
� �������	��
 � 
������������ � ������� � ����� ����� ��!"�
#%$'& (�!�� ) �'!*$'&+�,�-��


τ
&��/.

µ
.0�213&4���

5 �6��������! 7 ��
0&��/.�& 8 &��6�����9&��

Universidad Autónoma de Madrid

In collaboration with:
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• 5 J+6mY B Q Db@vI87gF/9 J Db@�D4:�; JKB_@ o FbI I J I
• < JKlbY @�D D�6Uo pqJKB39�Q @�XTFmY9Q D6^ lqB @ S J I�I J I SAFUD @CS S+6UB= < JKlmY @v^vJKD J IRQ I4>?>@>�A
• < JKlbY @�D B,F49 @CB$9UQP@�XaFmYnQ Db^ lKB_@ S J I�I J I SAF�D @ S S+6�B

(µ → eγ...)

? C#��������� D	��!�
#�$�FE �2�	��!����)�#
 �'���G���H-I-I�H-HJK �)�L�M�ON ��� ������P �Q�$� ����N ��&�R�����-
• S 76JKBrJtFKBrJ Db@qY < Lq: lKB_@ S J I�I J IUT*QZYV7�Q D i�W

(mν = 0)

?
K � !�-I-X*�Y � Z !\[]���Q!��L! νR �^��������-_�)`���� �Q�$� mν 6= 0

? �G�a�H-b!XN Y ���'&L!����2-�Y �Q�$�8����*����c�)��� Y !�-I- 
.�����d�Q!����2���
? C'!'�^
.� CGDdE �Q!����H- �)� �fe%�$gihj-I�H�H-b!XN Y �G�M����- �k*�� �l� "!�
#�$� Y �nm��)��
 �)� -I���o� -X����������� Y !�-I-I�H-

• o F�D4p I[YV66H Q J I�@�D µ → eγ , τ
B<FqB_J HUJ SAFqp I

, Z → τ µ̄...

?
K �r-l�s*���R CGDdE ���1�1!XR#-t��� τ !���� µ N �u�s&��)�i�+&#� vrZ �"�tZ h-I�H�H-b!XN J

τ− → µ−µ−µ+, τ− → e−e−e+, µ− → e−e−e+

• L�6�X X @�D Jq: XP@U@�l S @�o la6mY[FbYnQ @ND
• w FKB<F�X XPJKX�I[YV66HXp @sx lj → liγ, i 6= j,Y @ Q DbI\6�BrJ S @�o lGFmYnQ p�Q X QPYypzT*QPY]7 HCFbY[F
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•
K � !�-I-X*�Y � *����u
#���^- !���-I��� �Vhq�fe%�$gihb`'���O!�Pd�)��
 Y !O-4-I�a-
!1� ��!'��
�� �������^
	�2�H- MX >> mM ,

mM = Z !l[]�$�o!��L! νR Y !O-4- � MX = 2 × 1016 GeV

(mL̃)2ij = M 2
0δij, (mẼ)2ij = M 2

0δij, (mM̃)2ij = M 2
0δij,

M1 = M2 = M1/2, MH1 = MH2 = M0

•
� &#� ��� ��hb�c*$�����)��
 �M��N � ��� mM 
.�������Q!1�l�a-  "!�
#�$�
�����1hV��� !�
����L!��$-I��� � Y !�-I-I�H- �k*�� ��� Yν,

(∆m2
L̃)ij = − 1

8π2
(3M 2

0 + A2
0)(Y

∗
ν LY T

ν )ij

(∆Al)ij = − 3

16π2
A0Yli(Y

∗
ν LY T

ν )ij

(∆m2
Ẽ)ij = 0 ; Lkl ≡ log









MX

mMk








δkl

•
K � !�-I-X*�Y � �+&����a� νR !���� *#-I� �s&�� �L!'�o!�Y �����c���H!����2���
���
	 � v !�-b!�- !��L� 	 ��� `L!'�c�o! (Nucl.Phys.B 618(2001)171)

Flavor diagonal basis for l and νR; Flavor non-diagonal Yν,

Yli =
mli

v1
, (Yν)ij =

(mD)ij
v2

, v(1,2) = v(cos β, sin β)

mT
D = im

diag 1/2
N Rmdiag 1/2

ν U+
MNS ; RTR = 1

R
S @�o lUXPJ�
 o FmY9BEQ�
��

mdiag
N , mdiag

ν

la74p IRQTSAF�Xko FbI�I J I
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• � 6gFbI Q : H�J ^ JKD6JKB<FmY J X Q ^#7mY FUD6H HUJ ^vJKD�>t76JAF49bp D J+6mY9BEQ Db@vI��
mν1

= 0.2 eV , mν2
= mν1

+
∆m2

sol

2mν1

, mν3
= mν1

+
∆m2

atm

2mν1

,

mN1
= mN2

= mN3
= mN

• 7�Q JKB<FKBrS+7�Q SAF�X�X Q ^#7mY�F�D6H 7�Q JKB<FqB_S+7�Q SAFUX'76JAF49bp D6J+6bY9BEQ Db@vI��
mν1

' 0 eV , mν2
=

√

∆m2
sol , mν3

=
√

∆m2
atm,

mN1
≤ mN2

< mN3

?
K � �I!�P�� �)�$��*�� 
'!��0*��a- �Q�$� ∆m2 !���� UMNS :

√

∆m2
sol = 0.008 eV,

√

∆m2
atm = 0.05 eV ; δ = α = β = 0

θ12 = θsol = 30o, θ23 = θatm = 45o, θ13 = 0o,

?
K � ���	Y ��*��l� �+&�� CGDdE τ !���� µ �M���H!XR �o!��l�a- �Q�$�
'!'�c�2�	*#- �d&��(�����H- ��� mN1,2,3 !���� R

R =















c2c3 −c1s3 − s1s2c3 s1s3 − c1s2c3

c2s3 c1c3 − s1s2s3 −s1c3 − c1s2s3

s2 s1c2 c1c2















ci = cos θi; si = sin θi, θ1,2,3 =
S @�o lUXPJ�
 F�Db^�X J I

w FKB<F�o%JRY JKB I Q D R
S @�DbI[Y B=F�Q D J H pqp lqJKB YV6�B-pgFmY9Q 9UQPY p @sx

YνLqF/96@#6�B<F�pUXPJ 9GFUX 6 J Itx @CB f2FKB?p @q^ JKD J IRQPI
mN1,2,3 > 108 GeV
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?
K � Nz�$�jP �)� �+&�� ��&OR#-_���1!�� `L!�-_�2-HJ; D49 @�X 9gJ H%i��/i�� lGFKB YnQTSKX J I�Q D�Y]7 J @ND Jq: XP@C@Nl0H,Q Fb^�B<F�o*I��

χ−, χ0, l̃, ν̃

• � 7GFKB_^ J I XPJKlbY @�D I J SRY @CB :� D6S J XPJKlbY @�DbI F�D6H D6J+6bY9BEQ Db@vI FqBrJ B_@qY[FmY J H Y @ YV76J l�7/p6IRQTSAF�X
pGFbIRQ I j YV76JWI XPJKlbY @�D o FbI I o FbY9BEQ S J I FqB_J 5 � S H,Q Fb^v@�DgF�X �
X JKlmY @�D4:	I XPJKlbY @�D otQ I F�X QP^�D�o"JKDmY

M2

l̃
=





























M ee 2

LL M ee 2

LR M eµ 2

LL M eµ 2

LR M eτ 2

LL M eτ 2

LR

M ee 2

RL M ee 2

RR M eµ 2

RL M eµ 2

RR M eτ 2

RL M eτ 2

RR

Mµe 2

LL Mµe 2

LR Mµµ 2

LL Mµµ 2

LR Mµτ 2

LL Mµτ 2

LR

Mµe 2

LR Mµe 2

RR Mµµ 2

RL Mµµ 2

RR Mµτ 2

RL Mµτ 2

RR

M τe 2

LL M τe 2

LR M τµ 2

LL M τµ 2

LR M ττ 2

LL M ττ 2

LR

M τe 2

RL M τe 2

RR M τµ 2

RL M τµ 2

RR M ττ 2

RL M ττ 2

RR





























referred to (ẽL, ẽR, µ̃L, µ̃R, τ̃L, τ̃R)

M ij 2

LL = m2

L̃,ij +
1

2
v2

1

(

Y †
l Yl

)

ij
+ m2

Z cos 2β

(

−1

2
+ sin2 θW

)

δij

M ij 2

RR = m2

Ẽ,ij +
1

2
v2

1

(

Y †
l Yl

)

ij
− m2

Z cos 2β sin2 θW δij

M ij 2

LR =
1√
2

(

v1

(

Aij
l

)∗ − µY ij
l

)

M ij 2

RL =
(

M ij 2

LR

)∗
, i, j = e, µ, τ

• i D6J+6bY9BEQ Db@ I J SRY @CB � =
ν̃R

H�J S @#6�lUXPJ A

M2

ν̃ =













m2

L̃,e
+ 1

2
m2

Z cos 2β m2

L̃,eµ
m2

L̃,eτ

m2

L̃,µe
m2

L̃,µ
+ 1

2
m2

Z cos 2β m2

L̃,µτ

m2

L̃,τe
m2

L̃,τµ
m2

L̃,τ
+ 1

2
m2

Z cos 2β













referred to (ν̃eL, ν̃µL, ν̃τL)

? �G���o� �L!'�Q!�Y �������^- �]���	Y ��� ��h/�j*������)��
 �M��N � �l� � K-/�1!���� (SPheno programme)

? µ �]���	Y � K `'����!�P'�)�#
 ���������u���2���
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lj(p)

γ

χ̃0

A

li(p1)

l̃X

l̃Y

lj(p)

γ

ν̃x

χ̃−

B

li(p1)

χ̃−

A

(G1) (G2)

lj(p)
γ

lj

χ̃0

A li(p1)

l̃X lj(p)
γ

lj

χ̃−

A li(p1)

ν̃X

(G3) (G4)

lj(p)
γ

χ̃0

A li(p1)

li

l̃X

lj(p)
γ

χ̃−

A li(p1)

li

ν̃X

(G5) (G6)

PSfrag replacements

log mN

BR(τ → 3µ)
BR(τ → µγ)

tan β
|θ2|
|θ2|

�����
����� ��� 
	
����	����� �

lj(p)

li(p3)

χ̃0

A

l̃X

li(p1)

li(p2)

χ̃0

B

l̃Y

lj(p)

li(p3)

χ̃0

A

l̃X

li(p1)

li(p2)

χ̃0

B

l̃Y

(B1) (B2)

lj(p)

li(p3)

χ̃−

A
ν̃X

li(p1)

li(p2)

χ̃−

B

ν̃Y

(B3)

PSfrag replacements

log mN

BR(τ → 3µ)
BR(τ → µγ)

tan β
|θ2|
|θ2|
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lj(p)

Z

l̃Y

χ̃0

B

li(p1)

χ̃0

A
lj(p)

Z

ν̃Y

χ̃−

B

li(p1)

χ̃−

A
lj(p)

Z

χ̃0

A

l̃Y

li(p1)

l̃X
lj(p)

Z

χ̃−

A

ν̃Y

li(p1)

ν̃X

(Z1) (Z2) (Z3) (Z4)

lj(p)
Z

χ̃0

A li(p1)

li

l̃X

lj(p)
Z

χ̃−

A li(p1)

li

ν̃X

lj(p)
Z

lj

χ̃0

A li(p1)

l̃X lj(p)
Z

lj

χ̃−

A li(p1)

ν̃X

(Z5) (Z6) (Z7) (Z8)

PSfrag replacements

log mN

BR(τ → 3µ)
BR(τ → µγ)

tan β
|θ2|
|θ2|
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lj(p)

Hx

l̃Y

χ̃0

B

li(p1)

χ̃0

A
lj(p)

Hx

ν̃Y

χ̃−

B

li(p1)

χ̃−

A
lj(p)

Hx

χ̃0

A

l̃Y

li(p1)

l̃X
lj(p)

Hx

χ̃−

A

ν̃Y

li(p1)

ν̃X

(Z1) (Z2) (Z3) (Z4)

lj(p)
Hx

χ̃0

A li(p1)

li

l̃X

lj(p)
Hx

χ̃−

A li(p1)

li

ν̃X

lj(p)
Hx

lj

χ̃0

A li(p1)

l̃X lj(p)
Hx

lj

χ̃−

A li(p1)

ν̃X

(Z5) (Z6) (Z7) (Z8)

PSfrag replacements

log mN

BR(τ → 3µ)
BR(τ → µγ)

tan β
|θ2|
|θ2|



� �Q!����d&��)��
 �Q!1�+�2��- �M���������M������� N �u�+& mN !��L� tan β

�M�H
��������o!���� mNi
!���� ����!�� R

Explored values: 108 ≤ mN(GeV) ≤ 1014

(M0, M1/2, A0) = (400, 300, 0) GeV
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?
V�X X B=FbY J I ^�B_@bT T QPY]7

mN(GeV)
FbI J�
 lqJ SRY J H

? S @qY[F�XkB<FmY J I ^�B @bT FbI
(tan β)2

? BR(τ− → µ−µ−µ+) < 10−11, tan β < 50

? BR(τ → µγ)
pqJKXZ@bT J�
 l�>0X Q otQZY I��

7 × 10−8
x<@CB

mN < 1014 GeV

? Smaller rates for τ → 3e, µ → 3e, τ → eγ, µ → eγ
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(mN1
, mN2

, mN3
) = (108, 2 × 108, 1014) GeV

? vt��Y �$���sm θ2 (arg(θ2) = 0, π/4, π/6, π/8, π/10, θ1 = θ3 = 0)

tan β = 50, (M0, M1/2, A0) = (200, 100, 0) GeV
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tan β = 50, (M0, M1/2, A0) = (400, 300, 0) GeV
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� Q JKB<FqB_S+7�Q SAFUX � W 66S+7 XaFKB_^ JKB B=FbY J I Y]7GF�D x @CB H�J ^ JKD JKB=FbY J SAFbI JX>
< Q ^#7mY i��/i�� I lqJ SRY B<F I Jq9 JKBrJKX p S @�DbI[Y B<F�Q D J H
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(mN1
, mN2

, mN3
) = (108, 2 × 108, 1014) GeV

θ1 = θ2 = θ3 = 0

tan β = 50, (M0, M1/2, A0) = (400, 300, 0) GeV
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θ13 > 2o
FKBrJ 6UDgF�X XP@bTdJ H p�p < Lq: H FmY[F



8 !"�/1 $ 
��?�'!"�/� �

?
� #d)

τ
&��/.

µ
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BR(τ− → µ−µ−µ+) ∼ 10−5
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