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Abstract

We investigate the physics of the light€§?-even MSSM Higgs boson at the Tevatron, the LHC, a
lineare™ e~ collider, ay y collider and .t .~ collider. The analysis is performed in the three most
prominent soft SUSY-breaking scenarios, mMSUGRA, mMGMSB and mAMSB. For all colliders the
observability and parameter regions with suppressed production cross sections (compared to a SM
Higgs boson with the same mass) are investigated. For the lepton and photon colliders the potential
is analyzed of precision measurements of the branching ratios of the iR{atven Higgs boson for
obtaining indirect bounds on the mass of &#e-odd Higgs boson and the high-energy parameters
of the soft SUSY-breaking scenarios. In regions of the parameter space where the LHC can detect
the heavy Higgs bosons, precision measurements of the properties of the light Higgs boson at the
linear collider can provide valuable information for distinguishing between the mSUGRA, mGMSB
and mAMSB scenarios.
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1. Introduction

The search for the light neutral Higgs boson is a crucial test of Supersymmetry (SUSY)
that can be performed with the present and the next generation of high-energy colliders.
The prediction of a relatively light Higgs boson is common to all supersymmetric models
whose couplings remain in the perturbative regime up to a very high energy scale [1].
Finding the Higgs boson and subsequently studying its couplings to fermions and bosons
is thus one of the main goals of high-energy physics. The data taken during the final year
of LEP running at,/s = 206 GeV have established a 95% C.L. exclusion limit for the
Standard Model (SM) Higgs boson 81y, > 1144 GeV. They showed a slight excess
at about the @ level of signal-like events over the background expectation, which would
be compatible with the expectation for the production of a Higgs boson with SM-like
ZZH coupling with a mas$/yg,, = 116+ 1 GeV [2]. In the Minimal Supersymmetric
Standard Model (MSSM) the mass of the lighté#t-even Higgs bosong;, is bounded
from above bym, < 135 GeV [3,4] (taking into account radiative corrections up to two-
loop order [3-14]).

In the MSSM no specific assumptions are made about the underlying supersymmetry-
(SUSY)-breaking mechanism, and a parameterization of all possible SUSY-breaking
terms is used. This gives rise to the huge number of more than 100 new parameters
in addition to the SM, which in principle can be chosen independently of each other.
A phenomenological analysis of this model in full generality would clearly be very
involved, and one usually restricts to certain benchmark scenarios, see, e.g., Refs. [15—
17]. On the other hand, models in which all the low-energy parameters are determined
in terms of a few parameters at the Grand Unification scale (or another high-energy
scale), employing a specific soft SUSY-breaking scenario, are much more predictive. The
most prominent scenarios in the literature are minimal Supergravity (nNSUGRA) [18,
19], minimal Gauge Mediated SUSY Breaking (mGMSB) [20] and minimal Anomaly
Mediated SUSY Breaking (mMAMSB) [21-23]. Analyses of the Higgs sector in these
scenarios, mostly focusing only on the maximum valuengf have been performed in
Refs. [24-31]. A detailed comparison of the three soft SUSY-breaking scenarios in terms
of exclusion regions in th&f 4, —tang plane (wherea is theCP-odd Higgs boson and tgh
the ratio of the vacuum expectation values of the two Higgs doublets), their compatibility
with the slight excess observed at LEP, and their corresponding SUSY particle spectra can
be found in Ref. [32].

In the present paper the work of Ref. [32] is extended to an analysis of the lightest
CP-even Higgs boson phenomenology at present and future colliders. We relate the input
from the three soft SUSY-breaking scenarios in a uniform way to the predictions for the
low-energy phenomenology in the Higgs sector, allowing thus a direct comparison of the
predictions arising from the different scenarios. The high-energy parameters given in the
three scenarios are related to the low-energy SUSY parameters via renormalization group
(RG) running, taking into account contributions up to two-loop order [33] (for a recent
comparison of different codes and current accuracies, see Ref. [34]). After transforming
the parameters obtained in this way into the corresponding on-shell parameters [35—-37],
they are used as input for the progrdeynHiggs [38—40]. As a result the Higgs boson
mass spectrum and the Higgs decay rates and branching ratios [41,42] have been obtained.
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Further restrictions such as from precision observables and the non-observation of SUSY
particles at LEP and the Tevatron are also taken into account. For an analysis within the
MSUGRA scenario where also the cold dark matter (CDM) constraints are included, see
Ref. [43]. Based on these predictions for the Higgs sector phenomenology, we analyze
the observability of the lightest MSSM Higgs boson at the Tevatron, the LHC, a future
ete™ linear collider (LC), ayy collider (yC), and au™u~ collider (uC). Regions of

the high-energy parameter space with strongly suppressed Higgs production cross sections
are identified. As the next step the branching ratios of the lightest Higgs boson into SM
fermions ¢ — bb, h — c¢é, h — t77~) and intoW bosons ¢ — WW*) are compared

for the mSUGRA, mGMSB and mAMSB case. We show that the precise measurement
of the various Higgs decay branching ratios can be used to impose bounds on the value
of M4 and also the high-energy input parameters. Our analysis considerably differs from
existing studies of Higgs boson branching ratios in the literature [44—46]. In these previous
analyses, all parameters except for the one under investigationXgi have been kept

fixed and the effect of an assumed deviation between the MSSM and the SM has solely
been attributed to this single free parameter. This would correspond to a situation with a
complete knowledge of all other SUSY parameters without any experimental or theoretical
uncertainty, which obviously leads to an unrealistic enhancement of the sensitivity to the
investigated parameter. In our analysis we performed a more realistic study allowing all the
SUSY parameters to vary. Furthermore, combined with the informatiav gthat could

be obtained from the LHC Higgs searches, we discuss the possibility of distinguishing the
three scenarios via the Higgs branching ratio measurements at the LC.

The rest of the paper is organized as follows. In Section 2 we briefly review the three
soft SUSY-breaking scenarios and the evaluation of the low-energy data. The observability
of the lightest MSSM Higgs boson is investigated in Section 3. In Section 4 the potential
is analyzed of precision measurements of the Higgs boson branching ratios for obtaining
indirect constraints o/, and the high-energy parameters of the soft SUSY-breaking
scenarios. The possibility of a distinction of the mSUGRA, mGMSB and mAMSB
scenarios is discussed. The conclusions can be found in Section 5.

2. Thelow-energy sector and phenomenological constraints

In deriving the low-energy parameters in the three soft SUSY-breaking scenarios
(mSUGRA, mGMSB and mAMSB) from the high-energy input parameters we follow
Ref. [32]. Thus, in this section only the most relevant facts are briefly summarized.

2.1. The soft SUSY-breaking scenarios

The fact that no SUSY partners of the SM particles have so far been observed means
that low-energy SUSY cannot be realized as an unbroken symmetry in nature, and SUSY
models thus have to incorporate additional supersymmetry breaking interactions. This is
achieved by adding to the Lagrangian (defined by thé3sJx SU(2); x U(1)y gauge
symmetry and the superpotentl#)) some further interaction terms that respect the gauge
symmetry but break supersymmetry (softly, i.e., no quadratic divergences appear), so-
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called “soft SUSY-breaking” (SSB) terms. Assuming that Rw@arity symmetry [47] is
conserved, which we do in this paper for all SUSY breaking scenarios, reduces the amount
of new soft terms allowed in the Lagrangian. Choosing a particular soft SUSY-breaking
pattern allows further reduction of the number of free parameters and the construction of
predictive models. The three most prominent scenarios for such models are:

¢ MSUGRA (minimal Super Gravity scenario) [18,19]:
Apart from the SM parameters (for the experimental values of the SM input parameters
we use Ref. [48]), 4 parameters and a sign are required to define the mSUGRA
scenario:

{mo.m1/2, Ao.tang, sign(u)}. 1)

While mq, m1/2 and Ag define the scalar and fermionic masses and the trilinear
couplings at the GUT scale~<(L0'® GeV), tan (the ratio of the two vacuum
expectation values) and the sign (u is the supersymmetric Higgs mass parameter)
are defined at the low-energy scale. For our numerical analysis, see Sections 3 and 4,
we have scanned over the following parameter space:

50 GeV<mg<1TeV,

50 GeV<myp < 1TeV,

—3TeV< Ag<3TeV,

1.5<tang €60,

signu = +1. (2)

The low-energy spectrum has been evaluated with the progBaiiis//FeynSSG [51,
52].

¢ MGMSB (minimal Gauge Mediated SUSY-Breaking) [20]:
A very promising alternative to mMSUGRA is based on the hypothesis that the soft
SUSY-breaking occurs at relatively low energy scales and is mediated mainly by gauge
interactions through the so-called “messenger sector” [20,53,54]. Also in this scenario,
the low-energy parameters depend on 4 parameters and a sign,

{Mmess Nmess A tang, sign(u)}, 3)

where Mmess is the overall messenger mass scaMyess is @ number called
the messenger index, parameterizing the structure of the messenger geétor;
the universal soft SUSY-breaking mass scale felt by the low-energy sector. The

phenomenology of mMGMSB is characterized by the presence of a very light gravitino
G with mass given byns, = mz = \@LMP ~ (W@ev)zz.s? eV [55], where/F is

the fundamental scale of SSB amt} = 2.44 x 108 GeV is the reduced Planck mass.
Since+/F is typically of order 100 TeV, thé& is always the LSP in these theories. The

1 The sign ofu has been fixed to+) (for all three soft SUSY-breaking scenarios), since this sign is favored
by theg,, — 2 [49] and the BRb — sy) [50] constraints, see Section 2.3.
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numerical analysis in Sections 3 and 4 is based on the following scatter ranges:

10 GeV< A <2 x 10° GeV,
1.01A < Mmess< 10°4,
1 < Nmess< 8,
1.5<tang €60,
signu = +1. (4)
The low-energy parameter sets for this scenario have been calculated by using the
programSUSYFIRE [56] and adopting the phenomenological approach of Refs. [29,
° fn7AI\5/IgS]B (minimal Anomaly Mediated SUSY-Breaking) [21-23]:
In this model, SUSY-breaking happens on a separate brane and is communicated to

the visible world via the super-Weyl anomaly. The particle spectrum is determined by
3 parameters and a sign:

{maux, mo, tang, 5igr(ﬂ)}~ ()
The overall scale of SUSY particle masses is setryy, which is the VEV of the
auxiliary field in the supergravity multipletzg is introduced as a phenomenological
parameter to avoid negative slepton mass squares, for other approaches to this problem
see Refs. [21,60-63]. The scatter parameter space for the numerical analysis in
Sections 3 and 4 is chosen to be

20 TeV< mayux< 100 TeV,

0<mpg<2Tey,

1.5 <tang < 60,

signu = +1. (6)
The low-energy spectrum has been derived with the code described in Ref. [26].

2.2. Evaluation of predictionsin the Higgs boson sector of the MSSM

The most relevant parameters for Higgs boson phenomenology in the MSSM are the
mass of theC’P-odd Higgs boson)M 4, the ratio of the two vacuum expectation values,
tang, the scalar top masses and mixing anglg, m;,, ;, for large targ also the scalar
bottom masses and mixing angbel, mp,, 05, the supersymmetric Higgs mass parameter,

w, the U1) and SU2) gaugino massed/1 andM>, and the gluino mass; ;. These low-
energy parameters are derived from the high-energy parameters of the three soft SUSY-
breaking scenarios via RG running, see Ref. [32]. Since the RG running employed in the
three scenarios is based on DR scheme, the corresponding low-energy parameters are
DR parameters. In order to derive predictions for observables, i.e., particle masses and
mixing angles, these parameters in general have to be converted into on-shell parameters.

For the predictions in the MSSM Higgs sector we use results obtained in the Feynman-
diagrammatic (FD) approach within the on-shell renormalization scheme as incorporated
in the Fortran cod&eynHiggs[38—40] based on Refs. [3-5].
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Our analysis is concerned with the main Higgs production and decay channels at
different colliders. To this end the predictions for the Higgs boson masses and effective
couplings (especially the effective mixing anglgs, in the neutral P-even Higgs boson
sector that includes higher-order corrections) as well as for the branching ratios of the
lightest MSSM Higgs boson (and for a SM Higgs boson with the same mass) have been
evaluated. The effective mixing anglgs is defined via

—(M2 + M2)sing cosp — S, w b
2 2 n2 S 2| —5 <Ceff < 5. (7)
M%cog B+ Misintp — Xy —m

aeff = arcta
eff 2 2

HereX,, s = ¢1, 2, p1¢2 denotes the renormalized Higgs boson self-energies inthe

¢» basis. While the predictions for the decaysiof> bb, cc, trt~, uT ™ are based on

Ref. [41], including the higher-order corrections described in Refs. [64,65], the other decay
channels have been derived with the céthiiecay [42], which has been implemented as

a subroutine in the latest version BéynHiggs [40]. The proper transition from on-shell
parameters iffeynHiggsto DR parameters ihldecay has been taken into account [35-37].

In order to derive the relative difference between a MSSM production or decay rate
and the corresponding SM rate (for the same Higgs boson mass), the following ratios have
been calculated (below the notation— ¢z refers to the processesy, gg — tth, and
V'V — h refers to the vector boson fusion processes at the LHC and thed &; ¢'g'h,
ete™ — Vvh, respectively):

e q3,99 >V > Vh(V=W,Z):
O,SUSY
M~ Sin(B — aefr): ®)
oF
hV
gg — h:
O‘SUSY(gg—> h) N I-vSUSY(h — gg).
oSM(gg — h) I'SMh — gg)

® gq,g8 — tf — tth:

(9)

oSUSY(tf — tih) _ coS aefi
oSM(t1 — tth) sifg ’
VV >h(V=W,2Z):
B
SM ~ Slnz(ﬂ - Oleff)§ (11)
OVVh
e ete™ > Z — Zh:
SusY
S~ SIN(B — aefn); (12)
Ohz
yy — h:

O'SUSY(]/)/ — h) N FSUSY(h N )/]/) .
oSMyy —>h)  TMh—yy)

(10)

(13)
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o utu= — h:
O‘SUSY(MJer — h) - I-vSUSY(h — M+M7). (14)
oSM(utu= — h) rsMh— ptp)
e Higgs boson decays:
BRSYSY(h — bb) BRSYSY(h — ¢¢) BRSYSY(h — rt77)
BRSM(h — bb) ’ BRSM(h — ¢¢) BRSM(h — t+7-)
BRSUSY(h — yy) BRSUSY(h — ww*) BRSYUSY(h — gg) (15)
BRSM(h — yy) ’ BRSM(h — ww*) ’ BRSM(h — gg)

For some of the cross sections in Eqgs. (8)—(13) more complete results for the MSSM
exist in the literature than those used in our analysis, see, e.g., Refs. [66—69]. For the
qualitative analysis below, however, the approximations used here should be sufficient,
see, e.g., the comparison in [66].

For the numerical analysis the above production and decay modes have been combined
to the most relevant channels for each collider, i.e., we have calculated the product

o SYSY(Higgs prod) 5 BRSYSY(Higgs decay
oSM(Higgs prod) BRSM(Higgs decay

We take into account all possible Higgs boson decay channels including the full set of
SUSY final states (in case the decay is kinematically allowed). This includes the invisible
decay into the lightest neutralinb,— X1 Xl However, we have not found any region of
parameters in the three soft SUSY-breaking scenarios in which this decay channel becomes
sizable. In the following, we list the relevant Higgs boson production and decay channels
for the various colliders:

(16)

e Tevatron:
qG—V*—>Vh—Vbb (V=W,Z); (17)
e LHC:
88 —>h—vyy, (18)
qq, 88 — tt — tth — tibb, (19)
VV > h— 1Tt , WW*; (20)
o LC:
ete” — Z* - Zh — Zbb, Zcc, Zt 1™, ZWW*, Zgg, (21)
WW — h— bb,cé,t7t™, WW*, gg. (22)

Due to our approximations for the production processes the relative results of
oSUSY/5SM « BRSUSY / BRSM for the same final states in the two chains numerically
agree;
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e yC:
yy = h — bb, WW* yy; (23)
o uC:
wtu~ — h—bb,t T, WW*. (24)
2.3. Phenomenological constraints

While our main focus in this paper is on the physics in the Higgs sector, we also take into
account some further (relatively mild) constraints when determining the allowed parameter
space. These constraints are briefly summarized here. (A more detailed discussion can be
found in Ref. [32].)

e LEP Higgsbounds:
The results from the Higgs search at LEP have excluded a considerable part of the
MSSM parameter space [70]. The results of the search for the MSSM Higgs bosons
are usually interpreted in three different benchmark scenarios [15]. The 95% C.L.
exclusion limit for the SM Higgs boson dif g, > 1144 GeV [2] applies also for
the lightestCP-even Higgs boson of the MSSM except for the parameter region
with small M4 and large tag. In the unconstrained MSSM this bound is reduced to
my > 910 GeV [70] forM4 < 150 GeV and tap = 8 as a consequence of a reduced
coupling of the Higgs to th& boson. For th€P-odd Higgs boson a lower bound of
M4 > 91.9 GeV has been obtained [70]. In order to correctly interpolate between the
parameter regions where the SM lower botinfl Mpg, 2 113 GeV and the bound
my, 2 91 GeV apply, we use the result for the Higgs-mass exclusion given with respect
to the reducedZ Zh coupling squared (i.e., I8 — aefr)) [71]. We have compared
the excluded region with the theoretical prediction obtained at the two-loop level for
my, and sirf(8 — aefr) for each parameter set (using = 175 GeV).

e Precision observables:
The electroweak precision observables are affected by the whole spectrum of SUSY
particles. The main SUSY contributions enter via phparameter [72]. In our analysis
we take into account the corrections arising frofh loops up to two-loop order [73].
Avalue of Ap outside the experimentally preferred regiomgfSUSY < 3 x 1073 [48]
indicates experimentally disfavorédand b masses. The evaluation afpSYSY is
implemented irfFeynHiggs.

e Experimental boundson SUSY particle masses:
In order to restrict the allowed parameter space in the three soft SUSY-breaking
scenarios we employed the current experimental constraints on their low-energy mass
spectrum [48]. The precise values of the bounds that we have applied can be found in
Ref. [32].

2 |nstead of the actual experimental lower boumtly,, 2 1144 GeV [2], we use the value of 113 GeV in
order to allow for some uncertainty in the theoretical evaluatiom pffrom unknown higher-order corrections,
which is currently estimated to be3 GeV [4].
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e Other restrictions:

We just briefly list here the further restrictions that we have taken into account. For a

detailed discussion see Ref. [32].

— The top quark mass is fixed tg, = 175 GeV.

— The GUT or high-energy scale parameters are taken to be real, no 8@SY
violating phases are assumed.

— In all models under consideration the-parity symmetry [47] is taken to be
conserved.

— Parameter sets that do not fulfill the condifiai radiative electroweak symmetry
breaking (REWSB) are discarded (already at the level of model generation).

— Parameter sets that do not fulfill the constraints that there should be no charge or
color breaking minima are discarded (already at the level of model generation).

— Contrary to Ref. [32] we did not apply a “naturalness bound” on the sfermion
and gluino mass, but just restricted the scanned parameter space as indicated in
Section 2.1. This is in fact not an important restriction for he BR calculation,
since very heavy SUSY particles tend to decouple from the observables we are
considering here, i.e., the quantity in Eq. (16) approaches 1.

— We demand that the lightest SUSY patrticle (LSP) is uncolored and uncharged. In the
MGMSB scenario the LSP is always the gravitino, so this condition is automatically
fulfilled. Within the mSUGRA and mAMSB scenario, the LSP is required to be the
lightest neutralino. Parameter sets that result in a different LSP are excluded.

— We do not apply any further cosmological constraints, i.e., we do not demand a relic
density in the region favored by dark matter constraints [75].

— Although we do not apply constraints from BR— sy) [50] or g, — 2 of the
muon [49], we restrict ourselves to the case where the Higgsino mixing parameter is
positive,u > 0. This choice is favored by the current data. The results with negative
w can differ significantly from the case we consider here and would require an
additional analysis.

2.4. Boundson m; and tanp

Scanning over the parameter space of M\SUGRA, mGMSB and mAMSB as described
in Section 2.1 and applying the constraints as described in Section 2.3 results in upper
maximal values ofm;, and lower bounds on tagh (for the general MSSM case, see
Refs. [70,76]). This analysis has been performed in Ref. [32]. However, due to the
progress in then; evaluation, see Ref. [4] for a review, these bounds have changed as
compared to our earlier analysis. Table 1 gives an update of the obtajpedd targ
bounds.

3 We use here the one-loop minimization conditions. Analytical two-loop expressiof®§cgtys + a,z) for
the minimization conditions have been recently given in Ref. [74]. The full two-loop corrections can be derived
numerically from the work of Ref. [14].
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Table 1

Upper bound omy,, mj, < m{'"®, and lower bound on taf, tang > tang™", in the three soft SUSY-breaking
scenarios (form; = 175 GeV and taking into account the phenomenological constraints of Section 2.3; no
theoretical uncertainties from unknown higher-order corrections are includeg“?ﬁ)

mMSUGRA mGMSB mMAMSB
m"[GeV] 1266 1232 1245
tangmin 2.9 32 38

3. Observability of thelightest MSSM Higgs boson

In this section the observability of the lightest MSSM Higgs boson at the different
colliders is analyzed. Especially at the hadron colliders a reddcedBR for certain
channels compared to the SM value could make it more difficult to establish a Higgs signal
over the background.

Before we discuss the observability of the lightest Higgs boson at the different colliders,
we briefly summarize the main features of the Higgs boson couplings in dependence on the
relevant SUSY parameters in the three soft SUSY-breaking scenarios. For a more extensive
discussion see, e.g., Ref. [32]. The most important parameter® arand tarB, since
they enter the Higgs boson sector already at the tree-level. Deviations in the MSSM Higgs
boson production and decay as compared to the SM prediction arise in particular from
modifications in thehbb Yukawa coupling. The bottom and Yukawa coupling, being
~sinaef/ 0SB, can be strongly enhanced for smafly and large tap values. This
can lead to a strong enhancement of the partial widtils — bb), I'(h — t+77) and
therefore also of the total Higgs boson width. This gives rise to a corresponding suppression
of the branching ratios of the other decay channels. In the case of MSUGRA, however, also
a strong suppression of théb anditz~ Yukawa couplings could happen for smadly,
large targ and largeu due to radiative corrections leading to a small value oégijn

e Tevatron:
In all three soft SUSY-breaking scenarios the Tevatron search channels are not
significantly suppressed compared to the SM rates. The chahrel Vi — Vbb
is suppressed by not more than 10% as compared to the SM value. Therefore the
prospects at the Tevatron for the discovery of the lightest MSSM Higgs boson are
as good as for the SM Higgs boson. A similar observation has already been made in
Ref. [43] for the MSUGRA scenario, where also other phenomenological constraints
have been taken into account.

e LHC:
We start our discussion with the changel— h — yy thatis of particularimportance
for a light SM-like Higgs boson withn;, < 130 GeV [77]. As has been shown in
Refs. [16,78,79], for certain values of the SUSY parameters this production channel
can be heavily suppressed for a wide region of the-tang-parameter space of the
unconstrained MSSM (see also Ref. [80] for an analysis in the mMSUGRA scenario).
Since the event rate for this channel is relatively law¢ 3y being a rare decay), a
suppression of 50% or more would certainly pose a challenge to the experiment.
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The situation within the three soft SUSY-breaking scenarios can be read off from
Fig. 14 Within the mSUGRA scenario a suppression of up to 10-20% is found for
M4 <700 GeV for all targ values. For very large tah tang = 50, a reduction even
larger than 20% can be found. This suppression is due to the fact that {the-BRb)

is strongly enhanced in this part of the parameter space, as explained in the beginning
of this section. This is in agreement with the result obtained in Ref. [43], where
no substantial reduction has been found, after other phenomenological constraints
like BR(® — sy), g. — 2 and especially the CDM restrictions had been applied.
Concerning the parameter space of the GUT scale paramegeasidmy,> (which

is not shown here explicitly), the reduction is found foralj andmy,> < 350 GeV.

It should be noticed that an enhancement of 50% or more is possible in the very small
M, region due to a possible strong suppressior e$ bb in accordance with the
analysis in Ref. [32].

The suppression can be stronger in the other two scenarios. Nearly all model points
with M4 < 400 GeV for mGMSB and mAMSB, which correspond to gamalues

of tang = 20, show a suppression of 20-50% (or even more). #qr< 200 GeV

(300 GeVj and targ = 50 (30< tang < 40) the reduction is even larger than 50% in
mGMSB (mAMSB). For largeM 4 values,M 4 = 600 GeV, the SM value of x BR

is approached. Concerning the high-energy parameters, the largest reduction in the
mMGMSB scenario is found all over the parameter spacefgessand Nmess (with

tang = 50 andA = 30 TeV), whereas a reduction by 10-20% is mostly found for
the lowestA values for all Mynessvalues. Within mAMSB the largest reduction is
found formo < 700 GeV andnaux < 4 x 10* GeV. Small values of the high-energy
parameters correspond to relatively small values of the low-energy SUSY parameters,
which are required for a sizable suppression of gge—> h — yy channel [16,78,

79]. The fact that the suppression of this channel can be much more pronounced in
mGMSB and mAMSB as compared to mSUGRA originates to a large extent from the
different behavior of the BR: — bb) channel (see also below). This dominant decay
channel can be much more strongly enhanced in mGMSB and mABSB [32] and thus
suppress the decay of the lightest Higgs boson to photons.

It is interesting to note that only in the mAMSB scenario an enhancement of the
gg — h — yy can be found in the intermediate4 region, which is absent in

the other scenarios (within mMSUGRA the region of enhancement labeled with “1.0—
1.2” in general has values very close to 1.0). The reason for this enhancement is the
following combination of effects: for the intermediaté, region, the partial decay
width I"(h — yy) can be slightly enhanced due to loop corrections in mSUGRA and
mMGMSB (less then 10%), while it is more enhanced in mMAMSB (up to 20%). The total
decay width is dominated by (h — bb), which can be enhanced up to 10-20% in
mMGMSB, but 10% at most within the mMAMSB scenario. This results in a suppression
(or at most only a very mild increase) of BR— y ) within mMSUGRA and mGMSB

as compared to the SM, but in an enhancement for mAMSB in the intermediate
region.

4 For a similar analysis for the charged Higgs bosons, see Ref. [81].
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We now consider the associated production channel at the l¢ggCgg — 17 —
tth — tbb.® In all three scenarios the rate is not suppressed compared to the SM rate
by more than 10% or even an enhancement by up to 10-20% occurs. Therefore this
channel, which is most relevant in the region 100 Ge, < 120 GeV [77], does
not suffer from suppression due to SUSY corrections in the three soft SUSY-breaking
scenarios. More severe suppressions are possible fggthe; — bbh channel. This
channel can be observed for very sm#ly and large taB, but plays only a minor
role concerning the observability of the lightest MSSM Higgs boson at the LHC [83].
More recently also the Higgs boson production Waboson fusionW+ W= — #,
with a subsequent decay to"t~ pairs, W bosons or photons has been discussed,
see Refs. [84,85] for a SM analyses and Refs. [86,87] for the modet ™t~ in
the MSSM case. These channels can be relevant for the whole allayednge
in the MSSM. The mSUGRA scenario offers very good prospects for the decay
into ™7 ~, which is characterized by the couplingsinaes/ cosg. Over almost the
whole parameter space the rate éorx BR differs by less than 10% from the SM
rate. Only for very smallM, and very high ta a suppression is possible. This
corresponds to the parameter space where the heavy Higgs boson can have SM like
couplings, see Fig. 1 in Ref. [32]. The other channéls{ WW*, yy) show the
following pattern: due to the increased decay rates to fermions, at relatively &pall
250 GeV< M4 <500 GeV, a suppression of the decays idosons or photons is
possible, while the value of the SM rate is approached for lavfier
The situation is similar in the mGMSB and mAMSB scenarios, besides that the
suppression of the*z~ channel for very small/, and very large tag is not
found. For the smallest possible values Mf; and the largest possible values of
tang a strong enhancement of these channels can be observed. This agrees with the
results of Ref. [32], where only in the mMSUGRA scenario but not in the mGMSB
and mAMSB scenario a region of the parameter space has been found where the
heavy Higgs boson is SM like. Thus the— t+7~ channel is enhanced everywhere
in MGMSB and mAMSB. Correspondingly the two other channkels; WW* and
h — yy are suppressed everywhere. As an example, in Fig. 2 we show the channel
WW — h — WW* in the mGMSB and the mAMSB scenario. For not too laigg,
M4 <550 GeV(700 GeVj, in mGMSB (MAMSB) a reduction larger than 10% can be
observed. For large¥ 4 the results in the mGMSB and mAMSB scenarios approach
the one in the SM.

o LC:
Due to its clean experimental environment, Higgs boson production should be easily
observable atthe LC, i.e., in various channels even a significant suppression compared
to the SM rate would not be harmful [88-90]. Therefore the production channels
Z* — Zh andWW — h (which yield the same numerical result in our analysis, see
Section 2.2) and all decay channels;> bb, c¢, tFt~, WW*, gg, are observable
in the three soft SUSY-breaking scenarios. This applies also in the region of small

5 Also some other channels for a SM Higgs boson have been studiedie-g.17h — 7W W* [82]. They
could be easily included in our analysis as outlined in Section 2. Since including these channels does not change
our qualitative results, we do not discuss them here explicitly.
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Fig. 2. The rate for the LHC chann& W — h — WW*, normalized to the SM case with the same Higgs boson
mass, is shown in th&f 4 —tang plane for the mGMSB (upper plot) and the mAMSB scenario (lower plot).

My, My <200 GeV, where a suppression of more than 50% can occur in all three
scenarios. We will therefore present a detailed analysis of the LC production and decay
channels only in the context of precision measurements, see Section 4.

° )/CZ
Also the yC, due to the Higgs boson production in the s-channel, offers very good
prospects for the Higgs boson observation [44,91]. Only the décay yy could
become problematic if it is strongly suppressed compared to the SM value (e.g., due
to an enhancetlbb coupling).
In the mSUGRA scenario thé — yy channel and thés — WW* channel are
very similar. They can be suppressed by more than 20% only for very large tan
tang = 50, or for tanp ~ 10 with the smallest allowed/, values. On the other
hand, theh — bb andh — t+t~ modes are unproblematic within mSUGRA and
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show either only a very small suppression or even some enhancement, with the only
exception of a possible suppression at very largggtan

In the mGMSB scenario the — bb andh — t+7~ channels are always enhanced.
The h — yy andh — WW* channels show a suppression of more than 50% for
M4 <100 GeV, while forM 4 < 600 GeV still a suppression of more than 10% occurs,
see Fig. 3 for thes — yy channel. The situation is quite similar in the mAMSB
scenario, with an exception in the intermedidfg region, 600-1300 GeV, where
there is an enhancement of the—> yy mode compared to the one obtained in the
mMGMSB scenario, see Fig. 3. The reason for this enhancement is similar to the case
ofthegg — h — yy channel at the LHC (see also the discussion of Fig. 1). There the
branching ratio fom — yy is enhanced in mMAMSB as compared to mGMSB (and
MSUGRA). At they C the effect is even more pronounced since the enhapged
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vertex now also enters in the Higgs production. Correspondingly the> h — yy
channel can be only slightly enhanced in mMGMSB, but more strongly increased in the
MAMSB scenario. For the proce$sV — h — WW* that is important at the LHC
and the LC, see, e.g., Fig. 2, the mGMSB and the mMAMSB scenario are very similar,
since nokhy y vertex is involved.

° /,LCZ
Finally, to complete our analysis, we also briefly look at th€. This collider
offers good prospects since the Higgs boson can be produced in the s-channel
without a loop suppression like at theC, however with the relatively small™ .~k
Yukawa coupling [92,93]. The production of SUSY Higgs bosons apifiehas been
extensively discussed in the literature, see, e.g., Refs. [92,93] and references therein,
but the impact of the different SUSY-breaking scenarios has not been investigated
yet. In the unconstrained MSSM it is possible that hieu~h coupling, being
~ Sinaeff/ COSB, can become very small ifef — 0 because of loop corrections [93,
94]. In this parameter region, on the other hadd,A production at the.C happens
with an enhanced rate and offers good prospects for resoNirmnd A as separate
resonances [93,94].
The feature of a suppressed .~k coupling can also be realized in the mSUGRA
scenario when the heavy (and not the lighfy-even Higgs boson is SM like. This
is possible for very high tag and smallM,, M4 < 300 GeV (note that here no
CDM constraints are taken into account, in contrast to the analysis of Ref. [93]).
In this parameter region a strong suppression is possible farGlehannels of the
light CP-even Higgs boson (whilé7, A production happens at enhanced rates). In
the rest of the parameter space the> bb andh — v+t~ channel are strongly
enhanced foM 4 < 700 GeV. For very largéf 4, an enhancement of up to 10% occurs.
Correspondingly, thé — WW* channel is not enhanced, but still within 10% of the
SM value.
Within mGMSB and mAMSB the suppression of the .~k coupling is not present.
Because of the coupling factor sigg/ cosp theh — bb andh — t+1~ channels are
strongly enhanced for small 4, while the SM value is approached for large values
of Ma. Theh — WW* channel, being enhanced with the @i/ cosg factor only
at the production vertex, is less enhanced, but should be unproblematic for the whole
parameter space.

The results of this section are summarized in Table 2. The mggdes h — yy,
tt — tth andWW — h — WW*, t+t~, yy allow the detection of the lightest MSSM
Higgs boson in all three scenarios over the whole indicated parameter space. Possible
exceptions occur for thgg — h — yy channel for the very smalif, region in the
MGMSB and mMAMSB scenarios, where a strong suppression of more than 50% could
happen. Because of the clean experimental environment at a LC, detection of the light
Higgs is ensured for all the three scenarios. For@ the region of very small 4
values in the mGMSB and mAMSB scenarios might be difficult for Ahe- WW* and
h — yy mode because of a strong suppression of more than 50%. AtGh¢he region
M4 <150 GeV and tag 2 50 in the mSUGRA scenario exhibits a significant suppression
of the production of the lightestP-even MSSM Higgs boson. Besides the “difficult”



Table 2

Behavior of the production and decay modes of the lighféB8teven Higgs boson of the MSSM, see Eq. (16), for the most relevant channels at present and future
colliders in three different SUSY breaking scenarios. When there is suppression or enhancement we inciatecits magnitude together with the parameters where

this happens. If not stated explicitly, for the rest of the parameter space the mode behaves roughly like in the SM. The Higgs mass range wherfeadstestmally
significant signal is possible is also shown [95,96]. The phrase “n.f.e.” stands for “not fully explored” and refers to channels where the stuttes beém performed
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regions mentioned above, the main search modes agt@and theuC are not affected
by strong suppression for all three scenarios, and the lightest MSSM Higgs boson in these
scenarios will clearly be detectable at all possible future colliders.

4. Precision analyses of the Higgs masses and branching ratios

We now investigate the potential of Higgs branching ratio measurements at future
colliders for testing the underlying SUSY model. We concentrate our analysis on the LC
and they C, since the anticipated precisions of at the LHC will in general be much worse,
while on the other hand branching ratio measurements of the light Higgs bosorn.et the
are not expected to yield substantially better results than at the LC.

Over most of the parameter space of the scenarios discussed here one would of course
also expect to observe direct production of SUSY particles at the next generation of
colliders. However, we concentrate our analysis on information obtainable from the Higgs
sector without assuming further knowledge of the SUSY spectrum. In a realistic situation
one would of course confront the model under study with all available experimental
information.

Table 3 lists the anticipated accuracies in different channels at the LC [88,97] and the
y C [44,91]. The values given in Table 3 correspond to a SM-like Higgs boson with a mass
compatible with the allowed mass range of the light&8teven Higgs boson in the three
soft SUSY-breaking scenarios according to the upper bounds given in Table 1. There is of
course some variation in the accuracy with which the branching ratios can be measured
over the allowed range ofi;,. For simplicity, we assume a constant precision over the
allowed mass range for each channel with a value referring to the middle of the allowed
range. In parameter regions where the MSSM rate differs drastically from the SM rate the
prospective precision will of course be different than in the SM. While in extreme cases like
this it will be easy to infer properties of the SUSY model from Higgs sector measurements,
we will focus in our analysis below on moderate deviations between the MSSM and the
SM, for which the values given in Table 3 can be applied in good approximation. We will
indicate the deviation between the MSSM and the SM in terms of the accuracies given in

Table 3

Anticipated precisions for measurements of Higgs branching ratios at the LC [88,97] ap& tH#t,91]. The

values are given for a SM-like Higgs boson with a mass compatible with the allowed mass range of the lightest
C’P-even Higgs boson in the three soft SUSY-breaking scenarios, see text

Collider Decay mode Precision
LC h — bb 1.5%

LC h—tte~ 4.5%

LC h— cc 6%

LC h— gg 4%

LC h— WwW* 3%

yC h — bb 2%

yC h—> Ww* 5%

yC h—yy 11%
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Table 3, i.e., a%no” deviation means that the calculated MSSM value of BR deviates
from the corresponding SM value (Wit g, = my,) by (£n x precisior).

4.1. Senditivityto M4 and tang

While within the MSSM the prospects for the detection of the lighf&2teven Higgs
boson at the next generation of colliders are very good, the situation is quite different for
direct observation of théP-odd A boson. At the LHC the detection of this particle can
be very difficult over sizable fractions of the MSSM parameter space (see, e.g., Refs. [77,
98]), while it may be outside the kinematical reach of the LC (see Refs. [67,99] for a recent
account of this subject). Thus, it is of interest to study the potential for obtaining indirect
bounds onVf4 from precision measurements. Exploiting the sensitivitytp can be done
in a similar fashion as nowadays for the SM Higgs, where indirect bounds are derived from
electroweak precision tests. Since in the decoupling liMit,>> M, the Higgs sector of
the MSSM becomes SM-like, deviations in the production and decay of the lighkest
even Higgs boson of the MSSM can in principle be translated into an upper bouvid on
If direct information onM 4 is available, the indirect sensitivity t&4 allows a stringent
test of the model.

Several analyses of the sensitivity ¥4 at the LC or theyC have been carried out
in the literature [43—46,100] (for an analysis focusing on the measurements with a GigaZ
option of the LC see Ref. [101]). While in many of these analyses particular “benchmark”
values of the SUSY parameters have been chosen, we perform a detailed scan over the
parameter space of the three soft SUSY-breaking scenarios. This is in contrast to previous
studies on the Higgs branching ratios in the literature [44—46], where all parameters except
for the one under investigation have been kept fixed. In this case the assumed deviation
between the MSSM and the SM is solely attributed to this single free parameter. This
corresponds to a situation with a complete knowledge of all other SUSY parameters
without any experimental or theoretical uncertainty, which obviously leads to an unrealistic
enhancement of the sensitivity to the investigated parameter. Allowing the other SUSY
(and SM) parameters to vary within reasonable ranges would result in reduced sensitivities
as compared to the ones reported in these studies.

Since assumptions about which part of the SUSY spectrum might be accessible at the
next generation of colliders are necessarily very speculative, we do not assume any further
information beyond the Higgs sector at all and perform a full scan over the parameter
space of the three soft SUSY-breaking scenarios. The resulting sensitiity t@vhich
effectively covers also possible theoretical uncertaiffiesin thus be interpreted as a
“worst case” scenario within m\SUGRA, mGMSB and mAMSB, which could be improved
by incorporating further information from other sectors of the model.

In Fig. 4 the indirect sensitivity td44 within the mSUGRA scenario is investigated
for the channel& — bb, ¢, t7t~, WW* at the LC. The figure shows the regions in the

6 Note that the presently largest theoretical uncertainty in the MSSM Higgs sector, which arises from the
experimental error of the top-quark mass, will be drastically reduced by the precise measuremgut tfie
LC.
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Fig. 4. Indirect sensitivity ta¥/, in the mMSUGRA scenario: for the channéls> bb, h — ¢é, h — t7t~ and
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to Table 3.
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M p—tang plane where the result in the mSUGRA scenario differs from the SM prediction
by 1o, 20 or 30, according to the prospective accuracy at the LC as given in Table 3. The
corresponding sensitivities at theC (which are not shown here) turn out to be usually
worse than at the LC for the mSUGRA scenario.

If a 20 or 30 deviation of the Higgs branching ratios from the corresponding SM values
is found at the LC, an upper bound a#; can be inferred within the mSUGRA scenario
according to Fig. 4. In particular, the— WW?* channel yields an upper bound a#y
of 500-600 GeV (depending on tAhfor a more than 3@ deviation, 600-700 GeV for
a deviation in excess ofd2 while deviations of more thanoloccur forM4 up to 800—

1000 GeV within the mSUGRA scenario. On the other hand, measuring a suppression
in the h — bb and/orh — 7~ channel (left column of Fig. 4) or an enhancement in
theh — cc and/orh — WW* channel (right column of Fig. 4) would determine faio

lie within 35 < tang < 55 in the mSUGRA scenario. The mSUGRA scenario is the only

of the three soft SUSY-breaking scenarios that could accommodate a suppression of the
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h — bb and/orh — T+t~ channel’ Thus these measurements can help to distinguish the
soft SUSY-breaking scenarios, see Section 4.3.

In Fig. 5 We show the sensitivity t&f4 within the mGMSB scenario for the channels
h — bb,c¢,ttr—, WW* at the LC. The corresponding results for> bb, WW* at the
yC are dlsplayed in Fig. 6 (which yields comparable sensitivities in this scenario). As for
MSUGRA, the observation of as20or 30 deviation compared to the SM prediction will
allow to establish an upper bound &£y, within the mGMSB scenario. Also in this case
theh — WW* channel shows significant deviations from the SM prediction over a wider
range of the\f 4—tang plane than the other channels. For a more thanl@viation in this
channel an upper bound a4 of about 700 GeV (depending somewhat ongaean be
inferred. Bigger deviations result in correspondingly lower upper boundg on

InFig. 7 the sensitivity ta 4 within the mAMSB scenario is displayed for the channels
h — bb,cé, tvt—, WW* at the LC. The sensitivities at theC are usually worse in
this scenario. As for the other two scenarios, in general an upper bounl ocan be
established if a 2 or 30 deviation from the SM result is observed. Again in particular
theh — WW* channel offers good prospects for observing sizable deviations. It allows to
set an upper bound a4 of 800—-900 GeV (depending on tAhif a deviation of more
than 2 is observed. Higher deviations result in correspondingly lower upper bounds on
M 4. Comparing the results for the— WW* channel in the mMAMSB scenario with the
other scenarios, in the mAMSB scenario sizable deviations from the SM prediction occur
over a wider parameter space in thg—tang plane than in the other scenarios. Thus,
the prospects for experimentally establishing a deviation from the SM prediction and in
this way inferring an upper bound ovi4 appear to be particularly good in the mAMSB
scenario.

7 In our ©(50000 MGMSB scatter points we have found two points witty ~ 100 GeV and tag ~ 55
that exhibit a very strong suppression of the> bb andh — 7t~ channel by more than 50%. However, these
points appear to be rather fine-tuned and we did not include them into our analysis.
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4.2. Sensitivity to high-energy parameters

Besides providing sensitivity tdf 4, precise measurements of Higgs branching rations
at the LC can also yield indirect information on the high-energy parameters of the
different soft SUSY-breaking scenarios. In Fig. 8 the results for the charnels
bb,c¢, v =, WW* are shown in theny/2-mg plane for the mSUGRA scenario. While
the indirect constralnts that can be obtained withvad? 30 deviation onmg are rather
mild, stronger bounds can be obtained fof/,. This reflects the fact tha¥/, and the
squark masses are strongly correlated withsthg, value. Combining the channels, an
upper bound 0f-350 GeV omnmny,, can be set if a deviation of more tham &om the SM
prediction is observed, a2deviation constraing . to be smaller than-450 GeV, while
deviations of more thandaloccur formy,, < 650 GeV.

Concerning the mGMSB scenario (which is not displayed here) the indirect constraints
are weaker. Results deviating from the SM prediction for/ithe WW* channel by &,
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Fig. 8. Indirect sensitivity tang, my,2 in the MSUGRA scenario: for the channéls- bb,h— ct,h— Tt~
andh — WW* (from top to bottom) the regions in they,o—mg plane are shown where the result in the
mMSUGRA scenario differs from the SM prediction by,120 or 30, assuming the prospective accuracy at the
LC according to Table 3.
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Fig. 9. Indirect sensitivity tong, maux in the mMAMSB scenario: for the channdls— bb (left) andh — ¢
(right) the regions in theig—maux plane are shown where the result in the mAMSB scenario differs from the SM
prediction by ¥, 20 or 30, assuming the prospective accuracy at the LC according to Table 3.

for instance, are distributed over nearly the whidlgess-A plane. Thus, establishing a non
SM-like behavior in the Higgs sector alone is not sufficient to derive indirect bounds on
Mmessand A, further experimental information is necessary to constrain these parameters.
On the other hand, wedkwer limits on Mmess A could be set, which can cut out the
lower edge of the mGMSB alloweMhess-A area, if the deviation from the SM value is
found to be small.

In Fig. 9 the results for the channdis— bb, cc are shown in theng—maux plane for
the mAMSB scenario. Like in the mGMSB scenario, deviations®o©B 20 with respect
to the SM prediction occur over a rather wide range@fandmgayx values. An observed
deviation of 3 would constrainmng to be smaller tham-1100 GeV, whilemgux would
have to be smaller thar6 x 10* GeV. Observation of a® deviation would allow to set
an upper bound omg of mg < 1400 GeV, while restricting the parameter space to the one
compatible with a 2 deviation does not significantly reduce the range of possible values
of mayuxin Fig. 9.

4.3. Discrimination between soft SUSY-breaking scenarios

We now investigate the potential of precise measurements of Higgs branching ratios
at a LC for distinguishing between the three soft SUSY-breaking scenarios. The main
experimental test of different SUSY-breaking scenarios will of course be to confront their
predictions for the SUSY spectrum with the results obtained from the direct observation of
SUSY particles. The analysis of the Higgs sector, however, may contribute further valuable
information. Since the different soft SUSY-breaking scenarios predict different mass
patterns for the SUSY particles, variations in the results for the Higgs sector observables
for the same value ¥4 can be expected.

As starting point of our analysis, as above, we do not assume experimental input
from other sectors of the MSSM, but concentrate on the Higgs sector. Clearly, resolving
differences between the predictions of the three scenarios via measurements in the Higgs
sector will require some experimental information on the tree-level parameters of the Higgs
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sector,M 4 and tarB. Therefore we will focus on a scenario where the LHC can detect the
heavy MSSM Higgs bosons via their decajgA — Tt~ (with the main production
channelbb — bbH/A), which can be realized for large t&rand not too largeM 4 [77,
102]. As a specific example we assume that the LHC provides a measureniéntax

well as a lower bound on tgh

500 GeV< M4 < 600 GeV, tang = 30. (25)

The results of the analysis below would improve for smaller value® gf while for a
larger M4 and smaller tag observation of the heavy Higgs bosons at the LHC would
become increasingly difficult. Restricting the data set of our scan, see Section 2.1, to those
parameter points fulfilling Eq. (25) we compare the predictions for the different branching
ratios arising from the three scenarios. As above, we indicate the deviations from the SM
prediction in terms of the prospective accuracy at the LC according to Table 3.

In Fig. 10 we show the results for the channkls> bb andh — gg. The results for
these channels, as for the others that are not shbws ¢t ~, h — c¢ andh — WW*),
are similar and show the following general pattern (see also the discussion in Section 3
and Section 4.1): for th&f,4 values corresponding to Eq. (25) the mMAMSB scenario gives
rise to larger deviations in the branching ratios from the SM values than the mGMSB
scenario. Thus, if in the situation of Eq. (25)@ 8eviation from the SM value were found
in BR(h — bb) and a—4o deviation in BRh — gg), this would be better compatible
with an AMSB scenario than with a mGMSB scenario. If, on the other hand, the branching
ratios were found to agree well with the SM prediction, this would be best compatible with
a SUSY-breaking scenario of mMSUGRA type.

As a consequence, precision measurements at the LC of the branching ratios of the
light C’P-even Higgs boson of the MSSM may indicate a preference among the three soft
SUSY-breaking scenarios at the -Rvel. This information will be complementary to
the information from the direct observation of SUSY particles.

The different behavior as a function 814 in the three scenarios can be traced back
mainly to different loop contributions to the off-diagonal entry in the Higgs propagator
matrix, £¢1¢27 which according to Eq. (7) give rise to differences in the effective mixing
angleaest entering the Higgs couplings. Especially the dominant decay chanrebb,
being~ sir? aeff/ COL B, is strongly affected. While in the mSUGRA scenaEA@ﬂ,)2 has
in general fairly large and negative values, in the mGMSB scengjg, is small, and in
the mAMSB scenario it gets large and positive values. In combination with the tree-level
dependence oM 4, see Eq. (7), this leads to a different degree of decoupling with respect
to the SM result as function aiif 4.

So far we have not assumed any additional experimental input on the SUSY spectrum
from the Tevatron or the LHC. We have checked, however, that the results in Fig. 10
are essentially unmodified if parameter points for which the Tevatron will detect SUSY
particles are excluded from the scan.

Concerning possible experimental information on the SUSY spectrum from the LHC,
the situation strongly depends on the assumed scenario. For illustration we thus restrict to
one particular example, shown in Fig. 11. The regions indicated by dashed lines correspond
to parameter regions in the three scenarios where experimental information on the light
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Fig. 10. Comparison of BR — bb) (top) and BRh — gg) (bottom) in the three soft SUSY-breaking scenarios
via LC measurements.
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Fig. 11. Comparison of BR — bb) (top) and BR: — gg) (bottom) in the three soft SUSY-breaking scenarios

via LC measurements, assuming direct input on the SUSY spectrum from the LHC. The areas surrounded by
dashed lines correspond to the parameter regions in the three scenarios where the light scalar top mass lies in the
region 800 Ge\K m;, < 900 GeV, while the shaded areas surrounded by full lines correspond to the case where
furthermore the gluino mass is known to be constrained by 900Ge¥, < 1000 GeV.
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As expected, assuming direct experimental information on the SUSY spectrum in
addition to measurements in the Higgs sector significantly enhances the sensitivity for
distinguishing between the different soft SUSY-breaking scenarios. While for the particular
scenario studied here it is not possible to distinguish between the mGMSB and mSUGRA
scenarios on the basis of the Higgs branching ratios alone, additional informationfn tan
would allow a clear distinction.

5. Conclusions

We have investigated the relevant production and decay channels of the ligftest
even MSSM Higgs boson at the Tevatron, the LHC¢aa~ LC, ay C and guC within the
MSUGRA, mGMSB and mAMSB scenarios. The values of BR have been compared
with the corresponding SM values with the same Higgs boson nidgs,, = m;. In
this context we have also updated earlier results on the upper boung avithin the
three scenarios and on the lower bounds orgtémat can be inferred by confronting the
theoretical predictions with the LEP exclusion limit.

We have first analyzed the observability of the lightest MSSM Higgs boson at the
different colliders. The modegg — h — yy, tt — tthandWW — h — WW*, t7¢ ™,
yy allow the detection of the lightest MSSM Higgs boson in all three scenarios over the
whole corresponding parameter space. Possible exceptions occur for the verysgmall
region in the mGMSB and mAMSB scenarios, where a strong suppression of more than
50% could happen fagg — h — yy. Within the clean experimental environment of the
LC the observation of the light Higgs will be ensured for all three scenarios. F@t,a
the very smallM4 region in mGMSB and mAMSB can be problematic for the> bb
andh — Tt~ mode. At theuC, M4 < 150 GeV and tag > 50 for nSUGRA exhibits
a strong suppression for the— bb andh — v+t~ mode, while on the other hand in this
parameter region the production of the heavy MSSM Higgs bogbné happens with an
enhanced rate. Besides these difficult regions, the main search modeS aia a.C do
not suffer from severe suppressions with respect to the SM case in all three scenarios. The
results of this analysis are summarized in Table 2. Thus, all possible future colliders offer
very good prospects for detecting the lighté®-even Higgs boson of the MSSM in an
MSUGRA, mMGMSB or mAMSB scenario.

We then investigated the potential of precision measurements of Higgs branching ratios
at the LC and the C for establishing indirect constraints #fy and targ. For this analysis
we have not assumed any further experimental information on the SUSY spectrum, i.e., a
full scan over the parameter space (restricting to the gase0) has been performed.

If deviations of the Higgs branching ratios from their SM values will be found at the
2—-3 level, it will be possible to establish an upper bound #éy significantly below

1 TeV in all three scenarios. The biggest sensitivity will come from khe> WW*

andh — cc channels. Within the mSUGRA scenario, furthermore a bound of t&n

35< tang < 55 can be obtained if a suppression of the- bb and/orh — 7~ channel

or an enhancement in the— cc and/orh — W W* channel with respect to the SM values

is observed. If this would be the case, this could be independently confirmed by Higgs
mediated B-physics observables liR8 — .t~ or B°~B2 mixing.
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Similarly, precise measurements of x BR at the LC can also provide indirect
information on the high-energy parameters of the three soft SUSY-breaking scenarios.
While within the mGMSB scenario the experimental determination of the Higgs branching
ratios will allow to set only very weak bounds on the high-energy parameters, within
MSUGRA relatively strong bounds a2 and in mAMSB moderate bounds erp could
be set.

Finally we have investigated the potential of precise measuremenis>oBR at
a LC to distinguish between the three soft SUSY-breaking scenarios. For this analysis
we have assumed a situation where experimental informatio@n(and to a lesser
extent on ta) obtained at the LHC can be combined with precision measurements of
the properties of the light Higgs boson at the LC, see also Ref. [103]. If a significant
suppression of the — bb and/orh — ¢~ channel with respect to its SM value were
found, this would point towards the mMSUGRA scenario, irrespectively of the actual value
of M4 (with M4 < 1 TeV). Otherwise, assuming in our examplg to be restricted to
500 GeV< M4 < 600 GeV, precise measurementsok BR in particular in theé: — bb
andh — gg channels may indicate a preference among the three soft SUSY-breaking
scenarios at the 1e2level. This information might be valuable as it complements the
one about the SUSY spectrum from the direct observation of SUSY particles.
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