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We analyze the lepton flavor violating process u-e conversion in the framework of the minimal
R-symmetric supersymmetric standard model. The theoretical predictions are determined by considering

the experimental constraint on parameter 5'> from the lepton flavor violating decay y — ey. The predictions
for CR(u — e, nucleus) in nuclei are not sensitive to tan  or m, and take values in a narrow region. The
numerical results show that y penguins dominate the predictions on CR(u — e,nucleus), and the
contribution from Higgs penguins is insignificant. The Z penguins and box diagrams are less dominant
in the predictions on CR(u — e, nucleus) in a large parameter region. For small squark mass parameter, the
contribution from box diagrams is comparable with dipole contribution from y penguins. The theoretical
predictions on conversion rate CR(u — e, nucleus) in an Al or Ti target can be enhanced close to the future
experimental sensitivities and are very promising to be observed in near future experiments.
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I. INTRODUCTION

Searching for lepton flavor violating (LFV) decays are of
great importance in probing new physics (NP) beyond the
Standard Model (SM) in which the theoretical predictions on
those LFV decays are suppressed by small masses of
neutrinos and far beyond the experimental accessibility.
There are many different ways to search LFV such as
u — ey, u— 3e, p-e conversion in nucleus, z decays,
hadron decays, and so on. However, no LFV signals have
been observed in experiment up to now. The u — e con-
version in nucleus is a process that muons are captured in a
target of atomic nucleus and form a muonic atom. Several
experiments have been built or planned to be built to search
for this process. Current limit on the y-e conversion rate is
4.6 x 1072 for a Ti target at TRIUMF [1],4.3 x 1072 fora
Ti target, and 7 x 107!3 for a Au target at SINDRUM-II
experiment [2]. In the future, this LFV process may be
observed by experiments with improved sensitivity. A future
prospects of 10713 for a C target or 10~'* for a SiC target
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at DeeMe [3], 107!® for a Ti target at PRISM [4], and
107'%~10~"7 for an Al target at Mu2e and COMET [5,6] will
be achieved, which will improve the current experimental
limits by several orders of magnitude.

The u-e conversion rate has been calculated in the
literature for various extensions of the SM. Some seesaw
models with right-handed neutrinos [7—-13], scalar triplets
[14-16], fermion singlet [17], and fermion triplets [18]
can have CR(u — e,nucleus) close to the experimental
sensitivity. There are a few studies within models of non-
supersymmetry (SUSY), such as unparticle model [19,20],
littlest Higgs model [21,22], left-right symmetric models
[23], 331 model [24], and so on. There are also a few studies
within models of SUSY, such as the minimal supersym-
metric Standard Model (MSSM) [25], R-parity violating
SUSY [26], low-scale seesaw models of minimal super-
gravity [27], a minimal supersymmetric extension of the SM
with local gauged B and L [28,29], the constrained minimal
supersymmetric Standard Model-seesaw [30], uvSSM [31],
and so on. pu-e conversion is particularly sensitive to Higgs
mediated LFV because it is not suppressed by small Yukawa
couplings as y — ey and y — 3e, and Higgs-induced LFV
occurs in many NP models [32]. Some pedagogical intro-
ductions on the theoretical motivations for charged LFV and
the experimental aspects are provided in Ref. [33-35].

In this paper, we will study the LFV process u-e
conversion in the minimal R-symmetric supersymmetric
standard model (MRSSM) [36]. The MRSSM has an
unbroken global U(1), symmetry and provides a new
solution to the supersymmetric flavor problem in MSSM.

Published by the American Physical Society
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In this model, R-symmetry forbids Majorana gaugino
masses, y term, A terms, and all left-right squark and slepton
mass mixings. The R-charged Higgs SU(2), doublets R,
and R, are introduced in MRSSM to yield the Dirac mass
terms of higgsinos. Additional superfields S, T, and O are
introduced to yield Dirac mass terms of gauginos. Studies on
phenomenology in the MRSSM can be found in the literature
[37-55]. Similar to MSSM the off-diagonal entries 6" in
slepton mass matrices m? and m? dominate the LFV process
u-e conversion. Taking account of the constraints from
radiative decays u — ey on the off-diagonal parameters
5", we explore the p-e conversion rate as a function of
off-diagonal parameter 5 and other model parameters.

The paper is organized as follows. In Sec. II, we present
the details of the MRSSM. All relevant mass matrices and
mixing matrices are provided. Feynman diagrams contrib-
uting to u-e conversion in MRSSM are given at one loop
level. The p-e conversion rate is computed in the effective
Lagrangian method, and notations and conventions for
effective operators and Wilson coefficients are also listed.
The numerical results are presented in Sec. III, and the
conclusion is drawn in Sec. IV.

II. MRSSM

In this section, we firstly provide a simple overview of
the MRSSM in order to fix the notations we use in this
|

paper. The MRSSM has the same gauge symmetry
SU(3)c xSU(2);, xU(1)y as the SM and MSSM. The
spectrum of fields in the MRSSM contains the standard
MSSM matter, Higgs, and gauge superfields augmented by
chiral adjoints O, 7.8 and two R-Higgs iso-doublets. The
general form of the superpotential of the MRSSM is given
by [37]

where H, and H, are the MSSM-like Higgs weak iso-
doublets, R, and R, are the R-charged Higgs SU(2),
doublets, and the corresponding Dirac higgsino mass
parameters are denoted as p,, and p,;. Although R-symmetry
forbids the y terms of the MSSM, the bilinear combinations
of the normal Higgs SU(2), doublets A, and A, with the
Higgs SU(2), doublets R, and R, are allowed in Eq. (1).
Parameters 4,, 1;, A,, and A, are Yukawa-like trilinear
terms involving the singlet S and the triplet 7. For our
phenomenological studies we take the soft-breaking terms
involving scalar mass that have been considered in [39]

Vsp.s = my, (|Hy* + [HZ ) + mp, (HOP? + |H;|?) + (B, (HyH — HyH)) + Hec.)
+my, (IRGP + |Rj ) + mg (IRWP + [Ry?) + m7(|IT°P + [T~ + |T*]?)
+ WlS|S|2 + m0|02| + &Zj qudL] + demdl]dR] + uLz quuLj

ok 2 -~ 5% 2 2
+ g imy, iR, + € imyer CriMyij€rj + yL,imlA,ijl/L.j‘ (2)

All trilinear scalar couplings involving Higgs bosons
to squarks and sleptons are forbidden in Eq. (2) because
the sfermions have an R-charge and these terms are
non-R invariant, and this relaxes the flavor problem
of the MSSM [36]. The Dirac nature is a manifest feature
of MRSSM fermions and the soft-breaking Dirac mass
terms of the singlet S, triplet T, and octet O take the
form as

VSBDG—MBBS+MWWuTu+M gO+HC (3)

where B, W, and § are usually MSSM Weyl fermions.
R-Higgs bosons do not develop vacuum expectation
values since they carry R-charge 2. After electroweak
symmetry breaking the singlet and triplet vacuum expect-
ation values effectively modify the u, and p,, and the
modified y; parameters are given by

1
szf+ 2AdUT+ \/zﬂ’dvs +,ud7
eff,— 1 1
Hu - _EAMUT +E’1uvs + My

The vy and vy are vacuum expectation values of 7' and S
which carry R-charge zero.

In the weak basis (6,4, 0,,05,07), the pseudoscalar
Higgs boson mass matrix and the diagonalization pro-
cedure are

1)”
B, o B, 0 0
V4
B, B, o 0 0
My = 0 0 m4 2 jHM N e E
S 2\/'
A,,Advl,—lu/\uvu 2 Alzi §+A; vl
0 0 v M L —
A ANt _ g qdiag
ZAM 4o(Z4) f./\/le . (4)
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In the weak basis (¢, P,, ¢s, ¢r), the scalar Higgs boson mass matrix and the diagonalization procedure are

- <M11

MZI M22

where the submatrices (cy = cos f3, 53 = sin ) are

Iy ( mych -+ misy
n=
—(m% + m3)spcp

va(V2hqu™t = g MB)
My = eff,+ D
va(Ngy " + gaMyy)
2,2 2 }2
4(MZB?)2 + m% +ﬂd1)d42>l 1
My, =

Fal\gv2 =2, A V2
2v2

The number of neutralino degrees of freedom
in MRSSM is doubled compared to MSSM as the neu-
tralinos are Dirac type. In the weak basis of four neutral
electroweak two-component fermions &; = (B, W°, RY, RY)
with R-charge 1 and four neutral electroweak two-
component fermions ¢; = (S,7°,HY,AY) with R-charge -1,
the neutralino mass matrix and the diagonalization pro-
cedure are

Mg 0 —%91 Va %91 Uy
0 My 1 -1
D 59204 5920y
m.o ff, s
X —%/Idvd —%A‘ﬂ)d —,btz * 0
\/Lzlluvu - %Auvu 0 /’l(:tff’_
* di
(N mp(N2)' = m5e, 6)

The mass eigenstates k; and ¢;, and physical four-
component Dirac neutralinos are

4 4 '
&= (N a= (NG)wy, ’(?_<Kl>'

*
= = Pi

The number of chargino degrees of freedom in the
MRSSM is also doubled compared to MSSM and these
charginos can be grouped to two separated chargino sectors
according to their R-charge. The y*-charginos sector has
R-charge 1 electric charge; the p-charginos sector has
R-charge —1 electric charge. In the basis & = (W*,R))
and ¢;7 = (T‘, I:Il;), the y*-charginos mass matrix and the
diagonalization procedure are

M, )

ZhM, (21T = Mo, (5)

—(m% + mﬁ)sﬂcﬂ>

22 2.2
mzsy + mycy

(V2,5 + g1 M) )
Uy (Aul’lifﬂl + gZM‘L})V)

2 2
AaN gV =2 N vy

2V2
2,2 2,2
D2 2 Aoy tAG;
4(My)* 4 mg + — =

. Gpur + M} \/%Advd

+ = )

“ \/%gzvd —1Avr + %ﬂdvs + uq

(U mye (V)T = i, (7)

The mass eigenstates A and physical four-component
Dirac charginos are

2 2 ﬂ+
G- wa a =0 a1,
j=1 j=1 i
Here, we do not discuss the p-charginos sector in detail since
it does not contribute to y-e conversion. More information
about the p-charginos can be found in Refs. [39,41,43,53].

In MRSSM the LFV decays mainly originate from the
potential misalignment in sleptons mass matrices. In the
gauge eigenstate basis J;;, the sneutrino mass matrix and
the diagonalization procedure are

(91 + @3) (V5 — v2) + govrM)) — givsM3,

O | —

m: = m3 +
Z'm(2Y) = . )

where the last two terms in mass matrix are newly
introduced by MRSSM. The slepton mass matrix and
the diagonalization procedure are

2
<(mé)LL 0 ) ZEm%(ZE)T _ m%,diag
0 (mé)RR ‘ ¢

1 1
()1 = m} + 5031V (= ) (= 02)
—g1vsM§ — gourMy,

1 1
(mé)RR:m%+§7}§l|ye|2+1_‘ﬁ(vi_Uczi)+2glstg- 9)
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The sources of LFV are the off-diagonal entries of the
3 x 3 soft supersymmetry breaking matrices m? and m? in
Egs. (8) and (9). From Eq. (9) we can see that the left-right
slepton mass mixing is absent in the MRSSM, whereas the
A terms are present in the MSSM.

The mass matrix for up squarks and down squarks, and
the relevant diagonalization procedure are
2 <(m%')LL 0

2 + _ 2.dia
>’ ZUmﬁ(ZU)o_mﬁ g,
RR

! 0 (m)
(m?) 0 , :
mi _ < FLL : > ZDms(ZD)T _ mg,dlag7
0 (mg)RR

1
(m Lzl)LL_m + valY,|* + 24( —3g3) (v —v3)

1
+ 2 910sMB + gror M,

3
() =+ 3 RV, P+ (0= 02~ 0105MB,
(m2)u = m3 3 3V + 214<gl +3@) (0%~ 13)
+%9105Mg—92”TM}3V,
(mfy)RR:mf;"‘%”tzﬂYdP 11291(” _Ud>+§glUSMD

(10)

The MRSSM has been implemented in the Mathematica
package SARAH [56-58], and we use the Feynman rules
generated with SARAH-4.14.3 in our work. In the
MRSSM, violating of lepton flavor arises at the one-loop
level. In the MRSSM, u-e conversion is induced by the
Feynman diagrams given in Fig. 1. The various contribu-
tions to this process can be classified into Higgs penguins,
y penguins, Z penguins, and box diagrams. In the
effective Lagrangian method, one can derive the effective
Lagrangian relevant for y-e conversion as [59]

Legr = el,y"(KY Py + K{PR)LA,
X.Y=L.R ) )
+ ) B LTgPyl,dlPyd
K=S.v

Xy
>

K=S\V

=L,R
CKy 1 ,TgPxl, il xPyu+He.  (11)

The conversion rate CR(u — e, nucleus) in nuclei can be
calculated by
CR(u — e,nucleus)
pEmGra’ Z2 F?
872 ZL cupt

X=L,R

0 0 1 1
X |(Z +N) (g0 + gy3) + (Z=N)(gyv + gx) 2. (12)

Here p, and E, (~m, in the numerical evaluation) are the
momentum and energy of the electron. G and a are the
Fermi constant and the fine structure constant, respectively.
Zr 18 the effective atomic charge. Z and N are the number
of protons and neutrons in the nucleus. F, is the nuclear
form factor, and I'c,, is the total muon capture rate. The
values of Z., F), and I’y that will be used in the
phenomenological analysis below are given in Table. L.
At the quark level, the gg(l}( factors (withi = 0,1, X = L, R,
and K = §, V) can be written as combinations of effective
couplings

&3(25 Z 9IxK(q

4 (=1)igy XK(q )G(q”))-

q=u.d,s
The values of Gg factors are G(” P) = G(Sd’") =51,
G =Gy =43, G =Gy )_2.5, GyP) =

G&,d’") =2,and Gvdp = G&}”” = 1. The gy, coefficients
can be written as combinations of Wilson coefficients

V2 1
i =5 (PQKE = KE) =5 (€l + Ol )

V2
st = = g (CILE + CIED)

SLL
Clqu

equals Bf, (C%y) for d-quarks (u-quarks), ggy(,) =
gLV(q)|L — R, and ggg(,) IL = R.

where Q, are the electric charge of quarks,

= 9Ls(q)

III. NUMERICAL ANALYSIS

We now turn to the numerical analysis of the one-loop
corrections to u-e conversion in nuclei in the MRSSM by
using the full evaluation within the framework of SARAH-
4.14.3 [56-58] and SPheno-4.0.4 [60,61]. The computation
is done in a low scale version of SPheno and all free
parameters are given at the SUSY scale. The experimental
values of the Higgs mass and W boson mass can impose
stringent and nontrivial constraints on the model parame-
ters. The one-loop and leading two-loop corrections to the
lightest (SM-like) Higgs boson in the MRSSM have been
computed in Ref. [39] and several sets of benchmark points
are given. These benchmark points make it possible to
accommodate a proper Higgs boson mass of around
125 GeV in MRSSM. The Higgs sector of the benchmark
points is checked against existing experimental data using
HiggsBounds and HiggsSignals and the Higgs potential of
the MRSSM is checked for possible presence of deeper
minima in the parameter space. There are also other
restrictions. The W boson mass is found in agreement
with the experimental value from combined LEP and
Tevatron, and low energy B meson physics observables
are found in agreement with measurements. All benchmark
points are allowed by the fits to electroweak precision

035029-4
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v(e) e e

FIG. 1. One loop Feynman diagrams contributing to y-e conversion in MRSSM.
parameters S, 7', and U. The particle mass spectra are also tanf = 3, B, = 5002, Aq = 1.0,
shpwn as Well as the effective couplings of .the 11ghtest 1, = —0.8, Ay=—-12, A, = —1.1,
Higgs particle to the gauge boson and fermion pairs at
leading order. A better agreement with the latest exper- M¥% = 550, M} = 600, uq = u, = 500,
imental value for the W boson mass has been investigated Ve =5.9. v — —033
in Ref. [42]. It combines all numerically relevant contri- s T R , ,
butions that are known in the SM in a consistent way with (mz) = (m 1)22 (m, )3z = (m3)y = (mi)y
all MRSSM one-loop corrections. A set of updated bench- = (m2)s; = 10002,
mark points BMP1 is given in Ref. [42]. " ) 5
In the numerical analysis, we will use two sets of (m i = (m3)y = (m )11 = (mq)zz = (m3)xn
benchmark points which are taken from the above refer- = (m2),, = 25002,
ences and display them in Eq. (13) (BMP1) and Eq. (14) d
(BMP2). All mass parameters in Eq. (13) and Eq. (14) are  (m3)33 = (m3)3; = (m3)33 = 10007, my = 3000,
) 2
in GeV or GeV , mg = 2000. (13)
TABLE 1. Effective atomic charges, nuclear form factors, and capture rates.
Nucleus 4N 1Al 3STi 80Sb 121Sr 157Au 29%Pb
Zit 115 17.6 25 29 335 34
F, 0.64 0.54 0.39 0.32 0.16 0.15
Feapt X 10'8 0.464079 1.70422 4.61842 6.71711 8.59868 8.84868
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tanf = 10, B”:3002, Aq = 1.1,
A, = —1.1, Ay, =—1.0, A, = -1.0,
M5 = 1000, M} =500, Hg = u, = 400,
Vg = 13, Ur = _019,
(m12>11 = (m12>22 = (’"12)33 = (m3)y = (mi)y = (m})33
= 10007,
(”’%)11 = (m3), = (’"2)11 = (mé)zz = (m3)y = (mfy)zz
= 25002,
(”%%)33 = (m3)y = (m§7>33 = 1000%, my = 3000,
mg = 2000. (14)

In the following numerical analysis, the values in
Egs. (13) and (14) will be used as the default. Note that,
the off-diagonal entries of squark mass matrices mg, m3, m>
and slepton mass matrices m7, m? in Eqs. (13) and (14) are
zero, i.e., the flavor mixing of the squark and slepton is
absent. Similarly to most supersymmetry models, the LFV
processes in the MRSSM originate from the off-diagonal
entries of the soft-breaking terms m? and m?, which are

parametrized by mass insertion

(mzz)u = 551 (mzz)n(mzz)u’

(m%)” = 551\/ (mf)u(m%)m

where I,J =1, 2, 3. To decrease the number of free
parameters involved in our calculation, we assume that
the off-diagonal entries of m? and m? in Eq. (15) are equal,
ie., 5{1 = ol = ¢V,

(15)

BMP1

10712

10—13.

107

10—15

BR(u->ey) & CR(u-e,Nucleus)

10716
-33 -32 -31 -3.0 -29 -28 -27
Log[6"]
(a)

The experimental limits on LFV decays, such as radi-
ative two body decays [, — [;y and leptonic three body
decays [, — 3/, can give strong constraints on the param-
eters 6. In the following, we will use LFV decays y — ey
to constrain the parameters §'> which was discussed in
Ref. [54]. Tt is noted that 6% and §' have been set zero in
the following discussion since they have no effect on the
predictions of CR(u — e,nucleus). The current limit of
LFV decays u — ey is BR(u — ey) < 4.2 x 10713 from
MEG experiment (MEG) [62] and new sensitivity for this
decay channel in the future projects will be BR(y — ey) ~
6 x 10~'* from MEG 1II [63].

In Fig. 2 the predictions for BR(z—ey) and CR(u—e,
nucleus) for Al, Ti, Sr, Sb, Au, and Pb are shown as a
function of mass insertion parameter §'> with BMP1 (a)
and BMP2 (b). The prediction for BR(u — ey) exceeds the
future experiment sensitivity at 6'> ~0.001. In a recent
work, Ref. [54], the analytical computation and discussion
of BR(u — ey) in the MRSSM was performed. The valid
region for §'2 calculated in Ref. [54] with the Mathematica
package Package-X is compatible with that in this work
calculated with SARAH and SPheno. We clearly see that
both the predictions for BR(u — ey) and CR(u —e,
nucleus) in nuclei are sensitive to §'2, and they increase
along with the increase of §'> which has the same behavior
as those in most SUSY models (see e.g., [64]). At
52 ~0.001, the prediction on BR(u — ey) is very close
to the current experimental limit, and the predictions on
CR(u — e, nucleus) are around 10715-107!¢ which are 2
orders of magnitude below current experimental limits. The
predicted CR(u — e, Ti) is around 10~!5 and this is 3 orders
of magnitude above future experimental sensitivity [4]. The
predicted CR(u — e, Al) is around 107!¢ and this is in the
region of the future experimental sensitivity [5,6]. In Fig. 2,

BMP2
10—1? .

10—13.
10—14,

10—15

BR(u->ey) & CR(u-e,Nucleus)

—-16

-3.3

-3.2 -31 -3.0 -29 -28 -27
Log[6"]
(b)

FIG.2. Dependence of BR(i — ey) and CR(u — e, nucleus) on the logarithm of mass insertion parameter 5'? to the base 10. All other
parameters are set to the values of benchmark points BMP1 (a) and BMP2 (b).
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the predicted CR(u — e, nucleus) with BMP1 are higher
than those with BMP2, and this is because of a larger tan 3
and a smaller M} in BMP2 than those in BMP1.

As shown in Fig. 2, the predicted CR(x — e, nucleus) in
various nuclei are very close to each other. A lower
CR(u — e, Al) together with an upper CR(u — e, Sb) is
predicted within the same parameter space for BMP1 and
BMP2, respectively. It is compatible with the result in
Ref. [65] which indicates the CR(u — e, nucleus) increases
for a light nucleus up to the atomic number Z < 30, is
largest for Z = 30-60, and becomes smaller for a heavy
nucleus with Z > 60. In the following we will display the
predicted CR(u — e, nucleus) in one nucleus with §'> =
0.001 in each plot and the predicted BR(u — ey) for all
points in each plot satisfy the current experimental bound.

CR(p-€,Sb),BMP1

In Fig. 3 the predictions for CR(u — e, nucleus) are
shown as a function of tan and my,. This is realized by
varying parameter B, which is related to m, through the

equation m3 = sizni;ﬂ' We clearly see that the predictions for

CR(u — e,nucleus) grow as tanf or my grows. The
predictions for CR(u — e, nucleus) in nuclei are not sensi-
tive to tanf or my and take values in a narrow region.
This is a striking difference to some SUSY models
[28,29,31,43]. Due to the existence of the transition from
d-Higgsino to u-Higgsino in the MSSM, which is governed
by the p term, the well-known tanf enhancement is
possible. A well-established way to understand the tan f8
enhancement is provided by mass-insertion diagrams
involving insertions of the u parameter and Majorana
gaugino masses. However, the p term and Majorana

CR(p-e,Sr),BMP1

3.0 3.0
2.5 2.5
25x107"°

2.0 2.0 1.9x107"%
§ 24x1071° §

L5 L5y | 1.8x107"

1.0 1.0]

2.3x107"°
05 051 1 74107
10 15 20 25 30 35 40 10 15 20 25 30 35 40
tanf tanf
(a) (b)
CR(u-e,Au),BMP2 CR(u-e,Ti),BMP2
3.0 3.0
2.5 2.5 1.9x107
1.9x1071®
2.0 2.0
<<
g g
1.8x1071®
1.5 1.5
1.8x1071°
-15
1.0 1of 710
1.7x1071®

10 15 20 25 30 35 40
tanf

(©

FIG. 3.
row) and BMP2 (bottom row).

10 15 20 25 30 35 40
tanp

(d)

Dependence of CR(u — e, nucleus) on tan # and m . All other parameters are set to the values of benchmark points BMP1 (top
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gaugino masses are forbidden in the MRSSM and this leads
to the result that CR(y — e, nucleus) are not enhanced
by tan f.

The predictions for CR(x — e, nucleus) in Al and Sb are
shown in Fig. 4 as a function of the squark mass parameter
mQ and the slepton mass parameter mL. Here, mL=

\/(mzz)n:\/(m%)zzi\/(m/z)szz\/( )11—\/ =
m and mQ=,/(m =,/(m 21
\/ »n=1/(m; 0= \/ \/ 5,)33: (m %)33—

(m d)% We clearly see that the predictions for

CR(u — e, nucleus) in nuclei are sensitive to mQ and mL,

CR(u-e,Al),BMP1

and they decrease along with the increase of mQ and mL
which is described as a baseline behavior as those in
Refs. [43,64]. In a wide region of mL and mQ, the predicted
CR(u — e, Ti) is around 107! and this is still 2 orders
of magnitude above future experimental sensitivity [4],
and the predicted CR(u — e, Al) is below 107'¢ and this is
in the region of the future experimental sensitivity [5,6].
Only the contribution from box diagrams for CR(u —
nucleus) depend on the squark masses. This means the
contribution from box diagrams is comparable with other
diagrams.

It is noted that the predictions for CR(u — e, nucleus) in
nuclei show a weak dependence on the wino-triplino mass
parameter M)y, and they decrease slowly along with the

CR(u-e,Sb),BMP1

5 5
4 ‘ 5.x107"7 4 ' 2.x1071
-16 —]
E‘]S 1210 g3 3.x107'®
2.x1071® 6.x1071°
2 2 9.x107'®
4.x107"6
‘ 2.x107"°
6.x107 '
1.5 20 25 3.0 35 40 45 50 1.5 20 25 3.0 35 40 45 50
mQ mQ
(@) (b)
CR(u-e,Al),BMP2 5 CR(u-€,Sb),BMP2
5
4 8.x107 4 3.x1071
2.x1071®
gs : _813 X 6.x107'°
3.x107'® 1.x107°
2 2 .
6.x107"® 2.x1071®
1.x10715 4.x107"°
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mQ

()

15 20 25 30 35 40 45
mQ

(d)

FIG. 4. Dependence of CR(u — e, nucleus) on squark mass parameter mQ and slepton mass parameter mL. All other parameters are
set to the values of benchmark points BMP1 (top row) and BMP2 (bottom row), and all mass parameters are in TeV.
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10712
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10712
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= 10-18
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Contributions from y dipole (blue dot), y nondipole (orange square), Z penguins (green diamond), box diagrams (brown

triangle), and Higgs penguins (purple inverted triangle) and to CR(u — e, Al) as a function of tan 5. All other parameters are set to the

values of benchmark points BMP1 (a) and BMP2 (b).

increase of M,”)V. However, the valid region of M,VDV is
constrained by the boundary conditions at the unification
scale, and unphysical masses of neutral Higgs and charged
Higgs are obtained when M), above several TeV. We are
also interested in the effects from other parameters on the
predictions of CR(u — e, nucleus) in the MRSSM such as
M. 24, Ay Mgy Nyopig, and p,. By scanning over these
parameters, the results show these parameters are also
constrained in a narrow band and the predictions for
CR(u — e, nucleus) take values along a narrow region.

In Fig. 5, we show the predictions on CR(u — e, Al) as a
function of tan with benchmark points BMP1 (a) and
BMP2 (b) but independently considering the contributions
from each diagram, and the values of CR(u — e, Al) are
given by only the listed contribution with all others set to
zero. The range of input parameters for the numerical scan
is given in Eq. (16). All other parameters are set to the
values of benchmark points BMP1 (a) and BMP2 (b),

3<tanf<40; 300GeV <M}, M5 <1000GeV;
9x 10* GeV? < B, < 10° GeVZ;, 1000 GeV < mL,
mQ < 3000 GeV. (16)

We observe that the dipole contributions Aé/ R from y
penguins dominate the predictions on CR(y — e, Al) simi-
lar to the case in some SUSY models (see e.g., [30]). The
contributions from Higgs penguins is negligible. In the
supersymmetric seesaw model, LFV in the Higgs coupling
originates from the nonholomorphic correction to the
Yukawa interactions of the charged leptons [66] which
involves the gaugino and Higgsino mass parameters.
However, these parameters are absent in the MRSSM.
Thus the Higgs-exchange diagrams play a different role in

the MRSSM from that in other SUSY models [25]. The
predicted CR(u — e, Al) of Higgs penguins would be even
smaller when M}} is close to the boundary conditions.

The nondipole contributions Af/ R from y penguins and
the contributions from Z penguins and box diagrams are
less dominant in a large parameter region. In the MSSM,
for a small ratio of wino mass to slepton mass, the predicted
CR(u — e,nucleus) is dominated by the dipole contribu-
tions [67]. There is a simple relation between the CR (u — e,
nucleus) and BR(x — ey). Given the future experimental
improvements on measuring both CR(i — e, nucleus) and
BR(u — ey), u-e conversion can impose limits on LFV
insertions comparable to those from y — ey. The nondipole
contributions from y/Z penguins dominate the predictions
on CR(u — e,nucleus) for a small ratio of a common
mass to slepton mass. In the MRSSM, the predicted
CR(u — e, Al) of box diagrams can reach similar magni-
tudes as those from the dipole contributions of y penguins
when mQ ~ 1 TeV, or similar magnitudes as those from
Z penguins or nondipole contributions of y penguins
when mQ ~ 3 TeV. Thus, by considering the contributions
form nondipole diagrams, the predicted CR(u —e,
nucleus) could be increased even larger than the predicted
BR(u — ey) (see e.g., [27]). This makes it possible to
observe u-e conversion in experiment while no signals of
1 — ey or uy — 3e are obtained [26].

IV. CONCLUSIONS

In this work, taking into account the constraints from
u — ey on the parameter space, we analyze the LFV
process CR(y — e, nucleus) in the framework of the min-
imal R-symmetric supersymmetric standard model. In this
model, R-symmetry forbids Majorana gaugino masses, u
term, A terms, and all left-right squark and slepton mass
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mixings. Due to the absence of a y term and Majorana
gaugino masses, the predictions for CR(u — e, nucleus) are
not enhanced by tanp. This is the main difference to
the MSSM.

Besides the constraints considered in Sec. III, restrictions
arising from the ATLAS and CMS searches for heavy
Higgs bosons in the ditau channel should also be consid-
ered. The effect of this collider search is to impose an upper
limit on tan . The latest search for a scalar or pseudoscalar
decaying to a pair of taus with simplified exclusion like-
lihoods has been released by ATLAS by using 139 fb~! of
integrated luminosity at 13 TeV [68]. This model inde-
pendent likelihood has been properly implemented in the
new version of HiggsBounds-5 [69]. We would like to
postpone this work to our next article which analyzes the
LFV decays of SM-like Higgs in the MRSSM. The change
of m, has a small effect on predictions of BR(u — ey) and
CR(u — e,nucleus) for small tanf as shown in Fig. 3.
For large tanf, the effect of m, on the predictions for
CR(u — e, nucleus) is also small and the latter take values
along a narrow region. In Ref. [68] values of tan # > 8 and
tanf > 21 are excluded at the 95% confidence level for
my = 1.0 TeV and m, = 1.5 TeV in the M}*® scenario of
the MSSM, respectively. In the MRSSM, corresponding to
tanf = 3 and tanf = 10, the default values of m, are

my = 0912 TeV and my, = 0.953 TeV for BMPI in
Eq. (13) and BMP2 in Eq. (14), respectively.

In the MRSSM, the theoretical predictions on CR(u — e,
nucleus) mainly depend on the mass insertion 5'2. The
predictions on CR (i — e, nucleus) would be zero if §'2 = 0
is assumed. Taking into account the experimental bounds
on radiative decays y — ey, the values of §'2 are con-
strained around 0.001. Assuming §'> = 0.001 and other
parameter settings in Eq. (13), the predictions on CR(u — e,
nucleus) are at the level of O(10~'9-107'%), which are
2 or 3 orders of magnitude above the future experimental
prospects for an Al or Ti target. Thus, the LFV processes
u-e conversion in Al and Ti are very promising to be
observed in near future experiments.
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