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Abstract: Recently, the CMS and ATLAS collaborations have reported direct searches for the 125 GeV Higgs decay
with lepton flavor violation, h — pt. In this work, we analyze the signal of the lepton flavour violating (LFV) Higgs

decay h — pt in the p from v Supersymmetric Standard Model (wvSSM) with slepton flavor mixing. Simultaneously,

we consider the constraints from the LFV decay T — pwy, the muon anomalous magnetic dipole moment and the

lightest Higgs mass around 125 GeV.
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1 Introduction

The discovery of the Higgs boson by the ATLAS and
CMS Collaborations [1, 2] is a great success of the Large
Hadron Collider (LHC). Combining the updated data of
the ATLAS and CMS Collaborations, the measured mass
of the Higgs boson now is [3]

my, = 125.0940.24 GeV. (1)

The next step is focusing on searching for its proper-
ties. In the Standard Model (SM), which is renormal-
izable, lepton flavour violating (LFV) Higgs decays are
forbidden [4]. But recently, a direct search for the 125
GeV Higgs decay with lepton flavor violation, h — T,
has been described by the CMS collaboration [5, 6]. The
upper limit on the branching ratio of h — ut at 95% con-
fidence level (CL) is [6]

Br(h— 1) <1.20x 102 (2)

Here, interpreted as a signal, ut means the final state
consisting of gt and pt.

The ATLAS Collaboration gives the constraint on the
branching ratio of h — pt at 95% CL to be [7, §]
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Br(h— 1) <1.43x 107> (3)

The ATLAS and CMS experiments do not currently
show a significant deviation from the SM. Therefore, the
experiments still need to make more precise measure-
ments in the future.

LFV Higgs decays can occur naturally in models
beyond the SM, such as supersymmetric models [9-
17], composite Higgs boson models [18, 19], Randall-
Sundrum models [20-22], and many others [23-40].
Due to the running of the LHC, LFV Higgs decays
have recently been discussed within various theoreti-
cal frameworks [41-105]. In this paper, we will study
the LFV Higgs decay h— pt in the “p from v Super-
symmetric Standard Model” (pvSSM) [106-108]. As
an extension of the Minimal Supersymmetric Standard
Model (MSSM) [109-113], the wvSSM solves the p prob-
lem [114] of the MSSM, through the R-parity break-
ing couplings /\iﬁfﬁjﬁz in the superpotential. The pn
term is generated spontaneously via the nonzero vacuum
expectative values (VEVs) of right-handed sneutrinos,
w = A (7F), when the electroweak symmetry is broken
(EWSB). In addition, nonzero VEVs of sneutrinos in
the wvSSM can generate three tiny massive Majorana
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neutrinos at tree level through the seesaw machanism
[106-108, 115-119].

Within the wvSSM, we have studied some LFV pro-
cesses, I; —1; v, l; — I717 1}, muon conversion to elec-
trons in nuclei and Z— [FIF in our previous work [120-
122]. The numerical results show that the LFV rates
for {; —I; transitions in the pvSSM depend on the slep-
ton flavor mixing, and the present experimental limits
for the branching ratio of I;” — [; v constrain the slepton
mixing parameters most strictly [122]. In this work, con-
sidering the constraint of T — py, we continue to analyze
the LF'V Higgs decay h — pt in the pvSSM with slepton
flavor mixing.

The paper is organized as follows. In Section 2, we
briefly present the wvSSM, including its superpotential
and the general soft SUSY-breaking terms. Section 3
contains the analytical expressions of the 125 GeV Higgs
decay with lepton flavor violation in the pvSSM. The nu-
merical analysis and the summary are given in Section 4
and Section 5, respectively. Some formulae are collected
in Appendix and Appendix .

2 The uwvSSM

In addition to the superfields of the MSSM, the
uwvSSM  introduces right-handed neutrino superfields
v¢ (i=1,2,3). Besides the MSSM Yukawa couplings for
quarks and charged leptons, the superpotential of the
uvSSM contains Yukawa couplings for neutrinos, two
additional types of terms involving the Higgs doublet
superfields H, and H,, and the right-handed neutrino

superfields 2¢, [106]
W = o (Yo, QRS +Ya, H3 QU + Y., F3L2ES)

RN PPN 1
ar Yo, HLLE 95 — o\ HG B+ S Rip 05055, (4)
where A7 = (H+H0) Aar = (ﬁg,ﬁ;), O = (ud)
LT = (ﬁi,éi) are SU(2) doublet superfields, and s,

ch, and é§ denote the singlet up-type quark, down-type
quark and charged lepton superfields, respectively. Here,
Y, )\, and k are dimensionless matrices, a vector, and a
totally symmetric tensor. 4,7,k = 1,2,3 are the gener-
ation indices, a,b = 1,2 are the SU(2) indices with an-
tisymmetric tensor €, = 1. In the superpotential, the
last two terms explicitly violate lepton number and R-
parity. Note that the summation convention is implied
on repeated indices in this paper.

Once EWSB occurs, the neutral scalars develop in
general the VEVs:

(H)) =va, (Hp)=wvu, (Bi)=v,, (F)=vie. (5)
Then, the terms €,,Y,,, flﬁf/fﬁ]‘ and eabAiﬁfﬂgﬂZ in the

superpotential can generate the effective bilinear terms

eabaiﬁzﬁﬁ and eabufl;‘flz, with e, =Y, <17?> and pu =

J
i (7€). One can define the neutral scalars as

ha+iPy (7)) +i(m)®
H0:7+U7 Vj=—"—""F7%-7"—+v,,
d \/5 d \/5 i
hy+iP, pe)R +i(0e)S
o=t g = ZOTHIE) +uue. (6)

V2 ' V2

In the framework of supergravity-mediated super-
symmetry breaking, the general soft SUSY-breaking
terms of the wvSSM are given by

_Lsoft

2 Nax Aya 2 ~cx~c 2 Jex Je 2 TaxTa
_injQi Qj+mﬂgjui uj—l-mdsjdi dj—l-mLijLi L]

2 scxzc 2 ax rya 2 ax rya 2 ~cx~c
—l—mé%ei e +my Hy"Hy+my; H Hu—l—ml,icjl/i v

)

+eab[(AuYu)in3 )00+ (AgYs), HyQbd:

HbLee

ij i tuti Vg

—|—(A6Y;)ingifé§+H.c.} + {eab(AVYu)

. 1 oo~
—eus(ANN), P H HE 4+ 5 (Auk) D757 + H.c.}
1 -~ ~ -~ ~ -~ ~
—§(M3)\3A3+M2)\2A2+M1)\1A1+H.C.). (7)

Here, the first two lines contain mass squared terms of
squarks, sleptons, Higgses and sneutrinos. The next
three lines include the trilinear scalar couplings. In the
last line, M3, M, and M, represent the Majorana masses
corresponding to SU(3), SU(2), and U(1) gauginos As,
5\2, and 5\1, respectively. In addition, the tree-level scalar
potential receives the usual D- and F-term contribu-
tions [107].
In the wvSSM, the quadratic potential includes

1 1
unadratic = §S/TM§S/ + EPITM}%PI+S/7TM§iSI+

1
+(§X/OTMnX’O + \I/ij\fC\IJ+ +HC) + e 7(8)

where in the unrotated basis S'7 = (hg, by, (7:)%, (79)%),

7

P = (Pdvpuv(ﬁi)gv(ﬁ":)g)v SliT = (HdiaHuiaé%laéil)v

g7 = (—ij\*,fld’,ezi), gtT = (—i;ﬁ,ﬁj,egi) and
XIOT = (Eouwoaﬁdaﬁuuyl?iayl/i)
sions for the independent coefficients of mass matrices
M3, M3, M2,, M, and M. can be found in Ref. [121].
Using 8 x 8 unitary matrices Rg, Rp and Rg+, the unro-

tated basises S, P’ and S*' can be respectively rotated
to the mass eigenvectors S, P and S*:

. The concrete expres-

S'=RsS, P =RpP, S*' =Rgs:S*. (9)

Through the unitary matrices Z,, Z_ and Z,, neutral
and charged fermions can also be rotated to the mass
eigenvectors x° and y, respectively.
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3 125 GeV Higgs decay with lepton fla-
vor violation

The corresponding effective amplitude for 125 GeV
Higgs decay with lepton flavor violation h — [;{; can be
written as

M=1,(FY P, + FJ Pg)l;, (10)
with
Fln=FLR7 + L, (1)

where F EVI%” denotes the contributions from the vertex

diagrams in Fig. 1, and FL(SI)?” stands for the contribu-
tions from the self-energy diagrams in Fig. 2, respec-
tively.

B

o

(©) (@

Fig. 1. Vertex diagrams for h — I;l;. (a,b) rep-
resent the contributions from charged scalar S, ,
and neutral fermion X?m loops, while (c,d) rep-
resent the contributions from neutral scalar Na,,
(N =5, P) and charged fermion xg,¢ loops.

(d)

Fig. 2.
I;1; in the pwvSSM. The blob in (a,b) indicates the
self-energy contributions from (c,d).

Self-energy diagrams contributing to h —

The one-loop vertex diagrams for h — Llj in the
wvSSM are depicted by Fig. 1. Then, we can have

F{p9 = F{"5 + Fp + FYOR + Fy (12)

where FL(‘?ﬁ)ij denotes the contributions from charged

scalar S7  and neutral fermion x? . loops, and F; éf;;”""
stands for the contributions from the neutral scalar N, ,
(N =5, P) and charged fermion x4, loops, respectively.
After integrating the heavy freedoms out, we formulate
the neutral fermion loop contributions FL(“Rb ) as follows:

m C'Si 0 0

.. 0 - 07 —* o

(a)ij Xn T lap ~S, Xpli ~Sa "Xy

FL - 2 C(L C(L Gl(‘rX%vIS;axS*)v
Myy £

.. m,oMm,o -0 0.0 —%; 0
(byig _ XXy ~So Xl Xy Xe ~Sa T liXy

Fp7V =—5—0C L Cr Gy (xs; ,xxg,ﬂixg)
Mw

S5 x2i XGRS ~SE TR
+C; Cr"C; G2 (g, Ty0,T30),

F](?a,b)ij: F[(/a,b)ij LR (13)

Here, the concrete expressions for couplings C' (and
below) can be found in Appendix A and Ref. [123],
x=m?/m%,, m is the mass for the corresponding parti-
cle, and the loop functions G; are given as

1 1 lnx,
Gl 32,) = |
(21,20, 3) 1672 L (s —21) (2, —3)
Tolnz, r3lnws
+ } 14
o=z @e—0) T ez Y
1 2?Ilnz,
G122, ) = 7oy | ——
o (71, T2, 73) 1672 L (s —21) (2, —3)
x3Inw, 3 lnw,

+ } (15)

(1 —22) (T2 —23) (71 —23) (25— 72)

In a similar way, the charged fermion loop contribu-
: (e,d)ij
tions Fy " are

N
m,, . C 7 -

xp “lap ~Noxpli NaleBG
E 7CL CL 1($X57$Na7$1v,,)7

(e)ij _
7Y = 2
N=S,P w
(d)ij Naxc¢li ~hxpXe ~NaljxXp
FY = E [CL Cr "0y G (TNa Ty T )
N=S,P
m, . m i - -
X¢'""'Xp ~Naxcli ~yhxpXe ~NaljXp
+ 2 CL CL CL Gl(‘rNaa'rXUIXﬁ) )
W
(e;d)ij __ pp(e,d)ij
Fy =ry LoR- (16)

In Fig. 2, we show the self-energy diagrams contribut-
ing to h —/;l; in the pwvSSM. The contributions from the

self-energy diagrams F L(SI)?” can be given as

F =FS99 + FSPY, (17)
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50 hi;I;

Sa)ij _ L 2 2 2 2
R = e (i ati ) Do)

“+ my, [mlj EL (mlzj ) + mlj ELS (mlzj )] }7

(Sb)ij Czlij 2 2 2
3 Y= { b)) ; YiRs

3 mi, —mf, my S (my;) +ma,ma; Sps(my)

[y, Sa(m? )+, o (m? )]

F](gSa,Sb)ij _ F[(/Sa,Sb)ij

LeoR- (18)

The X of the self-energy diagrams in Fig. 2(c,d) can be
obtained below

1 Saxpli ~Sa " liX,
Du(p?) = =15 { B mig m YO o
+ Z Bl(p27mi/37m?\la)
N=S,P
.Civa)(ﬂzicgalj)_(ﬂ},
mleLs(pz):W{mngO(pzami%’mzs;)

— 07 —)
Ol o i
+ Z mXBBO(p2,miB,m?\,Q)
N=S,P
optep,
Zr(@®)=2L(0*)| Ler,

mleRs(p2):mleLs(p2)}L<—>R' (19)

Here, By 1(p®,m§,m7) are two-point functions [124-130].
Then, we can obtain the decay width of h — [,1; [9, 14]

_ my i 2 ii12
Ih—1l)~ ﬁ(}F;[ +|F)| ) (20)

If interpreted as a signal, the decay width of h —[;l; is

and the branching ratio of h —/;l; is

where I}, 2 4.1 x 1073 GeV [131] denotes the total decay
width of the 125 GeV Higgs boson.

4 Numerical analysis

In order to obtain transparent numerical results in
the pvSSM, we take the minimal flavor violation (MFV)
assumptions for some parameters, which assume

Rijk = H5ij5jk, (Anﬂ)ijk = An/ﬂsij(sjk,
(AA)\) = Ak)\u S/eij = }/—eiéijﬁ

i

)\i = )\,
Yuij = Yui 5ij7

2 2
'UV;: = Uye, (AVYV)” =ay,; 5@', mﬂfj = mﬁféij,
2 _ 2 2 _ 2 2 _ 2
mg, = inéij, Mg = mﬁgéij, mge = mg§5ij7 (23)

where 4, j, k=1, 2, 3. m2. can be constrained by the
minimization conditions of the neutral scalar potential
seen in Ref. [121]. To agree with experimental observa-
tions on quark mixing, one can have

Y,

s =Y Vi (ALY =AY,

}/dij =Yy, VLdij, (Ade)ij = Adin (24)

ij
and V = V2V denotes the CKM matrix.

For the trilinear coupling matrix (A4.Y.) and soft
breaking slepton mass matrices m%yéc, we will take into
account the off-diagonal terms for the matrices, which
are named the slepton flavor mixings and are defined
by [132-137]

1 6fy of

mi=| & 1 o |mi, (25)
oy 0y 1
1 O0RF OfF

mi.=| 6RF 1 GER |m3, (26)
GRE SRR 1

my, Ae Emrme  d'mompg )

(AY.)=| 0EFfmrimp my, Ae 0xFmpmg o

SlEmme 05t moymg my, A, ¢

(27)

The following numerical results will show that the
branching ratio of h — pt depends on the slepton mixing
parameters 055~ (X =L, R).

At first, the constraints from some experiments
should be considered. Through our previous work [119],
we have discussed in detail how the neutrino oscillation
data constrain neutrino Yukawa couplings Y, ~ O(1077)
and left-handed sneutrino VEVs v,, ~ O(107*GeV) via
the seesaw mechanism. Here, due to the neutrino sector
only weakly affecting h — ut, we can take no account of
the constraints from neutrino experiment data.

The neutral Higgs with mass around 125 GeV re-
ported by ATLAS and CMS contributes a strict con-
straint on the relevant parameters of the wvSSM. For a
large mass of the pseudoscalar M, and moderate tan (3,
the SM-like Higgs mass of the wvSSM is approximately
written as [107, 138]

6M\%s

2 .2
my & qmycos’ 20+ ——2m2sin* 23+ Am}.  (28)
e
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Compared with the MSSM, the pwvSSM gets an ad-

2.2 .2
ditional term, %m%sin2 2(. Thus, the SM-like
Higgs in the wvSSM can easily account for the mass
around 125GeV, especially for small tan. Including
two-loop leading-log effects, the main radiative correc-
tions Am? can be given as [139-141]

Am? = 2 [(t+%fﬁ)

47202
1 /3m? s o
+ oo ( — —32m3) (t —i—Xtt)},
M2 _ 242 A2
t=log—% X, = °(1— ‘ ) 29
&2 Tz eamz) (29)

where v =174 GeV, a3 is the strong coupling constant,
Ms = \/mimg, with m;, , denoting the stop masses,
A, = A,—pcot 3 with A, = A, being the trilinear Higgs-
stop coupling and = 3Av,c denoting the Higgsino mass
parameter.

We also impose a constraint on the SUSY contribu-
tion to the muon magnetic dipole moment a, in the
wvSSM, which is given in Appendix for convenience.
The difference between experiment and the SM predic-
tion on a, is [142-144]

Aa, =a® —a™ = (24.8+7.9) x 1071, (30)

with all errors combining in quadrature. Therefore, the
SUSY contribution to a, in the pvSSM should be con-
strained as 1.1 x 107*° < Aa, <48.5 x 107'°) where a 3¢
experimental error is considered.

Through analysis of the parameter space of the
uvSSM in Ref. [107], we can take reasonable param-
eter values to be A = 0.1, kK = 04, A, = 500 GeV,
A, = =300 GeV and A, = 1 TeV for simplicity. For
the gauginos’ Majorana masses, we;;vill choose the ap-

proximate GUT relation M, = a—;Mg ~ 0.5M, and
a5

«

2
M; = —3M2 ~ 2.7M,. The gluino mass, mz; ~ M, is
«

greater t2han about 1.2 TeV from the ATLAS and CMS
experimental data [145-148]. For simplicity, we could
adopt mgq, = mag =mgze =1.5TeV. As key parameters,
A; and tanf = v,/vg affect the SM-like Higgs mass.
Here, we keep the SM-like Higgs mass m;, = 125 GeV
as input, and then the value of parameter A, can be
given automatically in the numerical calculation. Then,
the free parameters that affect our next analysis are
tan B, u = 3A\v,e, My, my, mg and slepton mixing pa-
rameters 055~ (X =L, R).

It is well known that the lepton flavour violating pro-
cesses are flavor dependent. The LFV rates for p—t
transitions depend on the slepton mixing parameters

XX (X = L,R), which can be confirmed by Fig. 3.
The slepton mixing parameters 75~ and 635~ (X =L, R)
hardly affect the LFV rates for p— 7 transitions, which
play a leading role in the LFV rates for e—p and e—7
transitions. So, we take 675X =0 and 635 =0 (X =L, R)
here. To produce Fig. 3, we scan the parameter space
shown in Table 1. Here the steps are large, because the
running of the program is not very fast. However the
scanned parameter space is broad enough to contain the
possibility of more.

In the scan, we keep the chargino masses m,, > 200
GeV (8 = 1,2), the neutral fermion masses myo > 200
GeV (p=1,---,7), and the scalar masses Mg, p, st >
500 GeV (n = 2,---,8), to avoid the range ruled out
by the experiments [142]. The results are also con-
strained by the muon anomalous magnetic dipole mo-
ment 1.1 x 107 < Aqa,, < 48.5 x 107'%, where a 30 ex-
perimental error is considered. In Ref. [123], we have
investigated the signals of the Higgs boson decay chan-
nelsh—+yy,h—VV* (V=2 W), and h— ff (f=b,T) in
the wvSSM. When the lightest stop mass mz, 2 700 GeV
and the lightest stau mass mz, 2 300 GeV, the signal
strengths of these Higgs boson decay channels are in
agreement with the SM. Therefore, the scanning results
in this paper coincide with the experimental data of these
Higgs boson decay channels.

Note that, when the calculation program is scanning
one of the slepton mixing parameters d55° (X = L, R),
the other two slepton mixing parameters 55~ (X = L, R)
are set to zero. So, we can see the contribution of every
slepton mixing parameter alone. Then in Fig. 3, we plot
Br(h — pt) varying with slepton mixing parameters d4
(a), 65F (), and 65F (e) respectively, where the dashed
line stands for the upper limit on Br(h — pt) at 95%
CL shown in Eq. (2). We also plot Br(t — wy) versus
slepton mixing parameters 627 (b), 0% (d), and 62 (f)
respectively, where the dashed line denotes the present
limit of Br(t— wy) [149]:

Br(t—wy) <4.4x107%. (31)

Here, the red triangles are ruled out by the present limit
of Br(t— wy), and the black circles are consistent with
the present limit of Br(t— wy).

In Fig. 3, when slepton mixing parameters d5* =
0 (X = L,R), Br(h — ut) can reach O(1072%) and
Br(t— wy) can attain O(107%7), because the contribu-
tions can come from the mixing of the particles, which
can easily be seen in Eq. (8). These results are too small
to detect. However, if the nonzero slepton mixing param-
eters 0;5° (X = L,R) are considered, Br(h — pt) and
Br(t — wy) grow quickly. With increasing 635% (X =
L,R), Br(t — wy) can easily go beyond the present
experimental limit of Br(t — wy), shown in the plot as
the red triangles. Although Br(h — pt) cannot reach
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(color online) Br(h — W) versus slepton mixing parameters 0557 (a), 624 (c), and 644" (e), where the dashed
line stands for the upper limit on Br(h — ut) at 95% CL showed in Eq. (2).

Br(t — wy) versus slepton mixing

parameters 635 (b), 62 (d), and 63* (f), where the dashed line denotes the present limit of Br(T — iy) seen
in Eq. (31). Here, the red triangles are ruled out by the present limit of Br(t — wy), and the black circles are

consistent with the present limit of Br(t— py).

the present experimental upper limit of Br(h — ut),
Br(h — pt) becomes larger and approaches the present
experimental limit with increasing d;5° (X = L, R). Es-
pecially in Fig. 3(a), considering nonzero slepton mix-
ing parameters 6%, Br(h — ut) can achieve O(107%),
which is below the present experimental limit by just
two orders of magnitude. Compared to the MSSM,
exotic singlet righthanded neutrino superfields in the
uvSSM induce new sources for lepton-flavor violation,
considering that the righthanded neutrino and sneutri-
nos can mix and couple with the other particles seen
in Eq. (8) and Appendix A. In Fig. 3(a,c,e), the red
triangles overlap with the black circles, because some
parameters strongly affect Br(t — py) but do not af-
fect Br(h — put). We will research this further in the
following.

To see how other parameters affect the results, we
appropriately fix 5% = 0.02 and 0% = d%F = 0.2.
Then, we scan the parameter space shown in Table 2,
where yp = My, = my, = mg = Msysy. In the scan-

ning, we also keep the chargino masses m,, > 200 GeV
(8 =1,2), the neutral fermion masses m,o > 200 GeV
(n=1,---,7), and the scalar masses Mg, p, 5= > 500
GeV (n=2,---,8), to avoid the range ruled out by the
experiments [142]. Then in Fig. 4, we plot Br(h — pt)
respectively versus tanf (a) and Msysy (b), where the
dashed line stands for the upper limit on Br(h — pt)
at 95% CL shown in Eq. (2). We show Br(t — py)
varying with tan 3 (¢) and Mgsysy (d) respectively, where
the dashed line denotes the present limit of Br(t — wy)
which can be seen in Eq. (31). We also picture the muon
anomalous magnetic dipole moment Aa,, versus tang (e)
and Mgysy (f) respectively, where the gray area denotes
the Aa, at 3.00 given in Eq. (30). Here, the red tri-
angles are excluded by the present limit of Br(t — py),
the green squares are eliminated by the Aa, at 3.00,
and the black circles conform to both the present limit
of Br(t— py) and the Aqa, at 3.00.

In Fig. 4(d,f), the numerical results show that
Br(t — py) and the muon anomalous magnetic dipole
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moment Aa, are decoupling with increasing Mgysy. For
large Msysy, it is hard to give large contribution to Aa,,.
So, the large Msysy are easily excluded by the Aa, at
3.00 given in Eq. (30), which can be seen in the graph
as the green squares. For small Mgygy, there can be
a large contribution to Br(t — wy). Therefore, the
small Mgygy are easily ruled out by the present exper-
imental limit of Br(t — wy), shown as the red trian-
gles. In Fig. 4(b), Br(h — pt) is non-decoupling with
increasing Msygy, which is in agreement with the re-
search in the MSSM [44, 67]. Due to the introduction
of slepton mixing parameters, the non-decoupling be-
haviour of Br(h — put) tends to O((my/Msyusy)?), which
is somewhat different from the Appelquist-Carazzone de-
coupling theorem [150]. (As a side note, in Ref. [151], a
non-decoupling behaviour in computation of the Higgs
mass showed that it was linked to an ambiguity in the
treatment of tan, which is a renormalization scheme
dependent parameter.) We can also see that the red tri-
angles overlap with the black circles in Fig. 4(b), because
the parameter tan 8 does not affect Br(h — ut) visibly

1 T
(a)
=~
=
T 04
=2
= 1
o ondliitrrrrribbbbEL
107 10 20 30 40 50
tanf
1076 ' ©
P -
;?: 1077:_______________._,_._A__‘_:_A__:__‘_,_L_A_-
Lo CHijisaiiiariiiy
= PR -
Qq
10°]
10710' X
0 10 20 30 40 50
tanf
108 (©)1
107 ,oAA‘:::::::
& 1ot cteraiiiiiiiiiad
S0
10711
10712 X X X ) )
0 10 20 30 40 50
tanf

Fig. 4.

in this parameter space. In Fig. 4(a,c,e), the numerical
results show that Br(h — pt), Br(t — py) and the muon
anomalous magnetic dipole moment Aa, can have large
values when tan g is large.

Table 1. Scanning parameters for Fig. 3.

parameters min max step
tan 8 5 50 15

= M>/GeV 500 5000 500
mp =mpg/GeV 500 5000 500
SLE 0 0.4 0.02

oL 0 1.0 0.05

SRR 0 1.0 0.05
Table 2. Scanning parameters for Fig. 4, where

p=Ms=mr=mg= Msusy.

parameters min max step
tan 8 5 50 2.5
Mgsusy/GeV 500 5000 250

e
=)

10}

Br(h — p1)

1067 & *

1000 2000 3000 4000 5000
Mgysy/GeV

e ' @]

1000 2000 3000 4000 5000
Mgysy/GeV

10°F '
2110,10_ :!||I|
10711 -

10712 -

1000 2000 3000 4000 5000
Mgysy/GeV

(color online) Br(h — pt) versus tang (a) and Mgusy (b), where the dashed line stands for the upper limit

on Br(h— put) at 95% CL shown in Eq. (2). Br(t— py) versus tanf (c¢) and Msusy (d), where the dashed line
denotes the present limit of Br(t— py), which can be seen in Eq. (31). Aay versus tan 3 (e) and Msusy (f), where
the gray area denotes the Aay at 3.00 given in Eq. (30). Here, the red triangles are excluded by the present limit
of Br(t— wy), the green squares are eliminated by the Aa, at 3.00, and the black circles simultaneously conform

to the present limit of Br(t — py) and the Aay, at 3.00.
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5 Summary

In this work, we have studied the 125 GeV Higgs
decay with lepton flavor violation, h — pt, in the frame-
work of the wvSSM with slepton flavor mixing. The nu-
merical results show that the branching ratio of h — put
depends on the slepton mixing parameters ;5% (X =
L, R), because the lepton flavour violating processes are
flavor dependent. The branching ratio of h — ut in-
creases with increasing d5x* (X = L, R). Under the ex-
perimental constraints of the muon anomalous magnetic

Appendix A

The couplings

The couplings between CP-even neutral scalars and the
other CP-even (or CP-odd) neutral scalars are formulated as

Eim:ngWSaS;;SW—FCfﬁ,YSQPﬁP% (Al)
with
2
Sy =——%  [viREY'RYRY +v,R¥ R¥PRY
By 4\/58%‘/03‘/[ S tts s Itg

+(vaRS™ + vuqua)Rgﬂ)ﬂR(szﬂh]
1
+o [Aiki(vdR}gaRéﬁR? +u,RERYRY)

AN (vaRE + vuRéa)Rgs“)ﬂR(;“”]

+V2hmij Kk Uy RO gO+RE p(G+)y

1 5 By =
e (AxR)is R(o+1)aR(o+J)BR(o+k)v
3\/5( )Uk S S S
1 la p28 p(5+i)y
+—(A\\)iRs"RS R
\/5( A ) S S S
1

ﬁx\mm(vuR? +UgRE)REHIP R+
(A2)

2
P

CcP. __ —¢

o 4\/53\24/ c2,
+UuR¥ RY RE 4 (vaRY
+vuR§a)Rg+i)ﬂRg+i)w]

[vngaR}f’R}J

1
— [Aiki(vdRéaRffR? +u RERYRY)
V2
A (aRY o R RO RE]

+\/§ffm¢j Rkt Ue R(SE’”)O‘REEH)BRE;E’MM
1 5+i)a (547 5
+E(Anﬁ)iijf9 +1) REDJFJ)BREDJHC)’Y
1

(AN RE RYRET 4 RY R RET

S

2

dipole moment, the SM-like Higgs mass around 125 GeV
and the present limit of Br(T — wy), the branching ra-
tio of h — pt can reach O(107*). Compared with the
MSSM, exotic singlet righthanded neutrino superfields
in the pvSSM induce new sources for the lepton-flavor
violation. Considering that the recent ATLAS and CMS
measurements for h — pt do not show a significant de-
viation from the SM, the experiments still need to make
more precise measurements in the future. To detect a
Higgs boson lepton flavour violating process is a prospec-
tive window to search for new physics.

+RYTURYRY

1 o « 5+j 54k
+E)\mzjk(vuRé +vqR% )R53+J)BR§3+ s
(A3)

where the unitary matrices Rs, Rp (and Z,, Z_, Z below)
can be found in Ref. [121], and the small terms containing
Y,, ~O(1077) and v,, ~ O(10~* GeV) are ignored.

The interaction Lagrangian between CP-even neutral
scalars and neutral fermions is formulated as

0.0 0.0
Lin = Sax? (CL T PLACR T Pr) G, (AY)

where
Ciax;’f& __—¢
28 Cw
(Réa Zzg . R%aZ;lbg +R22+i)azfl7+i)c)
_ L
V2
RGN Z DS 4 RGN 30 (T
1 .
_ﬁ)‘i (Réa foﬂ)"sz
+RY 2L + RGN 2 )

<cw Z2n _ Sw Z}L")

Yo, (RE 200740

1 5+1i)a j
+_/‘iiijf9+) Z'r(L4+J)nZ7(L4+k)§7 (AS)

V2

SaX?,)‘(Q SaXQf(?, *
C =|C ,

R L (A6)

and

1 5
PL:§(1_7 )7

1 5
PR:—(1+7 )

3 (A7)

The interaction Lagrangian of neutral scalars and charged
fermions can be written as

_ SaXsX SaxaX
Cint:SaXc(CL XBXCPL"‘CR XﬁXCPR)Xﬁ

FPaXc(CL X P+ O  Pr)xs,  (A8)
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where the coefficients are

CfexeXe [Rga 2V 7+ RY 7P 7¢

_—_°
V2sy
+R‘(§2+i)aZ(72+i)BZi<]

1 .
— MRS 202

1 ) )
+ %Yeij [Rgszﬂ)azgﬁz(fﬂ)c

_ Rl 7208 Z(zﬂ‘)c]

\/_Yu” R(oJrJ)a (2+1)/3Z2C (Ag)

Oy =[R2 23 + R 2 7

V2sy,

241 241 1 541
FRETNZENN L] AR 2 2
2
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_Rle Z£2+i)ﬁZ(+2+j)<]

_ ﬁYVij R§f+j)@ Z£2+i)5 Zi<7 (Alo)
C;a)(,(s‘)_(( _ [CfaXC)_(g]*7 C}};OLXB)_CC _ [CLPQXCX’G]*‘ (All)

The interaction Lagrangian of charged scalars, charged

Appendix B

Muon MDM in the pvSSM

The muon anomalous magnetic dipole moment (MDM)
in the pvSSM can be given as the effective Lagrangian
ﬁlP—F afs (Bl)

[ o
ayulyo

e
Lvpm =

dm,,
where [, denotes the muon which is on-shell, m,, is the mass

of the muon, 0% = %[’yamyﬁL F.p represents the electromag-

netic field strength and muon MDM a, = %(9—2)H

the effective Lagrangian approach, the MDM of the muon can
be written by [152-154]

. Adopting

ay = 4mLR(CY +OF +C8), (B2)

where R(---) denotes the operation to take the real part of the
complex number, and C; éR represent the Wilson coefficients

of the corresponding effective operators O; ’6R

OLR — Q8 GBS F 0Pyl
2 (471)2( u)’Y L,Rlp

OLR = “U™T b 5Py al.

(4m)*

The SUSY corrections of the Wilson coefficients in the

(B3)

fermions, and neutral fermions can be similarly written by
_ Sox0% Sox2x
Lint = Sa Xﬁ(c a XnXﬁP +C aXnXp PR)X%
S—*y 150
SRS (Che X% p +Cp " Pr)xs, (A12)

where

S, Xoiﬁ -
C[a K
\/_swcw
e 2€ (540 o i
RQSOé* Zlﬁ Zﬁn \C/_ Rf;+z)a Z(2+z)ﬂ Zén
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[REL 20— RGO 2]
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oS X% e [Rg‘i 728 4 R 7t )B]

V2swew s a
. [CwZ?Ln + st,lf’]

(A13)

—iziﬁ [RY 227+ RV 27407

Yo, B2 ZEHO8 (L y, RO
. [Zgﬁzr(tmm _ Z£2+i)BZivz]
_)\,Rza Z2,<32(4+i)n7 (A14)
OSC‘ X9%p [C - xan] 7 C;;*x,ei?, _ [Cigxzma] "
(A15)

wvSSM can be

L.R L,R(n L,R(c
Cos =00 ( )+C2,6 ©, (B4)

R(

The effective coefficients C2 5 ™ denote the contributions

from the neutralinos Xn and the charged scalars S5 loops

—,07 —*7 S0
R(n) _ 1 Sa xXplu ~Sq " luxy
02 = —2CL OR —I3(1’X97,:ES;)

A%

+I4(x 0731357)]7

m 7 —%7 =0
R( ) ochl Sq “lux
G = iCy e et "[—QIl(ach,xS )

+213(1’X0 ,:L’S;)] s

C;én) = CR(n) LR . (B5)

LR(C) coming from the

= S, P) loops

Similarly, the contributions C,
charginos X3 and the neutral scalars No (N
are

c 1 Naxglu ~Nalux
Cf(): Z — en HXB|:_11($X,(37$N04)

m
N=s,p W
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+2]3(xXﬁ7xNa) _I4(xXﬁ7xNo< )i| )

C’é?(c) — Z

N=S,P

my 7 o

8 Naxgly ~NalpXg

— = C C 211 €T TN,
”]2 m R R ( X3 a)

_212(xXﬁvaa) - 213(xXﬁ7xNa )] 5

Cy? =03 |en. (B6)
Here, the loop functions I;(z1,z2) are given as
T(21,22) = 1 [1+IHI2 oz Inz, aczlznalcz]7 (BT)
1672 Tr1— T2 ($1_$2)
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