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We demonstrate that a CERN LHC Higgs boson search in weak boson fusion production with subsequent
decay to weak boson pairs is robust against extensions of the standard model or minimal supersymmetric
standard model involving a large number of Higgs doublets. We also show that the transverse mass distribution
provides unambiguous discrimination of a continuum Higgs signal from the standard model.
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I. INTRODUCTION However, the set of possible symmetry breaking scenarios
is much larger than these models, and it is natural to consider
The search for the origin of electroweak symmetry break-whether the LHC can similarly guarantee discovery for other
ing and fermion mass generation, generally believed to beases. A popular way to try to hide a Higgs sector from
one or more scalaBU(2), Higgs doublets, remains one of collider searches is via additional fields. These can have two
the premier tasks of high energy physics. Fits to precisioreffects: first, one can try to reduce the branching fractions to
electroweak data have for some time suggested a relativelybservable decay modes, in analogy to invisible Higgs de-
small Higgs boson mass, in case of the standard m@&M)  cays, for example in supersymmetry. The so-called stealth
of orderm,=200 GeV[1]. model[12] achieves this through the presence of additional
The CERN Large Hadron CollidgiLHC) will have the  singlets, which coupléstrongly to the Higgs boson and lead
capability to search for physical Higgs boggnover a huge to a large invisible decay width. The search for these par-
mass range. In the SM case it will have multiple coverage oficles is tedious for two reasons, the invisible decay and their
search channels for any given Higgs boson mass, in particlruge width, which vastly exceeds the experimental mass
lar for the intermediate mass rang®-9]. This coverage re- resolution and hence becomes a limiting factor in back-
lies heavily on Higgs production via weak boson fusionground suppression. Nevertheless, the invisible decay should
(WBF). The advantage of WBF, where the scattered finalin principle be observable at the LHC in weak boson fusion,
state quarks receive significant transverse momentum and apecause the recoiling tagging jets are not sensitive to the
observed in the detector as far-forward/backward jets, is theliggs boson mass, as long as the particle is in the interme-
strong reduction of QCD backgrounds due to the kinematicatliate mass ranggl 3].
configuration of the colored part of the event. In the minimal  Another alternative scenario inflates the Higgs signal
supersymmetric standard mod&@iSSM), all five of the  width via a large number of Higgs doublets, with the mea-
physical Higgs bosons may not be observable over all osured vacuum expectation value distributed among them
MSSM parameter space. However, a well-established nd-14]. Multiple CP-even neutral Higgs bosons exist, each with
lose theorem guarantees that at least one of theQl#@ven  diminished coupling to weak bosons. The WBF production
neutral states will be seen in WBF with subsequent decay teate of any one of these can be suppressed considerably, such
either tau leptons or gauge bosons, after taking into accounhat by itself it would be lost in the background. To make
the CERNe" e~ collider LEP limits [10]. For even more matters worse, each Higgs boson in general has a different
complex models there exists a No-Lose theorem for thenass, forming a broad spectrum of states. Poor LHC detector
NMSSM (NMSSM) [11], which also relies on WBF Higgs resolution may smear the individual peaks out to a smooth
production, but includes decay modes which do not occur irtontinuum. These models lead to the speculation that the

simpler models. Higgs sector may be unidentifiable at the LHC, even though
high-energyWW scattering would clearly observe unitarity
[15].
*Email address: aalves@ift.unesp.br To decide whether there really is a hole in the LHC Higgs
"Email address: eboli@fma.if.usp.br boson discovery potential, we investigate these continuum
*Email address: tilman.plehn@cern.ch models in detail. Our analysis of WBF production of such a
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(e*u™, ete®, u*u™) via a pair ofW bosons confirms the Higgs fields are identical to the SM values for the same

robustness of the WBF Higgs searches in the case of noﬂ'—”?zgs mass; only the total width is suppressed by a factor
standard Higgs sectors. The signal can easily be observely, - o ) ) )
and typically distinguished from a SM Higgs sector with _ The limiting case of a large number of Higgs fields is a

only modest integrated luminositg)(100) fb 1, via study Higgs continuum_[16]. In this case, the di;tribution of.

C(my), expressed as a function of the physical Higgs boson

mass. The sum rules in this case become
Il. MULTIPLE HIGGS DOUBLETS

The continuum mod€l14] is merely a generalization of
the SM to an arbitrary number &U(2), Higgs doublets. f dm,C(mp)? =1, f dm,C(mp)?mf < (200 GeVj?,
The vacuum expectation values=C;v, are bound by the 3)
measurement

As pointed out in Ref[16], the weak production cross
> vi=02), C?=v?= (246 GeV? (1)  section for any point in the physical Higgs continuum is
: : minimized when all the couplings to gauge bosons are set
equal. This is precisely the continuum limit of the model
with the equal sigrEC/=1 in the case of only singlet and with N equal values);, which leaves the Higgs branching
doublet Higgs fields which we consider in this paper. Eachfractions unaffected to leading order. Taking the direct LEP
doublet gives rise to on€P-even neutral Higgs bosam . constraintg17] together with the precision data, we find a
There are, in addition, a large number of charged @R scenario which is maximally likely to escape detection:
odd neutral Higgs bosons which can all be sufficiently heavyc(m,)=C, for 70 GeV <m,<300 GeV andC(m;)=0
as to be unobservable. The question arises: given that norgsewhere. We adopt this case to illustrate our analysis, then
of the heavy states could be found, can LHC discover any o§lightly vary this assumption in Sec. Il B.
theh;, and if so can it distinguish them from the SM Higgs
boson?
The gauge couplings of the Higgs boson to weak bosons Il. THE WEAK BOSON FUSION PROCESS
is proportional tagv, therefore it is modified for th€P-even . -
Higgs boson of each doublet by the single fac®r. The We 5|mulateep collisions at the LHC’@: 14 TeV, for
partial width of Higgs bosons to weak bosons is thenth® final statef; ¢ jjg+, calculating all signal and back-
Cizr\?sz- A further constraint from electroweak precision ground cross sections with full tree level matrix elements for

data ié[15] the contributing subprocessés.,{, are any combination of
e and u, which are easily identified by the detectors with
high efficiency. We employ CTEQG6L1 parton distribution
2 Cfmﬁ' = (M?) < (200 GeW? (2)  functions[18] throughout. Unless otherwise noted the factor-
[ : ization scale is chosen as;= min(p;) of the defined jets.
The signal is calculated with matrix elements constructed by
which also holds for any general supersymmetric Higgs secMadgraph[19], including exact matrix elements for the de-
tor [16]. cayH—W"W~—¢; ¢, v,v, to maintain the decay helicity
Each SM fermion gets its mass in small pieces from theggrrelationg 2] on which the analysis rests.
many Higgs fieldsm;=Z;Y{v;. In general, these Yukawa  The backgrounds consist of both QCD and EW processes
couplings need not be equal. In the minimal model, whichieading to two far forward/backward jets, with a central pair
assumes that ultimately the flavor sector comes from somgf oppositely charged leptons or «, and large missing
universal condition, eacBU(2)_ Higgs doublet experiences transverse energy. Although QCD processes with the same
the same set of Yukawa couplings;=Y;Zv;. Matching  number of final state partons have much larger cross sections
the universal Yukawa couplin; with its SM counterpart than the counterpart EW processes, in the region of phase
we are left with YPM=Y=,C;. Hence, the Higgs' partial space with two tagging jets the EW contribution can easily
widths to fermions acquire scaling factcﬁ%/(EiCi)‘z. The  be of the same size as the QCD component. We thus consider

Higgs decay properties are particularly close to the SM propthe QCD processet3_+jets,W*W*jj andr" 77 jj, and the
erties in the limit ofN Higgs fields with identical vacuum Ew processesV*W~jj and 7+ jj [3], including correc-
expectation values;=v/N. For each partial width t&W,Z  tjon factors for off-shell top quark effecig,20].
bosons becomeByy ;=T';/N*. The partial widths to fer- We also include here for the first time as a background
mions are scaled by the same facky=T"7"/N2. Thus, to  W-fusion single-top productioi21], pp—tbj, where the
leading order all branching fractions for one of the manylight jet and hard-scattereld jet appear as the far forward/
backward tagging jets, the top quark decays semi-
leptonically, and its daughteb quark also decays semi-
additional singlets may also appear, but we disallow the presleptonically. We use exact matrix elements for theecay to
ence of Higgs triplets which violate the custod&ll(2) symmetry.  both charm and up quarks.
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A. Basic kinematic cuts and jet selection QCD bbjj events with dual semileptonic decays con-

The characteristics of WBF Higgs boson production are dtitutes a very large background to EWWjj events[4].
pair of very far forward/backward tagging jets with signifi- However, they typically give a small transverse momentum
cant transverse momentum and large invariant mass betweé®r the reconstructed Higgs boson, because the leptons do
them. Furthermore, the Higgs boson is produced centrallypot pass the isolation cut from the charm quark unless the
and the decay products will therefore typically lie betweenparentb quark is soft. We therefore employ dual two-
the tagging jets, independent of the Higgs boson decagimensional cut§4] which suppress thiebjj background by
mode. Since the only modification to our signal here is amore than two orders of magnitude:
spectrum of Higgs boson masses rather than a single reso-
nance, we employ the same optimized jet cuts as in the ex- A ¢ misst1.907,> 180, 120 ¢ misst Pr,, > 360.
perimental simulation presented of R¢6]. These do not (6)
vary significantly from those of the original stu@l§], but do o
include more current understanding of detector and triggeWWe then reduce QCDbbjj events to an insignificant level by

requirements: imposing a conditional cut on the transverse momendn
pr,>40,20 GeV, |7;|<4.9, AR;;>0.4, Br>20 GeV provided pr, <50 GeV, (7)
7 min<7¢<j,max: 7}, 7j,<0, where pTH=|5T(€+)+5T(€'7+ﬁT|. Both cuts result in
only trivial signal rejection.
|7, = m;,|>3.8, m;>550 GeV. 4 In the case of same lepton flavors, low mésy ~ pairs

originating fromy*— € €~ exhibit a large cross section and

The top pair background will frequently contain an extragre suppressed by requiring that the dilepton invariant mass
centralb jet with pr, >20 GeV and 7,/ <2.5. We veto these s |arger than 10 GeV4]. To reduce the background arising
in the same manner as in Rg@]. from €€ jj, where the missing transverse momentum is

Although we are now examining a continuum of Higgs generated by detector effects, we further require the missing
boson masses, they decay in the same manner as in the ptensverse momentum to be larger than 30 G4V In brief,
vious studies. The lepton cuts used therein take into accoumte impose the additional cuts on the same flavor final state:
the detector observability and the angular correlations of the
decay. Since neither change fundamentally, we also use the me,>10 GeV and pr>30 GeV. 8

same lepton cuts as in R¢B]:2 ) ) . )
Finally, we note that the single-top background is domi-

pr,>15,20 GeV, |7¢/<2.5, AR;;>0.4, nated by the semileptonlzdecayb— u{ v, rather tharc€ v,
although the CKM matrix element is larger in the latter case.
pr, <120 GeV, c09,,>0.2, ¢, <1.05, Because the kinematics of the lighter quark decay allows
¢ more momentum of the light quark transverse to liHféght
AR, <18, m,,<85 GeV. ) direction, it can more often lie outside the lepton isolation
cone.
Along with the AR;, cut is the lepton isolation criteria for _ _
the semileptonib decay inttj events: the hadronic remnant B. Discovery potential of the LHC
must havep;<3 GeV if it lies within a cone ofAR<0.4 of The size of the signal which could be observed at the
the lepton. LHC in the channel described above depends critically on

The real tau backgrounds are large, especially the QCEhe continuum mass window. We know that for fa¢my,)
component, but are reducible by reconstructing these taus C, the branching fraction toVW is reduced for small
[22,5]. In the collinear decay approximation, the fraction of Higgs boson masses. In other words, the continuum signal at
tau energy that each charged lepton takes with it in the decapw masses will be suppressed by &V branching frac-

(x,) is solved for the actual charged lepton momenta and thdon, despite the larger Higgs boson production cross section.
missing energy in the transverse directions. Events with redlarge continuum masses will be production phase space sup-

tau pairs typically havey; lying between the charged lepton pressed, th&Z branching fraction becomes significant, and
flight directions; leptonicWW events typically do not, and the selection cuts are not optimized fom,=200 GeV.

will most often give a fake-tau reconstruction with negativeHence, even a model with a wide range of continuum masses
x, values. We therefore reject events with two positige Wil still leave the event sample dominated by Higgs boson

values and an invariant tau pair massnof+ 25 GeV|[3,4]. masses around th&/W threshold. In Fig. 1 we show the
contribution from a continuum Higgs sector, <,

<300 GeV, to the totaW*W~jj cross section. As ex-
2 separate parton level studig] modified these cuts to optimize Pected, the bulk of the signal events originate from Higgs

for a lighter Higgs boson, but in this analysis we focus on largeboson masses aroundvizy . ) .
Higgs boson masses, as will become obvious later. We are use the As the final state events contain two unobservable neutri-

cuts of Ref.[4] for the same-flavor lepton channel. nos and are thus not fully reconstructible, we cannot directly

075005-3



ALVES et al. PHYSICAL REVIEW D 69, 075005 (2004

005 ——————1——— 71— 771 L i
E ] 0.12 - §
0.045 - r E
004 | E o1 b ]
0035 | : £
3 s ] 008 |- ]
S 003 f } Ey
£ L 4 o}
70025 3 £0.06 - §
5 s ] b5
< 002 b ] 3
he] E E 004 I —
0015 | 3
001 3 0.02 1
0.005 ;_ —f 0 L .—;-’r';"r.’:""-:—\ L el I B L L R 1 g b PR
E | ‘ | 50 75 100 125 150 175 200 225 250
0 =700 150 200 250 300 mr (GeV)

GeV .
m (GeV) FIG. 2. Transverse mass; spectrum for the continuum model

FIG. 1. Distribution of the signal cross section after all cuts, asSignal (dashegi background(dash-dotteyf and continuum signal

a function of the continuum Higgs boson mass, for the case 7®!US backgroundsolid). For comparison we also show the,
<m,<300 GeV, as discussed in the text. =155 GeV SM signal plus background case, normalized to have

the same signal cross section as the continuum model.

observe tham,, distribution in Fig. 1. However, the general
behavior can be read off the measuralM@/transverse mass We can see from Table | that all backgrounds are very

distribution[3], much under control, even with a reduced signal rate com-
pared to the SM Higgs. In the intermediate mass range a SM
m2=m2 = (\/5?“+ m2, + \/512/V,T+m12/1/)2 Higgs could be observed witH/B=2-6. Now, with a wide
mass window, this fraction is reduced by roughly a factor 3.
—(Pee 1P (9) Because the luminosity required to find a SM Higgs boson of

mass 160 GeV at& in this channel is less that 5 T8, the
which for a single resonance exhibits a sharp edge near tHaminosity required to discover a continuum Higgs sector is
invariant WW massmy,. The neutrino pair transverse mo- still small. For a flat distribution C(m,)=Cg] over the
mentum is determined as the missing transverse momenturange 78=m,<300 GeV, 14 fb! are necessary to observe

P,..7=P. The invariant mass of the neutrino pair cannot bea 5o signal with a transverse mass peak as shown in Fig. 2.
observed, so we replace it with the lepton pair invariant mass

m,,~m, [3], an approximation which is exact fam, C. Distinguishing continuum from single resonance

=2My, and very good over the intermediate Higgs boson

mass rangé.On average the two kinds & decay fermions While continuum Higgs sector discovery potential de-

N A “ .. pends strongly on the production rate and Higgs branching
will give the same distributions, even though on an event byfraction to W bosons, By(my). these numbers depend

events basis this approximation vio!ates the condition strongly on the precise shape G{m,). We propose o use
Myw. Detector effects, mostly mismeasurement of thethWWtransverse mass distribution shape to distinguish SM

missing transverse momentum due o the presence of thfrom continuum Higgs sectors. For reasons discussed in Sec
hadronic forward tagging jets, will dull the edgerm- some- . 99 ' o el
Il B, a continuum Higgs sector exhibits a nearly symmetric

what, but the distribution remains extremely importg#7]. istribution about the peak, with the maximum around

For a continuum model we indeed observe a transvers 50 GeV. F I the rate i t off by & diminish
mass peak around thWWthreshold, but with a considerable ev. Forsmall masses he rate 1S cut oft by a diminish-
ing branching fraction, and for high masses by the increas-

tail extending to largem; values and therefore larger con- ingly restrictive production phase spags. Fig. 1). In con-
tinuum Higgs boson masses. For a flat continuum mass spe gly P P pae. F1g. 5.

trum, the position of the peak in Fig. 2 is approximately the'&?tSt’ ; tSM !"[QQSEET d|str|bqt|on IS mléd]]. motrhe Jacobian.
peak position of then; curve given by a SM Higgs whose er determining themy maximum we define the asymme-

L ) r
mass maximizes the functiong (my) X Byyw(mMp). try
a(m<mf®)—a(m>mf®) L-H L-H
3In the limit m,, ,m,,— 0 theWWtransverse mass can be written o(mr<m7®) + o(my>m7®) L+H N
as mf yyw=2P¢¢,tB7(1—cosAd). This alternative definition can (10

be used to distinguish signal and background, but does not work ) ) )
particularly well in distinguishing continuum Higgs sectors from where L(H) is the number of signal events witiny<
the SM. (>)mT®, andN is the total number of signal events. We
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TABLE I. Signal and background cross sectidfts) after all kinematic cuts as discussed in the text. The
first two columns refer to different-flavoref) final states, while the last two columns give results for the
same-flavor [ =ee, uu) sample. The first row is the continuum Higgs model considered, and we show the
SM signal which has the same peak valuemg{WW) in the second row for comparison. The last three rows
display the total background for each channel, with and without the minijet veto; the signal-to-background
ratio for the continuum model; and the required integrated luminosity to observe the continuum model signal
over the SM background.

Channel eu®  eTu® wminijetveto eTe’, uTu*  eTe’, utu* w/minijet veto
70<m,<300 GeV 1.90 1.69 1.56 1.39
SM, m,=155 GeV 5.60 4.98 4.45 3.96
tt 0.086 0.025 0.086 0.025
1 7.59 2.20 6.45 1.87
1] 0.83 0.24 0.72 0.21
single top(tbj) 0.020 0.015 0.016 0.012
bgjj 0.010 0.003 0.003 0.001
QCD WWjj 0.448 0.130 0.390 0.113
EW WWjj 0.269 0.202 0.239 0.179
QCD r7jj 0.128 0.037 0.114 0.033
EW 77j] 0.017 0.013 0.016 0.012
QCD ¢¢jj - — 0.114 0.033
EW €¢jj - - 0.011 0.008
Total bkg 9.40 2.87 8.04 2.49
S/B 1/5.0 1/1.7 1/5.1 1/1.8
£ (fh~1) 65 25 82 32

expect the asymmetry to be small if the observed Higgs sigbiscriminating a continuum sector from a SM Higgs present-
nal comes from a continuum or multiple-fields model. ing a peak in the same position in, is viable, but requires

To quantify the impact of this asymmetry we again as-significant additional integrated Iuminosity, typically
sume a flat distribution, C(m,)=C,, over 76<m,  ©O(100) fo 1. The difficult cases, requiring close to ten
=300 GeV. Assuming that the total rate cannot serve as &imes that amount of data, are where the continuum is spread
means to distinguish the continuum model from the SMover very low masses, typicallyn,<150 GeV, such that
Higgs sector, we normalize the 155 GeV Higgs SM rate tovery little of the total cross section decayswwWfinal states
the continuum rate, after all cuts. This could, e.g., be realizednd the events lie below the nearly symmetric peak in
by an overall suppression of tHéWW coupling, such as o3} (mp) X Byl mp).
occurs via sing—«) in a two Higgs doublet model. We then Note that we could have fitted the continuumy line
evaluate the transvers&'W mass asymmetry4 for signal  shape to a SM Higgs boson mass, but we prefer to determine
and background and compute the luminosity required to obthe SM mass to compare with from the peak of the transverse
serve a continuum signal five standard deviations away fronmass distribution. The only problem we can think of is the

the SM value. mass distributiorC(m,) mimicking the transverse mass dis-
For uncorrelated statistical errotg(oy,) on L(H), the  tribution of the SM Higgs boson. However, this only impacts
statistical significance ofl is [23] the distinction from the SM and leaves the discovery pros-

pects unaffected.
2LH
O'A:

L

H

= 2 E+ ﬁ: IV. REMAINING LHC HIGGS BOSON SEARCHES

(12) Having described how the multi Higgs resonance model is
naturally picked up by the WBF Higgs search with decay to
where the last part of the relation holds if the number ofw bosons, we briefly describe how the other LHC Higgs
events satisfies Poisson statistics. boson search channels would be affected by this model.
We show our results for several choices of continuum Weak boson fusiohe decay tdWV pairs is not the only
Higgs model parametrizations in Table Il. Any continuum decay channel proven capable of giving rapid Higgs boson
sector would be very easy to observe, typically requiringdiscovery in WBF processes. The decay to tau leptons in this
only around 10 fb* to observe, although a case designed toproduction channel is in fact the most solid channel in the
be difficult because of low branching ratio YWWW, 70<m; MSSM, where it can even distinguish between the R
<150 GeV, might require up to 50 T3 to observe at 5. even scalar mass peakkd,5]. However, a mass peak is pre-

(TL)Z ((TH)Z l_Az 1 1

N2
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TABLE II. The asymmetry defined in E¢10) for SM Higgs signals and various choices of the continuum
Higgs sector. We choose the SM Higgs mass of each pairing to give the same peak positipasrthe
corresponding continuum model. The first pair corresponds to the widest mass range; all choices assume
C(my)=C,. The cross sections include all cuts and minijet veto survival probabilﬁi%?.is the luminosity
required to observe the signal above backgro(fddtectability”). z:g‘[, is the luminosity required to distin-
guish the signal, using the; asymmetry.A, as coming from a continuum model or a 150-170 GeV SM
Higgs boson, depending on the cdsdistinguishability”).

Higgs boson maséwvindow) o (fb) £ (b~ 1) A L2 (™Y
SM:155 GeV 14.3 <5 0.186 238
70-300 GeV 8.40 14 0.076
SM:155 GeV 14.3 <5 0.210 161
100-270 GeV 9.40 8 0.085
SM:155 GeV 14.3 <5 0.241 84
130-240 GeV 11.0 4 0.081
SM:160 GeV 16.7 <5 0.231 145
185-300 Ge¥ 7.37 32 0.082
SM:170 GeV 16.2 <5 0.254 139
185-210 GeV 10.1 6 0.125
SM:155 GeV 14.3 <5 0.211 810
70-180 GeV 9.43 8 0.155
SM:150 GeV 12.6 <5 0.078 897
70-150 GeV 6.92 52 0.141

asatisfies the slightly weaker constraiil?)< (214 GeVYy [see Eq.(2)].

cisely where the multi-resonance model avoids discovery. Noanish. On the other hand, we expect IW&V decay would
matter how wide the spread in Higgs boson masses becomesork similarly well as in the WBF process. TH& vv in-

the WBF tau decay channel can see only the range betweemriant mass shown in Fig. 3 of R¢2] will change in anal-
about 115 and 145 GeV. In that range the signal would begy to the transverse mass in the WBF channel, but without
approximately flat in tau pair invariant mass, appearing to be detailed simulatiofbeyond the scope of this work is not

an unexplained enhancement in the: 77 Breit-Wigner tail ~ clear if the shape change would allow SM vs multi-
above the peak. WBF production and decay to photon paireesonance Higgs sector discrimination.

is also a useful channg¢R4], but similarly would give an Top quark associated productiomespite the relatively
essentially flat invariant mass distribution. Because thismall cross sectiof27], top quark events are highly distinc-
channel yields very few events, it works in the SM case onlytive and associated production with a Higgs boson has re-
because the detectors have a very narrow resolution in phe@eived much interest as a result. Fop<135 GeV the
ton pair invariant mass. Spreading a very small number oflominant decay mode is to a pair of bottom quarks, which

Signal events out frm a 2 GeV window to over a-40 GeV appears as a very small peak near tthieb continuum peak
range would result in complete loss of detectability. Seeing #2g]. Such a signal spread out via continuum Higgs produc-
Higgs signal in the WBF channel decaying td\apair and  tjon would obviously be immediately lost in the background,
not seeing it in ther decays in an accessible mass rangeas would decay to photon pairs, as in WBF or inclusive
would point to a Higgs sector beyond the SM, possibly aHiggs boson production. Fom,>135 GeV the dominant
continuum model. decay is toW pairs. This will be a very useful channel for

Gluon fusion.The two most powerful decay channels for measuring the top Yukawa couplifg9], if the Higgs sector
measuring the Higgs boson mass are photon pairs and tlie SM-like andm,,>135 GeV. However, the multi-lepton fi-
“golden mode” of four leptongvia aZ boson paiy[8,9,29, nal states used in this planned analysis do not permit full
produced in gluon fusion26]. Unfortunately, this feature reconstruction, so the Higgs boson mass is never identified.
turns into the worst disadvantage once the mass window iBecause of the lack of need for such a resonance, this chan-
the analysis has to be several tens of GeV. A side-band analyiel should work nearly as well as in the SM case, although a
sis of the continuum background will not work because therealetailed investigation is again beyond the scope of our
is no true resonance, and the significance of the signal wilpresent work.
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Weak boson associated productidhthe Higgs boson is  than 30 fo'*. Our analysis is not subject to detector uncer-
produced in association with a weak gauge boson it can bginties, such as poorly model&d resolution, or identifica-
searched for in the photon decay char{i88] because of the  tion and measurement of the tagging jets, which are known
very narrow resonance peak distinguishable above a larggith less certainty for high-luminosity running; only low-
background. However, just as in the case of decay to photoiminosity running is needed for discovery in this channel.
pairs in all the other production channels, there is no longer Using the nearly symmetric behavior of the transverse
any resonance, and the signal will be lost in the continuumyw mass for continuum Higgs sectors, we can distinguish
background. There is also a small signal fbrbb in the  these models from the SM without relying on the total rate.

SM [30], but as withttH production the peak is similarly These features are largely independent of the detailed spec-

: ™ : trum C(m;,) of the continuum Higgs sector and of the distri-
lost in the very largg@Vbb QCD continuuni31]. Thus, none . h ) : o
of these modes would be observable. butlo_n of the_cquplmggWWh(mh). The integrated '“W'”OS_'W
required to distinguish such a sector from the SM is typically

O(100) fb !, but can be as large as 900 fofor the most
difficult case studied, where the continuum is spread over a
We have shown that continuum Higgs models do notmass region less than 150 GeV.
present any problem for LHC Higgs discovery. If the cou- Search strategies not usiyW final states will almost
pling to gauge bosons is spread over a mass rang@niversally be unable to see these states, as they require a
my~100—300 GeV these continuum Higgs boson eventsharp peak in a mass spectrum, which does not exist in the
will automatically appear in the searches for Higgs bosondlat-spectrum continuum models. Such an observation could
produced in weak boson fusion, with subsequent decay tB€ interpreted as a sign of a Higgs sector more complex than
€7¢~ and missing transverse energy Wiapairs. The broad that of the SM, e.g. a continuum sector.
nature of the Higgs resonance has no major impact on this
search channel, because the corresponding standard model
search channel already benefits from hugely suppressed
backgrounds, typically much less than the level of the signal. This research was supported in part by Fuyadade Am-
In the case of a continuum Higgs sector, the signal to backparo aPesquisa do Estado dedRaulo(FAPESR, by Con-
ground ratio typically is in the range 1/1—1/3, still extremely selho Nacional de Desenvolvimento Cidieb e Tecnolgico
good. Discovery of the most difficult case studied would(CNPg, and by Programa de Apoio a Meos de Excélecia
require only about 50 fb!, and almost all cases require less (PRONEX).
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