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1 Introduction

The Standard Model[1] of strong and electroweak interactions is in excellent agreement with the experimental
measurements. However, the core of the theory, the electroweak symmetry breaking manifesting itself in the heavy
vector bosons W and Z and the massless photon, is the least known sector of the model. The Higgs mechanism|[2]
provides a mathematical explanation to this phenomenon, and one of the main tasks of the LHC collider will be
the quest for experimental evidence of the Higgs particle, or any observable of some other symmetry breaking
mechanism.

In this note, the Higgs sectors of the Standard Model and the Minimal Supersymmetric Standard Model are re-
viewed. The production mechanism at the LHC are briefly discussed as well as the possible decay modes. The
discovery potential of the two general-purpose detectors ATLAS[3] and CMS[4] are summarised without going
into details of the detector performance or trying to compare the individual performance of the two detectors. The
possible precision measurements of the Higgs particle are briefly mentioned and the note concludes with two hy-
pothetical visions after the first 10 B, the integrated luminosity which is foreseen after the first physics run of

the LHC collider in 2007.

2 What are we looking for?

Without the Higgs boson the Standard Model is neither consistent nor complete. It provides the remedy for the
unitarity violation of the longitudinal gauge boson scattering/afy 1 2 1 TeV. The masses of the gauge bosons
and fermions are generated through the interaction with the Higgs field.

2.1 The SM Higgs

The only unknown parameter in the SM Higgs sector is the mass of the Higgs boson. This is not predicted by
the theory, but indirect constraints for the possible mass range can be deduced from theoretical arguments[5].
Furthermore, the electroweak precision measurements, where the Higgs mass enters in the radiative corrections,
can be used to predict the most likely value of the Higgs mass consistent with all the experimental data used in the
fit. Such fits favour a rather light Higgs bosan; < 196 GeV with 95% confidence level[6]. Experimentally,

direct searches at LEP exclude the SM Higgs boson belgw= 114.1 GeV at 95% confidence level[7].

The SM Higgs would be the first fundamental scalar particle. It has the nice features of allowing the spontaneous
symmetry breaking giving gauge bosons their masses and it also provides fermions their masses through Yukawa
couplings. However, when the bare mass of this scalar particle is computed in the perturbation theory, it turns out
that the mass diverges quadratically. Technically, this problem could be solved by renormalization, resulting in a
counter-term balancing the quadratic divergence in each order of the perturbative calculations, but such fine-tuning
cannot be considered natural or elegant. This unpleasant feature of the SM is one of the main motivations to search
for a theory without such a drawback.

2.2 The MSSM Higgs

In supersymmetric theories[8], for each SM particle a supersymmetric partner is introducedsfjdmtisteshave

the same quantum numbers as the particles but their spin differs by one half. The introduction of the supersym-
metric partners cancels the quadratic divergence in the Higgs boson mass, thus solving the fine-tuning problem,
provided the masses of the supersymmetric partners are not beyond 1 TeV scale.

In this note, we concentrate on the Minimal Supersymmetric extension[9] of the Standard Model, which is minimal

in the sense that a minimum number, i.e. two, of Higgs doublets is introduced. This results in five observable Higgs
particles in the MSSM: two neutral CP-even scalars, a light h and a heavy H, a CP-odd A, and chamyedi H

H~. In the MSSM, at tree level, the Higgs sector is defined by two parameters which can be chosen to be the mass
of the CP-odd Am 4, andtan 3, the ratio of the vacuum expectation values of the two Higgs doublets. There are
other parameters which effect the Higgs sector through radiative corrections, such as the top quark mass, the mass
scales of the SUSY particles and the mixing between the left and right handed components of the stop squark.

The two parametersp 4, andtan 3, define the masses of other Higgs particles as shown in figure 1[10] for the
maximal mixing of the stop squark mass. The light h reaches its maximal mass already at medevatees.

This is the so called decoupling limit where the light h has the same couplings as in the SM, and this condition is
true in a large area of the 4-tan 3 parameter space. Abowe ~ 200 GeV the heavy Higgses (H, A and-Hare

almost degenerate in mass. In the MSSM the Higgs masses are strongly correlated.
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Figure 1: The masses of h, H and charged H as a functiam.pfvith different values ofan 5[10].
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Figure 2: The Higgs production cross-sections[12] as a functiongfat the LHC.

The LEP experiments have excluded a light h below 91 GeV, an A below 91.9 GeV and a charged Higgs below
78.6 GeV[11]. For maximal stop mixing the ran@é < tan 5 < 2.4 has been excluded, and for minimal mixing

0.7 < tan 8 < 10.5[11]. In this note, most of the examples are given for the maximal mixing scenario as this is
considered to be the most difficult case at the LHC.

3 What is going to be produced at the LHC?

In this section, Higgs production and decay at the LHC are reviewed. The cross-sections have been computed with
the Higgs production programs HIGLU, VV2H, V2HV and HQQ[12] based on the calculations in [13] and the
branching ratios have been computed with HDECAY[14].

3.1 Higgs production and decay in the SM

The most important Higgs production channel at the LHC will be the gluon-gluon fusion as shown in figure 2. Itis
the dominant production mechanism through all the Higgs mass range, and in'1@ fiesults in some hundred
thousand to a thousand Higgs events depending on the Higgs mass. At higher Higgs masses, the vector boson
fusion channel gains importance. It is an interesting channel because the two quark lines result in two forward
jets which can be used to tag the event and to reduce the background. In the same thdusien offers the
possibility to tag the two top quarks.

Figure 3 shows the branching ratios of the different decay modesbél¢teannel is the dominant decay up to the
opening of the vector boson channels which then dominate. Figure 4 shows the rates of most of the observable

3



A. Djouadi, J. Kalinowski, M. Spira
1 1T T T T T T T T T T 1

L
oy}
a5
a5
=
[N

101

BR (H)

102

1
D_D_1090.c

10-3

102 103
My (GeV)

Figure 3: The Higgs branching ratios[14] as a functiomgf at the LHC.

Higgs decay final states. The continuous lines show the decay channels where all the final state products can be
observed, and the dashed lines the channels where the final state includes some neutrinos. The most abundant
channelin the figure is th2»2¢ decay of the WW pair. However, this final state offers only an excess of the events

in the pr distribution of the two leptons and the mass peak cannot be directly reconstructed —+heyt¢hannel

results in some hundred events in 10 fop tomy ~ 150 GeV. The best channel, the ZZ decay in four leptons,

has a lower rate but it extends up to high masses. To complete the figure, one should mentien thekannel

which offers very high rate at the lower masses.

3.2 Higgs production and decay in the MSSM

In the MSSM, the SM Higgs couplings are modified as a function of the amyesd o which is a function of

m4 andg at tree level. The resulting cross-sections are shown with two values\¢f in figure 5 for h and H

and in figure 6 for A. For comparison, the dominant SM process, the gluon-gluon fusion, is shown in the plots.
It can be concluded that the total rate is suppressed or enhanced at low ananhiglmespectively. The vector
boson fusion is suppressed, for h and H especially at tight/, and altogether for A which does not couple to
vector bosons at tree level. Higgs production in association withpair is strongly enhanced and it becomes the
dominant production mechanism at higin ;5.

The Higgs decay pattern can be extremely complicated as shown in figure 7 for h and H. For the light h, the
branching ratios reach their SM value whep reaches its maximum value. It is worth noting that even if this area

is just a narrow line when plotted as a functiomef, it covers most of then 4-tan 3 parameter plane. The decay

into abb pair is dominant for the light h withn;, < mp maz and for the heavy H at higten 8. The decays into

WW andZ Z pairs are suppressed, especially with rising 5. Therr decay is enhanced. The SUSY parameters

have been chosen so that the decay #ftg® andy*x— are possible. This illustrates how the SUSY parameters

can affect the Higgs sector even if in most cases it remains quite decoupled from the rest of the model parameters.

Figure 8 shows the branching ratios for A. Thtedecay is dominant and the- decay much more significant than
in the SM where the opening of the vector boson channels suppresses the fermion decays. As illustrated in the
plot, the decays to SUSY particle may be important if their masses are light enough.

The charged Higgs can be produced in the top quark decay if it mass is lighter than the top quark mass. If it is
heavier, it is produced in other processes alone, or in association with a top quabkouraak pair. The branching

ratios of H* decays are shown in figure 9. The decay té quark pair is dominant where kinematically possible.
Below my,, mass, therv decay is dominant. The SUSY parameters chosen for the plot allow the decay to a
chargino neutralino pair in the high mass range.
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Figure 4: The Higgs production rates in different decay channels as a functiop @it the LHC[15].
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Figure 5: Higgs production cross-sections[12] of the light h and heavy H as a function of their masses.
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Figure 6: Pseudo-scalar Higgs production cross-sections[12] as a function.of
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Figure 7: The branching ratios[14] of the light h and heavy H as a function of their masses.
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Figure 8: The branching ratios[14] of A as a functiomof.
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Figure 11: H— 4/ (myg = 300 GeV) signal over the background in ATLAS[16].

4 What do we expect to observe at the LHC?

One of the main goals of the LHC experiments is to assure that the Higgs boson can be discovered — or excluded —
in the full parameter space. For the SM Higgs, we are prepared to cover the mass range from (and below) the LEP
limits up to~ 1 TeV. In the MSSM, the aim is to cover the entirg,-tan 5 plane. In this section, some examples

of the main channels observable at the LHC are given and the discovery potential is summarised.

4.1 The SM Higgs

The SM offers two high precision discovery channels: the decay into two photons agdZtie decay into four

leptons (electrons or muons). Figure 10 illustrates the reconstructed mass of a 120 GeV Higgs decaying into two
photons in the CMS experiment with 100fi{15]. The significance of the signal is 10:3 The importance of the
excellent photon efficiency and resolution is clearly visible, a worse resolution would flatten the signal events over
the very large irreducible~ background, thus degrading the visibility of the signal. Figure 11 shows the recon-
structed mass of a 300 GeV Higgs decaying into four leptons in the ATLAS experiment in with 0. The
production rates are lower than for the two photon channel, but the background can be very effectively suppressed.

A very clean signal with practically no background can be obtained already with a small integrated lumigosity (
10 fb=1).

The mass range up to 600 GeV can be covered with the two precision channels. In the lowest mass range (90 GeV
< mpg < 130 GeV), the Higgs decay intaba pair can be visible when the presence ofthgair — from the Higgs
production throughtt fusion — is required, and one of the top quarks decays leptonically. The final state is thus
ttH — (vqgbbbb where onebb pair is the Higgs decay product, the two otheguarks come from the top quark
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Figure 13: H— 77 (my = 120 GeV) signal over the background with 30 fin ATLAS[19].

leptonic ¢v) and hadronic{g) decays. This very complicated final state can be triggered due to the presence of
the lepton, and the background can be reduceldtagging and fully reconstructing the top quark decays. Figure
12 shows the reconstructed mass of a 115 GeV Higgs decayintdntarks for 30 fo'[17]. The background can

be effectively suppressed and a cleard sgnal is visible.

The inclusiveH — WW — 2/2v andH — ZZ — 2¢2v channels offer sensitivity over almost the full mass
range. ThéV W channel complements the difficult region of the four lepton channel below thehreshold, and
will be the fastest discovery channehaty ~ 170 GeV, provided the backgrounds are well understood.

The vector boson fusion channels with the two forward tagging jets can be used to complete the high Higgs mass
range. Furthermore, recent studies[18, 19] show that for example eveld the 7= decay could be visible

when the Higgs is produced through vector boson fusion. The reconstructed mass is shown in figure 13 for
30 fb~1[19]. Requiring the two forward tags and making use of the clean central area of vector boson fusion
events, the background to many channels can be efficiently suppressed, thus giving an opportunity for precision
measurements in the absence of the background.

The SM Higgs discovery potential in the ATLAS experiment for 100'fis summarised in figure 14[16]. The full
mass range can be covered with a large margin over thsignificance level and in most areas with more than
one channel at a time. Figure 15[20] shows the minimum luminosity required to achievel@&very in CMS.
Already with 10 flbo !, the mass range between 130 GeV and 600 GeV can be explored.
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4.2 The MSSM Higgses

Of the numerous MSSM decay modes, four channels are of major importaneeyy, h — bb, H/A — 71 and

H* — 7v. These channels will be shortly discussed in the following. The best SM chdiinel,ZZ — 4/ is

strongly suppressed. There are several other channels to complete in different regions of the parameter space, such
as heavy H or A decaying in light h, muonic decay of H or A abgair decay of the charged Higgs, to mention

a few. Furthermore, if the SUSY mass scale allows the decay into SUSY particlé&/ the— y9x3 could be

visible. The light h could also be produced in the neutralino dggay- hx!.

The supersymmetric light h has production and decay modes as in the SMwyheaches its maximal value for

a giventan 5. The two photon decay is suppressed below this mass buf,as my, 4, abovem 4 ~ 200 GeV,

this decay offers sensitivity in a large area of parameter space. Figure 16 shows the parameter space coverage for
this channel in CMS[21]. For 100 fi3, the area above 4 = 200 — 245 GeV is covered in the case of the maximal
stop mixing and when the mass scale of the lightest SUSY particle is in the 1 TeV range. This is the most common
choice of parameters. It is worth noting, however, that the light h production through gluon-gluon fusion is very
sensitive to the mass of the lightest SUSY patrticle[22]. If the stop mixing is maximal and the stop mass is chosen
to be 300 GeV, the parameter space coverage is reduced, and thefi)lE 1 TeV coverage cannot be recovered
even with 300 fb 'as indicated in figure 16. However, in that case, the h production in associatiolintht¢

which proceeds through tree diagrams is unaffected ankl they~ decay in these channels can be used to restore
the parameter space coverage.

Theh — bb decay has a large branching ratio over the whole parameter space and thus extends the reach of the
light h discovery to the lower values @i 4. The decay has the same features as in the SM and é¢he=&ch is
shown in figure 17[24]. Only a small area at lowes} and highestan g is left uncovered.

The H/A — 77 decay[23] is the most important channel in the search for for the neutral heavy Higgses, and it is
particularly significant at highan 5. Experimentally, the- decays are very interesting, they require an interplay

of different detector elements measuring missiig due to the escaping neutrinos, leptons from the leptonic
decay, jets from the hadronicdecays and tracks for tlietagging when thé quarks produced in association with

the Higgs are required to suppress the background. The best significance for this channel is obtained choosing
the H production in association withta pair. The event can be triggered with a specifitrigger (or electron

and muon trigger in case of the leptonidecay). The QCD background is effectively suppressed by the missing

Er cut. Furthermore, the leptonicdecays can be identified withtagging using an impact parameter cut. The
reconstructed mass in tbe/ H — 77 — eu+ X channel is shown in figure 18[25]. The parameter space coverage

for the heavy Higgs H and A is shown in figure 19[24]. Thelecay channels cover the higlm 5 part of the
parameter space, and several other channels contribute, many of which however in the area already covered by
LEP. The muonic decay of H and A is interesting as it allows a precise reconstruction of the mass peak and it could
possibly allow the separation between H and A, almost degenerate in mass. The width of H and A as a function of
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m 4 and the difference between their massetats = 30 is shown in figure 20. For moderate valuesrof the
separation between A and H is feasible.

The charged Higgs can be observed in thevents ifm§ < myep OF in the decay intav whenmﬁ > Myop
andH* is produced in association with a top quark. Figure 21 shows the reconstructed transverse mass for
=400 GeV and 200 GeV with expected background for 100 fB6]. To obtain a clear separation between the
signal and the background thepolarisation properties has been exploited. The polarisationrobaginating
from a spin-0 Higgs is different than ofafrom a spin-1 vector bosons and the hadronic decay produetsiof
particular int — 7v, are expected to be boosted into thdirection. Furthermore, thB” and the top mass are
reconstructed, and thiejet from the top quark decay is tagged.

Figure 22 summarises the expected 8iscovery reach for 30 fo'for maximal stop mixing[21]. Almost all the
parameter plane can be covered with the exception of a small area at J\oand lowtan 5. Many regions have
several decay modes available, but in the low and intermediate valuaa Gfonly the light h will be visible.
Figure 23 illustrates — in a different scale — how the uncovered region can be covered summing togeth&sf30 fb

12



% pp - tHi, HE w,t - qgb

m,, = 400 GeV, tanp = 30 4

%

3 25

o

N

S 0 .
o

mﬁ.

o 15 -
-

S

o 10 Signal

§ ~ 55 events

i

0 200 300 400
m; (1 jet, E"5%) [GeV]

pp - th, HE w,t - qgb

m,, = 200 GeV, tanp = 20
jet and top veto —

30
25
20 Total background
15

Signal ~ 60 events
10

Events for 10%pbl/ 20 GeVv

DD_3001

0 50 100 150 200 250 300 350
m; (1 jet, E%) [GeV]

Figure 21: The reconstructed transverse mass of 400 GeV and 200 &ddfthn 5 = 30 and 20, respectively,
over the background for 100 fdin CMS[26].

e T e B
= FEE ]
= ~ F3 ]

45 g 1\ : & A E
7 ]

20 B LSS e

NI Ps: ]
£35 ZH ]
S TH ]
oH E

30 WoH B
TH 1

25 15 1
& S CMS, 30 fb™"

20 : s maximal stop mixing1
: Masy = 1 TeV

15 | I\JE =
E H/A =77 = II+X ]

10 | L& . =
e H/A =77 = 1+7—jet+X 1

5 : -
& Excluded by LEP i
100 400 500 600 700 800 900

m, (GeV)

Figure 22: The expected& discovery reach for MSSM Higgses for 30fhin case of maximal stop mixing in
CMSJ[21].

13



Q50
€ w0  t—> bH ATLAS+CMS
2 I H -7 SLdt=30 b~ fexp
30 | _, Maximal mixing
\ H' = tb N >
20 S IS0 =
th, h =>pbSSaabe
<
S gb=>tH", H* Y
<
10 <
9 =
8 | =
7 \=
X
6 \=
5 |
4
~
3|
, AR
PR LA 7 Z70= NI 2 U AT 7
50 100 150 200 250

300 350 ‘ 400 456 - ‘500
m, (GeV)

Figure 23: The expected& discovery reach for MSSM Higgses for 30 flper experiment in case of maximal
stop mixing[24].

ne =1
100 1o et

Events / 15 GeV

Events / 15 GeV

A H=>xixp = 4 lept signal

s A H=> e — 4 lept signal
I'4

. background (mainly SUSY
qckground (mainly SUSY) ground (mainly )

100 o ) 0 E) £ 0

4-lepton effective mass (GeV)

4-lepton effective mass (GeV)

Figure 24: The reconstructed 4 lepton effective mas§ jl — x93 decay form 4 = 320 GeVitan 3 =5, M, =
120 GeV,M; = 60 GeV andu = -500 GeV to the left andh 4, = 380 GeV,tan 3 = 10, M> = 180 GeV,M; = 100
GeV andu, = 500 GeV to the right. In both cases; = 250 GeV andng; = 1 TeV[27].

the two experiments[24]. For minimal stop mixing, not shown here, the only major change is that the two photon
channelis restricted to highet, values and the fact that LEP excludes a larger area of the parameter space.

These results are for a constrained choice of SUSY parameters, requiring the SUSY patrticles to have asmass of
1 TeV. The effect of changing the SUSY particle masses, more specifically of the stop mass, on the Higgs sector
has already been illustrated in the— ~~ channel. Light sparticles may also compete with the SM decay modes

of A, H and H* as illustrated in the branching ratios in figures 7, 8 and 9. Figure 24 illustrates the reconstructed 4
lepton effective mass fall /A — x9x9 — 20x92¢xY for two specific parameters choices[27].

5 What do we learn from the observations?

Discovering Higgs bosons is certainly the primary goal for the LHC experiments, and as shown in previous section,
it may well happen in the very first year of LHC running. However, our wish is to understand the nature of

electroweak symmetry breaking and only precision measurements of the newly discovered boson can verify the
assumptions of the underlying theory.
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Figure 25: The accuracy in measuring the SM Higgs mass, width and productions rates in ATLAS[16].
5.1 The SM Higgs parameters

The SM model Higgs mass can be determined with an accuracy better than 1% in the two precision channels
H — yyandH — ZZ — 4/ as illustrated in figure 25[16]. The SM width starts to be comparable to the
experimental resolution aty around 200 GeV and the precision obtained in the measurement of the width is
6% above 300 GeV. The precision of the rate measurements depends on the precision with which the luminosity is
known. As shown in figure 25, a precision better than 12% can be obtained in the mass range of 12@GeV

600 GeV with a conservative estimate of the luminosity uncertainty (10%).

If no assumptions on the cross-section is made, the experimental data gives the opportunity to determine the
couplings and branching ratios by computing the ratios of rates in different production channels. As most of the
channels have low rates the determination is dominated by statistical uncertainty and large integrated luminosity is
needed for such measurements. However, in these ratios, the luminosity uncertainty cancels.

The H — ZZ™) channel has sensitivity to the Higgs spin in the mass range of 120<Ged; < 400 GeV[28].
It has been suggested[29] that the CP quantum numbers can be verified by studying the angular distribution of jets
in the vector boson fusion revealing the tensor structurd df W coupling.

5.2 The MSSM Higgs parameters

The measurement of the MSSM Higgs sector parameters is even more important as they not only characterise
the Higgs bosons themselves but can constrain the other model parameters in the SUSY sector. What can be
measured depends clearly on what is discovered. The number of different Higgs bosons observabiesin the

tan 3 parameter space is shown in figure 26 for an integrated luminosity of 30(2#]. In the largetan 3 region

and lowtan 3 region (partly already excluded by the LEP data) several Higgs bosons should be visible. In the
intermediatesan 5 range only the light h is within the discovery reach. Distinguishing the SM and the MSSM in

this area will rely on sparticle searches.

The mass measurements of the MSSM Higgs bosons, apart from the masses themselves, give the relations between
the MSSM masses, constrained as was shown in figure 1. The rates and widths of the bosons will help to disen-
tangle the SM and the MSSM. An example ofan 5 measurement is shown in figure 27[16]. For small 5

its measurement would be possible with rate dependence df the ZZ — 4¢ channel in the small area of the
parameter space where it will be visible. For larger valugafs, the rate of thed — 7 andH — uu channels

is sensitive taan 8. The foreseen precision for these channels is shown in figure 27.

6 The first 10 fb!

The first physics run at the LHC is expected to deliver 10'f integrated luminosity. This section presents two
“case studies”, or rather speculations, on what could be the first signal evidence of the Higgs sector at the LHC.

6.1 ~v bump at 120 GeV

Figure 28 shows a hypothetical di-photon distribution in CMS after 10 fiiThere is a rather little-convincing
bump around 120 GeV which, after the subtraction of the background (estimated from the sidebands), becomes a
3.8¢ evidence of a 120 GeV Higgs. This should not come as a surprise as the Tevatron, by the LHC start, should
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Figure 27: The expected precision on the 3 measurement for 300 fidin ATLAS[16].
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Figure 29: The validity range of the Standard Model versus the Higgs mass[5].

also have given some evidence of it[10]. We can ask what is the impact of such a Higgs on the Standard Model.
Figure 29 shows the validity range of the SM as a function of the Higgs mass[5]. The mass of 120 GeV would
limit the validity range of the SM model down to 100 — 10 000 TeV, and we can only hope that hints of the new
world at such energies propagate down to our observable energy range which will hardly surpass some TeV.

If the observed signal is the light h in the MSSM it is clear that this mass has to be the maximal mass as below it
they~ decay would be strongly suppressed. The minimal mixing scenario would be excluded with such a large
light h mass. To confirm that the MSSM is indeed the correct model we should wailt/tHe— 77 to appear if

tan 3 is large enough.

6.2 ExcessisVIW — fvly at 170 GeV

Figure 30 shows the excess in the di-lepton angular distribution for Higgg;at 170 GeV decaying intth W —

Lvly with and without the background with 5B[30]. A clear excess is visible and thesSsignificance limit is

already reached. If this excess corresponds to a SM Higgs, the SM could be valid up to the Planck scale as shown
in figure 29. The next channel to appear wouldibe~ ZZ* — 4¢ and to achieve the & limit for it at this mass

would require more than 40 f3.
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Figure 30: The reconstructed di-lepton angular distribution for the— WW — /(vfv signal and the
background[30].

Of the MSSM Higgs candidates, the light h can be excluded as in the MSSM its mass cannot be so large. For
the heavy H, thed — WW could be visible at lowtan 3. The branching ratio would be 0.5 — 0.7tah 8 =

3[14]. At low tan 3, the H production rate is suppressed in comparison with the SM rate. As a consequence, in
the case of the MSSM, we would not see as large an excess with as little of integrated luminosity as it is the case
in the SM (illustrated in figure 30), but there are chances that this channel is visible as already pointed out in [30].
In this channel, the mass can be measured w#HhGeV accuracy, thus giving an estimate of the corresponding

my = 1504+10 GeV as can be estimated from figure 1. Figure 31 shows the area withimrttis&overy reach for

10 fb~!per experiment[24]. Our H candidate with laan 3 andm 4 ~ 150 GeV could fall in the uncovered area

with no other candidates. We could argue that— WWW — /fvfv could be used to fill this hole, but systematic
study would be needed to confirm this argument. From the correlations between the MSSM Higgs masses we
know that the light h should have; ~ 100 GeV and to confirm that our candidate is a MSSM Higgs we should
wait for h — bb to appear. To have a discovery in thiechannel some 60 fb'needs to be collected.

7 Conclusions

Detailed studies by the ATLAS and CMS collaborations have shown that the SM Higgs searches cover the entire
expected mass range, mostly with more than one decay mode for each mass. The low mass range is the most
difficult area with the experimentally demandiff — ~~y andH — bb channels. The SM Higgs profile can be
defined with the precision measurements.

In the MSSM, the entire Higgs sector parameter space can be covered with'@@fl@xperiment. In many areas,

several Higgs bosons and decay modes will be available. A significant area can be covered already withet0 fb
experiment. Precision measurements in the Higgs sector are possible and can constrain the other parameters of the
SUSY model.

The parameter choice for the MSSM physics studies is unavoidably restricted. The aim is to study a presentative
set of parameters, and the detector performance and analysis lessons learned from the MSSM studies will serve to
explore any non-MSSM scenario.

In conclusion, as elusive as it is now, the Higgs sector will be well known — or well constrained — in seven years
from now.
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