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We show that all the parameters which destabilize the weak scale can be taken
around the weak scale in the MSSM without conflicting with the SM Higgs boson

mass bound set by LEP experiment. The
h has only a small coupling to Z boson,

point is if the lightest CP-even Higgs boson
LEP cannot generate h sufficiently. This

time, same bound constrains mass of the heaviest CP-even Higgs boson H. However,
it is easy to make H heavy using off-diagonal elements of Higgs mass matrix and

consequently smaller stop masses are all

owed. This scenario explains two excesses

observed at LEP Higgs search. Though all the MSSM Higgs bosons should have the
weak scale masses in this scenario, amplitude of b— sy induced by charged Higgs

can naturally be compensated by chargi

no if we take natural mass parameters by

which the little hierarchy problem can be solved.

1. INTRODUCTION

Supersymmetry (SUSY), especially mini-
mal extensions of the standard model (SM)
relevant to this symmetry, called as minimal
supersymmetric standard model (MSSM), is
one of the most promising candidates for new
physics. However, this simple model seems to
be unsatisfactory at firs glance. The problem is
related one of the characteristic features of the
MSSM; my,, mass of the lightest CP-even Higgs
boson (h), is always smaller than Z boson mass
at tree level [17]. Of course loop corrections to
the Higgs potential modify this relation [1] and
the largest contributions come from top/stop
as logarithmic functions of its masses as,

mi < mQZ + AQQ, (Il)
Y/ (), m
Azg ~ T log —nth‘ (12)

(here, Y;, m; and m, are top Yukawa coupling,
stop mass and top mass, respectively). From
this expression, if the lower mass bound of
the SM Higgs boson my,, > 114.4GeV (95
% C.L.) set by LEP [2] is naively applied to
my, m; has to be larger than 500GeV. How-
ever, at the same time, stop also contributes

*Talk presented by S.-G. Kim at S12006, based on our
recent work, arXiv:hep-ph/0609076.

to the mass parameter of up-type Higgs field
H, as quadratic form of its mass,

my, = Migo+ Amy,, (1.3)
3Y? A
2 t 2
Amy, ~ — ™ log — (1.4)

Therefore, such a large m; leads to a tun-
ing between tree Higgs mass parameter m3 g
and correction Am}_, because in order to ob-
tain correct weak boson masses, mpy, must be
around the weak scale, O(mz). For example, if
cutoff scale A is taken as the Planck scale, less
than a percent tuning is required in this naive
analysis. This difficulty is called as “little hi-
erarchy problem” and various solutions have
been examined [3].

II. SMALL Z - Z — h COUPLING

As we have seen in the previous section,
naive application of the LEP bound to m,
leads to the tuning problem. However, it is
not mandatory to apply this mass bound to the
lightest Higgs boson of extended Higgs sector,
since coupling strength between the SM Higgs
boson and Z bosons (9zzeg,), Which was ex-
ploited to set mg, > 114.4GeV, does not al-
ways equal to that of & and Z bosons (gzzs)-
In other words, if gzz, is sufficiently smaller
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than gzz0,, mnr < 114.4GeV can be allowed.
Moreover, it was reported that there were 2.3
and 1.7 o excesses from back ground estima-
tions of Higgs search experiment where the cor-
responding Higgs boson masses are around 98
and 115GeV, respectively [2]. Notably, the for-
mer excess is too small to identify it as pro-
ductions of the SM Higgs boson, but it can be
explained by h with small gzz, [4, 5]. In this
article, we regard this small gz, scenario as a
way to bypass the little hierarchy problem.

III. REALIZATION OF SMALL gz,

First of all, gzzpHigs coupling originates
from ZZH'H interaction. Therefore, in gen-
eral, gzzpiges iS In proportional to the VEV
of the corresponding Higgs field. In two Higgs
doublets model as in the case of the MSSM,
one can take generally linear combinations of
two Higgs fields as, hyv, which has a vanishing
VEV, and the other combination, hgs;, which
has a VEV whose value equals to that of the
SM Higgs field. They are written as

hvv) _ [sing —cosf Hy
<th) - <cosﬂ sin 3 ) (Hu>’ (HL1)
where Hg is down-type Higgs field and tan § =
(Hy) / (Ha) (We take cos 8 and sin 3 as positive
value). It is obvious that hyy has vanishing
92zhyy- Therefore, if main mode of h is hyy,
it is hard to find h using ete~ — Z* — Zh.
Let’s see approximate CP-even Higgs mass
matrix in terms of CP-odd Higgs boson mass
(ma), tanfB and the largest quantum correc-
tion to it, Ag,, for the second step.

Hd Hu
Hq my  —(md 4 m})sne
H,\ —(m?% + mzz)ﬂ‘;—ﬂ m% + Ay

(I11.2)
When tanf > 1, this matrix becomes di-
agonal form, and from the previous discus-
sion, these entries correspond to the mass of
Hy ~ hyy and H, ~ hgy, since tanf > 1
means H, gets almost the same VEV as the
SM Higgs field and (H) ~ 0. Therefore if
m% < m% + Ay, we obtain h with small
gzzn coupling. We call this situation as “In-
verse case” for the later convenience and also

name “Normal case” for the situation where
m% > m%+ Ag. Note that in the Inverse case,
typical mass scales of the MSSM Higgs bosons
are around the weak scale, since m, is. More-
over, once off-diagonal entries are take into
account, it is obvious that comparing to the
Normal case, the Inverse case allows smaller
stop mass since larger (smaller) eigenvalue be-
comes always to be larger (smaller) than orig-
inal larger (smaller) diagonal element. There-
fore, in the Inverse case, off-diagonal entries lift
the larger eigenvalue (m%), which has to sat-
isfy the LEP constraint, and there is no need
for heavy stop. This is the essence of the sce-
nario which can open the way to ease the ten-
sion of the MSSM parameters. Since larger
tan (3 leads to smaller off-diagonal component,
smaller tan g is preferable for the Inverse case.

IV. NUMERICAL ANALYSIS

We explore the scenario which realizes the
Inverse case numerically. Since large SUSY
and SUSY breaking parameters entail tuning
problem, we take each parameters as low as
they don’t conflict its own experimental con-
straint [6]. In the analysis, we assume universal
soft masses, mo(=100GeV) and M (=145GeV),
for squarks, sleptons and gauginos at the GUT
scale. Resulting masses relevant to the fol-
lowing are m;, = 350GeV, m;, = 300GeV,
M; = 60GeV, M, = 120GeV, M; = 400GeV
and pu = 250GeV at the weak scale, respec-
tively. We also assume each Ay parameters
are proportional to the corresponding Yukawa
couplings with uniform factor (A) at the GUT
scale and set A; = 300GeV and 325GeV at the
weak scale as typical values. These values cor-
respond to A ~ 0 and A ~ 125GeV at the
GUT scale, respectively. Under this assump-
tion, A larger than 250GeV induces charge
breaking at the weak scale. Here, we vary not
m; but A, (A) since results are more sensi-
tive to it when naturalness is taken into ac-
count. Finally, we assume no constraints for
three Higgs mass parameters at GUT scale and
treat two of them (m 4 and tan 3) as free at the
weak scale as shown in the FIG.1-2.

In the figures, doted-dashed, dashed, thick
solid and thin solid lines represent contour lines
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FIG. 2:

of ma/GeV, §(= 9521/ 9% 2ps)» mu/GeV and
myz/GeV, respectively. Each white area is
allowed region satisfying conditions of m;, >
90GeV, £ < 0.25, my > 114.4GeV and
tanS < 50. The meanings of these crite-
ria are as follows. First of all, since small
gzzn means large gzna, hA production can be
enhanced, i.e., arbitrary small m, is not al-
lowed. However, if m;, is larger than 90GeV,
there is almost no constraint because of P-
wave suppression [6]. Second, according to the
Fig. 10 of [2], upper bound of gzz, , normal-
ized by gzzeey, should be about less than 0.5
(€% = 9521/ 95205y S 0.25) for my > 90GeV
at 95% C.L.. Third, since small gzz, means
large gzzn, my has to be larger than 114.4GeV
in this case. Finally, since top quark decays
into charged Higgs boson and bottom quark
in this scenario, there are experimental up-
per bound for large tan 3 set by [7]. In ad-
dition, when we identify 2.3 ¢ excess at corre-
sponding mass near 98GeV as signals of h, we
take narrower region 95GeV< m; <101GeV.
Moreover, since number of the event observed
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FIG. 3:

26

is a tenth of estimated number of correspond-
ing SM Higgs boson, it naively corresponds to
&2 = 0.1. Here we have used the on-shell top
mass m; = 175GeV and one-loop potential of
[8], in which D-term contribution to sfermion
masses is neglected. As a whole, we observe
that regions which are consistent with LEP ex-
periments are realized with the natural param-
eter set. Note that we can see the several char-
acteristics of the Inverse case in these figures as
discussed in the previous section qualitatively.
Especially this scenario predicts a light charged
Higgs boson (my: ~ 130GeV) and this issue
is a subject of final section.

V. b— sy CONSTRAINT

Since charged Higgs boson induced ampli-
tude of b — sv transition always makes con-
structive contribution to the SM amplitude
[9], current experimental values of this pro-
cess [10], now in good agreement with the
SM predictions [11, 12] gives severe constraint
for my+ (e.g., myr > 350GeV for type II
2HDM [11]). However in supersymmetric mod-
els, especially in our scenario, another parti-
cle, chargino, plays also an important role [9)].
The point is, in our scenario, magnitudes of
these amplitudes are naturally same order be-
cause all particles which contribute this pro-
cess have the weak scale masses; my+ must be
around the weak scale to realize small gzz,
and chargino and stop masses also must be
around the weak scale from naturalness re-
quirement. Moreover, chargino can induce
negative amplitude. Fig.3 shows relations
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between A, and tanf required by the can-
cellations. In this analysis we fixed mpy: =
125GeV and required sum of charged Higgs
and chargino induced amplitudes must be less
than 5% of the SM amplitude (This require-
ment very roughly corresponds to one sigma
deviation). A white strip shows parameter re-
gions which realize the suitable cancellation at
weak scale. We see that 10% tuning of A,
is sufficient for the cancellation. Fig.4 shows
relations between m,4 and tan B required by

the cancellations at A; = 325GeV. This figure
is superposed on the corresponding regions of
Fig.2 and show that Br(b — sv) severely con-
strains allowed region of previous section.

VI. DISCUSSION AND SUMMARY
Processes to which light charged Higgs bo-
son contributes at tree level may show one
of the signals of this scenario. Especially,
B — Tv; process is interesting because the SM
contribution is suppressed by chirality [13] and
recently the first evidence for the process was
reported by Belle [14]. (Combined) branching
ratio already restrict tan3 as tan 8 < 20 and
29 < tan § < 37, when my+ = 130GeV [15].
We would like to emphasize that our argu-
ments are quite general one even more rigorous
discussions are employed and this is an inter-
esting possibility to solve the little hierarchy
problem. We hope this scenario to be tested
in future experiments, LHC, ILC or (super-)
B factory, etc. [16]. Analysis of dark matter
abundance is beyond the scope of this work.
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