this case

here, we note that even in this channel the final state is identical to
*Electronic address: moretti@v2.rl.ac.uk that of a top-quark—top-antiquark pair, as>bb is dominant over
TElectronic address: odagiri@hep.phy.cam.ac.uk. most of the SUSY parameter space.
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have reevaluated their MEs with the additional insertion ofas follows. First, we produced the masses and the widths of
the W= boson decay currents. For ti fusion case, the the Higgs bosons by means of the two loop relations of Ref.
actual expression is the same as forliie-bq’'H™ process [13] (see also[14]). To simplify the discussion, we have
calculated in4] and recently modified if8], but with some assumed a universal soft supersymmetry-breaking rmﬁss

leg crossings. For thgg fusion case, the result is simply the :mgzmcg‘, and negligible mixing in the stop and sbottom

replacement mass matricesA;=A,=u=0. Second, the MSSM Higgs

boson widths were generated using the prograDECAY

)\(s,M\ZNt,Mai)—>4gzM\2Nt|th|2[2(pl- PH=) (P2 PH=) [15], which in turn uses mass relations at the same perturba-
5 tive level. Squark masses entering the loops in dlgein-
—(p1-P2)My -] 4 duced signal processes have been kept as independent pa-

rameters and their values varied between 300 GeV and 1
. 2 . o 2 TeV, the minimum figure being chosen in such a way that
n Eg' (E? of [1], wherzegil—47mem/3|n6\2,v,|gwi| =L(Pw= the superpartners do not enter t4& decay chain; as for the
~ M=)+ (Tw=Mw=) "], with py=, pw=, py andpz the  ypper mass of the latter we have taken the value of 600 GeV.
four-momentum of théi =, W=, first and second lepton, say Further notice that squark masses have been considered de-
| and v, from the gauge boson decay, respectively. generate, for illustrative purposes, so that only sbottom and
Secondly, their MEs for theg fusion processes do not stop loops in practice contribute.

involve squark loops, thus preventing one from studying pos- |n the numerical calculations presented in the next section
sible effects of the SUSY partners of ordinary quarks, whenye have adopted the following values for the electromag-
their mass is below the TeV scale. For example, these cofetic coupling constant and the weak mixing anglen,
rections are expected to be sizable in the MSSM, which is=1/128 and siff,=0.2320. The strong coupling constant
adopted here as the default SUSY framework. In this respecly,. . which appears in higher orders in the computation of the
we have modified thgg triangle formula of Ref[1] for the  charged Higgs boson decay widths and enters in some of the
case of intermediate neutral Higgs productieop graph in  production mechanisms, has been evaluated at one or two
Fig. 2 therg, by inserting the well knowi5,9,10 squark |oops, depending on the parton distributions functions
Ioogotﬁ\r/rgggl]y we have not included here the contribution o PDF9 used, WithA% (for the number of active flavors

. ' . X +=4) input according to the values adopted in the fits of
the box diagramsbottom two graphs of Fig. 2 in Refl)). the latter, whereMS denotes the modified minimal subtrac-

According to the curves in Fig. 5 ¢1], this should result in . .
; : tion scheme. For the leading-ordérO) package CTEQA4L
an overestimate of the total cross section of subprot®ss 16], which constitutes our default séas in[1]), we have

as the triangle and box diagrams interfere destructively. Th S R
. - . aken 236 MeV. The factorization-renormalization sc@le
overall effect is however negligible at large t@nthe regime L =
91g 9 9 entering in botheg and the PDFs was set (8, the center-

where theW*H* cross section is largdwhereas, for tagp . ,

=1.5, it can at times be more than a factor of two: see Fig. Qf-mass(c.m.) energy at the partonic level, in all processes

of Ref. [1]). In addition, this is particularly true foM,- ge?:rg:gg.r to have an estimate of the dependence of the

>m,, the mass interval with which this paper is concerned . P .

Indeed, in most of our plots we will concentrate on thatbottom quark_and gluon structure_functlon We_tested our sig-

portion of the MSSM parameter space, for which we expec al rates against the next-to-leadifigLO) Martin-Roberts-

our results to be reliable ' tiring (MRS) sets R1,R2,R3,R4) [17], i.e., the Martin-
Finally, all our calculations for the signal were tested g.lo_té%tz'z“s”'clgn;ggl:ggiser%f g}ﬁsst?giev%ﬁ/ngrrgggr:ltegthgg-

against the original cross s_ect|onis Eﬂ and also using Thorne (MRST) sets[18], which embody new data and an

MADGRAPH [11] for the casebb—W=H". improved description of the gluons at smajlalong with a

For the background we have assumed that the QCD CONyegicated treatment of the heavy quark structure functions.

trit+)ution is reducible by cuts on the reconstructed top andl'ypical differences were found to be within 15—20%, at

W™ masses. Therefore, we studied the top quark pair backsoss section level, with the shape of the relevant differential
ground only, which is anyhow the dominant component ofyistripytions being little affected by the treatment of the par-
the final statebbUDIv, where U and D refer to up- and tons inside the proton.
down-type mass-less quarks dnele or u. We have consid- For the gauge boson masses and widths we have taken
ered both qg—tt—bbUDI7, and gg—tt—bbUDIv,, M,=91.1888 GeVI,=2.5 GeV,M==80.23 GeV and
which we generated at leading order using igeAs library  I'w==2.08 GeV. For the top quark mass we have usgd
[7]. The outputs of the corresponding code agree with the=175 GeV with the corresponding width evaluated at tree
results given in Ref[12] when theW™'s are on the mass level in the MSSM(yielding I';=1.55 GeV if My=>m,
shell. In fact, notice that finite widths effects of top quarks, —mj, the standard model valueBottom quarks have been
gauge and charged Higgs bosons have been taken into awensidered massless when treated as partons inside the pro-
count here. ton, while a finite value of 4.25 Ge\pole masshas been
Concerning the values of the various MSSM parametersetained in the final states. Note that in calculating the ME
entering the computation of the signal proceséBs (2)  for the decay processl *—tb the Yukawa mass of thb
(and, marginally, the MSSM top quark widtlwe proceeded quark has been run up to the charged Higgs boson mass
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scale, in accordance with the way the corresponding width
has been computed. Finally, for simplicity, we set the - -
Cabibbo-Kobayashi-Maskawa matrix elem&f, ,, to one. | ' ' ' L7

- 4+ -
b b WW > b b jjl+ missing energy/momentum

- -
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As it is impractical to cover all possible regions of the
MSSM parameter spacéi(, tang), we concentrate here on
the two representativéand extremgvalues tarB=1.5 and
30, and on masses of the charged Higgs boson in the rang

OH1

R (b)

T

B

]

160 Ge\sMy+=600 GeV. The large bibliography exist- 13
ing on the MSSM Higgs boson decay phenomenology %
should allow one to easily extrapolate our results to other 1=
values of targ [5].

We consider the semileptonic event modes for processes -y [ L0l v v by 1]
(1)_(3) 100 200 300 400 500 600

Mgt (GeV)
W*H™ —W*tb—bbW" W~ FIG. 1. Total event rates foW“H™ (solid) andtt production

(dashedl at the CERN LHC, with no cuts implemented, using
CTEQH4L), as a function oM - for tanB=1.5 and tarB=30. In
. . the blown up figure, theV*H™ production rates for tag=1.5
In fact, we base our signal selection procedure on th?‘ncluding squark loop contributions, withg= 300 (dotted and 500

following general requirements. . _ (dot-dashey GeV, divided by those obtained when the latter are
(1) High purity doubleb quark tagging. This may be ex- peglected. For tag=30, squark contributions are negligible, so

pected to yield an efficiency of at least 50% per fidubig@t 5t the same ratios would visually coincide with one.
[19,20. This is essential considering the large rateVét

+ jet events with light quarks and gluons. All our results will
assume 100% bottom quark tagging efficiergy and thus

—bbjjl +missing energy—momentum. (5)

and differential rates in the chann@) without the usual
detector cuts on transverse momenta and pseudorapidity. In

will eyentually need to be multiplied by the.act. Ea once fact, both processes have finite production rates at lowest
we will have the CERN LHC detectors running.
order over all of the phase space.

(2) Lepton isolation at high transverse momentum. Select- The main frame of Fig. 1 shows the sign@ith no
:':r? dsiir;gfgéoggtg\@{: :trsohnoglr? d?g?mﬁgrrg?i;?nﬁii;hfer g"ri?h squark loop contributionsand background cross sections be-
the W* produced in association with the* as a clean fore any detector or selection cuts, eyaluatesl at the CERN
triggef [1]. In addition, the light quark jets coming from LHC energy(14 TeV) and plotted against thie = mass for

' _ . — the two values of ta. The background remains constant as

the secondaryv™, from H™ —tb—DbbW™, would allow for 5 fynction of the charged Higgs boson mass, except when the
the reconstruction of the Higgs boson mass peak. Howevegiecayt—hH* is kinematically allowed. It is found that even
one should recall that the two gauge bosons could decay thgnen the signal cross section is the highest the signal-
other way around; thus in principle spoiling the efficiency of background ratio is less than one in a thousand.
the signal selection. In practice, one can remove the contri- |, the central inset of Fig. 1 we study possible virtual
bution from semileptonic Higgs boson decays by simply im-gffects of SUSY, manifesting itself in the triangle diagrams
posing cuts on the reconstructed top quark mass. _of gg fusion. In fact, we plot the ratio of the signal cross

(3) W™ andt mass reconstruction in two and three jet sections obtained by adding the rates of both subprocesses
com_bmatlons, respectively, to eliminate QCD multijet pro- (1) and (2), the latter including squark loops, against those
duction. . _ calculated when such contributions are neglected. As already

Our results are shown throughout Figs. 1-8. When differygmarked in the literaturfL0], sizable SUSY effects in the

ential spectra are plotted, the three representative parameigy subprocess are expected only for squark masses below

space points oM,=200, 400 and 600 GeV at t@=30 500 GeV or so and particularly at small t&nThus, in our

have been chpsen, correspondingiq= =214, 407 and 605 plot we present the ratios fam;=300 and 500 GeV at

GeV, respectively. o _tanB=1.5 only. Given the remarks made in the Introduction,
As a preliminary exercise, in order to understand the ki-concerning our remotion of the box diagrams and, conse-

nematics of the signal and background better, and possibly tg,ently, of the cancellations against the triangle duesich

pin down systematic differences which can be used in theye would further think to be active for virtual squark contri-

selection of candidate Higgs events, we compare their totg, sions as we)l our numbers should in this circumstance be

intended as a sort afpper limitthat one might expect from
such SUSY effects. From this prospect, it is then clear that
2For the time being, we negle®V™ — rv_ decays, which should production rates can increase by no more than 20% or so,
also be identified easily thanks to their “one-prong” signatures, asand provided squark masses are rather low, a correction in-
remarked in1]. deed comparable to the combined uncertainties related to the

055008-3



STEFANO MORETTI AND KOSUKE ODAGIRI PHYSICAL REVIEW D59 055008
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b b WW > b b jjl+ missing energy/momentum b b WW > b b jjl+ missing energy/momentum
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n
0.015 — FIG. 3. Differential spectra in lepton—light quark jéft) andb

jet (right) pseudorapidity. Here, tg8=30 and theW*H™ rates are
plotted forM == 214 (solid), 407 (dashegl and 605(dotted GeV.

As My=>m+m,, tt events have no MSSM parameter depen-
dence(dot-dasheld No cuts have been implemented. The PDFs
CTEQA4L) have been used. Distributions are normalized to unity.
Note that, in the case of the lepton and light quark jet, the curves
coincide.

0.010

0.005

da/dpq(miss)/c (1/GeV)

|
L

volved; four jets, involving all four jets in the final state.

The combinatorics in the three, four and lepton-light
quark jet systems is accounted for by simply plotting all
possible momentum combinations each with the same event

FIG. 2. Differential spectra in lepton—light quark jeop-lefy, b~ Weight. In other terms, the signal spectra contain both had-
jet (top-right and missing(bottom transverse momentum. Here, fonic and leptonidV*/H™ decay modesgbut not their inter-
tan3=30 and theW*H~ rates are plotted foM,- =214 (solid), ~ ference, that we expect negligiplevhich have in fact dif-

407 (dashed} and 605(dotted GeV. AsM=>m,+m,, tt events  ferent kinematics. The two components will eventually be
have no MSSM parameter dependefidet-dashell No cuts have ~Separated by imposing cuts around the reconstructed top
been implemented. The PDFs CTE&Q) have been used. Distribu- quark mass, as mentioned before. In contrast, the background
tions are normalized to unity. Note that, in the case of the leptorSpectra, obviously, do not depend on whether the top quark
and light quark jet, the curves coincide. or the top antiquark decays leptonically.

The usual distributions ipt and  indicate the effects of
d detector acceptance cuts on the signal and background

b quark and gluon PDFs in Eg&l) and(2), respectively, an : S
: samples. Neither of these affects the event rates significantly.
to the scale dependence of thg production rate$10]. For The distribution inAR indicates that the requirement of

this reason, and to simplify the discussion as well, hereafterl,

we will neglect altogether the squark loop contributions in epton-jet separatmp will not harm the ever_1t r_ateg, either.
our signal rates. The differential spectra are displayed i urthermore, the signal and background distributions are

Figs. 2-6. In particular, we pidthe lepton, light quarkpjet V&Y similar and it is clear that none of these variables can
and missing transvers,e momentum, thé lepton, light quar rofitably be used to optimize the selection procedure. Inci-

andb jet pseudorapidity, and the lepton—light quark jet and entally, we mention that we also_ had a look at the trans-
lepton-b jet separation, defined by the variablaR verse momentum and pseudorapidity of the three hadronic

= ) . . tems introduced above, without finding any significant
= JA 7+ (Ag)? e :
mut(hAJ) +(A4) in terms of pseudorapidityy and azi difference between Higgs boson and top quark events.

. . Presumably, the invariant mass distributions, see Figs. 5
Furthermore, we present the invariant mass spectra of thaend 6 for the purelv hadronic and semileptonic svstems. re-
following systems: bb, as obtained by pairing the two jets purely P y '

: . S . : . spectively, will give us the greatest chance of removing the
with displaced vertices; three jets, with only obget in background. By imposing cuts on the two light quark jet and

two light quark plus bottom quark jet invariant masses

around thew= and top quark resonances, respectively, we

3We make no distinction betweemandb jets, tacitly assuming can remove most of the QCD noise, having to deal finally
neither jet charge determination nor lepton tag. with the semileptonic top quark pair decays which is the

0000 1 Il 1 1 1 i 1 1 .I
50 100 150 200 250

(b) pr (GeV)
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b bWW > bbb jjl+ missing energy/momentum
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ARy FIG. 5. Differential spectra in invariant mass for the following
FIG. 4. Differential spectra in pseudorapidity-azimuth separa-?%sfn:ts irW;_'HJ' altwdtt_e;/gnts:d ?: (\}:/)E)l_;'t:hrefjet(middlleﬁt;t fgufr
tion between the following pairs of particles W=H* and tt jet (bottom. Here, tan=30 and the rates are plotted for

events: leptonk jet (top); lepton—light quark je{bottom). Here, My-=214 (g)hd), 407 (dashed} and 605(dotted GeV. As My,
tan8=30 and theW*H* rates are plotted foM - =214 (solid), >m,+m,, tt events have no MSSM parameter depende€dog-

40702 605Gt GV, Asy: > . evens e (9516 o s e been olemente, e Pors CPQ
no MSSM parameter dependen@dt-dashell No cuts have been ' Y:
implemented. The PDFs CTHEQL) have been used. Distributions

- : whereas for heavy charged Higgs bosons, wkip: is of
are normalized to unity.

the order 2n, or greater, the cut is not usef{dotted curve in

, ) . ._Fig. 5, upper plot However, one should note that this selec-
greatest chall_enge. As a matter of fact, dijet pairs of I'ghttion cut can be utilized successfully only whéfy,- is ap-
quarks fromtt events naturally peak aly=, exactly as proximately known, and is of limited use even then, since it
those fromW=H™ do. As for the three jet systems, mispair- only removes the background from regions of phase space
ings of b quarks with the wrongV= have more severe ef- far away from reconstructing the charged Higgs boson mass
fects on the signal than on the background, as one can intyeak.

itively expect from the production dynamics and as it can be  Similarly, one can impose a cut on the invariant mass of a
appreciated in the middle plot of Fig. (Bote the height of b| pair, whereb is the bottom quark jet which does not
the peak fortt events, as compared to that of té"H™ reproduce the top quark with the light dijet péie., the one
ones. yielding the reconstructed, further away from its actual

Here we propose the following related and complemenvalug. Here, the selection works because for theback-
tary cuts on invariant masses. For a start, we put ourselves

_ a ound, if both the top quark an/= are on the mass shell,
the favorable phenomenological position that the charge

Higgs boson maskl = is known, e.g., thanks to a previous ne hashy < ym; - My:. However, it should be noticed
) A P = hat the Hi n pr ion mechanism can reall h
detection of the light Higgs scalérand to the measurement that the Higgs boson production mechanism can really pus

of its couplings. Under these circumstances, in order to enthe My, value beVOHdetz—Mwi only if .M He 18 large
enough: see dashed and dotted curves in Fig. 6Mgy;
=160 GeV. Falling this condition, the suppression against
the signal itself can be quite larde.g., an additional rejec-
tion factor of five forMy+=214 GeV at taB=30). How-

hance theW*H™ to tt rates, one can impose a cut on the
invariant mass of theb pair. Since in the signal both bottom
quark jets originate from thél™ scalar and assuming that

H~—bbW", the invariant mass squardl,, must be below  gyer it turns out that such a constraint is definitely necessary
VM= —My,= (apart from finite width effecfs The distribu-  to bring down the background rates to manageable Igesls
tion from top quark pair events has a characteristic scale dt contributes with an additional factor of thirty or so to the
2m; and therefore, at lowMy=, it can be filtered out by suppression of top-quark—top-antiquark event® that we
setting a sufficiently low cut. The gain for the signal-to- employ it even at lowM = values.

background rate is large H= is reasonably <M= In addition, we have made the following, more standard
<2m,) light (solid and dashed curves in Fig. 5, upper plot cuts:(1) isolation of the two bottom quark jets from the light
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b b W+W > b b jj I+ missing energy/momentum b b WW->bb jjl+ missing energy/momentum
L B S B e B R
No cuts LHC CTEQ(4L) [ ]
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- FIG. 7. Total event rates foW"H™ (solid) andtt production
bl/j e

(dashed at the CERN LHC, after the selection cuts have been
implemented, using CTE@L), as a function ofM - for tang

FIG. 6. Differential spectra in invariant mass for thijet sys-
=1.5 and tarB3=30.

tem inW*H* andtt events. Here, ta8=30 and theW*H* rates
are plotted forM =214 (solid), 407 (dashed, and 605(dotted
GeV. AsM->m,+m,, tt events have no MSSM parameter de- tively), at tan3=30, are overwhelmed by the top-quark—top-
pendencédot-dashell No cuts have been implemented. The PDFsantiquark events. Seemingly, even where the signal is more
CTEQA4L) have been used. Distributions are normalized to unity. pronounced over the backgrourat largeM =), the excess
amounts to no more than 10% at the most in the central bin.

quark jets and from each other, as we tentatively set thenjs is probably too little, further considering, on the one
azimuthal-pseudorapidity separation atRy,,;>0.7 be-

tween thenf, (2) for an isolated lepton, we impose the cut .-
ARy, |;>0.4 between the lepton and all jet&) the light b b W W > bb jjl+missing energy/momentum
quark jet pair masl;; within M= +10 GeV; (4) the light After cuts LHC CTEQ(4L)

quark jet pair and a bottom quark jet combine at least once tc

a massMy,;; of m=10 GeV; (5) all one-particle pseudora- F

pidities (of leptons, light and heavy quankare constrained 100
within a detector region of 2.86) the transverse momentum E

cut was set at 20 GeV for all jets and leptons, and for the 7

-h-L‘_,'__L—L;n T | T TT I ™ TTT

—t

missing transverse momentum as well.

Figure 7 displays the total rates for signal and background
after the above selection cuts have been enforced. Since thg
latter depends on the value &+, the cross section for

.
v [ B - .
_ [ i i "
Joeeeny L b

200 300 400 500 600

Sl rvd

o

N

£
events of the typg3) is no longer constant wheM = Y e Y 0,500 D ,“Lo
=m,. However, given the weak dependence Mf;+ on § B P ] =26 L} i I—IM% __}|_'_',! ! '_5
tang, the two top-quark—top-antiquark curves overlap in that 3 C 4 B ERNE
mass range. Although the signal-to-background ratio has 1 FE' 30450 - 1
greatly improved, as compared to the initial situation in Fig. - ez g Joum | T
1, for any combination oM = and tans, this is still very 1 20 ' o400 B e
small, at least one part in a hundred, so to presumably dasl 7 E L 1075 B =
away any hopes of resolving the Higgs boson peak. - opnd e . I

In fact, to be realistic, one should expect a four jet mass %090 215 240 380 405 0 %580 605 630
resolution of no less than 10 GeV, given the usual uncertain-
ties in reconstructing parton directions and energies from
multihadronic events. Therefore, in Fig. 8, we have binned |G, g. Differential spectra in the four jet invariant mass in
the invaria_nt masses of thehjj system in signal and back- \y+y+ andft events for tarB=30 and M- =214 (solid), 407

gr_ound using that value. If one does so, it is clear that th?dashew, and 605(dotted GeV. Their sum(dot-dashejlis also

Higgs boson mass peaks at 214, 407 and 605 @elth reported in the three blown up frames, compared againsitfhe

Breit-Wigner width 'y~ of 1.2, 4.4 and 6.1 GeV, respec- .o o thoughl ;= >m,+my, tt events have a MSSM param-

eter dependence due to @+ based constraint being imple-
mented in the selection cuts. The PDFs CTEQ have been used.
“Note that we allow for the light quark jets to be arbitrarily close. Distributions are normalized to total cross sections.

P
(4]

My (GeV)
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hand, the aforementioned uncertainfiE®FsK factors, etg.  s0), while the background only decreases by about two or-
and, on the other hand, that the event rate is poor, onlglers.

around 1 fb prior to the vertex tagging efficienef being We have reached these conclusions after performing a
applied. Needless to say, if one looks back at Fig. 7, similafietailed signal-to-background analysis, based on matrix ele-
conclusions should be expected for all other combinations offent calculations of elementary—26 suprocesses, convo-
M, and tang considered here, finally recalling our system- luted with up-to-date parton distribution functions, and ex-

atic overestimate of the signal rates for low values of the/oiting dedicated selection cuts, beyond the usual
latter. requirements in transverse momentum and pseudorapidity.

Although we have confined ourselves to the parton level
only, wherein jets are identified with partons, we are how-
IV. CONCLUSIONS ever confident that hadronization and detector effects will
. . - — not modify our main results.
hWe ge::_eve tgat In the‘: Ht?abbw. chlannel,heavy ic._Nonetheless, we would like to conclude this paper with a
Ct arge d |ggds Iosondsca;r_s ortne ml?lmamixygersymme rIﬁosmve note. Charged Higgs boson production in associa-
standard model produced In association gauge .tion with W=’s, via bb and gg fusion at hadron colliders,

lt:aostggfcvfﬁrwgt dt()aiaressoflc\)/rel?li atstgﬁsgfﬁgslggj’n ;/r:ae faenm"represents a novel mechanism, whose decay phenomenology
bpt M. and 608/ G Vthgg ducible at ob bl 99s largely unknown and that should be investigated further,
etween I, an eM(those producible at observable ., qidering that the detection of this particlerist at all

ratg), at neither low nor high taf, because of the presence certain at the next generation of hadronic machines, espe-
of the irreducible background from top-quark—top-antiquarkgia|ly in the heavy mass range. In this respect, we would like
events. Furthermore, our results can safely be applied to @ advocate, for example, the consideration of non-standard
more general 2 Higgs doublet model toohere mass and model decay channels, involving squarks, sleptons and
coupling constraints in the Higgs sector can be relaxed gauginos, which was beyond the intention of this study.
given the extremely poor significance of the“H™ rates

over thett ones. As for other hadronic collider environ- ACKNOWLEDGMENTS
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