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1. Introduction

Supersymmetry is still remains one of the most interesting extension of the &tdviddel.
The discovery of a light Higgs-like scalar resonance [1] with mass adrarfi126 GeV on the one
hand supports idea of low energy supersymmetry. On the other hand to sbth value of the
Higgs boson mass requires a considerable degree of fine-tuning.dl ikmown that the mass of
the lightest Higgs in the Minimal Supersymmetric Standard Model (MSSM) aldveéis bounded
by Z-boson mass and it receives a large quantum correction (sef@Rifef our notations) from
interactions with stop-quarks
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whereX; = A — ﬁ Observed value of the Higgs mass implies either heavy stop contribution or
maximal mixing in stop sector in the decoupling limit of the MSSM. This results in pnebleith
naturalness criteria.

If supersymmetry is indeed relevant to our Nature it should be spontalydmaken in some
hidden sector. According to supersymmetric analog of the Goldstone thel@jehere should ex-
ist a massless fermionic degree of freedom, goldstino. After taking intauatgpavity goldstino
becomes longitudinal component of gravitino with a mass related to the scalpaisgmmetry
breakingF as followsmg,, = F/(v/3Mp). In the simplest case the goldstino is fermionic com-
ponent of a chiral supermultiplet and interactions of this supermultiplet witbr d8SM fields
are suppressed by SUSY breaking scdle. In most of the phenomenological applications it is
typically assumed that this scale is large as compared to the electroweakRmalestance, for
gravity mediated SUSY breaking scenarios with soft parameters of ofdeMescale this implies
VvF > 10" GeV. For gauge mediation SUSY breaking scale can be considerably; lowestill
its value is limited byy/F > 50 TeV. At the same time given current results from LHC large scale
of new physics implies high degree of fine-tuning in Higgs scalar potentialveMer, it is pos-
sible [4, 5, 6] to have/F not very far from electroweak scale, somewhere around seveval Te
Recently, an interest to these models (so called low scale SUSY breakimayisddhas been re-
newed (see, e.g. [7, 8, 9] and references therein). In these madetsram usual supersymmetric
spectrum goldstino and its superpartners — sgoldstinos, are presetwadenergy theory at the
electroweak scale. Phenomenology of the low scale supersymmetry ardltigqular, sgoldstinos
has been extensively studied in literature [10]. In this class of modelgigmis the lightest su-
persymmetric particle (LSP). It is phenomenologically possibles to have theemagscalar and
pseudoscalar sgoldstinos around electroweak scale. If these patileght we have a possibility
to probe the scale of supersymmetry breaking already at present-pesiregnts, in particular, at
the LHC. In this talk we discuss mixing of sgoldstino with the Higgs sector of M8 entrating
on the most interesting case of mixing with the lightest Higgs boson.

2. A model

Here we describe a minimal set of the interactions of goldstino supermultiplet\8taM
sector. To introduce them we follow spurion approach (see [11] dacereces therein). We denote
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goldstino chiral superfield ab = @+ /20y + Fo, wherep = (S+iP) /\/2 represents sgoldstino
degrees of freedomy is goldstino and~, is an auxiliary field. We introduce the interaction la-
grangian given by the sum of the following contributions
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Note that the above lagrangian should be considered as an effeclhiveh&ery which is valid at
energieE < /F. To simplify matters we make the following assumptions. We will suppose that
sgoldstino field does not acquire non-zero v.e.v. Further, we suplpassdue to some interactions
in the hidden sector the auxiliary fielh) acquires non-zero vacuum expectation vdfeg = F and
SUSY becomes spontaneously broken and the above lagrangianuegsabft terms of MSSM.
Finally we introduce mass of sgoldstino fields and mp phenomenologically and assume that
they are of order of electroweak scale.

Here we will be interesting in mixing of scalar sgoldstiSBavith the lightest Higgs boson
h in the decoupling limit whem, < ma,my. We integrate out the auxiliary fields for Higgs
doubles, goldstino superfield and vector superfields and obtain tiongto the lagrangian due to
sgoldstino interactions. In this way we obtain a correction to the squaredainthgslightest Higgs
boson

mgy = n’éco§2[3+l\:/22(Bsin22[3—2u2)2, (2.4)

wherev is v.e.v. of the Higgs field. The appearance of this correction to the mass tigtest
Higgs boson has been observed in Ref. [7]. The mixing between the lidtiges bosorh and the
scalar sgoldstin&in the lowest order in AF is given by %ix = éh -Swith

X = 2u3vsin2ﬁ+%v3(g§M1+g§M2) cos 2B, (2.5)

In the case when sgoldstino mass parameter is much largenihtre corrections to the masses
of the scalar particles due to this mixing are suppressed. In the oppositgositii@. when mass
parameter of sgoldstino is somewhat smaller thrgnthe mixing with sgoldstino can give rise an
additional positive contribution to the lightest Higgs boson mass.

3. The consequences of sgoldstino-Higgs mixing

Here we discuss the phenomenological consequences of possible nfixéggldstino with
the lightest Higgs boson assuming the decoupling limit. First of all let us dighesshanges of
the branching ratios for the scalar sgoldstino [10] due to the mixing. Typjdakydominating
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decay channels are the decays into massless gauge bosons ratheffeéhaiotts like in the case
of the SM Higgs boson. This is related to the fact that for the Higgs bosoaatmglings to the
gluons and gammas arise only at one loop level as compared to the couplingsdive particles,
while for sgoldstinos all couplings exist already at tree level. In the Figelsthoow how the
picture of sgoldstino decays changes depending on mixing angle. Weadew¢im small value of
mixing angle can considerably change the hierarchy between possilalg demnels and already
at mixing angle of 0.4 the picture becomes very similar to the case of the Higgs.
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Figure 1.  Modification of sgoldstino branching ratios at differenfues of mixing angle: sif =

0.0,0.01,0.05 and 0.4. We take the following values for MSSM soft pararsetyF = 10 TeV,M; =
400 GeV,M, = 800 GeV,Mz = —1200 GeVAYDE = 700 GeV andA;°F = Y PEAYDE wherevy PF
are Yukawa couplings.

To explore whether this scenario is indeed possible in the low scale MSSM e anscan
over some MSSM parameters space inspired by naturalness. We udagebid1SSMTools [12]
in the MSSM regime and vary MSSM parameters with the followings intervafisz< tanf3 < 50.0,
100 Ge\k u < 1500 GeV, 100 Ge¥ M; < 500 GeV, 200 Ge¥: M, < 500 GeV, 15 TeV< M3 <
2.0 TeV, |AYDE| <15 TeV, 700 Ge\k mg, < 1.0 TeV, 10 TeV< my,,mp, < 1.3 TeV while soft
masses of the first and second generation squarks and sleptonearmtha& sufficiently large. We
fix v/F =10 TeV. Also we scan uniformly over sgoldstino mass paranmasén the following range
85 GeW mg< 115 GeV. We imposed the main experimental constraints including constraimts fr
LEP and generic constraints on superpartner masses from LHC exp&sink@r each model we
calculate the signal strengtRy, RS, R andRXBBF, i.e. the ratios of signal cross sections for
the new Higgs to the cross section in the SM case in the correspondingethann

Some results of this scanning are presented in Fig. 2. In this plot we showabe of the
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Figure 2: Mass of the lightest Higgs boson befarg and aftenry, mixing (upper, left). Signal strengths
for for the Higgs-like resonance iy andZZ channels in gluon-gluon fusion (upper, right). Signalsgths
for the Higgs-like resonance iob in VBF and 77 in gluon-gluon fusion (lower, left). Signal strength for
sgoldstino-like state iy channel (lower, right).

lightest Higgs before and after mixing (upper, left). It is clearly seen lle&bre mixing Higgs
mass does not become larger 122 GeV while the mixing can bring its value insiddbserved
range 124 Ge¥ my, < 127 GeV. Here by red points we show the models which are already ex-
cluded either by experimental constraints (in particular, by LEP constyaiows the upper, right
plot we show the LHC signal strength relative to the SM Higgs of the same roagy &ndZZ
channels. One can see that the signal strength can differ from unispfoe models which could
be a signature of an admixture of some scalar particle to the Higgs bosonthalsmdel predicts
some decrease in the signal strengtrtﬁ)'m vector boson fusion production channel. At the same
time now another sgoldstino-like scalar is present in the spectrum and oiglléower plot we
present corresponding signal strength for the most promigynchannel in gluon-gluon fusion.
One can see that it can reach values of about 0.2. We note, that only linaitach@ter space is
phenomenologically acceptable here because of exclusion from LEPMiata thorough analysis
of the phenomenology of such a scenario will be presented elsewtgire [1

4. Conclusions

In models with low scale supersymmetry mixing of sgoldstinos with Higgs sectohaam
considerable impact on phenomenology. In particular, mixing with sgoldséin@ive additional
positive contribution to the Higgs mass which can push its value to the obsE2&e@eV with-
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out considerable violation of naturalness criteria. One of the consegudrthis scenario is an
additional scalar which can be probed at the experiments at LHC.
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