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In view of the recent measurement of the reactor mixing angle �13 and updated limit on BRð� ! e�Þ by
the MEG experiment, we reexamine the charged lepton flavor violations in a framework of the super-

symmetric type II seesaw mechanism. The supersymmetric type II seesaw predicts a strong correlation

between BRð� ! e�Þ and BRð� ! ��Þ mainly in terms of the neutrino mixing angles. We show that such

a correlation can be determined accurately after the measurement of �13. We compute different factors that

can affect this correlation and show that the minimal supergravity-like scenarios, in which slepton masses

are taken to be universal at the high scale, predict 3:5 & BRð� ! ��Þ=BRð� ! e�Þ & 30 for normal

hierarchical neutrino masses. Any experimental indication of deviation from this prediction would rule out

the minimal models of the supersymmetric type II seesaw. We show that the current MEG limit puts severe

constraints on the light sparticle spectrum in the minimal supergravity model if the seesaw scale lies within

1013–1015 GeV. It is shown that these constraints can be relaxed and a relatively light sparticle spectrum can

be obtained in a class of models in which the soft mass of a triplet scalar is taken to be nonuniversal at the

high scale.
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I. INTRODUCTION

The idea of seesaw mechanism [1–3] is perhaps the most
elegant way to account for the tiny neutrino masses evi-
denced from various neutrino oscillation experiments in
the last two decades. Tree-level realization of the seesaw
mechanism requires an extension of the Standard Model
(SM) by either heavy fermion singlets or a heavy scalar
triplet or heavy fermion triplets. In the literature, these
versions are famously known as the seesaw mechanisms
of types I [1], II [2], and III [3], respectively. The scale at
which these new fields decouple from the SM is known as
the seesaw scale. Present information from the neutrino
oscillation data suggests that such a scale should be in the
range 109–1015 GeV if no artificial fine-tuning is assumed
in the Yukawa coupling parameters. The seesaw also gen-
erates mixing among the neutrino flavors, and it leads to
lepton flavor violating (LFV) effects in the charged lepton
sector, for example, decays like li ! lj� that are otherwise

absent in the SM. Such decays are mediated by the heavy
fields required for tree-level realization of the seesaw
mechanism, and so, at least in principle, they can shed a
light on the exact nature of the seesaw mechanism.
However, such effects are extremely tiny in the seesaw
extensions of the SM due to the ultraheavy seesaw scale.
As a result, in these classes of theories, one cannot distin-
guish between the various tree-level realizations of the
seesaw mechanism even if they are truly responsible for
small neutrino masses.

Low-energy supersymmetry (SUSY) can provide insight
to the seesaw mechanism by mediating LFV decays
through sparticles. In the minimal models of supersymme-
try like the constrained minimal supersymmetric standard
model (CMSSM) or minimal supergravity (mSUGRA), the
SUSY breaking Lagrangian conserves the lepton flavors
since all the soft scalar masses and trilinear A terms are
taken to be universal at the scale of grand unification
(GUT). The LFVs are present only in the Yukawa cou-
plings at this scale in the SUSY conserving superpotential
extended suitably to accommodate the seesaw mechanism.
Now, if the seesaw scale is slightly lower than the GUT
scale, mixings among the sleptons of different generations
get induced at the seesaw scale through (i) renormalization
group evolution (RGE) effects and (ii) lepton flavor violat-
ing Yukawa couplings. As a result, slepton mass matrices
no longer remain diagonal at the seesaw scale. At low
energy, the off-diagonal entries in the slepton mass matrices
induce large rate of LFV decays through one-loop diagrams,
which involves the gaugino exchange [4]. These effects are
extensively studied in the literature in the context of all three
variants of the seesaw mechanism [5–9].
An exact determination of the LFV rates requires com-

plete knowledge of the Yukawa coupling matrices, which
violate the lepton flavors. In the type I and type III seesaws,
LFVs occur through the Dirac neutrino Yukawa couplings
with SUð2ÞL singlet and triplet fermions, respectively. The
determination of such couplings from the physical neutrino
parameters is not straightforward using the seesaw formula
since it also requires the knowledge of additional parame-
ters present in the mass matrix of singlet or triplet fermi-
ons. The type II seesaw, on the contrary, invokes only one
Yukawa coupling matrix [2] which can completely be
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determined from the low-energy values of neutrino masses
and mixing angles up to an overall factor and RGE effects
[7]. This property makes the type II seesaw framework
most predictive among all three seesaw scenarios.

It was pointed out in Ref. [7] that, due to its predictive
power, the SUSY version of the type II seesaw can actually
predict the ratios of decay rates of different LFV channels
in terms of the neutrino mixing angles and solar and
atmospheric mass squared differences. This was further
analyzed in Ref. [8] through detailed numerical analysis.
These ratios can provide a powerful probe for distinguish-
ing the type II seesaw from the other versions of seesaw
mechanism if LFV is observed in at least one of the decay
channels like li ! lj�. However, such correlations de-

pends on the reactor mixing angle �13, which was not
known until mid-2011. Thanks to the several reactor oscil-
lation experiments [10], �13 is now precisely known. The
global fit of neutrino oscillation data gives [11]

sin 2�13 ¼ 0:023� 0:0023: (1)

We show that the above measurement fixes the ratios like
BRð� ! ��Þ=BRð� ! e�Þ in the type II seesaw case.
Further, we show that such ratios can be ‘‘fudged’’ if there
exists a large hierarchy among the sleptons of different
generations. We determine such a fudge factor as a
function of soft SUSY breaking parameters in mSUGRA-
like models and show that one can still make a robust
prediction for such ratios. We also discuss the effects of
leptonic CP violation on the prediction of the ratio
BRð� ! ��Þ=BRð� ! e�Þ.

Charged lepton flavor violations in the SUSY type II
seesaw models have been studied in several works [7–9].
We revisit them in the context of some recent progress
made in the experimental searches of new physics. These
include the discovery of a Higgs-like boson at the LHC, the
measurement of �13, negative results in all the direct
searches of SUSY, and updated results on some of the
indirect searches in B decays like B ! Xs�, Bs !
�þ��, etc. Further, the MEG Collaboration has very
recently updated the upper limit on BRð� ! e�Þ, which
is now 5:7� 10�13 [12], 1 order of magnitude stronger
than the previous limit. The experimental limits on the
other charged LFV decays, as summarized in Table I, are
not so strong compared to BRð� ! e�Þ. Altogether, the
above experimental constraints put severe limits on the
light sparticle spectrum in CMSSM-/mSUGRA-like mod-
els as we show in this paper.

It was recently noted in Ref. [6] that novel cancellation
in the magnitude of charged LFVs can arise in the case of
type I seesaw models if the soft masses of minimal super-
symmetric Standard Model (MSSM) Higgs doublets are
taken to be different from the sfermion masses at the GUT
scale. We find that a similar cancellation can also arise in
the type II seesaw if the soft mass of the triplet scalar is
different from the soft masses of sfermions and Higgs

doublets at the GUT scale. We identify such a scenario
as the nonuniversal triplet model (NUTM) and perform a
detailed numerical analysis for it. In this class of models,
the constraints from charged LFVs can be evaded up to the
certain extent, which opens room for a relatively light
SUSY spectrum.
The paper is organized as the following. We review the

SUSY version of the type II seesaw mechanism in the next
section. In Sec. III, we study in detail the type II seesaw in
mSUGRA-like models and present the results obtained
from the numerical analysis. The results of a similar analy-
sis conducted for the NUTM are presented in Sec. IV.
Finally, we summarize in Sec. V.

II. SUPERSYMMETRIC TYPE II SEESAW
MECHANISM AND LEPTON FLAVORVIOLATION

We briefly review here the type II seesaw mechanism in
order to set the stage for the relevant LFV studies. In the
type II seesaw, the neutrino masses arise from their
Yukawa interaction with SUð2ÞL triplet superfield T,
which has the hypercharge Y ¼ 2. A conjugate superfield
Tc � ð3;�2Þ is required in supersymmetric versions to
cancel the anomalies. The relevant part of the superpoten-
tial can be written as [7–9]

WT ¼ 1ffiffiffi
2

p ½ðYTÞijLiTLj þ �uHuT
cHu þ �dHdTHd�

þMTTT
c; (2)

where YT is in general a complex symmetric matrix in the
generation space and Hu;d are the standard MSSM Higgs

doublets with hypercharge Y ¼ �1. Note that the full
superpotential explicitly breaks the lepton number conser-
vation irrespective of any choice of lepton numbers for T
and Tc. At the scale much belowMT , Eq. (2) generates the
masses for neutrinos after the electroweak symmetry is
broken, namely,

M � ¼ v2
u�u

MT

YT: (3)

Here, vu � hHui=
ffiffiffi
2

p ¼ v sin� and v ¼ 174 GeV.
Clearly, Eq. (3) makes it possible to determine the only

TABLE I. Present bounds and future sensitivities expected
from the current-generation experiments on the various LFV
processes.

LFV process Present bound

Near future sensitivity

of ongoing experiments

BRð� ! e�Þ 5:7� 10�13 [12] 6� 10�14 [13]

BRð� ! e�Þ 3:3� 10�8 [14] 10�9 [15]

BRð� ! ��Þ 4:4� 10�8 [14] 3� 10�9 [15]

BRð� ! eeeÞ 1:0� 10�12 [16] 10�15 [17]

BRð� ! eeeÞ 3:0� 10�8 [14] 10�9 [15]

BRð� ! ���Þ 2:0� 10�8 [14] 3� 10�9 [15]
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source of lepton flavor violation up to an overall constant,
i.e., YT at the high scale, in terms of the data of neutrino
masses and mixing angles extrapolated at the scaleMT . As
already noted in Ref. [7], this feature of the type II seesaw
makes it a more predictive scenario for the calculations of
LFVs compared to the type I and type III seesaws. The
overall constant can be estimated using the scale of atmos-

pheric squared mass difference, i.e.,MT � �uv
2
u=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�m2

atm

p
,

where �m2
atm � jm2

�3
�m2

�1
j. In Eq. (3), the requirement

of perturbativeYT and �u puts an upper limit on the seesaw
scale:

MT & 6� 1014 GeV: (4)

An extra pair of triplets T and Tc in the MSSM with
mass MT significantly below the unification scale MGUT

spoils the gauge coupling unification. As it is very well
known, this problem can be avoided if a pair of full

15þ 15 multiplets of SUð5Þ are added in the spectrum
[7,8]. In addition to a triplet T, the 15-plet contains two
more multiplets S� ð6; 1;�4=3Þ and Z� ð3; 2; 1=3Þ,
which restore the gauge coupling unification if the masses
of all three multiplets are degenerate. Furthermore, along
with the triplet, the extra multiplets S and Z also have
Yukawa interactions with MSSM matter fields like
YSD

cSDc and YZD
cZL, which arise from a common

Yukawa term Y15
�5 � 15 � �5 in SUð5Þ. Considering the

above SUð5Þ GUT scenario as a minimal framework for
the type II seesaw mechanism consistent with the gauge
coupling unification, we impose MT ¼ MS ¼ MZ � M15

and YT ¼ YS ¼ YZ � Y15 at the GUT scale. Note that the
above mass equality condition gets destroyed atMT due to
renormalization group (RG) running from MGUT to MT .
However, it still maintains the gauge coupling unification
to good accuracy since such effects are very small. The

entire pair of 15þ 15 multiplets get decoupled from the
spectrum below MT .

We now turn our discussion to charged LFVs in the
context of above scenario. As already noted in Sec. I, flavor
violation in charged leptons arises through the mixings
between sleptons of different flavors in the SUSY versions
of the seesaws. Such mixings get induced due to RG
running from MGUT to MT even if they are absent at
MGUT in the models with universal boundary conditions.
The presence of a pair of triplet scalars between MT and
MGUT generates small off-diagonal elements in the left-
handed slepton mass matrixm2

~L
. In the leading logarithmic

approximation, the solution to the one-loop RGE equation
of m2

~L
can be estimated as [7]

ðm2
~L
Þi�j � � 3ð3m2

0 þ A2
0Þ

8�2
ðYy

TYTÞij log
�
MGUT

MT

�
; (5)

wherem0 is the universal soft mass for scalars and A0 is the
universal trilinear coupling defined at the GUT scale.
Using Eq. (3), one can write

Y y
TYT ¼

�
MT

v2
u�u

�
2
UMNS Diagðm2

�1
; m2

�2
; m2

�3
ÞUy

MNS; (6)

where UMNS is Maki-Nakagawa-Sakata lepton mixing ma-
trix, which can be parametrized by three mixing angles,
one Dirac phase and two Majorana phases in the standard
parametrization [18]. It is trivial to check that Majorana
phases do not contribute in ðm2

~L
Þij at the one-loop level. For

the following discussions, we neglect the Dirac CP phase
for simplicity. As can be seen from Eq. (6), one can

determine Yy
TYT at MT from the extrapolated values of

neutrino masses and mixing parameters, up to an overall
constant.
The branching ratio of a general charged LFV decay

li ! lj� (i � j) can be estimated as [4]

BR ðli ! lj�Þ � 	3

G2
F

j
LL
ij j2

M4
SUSY

tan 2�� BRðli ! lj�i ��jÞ;
(7)

where MSUSY is the generic SUSY breaking scale and the
flavor violations are parametrized as


LL
ij � ðm2

~L
Þij

�m~li
�m~lj

; (8)

where �m~l � ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m~l1

m~l2

p
is the geometric mean of the masses

of sleptons involved in the process. Before we present a
detailed numerical analysis of LFVs in mSUGRA and
extended models, let us briefly discuss some qualitative
features that emerge from Eq. (7).

A. Seesaw scale dependency of the branching ratios

One would typically expect from Eq. (5) that the rela-
tively low triplet scale MT enhances the flavor violations
through large running effects. However, note that in
Eq. (6), the small MT also decreases YT unless �u is tuned
accordingly. It can be seen from Eqs. (5)–(8) that

BRðli ! lj�Þ / jðYy
TYTÞijj2 /

�
MTm�3

v2
u�u

�
4

(9)

at a given SUSY scale. If �u is taken to be ofOð1Þ, the light
seesaw scale leads to the smaller values of YT as required
to fit the light neutrino masses. This significantly sup-
presses the rates of charged LFV processes.

B. Correlations among the branching ratios
of different decay channels

One finds from Eqs. (7) and (8)

BRð� ! ��Þ
BRð� ! e�Þ �

��������
ðm2

~L
Þ��

ðm2
~L
Þ�e

��������
2 �m2

~e

�m2
~�

BRð� ! ��� ���Þ
BRð� ! e�� ��eÞ :

(10)

The ratio of lepton flavor conserving branching ratios,
namely, BRð� ! ��� ���Þ=BRð� ! e�� ��eÞ, is 0.18.
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Further, using Eqs. (5) and (6), one obtains for the normal

hierarchy in neutrino masses (i.e.,m�1
� 0,m�2

�
ffiffiffiffiffiffiffiffiffiffiffiffi
�m2

sol

q

and m�3
� ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

�m2
atm

p
) and for nonzero �13

��������
ðm2

~L
Þ��

ðm2
~L
Þ�e

��������� cos�23
tan�13

�
1� �m2

sol

�m2
atm

sin 2�12
2 tan�23 sin �13

�

� 4:45: (11)

As can be seen, the recent measurement of �13 fixes the
above ratio, and it turns out to be small due to the relatively
large value of �13. The ratio would have been Oð10Þ times
larger for vanishing �13. Taking the advantage of recent
measurement of �13, one gets

BRð� ! ��Þ
BRð� ! e�Þ � 3:5

�m2
~e

�m2
~�

: (12)

Similarly, the other LFV decay modes are related as

BRð� ! e�Þ
BRð� ! e�Þ � 0:18

�m2
~�

�m2
~�

and

BRð� ! e�Þ
BRð� ! ��Þ � 0:05

�m2
~�

�m2
~e

:

(13)

Note that predictions in Eqs. (12) and (13) do not depend
on the scale of triplet mass or on the couplings like �u;d.

However, they depend on the masses of the sleptons of
different generations [8]. A hierarchical slepton spectrum
introduces a fudge factor like �m2

~e= �m2
~�, which makes the

above prediction vulnerable to the details of soft SUSY
breaking parameters. In generic MSSM scenarios like
phenomenological MSSM, Eqs. (12) and (13) do not give
any robust prediction since the masses of different gener-
ations of sleptons are independent from each other.
However, in the class of models in which some universality
is assumed between the soft masses of different genera-
tions at the high scale, �m~e, �m ~�, and �m~� are not completely

independent, and one can still obtain some useful predic-
tions from Eqs. (12) and (13). We discuss this in detail in
the next section.

III. NUMERICAL ANALYSIS: MSUGRA

We now discuss the charged LFV constraints on the
SUSY type II seesaw scenario with mSUGRA-like bound-
ary conditions through detailed numerical analysis. As it is
well known, mSUGRA provides the most economical set
of the GUT scale soft SUSY breaking parameters that
includes a universal scalar mass m0, a common gaugino
mass m1=2, a universal trilinear coupling A0 in addition to

the SUSY preserving parameters tan� and the sign of �
parameter. Keeping the future reach of direct search ex-
periments like the LHC and indirect searches from the
flavor physics experiments in mind, we scan the above
parameters in the following ranges:

m0 2 ½0; 5� TeV;
m1=2 2 ½0; 2� TeV;
A0 2 ½�15; 15� TeV;

tan� 2 ½5; 60�;
signð�Þ 2 f�;þg:

(14)

As discussed in the last section, we have a 15þ 15 pair
of Higgses in the SUSY SUð5Þ model, and we impose the
mSUGRA-like boundary condition for its soft mass,

m15 ¼ m15 ¼ m0; (15)

at the GUT scale. For neutrinos, we assume normal hier-
archy and set

m�1
¼ 0:001 eV;

m�2
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�m2

sol þm2
�1

q
and m�3

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�m2

atmþm2
�1

q
: (16)

The RG running effects in neutrino masses and mixing
angles are known to be negligible for such hierarchical
neutrinos [19], and hence YT in Eq. (3) can be determined
from the low-energy data itself. For�m2

sol,�m
2
atm, �12, �23,

and �13, we use the central values obtained from the recent
global fit of neutrino data [11]. Further, we assume �u;d ¼
0:5 throughout our analysis.
We carry out the numerical analysis using the publicly

available package SPheno [20]. It evaluates two-loop
RGEs for the SUSY type II seesaw and incorporates full
one-loop SUSY threshold corrections to the sparticle
masses [21]. Further, it calculates complete one-loop and
dominant two-loop corrections in the � parameter and
checks for consistency of the radiative electroweak
symmetry breaking conditions [22] at the scale MSUSY.
Similarly, for the Higgs sector, it computes complete
one-loop and dominant two-loop contributions, which are
of O½	sð	t þ 	tÞ þ ð	t þ 	tÞ2 þ 	�	b þ 	2

�� [22–25].
While scanning, we collect only those solutions that have
(a) successful radiative electroweak symmetry breaking
conditions, (b) a nontachyonic spectrum, and (c) charge
and color neutral particle as the lightest sparticles. Next,
we impose the current direct search limits at 95% C.L. on
the masses of all sparticles given by PDG [18]. We also
impose the following constraints (at 95% C.L.) on the
collected data points:

mh0 2 ½122:5; 129:5� GeV;
BRðB ! Xs�Þ 2 ½2:99; 3:87� � 10�4;

BRðB ! ���Þ 2 ½0:44; 1:48� � 10�4;

BRðBs ! �þ��Þ 2 ½0:8; 6:2� � 10�9;

BRðBd ! �þ��Þ< 9:4� 10�10:

(17)

The above range in Higgs mass includes 95% C.L. errors
from the ATLAS [26] and CMS [27] data as well as
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theoretical uncertainty of about 1.5 GeV [28]. For
BRðB ! Xs�Þ, we use the updated global average reported
in Ref. [14]. The BELLE Collaboration has recently up-
dated their measurement of BRðB ! ���Þ using hadronic
tagging [29], and we take its updated global average [30].
Further, we use the first measurement of BRðBs ! �þ��Þ
and the updated limit on BRðBd ! �þ��Þ reported at the
LHCb [31]. We do not insist here for the SUSY solution to
muon (g� 2) discrepancy.

We now discuss the results of numerical analysis. As
already mentioned, the strongest bound on LFVs comes
from nonobservation of � ! e� at the MEG experiment.
In Fig. 1, we show the constraints on m0 and m1=2 arising

from such a bound. As can be seen from Fig. 1, the current
limit on BRð� ! e�Þ rules out completely the low values
of soft masses, i.e., m0 < 5 TeV and m1=2 < 2 TeV, for

MT * 1014 GeV, making them inaccessible at the LHC.
We also note that narrowing down the Higgs mass range to
124–128 GeV eliminates some points without clearly dis-
favoring any particular region in Fig. 1. The branching
ratio (BR) decreases for smaller MT as discussed in
Sec. II A. The near future limit expected from the updated
MEG [12] can further constrain the lowm0-m1=2 region for

MT > 1013 GeV; however, it does not put any constraint on
the soft SUSY breaking parameters if the triplet mass scale
is below 1013 GeV.

As discussed earlier in Sec. II B, the ratio of branching
ratios of � ! �� and � ! e� is fixed up to a fudge factor
after the precisely known value of �13. The correlation
between these two LFV channels as a function of the fudge
factor is displayed in Fig. 2. The large trilinear coupling
jA0j 	 m0 together with large tan� can induce significant
splittings between the masses of the third and first two

generations of sfermions even in the class of models with
universal boundary conditions. The off-diagonal term in
the effective 2� 2 mass matrix of an ith-generation sfer-
mion is proportional to A0yi. Thus, its contribution to the
masses of third-generation sfermions is significant com-
pared to the first two generations. In the case of sleptons,
this makes staus lighter compared to that of first two
generations of sleptons. This is reflected in Fig. 2 where
large values of A0 drive the ratio �m~e= �m~� greater than unity.
We also note that the hierarchy between �m~e and �m~� be-
comes stronger for large values of tan�. As a result,
one gets relatively enhanced values of BRð� ! ��Þ=
BRð� ! e�Þ. Further, note that jA0j=m0 cannot be arbi-
trarily large since such values correspond to the tachyonic
spectrum for the third-generation squarks and sleptons in
mSUGRA-like models. It follows from Fig. 2 that

3:5 &
BRð� ! ��Þ
BRð� ! e�Þ & 20: (18)

The above prediction is the distinctive feature of the type II
seesaw mechanism in the models with mSUGRA-like
boundary conditions, and it does not depend on the other
parameters of the model. This is more clearly shown in
Fig. 3, in which we also show the correlation among the
branching ratios of � ! e� and � ! e�. As can be seen
from Fig. 3, the current upper limit on BRð� ! e�Þ im-
plies an upper limit BRð� ! ��Þ & 10�11, which is sig-
nificantly smaller than the sensitivity of current-generation
experiments. Thus, any signal of � ! �� (or � ! e�) in
the near future would rule out the type II seesaw scenario
discussed here. We also compute the other charged LFV
decays like BRðli ! 3ljÞ. However, we do not show their

FIG. 1 (color online). Constraints onm0 andm1=2 from LFV decay� ! e�. In both the panels, the red (upper), orange (middle), and
green (lower) points correspond to the triplet mass scale MT ¼ 1014, 1013, and 1012 GeV, respectively, and �u;d ¼ 0:5. The other

parameters are varied as mentioned in Eq. (14), and various direct and indirect constraints are applied on the parameters as discussed in
the text. The different horizontal lines present the current limits and future sensitivities of ongoing experiments.
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plots here because they are found in good agreement with
the approximate relation [9]

BRðlj ! 3liÞ
BRðlj ! li�Þ � 2	

3�

�
log

�mlj

mli

�
� 11

8

�
: (19)

Before we end this section, we comment on the possible
effects of Dirac CP violation on the above results. Note
that we neglected the Dirac CP phase 
MNS in the lepton
sector while deriving the ratio in Eq. (11). The nonzero

MNS can modify it as displayed in Fig. 4. Clearly, the ratio

can get enhanced by 25% if 
MNS ¼ �. As a result, the
prediction for BRð� ! ��Þ=BRð� ! e�Þ in Eq. (18) can
increase at most by 50% for nonzero CP violation in the
lepton sector. We perform a numerical analysis taking
arbitrary CP violation into account and find a more con-
servative range,

3:5 &
BRð� ! ��Þ
BRð� ! e�Þ & 30: (20)

The effect of CP violation is larger on the ratio
BRð� ! e�Þ=BRð� ! e�Þ as can be seen in Fig. 4.

FIG. 3 (color online). Correlations between different LFV decays. In both the panels, the red (upper), orange (middle), and green
(lower) points correspond to the triplet mass scaleMT ¼ 1014, 1013, and 1012 GeV, respectively, and �u;d ¼ 0:5. The other parameters

are varied as mentioned in Eq. (14), and various direct and indirect constraints are applied on the parameters as discussed in the text.
The different horizontal and vertical lines present the current limits and future sensitivities of ongoing experiments.

FIG. 2 (color online). The left panel displays the ratio BRð� ! ��Þ=BRð� ! e�Þ as a function of fudge factor �m2
~e= �m2

~�.
The correlation between the fudge factor and A0=m0 is shown in the right panel.
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IV. NUMERICAL ANALYSIS: NONUNIVERSAL
TRIPLET SCALAR MASS

We now discuss the cancellations in the LFV that arise
form the nonuniversal masses of the triplet scalar. In this
case, one can rewrite the flavor violations in the slepton
sector shown in Eq. (5) as

ðm2
~L
Þij � � 3ð2m2

0 þm2
T þ A2

0Þ
8�2

ðYy
TYTÞij log

�
MGUT

MT

�
;

(21)

wheremT � m15 is the GUT scale value of the soft mass of
triplet field residing in the 15-plet scalar of SUð5Þ. Since
the MSSM doublets reside in the 5 and �5 representation of
SUð5Þ, its soft mass m0 can be different form m15 at the
GUT scale as dictated by the gauge invariance. Even in
the case of universal scalar mass at the Planck scale, the
splitting between m0 and m15 gets induced at the GUT
scale due to different RG running of the 15-plet and 5-plet
from the Planck scale to the GUT scale. In such cases, one
naturally expects m2

15 � m2
0, and, depending on their rela-

tive magnitude ofm15, the flavor violation gets enhanced or
reduced in comparison to mSUGRA scenario, as can be
seen from Eq. (21). The choice m2

15 <m2
0 decreases the

magnitude of lepton flavor violation so it can relax the
MEG constraint on the model.
We demonstrate this using the same kind of numerical

analysis performed in the last section but with nonuniversal
soft mass for the triplet scalar. For example, we study three
different cases corresponding to m2

15 ¼ fm2
0;�m2

0;�2m2
0g

for the same triplet scale MT ¼ 1014 GeV. The results are
displayed in Fig. 5. As can be seen, the negative m2

15

induces the cancellations between soft masses and
significantly reduces BRð� ! e�Þ. One can see that the
current MEG bound on � ! e� still provides powerful
constraints on m0 and m1=2 as long as m2

15 >�m2
0.

In the case of m2
15 ¼ �2m2

0, the MEG constraint does not

put any restrictions on m1=2 and also allows m0 as low as

1.5 TeV.
We also show the correlations between the branching

ratios of different LFV decays in Fig. 6. It is important
to note that the ratio ðm2

~L
Þ��=ðm2

~L
Þ�e does not get

modified in NUTM as can be seen from Eq. (21). Also,

0.0 0.5 1.0 1.5 2.0
1.0

1.1

1.2

1.3

1.4

MNS

R
ijC

P

R e
CP

R CP

FIG. 4 (color online). The ratio RCP
ij � jðm2

~L
Þij=ðm2

~L
Þ�ej
MNS�0

jðm2
~L
Þij=ðm2

~L
Þ�ej
MNS¼0

as a function of Dirac CP phase. The solid (blue) and dashed

(red) lines correspond to ij ¼ �� and ij ¼ �e, respectively.

FIG. 5 (color online). Constraints on m0 and m1=2 from LFV decay � ! e� in NUTM. In both the panels, the red (upper), orange
(middle), and green (lower) points correspond to the triplet soft mass m2

15 ¼ m2
0,�m2

0, and�2m2
0, respectively, and the same values of

MT ¼ 1014 GeV and �u;d ¼ 0:5. The other parameters are varied as mentioned in Eq. (14), and various direct and indirect constraints

are applied on the parameters as discussed in the text. The different horizontal lines present the current limits and future sensitivities of
ongoing experiments.
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the nonuniversality m2
15 � m2

0 has very tiny effects on the

fudge factor �m2
~e= �m2

~� as they are induced only through the
RG running. As a result, Eq. (18) obtained in the mSUGRA
case also holds true in this case, as can be seen from Fig. 6.

V. SUMMARY

We revisit the supersymmetric type II seesaw mecha-
nism and present an updated analysis of the charged lepton
flavor violations that arise in this model. We show that in
CMSSM-/mSUGRA-like models, the present experimental
limit on BRð� ! e�Þ disfavors the soft SUSY breaking
parameters m0 < 5 TeV and m1=2 < 2 TeV if the triplet

Yukawas are ofOð1Þ. This corresponds to a SUSY particle
spectrum, which is beyond the reach of the LHC. The LFV
constraint on the SUSY spectrum becomes milder if the
Yukawas are small, or, in other words, the mass of triplet
scalar is below 1013 GeV. We show that interesting
cancellations in the magnitude of charged LFVs arise if
the universality condition is relaxed for the soft mass of the
triplet scalar. In such a case, the MEG constraint can be
evaded up to certain extent, which allows a relatively light
SUSY spectrum.

We show that the recent observation of �13 fixes ratios of
decay rates of various charged LFV channels in a class of

SUSY type II seesaw models in which the slepton masses
are universal at the GUT scale. These ratios depend on the
leptonic Dirac CP phase and on the details of soft SUSY
breaking parameters and tan�. Taking all the uncertainty
factors into account, the mSUGRA/CMSSM and NUTM
discussed here predict BRð� ! ��Þ=BRð� ! e�Þ 2
½3:5; 30�. This prediction distinguishes the type II seesaw
from the other variants of the seesaw mechanism. Any
observational evidence of the deviation from this predic-
tion can rule out the type II seesaw mechanism in these
models as an only mechanism to explain the smallness of
neutrino masses.
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FIG. 6 (color online). Correlations between different LFV decays in NUTM. In both the panels, the red (upper), orange (middle),
and green (lower) points correspond to the triplet soft mass m2

15 ¼ m2
0, �m2

0, and �2m2
0, respectively, and the same value of

MT ¼ 1014 GeV and �u;d ¼ 0:5. The other parameters are varied as mentioned in Eq. (14), and various direct and indirect constraints

are applied on the parameters as discussed in the text. The different horizontal and vertical lines present the current limits and future
sensitivities of ongoing experiments.
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