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The PMNS matrix

The PMNS matrix

The charged current interaction Lagrangian:

Lcc = ——Z Z /L'YaU/IVILW T+ h.c.
/*1 I=e,u,

PMNS matrix?:

Uel Ue2 Ue3
U=| Ua Up Us |, Uec®3 U =ut
UT]. U7'2 U7'3

aPontecorvo, Zh. Eksp. Teor. Fiz. 33, 549 (1957) and 34, 247 (1958).
Maki, Nakagawa, Sakata, Prog. Theor. Phys. 28, 870 (1962).
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The PMNS matrix

The PMNS matrix

Parametrisation:

5
c12€13 512€13 size’
_ is i5
U= | —sipc3 — cos1353€’’  cro03 — s1251353€"°  ci3s3 | T
i i

512523 — C12513C23€'°  —C1253 — C23512513€'  C13C3

where
T = diag <l,e’ 2 e )

and

cij = cosbjj, sj =sinbjj, 0 € [0, 5]
d: Dirac CP violating phase
a1, a31: Majorana CP violating phases
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The decay p — ey p — ey in the SM
© — ev in the MSSM

(t — €7y in the SM vs. experiments

SM branching ratio?

3a |Am3 N Am3 N 2 _
BrSM (N — e’Y) = 32—7T m—221U62UH2 T m—231Ue3UH3 ~ 10 55
w w

bBilenkii et al., Phys. Lett. B67 (1977) 309.

Marciano, Sanda, Phys. Lett. B67 (1977) 303.
Lee et al., Phys. Rev. Lett. 38 (1977) 937.

M. Davidkov, JINR Sofia, April 12, 2011



The decay p — ey p — ey in the SM
© — ev in the MSSM

(1 — e7y in the SM vs. experiments

Experiments

At 90% C.L.:
MEGAS: Br(u — ey) <1.2-1071!
MEGY: Br(pu — ey) <2.8-10711

An experimental observation of the decay 1 — ey would be a clear
signal of new physics beyond the SM.

°Brooks et al., Phys. Rev. Lett. 83, 1521-1524 (1999).
dAdam et al., Nucl. Phys. B834, 1-12 (2010).
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The decay p — ey pu — ey in the SM
p — ey in the MSSM

The SUSY contribution

The p — ey decay rate

G2
o —— \AWi+AHi+A o+ Ags

Mu—ey)=
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The decay p — ey 1 — ey in the SM
p — ey in the MSSM

The SUSY contribution

We consider mSUGRA with universal boundary conditions and
minimal flavour violation.

At the GUT scale

@ Universality: The soft SUSY breaking terms repeat the flavour
structure of the original superpotential.

o 5 free parameters: mg, my o, Ao, tanf, sgn(u).
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The decay p — ey 1 — ey in the SM
p — ey in the MSSM

Seesaw mechanism¢®

0 m
= g i)
mp = w Y, € C3*3: Dirac mass matrix
Mg € C3*3: Majorana mass matrix
Diagonalisation of M,, in the L-R space:
M,, = mpMg*mp, M,, = Mg

Diagonalisation of M,, in the flavour space with the PMNS matrix:

U™M,,U = diag (ml,,1 s My, m,,,3>

€Minkowski, Phys. Lett. B 67 (1977) 421.
Mohapatra, Senjanovic, Phys. Rev. Lett. 44 (1980) 912.
Glashow, in Quarks and Leptons, eds. M. Levy et al. (New York, 1980).
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The decay p — ey 1 — ey in the SM
p — ey in the MSSM

SUSY seesaw mechanism

At the GUT scale

Exact SUSY:
2 2
Mﬂl = Ml/ MV/’ Mﬂh = Mzth Ml/h
SUSY braking with universal soft terms’:

M2 — (mg + 2M2 cos 28) 1343 2(Ao—pcot B—Bo) My,
i 2(Ag—pcot B—Bo)M,, (m3 + M3 cos2B)13x3

-

fGrossman, Haber, Phys. Rev. Lett. 78, 3438-3441 (1997).
Dedes et al., JHEP 0711, 059 (2007).

M. Davidkov, JINR Sofia, April 12, 2011



The decay p — ey pu — ey in the SM

p — ey in the MSSM

At the GUT scale

In the flavour space M,, and Mygl are both diagonalised by the
PMNS matrix.

3

~ E Do~ 1

V/L - U/i Viu Uli - U/i7 | = e, u, T
i=1
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The decay p — ey 1 — ey in the SM
p — ey in the MSSM

The SUSY contribution

600

500

mass [GeV]

GUT scale — SUSY scale

400

RG evolution from the GUT scale
down to the SUSY scale is model MW
dependent®, however, the
parameters in the (s)lepton sector
are hardly running. 100

200

&See i.e. Casas, Ibarra, Nucl. Phys. B618, 171-204 (2001),
Pascoli et al., Phys. Lett. B564, 241-254 (2003),
Branco et al., JHEP 0709, 004 (2007),
Hisano et al., Phys. Rev. D53, 2442-2459 (1996) and refs. therein.

Figure from: de Boer, Ehret, Kazakov, Z. Phys. C67, 647-664 (1995).
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The decay p — ey 1 — ey in the SM

p — ey in the MSSM

The SUSY contribution

RG evolution

@ Small mismatch between the neutrino and sneutrino mass
matrices.

@ FCNC contribution is suppressed.

@ The contribution from heavy right-handed neutrinos and

. . mp
sneutrinos is suppressed by a very small mixing angle ~ o

= The LFV appears in FCCC processes described by the PMNS
matrix.

Sofia, April 12, 2011
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The decay p — ey 1 — ey in the SM
p — ey in the MSSM

The SUSY contribution

Contributions

2
v

m

@ SM contribution: A+ ~ —
my

= negligible
@ Charged Higgs contribution: Ap+ involves neutrinos
= negligible
@ Neutralino contribution: LFV through a FCNC = suppressed

@ Chargino contribution: LFV through a FCCC described by the
PMNS matrix = The most important contribution
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The decay p — ey 1 — ey in the SM
p — ey in the MSSM

The chargino contribution

The y — ey branching ratio

Mup—ey) ba
B = W7 ey 0%,
iy — <) M — ebv) T | X+

The PMNS matrix is unitary = Ag+ = 0 for my, = mp, = my,.
For our considerations my, ~ my,

A N P R P
= Agr ~ UaUg |hz | —= | —h2| =
m_ . m_ .

Xj Xj

~ cosfi3sinfq3sin b3
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The decay p — ey 1 — ey in the SM
p — ey in the MSSM

The chargino contribution

613 is poorly measured”:

sin? 13 < 0.035 (0.056) at 90% (99.73%) C.L.

Global analysis of all available neutrino oscillation data’:

sin 613 = 0.016 + 0.010

hSchwetz et al., New J. Phys. 10, 113011 (2008).
"Fogli et al., Phys. Rev. Lett. 101 (2008) 141801.
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Results

mo = 500 GeV, m;/, = 500 GeV

sin?6;3 = 0.016

10 B |Agl/GeV
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Results

my = 500 GeV, 500 GeV
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Results

Mo = 500GeV, my, = 900GeV, Ag = 0
Mo =500 GeV, my, = 900 GeV, sin%fy; = 0.016 0 vz 0
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10-° 107

10710 1072 ;:
107 10-14 —

107 / 16
10713 / 10

14 18 ;
1070506 1000 1500 2000 2500 "VCY 10000 005 010 015 020 025 903

mp = 1500 GeV, my,, = 250 GeV, Ag =0

Mo = 1500 GeV, My, = 250 GeV, sin®fy; = 0.016 Br(u—ey)
Br(u—ey) 108
1078 —
I

T S 10710 —
L 1012 I
1078

—14
10—12\ 10
1078 |Agl/GeV 107 sinfis

0 500 1000 1500 2000 2500 000 005 010 015 020 025

M. Davidkov, JINR Sofia, April 12



Conclusions

Conclusions

@ The decay i — ey might serve as a direct manifestation of
physics beyond the SM, in particular, supersymmetry.

@ The supersymmetric contribution to u — ey decay crucially
depends on the mixing angle 813 which is not precisely
measured.

@ Global analyses of the SUSY parameter space prefer small
values of 013. The experimental determination of this
parameter is very important for placing stringent constraints
on the MSSM parameter space.
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