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Abstract

Results are presented on the discovery potential for MSSM neutral Higgs bosons
in the my — max scenario. The region of large tanf, between 15 and 50, and mass
between ~ 95 and 130 GeV is considered in the framework of the ATLAS experiment
at the Large Hadron Collider (LHC), for a centre-of-mass energy /s = 14 TeV.

The h/A bosons, supposed to be very close in mass in this parameter region, are
studied in the channel h/A — p*u~, accompanied by two b-jets. For completeness,
a possible contribution of the H boson is studied in the same tanf3, ma region. In
this context use can be made of the method described in Ref. [1] to control the most
copious background, bbZ — it~ accompanied by two b-jets. The region studied
is not fully covered by the present data either from LEP or from Tevatron.

These results override the ones from the preliminary study [2].



1 Introduction

The Minimal Supersymmetric Standard Model (MSSM) is the most investigated extension of
the Standard Model (SM).

The theory requires two Higgs doublets giving origin to five Higgs bosons: two CP-even
neutral scalars, h and H (h is the lighter of the two), one CP-odd neutral scalar, A, and one
pair of charged Higgs bosons, HX [3-5]. The discovery of any one of these particles is crucial
to prove the model. This is a key point in the physics program of future accelerators and in
particularly of LHC.

After the conclusion of the LEP program in the year 2000, the experimental limit on the
mass of the Standard Model Higgs boson H [6] was established, and for neutral [7] and charged
[8] MSSM Higgs bosons mass limits were obtained for most of the representative sets of the
model parameters.

The motivation of this study is to explore the potential of the ATLAS detector for the
discovery of neutral MSSM Higgs bosons in the parameter region not excluded by the LEP data.
In particular, the search for the lightest of the neutral Higgs bosons, which is predicted to have
a mass smaller than 140 GeV, including radiative corrections ( [7] and references therein), thus
close to the mass of the Z boson, myz, constitutes a challenging test for the detector performance
and the analysis method when disentangling the signal from the background.

In the first part of this note we analyze the MSSM framework, the present experimental sit-
uation, the discovery potential of MSSM Higgs bosons at LHC, and the production mechanism
in hadron collisions. We also describe the Monte Carlo generator and the software tools used.
In the second part we discuss the detector performances relevant for this search, the analysis
strategy and the results of the scan over the MSSM (tanf, mu) plane.

In the conclusion results on the discovery (or exclusion) potential are presented.

2 Minimal Supersymmetric Standard Model

In this paragraph the fundamental points of the model, useful for the following discussion, are
summarized, referring to elsewhere for a complete review [4,9].

The mass of the five Higgs bosons required by the MSSM, the two CP-even (h,H), the
CP-odd A and the two charged H, at tree level can be expressed in terms of two independent
input parameters, the ratio of the vacuum expectation values of the two Higgs fields, tang ,
and the pseudoscalar Higgs-boson mass, ma. A simple relation holds between these particle
masses :

1
m%,,h = E[mi +m% j:\/(m?4 +m?2)2 — 4m?m? cos? 23] (1)
qui = m%v + m2A
(Recent precise measurements of W and Z masses, mw and mgy, are available [10]).

In comparison with the SM, the MSSM requires more free parameters. However, the as-
sumption that the scalar fermions masses, the gaugino masses and the trilinear Higgs-fermion
couplings must unify at the Grand Unification scale (GUT) reduces the number of free param-
eters. In one of the possible constrained models the parameters chosen are:

e Msysy, a common mass for all sfermions (scalar fermions) at the electroweak scale.



i, the strength of the supersymmetric Higgs mixing.

M, a common SU(2);, gaugino mass at the electroweak scale.

tanf, the ratio of the vacuum expectation values of the two Higgs fields .

e A = A= Ay a common trilinear Higgs-squarks coupling at the electroweak scale. It is
assumed to be the same for up-type squarks and for down-type squarks.

e my, the mass of the CP-odd Higgs boson.

e my, the gluino mass.

Three of these parameters define the stop and sbottom mixing parameters X; = Ay — p cot3

and Xy, = Ap — u cotf.

For the Higgs boson search, two extremes of the stop mixing are considered: the maximal
mixing X; = 2 Mgysy, and the minimal mixing, when X; is zero. Usually a set of benchmarks
are applied and also in this case there are only two free parameters: tans and mja. In this
search three CP-conserving benchmark scenarios are considered (Tab.1).

Parameter || my, — max no-mizing large-u
Msysy|[GeV] 1000 1000 400

u [GeV] -200 -200 1000

M, [GeV] 200 200 400
Xy=A - u cotfs 2Msusy 0 - 300
mg[GeV] 0-8MSUSY O.SMSUSY 200
ma|GeV] 0.1-1000  0.1-1000 0.1-400

tan( 0.4-50 0.4-50  0.7-50

Table 1: CP-conserving benchmark scenarios.

The characteristics of the three scenarios are as follows.

® My — max

As the name indicates, it allows in the model the maximum value of my [7]. For fixed
values of m; and Msygsy, it gives the most conservative range of excluded tang values. A
negative search of the h boson implies an exclusion of the model.

® N0-MiTIng

It assumes no-mixing between the scalar partners of the left-handed and the right-handed
top quarks. The highest value of m;, can be 114 GeV.

e large-u

It is designed such that the h boson doesn’t decay into pairs of b quarks due to large
corrections from SUSY loop processes. The dominant decay modes are to cc, gg, WTW—,
7177, The highest value of m;, can be 108 GeV.



The difference between my, — max and no-mizing scenario is mainly due to the fact that to
the same point of the parameter space (ma, tan/3) corresponds a different mass of the h boson,
thus a different sensitivity of the channel under consideration.

This work is focused on the first scenario as the most promising for the search of the h
boson due to the relatively high value predicted for my;. In the following we refer to it often
shortly as MSSM.

3 Experimental Status

In the past decade the huge amount of high quality data collected at LEP gave a most important
contribution to the assessment of the Standard Model and its supersymmetric extension. High
precision tests of the Standard Model were performed, and a combined mass limit myzg> 114.4
GeV was set for the SM Higgs boson [6]. The validity of the Minimal Supersymmetric Standard
Model was also investigated. In particular the MSSM was studied in representative scans of the
parameters within the constrained framework outlined in Sec. 2. For the mass of the charged
Higgs bosons the combined limit obtained was my, > 78.6 GeV [8]. The search for neutral CP-
even and CP-odd Higgs bosons was performed at LEP energies considering the main production
processes:

ete” — hZ efe” — hA
with the tree-level cross sections related to the Standard Model Higgs-strahlung cross section,
SM
onys as [11]:

onz = sin?(8 — a)opy ona = cos’ (B — a) Aoy

where « is the mixing angle which diagonalizes the CP-even Higgs boson mass matrix and A is
a kinematic factor depending on the Higgs boson masses, m;, and ma, and the center-of-mass
energy +/s.

For most of the MSSM parameter space considered at LEP energies, the neutral Higgs
bosons are predicted to decay dominantly into bb and 77~ . However, in certain parameter
regions, other decays, like h — AA and A — cc, become important.

No indication of signal was found in the combined data at center-of-mass energies up to 209
GeV [7] and lower limits on the Higgs boson masses were set as a function of tang for several
scenarios (my-maz scenario in Fig. 1). The mass limits obtained (at 95% C.L. and with the
top mass my=174.3 GeV) are approximately:

mp, ma > 93 GeV

In the my-maz scenario, designed to extend the search to the maximal theoretical bound of
my for any value of tanf, the LEP data do not exclude the parameter space defined by tang
larger than 10 and ma ~ 93 GeV (Fig. 1).

A natural continuation of the LEP physics is the investigation of the possible existence of
the CP-even Higgs boson h in this region of ms and tan8. The ATLAS [12] and CMS [13]
experiments starting in the nearest future at the Large Hadron Collider (LHC), at CERN, will
constitute a fantastic laboratory for such search.

The exploration of the parameter space, with a view to either discovering a supersymmetric
Higgs boson or excluding the model considered, constitutes the motivation of the analysis
described in this paper.
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Figure 1: The combined LEP results for the search for the MSSM neutral Higgs bosons (from Ref. [7]). The
figure shows the theoretically inaccessible regions (yellow) and the regions experimentally excluded by LEP
searches, at 95% C.L. (light-green) and 99.7% C.L. (dark-green), for the my-maz scenario with the top mass
my= 174.3 GeV, in four projections of the MSSM parameters (mn, ma), (mn, tanB), (ma, tanB), (mu, , tang).
The dashed lines indicate the boundaries of the regions which are expected to be excluded, at 95% C.L., on
the basis of Monte Carlo simulations with no signal. In the (my, tan3) projection, the upper boundary of the
parameter space is indicated for four values of the top mass; from left to right: my= 169.3, 174.3,179.3 and
183.0 GeV.



The extraction of the h boson signal from the competing enormous background of Z decays,
in the region of my, close to my constitutes a challenging search, where all performances of the
experimental setup have to be exploited.

4 Minimal Supersymmetric Standard Model Higgs search
at hadron colliders

The prospect for the detection of MSSM Higgs bosons at LHC has been evaluated [12,14,15] for
benchmark sets preventing Higgs boson decays to SUSY particles. The evaluation was made in
terms of discovery potential conveniently quantified [14,16]. The interest was focused on the
discovery potential of decay modes common to MSSM and SM Higgs bosons [12].

The conclusion of these studies is that the complete region of parameter space ma = 50 —
500 GeV and tanf = 1 — 50 is open to Higgs boson discovery by the ATLAS experiment, already
with an integrated luminosity of [£dt = 30 fb~'. Over a large region of this parameter space,
more than one Higgs boson and more than one decay mode could be observed — the detection
of a signal in more than one decay channel would constitute an undoubted proof of discovery.
An exhaustive list of all these decay modes can be found in Ref. [12].

A few points should be underlined starting with Fig. 2 from Ref. [14] which shows the
discovery potential contour for two values of [£d¢t, 30 fb~! (left) and 300 fb' (right) in the
MSSM CP-conserving scenario.

At low luminosity the h — 777~ decay mode represents the main contribution to the

discovery potential and covers most of the parameter space not yet explored.
The contribution of bbh — ptu~ appears to be crucial in the region of moderate tan/3 and
mass close to mz. The channel bbh — p* i~ requires an excellent performance in p detection
and b-tagging. It is well suited to the ATLAS experiment thanks to a design highly demanding
on the muon spectrometer and the inner detector.

At high luminosity channels such as: h — 7y, h — ZZ — 4¢ and h — bb in associated
production with tt give a significant contribution.

The channel h — <7 requires an excellent M, mass resolution and jet/y separation. The
expected MSSM rates for h — vy are generally suppressed with respect to the SM case.
However, they could also be slightly enhanced in a limited region of the parameter space.

The search for the h boson in the decay mode h — bb is performed analogously to the SM
case. Only the tth production followed by the h — bb decay can be observed clearly above
the background. This channel, as in the SM case, requires an excellent b-tagging performance,
since the extraction of the signal requires the identification of four b-jets. In the MSSM case,
the rates can be enhanced by 10-20% compared to the SM case.

Considering all MSSM Higgs bosons, the region in the ma, tang plane which corresponds
to my ~ 100 GeV and tans > 10 is only accessible with a neutral h boson decaying to u*pu~
and 777~ and with a charged H* boson decaying to 7v.



MHMAX scenario MHMAX scenario

2 2,1
& gal|
I
30 | 30 |
I
i
20 20 |
il
]
1]
il
i
10 10 [
9 9 1]
8 8 |1
7 7
6 6
5 5
4 | 4 |
3t 3t
2 b 2 b
excluded by LEP (prel.)
1 | | | | | | | | 1 -,
1 o0 200 a0 400 500 600 700 80 900 1000 ' ™00 200 a0 400 50 600 700 80 90 1000
M, (GeV) M, (GeV)

Figure 2: Discovery potential for the light CP-even Higgs boson in the my-maz CP-conserving scenario after
collecting 30 b= (left) and 300 fb~! (right). The cross hatched area is excluded by LEP at 95 % C.L.. From

Ref. [14].

5 Production in hadronic interaction

5.1 Signal processes: the lightest Supersymmetric Higgs boson

The neutral h boson and the other Higgs bosons are important elements of the MSSM model.
Their couplings at tree level to fermions and massive gauge bosons are easily obtained from
the SM Higgs boson couplings (shown in Tab. 2 [15]) via correction factors summarized in
Tab. 3 [15]. These correction factors depend on the parameters o and $ which were introduced
in Sec. 2 and are related by the following expression:

2 2

cos 2ac = — cos 23 % (2)
H M

SM  Fermions W*W~ ZZ — bbutu~

igmy : iy igmz _ uv
H 2mw gmwyg 2 cos w 9

Table 2: Standard Model Higgs boson couplings at tree level to fermions and massive gauge bosons.

At high tanf the MSSM correction factors to the SM Higgs bosons couplings to fermions
and massive gauge bosons (see Tab. 3) are larger for down-type quarks (b) and leptons (7 and



MSSM dd, ss,bb ui, cc, tt WTW~—, ZZ
ete”, ptp, T

h —sina/ cos cosa/sin S sin(f — «)
H cos o/ cos sina/sinff cos(f — «)
A —i7ys tan 8 —1i75 cot B3 0

Table 3: MSSM correction factors to the SM Higgs boson couplings to fermions and massive gauge bosons at
tree level.

w) than for up type-quarks. This fact implies that the MSSM coupling to down-type quarks
and leptons are strongly enhanced in this region.

Since the MSSM and SM couplings differ only by a correction factor, the most natural choice
is to explore the decay channels common to both, as mentioned in Sec. 4. The decay channels
h — bb and h — gg are extensively studied [12]. Other decay channels deserving consideration
areh — 7t7~and h — ptpu~.

The Higgs boson couplings, both in SM and in MSSM, are proportional to the fermion mass
(Tab. 2), consequently the heavy mass 717 state is favored in comparison to the ™y~ one, and
its production rate is higher by a factor (%—;)2 This apparent advantage of the 777~ channel is
counterbalanced by the difficulty of identifying the hadronic decay of a 7-jet in hadronic events,
by a smaller acceptance of the detector and by a worse mass resolution due to the presence of
neutrinos in the final state.

Instead, with a final state containing muons, like in h — ™, one exploits the excellent
combined performance of the muon spectrometer and inner detector, that compensates the
smaller branching ratio with respect to the decay mode h — 777,

To reduce the competing background it is convenient to perform the search for the h — ptpu~
decay mode in a channel with two b-jets in the final state. The associated bbh production
proceeds by the Yukawa bh coupling, which is enhanced at high tan3. The corresponding
larger cross section makes the bbh production the dominant process in the production of h
bosons in the high tang region. The Feynman diagrams contributing to the process gg—
bbh — bbutp~and qg— bbh — bbbyt~ are shown in Fig. 3 and Fig. 4.

Before concluding this section it should be reminded [15] that the CP-odd supersymmetric
boson A in this region of high tans and m; around 100 GeV has a mass slightly higher
than the CP-even h and a competitive branching ratio (Tab. 3) in the corresponding decay
channel A — p*p~. The cross-section, the mass and width difference, which are functions of
the parameters tan and my , are close in some points of the parameters space (Sec. 6 ). Thus
in these points the CP-odd and CP-even bosons are indistinguishable from the experimental
point of view. Therefore, it is more correct to think in terms of h/A search.

In the following sections the A boson contribution to the signal is taken into account. One
refers to the boson searched as h/A boson (however its mass is noted my, or mu, accordingly).



Figure 4: Diagrams contributing at “tree level” to the process qg— bbh — bbut .

5.2 Background processes

Some other processes have the same final state, a u-pair and two b-jets. These reactions
constitute the background of the h/A search and have higher production cross-sections than
the signal. Thus, one has to pay a lot of effort in controlling and understanding them.

The main background originates from the Z/~v* production with two b-jets and a subsequent

decay into a u-pair. The cross section of this process is a few orders of magnitude larger than
for the signal. For example, the effective production cross section of a Z boson accompanied
by two b-jets and decaying to a ptu~ pair, opgy - Brg_,+,-, is & 22.8 pb!) and is larger than
the h cross section, oypp - Bryy,+,- &~ 0.24 pb (at tanf = 45 and my, = 110 GeV).
In Figs. 5 - 6 diagrams corresponding to bbZ — bbu* i ~productions are shown. Comparing
Figs. 3 — 4 with Figs. 5 — 6, it is clear that they differ only in the kind of boson produced, h
(or A) in the signal and Z/+* in the background. The distinction between the signal and the
background when my, is approaching my is an extremely hard task due to the similar topology
of the decays.

A possible contribution of Z accompanied by (mistagged) light flavors was neglected.

DEvaluated from AcerMC(2.3) [17] and PYTHIA 6.226 (with mz > 60 GeV) (Sec. 6).
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Figure 5: Subset of the diagrams contributing at “tree level” to the process gg— Z/v*bb — utpu~bb .

Another background that contributes to the same final state is the ZZ associated production,
when one Z decays into bb and the second one decays into u*u~. The cross section of this
process is negligible with respect to the main background, ozz - Brz_,,+,- - Bry_,,5 = 0.13 pb
2). Nevertheless it is of the same order of magnitude as the signal. The contribution of this
background can be easily suppressed using the kinematic characteristics of these events, see
following sections.

Also contributing to the same final state is the associated production of two t quarks
tt (Fig. 7), followed by a top-quark decay into a b-quark and a W boson and a subsequent W
decay in pv. This process has a cross section which is o - Bry_,pw - Brw_ 0 - Brypw - Brwo u =&
5.71 pb ® The presence of two neutrinos implies missing transverse energy in the event, as it
will be discussed in the following sections, and this characteristic is used to strongly reduce this
background.

Naively, it can be thought to discriminate the signal from the background on the basis of the
different b-jets characteristics. In fact, the two background b-jets are usually more energetics
than those accompanying the signal; consequently the probability of their identification is
higher. However the requirements needed for the identification of two b-jets will suppress the
signal more than the background.

6 Monte Carlo Samples

The efficiency of the selection criteria, the detector acceptance and the purity of the data sample
are estimated using Monte Carlo events for the signal and the background generated using the
PYTHIA program (v.6.226) [18]. The MSSM neutral Higgs bosons h, A and H are generated
in associated production with two b-quarks.

The background events are considered to originate from the following channels:

2)Evaluated from PYTHIA 6.226 (Sec.6).
3)Evaluated from PYTHIA 6.226 (Sec.6).

10
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Figure 7: Diagrams contributing at “tree level” to the process tt — bbutu~vw; the diagram including quarks
fusion is obtained from third diagram replacing the two gluons with incoming quarks (corresponding to a
contribution to the total cross section of about 10 %.

e bbZ — bbutpu~. The sample of Z produced in association with two b-jets and decaying to
a muon pair has been used in this study. The event generator used is AcerMC(2.3) [17] for
the bbZ — bbu* = process. The hadronization process is described with the PYTHIA
(v.6.226) Monte Carlo ). A generator level cut-off is applied to the gt p~ invariant mass,
M > 60 GeV 9.

e tt — bbutpu~ vy generated with PYTHIA (v.6.226).

e 77 — bbutpu~ generated with PYTHIA (v.6.226). This background has been considered,
but due to its low cross section its importance is relatively low.

Monte Carlo events are generated for a center-of-mass energy /s= 14 TeV through the
ATHENA interface (v.9.0.4). The ATLAS detector response [12] is simulated using the GEANT
program [19], [20] which takes into account the effects of energy loss, multiple scattering and
showering in the detector through the ATHENA interface (v.10.0.1).

A number of events corresponding to an integrated luminosity [£d¢ ~ 300 fb™! has been
simulated for each channel, with the exception of bbZ — pt ™. In this latter case, for practical
reasons, a number of events corresponding to half the mentioned luminosity has been generated.
We note that [£d¢ = 300 fb~! corresponds to ten times the integrated luminosity expected
after three years of data taking.

4)Using PHOTOS package for inner bremsstrahlung generation.
5) A low energy cut is fixed on inner bremsstrahlung photons at Pr > 5 GeV.
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A sample of bbZ — eTe™ events, ~ 600000 events (¢ =~ 22.8 pb), corresponding to an
integrated luminosity [£d¢ ~ 30 fb™!, has also been simulated. This sample has been used for
background studies [1].

For the h/A signal the parameters chosen [21] are reported in Tab. 4. The two parameters
tanf and my are varied to scan the MSSM plane. In this study, the values of my, and my are
derived from PYTHIA as a function of ma. The results are presented as a function of m,, the
input parameter.

Parameter value | PYTHIA parameter [18]
common gaugino mass My=my )5 [GeV] 200 RMSS(2)
gluino mass mg [GeV] 800 RMSS(3)
strength of supersymmetric Higgs w[GeV] | -200 RMSS(4)
ratio of Higgs fields tanf | 15-50 RMSS(5)
common scalar mass mo [GeV] | 1000 RMSS(8)
squark left 3 gen Mg [GeV] | 1000 RMSS(10)
sbottom mass M3 [GeV] | 1000 RMSS(11)
stop mass Mg [GeV] | 1000 RMSS(12)
stop-trilinear coupling Al 2440 RMSS(16)
mass of CP-odd boson ma [GeV] | 95-135 RMSS(19)

Table 4: Parameters for A, h and H generation in PYTHIA (v.6.226) [18].

The signal, bbh — bbutpu~, has been simulated in 104 points of the parameter space
(tanB, my), corresponding to eight steps in tanf, chosen equally spaced between 15 and 50
and thirteen steps of 2.5 GeV in my between 95 GeV and 125 GeV (the largest value allowed
by PYTHIA(v.6.226)). These are also the points where the decay bbA — bbu*y~ has been
simulated.

As discussed in Sec. 5, the cross section, mass and width of h and A bosons, shown for tan/
= 45 in Fig. 8, are close, thus suggesting a unique h/A search.

The H cross section in the mass range considered is one order of magnitude lower than the
h/A cross section. The mass my is shown in Fig. 8 as a function of the mass my at tang = 45.

The values of the mass, cross section and width of the A /h and H neutral bosons are reported
and plotted in Appendix A for all the points analyzed of the (tanf, mu) plane.

For the following discussion a reference point has been chosen at tanf = 45, mx=110.31 GeV
(my= 110 GeV, muy= 127.46 GeV)

process Obbptp- | NEP30 NMC

(background) | [pb]
bbZ — bbutpu~ | 22.789 | 6836700 | 3314000 | 2.06
tt — bbutp v 5.71 | 1713420 | 1806437 | 0.95

Z7Z — bbutu~ 0.1273 33819 97244 | 0.35

Table 5: Background cross section times branching ratios, op,+,-, number of expected events for JLdt ~
300 fb—!, NexP30o number of Monte Carlo generated events, NM€  and their weight in the analysis, w, for the
three processes considered.
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The cross section times branching ratios, together with the number of expected events for
JL£dt ~ 300 fb~*, the number of Monte Carlo generated events and their weight, is reported in
Tab. 5 for three background processes. The corresponding quantities for the signal processes
are reported in Appendix D as obtained varying tang and ma.

7 Preliminaries

The detector acceptance considered in the following analysis is |n| < 2.5. No simulation of
the trigger is implemented; however the transverse momentum, Pr, is required to be above the
experimental threshold.

Two points are crucial for our analysis:

e The muon reconstruction efficiency in the analysis acceptance and the y™p~ invariant
mass resolution.

e The b-jet identification.

These items deserve to be studied in some detail before they are used in the h/A analysis.

7.1 Muon resolution studies on Z—u*tu~ events

For this purpose only events with two reconstructed muons of opposite charge found within
the |n| < 2.5 acceptance were considered. The p reconstruction performances of the appa-
ratus were studied with a sample of Z—p*p events [22]. The distributions of the transverse
momentum, Pr,, pseudorapidity, 7,, and polar angle, ¢,, of reconstructed muons (full color)
reproduce with good efficiency the generated data (hatched color), Fig. 9.

A discriminating variable used in the analysis for the A/h search, Sec. 8.1, is the dimuon
invariant mass. This variable was studied in a sample of Z decaying to putu~.

A Gaussian fit to the distribution of reconstructed dimuon invariant mass in Z—utu~
events, Fig. 10 (top), yields the following values for the fit parameters < ML‘L" > and o(M, L‘L")

< MM >=9047+0.05 G&V  o(M™) = 3.02 4 0.06 GeV (3)

The fit mean is smaller than the nominal my [10]. The Z natural width contributes to
o(MLrLV) for approximately 1.9 GeV thus implying a measurement accuracy o = 2.3 GeV.
This is just the value obtained unfolding the reconstructed distribution with the distribution of
the Z generated mass, Mgzen. When the difference between reconstructed and generated mass
M L’L" — MZ_ is plotted, Fig. 10 (right), the Gaussian fit of the distribution gives the following

gen

results for the fit parameters < M EL" - MgZen > and Opes!
< MLII‘] — MgZen >=—0.82 £ 0.03 GeV 0. =2.35 £ 0.03 GeV (4)

From this study at the Z pole we conclude that in this region the reconstructed invariant
mass distribution shows a mean value shifted by 820 MeV with respect to the nominal value,
towards the low mass region, and a resolution of ~ 2.6 %. These results will be used later in
Sec. 8.1.

13
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(top left) ma, the mass of the neutral A boson, as a function of my, the mass of the neutral h boson. (top
right) mpy, the mass of the neutral H boson, as a function of ma, the mass of the neutral A boson. (bottom
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45 [17,18].
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7.2 Db-tagging studies

Two inclusive b-tagging algorithms used by the ATLAS collaboration, named 3D and SV2 [23],
were studied in a subsample of bbh — bbu* ™~ events.

The first algorithm, 3D, is based on the computation of track weights from the transverse
and longitudinal impact parameter significances for each jet track, as defined by the cone
algorithm. The latter considers all particles inside a cone of opening angle: AR = /An? + A¢?
and requires at least one track reconstructed in the tracker. Two values of the opening angle
were studied, AR = 0.7 and AR = 0.4. The track weight is given by the ratio of the likelihood
functions for a track to originate from a b-jet or a u-jet which depend on the track significances.

In turn the jet weight, wie, is defined as the sum of the logarithms of the tracks weights.
By applying different cuts on this variable, a rejection factor R; is obtained for light jets (u, d,
s quark and gluon) for a given b-jet selection efficiency ep.

The performance of the 3D b-tagging method can be improved by using additional in-
formation on secondary vertex in the jet, as it is done in the SV2 algorithm. This algorithm
discriminates events by adding to the 3D information other variables, which are not too strongly
correlated with the impact parameters (as e.g. fraction of the jet energy in the secondary vertex,
invariant mass of all particles in the secondary vertex, number of two track secondary vertex).

In Tab. 6, the results on a study of a bbh — bbutu~ sample are reported. Similar results
are obtained from a bbZ — bbu* ™~ sample.

For both samples, a selection cut, Prj; > 15 GeV, is applied, since below this value the
efficiency of b-identification drops. The study is limited to the inner detector acceptance |n| <
2.5.

Algorithm | AR er | Ri| weut | AR e | Ry | Weut
SV2 0.7 |49% | 71 11 041|50% | 58 1
3D 0.7 | 55% | 27 1 04]54% | 26 1
SV2 0.7 | 46% | 219 21 0.4 |46% | 200 2
3D 0.7 | 49% | 52 21 04 |49% | 50 2

Table 6: b-tag performance. The table shows, for the two algorithms used, the jet opening angle AR, the
efficiency on b-jet identification ey, the rejection of light quarks jets (udsc) R; and the separation value between
light and b jets weys.

As results of this study, it is possible to conclude that:
e The SV2 algorithm, which uses more information on b decays products, is more promising.

e No relevant improvement is obtained by shrinking the jet cone opening angle, AR, from
0.7 to 0.4. Therefore the ATHENA (v. 10.0.1) default value, AR=0.7, will be used in the
following analysis.

e The cut value w¢y,y = 1 is a good compromise which provides a good b-jet identification
by keeping the rejection of light jets at acceptable level.
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8 Search for bbA — bbutp~, bbh — bbutpu~

The signature of the h/A channel is a pair of well isolated high energy muons with opposite
charge and two hadronic jets containing b quarks. The invariant mass of the reconstructed
muons is supposed to originate from a h or A boson and must be compatible, within the mass
resolution, with the corresponding mass, my, or my.

The main background sources, as discussed in Sec. 6, are the Z production followed by
the decay to p™p~, with kinematical characteristics similar to the signal ones, and tt —
bbutp~vv  decays. The Z-pair production followed by the decay to utp~ of one Z and the
decay to bb of the other is less copious.

The event selection is divided in three steps: preselection, tt selection, final selection.

The preselection, cuts 1-2-3 in Tab. 7, requires in the event at least two well identified

opposite charge muons with Pr, > 10 GeV, in the pseudo-rapidity range | n,| < 2.5 (cut 1).
The presence of a jet pair, with Prje; > 10 GeV and | nje;| < 2.5 is as well demanded, without
any b-identification requirement (cut 2).
A further requirement (cut 3) is that at least one of these jets is identified as originating from
a b-quark with Prje; > 15 GeV, that is the energy lower limit for a reliable b-jet identification
[23](Sec. 7.2). These cuts are designed to select events fulfilling the minimum conditions to
be analyzed later. The events excluded are in any case not suitable to undergo any further
analysis.

The tt selection is designed to suppress this background, characterized by a large missing
transverse energy due to the presence of neutrinos, EX5| requiring an upper bound less than
45 GeV (cut 4). Other cuts (cut 5-6) are applied on the first and second most large muon
transverse momentum, Pr,; and Pry,, and (cut 7-8) on the first and second most large jet
transverse momentum, Prje;; and Priere - At least one of these jets was previously identified as
originating from a b-quark (cut 3).

The final selection criteria are designed mainly to disentangle the signal events from the
irreducible Z background. The main requirement is that the py*u~ invariant mass has to lie
inside a window around h/A mass, determined by the natural width of the bosons and by the
experimental resolution of the p* ™~ invariant mass, Sec. 7.

The muons originating from b decays in bbbb events, with a cross section of ~ 500 pb [24],
can mimic the signal events. To avoid this possible contamination a low hadronic activity near
both muons is required. The isolation criteria demands that the sum of the charged track
momenta in a cone (AR < 0.2) around the muon direction be less than 5 GeV. These selection
cuts are summarized in Tab. 7.

A key point of the selection is the determination of the mass window used (cut 9). Its
value is determined as a function of I', (I's), the total width of the h (A) Higgs boson, and
the experimental mass resolution o, = 2.6% ( Sec. 7.1). The mass window is centered in my

(ma), the h (A) mass:
1
Fh,A 2 ) 2
mpa —kE1- 536 tom| (5)

where k= -820 MeV is the shift factor (Sec. 7.1) correcting for the bias in the muon recon-
struction and f is the standard deviation factor corresponding to a chosen probability. In our
analysis f = 2, which corresponds to including 97.7% of the signal. The event is selected if its
invariant mass is inside the window either for A or h mass. The same procedure is applied to
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Cut Number Variable
1 N, > 2, Pr, > 10 GeV, |n,] <2.5
2 ]Vjet > 2, PTjet > 10 GeV, ‘njet‘ < 2.5
3 ijet > 1aPTjet > 15 GeV, Whtag > 1
4 Emiss < 45 GeV
5 25 GeV < PT;A < 95 GeV
6 20 GeV < PTMQ < 60 GeV
7 PTjetQ < 40 GeV
8 PTjetl < 70 GeV
9 M2 — my| or [MY — my| < 20

10 | X|Priracks| < 5 GeV in cone AR < 0.2

Table 7: Selection criteria for h/A — ptu~ with two b-quarks final state.

the H search (Sec. 11).
Appendix B, shows, for the tan values considered, the h/A/H masses, myan -k = My g,

corrected for the shift factor k and the selection window, & an = ((1;}’—32)2 +02)32,

The distribution of the variables used in this selection are reported step by step, before
applying the cut concerned, in Appendix C, for all signals and backgrounds studied. The
most significant distributions, calculated at a reference point in the plane (ma, tang), will be

discussed in Sec. 8.1.

8.1 Reference Point

In this section the analysis procedure is discussed for the reference point my = 110.31 GeV,
tanf = 45 (my = 110.00 GeV, my = 127.46 GeV).

For the three bosons considered the production cross section times the u* i~ decay branching
ratio, opp,+,-, the expected number of signal events at f Ldt ~ 300 fb~!, NexPso  the number
of Monte Carlo generated events NMC and their weight w are reported In Tab. 8.

The weight of the signal events is close to one as it is for all (ma, tan/3) points listed in Appendix
D. The background weights (Tab. 5) are also close to one.
The H search, due to the very low cross section, will be described in Sec. 11.

process JbBu - NEXP:soo NMC W
(signal) [pb]
bbh — bbu*u~ 0.245 | 73500 | 76517 | 0.96

bbA — bbuFp~ | 0.2433 | 72900 | 74965 | 0.97
bbH — bbuTp~ | 0.001619 | 486 | 600 | 0.88

Table 8: h, A, H production at the reference point tanf = 45, ma = 110.31 GeV(my = 110.00 GeV, myg =
127.46 GeV): process, cross section times ptu~ decay branching ratio, o u+pu—-» number of events expected for
JL£dt =~ 300 fb~!, NexPsoo number of Monte Carlo generated events, NMC | their weight w.

The distributigns of t}}e number of muons ZVN and of the muon transverse momentum Pr,
in the processes bbh — bbu™ i~ and bbZ — bbut i~ are displayed in Fig. 11 for the generated
(hatched) and reconstructed (full color) events without any cut applied. These distributions
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Figure 11: Without cut. Distributions of the number of muons N, (top) and of the transverse momentum
Pr,, (bottom) for generated (hatched) and reconstructed (full color) events are plotted without cuts applied:
a) bbh — bbutp~ events at the reference point (tanB = 45, my, = 110.00 GeV)(left, dark blue); b) bbZ —
bbutp~ events (right, yellow). All distributions are normalized at JL£dt =300 fb~t.

as well as the distributions of the other variables used in the analysis (see above) are shown in
Appendix C for each signal and background channel considered. In all cases the reconstructed
distributions without cuts (full colour) compare to the generated distributions (hatched colour)
as expected.

The preselection requirement on muon pair (cut 1, Tab. 7) reduces approximately to same
fraction signal (~ 62%) and background (Z~ 59%, tt ~ 67%). The requirement on jet pair (cut
2) leaves almost untouched tt (~ 63%) reducing Z to ~ 54%, because of the more energetic
Prijey spectra of the top decay (Appendix C). Unfortunately this cut reduces the signal sample
significantly to ~ 30% for the same reason, see Tab. 9.

The mean jet transverse momentum < Prje; > is ~ 2.6 GeV for the MSSM h boson, and ~
3.6 GeV for Z decays, see Fig. 12 and Appendix C. Then, as stated in Sec. 5.2, the requirement
that two b-jets be identified will not enhance the signal over this specific background. This
requirement will suppress more the signal than the Z background, since the two b-jets of this
background events are usually more energetic than those accompanying the signal. According
to the study in Sec. 7.2, the b-tag requirement is applied by requiring one jet in the event.

After the three preselection cuts (1-2-3) the signal sample of h or A is reduced to ~ 10%.
The backgrounds are reduced to ~ 17% for the Z, ~ 53% for tt, and ~ 28% for ZZ.

The tt selection is designed to exploit features of t decays. The tt sample is characterized
by a transverse missing energy EX, which, due to neutrinos, is larger than in the h/A sample,
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a) bbh — bbutpu~ events at the reference point (tan8 = 45, my, = 110.00 GeV), (left, dark blue); b) bbZ —
bbutp~ events (right, yellow). All distributions are normalized at JL£dt =300 tb~t.
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Figure 13: After 1-2-3 cuts. Distributions of the reconstructed transverse missing energy EXSS are plotted
after cuts 1, 2 and 3 (Tab. 7) for :

a) bbh — bbutu~ events at the reference point (tanf = 45, my, = 110.00 GeV), (left, dark blue); b) tt —
bbutp~vi events (right, gray). All distributions are normalized at [£dt = 300 fb~1.

as shown in Fig. 13. The E¥ cut (cut 4, Tab. 7) is extremely effective reducing tt to ~
14 % of the original sample while keeping the signal at ~ 9 % almost unchanged and the Z
background at ~ 14 %. The two cuts (5-6), related to Pr, distributions, reduce the tt original
sample to ~ 8 %, but are little effective on the Z sample (to ~ 10%) and the signal samples of
h and A (to ~ 8 %). A further reduction of the tt background to 1.4 % is obtained by applying
cuts (7-8) on Prje. At this stage, the Z sample is reduced to ~ 5.8 % while the h signal as
well as the A signal is reduced to 6.0 %, see Fig. 14.

To apply the final selection (cut 9, Tab. 7) against the Z background, the selection window
and center value have to be determined. At the reference point (my = 110.31 GeV, I'y = 4.28
GeV and my = 110.00 GeV |, Iy, = 4.20 GeV), Eq. 5 implies to look for the A signal in a
window, &a, of 3.394 GeV around a corrected mass value, m$™", of 109.490 GeV, and for the
h signal in a window, &, of 3.369 GeV around m{°™ = 109.180 GeV (see Appendix B for the
others values of tan3, ma and my). As for the probability requirement f = 2, the windows &,
and &4 are increased by a factor 2 to obtain the effective selection window used in Tab. 11.
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Figure 14: After 1-8 cuts. Distributions of the reconstructed pu*p~ invariant mass MLH,LV are plotted after
cuts 1 — 8 (Tab. 7) for:

a) bbh — bbutu~ events at the reference point (tan8 = 45, my, = 110.00 GeV) (left, dark blue); b) bbZ —
bbutu~ events (right, yellow). All distributions are normalized at [£dt = 300 fb—L.

This cut reduces drastically the background samples, the Z to less than 0.13%, the tt to
0.17 % and the ZZ to a negligible 0.24 %. The event signal surviving in both A and h channels
is ~ 4.2 %.

The last reduction (cut 10) on muon isolation does not change significantly the previous
results. Indeed this cut is expected to be effective in the data against the heavy flavour QCD
background, and cannot be tested properly in Monte Carlo.

Process NexP300 NMC Nicut Nocut Nscut

bbh — bbbt~ | 73500 | 76517 | 47099 | 22969 | 7907
bbA — bbuTp~ | 72000 | 74965 | 46247 | 22693 | 7919
bbH — bbutp- 486 600 394 222 95
bbZ — bbutp~ | 6836700 | 3314000 | 1945387 | 1178864 | 579751
tt — bbuT - vw | 1713420 | 1806437 | 1217706 | 1137780 | 953028
ZZ — bbutp~ | 33819 | 07244 | 46487 | 38600 | 27744

Table 9: Preselection. Signal/Background process, number of events expected at [£dt ~ 300 fb—1, Nexpsoo
number of Monte Carlo events generated, NMC and after three preselection steps, Nicus, Nocus and Naeyt
(Tab. 7). The signal is evaluated at the reference point (tanf=45, ma = 110.31 GeV, my = 110.00 GeV). Cuts
1 to 3 are described in Tab. 7

8.2 Reference point conclusions

The signal events selected as A or h bosons and the (weighted) background events are plotted
in Fig. 15. The A and h signal (light blue) is clearly visible on top of the remaining background
events (Z tt and ZZ added up, dark brown).

The significance % at [L£dt ~ 300 fb~! is ~ 56, scaling down to ~ 18 at [Ldt ~ 30 fb~*
and ~ 10 at [L£dt ~ 10 fb~'. We can conclude that if m, = 110.00 GeV and consequently m
= 110.31 GeV there is a high probability for these bosons to be discovered at the beginning of
data taking.
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Process N3cut N4cut N5cut N6cut N7cut NScut

bbh — bbutp~ | 7907 | 7099 | 6234 | 5575 | 5085 | 4636
bbA — bbpupu~ | 7919 | 7096 | 6183 | 5575 | 5118| 4595
bbH — bbut u~ 95 78 66 54 50 44
bbZ — bbuTp~ | 579751 | 478106 | 397030 | 334609 | 226414 | 193334
tt — bbut v | 953928 | 256662 | 100672 | 143746 | 41954 | 25567
77 — bbpuTu- | 27744 | 24516 | 19102 | 15957 | 10926 | 8574

Table 10: tt selection. Signal/Background process, number of Monte Carlo generated events after the preselec-
tion cut 3 and cuts 4 to 8. The signal is evaluated at the reference point (tan$=45 , ma = 110.31 GeV, my, =
110.00 GeV). Cuts 3 to 8 are described in Tab. 7.

Process Ngcut | Nocut | Niocut

bbh — bbutpu~ | 4636 | 3212 | 3165
bbA — bbuTp~ | 4595 | 3151 | 3110
bbH — bbut u~ 44
bbZ — bbutp~ | 193334 | 4496 | 4206
tt — bbu Ty v | 25567 | 3148 | 2969
77 — bbutu~ | 8574 | 260 | 234

Table 11: Final selection. Signal/Background process, number of Monte Carlo generated events, after cut 8
and successive cuts 9 and 10. The signal is evaluated at the reference point (tang = 45, ma = 110.31 GeV, my,
= 110.00 GeV). Cuts 8 to 10 are described in Tab. 7 (see text for cut 9 window).

9 Search for bbA — bbutp~, bbh — bbutp~
in the MSSM plane

A search for neutral Higgs bosons h/A has been performed in the (tang, my) plane, in m, —maz
scenario, inside the limits described in Sec. 6, tanf between 15 and 50, in steps of 5, m;, between
95 GeV and 125 GeV, in steps of 2.5 GeV.

The analysis described in Sec. 8 has been repeated for all 104 simulated points and the
results are summarized in Appendix D, where for each point are reported the number of events
expected at [L£dt = 300 b, NP ( N{TP°) and Monte Carlo generated, NY© (N)Y©), for
the h (A) boson.

For each point the aimed statistics has been reached giving weight factors, wa and wy, close
to unity ®. The final numbers of events (cut 1-10, Tab. 7 ) N5 and N§¢!, for the h and A signal,
and Ng¢L,| N*¢! and N5} for the background (bbZ, tt, ZZ) are reported as well”.

The use of an asymmetric selection window, centered at mi’y" has been tested for masses
below 100 GeV, with a view to exclude the Z events, however without obtaining a significantly
improved result (~ 10%) A symmetric window as described in Sec. 8 was thus applied to all
masses, Appendix B.

The above information will permit to draw the results to be discussed in Sec. 10.

8)First table of each tang, title: Event sample
" Second table of each tang value, title: Selection and Significance for h/A sample.
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Figure 15: Distributions of the reconstructed p*pu~ invariant mass, ML‘L", for signal and backgrounds events,

after all selection cuts (Tab. 7) at the reference point (tanf = 45, ma = 110.31 GeV, m; = 110.00 GeV);
background events may contribute with more than one entry. The two distributions are normalized at [£dt=
300 fb=1. The h/A signal (light blue) emerge over the background (Z, tt and ZZ) (dark brown).

10 Results on the search for bbA — bbutpu~,
bbh — bbutp~ in the MSSM plane

The significance of a search is given using % as a statistical estimator, where S indicates the
number of signal events (h/A or h/A/H), and B the number of background events. Discovery
means that the signal is larger than 5 times the background statistical error (% > 5). The

probability of a background fluctuation of this size is less than ~ 2.87-10"7. A search resulting

in % > 3 is interpreted as an indication of new physics. We conclude to its exclusion (within

the sensitivity of the experiment) if % <15.

In Appendix D in addition to the information described in Sec. 9, the search significance
is also reported, for different data taking scenarios, Sp for [Ldt ~ 300 fb~!, Si°, for
JL£dt =~ 30 fb~!, and Si°, for [Ldt ~ 10 fb~". The values for the two lower luminosities
were derived from the first one, which corresponds to the highest statistics.

The search significance for the h/A neutral boson is also shown, in the three luminosity
scenarios, as a function of mu up to highest allowed value of my, in Fig. 16 for all scanned
values of tang.

One should note that large h/A masses are penalized by a small cross section, thus implying
a lower significance, while the masses near to my suffer from the difficulty in disentangling the
neutral Higgs boson signal from the Z background.

The best mass range for an early discovery of h is between 100 and 120 GeV at any given
tanS. If tanf > 30 a large range of masses is accessible to discovery even after the first year
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of data taking. More integrated luminosity, between ~ 30 and 50 fb~!, is needed for tang3
between 30 and 20. The discovery at tan8 = 15 demands a luminosity of ~ 150 fb~!, making
the exploration of this region possible only after a few years of data taking.

These considerations are summarized in Fig. 17, where the minimum integrated luminosity
[L£dt, demanded for a 5 o discovery of the h/A neutral Higgs boson, is plotted as a function
of ma up to highest allowed value of my, at given tanf values. With a f Ldt ~ 10 b1,
corresponding to one year of data taking, most of the masses are accessible if tang > 30. More
integrated luminosity is needed for tanf = 20 and tanf8 = 15. Low masses need as well more
luminosity in order to extract the evidence of a signal from the most copious Z background.

Discovery contours in the (tanj, ma) plane are shown, in Fig. 18, in different [L£dt sce-
narios. for a significance of 5 (discovery, on the left) and of 3 (on the right) . The latter can
interpreted as the contour region for an early indication of a signal or, in case of negative search,
for its exclusion.

11 Search for bbH — bbut = in the MSSM plane

To increase the discovery potential for a neutral Higgs boson discovery in the region up 139
GeV a search for the neutral Higgs boson H has been performed in the (tanf, ma) plane inside
the limits used for the h/A search (Sec. 9). This search requested a separated analysis due
to the higher mass region involved. The procedure is the same followed for the h/A search
(Sec. 8) with the value of the selection window, &y, centered at the H mass, corrected for the
experimental shift, m$"™ (Appendix B). Due to the extremely low cross section of the H in
this mass region, for a few masses with a cross section times p*p~ branching ratio ou-Br+,-
smaller than 0.01 pb, common values of m{™ and &y were chosen, corresponding to the mean
values in that mass region. This procedure doesn’t affect any result due the narrow spread of
values for the mass my and the natural width 'y, implying that the window value is essentially
dominated by the experimental resolution. The results are summarized in Appendix E, where
are also given the values m{{™ and &y used in the selection for the window center and width.

From Appendix E it is clear that the discovery of the boson H demands a high integrated
luminosity, [£dt = 300 fb !, and it would be possible at masses corresponding to my = 122.50
GeV and 125 GeV for values of tanf > 30. At tanf8 = 25, only the mass my = 134.42 GeV
(corresponding to my = 125 GeV) is accessible. Lower values of tanj are excluded even at high
masses.

In conclusion, a discovery of H boson is possible only in a few points of the parameter space,
for a value of m, around the maximum value of my, , at the ultimate luminosity expected at
the LHC.

12 Combined search for bbA — bbutu™,
bbh — bbutu~, bbH — bbutp~ in the MSSM plane

The results of Sec. 11 on the H boson search were combined with the results from the h/A
search (Sec. 9). To this purpose, the H analysis was repeated with a window not overlapping
with the h/A window, thus avoiding the double counting of background events. This work was
performed only for high my, values, where the cross section times the p*pu~ branching ratio
(Sec. 11) has values > 0.01 pb. In Appendix F, the numbers of selected background events
(not included in the h/A background) are listed. It is straightforward to obtain the significance
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Figure 16: Search significance % for a h/A neutral Higgs boson, as a function of ma up to the largest allowed

value of my, in three different data taking scenarios, [£dt = 300 , 30 and 10 fb~' (S is the number of h/A
signal events, B is the number of background events). On the left the results for tang = 50, 40, 30, 20, and on
the right the results for tanf = 45, 35, 25, 15. The data are listed in Appendix D.
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on the right the results for tan = 45, 35, 25, 15. The blue horizontal line is [£d¢ = 10 fb~'. The data are
listed in Appendix D.
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in the mn — maz scenario (Sec. 2), as a function of ma: contours are drawn for a search significance % =5
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{

26



of this search by adding the h, A (Appendix D) to the H selected events (Appendix E). The
backgrounds events in Appendix D and Appendix F are the total background sample. In
Appendix F are also listed for different luminosities, [£d¢ = 300, 30 and 10 fb~!, the values
of the total significance Sp% y, Sp%, y and Sp°, y. As a comparison, SP%, , the value of
the significance at 300 fb~" for the search of the alone h/A | is also reported.

For reader’s convenience the situation is summarized in Tab. 12, where the significance of
the exclusive search for the h/A boson (Sp%,, Sp?,, Si°,) and the corresponding significance
including the H search (3%, y, Sp°, y and Si°, ) are shown.

The additional H search contributes to a neutral Higgs boson discovery for tang > 15 at
the ultimate luminosity. Otherwise the contribution of this search is negligible, for a value of
ma around the maximum value of my, , as expected from the low cross section, and the large
number of background events (being my close to my).

nf | w5 [ S [ S [ ST [ S | S A
[103MeV] | [MeV]
15 122.50 | 136180 3.86 | 1.22 | 0.70 5.09 1.64 0.93
15 125.00 | 152610 1.51 | 048 | 0.28 2.27 0.73 0.19
20 122.50 | 131870 9.76 3.08 1.78 11.69 3.77 2.14
20 125.00 | 139490 4.63 | 147 | 0.85 7.25 2.34 0.76
25 122.50 | 130020 || 15.98 | 5.05 | 2.92 17.51 5.65 3.2
25 125.00 | 134420 || 10.27 | 3.25 | 1.88 15.20 4.9 2.78
30 122.50 | 129090 || 25.13 | 7.95 | 4.59 27.01 8.71 4.94
30 125.00 | 131890 || 16.13 | 5.10 | 2.95 22.88 7.36 4.18
35 122.50 | 128560 || 34.71 | 10.97 | 6.34 35.29 11.38 6.45

35 125.00 | 130470 || 24.18 | 7.65 | 4.41 32.66 10.54 5.09
40 122.50 | 128260 | 43.68 | 13.81 | 7.98 43.95 14.18 8.03
40 125.00 | 129610 || 34.02 | 10.76 | 6.21 43.56 14.05 7.96
45 120.00 | 127790 || 59.03 | 18.67 | 10.78 54.16 17.47 9.90
45 122.50 | 128090 | 54.70 | 17.30 | 9.99 54.61 17.62 9.98
45 125.00 | 129090 | 43.54 | 13.77 | 7.95 53.90 17.38 9.85
50 120.00 | 127780 || 67.10 | 21.22 | 12.25 60.72 19.59 11.10
50 122.50 | 128020 || 65.55 | 20.73 | 11.97 65.27 21.10 11.93
50 125.00 | 128760 || 56.16 | 17.76 | 10.25 66.70 21.52 12.19

Table 12: Significance of A/h and A/h/H searches. The significance values for the two searches, Sp%, Si?,,

Sp0 yand SPO% 4, PO Ay, SEO A, s at [LdE = 300, 30, 10 fb~ !, respectively, are given for a set of tang values
and two values of the mass of the lightest neutral Higgs boson, m{®". The mass mp of the corresponding H
Higgs boson is also noted.

13 Conclusions

The possibility of the discovery of the MSSM h/A bosons in the region of high tang ( larger
than 15) and mass close to 100 GeV has been investigated by exploiting the decay of the
neutral h/A boson into two muons, h— p*p~ and A— ptp~ , accompanied by two b-jets.
This region is also accessible by charged MSSM Higgs boson H* decays.

To this purpose Monte Carlo events have been generated for a center-of-mass energy /s=
14 TeV through the ATHENA interface (v.9.0.4), while the ATLAS detector response has been
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simulated using the GEANT program through the ATHENA interface (v.10.0.1).

The results described in this note show a well defined possibility for the discovery of a
neutral Higgs boson in a region traditionally difficult due to the presence of the Z resonance.
This is obtained owing to the high resolution performance of the ATLAS detector, namely of
the muon spectrometer and the inner detector, together with the high b-tagging capability. For
completeness the search of H— p*u~ has been explored in the same mass region.

The discovery of a neutral MSSM boson looks possible in a mass range of 100 to 120 GeV
at tanf > 15, with an integrated luminosity [£d¢ = 10 fb~*, which corresponds to one year
of data taking.

A fully experimental method to subtract the main contributing background of Z boson de-
cays Z —utu~ has been suggested by us [1], to perform the analysis of this channel on real
data. This method mainly relies on experimental data, with limited Monte Carlo corrections.
This procedure is based on the use of a control sample of Z boson decay to electrons, Z —sete™.
The lepton universality guarantees the same numbers of events produced in Z bosons decay-
ing to electrons and to muons. This simple method does not depend on complex theoretical
calculations nor on their implementation in Monte Carlo.
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A Appendix: Mass, width, product of cross section times
u"p~ branching ratio for A, h and H Higgs bosons

tan § = 15

mﬂom mAa FA UA'BTH+H_ mny Fh O'h-BI‘N+“— my FH UH'BTH+N_
[GeV] || [GeV] [GeV] [pb] [GeV] [GeV] [pb] [GeV] [GeV] [pb]
95.00 96.07 | 0.42222 0.041310 95.00 | 0.40596 0.042280 || 127.75 | 0.01464 | 0.0003718
97.50 98.68 | 0.43219 0.038080 97.50 | 0.41326 0.038850 || 127.85 | 0.01745 | 0.0004579
100.00 | 101.31 | 0.44221 0.035180 || 100.01 | 0.41974 0.035750 || 127.98 | 0.02112 | 0.0005707
102.50 || 103.96 | 0.45228 0.032490 || 102.50 | 0.42505 0.032810 || 128.13 | 0.02600 | 0.0007197
105.00 || 106.65 | 0.46246 0.030030 || 105.00 | 0.42869 0.030110 || 128.31 | 0.03267 | 0.0009226
107.50 || 109.38 | 0.47277 0.027800 || 107.50 | 0.42982 0.027470 || 128.55 | 0.04196 | 0.0012020
110.00 || 112.20 | 0.48338 0.025690 || 110.01 | 0.42702 0.024910 || 128.85 | 0.05550 | 0.0016030
112.50 || 115.12 | 0.49434 0.023690 || 112.51 | 0.41785 0.022210 || 129.27 | 0.07575 | 0.0021970
115.00 || 118.22 | 0.50594 0.021780 || 115.00 | 0.39794 0.019390 || 129.87 | 0.10739 | 0.0030940
117.50 || 121.66 | 0.51878 0.019910 || 117.51 | 0.35925 0.016050 || 130.80 | 0.15904 | 0.0044850
120.00 || 125.82 | 0.53424 0.017870 || 120.01 | 0.28862 0.011820 || 132.46 | 0.24528 | 0.0066280
122.50 || 132.05 | 0.55730 0.015280 || 122.50 | 0.17327 0.006494 || 136.18 | 0.38392 | 0.0092990
125.00 || 151.00 | 0.62675 0.009847 || 125.01 | 0.04102 0.001350 || 152.61 | 0.58642 | 0.0088310

Table 13: The nominal mass value of neutral boson h , m{®™ and the mass, width and product of cross section
and T p~branching ratio for the neutral boson A, h and H. The values are obtained with PYTHIA (v.6.226).

tan § = 20

mﬂom mAa FA UA'BTH+H_ mny Fh O'h-BI‘N+“— my FH UH'BTH+N_
[GeV] || [GeV] [GeV] [pb] [GeV] [GeV] [pb] [GeV] [GeV] [pb]
95.00 95.65 | 0.74776 0.07438 95.00 | 0.72815 0.07587 || 127.40 | 0.01455 | 0.0003738
97.50 98.21 | 0.76517 0.06880 97.51 | 0.74297 0.06995 || 127.46 | 0.01737 | 0.0004627
100.00 || 100.78 | 0.78259 0.06353 || 100.01 | 0.75691 0.06447 || 127.52 | 0.02108 | 0.0005791
102.50 || 103.36 | 0.80002 0.05893 || 102.50 | 0.76961 0.05948 || 127.61 | 0.02602 | 0.0007334
105.00 || 105.97 | 0.81760 0.05452 || 105.01 | 0.78057 0.05476 || 127.71 | 0.03285 | 0.0009472
107.50 || 108.60 | 0.83527 0.05058 || 107.51 | 0.78878 0.05038 || 127.84 | 0.04250 | 0.0012470
110.00 || 111.27 | 0.85315 0.04687 || 110.01 | 0.79267 0.04624 || 128.01 | 0.05668 | 0.0016880
112.50 || 113.99 | 0.87132 0.04346 || 112.50 | 0.78929 0.04207 || 128.23 | 0.07842 | 0.0023510
115.00 || 116.82 | 0.89017 0.04019 || 115.00 | 0.77282 0.03763 || 128.56 | 0.11393 | 0.0034290
117.50 || 119.83 | 0.91017 0.03712 || 117.51 | 0.73116 0.03271 || 129.06 | 0.17577 | 0.0052560
120.00 || 123.20 | 0.93249 0.03397 || 120.00 | 0.63869 0.02620 || 129.94 | 0.29076 | 0.0085150
122.50 || 127.63 | 0.96173 0.03031 || 122.50 | 0.44415 0.01674 || 131.87 | 0.51479 | 0.0142800
125.00 || 137.75 | 1.02812 0.02369 || 125.00 | 0.13158 0.00450 || 139.49 | 0.89428 | 0.0197200

Table 14: The nominal mass value of neutral boson h , m{®™ and the mass, width and product of cross section

and branching ratio for the neutral boson A, h and H. The values are obtained with PYTHIA (v.6.226).
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tan g = 25

mﬂom maA FA UA-BI‘N+M— mp Fh O'h-BI‘u+u— my PH UH-BI‘Iﬁ-u—
[GeV] || [GeV] [GeV] [pb] [GeV] [GeV] [pb] [GeV] [GeV] [pb]
95.00 95.46 | 1.16637 0.11720 95.01 | 1.14251 0.11910 || 127.27 | 0.01442 | 0.0003715
97.50 97.99 | 1.19325 0.10830 97.50 | 1.16695 0.10990 || 127.30 | 0.01722 | 0.0004601
100.00 || 100.54 | 1.22027 0.10010 || 100.01 | 1.19062 0.10160 || 127.35 | 0.02091 | 0.0005772
102.50 || 103.09 | 1.24720 0.09278 || 102.51 | 1.21292 0.09387 || 127.40 | 0.02586 | 0.0007335
105.00 {| 105.65 | 1.27415 0.08605 || 105.00 | 1.23338 0.08669 || 127.46 | 0.03267 | 0.0009490
107.50 || 108.23 | 1.30124 0.07980 || 107.50 | 1.25106 0.08012 || 127.55 | 0.04237 | 0.0012540
110.00 || 110.84 | 1.32857 0.07421 || 110.01 | 1.26427 0.07382 || 127.65 | 0.05677 | 0.0017110
112.50 || 113.48 | 1.35614 0.06898 || 112.51 | 1.26976 0.06770 || 127.79 | 0.07913 | 0.0024060
115.00 || 116.18 | 1.38426 0.06404 || 115.00 | 1.26110 0.06150 || 128.00 | 0.11618 | 0.0035610
117.50 || 119.00 | 1.41355 0.05932 || 117.51 | 1.22373 0.05469 || 128.31 | 0.18312 | 0.0056060
120.00 || 122.04 | 1.44504 0.05477 || 120.01 | 1.12241 0.04609 || 128.85 | 0.31620 | 0.0095950
122.50 || 125.71 | 1.48294 0.04986 || 122.51 | 0.86579 0.03263 || 130.02 | 0.61104 | 0.0179500
125.00 || 132.60 | 1.55377 0.04187 || 125.00 | 0.31548 0.01090 || 134.42 | 1.23273 | 0.0317200

Table 15: The nominal mass value of neutral boson h , m{®™ and the mass, width and product of cross section
and pTp~branching ratio for the neutral boson A, h and H. The values are obtained with PYTHIA (v.6.226).

tan 5 = 30

mﬂom maA FA UA-BI‘N+M— mp Fh O'h-BI‘u+u— my PH UH-BI‘Iﬁ-u—
[GeV] || [GeV] [GeV] [pb] [GeV] [GeV] [pb] [GeV] [GeV] [pb]
95.00 95.35 | 1.67790 0.16940 95.00 | 1.64886 0.17200 || 127.23 | 0.01424 | 0.0003661
97.50 97.88 | 1.71661 0.15630 97.51 | 1.68531 0.15880 || 127.25 | 0.01703 | 0.0004547
100.00 || 100.40 | 1.75507 0.14480 || 100.00 | 1.72062 0.14690 || 127.28 | 0.02066 | 0.0005704
102.50 || 102.94 | 1.79370 0.13430 || 102.51 | 1.75480 0.13580 || 127.32 | 0.02557 | 0.0007260
105.00 [| 105.48 | 1.83222 0.12460 || 105.00 | 1.78700 0.12570 || 127.36 | 0.03234 | 0.0009417
107.50 || 108.04 | 1.87093 0.11560 || 107.51 | 1.81646 0.11650 || 127.42 | 0.04202 | 0.0012480
110.00 (| 110.61 | 1.90969 0.10770 || 110.01 | 1.84126 0.10750 || 127.49 | 0.05638 | 0.0017050
112.50 || 113.20 | 1.94865 0.10010 || 112.50 | 1.85819 0.09923 || 127.59 | 0.07879 | 0.0024130
115.00 || 115.84 | 1.98825 0.09317 || 115.01 | 1.86052 0.09093 || 127.73 | 0.11644 | 0.0035960
117.50 || 118.55 | 2.02880 0.08661 || 117.50 | 1.83255 0.08209 || 127.94 | 0.18534 | 0.0057440
120.00 || 121.41 | 2.07149 0.08030 || 120.00 | 1.73326 0.07127 || 128.30 | 0.32768 | 0.0101100
122.50 || 124.70 | 2.12045 0.07374 || 122.51 | 1.43670 0.05426 || 129.09 | 0.67361 | 0.0204100
125.00 (| 130.00 | 2.19903 0.06453 || 125.01 | 0.63146 0.02187 || 131.89 | 1.55805 | 0.0434200

Table 16: The nominal mass value of neutral boson h , m{® and the mass, width and product of cross section
and pTp~branching ratio for the neutral boson A, h and H. The values are obtained with PYTHIA (v.6.226).
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tan 8 = 35

mﬂom maA FA UA-BI‘N+M— mp Fh O'h-BI‘u+u— my PH UH-BI‘Iﬁ-u—
[GeV] || [GeV] [GeV] [pb] [GeV] [GeV] [pb] [GeV] [GeV] [pb]
95.00 95.29 | 2.28256 0.23120 95.01 | 2.24742 0.23410 || 127.24 | 0.01406 | 0.0003602
97.50 97.80 | 2.33485 0.21320 97.50 | 2.29767 0.21630 || 127.26 | 0.01679 | 0.0004467
100.00 || 100.32 | 2.38720 0.19750 || 100.00 | 2.34709 0.20000 || 127.28 | 0.02038 | 0.0005618
102.50 || 102.85 | 2.43957 0.18320 || 102.51 | 2.39525 0.18520 || 127.31 | 0.02523 | 0.0007154
105.00 || 105.38 | 2.49180 0.17000 || 105.01 | 2.44139 0.17150 || 127.34 | 0.03191 | 0.0009286
107.50 || 107.92 | 2.54409 0.15790 || 107.51 | 2.48470 0.15900 || 127.38 | 0.04146 | 0.0012330
110.00 || 110.47 | 2.59644 0.14690 || 110.01 | 2.52338 0.14730 || 127.43 | 0.05567 | 0.0016850
112.50 || 113.04 | 2.64906 0.13690 || 112.51 | 2.55421 0.13620 || 127.50 | 0.07799 | 0.0023930
115.00 || 115.63 | 2.70196 0.12740 || 115.00 | 2.57021 0.12550 || 127.60 | 0.11539 | 0.0035770
117.50 || 118.28 | 2.75594 0.11870 || 117.50 | 2.55537 0.11440 || 127.75 | 0.18471 | 0.0057590
120.00 || 121.04 | 2.81203 0.11030 || 120.00 | 2.46526 0.10130 || 128.01 | 0.33139 | 0.0103400
122.50 || 124.09 | 2.87384 0.10200 || 122.50 | 2.15281 0.08138 || 128.56 | 0.70616 | 0.0217600
125.00 (| 128.50 | 2.96291 0.09116 || 125.01 | 1.11258 0.03863 || 130.47 | 1.83617 | 0.0535600

Table 17: The nominal mass value of neutral boson h , m{®* and the mass, width and product of cross section
and pTp~branching ratio for the neutral boson A, h and H. The values are obtained with PYTHIA (v.6.226).

tan § = 40

mﬂom maA FA UA-BI‘N+M— mp Fh O'h-BI‘u+u— my PH UH-BI‘Iﬁ-u—

[GeV] || [GeV] [GeV] [pb] [GeV] [GeV] [pb] [GeV] [GeV] [pb]

95.00 95.24 | 2.97995 0.3017 95.00 | 2.93779 0.30570 || 127.28 | 0.01384 | 0.0003525

97.50 97.75 | 3.04824 0.2788 97.50 | 3.00431 0.28240 || 127.30 | 0.01653 | 0.0004375
100.00 {| 100.27 | 3.11662 0.2578 || 100.01 | 3.07000 0.26120 || 127.31 | 0.02007 | 0.0005500
102.50 || 102.79 | 3.18477 0.2396 || 102.51 | 3.13420 0.24210 || 127.33 | 0.02483 | 0.0007011
105.00 {| 105.31 | 3.25272 0.2225 || 105.01 | 3.19637 0.22430 || 127.36 | 0.03140 | 0.0009096
107.50 || 107.84 | 3.32075 0.2066 || 107.51 | 3.25575 0.20820 || 127.39 | 0.04079 | 0.0012090
110.00 || 110.38 | 3.38887 0.1922 || 110.01 | 3.31057 0.19320 || 127.43 | 0.05478 | 0.0016580
112.50 || 112.93 | 3.45707 0.1791 || 112.51 | 3.35749 0.17880 || 127.48 | 0.07674 | 0.0023580
115.00 || 115.50 | 3.52564 0.1668 || 115.01 | 3.38972 0.16540 || 127.55 | 0.11373 | 0.0035340
117.50 || 118.11 | 3.59509 0.1556 || 117.50 | 3.39106 0.15190 || 127.67 | 0.18248 | 0.0057020
120.00 || 120.80 | 3.66650 0.1448 || 120.00 | 3.31605 0.13650 || 127.86 | 0.32951 | 0.0103100
122.50 || 123.70 | 3.74328 0.1344 || 122.50 | 3.00518 0.11370 || 128.26 | 0.71780 | 0.0223200
125.00 || 127.55 | 3.84491 0.1219 || 125.00 | 1.78456 0.06213 || 129.61 | 2.04085 | 0.0611500

Table 18: The nominal mass value of neutral boson h , m{®* and the mass, width and product of cross section
and pTp~branching ratio for the neutral boson A, h and H. The values are obtained with PYTHIA (v.6.226).
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tan g = 45

mﬂom maA FA UA-BI‘N+M— mp Fh O'h-BI‘u+u— my PH UH-BI‘Iﬁ-u—
[GeV] || [GeV] [GeV] [pb] [GeV] [GeV] [pb] [GeV] [GeV] [pb]
95.00 || 95.21 | 3.77047 0.3802 95.00 | 3.72038 0.38680 || 127.35 | 0.01362 | 0.0003437
97.50 97.72 | 3.85691 0.3522 97.50 | 3.80532 0.35700 || 127.36 | 0.01626 | 0.0004273
100.00 || 100.23 | 3.94311 0.3269 || 100.00 | 3.88914 0.33020 || 127.37 | 0.01973 | 0.0005372
102.50 || 102.74 | 4.02902 0.3029 || 102.50 | 3.97142 0.30680 || 127.39 | 0.02438 | 0.0006848
105.00 {| 105.25 | 4.11469 0.2811 || 104.99 | 4.05164 0.28410 || 127.41 | 0.03079 | 0.0008895
107.50 || 107.78 | 4.20079 0.2613 || 107.50 | 4.12947 0.26380 || 127.43 | 0.04001 | 0.0011820
110.00 || 110.31 | 4.28667 0.2433 || 110.00 | 4.20254 0.24500 || 127.46 | 0.05370 | 0.0016190
112.50 || 112.85 | 4.37266 0.2271 || 112.50 | 4.26788 0.22720 || 127.50 | 0.07520 | 0.0023050
115.00 || 115.40 | 4.45877 0.2118 || 115.00 | 4.31867 0.21060 || 127.56 | 0.11134 | 0.0034520
117.50 || 117.99 | 4.54601 0.1972 || 117.50 | 4.33916 0.19400 || 127.65 | 0.17887 | 0.0055970
120.00 {| 120.63 | 4.63472 0.1839 || 120.00 | 4.28403 0.17580 || 127.79 | 0.32347 | 0.0101500
122.50 || 123.43 | 4.72857 0.1711 || 122.49 | 3.98930 0.15070 || 128.09 | 0.71282 | 0.0222600
125.00 || 126.93 | 4.84555 0.1564 || 125.00 | 2.64794 0.09217 || 129.09 | 2.17208 | 0.0661800

Table 19: The nominal mass value of neutral boson h , m{®" and the mass, width and product of cross section
and pTp~branching ratio for the neutral boson A, h and H. The values are obtained with PYTHIA (v.6.226).

tan 5 = 50

mﬂom maA FA UA-BI‘N+M— mp Fh O'h-BI‘u+u— my PH UH-BI‘Iﬁ-u—
[GeV] || [GeV] [GeV] [pb] [GeV] [GeV] [pb] [GeV] [GeV] [pb]
95.00 95.19 | 4.65406 0.4701 95.00 | 4.59511 0.4771 || 127.43 | 0.01338 | 0.0003347
97.50 97.70 | 4.76077 0.4349 97.51 | 4.70064 0.4403 || 127.44 | 0.01597 | 0.0004165
100.00 || 100.21 | 4.86720 0.4030 || 100.01 | 4.80500 0.4071 || 127.45 | 0.01937 | 0.0005240
102.50 || 102.72 | 4.97326 0.3737 || 102.51 | 4.90777 0.3774 || 127.46 | 0.02394 | 0.0006684
105.00 {| 105.23 | 5.07902 0.3468 || 105.01 | 5.00844 0.3509 || 127.48 | 0.03023 | 0.0008680
107.50 || 107.75 | 5.18491 0.3229 || 107.51 | 5.10647 0.3261 || 127.50 | 0.03923 | 0.0011550
110.00 {| 110.27 | 5.29052 0.3006 || 110.01 | 5.19981 0.3025 || 127.52 | 0.05259 | 0.0015800
112.50 || 112.80 | 5.39627 0.2802 || 112.51 | 5.28562 0.2811 || 127.55 | 0.07356 | 0.0022460
115.00 || 115.34 | 5.50216 0.2614 || 115.00 | 5.35724 0.2607 || 127.60 | 0.10884 | 0.0033680
117.50 || 117.91 | 5.60905 0.2440 || 117.51 | 5.39928 0.2411 || 127.67 | 0.17464 | 0.0054460
120.00 {| 120.52 | 5.71732 0.2277 || 120.00 | 5.36719 0.2200 || 127.78 | 0.31594 | 0.0099070
122.50 || 123.26 | 5.83072 0.2118 || 122.51 | 5.09545 0.1922 || 128.02 | 0.70201 | 0.0219800
125.00 (| 126.49 | 5.96403 0.1954 || 125.00 | 3.71261 0.1292 || 128.76 | 2.21922 | 0.0682500

Table 20: The nominal mass value of neutral boson h , m{®* and the mass, width and product of cross section
and pTp~branching ratio for the neutral boson A, h and H. The values are obtained with PYTHIA (v.6.226).
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Figure 19: a) Mass of the neutral A boson, ma, as a function of the mass of the neutral h boson, m; (top
left). b) The width in utpu~ of the neutral h boson, Ty, as a function of my, (middle left). c¢) The width in
uTp~  of the neutral A boson, T'a, as a function of mp (middle right). d) The production cross section of
the neutral h boson times the muon pair branching ratio, o+ Br — ppu, as a function of my (bottom left.) e)
The production cross section of the neutral A boson times the muon pair branching ratio, oo+ Br — pu, as a
function of ma (bottom right). The values at tanf = 50, 40, 30, 20 are shown (Tab. 14, Tab. 16, Tab. 18,
Tab. 20) [17,18].
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Figure 20: a) Mass of the neutral A boson, ma, as a function of the mass of the neutral h boson, m; (top
left). b) The width in utpu~ of the neutral h boson, Ty, as a function of my, (middle left). c¢) The width in
uTp~  of the neutral A boson, T'a, as a function of mp (middle right). d) The production cross section of
the neutral h boson times the muon pair branching ratio, on- Br — pu, as a function of my, (bottom left) e)
The production cross section of the neutral A boson times the muon pair branching ratio, oo+ Br — pu, as a
function of ma (bottom right). The values at tan3 = 45, 35, 25, 15 are shown (Tab. 13, Tab. 15, Tab. 17,
Tab. 19) [17,18].
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Figure 21: The mass, my, of the neutral Higgs boson H is shown as a function of the mass of the neutral A
boson, ma, for tanf values = 50, 40, 30, 20 on the left (Tab. 14, Tab. 16, Tab. 18, Tab. 20) and for tang values
= 45, 35, 25, 15 on the right (Tab. 13, Tab. 15, Tab. 17, Tab. 19) [17,18].
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B Appendix: Center and width of mass window for h,
A, H Higgs bosons selection

Table caption:
Tab. 21 (tang =15), Tab. 22 (tang8 =20), Tab. 23 (tan8 =25), Tab. 24 (tan8 =30), Tab. 25
(tanf =35), Tab. 26 (tang =40), Tab. 27 (tan =45), Tab. 28 (tanf =50):

The nominal mass value of the lightest neutral MSSM Higgs boson, mj°™, the corresponding
value of the A Higgs boson mass, m{™, corrected for the experimental effects (Sec. 8 ), and
the selection window, &5, calculated as a function of the A natural width and experimental
resolution (Sec. 8), are reported in the first three columns. The corresponding quantities for

the other two neutral bosons are listed in columns 4, 5 (h boson) and 6, 7 (H boson).
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tan § = 15

mﬂom mg)rr EA mﬁorr é’h m%orr é’H
[103MeV] | [MeV] | [MeV] | [MeV] | [MeV] || [MeV] | [MeV]

95.00 95250 | 2504 94180 | 2476 || 126930 | 3322

97.50 97860 | 2572 96680 | 2541 || 127030 | 3324

100.00 || 100490 | 2641 99190 | 2606 || 127160 | 3327

102.50 || 103140 | 2710 || 101680 | 2671 || 127310 | 3331

105.00 || 105830 | 2780 || 104180 | 2736 || 127490 | 3336

107.50 || 108560 | 2851 || 106680 | 2801 || 127730 | 3342

110.00 || 111380 | 2924 || 109190 | 2866 | 128030 | 3350

112.50 || 114300 | 3000 || 111690 | 2931 || 128450 | 3361

115.00 | 117400 | 3081 || 114180 | 2995 || 129050 | 3377

117.50 || 120840 | 3171 || 116690 | 3059 || 129980 | 3401

120.00 || 125000 | 3279 || 119190 | 3123 || 131640 | 3446

122.50 | 131230 | 3441 || 121680 | 3186 || 135360 | 3544

125.00 || 150180 | 3935 || 124190 | 3250 || 151790 | 3976

Table 21: Table caption in forehead of Appendix B.

tan 5 = 20

mﬁom mCAOI'I' é‘A mﬁorr é‘h mCHOI‘I‘ é‘H

[103MeV] | [MeV] | [MeV] | [MeV] | [MeV] || [MeV] | [MeV]

95.00 94830 | 2507 || 94180 | 2489 || 126580 | 3312

97.50 || 97390 | 2574 || 96690 | 2555 || 126640 | 3314

100.00 || 99960 | 2641 99190 | 2620 || 126700 | 3316

102.50 || 102540 | 2709 || 101680 | 2685 || 126790 | 3318

105.00 || 105150 | 2777 || 104190 | 2750 || 126890 | 3320

107.50 || 107780 | 2846 || 106690 | 2816 || 127020 | 3324

110.00 || 110450 | 2916 || 109190 | 2880 || 127190 | 3328

112.50 || 113170 | 2987 || 111680 | 2944 || 127410 | 3334

115.00 || 116000 | 3061 | 114180 | 3008 || 127740 | 3343

117.50 || 119010 | 3140 || 116690 | 3071 || 128240 | 3356

120.00 || 122380 | 3227 || 119180 | 3132 || 129120 | 3381

122.50 | 126810 | 3343 || 121680 | 3191 || 131050 | 3436

125.00 || 136930 | 3608 || 124190 | 3250 || 138670 | 3646

Table 22: Table caption in forehead of Appendix B.
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tan 0 = 25

mﬁom mg)rr EA mﬁorr é‘h m%orr é‘H
[103MeV] | [MeV] | [MeV] | [MeV] | [MeV] || [MeV] | [MeV]
95.00 || 94640 | 2531 || 94190 | 2517 || 126450 | 3309
97.50 | 97170 | 2597 || 96680 | 2583 || 126480 | 3310
100.00 || 99720 | 2665 | 99190 | 2649 || 126530 | 3311
102.50 || 102270 | 2732 || 101690 | 2714 || 126580 | 3312
105.00 || 104830 | 2799 || 104180 | 2780 || 126640 | 3314
107.50 || 107410 | 2867 || 106680 | 2845 || 126730 | 3316
110.00 || 110020 | 2936 || 109190 | 2910 || 126830 | 3319
112.50 || 112660 | 3006 || 111690 | 2974 || 126970 | 3323
115.00 || 115360 | 3077 || 114180 | 3037 || 127180 | 3328
117.50 || 118180 | 3151 || 116690 | 3099 || 127490 | 3337
120.00 || 121220 | 3232 || 119190 | 3156 || 128030 | 3353
122.50 || 124890 | 3328 || 121690 | 3206 || 129200 | 3390
125.00 || 131780 | 3510 | 124180 | 3253 || 133600 | 3534
Table 23: Table caption in forehead of Appendix B.
tan 5 = 30

mﬂom mCAOI‘I‘ é'A mﬁorr é'h mCHOI‘I‘ é'H
[103MeV] | [MeV] | [MeV] | [MeV] | [MeV] || [MeV] | [MeV]
95.00 || 94530 | 2579 || 94180 | 2567 || 126410 | 3308
97.50 || 97060 | 2647 || 96690 | 2634 || 126430 | 3308
100.00 || 99580 | 2714 || 99180 | 2700 || 126460 | 3309
102.50 || 102120 | 2782 || 101690 | 2767 || 126500 | 3310
105.00 || 104660 | 2850 || 104180 | 2833 || 126540 | 3311
107.50 || 107220 | 2919 || 106690 | 2899 || 126600 | 3313
110.00 | 109790 | 2987 || 109190 | 2965 || 126670 | 3315
112.50 || 112380 | 3057 || 111680 | 3029 || 126770 | 3318
115.00 || 115020 | 3127 || 114190 | 3092 || 126910 | 3321
117.50 || 117730 | 3200 || 116680 | 3152 || 127120 | 3327
120.00 || 120590 | 3276 || 119180 | 32058 || 127480 | 3339
122.50 || 123880 | 3364 | 121690 | 3243 || 128270 | 3368
125.00 || 129180 | 3506 || 124190 | 3261 || 131070 | 3492

Table 24: Table caption in forehead of Appendix B.

38




tan 8 = 35

mﬂom mg)rr EA mﬁorr é’h m%orr é’H
[103MeV] | [MeV] | [MeV] | [MeV] | [MeV] || [MeV] | [MeV]

95.00 94470 | 2660 94190 | 2647 || 126420 | 3308

97.50 96980 | 2728 96680 | 2716 || 126440 | 3309

100.00 99500 | 2798 99180 | 2784 || 126460 | 3309

102.50 || 102030 | 2867 || 101690 | 2852 || 126490 | 3310

105.00 || 104560 | 2936 || 104190 | 2920 || 126520 | 3311

107.50 || 107100 | 3006 || 106690 | 2987 || 126560 | 3312

110.00 || 109650 | 3076 || 109190 | 3054 || 126610 | 3313

112.50 || 112220 | 3146 || 111690 | 3119 || 126680 | 3315

115.00 || 114810 | 3217 || 114180 | 3182 || 126780 | 3318

117.50 || 117460 | 3290 || 116680 | 3241 || 126930 | 3322

120.00 || 120220 | 3365 || 119180 | 3290 || 127190 | 3331

122.50 || 123270 | 3448 || 121680 | 3313 || 127740 | 3356

125.00 || 127680 | 3569 | 124190 | 3284 || 129650 | 3480

Table 25: Table caption in forehead of Appendix B.

tan § = 40

mﬁom mCAOI'I' é‘A mﬁorr é‘h mCHOI‘I‘ é‘H

[103MeV] | [MeV] | [MeV] | [MeV] | [MeV] || [MeV] | [MeV]

95.00 94420 | 2780 94180 | 2766 || 126460 | 3309

97.50 || 96930 | 2851 96680 | 2837 || 126480 | 3310

100.00 || 99450 | 2922 | 99190 | 2907 || 126490 | 3310

102.50 || 101970 | 2994 || 101690 | 2978 || 126510 | 3311

105.00 || 104490 | 3065 || 104190 | 3048 || 126540 | 3311

107.50 || 107020 | 3137 || 106690 | 3117 || 126570 | 3312

110.00 | 109560 | 3209 | 109190 | 3186 || 126610 | 3313

112.50 || 112110 | 3281 || 111690 | 3253 || 126660 | 3315

115.00 || 114680 | 3354 || 114190 | 3317 || 126730 | 3317

117.50 || 117290 | 3428 || 116680 | 3376 || 126850 | 3320

120.00 || 119980 | 3504 || 119180 | 3422 || 127040 | 3327

122.50 || 122880 | 3586 || 121680 | 3430 || 127440 | 3349

125.00 | 126730 | 3695 || 124180 | 3337 || 128790 | 3479

Table 26: Table caption in forehead of Appendix B.
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tan 0 = 45

mﬁom chorr é- A mﬁorr éh mﬁ)rr fH
[103MeV] [MeV] | [MeV] [MeV] | [MeV] [MeV] | [MeV]
95.00 94390 | 2946 94180 | 2930 || 126530 | 3311
97.50 96900 | 3021 96680 | 3004 || 126540 | 3311
100.00 99410 | 3096 99180 | 3078 || 126550 | 3312
102.50 (| 101920 3170 || 101680 | 31523 || 126570 3312
105.00 || 104430 3245 || 104170 3225 || 126590 3313
107.50 | 106960 | 3320 || 106680 | 3298 || 126610 | 3313
110.00 || 109490 3395 || 109180 3369 || 126640 3314
112.50 || 112030 | 3470 || 111680 | 3439 || 126680 | 3315
115.00 || 114580 | 3546 || 114180 | 3506 || 126740 | 3317
117.50 || 117170 3622 || 116680 3566 || 126830 3320
120.00 || 119810 | 3700 || 119180 | 3610 || 126970 | 3325
122.50 | 122610 | 3783 || 121670 | 3606 | 127270 | 3344
125.00 (| 126110 3887 || 124180 3438 || 128270 3480
Table 27: Table caption in forehead of Appendix B.
tan 8 = 50

n,lﬁom m([;{)rr £ A mﬁorr fh m%}rr fH
[103MeV] || [MeV] | [MeV] [MeV] | [MeV] [MeV] | [MeV]
95.00 94370 | 3165 94180 | 3145 || 126610 | 3313
97.50 96880 3244 96690 3224 || 126620 3313
100.00 99390 | 3323 99190 | 3303 || 126630 | 3314
102.50 || 101900 | 3402 || 101690 | 3381 || 126640 | 3314
105.00 || 104410 3481 || 104190 3458 || 126660 3314
107.50 || 106930 | 3560 || 106690 | 3535 || 126680 | 3315
110.00 | 109450 | 3639 || 109190 | 3610 || 126700 | 3316
112.50 (| 111980 3719 || 111690 3684 || 126730 3316
115.00 || 114520 3798 || 114180 3754 || 126780 3318
117.50 || 117090 3879 || 116690 3817 || 126850 3320
120.00 || 119700 3961 || 119180 3861 || 126960 3325
122.50 | 122440 | 4047 || 121690 | 3848 || 127200 | 3342
125.00 || 125670 4148 || 124180 3611 || 127940 3477

Table 28: Table caption in forehead of Appendix B.
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C Appendix: Distributions of variables used in the se-
lection

The distributions are normalized at [£d¢ 300 fb~", used in the selection procedure (Tab. 7)
are plotted before the concerned cut is applied, for the following signal and background pro-

cesses (color code in brackets) at the reference point, tan3 = 45 and muy = 110.31 GeV
(mn = 110 GeV , my = 127.46 GeV ), (Sec. 8.1):

bbA — bbutp~ (light blue);
bbh — bbutp~ (dark blue);
bbH — bbutpu~ (purple);
bbZ — bbutu~ (yellow);

tt — bbutpu~vo (gray);

77 — bbutpu~ (green).

Background events may contribute to the corresponding distribution with more than one entry.
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Figure 22: Without cuts. Distributions of the number of muons, N,,, generated (hatched) and reconstructed
(full color) for the following processes at the reference point, tanf = 45 and ma = 110.31 GeV (see forehead

Appendix C):

a) bbA — bbuTpu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue);
¢) bbH — bbutpu~ events (middle left, purple); e) bbZ — bbutu~ events (middle right, yellow); f)
tt — bbuTu~ v events (bottom right, gray); g) ZZ — bbutu~ events (bottom right, green).

The distributions are plotted without any cut.
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Without cuts. Distributions of the muon transverse momentum, Pr,, generated (hatched) and reconstructed
(full color) for the following processes at the reference point tanf = 45 and ma = 110.31 GéV (see forehead
Appendix C):
a) bbA — bbutpu~ events (top left, light blue); b) bbh — bbutpu~ events (top right, dark blue);
c) bbH — bbutpu~ events (middle left, purple); e) bbZ — bbutu~ events (middle right, yellow); f)
tt — bbutu~vw events (bottom right, gray); g) ZZ — bbut ™ events (bottom right, green).

The distributions are plotted without any cut.
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Figure 24: Without cuts. Distributions of the muon pseudorapidity, n,, generated (hatched) and recon-
structed (full color) for the following processes at the reference point tang = 45 and ma = 110.31 GeV (see
forehead Appendix C):

a) bbA — bbutpu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue);
c) bbH — bbutpu~ events (middle left, purple); e) bbZ — bbutu~ events (middle right, yellow); f)
tt — bbutu~ v events (bottom right, gray); g) ZZ — bbutu~ events (bottom right, green).

The distributions are plotted without any cut.
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Figure 25: Without cuts. Distributions of the number of jets, Njes,
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¢) bbH — bbutpu~ events (middle left, purple); e) bbZ — bbutu~ events (middle right, yellow); f)
tt — bbuTu~ v events (bottom right, gray); g) ZZ — bbutu~ events (bottom right, green).

The distributions are plotted without any cut.
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Figure 26: Without cuts. Distributions of the transverse momentum of jets, Prjet, generated (hatched) and
reconstructed (full color) for the following processes at the reference point, tang = 45 and ma = 110.31 GeV

(see forehead Appendix C):

a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue);
¢) bbH — bbutpu~ events (middle left, purple); e) bbZ — bbutu~ events (middle right, yellow); f)
tt — bbuTu~ v events (bottom right, gray); g) ZZ — bbutu~ events (bottom right, green).

The distributions are plotted without any cut.
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Figure 27: After cut 1. Distributions of the reconstructed number of jets, Njet, are plotted after cuts 1 (Tab. 7)
for the following processes at the reference point, tan = 45 and ma = 110.31 GeV (see forehead Appendix C):
a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue); ¢) bbH —
bbutp~ events (middle left, purple); e) bbZ — bbut i~ events (middle right, yellow); f) tt — bbutu~vv events
(bottom right, gray); g) ZZ — bbutu~ events (bottom right, green).
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Figure 28: After cut 1. Distributions of the reconstructed transverse momentum of jets, Prjet, are plotted
after cuts 1 (Tab. 7), for the following processes at the reference point, tang = 45 and ma = 110.31 GéV (see
forehead Appendix C):
a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue); ¢) bbH —
bbutp~ events (middle left, purple); e) bbZ — bbut i~ events (middle right, yellow); f) tt — bbutu~v7 events
(bottom right, gray); g) ZZ — bbutp~ events (bottom right, green).
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29: After cut 2. Distributions of the reconstructed number of jets, Njet, are plotted after cuts 1 and

2 (Tab. 7) for the following processes at the reference point, tang = 45 and mp = 110.31 GeV (see forehead
Appendix C):
a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue); ¢) bbH —
bbutp~ events (middle left, purple); e) bbZ — bbut i~ events (middle right, yellow); f) tt — bbutu~v7 events
(bottom right, gray); g) ZZ — bbutpu~ events (bottom right, green).
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Figure 30: After cut 2. Distributions of the reconstructed transverse momentum of jets, Prjet, are plotted
after cuts 1 and 2 (Tab. 7) for the following processes at the reference point, tang = 45 and mp = 110.31 GeV
(see forehead Appendix C):

a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue); ¢) bbH —
bbutp~ events (middle left, purple); e) bbZ — bbut i~ events (middle right, yellow); f) tt — bbutu~v7 events
(bottom right, gray); g) ZZ — bbutpu~ events (bottom right, green).
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Figure 31: After cut 3. Distributions of the reconstructed missing transverse energy in the event, EisS  are
plotted after cuts 1,2 and 3 (Tab. 7) for the following processes at the reference point, tang = 45 and ma =
110.31 GeV (see forehead Appendix C):
a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue); ¢) bbH —
bbut ™ events (middle left, purple); e) bbZ — bbu™ i~ events (middle right, yellow); f) tt — bbu™ " v events
(bottom right, gray); g) ZZ — bbutpu~ events (bottom right, green).
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Figure 32: After cut 4. Distributions of the first most large muon reconstructed transverse momentum,
Pr,1  are plotted after cuts 1,2,3 and 4 (Tab. 7) for the following processes at the reference point, tang = 45

and ma 110.31 GeV (see forehead Appendix C)

a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue); c) bbH —
bbutpu~ events (middle left, purple); e) bbZ — bbut u~ events (middle right, yellow); f) tt — bbutu~ v events
(bottom right, gray); g) ZZ — bbu™pu~ events (bottom right, green).
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Figure 33: After cut 5. Distributions of the second most large muon reconstructed transverse momentum,
Py, are plotted after cuts 1- 5 (Tab. 7) for the following processes at the reference point, tanf = 45 and ma
= 110.31 GeV (see forehead Appendix C):

a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue); ¢) bbH —
bbutp~ events (middle left, purple); e) bbZ — bbut i~ events (middle right, yellow); f) tt — bbutu~v7 events
(bottom right, gray); g) ZZ — bbutpu~ events (bottom right, green). (Tab. 7).
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Figure 34: After cut 6. Distributions of the second most large jet reconstructed transverse momentum, Prjet2,
are plotted after cuts 1- 6 (Tab. 7) for the following processes at the reference point, tan = 45 and ma =
110.31 GeV (see forehead Appendix C):

a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue); ¢) bbH —
bbutp~ events (middle left, purple); e) bbZ — bbut i~ events (middle right, yellow); f) tt — bbutu~v7 events
(bottom right, gray); g) ZZ — bbutp~ events (bottom right, green).
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Figure 35: After cut 7. Distributions of the first most large jet reconstructed transverse momentum, Prjet1,
are plotted after cuts 1- 7 (Tab. 7) for the following processes at reference point, tang = 45 and ma = 110.31
GeV (see forehead Appendix C):
a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue); ¢) bbH —
bbutp~ events (middle left, purple); e) bbZ — bbut i~ events (middle right, yellow); f) tt — bbutu~v7 events
(bottom right, gray); g) ZZ — bbutpu~ events (bottom right, green).
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Figure 36: After cut 8. Distributions of the reconstructed p*p~ invariant mass, MLTL" are plotted after cuts
1- 8 (Tab. 7) for the following processes at the reference point, tang = 45 and ma = 110.31 GeV (see forehead
Appendix C):

a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutu~ events (top right, dark blue); ¢) bbH —
bbut ™ events (middle left, purple); e) bbZ — bbu™ i~ events (middle right, yellow); f) tt — bbu™ " v events
(bottom right, gray); g) ZZ — bbutpu~ events (bottom right, green).
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Figure 37: After cut 9. Distributions of the sum of the momenta (absolute value) of the reconstructed tracks,
Y| Priracks|, in a cone AR < 0.2 around the p direction, are plotted after cuts 1- 9 (Tab. 7) for the following
processes at the reference point, tans = 45 and ma = 110.31 GeV (see forehead Appendix C):

a) bbA — bbutu~ events (top left, light blue); b) bbh — bbutpu~ events (top right, dark blue); e) bbZ —
bbutpu~ events (middle right, yellow); f) tt — bbu® u~ v events (bottom right, gray); g) ZZ — bbut u~ events
(bottom right, green).

S7



) = T T T T T 1bb A — bbup
£ 500
< L
w r
400; |:| M
300 ]
2001 -
100~ =
0: il i b e ey e e L:><103
20 40 60 80 100 120 140
M™[MeV]
.8 350; T T T T tt - bb pp
T 300
2500 I M
200 —
1501~ -
100f -
50 -
0 Jx10®
20 40 60 80 100 120 140
M™[MeV]

T T T T T

1bbh — bb pp

1] [
L 500
< L
w r
400; I M
300F =
200 -
100~ =
0: :XlOS
200 40 60 80 100 120 140
MY [MeV]
) = T T T T T 1bbZ - bb
@ E
£ 1400
w r
1000
800~ =
6001 =
400F =
200 =
ot M T Ly T el 1 dx10°
20 40 60 80 100 120 140
MY [MeV]
.8 14} T T T T 1ZZ - bbpp
< C
w12
10 a |:| M
8- -
6 {
4 =
L bl
ot ﬂ[LrL.W!-.HJF-P].J]I'ﬂﬂ[HHIJ.m ol ian. o %107
20 40 60 80 100 120 140
MY [MeV]

Figure 38: After cut 10. Distributions of the reconstructed u*p~ invariant mass, MLTL", are plotted after cuts
1-10 (Tab. 7) for the following processes at the reference point, tan = 45 and ma = 110.31 GéV (see forehead

Appendix C):

a) bbA — bbutpu~ events (top left, light blue); b) bbh — bbutpu~ events (top right, dark blue); d) bbZ —
bbuT ™~ events (middle right, yellow); e) tt — bbu®™u~ v events (bottom right, gray); f) ZZ — bbutu~ events

(bottom right, green).
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D Appendix: Sample of h /A signal and background
events. Analysis results

Table caption for Tables entitled: Events sample of h/A boson search:

Tab. 29 (tanf =15), Tab. 31 (tang =20), Tab. 33 (tanf =25), Tab. 35 (tans =30), Tab. 37
(tanf =35), Tab. 39 (tanf =40), Tab. 41 (tanf =45), Tab. 43 (tanf =50).

Column 1 gives the nominal mass value of the lightest neutral MSSM Higgs boson, mp°™.
Columns 2 to 5 give the corresponding value of the A Higgs boson mass, ma, the number of
events expected at [L£dt ~ 300 fb~, N{¥*°  the number of Monte Carlo generated events,
NY€ and their weight in the analysis, wa. Columns 6 to 9 give the same quantities my,, N 2%,
NMC and wy, for the h boson.

Table captions for Tables entitled: Selection and Significance oft h/A boson
search:

Tab. 30 (tan8 =15), Tab. 32 (tanf =20), Tab. 34 (tanf =25), Tab. 36 (tang =30), 38
(tanf =35), Tab. 40 (tanf =40), Tab. 42 (tan =45), Tab. 44 (tan =50).

Columns 1 of each table gives the the nominal mass value of the neutral lightest MSSM Higgs
boson, mi°™®. Columns 2 and 3 give the number of signal events selected as A , N5, and h,
Ngel,

Columns 4 to 6 give the number of events selected in the background samples of Z , N5¢, = of tt
, Ne¢l "and of ZZ, N5¢.,

Columns 7 to 9 show the significance = of the h/A boson search, S3%,, S ,and Si°,, for

vB
JL£dt ~ 300, 30 and 10 fb™!, respectively.
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tan § = 15 - Events sample of h/A boson search

nom ma Niipsoo NX[C WA mp NEXPBOO N}I\I/IC Wh

Gev] | [Gev] [GeV]

95.00 | 96.07 | 12393 | 15283 | 0.81 95.00 | 12684 | 15398 | 0.82

97.50 | 98.68 | 11424 | 11998 | 0.95 | 97.50 | 11655 | 11570 | 1.00

100.00 || 101.31 | 10554 | 10797 | 0.98 || 100.01 | 10725 | 10776 | 1.00

102.50 || 103.96 9747 | 10196 | 0.96 || 102.50 9843 | 10200 | 0.96

105.00 || 106.65 9009 | 9162 | 0.98 | 105.00 9033 | 9197 | 0.98

107.50 || 109.38 8340 | 8400 | 0.99 || 107.50 8241 | 8799 | 0.94

110.00 || 112.20 7707 | 7790 | 0.99 | 110.01 7473 | 7999 | 0.93

112.50 || 115.12 7107 | 10398 | 0.68 | 112.51 6663 | 6163 | 1.08

115.00 || 118.22 6534 | 8192 | 0.80 || 115.00 5817 | 6399 | 0.91

117.50 || 121.66 5973 | 8212 | 0.73 || 117.51 4817 | 5000 | 0.96

120.00 || 125.82 5361 | 9600 | 0.56 | 120.01 3546 | 4000 | 0.89

122.50 || 132.05 4584 | 8000 | 0.57 || 122.50 1948 | 2398 | 0.81

125.00 || 151.00 2954 | 8996 | 0.33 || 125.01 405 800 | 0.51

Table 29: Table caption in forehead of Appendix D.

tan § = 15 - Selection and Significance for h/A boson search

mpo™ [ NN [ NSRL [N NG SR | Sioa | Sila

[GeV]

95.00 || 690 | 682 | 100131 | 2686 | 4355 244 | 0.77 | 0.45

97.50 || 550 | 549 54476 | 2743 | 2426 3.16 1.00 | 0.58
100.00 | 512 | 493 23442 | 2786 | 1064 4.37 1.38 | 0.80
102.50 | 489 | 435 7982 | 2484 | 412 6.43 2.03 1.17
105.00 | 468 | 444 6978 | 2858 348 6.82 | 2.16 1.25
107.50 | 394 | 442 4888 | 2907 | 267 7.07 | 2.236 1.29
110.00 | 401 | 393 2890 | 3666 208 7.82 2.47 1.43
112.50 | 580 | 283 2903 | 2939 173 7.46 | 2.36 1.36
115.00 | 435 | 324 2421 | 2986 145 7.22 2.28 1.32
117.50 | 428 | 253 2061 | 3027 131 6.55 2.07 1.20
120.00 | 515 | 190 1815 | 3138 109 5.54 1.75 1.01
122.50 | 384 | 119 1648 | 3465 96 3.86 1.22 | 0.70
125.00 | 280 44 1262 | 3241 87 1.51 0.48 | 0.28

Table 30: Table caption in forehead of Appendix D.
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tan § = 20 - Events sample of h/A boson search

nom

m} ma Niipsoo N%C WA mp Nixpsoo N}I\I/IC Wh

[GeV] || [GeV] [GeV]

95.00 95.65 | 22314 | 24796 | 0.90 95.00 | 22761 | 24595 | 0.93

97.50 98.21 | 20640 | 24594 | 0.84 97.51 | 20985 | 23397 | 0.90
100.00 || 100.78 | 19059 | 23996 | 0.79 | 100.01 | 19341 | 23088 | 0.84
102.50 || 103.36 | 17679 | 19876 | 0.89 | 102.50 | 17844 | 22798 | 0.78
105.00 || 105.97 | 16356 | 17500 | 0.93 || 105.01 16428 | 24397 | 0.67
107.50 || 108.60 | 15174 | 16593 | 0.91 || 107.51 | 15114 | 24596 | 0.61
110.00 || 111.27 | 14061 | 15498 | 0.90 || 110.01 13872 | 15976 | 0.87
112.50 || 113.99 | 13038 | 15000 | 0.87 | 112.50 | 12621 | 24399 | 0.52
115.00 || 116.82 | 12057 | 12900 | 0.93 || 115.00 | 11289 | 23799 | 0.47
117.50 | 119.83 11136 | 12701 | 0.88 || 117.51 9813 | 23798 | 0.41
120.00 || 123.20 | 10191 | 11315 | 0.90 || 120.00 7860 | 11998 | 0.66
122.50 || 127.63 9093 | 10997 | 0.83 | 122.50 5022 | 10797 | 0.47
125.00 || 137.75 7107 | 8795 | 0.81 | 137.75 1356 | 9000 | 0.15

Table 31: Table caption in forehead of Appendix D.

tan § = 20 - Selection and Significance for h/A search

me [N | N N, [ Ne [ N[ S, [ ST [ Si9,
[GeV]

95.00 || 1142 | 1108 | 99433 | 2501 | 4312 448 | 1.42 | 0.82
97.50 | 1116 | 1020 | 54482 | 2646 | 2424 543 | 1.72 | 0.99
100.00 || 1130 | 1082 | 23419 | 2677 | 1066 796 | 251 | 145
102.50 936 | 1050 | 11451 | 2663 | 529 || 10.18 | 3.22 | 1.86
105.00 789 | 1116 | 6845 | 2719 | 337 || 11.46 | 3.62 | 2.09
107.50 799 | 1188 | 4767 | 2755 | 256 || 13.03 | 4.12 | 2.38
110.00 782 | 769 | 3571 | 2746 | 202 || 13.73 | 4.34 | 2.51
112.50 734 | 1242 | 2803 | 2727 | 166 || 13.93 | 4.41 | 2.54
115.00 665 | 1085 | 2038 | 2569 | 122 || 13.88 | 4.39 | 2.53
117.50 608 | 1094 1692 | 2524 111 || 12.78 | 4.04 | 2.33
120.00 603 | 598 1660 | 2788 | 104 || 11.95 | 3.78 | 2.18
122.50 586 | 571 1504 | 2920 83 9.76 | 3.08 | 1.78
125.00 379 | 455 | 1491 | 3606 93 4.63 | 147 | 0.85

Table 32: Table caption in forehead of Appendix D.

61




tan § = 25 - Events sample of h/A boson search

mﬁom ma Niipsoo N%C WA mp Nixpsoo N}I\I/IC Wh

[GeV] || [GeV] [GeV]

95.00 95.46 | 35160 | 36916 | 0.95 95.01 | 35730 | 37671 | 0.95

97.50 97.99 | 32490 | 34957 | 0.93 97.50 | 32970 | 34192 | 0.96
100.00 || 100.54 | 30030 | 31429 | 0.96 | 100.01 | 30480 | 31122 | 0.98
102.50 || 103.09 | 27834 | 29394 | 0.95 | 102.51 | 28161 | 29306 | 0.96
105.00 || 105.65 | 25815 | 26993 | 0.96 | 105.00 | 26007 | 26350 | 0.99
107.50 || 108.23 | 23940 | 24600 | 0.97 | 107.50 | 24036 | 24199 | 0.99
110.00 || 110.84 22263 | 24534 | 0.91 || 110.01 22146 | 24400 | 0.91
112.50 || 113.48 | 20694 | 21798 | 0.95 || 112.51 | 20310 | 21799 | 0.93
115.00 || 116.18 | 19212 | 19331 | 0.99 || 115.00 | 18450 | 18889 | 0.98
117.50 || 119.00 17796 | 17799 | 1.00 || 117.51 16407 | 17396 | 0.94
120.00 || 122.04 | 16431 | 16797 | 0.98 || 120.01 13827 | 13558 | 1.02
122.50 || 125.71 14958 | 12996 | 1.15 || 122.51 9789 | 9999 | 0.98
125.00 | 132.60 12561 | 11799 | 1.06 || 125.00 3270 | 3266 | 1.00

Table 33: Table caption in forehead of Appendix D.

tan § = 25 - Selection and Significance for h/A search

mpo™ [ N[ N[ ONSR [ ONE [ NG| SR | Si0a | Sila

[GeV]

95.00 (| 1592 | 1647 | 100916 | 2590 | 4391 6.67 | 2.11 1.22

97.50 || 1402 | 1425 55704 | 2623 | 2474 777 | 2.46 1.42
100.00 || 1397 | 1426 23855 | 2646 | 1078 || 11.95 | 3.78 | 2.18
102.50 (| 1371 | 1388 11541 | 2626 534 || 16.15 5.11 2.95
105.00 || 1203 | 1202 6883 | 2674 | 335 || 17.98 | 5.68 | 3.28
107.50 || 1174 | 1103 4764 | 2712 254 || 20.00 | 6.32 | 3.65
110.00 || 1181 | 1200 3544 | 2683 200 || 21.66 | 6.85 | 3.96
112.50 || 1057 | 1044 2758 | 2653 162 || 21.72 | 6.87 | 3.96
115.00 895 930 2758 | 2652 163 || 19.76 | 6.25 | 3.61
117.50 844 864 1869 | 2653 123 || 20.69 | 6.54 | 3.78
120.00 785 613 1613 | 2612 103 || 18.21 5.76 | 3.32
122.50 631 470 1419 | 2686 79 || 156.98 | 5.05 | 2.92
125.00 562 183 1371 | 3078 84 | 10.27 | 3.25 | 1.88

Table 34: Table caption in forehead of Appendix D.
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tan 5 = 30 - Events sample of h/A boson search

mﬁom ma N(X‘PSOO N%C WA ™mh NEXPSOO N}I\I/[C Wh

[GeV] || [GeV] [GeV]

95.00 95.35 | 50820 | 53591 | 0.95 95.01 | 51600 | 52145 | 0.99

97.50 97.88 | 46890 | 48772 | 0.96 97.51 | 47640 | 44796 | 1.06
100.00 || 100.40 | 43440 | 44707 | 0.97 || 100.01 | 44070 | 43657 | 1.01
102.50 || 102.94 | 40290 | 44145 | 0.91 || 102.51 40740 | 43914 | 0.93
105.00 || 105.48 | 37380 | 39418 | 0.95 | 105.00 | 37710 | 39713 | 0.95
107.50 || 108.04 | 34680 | 39197 | 0.88 | 107.51 | 34950 | 39192 | 0.89
110.00 || 110.61 | 32310 | 32872 | 0.98 | 110.01 | 32250 | 32304 | 1.00
112.50 || 113.20 | 30030 | 32603 | 0.92 | 112.51 | 29769 | 31990 | 0.93
115.00 || 115.84 | 27951 | 29422 | 0.95 | 115.01 | 27279 | 29100 | 0.94
117.50 || 118.55 | 25983 | 29488 | 0.88 | 117.51 | 24627 | 29757 | 0.83
120.00 || 121.41 | 24090 | 23997 | 1.00 || 120.01 | 21381 | 23790 | 0.90
122.50 || 124.70 | 22122 | 23900 | 0.93 || 122.51 16278 | 24595 | 0.66
125.00 || 130.00 | 19359 | 20486 | 0.95 || 125.01 6561 | 20999 | 0.31

Table 35: Table caption in forehead of Appendix D.

tan § = 30 - Selection and Significance for h/A search

mpe™ [N LONR L NgEL [ ONE [ NG [ SR [ Siva | Shla

[GeV]

95.00 || 2262 | 2137 | 102855 | 2613 | 4472 9.15 | 2.89 1.67

97.50 || 2070 | 1889 57367 | 2640 | 2545 || 11.44 | 3.62 | 2.09
100.00 || 2007 | 1885 24847 | 2659 | 1121 || 16.53 | 5.23 | 3.02
102.50 || 1930 | 1909 11876 | 2650 | 554 || 21.38 | 6.76 | 3.90
105.00 || 1802 | 1739 7030 | 2682 348 || 25.61 8.10 | 4.68
107.50 || 1692 | 1721 4850 | 2718 253 || 26.90 | 8.51 | 4.91
110.00 || 1475 | 1393 3310 | 2571 186 || 29.37 | 9.29 | 5.36
112.50 || 1541 | 1506 2794 | 2648 165 || 30.87 | 9.76 | 5.63
115.00 || 1355 | 1385 2251 | 2650 135 || 30.43 | 9.62 | 5.56
117.50 || 1363 | 1357 1884 | 2609 122 | 29.01 | 9.17 | 5.30
120.00 || 1177 | 1056 1598 | 2558 100 || 28.05 | 8.87 | 5.12
122.50 || 1136 | 1176 1365 | 2585 76 || 25.13 | 7.95 | 4.59
125.00 909 | 1040 1300 | 2813 75 || 16.13 | 5.10 | 2.95

Table 36: Table caption in forehead of Appendix D.
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tan 5 = 35 - Events sample of h/A boson search

mﬁom ma Niipsoo N%C WA mp Nixpsoo N}I\I/IC Wh

[GeV] || [GeV] [GeV]

95.00 95.29 | 69360 | 72595 | 0.96 95.01 | 70230 | 73152 | 0.96

97.50 97.80 | 63960 | 66227 | 0.97 97.50 | 64890 | 67536 | 0.96
100.00 || 100.32 | 59250 | 62782 | 0.94 | 100.00 | 60000 | 60819 | 0.99
102.50 || 102.85 | 54960 | 57800 | 0.95 | 102.51 | 55560 | 57655 | 0.96
105.00 || 105.38 | 51000 | 52155 | 0.98 || 105.01 | 51450 | 51477 | 1.00
107.50 || 107.92 | 47370 | 48992 | 0.97 || 107.51 | 47700 | 49390 | 0.97
110.00 || 110.47 | 44070 | 46461 | 0.95 || 110.01 | 44190 | 46793 | 0.94
112.50 || 113.04 | 41070 | 42196 | 0.97 | 112.51 | 40860 | 42387 | 0.96
115.00 || 115.63 | 38220 | 39716 | 0.96 || 115.00 | 37650 | 38993 | 0.97
117.50 || 118.28 | 35610 | 37590 | 0.95 | 117.50 | 34320 | 37044 | 0.93
120.00 || 121.04 | 33090 | 34466 | 0.96 | 120.00 | 30390 | 34302 | 0.89
122.50 || 124.09 | 30600 | 31795 | 0.96 | 122.50 | 24414 | 31369 | 0.78
125.00 || 128.50 | 27348 | 28597 | 0.96 || 125.01 11589 | 28596 | 0.41

Table 37: Table caption in forehead of Appendix D.

tan § = 35 - Selection and Significance for h/A search

mpe [N | N | N | N | N[ S [ ST, [ S0,
[GeV]

95.00 || 2937 | 2892 | 105658 | 2677 | 4581 || 11.83 | 3.74 | 2.16
97.50 || 2760 | 2756 | 60764 | 2705 | 2689 || 14.78 | 4.67 | 2.70
100.00 || 2653 | 2583 | 26490 | 2731 | 1193 || 21.01 6.64 | 3.84
102.50 || 2492 | 2380 11431 | 2622 | 528 || 28.74 | 9.09 | 5.25
105.00 || 2271 | 2206 7225 | 2731 | 354 | 33.30 | 10.53 | 6.08
107.50 || 2130 | 2158 4999 | 2776 | 260 || 36.24 | 11.46 | 6.62
110.00 || 2061 | 1978 3687 | 2720 | 207 || 37.70 | 11.92 | 6.88
112.50 || 1848 | 1982 2876 | 2692 | 165 || 40.08 | 12.68 | 7.32
115.00 || 1717 | 1731 2313 | 2686 | 139 || 38.68 | 12.23 | 7.06
117.50 || 1633 | 1670 1910 | 2639 | 122 || 38.38 | 12.14 | 7.01
120.00 || 1623 | 1536 1620 | 2565 | 102 || 38.26 | 12.10 | 6.99
122.50 || 1447 | 1446 1363 | 2547 78 || 34.71 | 10.97 | 6.34
125.00 || 1236 | 1356 1252 | 2648 71| 24.18 | 7.65 | 4.41

Table 38: Table caption in forehead of Appendix D.
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tan § = 40 - Events sample of h/A boson search

mﬁom ma Niipsoo N%C WA mp Nixpsoo N}I\I/IC Wh

[GeV] || [GeV] [GeV]

95.00 95.24 | 90510 | 94579 | 0.96 95.01 | 91710 | 94983 | 0.97

97.50 97.75 | 83640 | 87349 | 0.96 97.50 | 84720 | 87225 | 0.97
100.00 || 100.27 | 77340 | 80987 | 0.95 | 100.01 | 78360 | 81385 | 0.96
102.50 || 102.79 | 71880 | 76384 | 0.94 || 102.51 72630 | 74672 | 0.97
105.00 || 105.31 | 66750 | 69330 | 0.96 || 105.01 | 67290 | 69656 | 0.97
107.50 || 107.84 | 61980 | 65390 | 0.95 | 107.51 | 62460 | 65352 | 0.96
110.00 || 110.38 | 57660 | 59904 | 0.96 || 110.01 | 57960 | 59963 | 0.97
112.50 || 112.93 | 53730 | 56094 | 0.96 | 112.51 | 53640 | 56498 | 0.95
115.00 || 115.50 | 50040 | 51242 | 0.98 | 115.01 | 49620 | 52190 | 0.95
117.50 || 118.11 | 46680 | 48393 | 0.96 | 117.50 | 45570 | 47914 | 0.95
120.00 || 120.80 | 43440 | 45123 | 0.96 | 120.00 | 40950 | 45793 | 0.89
122.50 || 123.70 | 40320 | 40793 | 0.99 | 122.50 | 34110 | 40993 | 0.83
125.00 || 127.55 | 36570 | 41386 | 0.88 || 125.01 18639 | 41268 | 0.45

Table 39: Table caption in forehead of Appendix D.

tan § = 40 - Selection and Significance for h/A search

mpe [N | N | N | N | N[ S [ ST, [ S0,
[GeV]

95.00 || 3776 | 3719 | 109930 | 2762 | 4763 | 14.96 | 4.73 | 2.73
97,50 || 3480 | 3542 | 65863 | 2787 | 2906 || 18.10 | 5.72 | 3.30
100,00 || 3373 | 3296 | 28972 | 2819 | 1297 || 25.46 | 8.05 | 4.65
102,50 || 3040 | 3087 | 13577 | 2825 | 630 || 33.30 | 10.53 | 6.08
105.00 || 2899 | 2919 7801 | 2853 | 392 || 40.72 | 12.88 | T7.43
107.50 || 2771 | 2854 5290 | 2860 | 279 || 45.65 | 14.43 | 8.33
110.00 || 2710 | 2626 3880 | 2801 | 221 || 49.60 | 15.69 | 9.06
112.50 || 2417 | 2366 3009 | 2784 | 172 || 48.28 | 15.27 | 8.81
115.00 || 2232 | 2267 2414 | 2770 | 144 || 49.49 | 15.65 | 9.03
117.50 || 2196 | 2074 1994 | 2721 125 || 49.79 | 15.74 | 9.09
120.00 || 1913 | 2003 1668 | 2630 | 105 || 46.97 | 14.85 | 8.57
122.50 || 1772 | 1745 1403 | 2579 81 || 43.68 | 13.81 | 7.98
125.00 || 1770 | 1886 1239 | 2589 69 || 34.02 | 10.76 | 6.21

Table 40: Table caption in forehead of Appendix D.
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tan § = 45 - Events sample of h/A boson search

nom

m} ma Niipsoo N%C WA mp Nixpsoo NhMC Wh
[GeV] || [GeV] [GeV]
95.00 95.21 | 114060 | 113780 | 1.00 95.00 | 116040 | 115355 | 1.00
97.50 97.72 | 105660 | 109469 | 0.97 97.50 | 107100 | 104219 | 1.03
100.00 || 100.23 | 98070 | 101821 | 0.96 || 100.00 | 99060 | 100828 | 0.98
102.50 || 102.74 | 90870 | 94594 | 0.96 || 102.50 | 92040 | 94534 | 0.97
105.00 || 105.25 | 84330 | 88619 | 0.95 || 104.99 | 85230 | 88958 | 0.96
107.50 || 107.78 | 78390 | 81303 | 0.96 || 107.50 | 79140 | 80125 | 0.99
110.00 | 110.31 | 72900 | 74965 | 0.97 || 110.00 | 73500 | 76152 | 0.97
112.50 | 112.85 | 68130 | 71110 | 0.96 || 112.50 | 68160 | 70520 | 0.97
115.00 | 115.40 | 63540 | 62814 | 1.01 || 115.00 | 63180 | 64391 | 0.98
117.50 | 117.99 | 59160 | 61394 | 0.96 || 117.50 | 58200 | 60303 | 0.97
120.00 || 120.63 | 55170 | 56593 | 0.97 || 120.00 | 52740 | 57167 | 0.92
122.50 | 123.43 | 51330 | 51168 | 1.00 || 122.49 | 45210 | 52991 | 0.85
125.00 || 126.93 | 46920 | 48397 | 0.97 || 125.00 | 27651 | 48591 | 0.57
Table 41: Table caption in forehead of Appendix D.
tan § = 45 - Selection and Significance for h/A search
g N NI N, | NE | NS S [ S [ S
[GeV]
95.00 || 4353 | 4432 | 115360 | 2920 | 4982 || 17.89 | 5.66 | 3.27
97.50 || 4479 | 4013 | 72977 | 2929 | 3212 || 21.46 | 6.79 | 3.92
100.00 || 4052 | 3973 | 33169 | 2973 | 1464 | 29.10 | 9.20 | 5.31
102.50 || 3782 | 3752 | 15251 | 2968 | 696 || 39.16 | 12.38 | 7.15
105.00 || 3609 | 3651 8583 | 2989 | 436 || 48.12 | 15.22 | 8.79
107.50 || 3272 | 3343 5710 | 3000 | 300 || 53.13 | 16.80 | 9.70
110.00 || 3110 | 3165 4260 | 2969 | 260 || 56.14 | 17.75 | 10.25
112.50 || 2986 | 2881 3196 | 2935 | 180 || 58.04 | 18.35 | 10.60
115.00 || 2558 | 2650 2546 | 2891 | 156 || 57.76 | 18.27 | 10.55
117.50 || 2546 | 2442 2119 | 2852 | 131 || 56.94 | 18.01 | 10.40
120.00 || 2396 | 2527 1748 | 2736 | 112 || 59.03 | 18.67 | 10.78
122.50 || 2105 | 2313 1461 | 2662 82 || 54.70 | 17.30 | 9.99
125.00 || 1925 | 2168 1247 | 2598 70 || 43.54 | 13.77 | 7.95

Table 42: Table caption in forehead of Appendix D.
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tan 5 = 50 - Events sample of h/A boson search

nom

m} ma Niipsoo N%C WA mp Nixpsoo NhMC Wh
[GeV] || [GeV] [GeV]
95.00 95.19 | 141030 | 146387 | 0.96 95.00 | 143130 | 145173 | 0.99
97.50 97.70 | 130470 | 136789 | 0.96 97.51 | 132090 | 136584 | 0.97
100.00 || 100.21 | 120900 | 124074 | 0.97 || 100.01 | 122130 | 124981 | 0.98
102.50 || 102.72 | 112110 | 116547 | 0.96 || 102.51 | 113220 | 114908 | 0.99
105.00 | 105.23 | 104040 | 107951 | 0.96 || 105.01 | 105270 | 108443 | 0.97
107.50 || 107.75 | 96870 | 99906 | 0.97 || 107.51 | 97830 | 101129 | 0.97
110.00 | 110.27 | 90180 | 93785 | 0.96 || 110.01 | 90750 | 92787 | 0.98
112.50 | 112.80 | 84060 | 87111 | 0.96 || 112.51 | 84330 | 87851 | 0.96
115.00 | 115.34 | 78420 | 82181 | 0.95 || 115.00 | 78210 | 81327 | 0.96
117.50 | 117.91 | 73200 | 75609 | 0.97 || 117.51 | 72330 | 75390 | 0.96
120.00 || 120.52 | 68310 | 70590 | 0.97 || 120.00 | 66000 | 67745 | 0.97
122.50 || 123.26 | 63540 | 65191 | 0.97 || 122.51 | 57660 | 61741 | 0.93
125.00 || 126.49 | 58620 | 60993 | 0.96 || 125.00 | 38760 | 39990 | 0.97
Table 43: Table caption in forehead of Appendix D.
tan § = 50 - Selection and Significance for h/A search
mpm | NP N | Negy | Ne | Ned [ S [ SR, [ Sia
[GeV]
95.00 || 5573 | 5421 | 121723 | 3124 | 5268 || 21.15 | 6.69 | 3.86
97.50 || 5238 | 5278 | 82353 | 31562 | 3614 || 24.17 | 7.64 | 4.41
100.00 || 4815 | 4917 | 39368 | 3170 | 1726 || 32.56 | 10.30 | 5.94
102.50 || 4483 | 4474 | 17643 | 3174 | 801 || 43.71 | 13.82 | 7.98
105.00 || 4202 | 4265 9632 | 3192 | 488 || 53.85 | 17.03 | 9.83
107.50 || 4126 | 4061 6308 | 3170 | 336 || 62.34 | 19.71 | 11.38
110.00 || 3910 | 3808 4584 | 3138 | 250 || 66.80 | 21.13 | 12.20
112.50 || 3709 | 3517 3478 | 3150 | 190 | 68.69 | 21.72 | 12.54
115.00 || 3382 | 3426 2756 | 3056 | 165 || 70.08 | 22.16 | 12.80
117.50 || 3079 | 3214 2274 | 3026 | 137 || 69.45 | 21.96 | 12.68
120.00 || 2893 | 2760 1882 | 2903 | 120 || 67.10 | 21.22 | 12.25
122.50 || 2657 | 2629 1553 | 2825 85 || 65.55 | 20.73 | 11.97
125.00 || 2440 | 1761 1285 | 2658 70 || 56.16 | 17.76 | 10.25

Table 44: Table caption in forehead of Appendix D.
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E Appendix: Sample of H signal and background events.
Analysis results.

Table captions for Tables entitled: Events sample of H boson search:

Tab. 45 (tanf =15), Tab. 47 (tan8 =20), Tab. 49 (tanf =25), Tab. 51 (tans =30), Tab. 53
(tanf =35), Tab. 55 (tanf =40), Tab. 57 (tan8 =45), Tab. 59 (tans =50).

Columns 1 to 5 of each table give:

the nominal mass value of the lightest neutral MSSM Higgs boson, mp°™, the corresponding
value of the H Higgs boson mass, my, the number of events expected, NP, for [Ldt ~
300 fb™', the number of Monte Carlo generated events, N}, and their weight in the analysis,
WH.

Table captions for Tables entitled: Selection and Significance of the H boson
search:

Tab. 46 (tanf =15), Tab. 48 (tanf =20), Tab. 50 (tanfg =25), Tab. 52 (tanfg =30), Tab. 54
(tan =35), Tab. 56 (tanf =40), Tab. 58 (tanf =45), Tab. 60 (tan3 =50).

Columns 1 to 5 of each table give:

the nominal mass value of the neutral lightest MSSM Higgs boson, mp°™, the number of signal
events selected in the H sample, N5¢!, the number of events selected in the background samples
of Z , N5& "of tt, N5¢! and of ZZ, Ns¢!.

Columns 6 to 8 show:

the significance % of the H boson search, S§*°, Si’ and S for [L£dt ~ 300, 30 and 10 fb™",
respectively.
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tan § = 15 - Events sample of H boson search

nom

m] my ngaoo N%C Wi
[103MeV] | [MeV]

95.00 | 127750 112 | 800 | 0.14

97.50 || 127850 134 | 600 | 0.22
100.00 | 127980 172 | 200 | 0.86
102.50 || 128130 216 | 600 | 0.36
107.50 | 128550 361 400 | 0.90
110.00 || 128850 481 400 | 1.20
112.50 || 129270 659 | 600 | 1.10
115.00 || 129870 928 | 800 | 1.16
117.50 || 130800 1346 | 1200 | 1.12
120.00 || 132460 1989 799 | 2.49
122.50 | 136180 2790 | 3399 | 0.82
125.00 || 152610 2649 | 3398 | 0.78

Table 45: Table caption in forehead of Appendix E.

tan 8 = 15 - Selection and Significance of H boson search

mpo™ [N [ N2 [ NS [ NE [ SEO ST [ SE
[103MeV]

95.00* 41 818 [1922 | 47 0.01 || 0.00 | 0.00
97.50* || 26| 818 1922 | 47| 0.10 | 0.03 | 0.02
100.00* 8| 8181922 | 47 0.12 || 0.04 | 0.02
102.50* || 25| 818 | 1922 | 47| 0.15 || 0.05 | 0.03
107.50* || 18 | 818 | 1922 | 47 | 0.27 || 0.09 | 0.05
110.00* || 15| 818 | 1922 | 47 | 0.30 || 0.10 | 0.06
112.50* || 34 | 818 | 1922 | 47| 0.63 || 0.20 | 0.11
115.00* || 27| 818 | 1922 | 47| 0.53 || 0.17 | 0.10
117.50* || 56 | 818 [ 1922 | 47| 1.06 || 0.33 | 0.19
120.00 | 34| 689 | 1804 | 39 | 1.51 || 0.48 | 0.28
122.50 || 149 | 547 | 1671 | 33 | 2.34 [ 0.74 | 0.43
125.00 | 77| 197 | 1064 | 28 | 1.59 || 0.50 | 0.29

Table 46: Table caption in forehead of Appendix E. For the masses marked with (*) the selection window, &u,
and the central value, m$™, corresponding to muy= 129870 MeV were used (mn=115.00 GeV).
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tan § = 20 - Events sample of H boson search

mbom myu ngaoo N%C Wi

h

[103MeV] | [MeV]
95.00 || 127400 112 | 800 | 0.14
97.50 || 127460 139 | 800 | 0.17
105.00 || 127710 284 | 200 | 1.42
110.00 | 128010 506 | 600 | 0.84
112.50 | 128230 705 | 1000 | 0.71
115.00 || 128560 1029 | 1800 | 0.57
117.50 || 129060 1577 | 1600 | 0.99
120.00 | 129940 2554 | 2800 | 0.91
122.50 | 131870 4284 | 5000 | 0.86
125.00 || 139490 5916 | 6600 | 0.90

Table 47: Table caption in forehead of Appendix E.

tan § = 20 - Selection and Significance of H boson search

mp°™ NG NP [ NG [ NG
[103MeV]

95.00* || 40| 8831962 | 48| 0.09 || 0.03 | 0.02
97.50* || 32| 8831962 | 48| 0.09 || 0.03 | 0.02
105.00* || 11 | 883 | 1962 | 48 | 0.26 || 0.08 | 0.05
110.00* || 19| 883 | 1962 | 48 | 0.26 || 0.08 | 0.05
112.50* || 46 | 883 | 1962 | 48 | 0.53 || 0.17 | 0.10
115.00* || 78 | 883 | 1962 | 48 | 0.73 || 0.23 | 0.13
117.50* || 49 | 883 | 1962 | 48 | 0.79 || 0.25 | 0.14
120.00* || 146 | 883 [ 1962 | 48| 2.19 || 0.69 | 0.40
122.50 || 237 | 713 | 1842 | 38| 3.57 || 1.13 | 0.65
125.00 || 245 | 438 | 1559 | 35 | 4.49 || 1.41 | 0.82

300 30 10

Table 48: Table caption in forehead of Appendix E. For the masses marked with (*) the selection window, &g,
and the central value, m$™, corresponding to muy= 128560 MeV wereused (my=115.00 GeV).
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tan § = 25 - Events sample of H boson search

mbom myu ngaoo N%C Wi

h

[103MeV] [MeV]
95.00 || 127270 111 600 | 0.19
97.50 || 127300 138 600 | 0.23
100.00 || 127350 173 600 | 0.29
102.50 || 127400 220 800 | 0.28
105.00 || 127460 284 600 | 0.47
107.50 || 127550 376 800 | 0.47
110.00 || 127650 513 800 | 0.64
112.50 || 127790 721 | 2000 | 0.36
115.00 || 128000 1068 | 2000 | 0.53
117.50 || 128310 1681 | 1600 | 1.05
120.00 || 128850 2878 | 4000 | 0.72
122.50 || 130020 5385 | 4999 | 1.08
125.00 || 134420 9516 | 9000 | 1.06

Table 49: Table caption in forehead of Appendix E.

tan § = 25 - Selection and Significance of H boson search

mﬁom N%fl Nggb Nt
[103MeV]

95.00* 29 | 919 | 2022 52 | 0.09 || 0.03 | 0.02
97.50* 25 | 919 | 2022 52 | 0.09 | 0.03 | 0.02
100.00* 26 | 919 | 2022 52 | 0.12 | 0.04 | 0.02
102.50* 33 | 919 | 2022 52 | 0.15 | 0.05 | 0.03
105.00* 28 | 919 | 2022 52 | 0.21 || 0.07 | 0.04
107.50* 43 | 919 | 2022 52 | 0.33 || 0.10 | 0.06
110.00* 43 | 919 | 2022 52 | 0.45 | 0.14 | 0.08
112.50* 99 | 919 | 2022 52 | 0.58 || 0.18 | 0.11
115.00* 99 | 919 | 2022 52 | 0.85 | 0.27 | 0.16
117.50* 80 | 919 | 2022 52 | 1.36 || 0.43 | 0.25
120.00* || 179 | 919 | 2022 52 | 2.08 || 0.66 | 0.38
122.50 || 198 | 810 | 1926 45 | 3.60 || 1.14 | 0.66
125.00 || 385 | 608 | 1757 38 | 7.51 | 2.37 | 1.37

NZZ

300 30 10
sel sel S H S H S H

Table 50: Table captions in forehead of Appendix E. For the masses marked with (*) the selection window, &g,
and the central value, m{™", corresponding to mpy= 127550 MeV were used (my=107.50 GeV).
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nom

m] my ngaoo N%C Wi
[103MeV] || [MeV]

95.00 || 127230 109 800 | 0.14

97.50 || 127250 136 600 | 0.23
100.00 | 127280 171 600 | 0.29
102.50 || 127320 217 600 | 0.36
105.00 || 127360 282 800 | 0.35
107.50 || 127420 374 800 | 0.47
110.00 || 127490 511 600 | 0.85
112.50 || 127590 723 | 1799 | 0.40
115.00 || 127730 1078 | 1599 | 0.67
117.50 || 127940 1723 | 1799 | 0.96
120.00 || 128300 3033 | 3399 | 0.89
122.50 || 129090 6123 | 6360 | 0.96
125.00 || 131890 13026 | 12152 | 1.07

tan § = 30 - Events sample of H boson search

Table 51: Table caption in forehead of Appendix E.

tan 8 = 30 - Selection and Significance of H boson search

e [N NG NG [N [ SE S SP
[103MeV]

95.00* || 44| 916 [ 2014 | 51| 0.10 || 0.03 | 0.02
97.50* || 22| 916 [ 2014 | 51 | 0.08 || 0.03 | 0.02
100.00* || 29| 916 | 2014 | 51| 0.13 || 0.04 | 0.02
102.50* || 33| 916 | 2014 | 51| 0.19 || 0.06 | 0.04
105.00* || 32| 916 | 2014 | 51 | 0.18 || 0.06 | 0.03
107.50* || 33| 916 [ 2014 | 51 | 0.25 || 0.08 | 0.05
110.00* 18| 916 | 2014 | 51| 0.25 || 0.08 | 0.05
112.50* || 83| 916 [ 2014 | 51| 0.54 || 0.17 | 0.10
115.00* || 60| 916 | 2014 | 51| 0.65 || 0.21 | 0.12
117.50* || 83| 916 | 2014 | 51| 1.29 || 0.41 | 0.23
120.00 || 156 | 896 | 1974 | 49 | 2.28 || 0.72 | 0.42
122.50 || 315 | 872 | 1951 | 49 | 5.00 || 1.58 | 0.91
125.00 || 504 | 727 | 1870 | 39| 9.42 | 2.98 | 1.72

Table 52: Table captions in forehead of Appendix E. For the masses marked with (*) the selection window, &g,
and the central value, m{™", corresponding to mp= 127590 MeV were used (my=112.50 GeV).
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tan § = 35 - Events sample of H boson search

nom

m] my ngaoo N%C Wi
[103MeV] || [MeV]

95.00 || 127240 108 800 | 0.14

97.50 || 127260 134 800 | 0.17
100.00 | 127280 168 200 | 0.84
102.50 || 127310 214 496 | 0.43
105.00 || 127340 278 799 | 0.35
107.50 || 127380 369 599 | 0.62
110.00 || 127430 505 600 | 0.84
112.50 || 127500 717 400 | 1.79
115.00 || 127600 1073 | 1400 | 0.77
117.50 || 127750 1727 993 | 1.74
120.00 || 128010 3102 | 1600 | 1.94
122.50 || 128560 6528 | 7799 | 0.84
125.00 || 130470 16068 | 17731 | 0.91

Table 53: Table caption in forehead of Appendix E.

tan § = 35 - Selection and Significance of H boson search

mpo™ [[NgT [ NZP [ NG, [NZ [ SP° [ S% [ SF
[103MeV]

95.00* || 39| 921 [2030 | 52| 0.08 || 0.03 | 0.01
97.50* || 42| 921 (2030 | 52| 0.11 || 0.04 | 0.02
100.00* || 11| 921 | 2030 | 52| 0.15 || 0.05 | 0.03
102.50* || 32| 921 [2030 | 52| 0.22 || 0.07 | 0.04
105.00* || 37| 921 | 2030 | 52| 0.21 || 0.07 | 0.04
107.50* || 35| 921 (2030 | 52| 0.35 || 0.11 | 0.06
110.00* || 23 | 921 [ 2030 | 52| 0.31 || 0.10 | 0.06
112.50* || 14 | 921 [ 2030 | 52| 0.40 || 0.13 | 0.07
115.00* || 64 | 921 | 2030 | 52| 0.79 || 0.25 | 0.14
117.50* || 53 | 921 | 2030 | 52 | 1.49 || 0.47 | 0.27
120.00 | 78 | 905 | 1983 | 50 | 2.46 || 0.78 | 0.45
122.50 || 349 | 886 | 1968 | 48 | 4.79 || 1.52 | 0.87
125.00 || 736 | 801 | 1956 | 43 | 11.23 || 3.55 | 2.05

Table 54: Table captions in forehead of Appendix E. For the masses marked with (*) the selection window, &g,
and the central value, m{™", corresponding to mpy= 127500 MeV were used (my=112.50 GeV).
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tan § = 40 - Events sample of H boson search

nom

m] my ngaoo N%C Wi
[103MeV] || [MeV]

95.00 || 127280 105 800 | 0.13

97.50 || 127300 131 800 | 0.16
100.00 | 127310 165 800 | 0.21
102.50 || 127330 210 599 | 0.35
105.00 || 127360 273 600 | 0.46
107.50 || 127390 363 800 | 0.45
110.00 || 127430 497 600 | 0.83
112.50 || 127480 707 | 1800 | 0.39
115.00 || 127550 1060 | 2000 | 0.53
117.50 || 127670 1711 | 2000 | 0.86
120.00 || 127860 3093 | 3800 | 0.81
122.50 || 128260 6696 | 7997 | 0.84
125.00 || 129610 18345 | 19590 | 0.94

Table 55: Table caption in forehead of Appendix E.

tan 8 = 40 - Selection and Significance of H boson search

mpo™ [[NgT [ NZP [ NG, [NZ [ SP° [ S% [ SF
[103MeV]

95.00* || 32| 921 (2029 | 52| 0.07 || 0.02 | 0.01
97.50* || 40 | 921 2029 | 52| 0.11 || 0.03 | 0.02
100.00* || 38 | 9212029 | 52| 0.13 || 0.04 | 0.02
102.50* || 27| 9212029 | 52| 0.15 || 0.05 | 0.03
105.00* || 32| 921 2029 | 52| 0.23 || 0.07 | 0.04
107.50* || 30 | 921 12029 | 52| 0.22 || 0.07 | 0.04
110.00* || 26 | 921 [ 2029 | 52| 0.35 || 0.11 | 0.06
112.50* || 88| 921 | 2029 | 52| 0.56 || 0.18 | 0.10
115.00* || 106 | 921 | 2029 | 52 | 0.91 || 0.29 | 0.17
117.50* || 90 | 921 [ 2029 | 52| 1.24 || 0.39 | 0.23
120.00 || 178 | 911 | 1993 | 50 | 2.35 || 0.74 | 0.43
122.50 || 369 | 901 | 1976 | 49 | 5.04 || 1.59 | 0.92
125.00 || 826 | 857 | 1994 | 47 | 12.74 || 4.03 | 2.33

Table 56: Table captions in forehead of Appendix E. For the masses marked with (*) the selection window, &g,
and the central value, m{™", corresponding to mpy= 127480 MeV were used (my=112.50 GeV).
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tan § = 45 - Events sample of H boson search

nom

m] my ngaoo N%C Wi
[103MeV] || [MeV]

95.00 || 127350 104 800 | 0.13

97.50 || 127360 128 703 | 0.18
100.00 || 127370 161 800 | 0.20
102.50 || 127390 205 800 | 0.26
105.00 || 127410 266 800 | 0.33
107.50 || 127430 355 599 | 0.59
110.00 || 127460 486 600 | 0.81
112.50 || 127500 692 | 1799 | 0.38
115.00 || 127560 1036 | 2000 | 0.52
117.50 || 127650 1679 | 1800 | 0.93
120.00 || 127790 3045 | 3799 | 0.80
122.50 || 128090 6678 | 8000 | 0.83
125.00 || 129090 19854 | 21796 | 0.91

Table 57: Table caption in forehead of Appendix E.

tan § = 45 - Selection and Significance of H boson search

mpo™ [[NgT [ NZP [ NG, [NZ [ SP° [ S% [ SF
[103MeV]

95.00* || 36 | 9212031 | 52| 0.07 || 0.02 | 0.01
97.50* || 25| 9212031 | 52| 0.07 || 0.02 | 0.01
100.00* || 32| 921 | 2031 | 52| 0.10 || 0.03 | 0.02
102.50* || 32| 921 |2031| 52| 0.13 || 0.04 | 0.02
105.00* || 28 | 921 2031 | 52| 0.15 || 0.05 | 0.03
107.50* || 34| 921 2031 | 52| 0.32 | 0.10 | 0.06
110.00* || 32| 921 [2031 | 52| 0.41 || 0.13 | 0.08
112.50* || 85| 921 | 2031 | 52| 0.53 || 0.17 | 0.10
115.00* || 111 | 921 | 2031 | 52| 0.93 || 0.29 | 0.17
117.50* || 77| 9212031 | 52| 1.16 || 0.37 | 0.21
120.00 || 162 | 911 | 1998 | 48 | 2.11 || 0.67 | 0.38
122.50 || 374 | 907 | 1982 | 50 | 5.08 || 1.61 | 0.93
125.00 || 908 | 897 | 2013 | 51 | 13.45 || 4.25 | 2.45

Table 58: Table captions in forehead of Appendix E. For the masses marked with (*) the selection window, &g,
and the central value, m{™", corresponding to mpg= 127500 MeV were used (my=112.50 GeV).
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tan § = 50 - Events sample of H boson search

nom

m] my ngaoo N%C Wi
[103MeV] || [MeV]

95.00 || 127430 101 799 | 0.13

97.50 || 127440 125 800 | 0.16
100.00 || 127450 158 800 | 0.20
102.50 || 127460 200 800 | 0.25
105.00 || 127480 260 800 | 0.33
107.50 || 127500 346 800 | 0.43
110.00 || 127520 474 800 | 0.59
112.50 || 127550 673 | 2000 | 0.34
115.00 || 127600 1010 | 2000 | 0.51
117.50 || 127670 1633 | 2000 | 0.82
120.00 | 127780 2972 | 3399 | 0.87
122.50 || 128020 6594 | 7572 | 0.87
125.00 || 128760 | 20475 | 19729 | 1.04

Table 59: Table caption in forehead of Appendix E.

tan § = 50 - Selection and Significance of H boson search

mpo™ [[NgT [ NZP [ NG, [NZ [ SP° [ S% [ SF
[103MeV]

95.00* || 34| 916 [ 2015 | 51| 0.07 || 0.02 | 0.01
97.50* || 32| 916 | 2015 | 51| 0.08 || 0.03 | 0.01
100.00* || 50 | 916 | 2015 | 51| 0.16 || 0.05 | 0.03
102.50* || 31| 916 | 2015 | 51| 0.13 || 0.04 | 0.02
105.00* || 34 | 916 | 2015 | 51| 0.18 || 0.06 | 0.03
107.50* || 37| 916 | 2015 | 51| 0.26 || 0.08 | 0.05
110.00* || 32| 916 | 2015 | 51| 0.31 || 0.10 | 0.06
112.50* || 80| 916 | 2015 | 51| 0.43 || 0.14 | 0.08
115.00* || 89 | 916 | 2015 | 51| 0.73 || 0.23 | 0.13
117.50* || 85| 916 [ 2015 | 51| 1.12 || 0.35 | 0.20
120.00* || 143 | 916 | 2015 | 51 | 2.02 || 0.64 | 0.37
122.50 || 353 | 907 | 1992 | 50 | 5.00 || 1.58 | 0.91
125.00 || 818 | 905 | 2025 | 50 | 13.75 || 4.35 | 2.51

Table 60: Table captions in forehead of Appendix E. For the masses marked with (*) the selection window, &g,
and the central value, m{™", corresponding to mpy= 127600 MeV were used (my=115.00 GeV).
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F Appendix: Sample of h/A/H signal and background
events. Analysis results

Table captions for Tables entitled: Selection and Significance of h/A/H boson
search:

Tab. 61 (tanf =15), Tab. 62 (tanf =20), Tab. 63 (tanf =25), Tab. 64 (tang =30), Tab. 65
(tanf =35), Tab. 66 (tanf =40), Tab. 67 (tans =45), Tab. 68 (tang =50).

Columns 1 to 5 of tables give:

the nominal mass value of the neutral lightest MSSM Higgs boson, mj°™, the corresponding
value of the H Higgs boson mass, myg, the number of events selected in the background samples
of Z, N5t " of tt, N3¢l of ZZ, N*¢in a window not overlapping those used in Appendix. D.
Columns 6 to 9 show:

the significance, 2, of the search of h/A/H bosons, S5% y, Si°, y and S0,  at [Ldt =
300 fb~', 30 fb~', 10 fb~', and the search of h/A bosons,5p*, for [Ldt~ 300 fb~".
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tan § = 15 - Selection and Significance for h/A /H boson search

mpo™ [ [ NG| NG NG SR | Sia | Sica,m || S
[103MeV] || [MeV]
122.50 || 136180 | 110 | 429 9 5.09 1.64 0.93 || 3.86
125.00 || 152610 14 94 ) 2.27 0.73 0.19 1.51
Table 61: Table caption in forehead of Appendix F.
tan § = 20 - Selection and Significance for h/A /H boson search
m " my | NP | Nggy [ Nz Sﬁ?%, H Sﬁ?A, H Sﬁ?A, H Sﬁ?%
[103MeV] || [MeV]
122.50 || 131870 149 | 525 12 11.69 3.77 2.14 9.76
125.00 || 139490 30 | 168 ) 7.25 2.34 0.76 || 4.63
Table 62: Table caption in forehead of Appendix F.
tan § = 25 - Selection and Significance for h/A /H boson search
m; " mu | Neg | Nigy | Nig Sﬁ?%, H Sﬁ? A H 5111? A H Sﬁ?%
[103MeV] || [MeV]
122.50 || 130020 | 188 | 539 12 17.51 5.65 3.2 | 15.98
125.00 || 134420 45 | 195 4 15.20 4.9 2.78 | 10.27
Table 63: Table caption in forehead of Appendix F.
tan 3 = 30 - Selection and Significance for h/A/H boson search
my " mu | N | Nggp [ Nag S}?i?%, H S}?i? A H Sﬁ? A H S}?i?%
[10°MeV] || [MeV]
122.50 || 129090 | 217 | 526 11 27.01 8.71 4.94 || 25.13
125.00 || 131890 48 | 219 5 22.88 7.36 4.18 || 16.13

Table 64: Table caption in forehead of Appendix F.
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tan 3 = 35 - Selection and Significance for h/A/H boson search

R EADEE EX
[103MeV] || [MeV]
122.50 || 128560 | 224 | 536 9 35.29 11.38 6.45 || 34.71
125.00 | 130470 62 | 224 6 32.66 10.54 5.09 || 24.18
Table 65: Table caption in forehead of Appendix F.
tan § = 40 - Selection and Significance for h/A /H boson search
my " mu | NP | Ngg; [ N2z Sﬁ?%, H Sﬁ? A H 5111? A H Sﬁ?%
[103MeV] || [MeV]
122.50 || 128260 | 218 | 504 9 43.95 14.18 8.03 || 43.68
125.00 || 129610 56 | 197 4 43.56 14.05 7.96 | 34.02
Table 66: Table caption in forehead of Appendix F.
tan § = 45 - Selection and Significance for h/A /H boson search
m; " mu | Neg | Nigy | Nig Sﬁ?(}x, H Sﬁ? A H 5111? A H Sﬁ?%
[103MeV] || [MeV]
120.00 || 127790 | 349 | 867 14 54.16 17.47 9.90 || 59.03
122.50 | 128090 | 205 | 465 8 54.61 17.62 9.98 | 54.70
125.00 || 129090 51 | 162 5 53.90 17.38 9.85 || 43.53

Table 67: Table caption in forehead of Appendix F.
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tan 8 = 50 - Selection and Significance for h/A /H boson search

mpo™ ma | NP [ NG [ N2 [ S50%, w | Soca,n | Sioa, u || Sia
[103MeV] || [MeV]
120.00 || 127780 793 | 173 | 142 60.72 19.59 11.10 || 67.10
122.50 || 128020 179 | 400 8 65.27 21.10 11.93 || 65.55
125.00 || 128760 35 | 117 3 66.70 21.52 12.19 || 56.16

Table 68: Table caption in forehead of Appendix F.
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