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Abstract. In this talk we study eﬀects of Higgs-sgoldstino mixing on ﬂavour-violation
in Higgs sector and in particular on h → μτ decay.

1 Introduction
One of the most interesting anomalies in the LHC run-1 was a hint of Higgs ﬂavour-violating (HFV)
decay. CMS collaboration observed
small
excess of signal events which can be interpreted as h → μτ


+3.9
decay with Br(h → μτ) = 8.4−3.7 × 10−3 [1]. In the Standard Model (SM) in the absence of
neutrino masses this process is forbidden since in this case muon and tau lepton numbers are conserved
individually. When extending the SM to include neutrino masses, such a processes can occur via 1m2
loop diagrams with virtual neutrinos but their rate is suppressed by powers of M2ν , so their eﬀect is far
W
too small to aﬀect Higgs decay in practice. A lot of ideas was proposed in an attempt to explain the
mentioned excess. [3–14]. In this contribution we brieﬂy present results of our paper [15] and make
some new comments and remarks on the results obtained.

2 Model description
2.1 Lepton nubmer violation in the Minimal Supersymmetric Standard Model (MSSM)

The SM is minimally ﬂavour violating: the only sources of ﬂavor violation are the Yukawa matrices.
In this way, if assuming that the neutrino mass is zero, the SM posseses accidental U(1)e × U(1)μ ×
U(1)τ symmetry. The same holds for purely supersymmetric part of the MSSM Lagrangian (i.e. for
Kähler potential and superpotential). However this is not the case for SUSY breaking soft terms,
and in particular for slepton mass terms which in general can violate this accidental lepton number
symmetry. The quadratic part of slepton lagrangian can be written as
˜
˜
˜† ˜ l˜R j − l˜† MlLRi
˜† ˜ l˜L j ,
L slepton ⊃ −l˜†Li MlLLi
˜
j lL j − lRi MlRRi
j
j lR j − lRi MlRLi
j
Li ˜

(1)
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where
l˜ = (ẽ, μ̃, τ̃)

(2)

and
are 3 × 3 matrices. Obviously any non-diagonal term in either of these
matrices leads to ﬂavour-violation in charged lepton sector. Several comments here are in order.
Fist, HFV decays exclusively in the scope of the MSSM have been studied in [3, 16]. It was found
that parameter space capable of explaining CMS excess is very narrow. In other words, one needs
signiﬁcant ﬁne-tuning of the MSSM parameters

 to reach Br(h → τμ) of order of ∼ 1%. Second, we
2
2
assume that non-diagonal terms in MlLL
M
are suppressed and thus can be neglected. We will
˜
˜
lRR
elaborate on this assumption in the next section.
2
2
2
2
MlLL
˜ ,MlRR
˜ ,MlRL
˜ ,MlLR
˜

2.2 Models with low SUSY breaking scale

If supersymmetry is actually realized in Nature it should be spontaneously broken at low energies.
In this fashion phenomenologically viable supersymmetric theory should possess some sector [17]
(which is usually called “hidden” in contradistinction to “visible” or MSSM sector) where symmetry
breaking occurs and then is transmitted to “visible” sector by means of some mediation mechanism.
According to the analogue of Goldstone theorem, a massless fermion – goldstino – should appear in
the spectrum of a model. We utilize the simplest case of a “hidden” sector described by the following
lagrangian


 

LΦ =
d2 θ d2 θ̄ Φ† Φ + K̃(Φ† , Φ) −
d2 θFΦ + h.c. ,
(3)
where Φ = φ +

√
2θψ + θ2 Fφ is a chiral superﬁeld and K̃ can be chosen in the form
K̃(Φ† , Φ) = −

m2s + m2p
8F 2

(Φ† Φ)2 −

m2s − m2p
12F

((Φ† Φ† Φ) + (ΦΦ† Φ))

(4)

Chiral superﬁeld is a singlet under the action of the SM gauge group and it contains massless godstino
ψ and its superpartners – scalar (s) and pseudoscalar (p) sgoldstinos which form complex ﬁeld φ.The
last linear term in the superpotential of Eq.
 (3) forces the auxiliary ﬁeld Fφ to acquire non-zero vacuum expectation value Fφ  = F + O F1 and hence triggers spontaneous supersymmetry breaking.
√
√
The value F can be regarded as supersymmetry breaking scale. When F is not far away from the
electroweak scale (say it is of order of ∼ O(TeV)) “hidden” sector becomes not so hidden and sgoldstino interactions with MSSM ﬁelds should be included into the low-energy theory. Here we brieﬂy
recall a minimal set of interactions of goldstino multiplet with MSSM ﬁelds. It can be obtained by
making use of spurion method [18]. We will restrict ourselves only to the simplest set of operators
which reproduce soft-terms when auxiliary ﬁeld Fφ acquires its vacuum expectation value. Furthermore we assume R-parity conservation and presume that all of the free parameters of the model are
real and hence neglect any possible CP-violation.

LKähler = −

d2 θ d2 θ̄

 m2
k

k

F2

Φ† ΦΦ†k eg1 V1 +g2 V2 +g3 V3 Φk ,

where k runs over all chiral MSSM superﬁelds.
⎫
⎧ 
 

L
⎪
⎪
⎪
⎪
Aab
B
Mα
j
j c i
2 ⎨
i
α α⎬
+ h.c.

−
+
d θ⎪
H
+
E
H
W
Lsuperpotential =
ΦH
ΦL
ΦTr
W
⎪
i
j
u
a
d
b
d
⎪
⎪
⎭
⎩
F
F
2F
α

2

(5)

(6)
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Several important remarks here are in order. First, lagrangians (4)–(6) contain operators with dimension higher than four. Thereby this theory should be regarded as eﬀective theory valid under some
cutoﬀ scale. Possible values of the cutoﬀ Λ in the low scale supersymmetry breaking models have
been discussed some time ago in Refs. [18, 20, 21]. It has been found that the cutoﬀ for this model
can lie somewhere
between the level of soft masses of matter scalars m̃ (the largest of which can not
√
exceed F (see table 1)) and the value Λ2 = 16πF 2 /m̃2 (which is the scale of perturbative violation of unitarity of the eﬀective theory). We choose the latter for our numerical estimates. Second,
non-renormalizable interactions cause divergences in loop diagrams which involve particles from the
hidden sector. These divergences turn out to be of two types: logarithmic and quadratic. The latter are
2
2
caused by box diagrams in τ → 3μ process and are proportional to non-diagonal entries in MlLL
˜ (MlRR
˜ )
blocks [20]. This is the reason why we assume that this entries are suppressed (in our analysis we
set them to zero). Logarithmic divergences take place in τ → μγ 1 due to sgoldstino-Higgs mixing.
That is why they are proportional to ∼ sin2 2θ log mΛS , where θ is the mixing angle, and in general are
suppressed (for more detailed discussion see [15]).
2.3 Higgs-sgoldstino mixing

From (5)-(6) one can derive the following Higgs-sgoldstino mixing term
X
L s−h = − s · h,
F

(7)

with 2


v3  2
g1 M1 + g22 M2 cos2 2β
(8)
2
which was obtained in so-called “decoupling limit” (i.e. when all the MSSM Higgs bosons are considerably heavier than the lightest one) and after the EWSB. The mixing angle can be written as
X = 2μ3 v sin 2β +

tan 2θ =

2X
.
− m2h )

F(m2s

(9)

We stress that m s and mh in this expression are non-physical masses of scalar sgoldstino and Higgs
respectively. This remark is important since corresponding physical masses can diﬀer drastically
from the mentioned ones in case of large of mixing angles and this will be the case for most of the
interesting points in the parameter space of our model. We will denote mass states as s̃ and h̃ keeping
notations s and h for non-physical states. Next, the second term in (7) is suppressed compared to the
ﬁrst one. In this way the sign of the mixing angle is dictated by the sign of μ parameter. Unlike Higgs
boson sgoldstino has ﬂavour-violating couplings to the SM fermions
AL
L s− f ermions ⊃ √ ab ēb la vd s + h.c..
2F

(10)

So, small admixture of sgoldstino to the lightest Higgs boson generates ﬂavor violating couplings of
the latter
v Aμτ(τμ) cos β sin θ
h̃
Yμτ(τμ)
=
.
(11)
√
2F
1 Logarithmic divergences are also present in triangle diagrams contributing to τ → 3μ decay but here they are suppressed
compared to the leading tree-level diagrams, see [15].
2 Here parameters β,M ,μ are conventional MSSM parameters (see [17] for details), v = 174 GeV, g
1,2
1,2 are U(1) and S U(2)
coupling constants respectively.
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The corresponding decay width reads
Γ(h̃ → μτ) ≡ Γ(h̃ → τ̄μ) + Γ(h̃ → μ̄τ) =

mh̃
8π

 2  2 
Y h̃  + Y h̃  .
μτ
τμ

(12)

3 Model analysis and results
We perform scan over the following parameter space (see Table 1). Recall that the consistency of the
eﬀective ﬁeld theory approach to the model (3)–(6) requires that the parameters
√ which become soft
terms after the spontaneous supersymmetry
√ breaking should be smaller than F. In what follows
we ﬁx this value to 8 TeV. Values of F smaller than about 8 TeV turn out to be disfavored the
tan β
|μ|
M1
M2
M3
Aμτ , Aτμ

1.5 . . . 50.5
100 . . . 2000 GeV
100 . . . 2000 GeV
200 . . . 2000 GeV
1.5 . . . 4.0 TeV
√
√
0.1 F . . . F

Table 1. Parameter space used in the analysis

√
results of direct searches. Namely, at smaller F the coupling constants of sgoldstino to the SM
particles increase and such sgoldstino is phenomenologically unacceptable. In this case, very light
sgoldstino, which decays mostly to bb̄ due to large mixing with the Higgs
√ boson, becomes excluded
by the LEP [22] and TeVatron [23] results. Heavier sgoldstino with F smaller than about 8 TeV
is excluded by the results of the ATLAS and CMS searches for diboson resonances. If we enlarge
our parameter space by increasing,
in particular, the upper bound on μ in the Table 1, we expect that
√
somewhat lower values of F and larger values of the sgoldstino mass will be allowed. We ﬁnd that
for the most interesting cases the mass parameter of the scalar sgoldstino m s should not be very heavy
or very small. In the case of heavy sgoldstino, the mixing angle (9) is small and, as a consequence,
the width of h̃ → μτ decay is suppressed. On the other hand, very light sgoldstinos with large

Figure 1. Scatter plots in plane (m s , Br(h → τμ)) for
(right) than Higgs.

√

F = 8 TeV and sgoldstinos lighter (left) and heavier

Higgs boson admixture are phenomenologically unacceptable due to results from the LEP [22] and
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Tevatron [23] experiments. So, we limit ourselves to the regimes in which the scalar sgoldstino mass
parameter is somewhat smaller (90–114 GeV) or larger (150–200 GeV) than the Higgs boson mass.
Some parameters, which are not of primary importance for the analysis, were ﬁxed to reasonable
√
benchmark values. For example, soft trilinear constant of b-quark Abb is ﬁxed to Abb = 0.5 F and
the mass of the pseudoscalar sgoldstino is ﬁxed to m p = 200 GeV. For each point in the mentioned
parameter space we calculate signal strength
μf =

σ(pp → h̃) × Br(h̃ → f )
,
σ(pp → hS M ) × Br(hS M → f )

(13)

where ﬁnal state f stands for bb̄, W + W − , ZZ, γγ, ττ̄. We compare it with experimental constraints by
CMS: [24–30] and ATLAS: [31–35]. Next, we check whether the scalar sgoldstino-like resonance is

√
Figure 2. Scatter plots in plane (Br(τ → μγ), Br(τ → 3μ)) for F = 8 TeV and sgoldstinos lighter (left) and
heavier (right) than Higgs. Solid lines correspond to present limits on branching fraction of both decays, whereas
dashed line represents expected SuperKEKB sensitivity [46].

allowed by existing experimental results. For the case of the LHC searches for diboson resonances,
we use the observables σ(pp → s̃) × Br(s̃ → f) where f stands for a pair of photons [36], W [37, 38]
or Z [39] since these ﬁnal states are the most constraining for sgoldstinos with discussed masses. Due
to large tree level coupling to the gluons M3 , gluon-gluon fusion will be the dominating mechanism
for sgoldstino production with cross-section given by the following expression

 2

m s̃ 2
π2 Γ( s̃ → gg) 1 dx
2
(14)
σ s̃ =
f p/g (x, m s̃ ) f p, p̄/g
,m ,
8
sm s̃
xs s̃
m2s̃ /s x
where Γ( s̃ → gg) is a partial width of sgoldstino-like state decaying into two gluons, s is a centerof-mass energy squared and f p/g (x, Q2 ) are the parton density functions deﬁned at factorisation scale
Q. We use CTEQ6L [40] parametrization for the parton density functions. Finally we make use of
constraints on Br(τ → μγ) [41] and Br(τ → 3μ) [42] decays. For more detailed discussion on
calculation of Br(τ → μγ) in our model see arguments in section 2.2 and in [15]. The result of the
scan over parameter space are presented on Fig.1-5. For illustrating purposes, we present only the
models with suﬃciently large branching fraction Br(h̃ → μτ) > 5 · 10−4 . By blue color we mark the
models which are capable of explaining the CMS excess, by purple color to we mark points which
lie somewhat below the CMS excess but still have signiﬁcant (more than 0.2%). According to the
latest studies this level of branching fraction will be reachable at experiments on HL-LHC and ILC;
see refs. [43–45]. We also make predictions for ﬂavour-violating decays of τ-lepton (Fig.2),signal
strength μ f for diﬀerent ﬁnal states f and Higgs production channels (Fig.3,4) and make predictions
for observable σ(pp → s̃) × Br(s̃ → W+ W− or ZZ) for the case of 13 TeV (Figs.5,6). For more results
and detailed discussion see [15].
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√
Figure 3. Scatter plots in plane μγγ , μVV for F = 8 TeV and sgoldstinos lighter (left) and heavier (right) than
Higgs.



√
ggF
Figure 4. Scatter plots in plane μVBF
for F = 8 TeV and sgoldstinos lighter (left) and heavier (right)
ττ , μττ
than Higgs.

Figure 5. Scatter plots in σ (pp → s̃) × Br ( s̃ → W + W − or ZZ)-plane for heavy sgoldstino and

√

s = 13 TeV.

4 Conclusions

In this contribution we showed that in models with low scale supersymmetry breaking, the Higgs
boson can have considerable branching ratio of h → μτ decay due to mixing with sgoldstino and
demonstrated that the CMS excess in h → μτ decay can be explained in this framework. We stress,
that the features we pointed out in [15] are common in the class of models in question.
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Figure 6. Scatter plots in σ (pp → s̃) × Br ( s̃ → γγ)-plane for light (left panel) and heavy (right panel) sgoldstino
√
and s = 13 TeV.
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[arXiv:1408.1371 [hep-ph]].
[4] M. D. Campos, A. E. C. Hernández, H. Päs and E. Schumacher, Phys. Rev. D 91, no. 11, 116011
(2015) [arXiv:1408.1652 [hep-ph]].
[5] D. Aristizabal Sierra and A. Vicente, Phys. Rev. D 90, no. 11, 115004 (2014) [arXiv:1409.7690
[hep-ph]].
[6] J. Heeck, M. Holthausen, W. Rodejohann and Y. Shimizu, Nucl. Phys. B 896, 281 (2015)
[arXiv:1412.3671 [hep-ph]].
[7] A. Crivellin, G. D’Ambrosio and J. Heeck, Phys. Rev. Lett. 114, 151801 (2015)
[arXiv:1501.00993 [hep-ph]].
[8] I. Doršner, S. Fajfer, A. Greljo, J. F. Kamenik, N. Košnik and I. Nišandžic, JHEP 1506, 108 (2015)
[arXiv:1502.07784 [hep-ph]].
[9] X. G. He, J. Tandean and Y. J. Zheng, JHEP 1509, 093 (2015) [arXiv:1507.02673 [hep-ph]].
[10] W. Altmannshofer, S. Gori, A. L. Kagan, L. Silvestrini and J. Zupan, Phys. Rev. D 93, no. 3,
031301 (2016) [arXiv:1507.07927 [hep-ph]].
[11] E. Arganda, M. J. Herrero, X. Marcano and C. Weiland, Phys. Rev. D 93, no. 5, 055010 (2016)
[arXiv:1508.04623 [hep-ph]].
[12] F. J. Botella, G. C. Branco, M. Nebot and M. N. Rebelo, Eur. Phys. J. C 76, no. 3, 161 (2016)
[arXiv:1508.05101 [hep-ph]].
[13] S. Baek and K. Nishiwaki, Phys. Rev. D 93, no. 1, 015002 (2016) [arXiv:1509.07410 [hep-ph]].
[14] M. Buschmann, J. Kopp, J. Liu and X. P. Wang, arXiv:1601.02616 [hep-ph].
[15] S. V. Demidov and I. V. Sobolev, arXiv:1605.08220 [hep-ph].

7

EPJ Web of Conferences 125 , 02017 (2016)

DOI: 10.1051/ epjconf/201612502017

QUARKS-2016

[16] E. Arganda, M. J. Herrero, R. Morales and A. Szynkman, JHEP 1603, 055 (2016)
[arXiv:1510.04685 [hep-ph]].
[17] S. P. Martin, Adv. Ser. Direct. High Energy Phys. 21, 1 (2010) [Adv. Ser. Direct. High Energy
Phys. 18, 1 (1998)] [hep-ph/9709356].
[18] A. Brignole, F. Feruglio and F. Zwirner, Nucl. Phys. B 501, 332 (1997) doi:10.1016/S05503213(97)80767-5 [hep-ph/9703286].
[19] A. Brignole, J. A. Casas, J. R. Espinosa and I. Navarro, Nucl. Phys. B 666, 105 (2003)
doi:10.1016/S0550-3213(03)00539-X [hep-ph/0301121].
[20] A. Brignole and A. Rossi, Nucl. Phys. B 587, 3 (2000) doi:10.1016/S0550-3213(00)00458-2
[hep-ph/0006036].
[21] A. Brignole, F. Feruglio and F. Zwirner, Phys. Lett. B 438, 89 (1998) doi:10.1016/S03702693(98)00974-5 [hep-ph/9805282].
[22] S. Schael et al. [ALEPH and DELPHI and L3 and OPAL and LEP Working Group for Higgs
Boson Searches Collaborations], Eur. Phys. J. C 47, 547 (2006) [hep-ex/0602042].
[23] V. M. Abazov et al. [D0 Collaboration], Phys. Rev. D 88, no. 5, 052011 (2013) [arXiv:1303.0823
[hep-ex]].
[24] S. Chatrchyan et al. [CMS Collaboration], Phys. Rev. D 89, no. 1, 012003 (2014)
[arXiv:1310.3687 [hep-ex]].
[25] V. Khachatryan et al. [CMS Collaboration], Phys. Rev. D 92, no. 3, 032008 (2015)
[arXiv:1506.01010 [hep-ex]].
[26] S. Chatrchyan et al. [CMS Collaboration], Nature Phys. 10, 557 (2014) [arXiv:1401.6527 [hepex]].
[27] S. Chatrchyan et al. [CMS Collaboration], JHEP 1405, 104 (2014) [arXiv:1401.5041 [hep-ex]].
[28] S. Chatrchyan et al. [CMS Collaboration], JHEP 1401, 096 (2014) [arXiv:1312.1129 [hep-ex]].
[29] S. Chatrchyan et al. [CMS Collaboration], Phys. Rev. D 89, no. 9, 092007 (2014)
[arXiv:1312.5353 [hep-ex]].
[30] V. Khachatryan et al. [CMS Collaboration], Eur. Phys. J. C 74, no. 10, 3076 (2014)
[arXiv:1407.0558 [hep-ex]].
[31] G. Aad et al. [ATLAS Collaboration], JHEP 1501, 069 (2015) [arXiv:1409.6212 [hep-ex]].
[32] G. Aad et al. [ATLAS Collaboration], JHEP 1504, 117 (2015) [arXiv:1501.04943 [hep-ex]].
[33] G. Aad et al. [ATLAS Collaboration], Phys. Rev. D 92, no. 1, 012006 (2015) [arXiv:1412.2641
[hep-ex]].
[34] G. Aad et al. [ATLAS Collaboration], Phys. Rev. D 91, no. 1, 012006 (2015) [arXiv:1408.5191
[hep-ex]].
[35] G. Aad et al. [ATLAS Collaboration], Phys. Rev. D 90, no. 11, 112015 (2014) [arXiv:1408.7084
[hep-ex]].
[36] V. Khachatryan et al. [CMS Collaboration], Phys. Lett. B 750, 494 (2015) [arXiv:1506.02301
[hep-ex]].
[37] G. Aad et al. [ATLAS Collaboration], Phys. Lett. B 716, 62 (2012) [arXiv:1206.0756 [hep-ex]].
[38] V. Khachatryan et al. [CMS Collaboration], JHEP 1510, 144 (2015) [arXiv:1504.00936 [hepex]].
[39] G. Aad et al. [ATLAS Collaboration], Eur. Phys. J. C 76, no. 1, 45 (2016) [arXiv:1507.05930
[hep-ex]].
[40] J. Gao et al., Phys. Rev. D 89, no. 3, 033009 (2014) [arXiv:1302.6246 [hep-ph]].

8

EPJ Web of Conferences 125 , 02017 (2016)

DOI: 10.1051/ epjconf/201612502017

QUARKS-2016

[41] B. Aubert et al. [BaBar Collaboration], Phys. Rev. Lett. 104, 021802 (2010) [arXiv:0908.2381
[hep-ex]].
[42] K. Hayasaka et al., Phys. Lett. B 687, 139 (2010) doi:10.1016/j.physletb.2010.03.037
[arXiv:1001.3221 [hep-ex]].
[43] S. Banerjee, B. Bhattacherjee, M. Mitra and M. Spannowsky, arXiv:1603.05952 [hep-ph].
[44] Y. n. Mao and S. h. Zhu, Phys. Rev. D 93, no. 3, 035014 (2016) [arXiv:1505.07668 [hep-ph]].
[45] I. Chakraborty, A. Datta and A. Kundu, arXiv:1603.06681 [hep-ph].
[46] T. Aushev et al., arXiv:1002.5012 [hep-ex].

9

