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Neutrino-induced lepton flavor violation in gauge-mediated supersymmetry breaking
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Gauge-mediated supersymmetry breaking is known to greatly suppress flavor changing neutral current
effects. However, we show that gauge mediation in the context of leptogenesis implies potentially large lepton
flavor violating signals. If the heavy right-handed neutrinos that participate in leptogenesis are lighter than the
messenger scale of gauge mediation, they will induce flavor off-diagonal masses to the sleptons which in turn
can induce large effects inm→eg, t→mg, and m-e conversion in nuclei. We demonstrate this result and
compute numerically the lepton-flavor violating decay and conversion rates in scenarios of direct gauge
mediation.

DOI: 10.1103/PhysRevD.69.035010 PACS number~s!: 12.60.Jv
g
an
d

ye

y

l

-

tr
he
pe
e

ry
ss

ri
ng

th
cl
ly
ro
os

w
ri
he
a

nt
s

a
es

m

m-

f the
a

ni-
sure
he

lar
ring
p-

B

all

v-
the

the
he
I. INTRODUCTION

One of the challenges of supersymmetry is constructin
theory that has no new sources of flavor violation subst
tially beyond those already present in the standard mo
~SM!. This requirement is thrust upon us by experiment,
there are theory ideas that predict it.

One such flavor-tame theory is gauge mediated supers
metry breaking~GMSB!. In minimal models@1,2# of GMSB
~MGMSB! there arenm copies of 515̄ messengers that fee
supersymmetry breaking via a gauge singlet,S5M1u2FS ,
in which M is a messenger mass andFS represents a super
symmetry breaking scale in the messenger sector. Since
messenger particles interact with minimal supersymme
SM ~MSSM! particles only through the SM gauge forces, t
messenger-loop diagrams give rise to flavor-diagonal su
symmetry breaking masses in the MSSM sector at the m
senger scaleM, and hence flavor violation in supersymmet
breaking masses are automatically suppressed at the me
ger scaleM @1#.

The messenger scale can be any numerical value in p
ciple. From a collider physics standpoint it is very interesti
whenM andF ~Goldstino auxiliary component! are as low as
possible as it can potentially lead to prompt decays of
lightest SM superpartner into its corresponding SM parti
plus gravitino@2#. The collider signatures for this are usual
easy to distinguish from background and if found would p
vide a compelling case for gauge mediation or some cl
variant of the theory.

Despite the interesting collider phenomenology of lo
scale messengers, there are some advantages to conside
much higher messenger scale. This is particularly true w
we consider how massive neutrinos fit into the full theory,
nowadays results from neutrino oscillation experime
clearly require. These neutrinos are best described by a
saw mechanism with very heavy right-handed neutrinos,Ni
@3#. Out of equilibrium decays of these heavy neutrinos c
precipitate leptogenesis, leading to proper baryogen
through sphaleron reprocessing@4#. Applying all these crite-
ria we expect the right-handed neutrino masses to lie so
where in the range@5,6#
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10628 GeV&MRi
&1012216 GeV. ~1!

Making leptogenesis work requires that the reheat te
perature be at least as large asTR.106 GeV @5,6#. Graviti-
nos can be produced copiously during the reheat phase o
universe@7#. For any given reheat temperature there is
lower bound on the mass of the gravitino such that the u
verse does not become overclosed. Near this overclo
limit, the gravitino can be a significant component of t
dark matter. ForTR5106 GeV that lower limit is m3/2
.100 MeV.1 Thus, supergravity tells us

m3/25
F

A3MPl

*100 MeV⇒AF*few 3108 GeV. ~2!

Keeping flavor-mixing supergravity contributions to sca
masses sufficiently suppressed is equivalent to requi
m3/2&10 GeV. Therefore, we have a lower limit and an u
per limit for F,

1017 GeV2&F&1019 GeV2 ~allowed range forF !. ~3!

The supersymmetry breakingFS term~s! that participate
in GMSB are not necessarily the full strengthF term~s! that
add to the gravitino mass. In the early Dine-Nelson GMS
models @1#, FS was a loop factor below theF in Eq. ~2!.
However, there is a class of GMSB models, which we c
direct gauge mediation, whereFS5F @9–14#. Combining the
collider limits on the gaugino massesMi*100 GeV with the
allowed range forF obtained from requirements on the gra
itino mass in direct gauge mediation, we can estimate
allowed range for the messenger mass:

1012 GeV&M&1015 GeV ~messenger mass range!.
~4!

1If there is an entropy production after the freeze-out time of
gravitino, this limit would not be applicable because it dilutes t
number density of the gravitino@8#.
©2004 The American Physical Society10-1
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Interestingly successful leptogenesis induced by heavy ri
handed neutrinos leads to high messenger scaleM in direct
gauge mediation.2

Under the requirements in Eqs.~3!, ~4!, the phenomenol-
ogy no longer admits prompt decays of the lightest sup
partner into a gravitino. If the lightest SM superpartner is
neutralino, the phenomenology will be hard to distingu
from a regular supergravity model.3 However, the interesting
phenomenology of these models does not stop with coll
physics. Indeed, in GMSB with such a high-messenger sc
heavy right-handed neutrinos play an important role in lo
energy phenomenology as well as in leptogenesis. Per
the most important and unique phenomenological impli
tion of this theory is the potentially large lepton flavor vi
lating ~LFV! signals that can arise. This is counter-intuiti
since GMSB is usually thought to not allow superpartn
induced LFV amplitudes. In this article we demonstrate w
LFV happens in this general class of supersymmetry th
ries, and compute the expected rates for LFV observa
B(m→eg), B(t→mg), andm-e conversion in nuclei.4

II. SUPERSYMMETRIC SM WITH RIGHT-HANDED
NEUTRINOS

We begin by reviewing the MSSM with right-handed ne
trinos, in which the seesaw mechanism naturally induces
neutrino masses. The superpotential in the lepton secto
given by

W5ye
i EiLiH11yn

i , jNiL jH21
MRi

2
NiNi . ~5!

Here we take a basis where the charged lepton Yukawa
trix ye and the right-handed neutrino mass matrixMR are
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both diagonal. Note that in general the neutrino Yukawa c
plings yn are not diagonal and become a source for LF
phenomena such as neutrino oscillation,m→eg, etc.

Below each right-handed neutrino mass scaleMRi
, the

corresponding right-handed neutrinoNi decouples. We write
the resulting low-energy effective superpotential for the n
trino masses at the electroweak scale as follows:

Weff52
k i j

2
~LiH2!~L jH2!, ~6!

k i j [~yn
TMR

21yn! i j . ~7!

The neutrino mass matrix then is given by

mn5k^H2
0&25

kv2sin2b

2
, ~8!

which can be diagonalized by the Maki-Nakagawa-Sak
~MNS! matrix UMNS @16#:

~UMNS!TmnUMNS5diag~mn1
,mn2

,mn3
!, ~9!

~UMNS!TkUMNS5diag~k1
D ,k2

D ,k3
D!. ~10!

From Eqs.~7! and ~10!, the neutrino Yukawa matrix can b
expressed as@17#

yn
i j 5AMRi

RikAkk
D~UMNS * ! jk , ~11!

where the matrixR is an unknown orthogonal matrixRTR
51. Low-energy neutrino oscillation experiments determi
the neutrino mass differences and the entries of the M
matrix. Here we parametrize the MNS matrix as follows:
in order
.
s charged
o would
UMNS5S c12c13 s12c13 s13e
2 id

2s12c232c12s23s13e
id c12c232s12s23s13e

id s23c13e
id

s12s232c12c23s13e
id 2c12s232s12c23s12e

id c23c13

D , ~12!

wheresi j 5sinuij andci j 5cosuij .
In our analysis, we adopt the following numerical data@18,19#:

sin22u2351, ~13!

Dmatm
2 5mn3

2 2mn2

2 5231023eV2, ~14!

for atmospheric neutrinos, and

u12532.5°, ~15!

Dmsolar
2 5mn2

2 2mn1

2 57.131025 eV2, ~16!

2Models discussed in Refs.@11–13# contain many messenger particles that are charged under the SM gauge symmetry. Therefore,
to preserve perturbative gauge couplings up to the grand unified theory~GUT! scale for unification, a high messenger scale is required

3A charged lightest SM superpartner that is long lived on collider time scales would be assumed to be metastable since copiou
dark matter is not allowed cosmologically. Therefore, one would conclude that it must decay to something else, and a light gravitin
be the leading candidate for a decay product that carries away oddR parity.

4Within the framework of supergravity supersymmetry breaking, leptogenesis and LFV have been discussed in Ref.@15#.
0-2



se

m

u
so
Fo

on

a
g
th
al
g

ia

ger
can

,
the
r a

rge

on
s:

eu-
ft-

l to
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for solar neutrinos. We assume hierarchical neutrino mas
so that we takemn1

50 in our analysis. The angleu13 has not

been determined yet, and its experimental limit isus13u
<0.2 @18#. In our numerical analysis, we will takes1350 or
0.1 as reference values. For simplicity, we neglect all co
plex phases.

III. LEPTON FLAVOR VIOLATION IN GMSB

Off-diagonal components in the neutrino Yukawa co
plings give rise to LFV neutrino oscillations, and they al
can induce significant LFV in the charged lepton sector.
example, even if the supersymmetry breaking mechanism
flavor blind, as is the case with GMSB, LFV in the slept
masses can be induced through radiative corrections~i.e.,
renormalization group running! involving neutrino Yukawa
interactions@20,21#. However, effects of neutrino Yukaw
couplings decouple if the scale of supersymmetry breakin
lower than the right-handed neutrino mass scales. In
case, the LFV in the slepton mass matrix is negligibly sm
Low-energy GMSB behaves in this manner if the messen
scale is less than the right-handed neutrino masses.

However, in the case of high-scale direct gauge med
03501
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tion, which we motivated in the introduction, the messen
scale where supersymmetry breaking terms are induced
be higher than the right-handed neutrino mass scalesM
.MRi

. In this case, the neutrino Yukawa couplings enter
slepton mass matrix renormalization group equation ove
significant scale range, thereby affecting potentially la
LFV in the charged lepton sector.5

We can see this LFV effect through the renormalizati
group equations~RGEs! for the left-handed slepton masse

m
d

dm
~mL̃

2
! i j 5m

d

dm
~mL̃

2
! i j uMSSM1

1

16p2
@mL̃

2
yn

†yn1yn
†ynmL̃

2

12~yn
†mñ

2
yn1mH2

2 yn
†yn1An

†An!# i j , ~17!

where md(mL̃
2) i j /dmuMSSM is a contribution from MSSM

without right-handed neutrinos. Even ifmL̃
2 andmñ

2 are flavor
diagonal at the messenger scale, flavor mixings in the n
trino Yukawa couplings generate flavor violation in the le
handed slepton massesmL̃

2 . The flavor mixing in the left-
handed slepton masses is approximately proportiona
yn

†yn . Using Eq.~11!,
least one

SM

ss matrix.
o Yukawa
~yn
†yn!me5~UMNSAkDR†MRRAkDUMNS† !me , ~18!

.Um3
MNSUe3

MNS *k3
DMR3S uR33u21

MR2

MR3

uR23u21
MR1

MR3

uR13u2D
1Um3

MNSUe2
MNS *Ak3

Dk2
DMR3S R33* R321

MR2

MR3

R23* R221
MR1

MR3

R13* R12D
1Um2

MNSUe3
MNS *Ak2

Dk3
DMR3S R32* R331

MR2

MR3

R22* R231
MR1

MR3

R12* R13D
1Um2

MNSUe2
MNS *k2

DMR3S uR32u21
MR2

MR3

uR22u21
MR1

MR3

uR12u2D . ~19!

In Eq. ~19!, we assumedk1
D!k2,3

D .
For t→m flavor violation, indicesm ande should be replaced byt andm, respectively. As can be seen from Eq.~19!, LFV

is induced by flavor mixings fromUMNS andR. Although the matrixR is not known, the large neutrino mixing angles inUMNS

suggested by the atmospheric and solar neutrino experiments imply that large LFV effects are possible when at
MRi

,M .6

In this article we mainly adopt MGMSB to calculate event rates of LFV processes. In MGMSB, MSSM gaugino (Mi , i
51–3) and sfermion masses are generated at the messenger scaleM as follows:

Mi~M !5nm

a i~M !

4p

FS

M
, ~20!

m̃2~M !5
nm

8p2
$c1a1

2~M !1c2a2
2~M !1c3a3

2~M !%
FS

2

M2
, ~21!

wherea i areSU(5)-GUT normalized gauge couplings. Theci are the Casimirs of the sparticle representations under the
gauge groups, which in the SM translates to

5Since the messenger scaleM is lower than the GUT scale, GUT-induced LFV in superpartner masses is absent.
6The hierarchical neutrino Yukawa couplings also induce non-degeneracy in diagonal components of the left-handed slepton ma

Therefore, precise measurement of slepton and sneutrino masses also would be important to probe the effects of the neutrin
couplings.
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c15
3

5 S Y

2 D 2

,

c25H 3/4, if SU~2! doublet,

0, if SU~2! singlet,
~22!

c35H 4/3, if SU~3! triplet,

0, if SU~3! singlet.

Below the messenger scaleM, we consider the MSSM with
massive right-handed neutrino~s! as the effective theory. We
then numerically compute RGEs from the messenger scaM
to electroweak scale, taking into account decoupling of
right-handed neutrinoNi at each mass scaleMRi

. During the

RG running betweenM and MRi
, neutrino Yukawa interac-

tions generate LFV in the slepton masses as shown in
~17!, and as a result, low-energy LFV events are induced

In order to show the messenger-model dependence o
result, we also consider theQ-S-f model of Ref.@13# as an
example that has a complicated messenger sector.7 In this
model, at the highest energies the gauge group isSU(5)H
3SU(5)G with gauge couplingsaH andaG respectively. We
assume all SM matter fields couple only toSU(5)H . Below
the threshold of theQ statesMQ , the gauge group breaks t
SU(5)G3SU(5)H→SU(5) with resulting gauge coupling
a. The low-energy superpartner spectrum at the scaleMQ
can be computed using the techniques of Ref.@22#:

Mi~MQ!5
a~MQ!

4p

F

MQ
~bS2bH2bG!, ~23!

m̃2~MQ!5
ca2~MQ!

8p2

F2

MQ
2

3H bH

aH
2 ~MQ!

a2~MQ!
1bS22~bH1bG!J , ~24!

wherec is defined in Eq.~22!, and thebi are defined to be
the coefficients of the gaugeb functions@see Eq.~5! and just
below Eq.~84! of Ref. @22# for explanation of these values#.
In our numerical analysis, we will assum
aH

2 (MQ)/a2(MQ)51 for simplicity.8 It is necessary to apply
the above scalar mass equation for each gauge group
superpartner scalar is charged under, and then sum the r
to obtain the mass. At thresholdsMS and Mf where chiral
messenger fieldsS and f decouple respectively, additiona
gaugino and scalar masses are generated. As we want to
incorporate Yukawa coupling effects, we treat Eq.~24! as a
boundary condition at the scaleMQ and numerically evolve

7We call the model of Ref.@13# the ‘‘Q-S-f model’’ because it
contains three messenger mass scalesMQ , MS andMf associated
with Q, S and f states, whereMQ5lvQ /A5 (;1015 GeV), MS

5(vQ /A5)3/MPl
2 (;108 GeV) and Mf5(vQ /A5)4/MPl

(;105 GeV).
8In the case withaH

2 (MQ)/a2(MQ)51, A terms vanish atMQ .
03501
e

q.

he

the
sult

lly

the masses to the weak scale across theS-field andf-field
thresholds. We refer the reader to Ref.@13# for a detailed
description of these thresholds.

In the subsequent sections, we will investigate this L
phenomena employing several plausible assumptions a
the mixing angles and masses of the neutrino sector. We
find that the LFV observablesm→eg, m-e conversion in
nuclei andt→mg can grow significantly above the SM pre
dictions in several interesting cases, and therefore the id
can be tested by present experiment and future upgrade
these LFV experiments.

A. Degenerate right-handed neutrinosM R3
ÄM R2

ÄM R3

First we consider a case in which all right-handed neu
nos are degenerateMR3

5MR2
5MR3

[MR . In this case, Eq.
~19! is written by

~yn
†yn!me.Um3

MNSUe3*
MNSk3

DMR3
1Um2

MNSUe2*
MNSk2

DMR2
.
~25!

Note that there is noR matrix dependence in this cas
Therefore if neutrino masses, mixings and superpart
masses are fixed, LFV event rates are expressed as a fun
of the messenger scaleM and the right-handed neutrino ma
scale MR . In Fig. 1, the m-e conversion rateR(m
→e in Ti) is shown as a function ofM and MR . Here we
take Ue3

MNS50 and tanb530. We assume MGMSB with
nm51 andW-ino mass (M2) to be 200 GeV, which fixes the
entire superpartner mass spectrum. As can be seen from
1, asMR becomes larger, them-e conversion rate gets large
as long as the messenger scaleM is larger than, and not clos

FIG. 1. Them-e conversion ratesR(m→e in Ti) as a function
of the messenger scaleM and the degenerate right-handed neutri
scale MR . Here we takeUe3

MNS50 and tanb530. We assume
MGMSB with nm51. The low-energyW-ino mass (M2) is set to
be 200 GeV, which fixes the entire superpartner mass spect
Current limits onR(m→e in Ti) andB(m→eg), and a future sen-
sitivity at MEG @B(m→eg)51.5310213# are also shown. Future
m-e conversion experiments may reach a sensitivity close toR(m
2e).10218. Note that there is no LFV above the diagonal line
MR is above the messenger scale.
0-4
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to, MR . As can be understood from Eq.~25!, the third gen-
eration right-handed neutrino does not contribute tom-e fla-
vor violating slepton masses whenUe3

MNS50. WhenUe3
MNS

5O(0.1), the third generation contribution tom-e LFV in
slepton masses becomes dominant, and hence them-e con-
version rate gets larger in general than what we presen
Fig. 1. The effect of non-zeroUe3

MNS would be more impor-
tant in some case with non-degenerate right-handed ne
nos as we will discuss later.

In the supersymmetric SM with right-handed neutrino
the magnetic-moment-type photon penguin diagram, wh
also induces them→eg process, is almost always domina
in the m-e conversion process, and hence there is a rela
between the predictedB(m→eg) andR(m→e in Ti):

R~m→e in Ti!

B~m→eg!
.531023. ~26!

This relationship is what allows us to show in Fig. 1 simu
taneously the current limits fromm-e conversion process
@R(m→e in Ti) 56.1310213# @24#, m→eg process@B(m
→eg)51.2310211# @24#, and a future sensitivity at MEG
experiment@B(m→eg)51.5310213# @23,24#. We also note
that the expected sensitivity at the future MECO experim
for m-e conversion will beR(m→e)510216 @24,25#, and
further future experiments may be able to reach a sensiti
R(m→e)510218 according to studies in Ref.@26#.

Therefore, at present, the currentm→eg limit already
constrains the regionMR.1014 GeV andM.1015 GeV in
Fig. 1. The future MEG and MECO experiments will b
sensitive to the region aroundMR.1012213 GeV and M
.1013214 GeV. It is extremely interesting to see from Fig.
that future measurements by experiments such as PR
may be able to reach the region aboveMR.1011 GeV and
M.1012 GeV. When one considers that this encompas
the range of allowed messenger mass from the leptogen
considerations, Eq.~4!, the result indicates that LFV signa
are expected to be measured providedMR,M .

In Fig. 2, we show relations betweenR(m→e) and super-

FIG. 2. Relations betweenR(m→e) and superpartner contribution t
muon g22 (dam

SUSY) as a function of low-energyW-ino mass M 2 in
MGMSB with nm51,2,4,10 and in theQ-S-f model. We assume thatMR

51013 GeV, Ue3
MNS50, tanb530, and the messenger scaleM51014 GeV

for MGMSB andMQ51015 GeV for theQ-S-f model.
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partner contribution to muong22 (dam
SUSY) as a function of

the low-energy W-ino mass M2 in MGMSB with nm

51,2,4,10 and in theQ-S-f model. Here we have assume
that MR51013 GeV, Ue3

MNS50, tanb530, and the messen
ger scaleM51014 GeV for MGMSB andMQ51015 GeV
for Q-S-f model. Note that a recent updated estimate
muong22 @27# shows that the deviations of the SM predi
tion from the measurement at BNL@28# are found to be

dam55
~22.167.263.568.0!310210

@e1e22based estimate#,

~7.465.863.568.0!310210

@t2based estimate#,

~27!

where the first error comes from the hadronic contributio
the second one from the light-by-light scattering contributi
and the third one from the BNL experiment. For fixedM2, as
the number of messenger multipletsnm gets larger,dam

SUSY

increases because slepton masses become smaller@see Eq.
~20!#; on the other hand,R(m→e) does not change muc
because the smaller slepton masses also slightly suppres
LFV masses compared to the diagonal components
originated partially from gaugino masses in the RGE ru
ning. In the Q-S-f model, relatively large scalar masse
which are flavor diagonal, are additionally generated atSand
f mass thresholds, which are below the right-handed n
trino mass scale. Therefore the LFV masses are relativ
suppressed, and as a result, the conversion rate gets sm
Taking into account the allowed range ofMQ (1014 GeV
,MQ,1016 GeV) @13#, however, the present and futur
LFV searches have great impact on sensitivity to this mo
too.

LFV event rates depend on parameters in the neut
sector such asMR andUe3

MNS as shown in Fig. 1. On the othe
hand, the contribution from superpartners to muong22 is
almost independent of these parameters because small
slepton masses do not affect it. So in the parameter spac
Fig. 1, the superpartner contribution to muong22 is almost
constant, dam

SUSY.231029. For fixed dam
SUSY, the

messenger-model dependence can be read from Fig. 2,
the dependence on the neutrino parameters and the me
ger scale can be seen from Fig. 1. It should be noted also
dam

SUSY is approximately proportional to tanb, and R(m
→e) is proportional to tan2b. Since R(m→e)
}@(mL̃

2)12/mL̃
2
#2(dam

SUSY)2 as can be seen from Fig. 2@29#,
potentially the precise determination of muong22 together
with LFV searches would provide a significant handle
models with LFV.

B. Non-degenerate right-handed neutrinosM R3
ÐM R2

ÐM R1

When the right-handed neutrinos are not degenerateMR3

>MR2
>MR1

, a dependence on theR matrix enters in the
0-5
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slepton masses, and hence the LFV event rates gene
depend on the unknown9 parameters ofRi j .

First let us consider the case withR51. When Ue3
MNS

50, the third generation right-handed neutrino does not
ducem-e flavor violation. In this case, whatever the value
MR3

is ~even if MR3
.M ), the m-e conversion rate is the

same as that found in Fig. 1 except that now we should r
MR in Fig. 1 asMR2

. However, LFV generated by the thir

generation right-handed neutrino is important in thet→mg
process especially whenM.MR3

and MR2
is rather small

~say, less than 1012 GeV).
In Fig. 3, branching ratio contours oft→mg are shown

as a function of the messenger scaleM and the third genera
tion right-handed neutrino massMR3

. Here we assumed

MGMSB with nm51 andM25300 GeV, tanb530, Ue3
MNS

50 andR51. We tookMR1
51010 GeV, MR2

51012 GeV,

and thus them-e conversion is typically small@R(m→e)
;1021610217# because the third generation right-hand
neutrino does not contribute (Ue3

MNS50) andMR2
is so low.

Nevertheless, as can be seen from Fig. 3, the search ft
→mg could be interesting and capable of probing the reg
aroundM.1015 GeV andMR3

.1014 GeV if the future im-

proved measurement ofB(t→mg) gets to the level of
o
th
-

m

n

ig

p
l
in

03501
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n
1028–1029 @30#. Thereforet→mg will be independently
important in the framework of GMSB.

Next, we consider cases whereRÞ1. We parametrize the
R matrix as follows:

FIG. 3. Branching ratios of thet→mg process,B(t→mg) as a func-
tion of the messenger scaleM and the third generation right-handed neutrin
massMR3

. Here we consider the hierarchical right-handed neutrinos,MR1

51010 GeV andMR2
51012 wino. We assume MGMSB withnm51 and

M25300 GeV, and tanb530, Ue3
MNS50 and R51. Future experimental

sensitivity might be as low as 1029, in which case there is a significan
region ofMR3

andM that this LFV observable would probe.
R5S cR2
cR1

sR2
cR1

sR1

2sR2
cR3

2cR2
sR3

sR1
cR2

cR3
2sR2

sR3
sR1

sR3
cR1

sR2
sR3

2cR2
cR3

sR1
2cR2

sR3
2sR2

cR3
sR2

cR3
cR1

D , ~28!
at

wheresRi5sinuRi

andcRi5cosuRi
.

Assuming that one of the anglesuRi
is non-zero, we

presentm-e conversion rates showing the dependence
each angleuRi

in Figs. 4 and 5. We assumed MGMSB wi
nm51, M25300 GeV and tanb530. We fixed the messen
ger scale and right-handed neutrino masses to beM
51015 GeV, MR1

51010 GeV, MR2
51012 GeV, and MR3

51014 GeV.
In Fig. 4,Ue3

MNS is set to zero. As can be understood fro
Eq. ~19!, because of non-zero mixing in theR matrix, several
comparable terms are generated in Eq.~19!, and then for
some specific values ofuRi

, a cancellation occurs betwee
terms. That is why we find some steep suppressions
R(m→e) in Fig. 4. Otherwise the event rates in most of F
4 are comparable or larger than those whenR51 (uRi

50).

9None of the successful neutrino oscillation experiments can
down or even constrain theR matrix entries. It takes additiona
observables, such as LFV signals, to make progress in constra
this matrix.
n

of
.

In Fig. 5, we show a similar figure to Fig. 4 except th
Ue3

MNS is set to be 0.1. Again at some~different! values ofuRi

a cancellation occurs andR(m2e) dips precipitously. How-

in

ing

FIG. 4. Them-e conversion rates,R(m→e in Ti), as a function of an
angleuRi

in the unknownR matrix. Each line in the plot is drawn by varying
only one non-zero angleuRi

. We assume MGMSB withnm51 and M 2

5300 GeV, tanb530 and Ue3
MNS50. Here we setM51015 GeV, MR1

51010 GeV, MR2
51012 GeV, andMR3

51014 GeV.
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ever, the typical value of the event rates are often consi
ably larger than those whenUe3

MNS50, especially when the
hierarchy betweenMR2

andMR3
is large. Therefore, we con

clude that we should generally expect large LFV event ra
even though theR matrix is unknown.

IV. CONCLUSION

We have found that if we incorporate neutrino masses
leptogenesis into the superstructure of direct gauge-medi

FIG. 5. Same as Fig. 4 except forUe3
MNS50.1.
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supersymmetry breaking, significant low-energy LFV sign
are possible in observables such asm→eg, m-e conversion
in nuclei andt→mg. Heavy right-handed neutrinos belo
the high messenger scale are what induce the large r
This is because the full Yukawa couplings of neutrinos
part of the effective theory between the messenger scale
the lower right-handed neutrino scale, thereby enabling th
highly mixed off-diagonal entries to infect the slepto
masses via renormalization group running. The large L
mass entries in the slepton mass matrix that result from
neutrino Yukawa coupling RG effect contribute in loops
the LFV observables.

We have shown that small regions of parameter space
already ruled out by carefully correlating what the theor
predict for LFV observables to what the experiments ha
~not! measured. Large regions of parameter space will
tested and probed by future experiments dedicated to sig
cant improvements in the search form→eg, m-e conversion
in nuclei andt→mg. And as we have emphasized in th
article, a non-zero measurement of these LFV decays is
only consistent with some versions of gauge mediation; i
to be expected.
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