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Abstract

Current experimental constraints prove being enough to rule out the possibility of the m;, ~ 125 GeV Higgs found
at LHC being a heavy Higgs in a general MSSM context, even with explicit CP violation in the Higgs potential.
Differently than what has been done in prior studies, we perform this job analitically, with expressions related to a few
observables. Te relevance of 77 production through Higgs and BR(B — X,y) processes is emphasized, since they are
enough to erase the possibility of finding an MSSM neutral Higgs lighter than the scalar discovered at LHC.
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1. Theoretical considerations

In our publication about this topic [1], we study those
models characterized by fitting the Minimal Supersym-
metric (MSSM) description [2]. For the sake of general-
ization, we consider a CP-violating Higgs sector formed
by two-Higgs doublets including all the possible mix-
ings between the three scalars that are contained in it,
besides a charged Higgs, with fields
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We place the possible light Higgs in the mass range be-
tween 90 GeV < my, < 110 GeV, identifying the scalar
found at the LHC as the next one according to mass,
being my =125.5 GeV the value we used for our anal-
ysis. The heaviest neutral scalar mass will be restricted
to an upper limit of 200 GeV due to the fact of having
small CP violation, and thus avoiding a big splitting of
the Higgs mass spectrum.
The mixing between up, down and pseudoscalar na-
ture in the Higgs sector will find its origin in the one-
loop corrections of the scalar potential, which leaves the
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pseudscalar state as a = a; sin8 + a; cos 8 and a neutral
Higgs mass matrix defined according to
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Our analysis will be developed using a small num-
ber of parameters, being them tang = *?/,,, the Hig-
gsino mass y, the stop trilinear coupling A;, its phase
a(A,), the sparticle mass scale Mg ysy, the gaugino mass
M,, and mpyg= (since the pseudoscalar mass cannot be

1
fixed, and they are related by m3. = M3 + 5/141/2 -
Re(Ase?ié)v?).

2. Experimental status

2.1. Bounds on SUSY particles

The LHC determination [3, 8] of allowed regions in
which we can run the neutralino, stop and gluino masses
is shown by the experimental plots of figure 1. In there,
we can see that the neutrino mass is mostly forbidden to
be below 500 GeV and, according to figure 2, the gluino
mass below 1.3 TeV.
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Figure 1: SUSY particle searches at (a) ATLAS (neutralino and stop).
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Figure 2: SUSY particle searches at CMS (LSP and gluino).

It is important that we consider the stop mass in a
more sublte way, though the most visual lower bond is
of my =650 GeV. In case there is stop-neutralino degen-
eracy, the lower bound for the mass can go down to 250
GeV, and taking into account every possibility for the
stop mass is crucial for one of the observables we are
going to use for the parameter space analysis.

2.2. LHC Higgs Data: diphoton channel

LHC anounced the discovery [9, 10] of the
myg =125.5 GeV scalar based on the data found at the
diphoton channel, which is a loop mediated decay.

In figures 3 and 4 we can see how the peak of this
plot fits in an excess corresponding to a signal of 0.90<
/155 H <1.58, taking the data in a conservative way, and
according to the statistics availabe by the time our anal-

ysis was done.
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Figure 3: CMS plot indicating the discovery of a neutral scalar in the
diphoton channel at the LHC.
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Figure 4: ATLAS plot proving the existence of the scalar in yy-
channel.

3. Theoretical estimation of the diphoton channel
events

For MSSM models with the number of parameters we
are considering, the diphoton channel decay appears as
[11]:
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which includes contributions coming from both
scalar and pseudoscalar nature. The scalar contribu-
tions come from quarks, W bosons, squarks, charginos
and the charged Higgs; whilst the pseudoscalar contri-
butions only come from quarks, squarks and charginos.

Regarding the scalar Standard Model contributions to
the Higgs decay (the pseudoscalar have an equivalent
development), their values are:
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The SUSY contributions prove to be negligible com-
pared to those previously exposed, since they are ap-
proximately:
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In addition, the calculation of the number of the
events needs the computation of the Higgs production,
according to:
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Its contributions are defined as:
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for bb-fusion. Besides, the contribution coming from
gluon fusion is:

a(pp — Hy)ge =13U5 - S g qp, 4 O.lan’B g :

l+k, tanf (14+kgtanB)> i
2 0.1 tan? 8 27 2
* (“Kd wp t Trqunpr * tzmzﬁ')(ui3 pb

The last piece we need to start our study is an esti-
mation of the Higgs total width, which is approximately
given by:

g2

327 M a,

- 0 \?
+67x 107 (U + 2 ) o, |

|tan® B (1247 1+1431) (3mj, + m7)

l"Hi =

tanf

4. Analysis of diphoton channel data

Given the expressions of the previous section, we can
infer that, if H, corresponds to the Higgs found at the
LHC, tan — 1 and the CP-mixing matrix takes the
limits U, = U» = 1 and Ur; = 0, we will have a
gluon fusion cross section and a total width equal to that
predicted by the Standard Model (SM).

However, we have seen as well that the diphoton de-
cay practically has no supersymmetrical contribution
despite not taking any SM limit, thus forcing us to find
a different explanation for the excess present in figure 3,
the loop-induced decay channel that drove to claiming
the discovery of the Higgs boson.

First of all, we observe that the contributions to the
vy-channel coming from both the W boson and the top
quark (the two most important of them) have a strong
dependence on the up-type mixing element U,,. The
gluon fusion cross section is also enhanced by this ma-
trix element. Therefore, if we plot how the number of
events in the diphoton channel changes according to the
up-type component, we obtain the growing behavior ap-
pearing at figure 5.

Consequently, we choose our mixing matrix to pos-
sess this feature, imposing U, ~ 1 and taking the other
components as decreasing according to tanf3, since we
have to keep unitarity and we observe that there is a de-
pendence in tan S for our result (figure 5).

This is the first milestone of our work. In this situa-
tion, we need the neutral Higgs identified as that discov-
ered at the LHC being an up-type Higgs for any MSSM
model. The lightest and heaviest neutral Higgs bosons
will have a mixture of down-type and pseudoscalar na-
ture.
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Figure 5: Number of events in the yy-channel according to the up
mixing mmatrix element. Colors imply different values of tan 3, being
orange the highest and brown the lowest.

5. Other experimental constraints

Along this section we focus in determining if the
scalar mass spectrum assuming the second Higgs to be
the currently accepted as the SM Higgs is plausible. For
that matter, we will begin with another LHC experimen-
tal result, the H; — 77 decay [12, 15].

The t7-channel relevance comes from the origin of
this decay in the MSSM. Its enhancement will be asso-
ciated with the particular CP character of the scalar de-
caying, which must be down-type or pseudoscalar. Tak-
ing this into account, the decay rate is, approximatel:
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And its production will be mostly originated now by
the bb-fusion:
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in which we have considered the U ;> negligible and

the sum of the square of the other components equal to
one, thus preserving unitarity in the mixing matrix.

Performing now a scan with my, = 110 GeV and
my, = 160 GeV, both masses being valid guesses that
do not affect generality, is found that only those models
with low tan g are good candidates for being in agree-
ment with LHC data, as it is presented in figure 6.

This allowed region needs to be put to test. For this
purpose, we make use of a flavour indirect bound, the
B — Xsvy decay. This process is supposed to be quite
constraining for low values of tan S, and it includes the
contribution of sparticles. This decay and Bg — utu
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Figure 6: Scan results for the lightest Higgs decay into 7 leptons,
showing the allowed region in green. In red, points that do not ac-
complish this bound and neither the diphoton decay. In blue, points
that fulfil the diphoton decay value for the second Higgs.

are the references for low and high values of tang re-
spectively, though the analysis for its high values is al-
ready covered.

Experimentally, the branching ratio of the
process (HFAG) [16, 17] is BR(B — Xgy) =
(3.43 +£0.21 £ 0.07) x 107*. Theoretically, T will
offer a qualitative approach to the sparticles contribu-
tions, though we used exact expressions for our scans
[19, 22].

The term coming from the charged Higgs is always
additive, defining the Wilson coefficient:

HE -0.2
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which shows to be indirectly proportional to tan . In
addition, there is a contribution coming from the stop-
chargino loop that can compensate it, depending on the
sign of our parameters Re (uA,), defined as:

+ M-
Chy = 0.0272 9)

which is only valid for values of the stop mass with
an inferior limit m; > 650 GeV. Given this, we can find
no compensation whatsoever, as presented in figure 7.
Therefore, every MSSM model that includes a Higgs
boson lighter than 125.5 GeV would be vanished.

Nevertheless, we stated in Section 2 that there is an
experimental region with a light stop that is mostly
degenerate with the neutralino, avoiding detection. If
this is the case, the Wilson coeflicient correspondent to
this contribution will not only change its sign, but gain
strength with increasing values of tanf too, as shown
in:
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Figure 7: Scan results for B — Xsvy. Blue squares survive any previ-
ous constraint, red squares have fallen before this. There is no allowed
region within 2.
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Figure 8: Scan results for B — Xgv in the light stop regime. Color
code is the same as in figure 7.
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Having considered this, we can see in figure 8 that,
though data are closer to the 20~ threshold of this decay
value, it is impossible to find any plausible MSSM with

a light Higgs at all.

6. Conclusions

Our results give some relevant implications both for
the purpose of disproving the existence of a MSSM
neutral scalar lighter than 125.5 GeV and for searching
these neutral bosons independently of their masses.

First of all, the study of the Higgs decaying into two
photons gives us enough information for the determi-
nation of the CP mixing matrix. Concretely, for any
MSSM model, the neutral scalar representing the Higgs
boson found at LHC should have an up-type matrix ele-
ment. The other two neutral scalars are mixed states of
down-type and pseudoscalar.

A fundamental decay channel for analysing the valid-
ity of the MSSM Higgs sector at high tan g is the Higgs
decaying to two tau leptons. As it has been shown, this
decay is enhanced when the decaying scalar has an as-
sociated CP matrix element with strong down and pseu-
doscalar components. Therefore, this decay channel de-
serves being a focus of experimental interest.

In the case of proposing MSSM models with a neutral
Higgs lighter than the one found at 125.5 GeV, the 77
decay channel forbids any of them having a value of
tanB >7.5. If this channel was not enough to cover this
range of tan 8, we should add Bg — 'ty as aconstraint
four our scan.

In order to swipe the tanf parameter space com-
pletely, a powerful constraint for its low values is given
by B — Xy and its contributions coming from sparti-
cles.

Including these decay in the analysis, which is very
strict, we have been able to discard completely the ex-
istence of a Higgs boson lighter than that found in the
LHC if it comes from any MSSM model, since there is
no tan S value that allows this to happen.

These tools can be used for the analysis of different
scalar mass spectra, and we have subsequently done it to
study MSSM with a lightest neutral Higgs of m;, =125.5
GeV, since it is the only possibility left by experimental
data after our thorough study of it.
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