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This talk represents edited highlights of
arXiv:0712.0852 (hep-ph)
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Outline
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# Neutrino masses in Lepton number violating (LNV)
SUSY.

# Additional issues in high scale models (IMSUGRA).
# Numerical procedure.
# Comments and Summary.
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Neutrino oscillations

-

oscillations data
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LNV In SUSY
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# Assume Standard Model (SM) (super-) field content:

Q : (3,2,%), U (3,1,—%), D (3,1,%),
L (1,27_%)7 Hg (1727_%)7
E . (1,1,1), H, : (1,2,3).

# Most general superpotential leads to fast proton decay:
Wrpe = (Yg)ijLiHgE; + (Yp)ijQiHgD; + (Yu)ijQiHWU; — pnHgHy,

1 _ _ 1 N
Winv = SXijrLily By + N LiQ; Dy — pi L Hy + §A‘;kUinDk,

7

s Baryon parity good alternative to
R-parity.
s Lepton number violated, with Majorana neutrino

L masses. J
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Seesaw mechanism: effective m,
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# ‘Electroweak seesaw’. neutralinos as the heavy fields

# Attree level ONE massive neutrino only
. radiative corrections important

AcAe  AcA,  AcAs
A'u,Ae A/,LA,U, A,U,AT )
ArAe  ArA,  ALA;

(M1g3 + M2g?)
2p[vuva(Mi1gs + M2g?) — pMy Mo

174
Mg

AN, = pv; —vgpi, i={e,u, 1}

# Example: mass corrections

2% 2%
(_{_\/lé )LbRb (_{_\/ld )LbRb
VRN /SR
V; Vj V; Vj
/ /
)‘iab /\jba )\z’ab )\jba
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oop calculations

Phenomenological models (weak scale)

® bilinear Kaplan, Nelson JHEP 0001, Nilles, Polonsky NPB 484
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» mixed Borzumati, Grossman, Nardi, Nir PLB 384, Cheung, Kong PRD 61, Dedes,
Rimmer, Rosiek JHEP 0608
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Neutrino massesin LNV mSUGRA

- N

® At Mx ~ 10'%Gev .
» R-parity conserving (RPC) parameters:
mo, My j2, Ao, sgnu.
s 0 bilinear LNV pars p;, D;, m? , : rotated away.
s 2trilinear LNV pars: A;jx, Al -
s 3 charged lepton mixing angles.
At Mz tan3 = vy /vy.
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Neutrino massesin LNV mSUGRA
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# Renormalization effect important, e.g.

) ) Li H H
167% i ~ —p(Niji (Vi) jk + 3N (YD) 1) v . .
1a (YD)CLC] H

o Tree level m,, dominates in general. suppression by
Interplay of the 2 LNV parameters.
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Neutrinosin LNV mSUGRA: literature
W -

Cosmological neutrino mass bound
-
Phenomenological models (GUT scale)

® Dilinear
® ftrilinear



Numerical Procedure

fMINUIT T

finds best fit parameters of
9l127 9l137 9l237 A1, Ag, € {)"ijkﬂ )‘gjk}@MX'
SOFTSUSY '

#® Specify RPC parameters (SPS1a benchmark)

mo = 100GeV, M, /5 = 250GeV, Ag = —100GeV,sgnu = + @ My,
tan0 =10 Q@ M,

Rotate to diagonal lepton basis using ' @ My.
Fit boundary conditions @ M.

EWSB conditions @ Mgygy .

Calculate m, @ Mgygy.

e o o o

v* of the neutrino oscillations data. J

.
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Numerical results @ SPSla

Normal hierarchy

Ay Ay el12 9l13 el23 Arr | X
Ny = —2.49978 x 107%  Ag33 = 4.06508 x 107" | 0.459520 0.388989 0.304863 | 8.09 | -
9Ny = —2.50019 x 107%  Xgy; = 4.06533 x 107 | 1.98935  1.08162 0.632130 | 8.10 | -
Ny = —3.41336 x 107%  A39; = 9.86746 x 107" | 0.448321 0.400030 2.89062 | 124 | -
PNy = —1.14066 x 107%  Ajpp = 4.06346 x 107° | 1.19298  0.190538  1.17391 | 11.8 | -
Ny = —8.97777 x 107  Ajg3 = 1.02771 x 107* | 2.10672  0.174800  1.18124 | 9.44 | -
"Ny = —8.59626 x 107°  Aj33 = 4.09647 x 107° | 0.997963 0.281922 0.417935 | 8.00 | -
Inverted hierarchy

Ay Ay 0l12 ‘9113 6l23 Apr | X°
Ny = —5.69116 x 107%  Ag33 = 1.36023 x 10~* | 1.55779  0.815115 0.146126 | 755 | 0.01
Ny = —5.69126 x 107¢  Agyyy = 1.32365 x 107* | 1.38843  0.760045 0.140903 | 758 | 0.06
Ny = —5.67940 x 107%  Aj93 = 1.42938 x 10~* | 1.81386  —0.757538 0.141975 | 726 | 0.05
PNy = —1.96283 x 107%  Ajpp = 1.24824 x 107* | 0.134765 0.101938 0.798282 | 988 | 0.43
PN oy = —1.93673 x 107 A3 = 1.47364 x 107* | 3.03234  0.0866645 0.931616 | 743 | 2.85
DN gy = —1.96175 x 107*  Ajp3 = 1.45708 x 10~* | 0.144386 0.0943266  0.689708 | 736 | 0.52

|
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Comment
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# Mild tuning in normal hierarchy. Stronger fine tuning in
Inverted hierarchy.

# Near tri-bi maximal mixing accidental.

# 2 LNV couplings: phenomenological studies
manageable.
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Summary

- N

# Lepton number violating SUSY models provides
alternative See-Saw mechanism to neutrino masses.

# Possible to promote to unified models, e.g. minimal
supergravity (MSUGRA), with additional issues.

# Performed quantitative study of mSUGRA with 2
GUT-scale trilinear LNV couplings and three charged
lepton mixing angles.
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Thank youl.
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Decay widths

-

Mij | Channel | BR Channel | BR
A - +10.006 | u~ v, u | 0.006
122 6_ Yu B M_ Ve B Aijt | Channel | BR Channel | BR
A3z | e vy pt | 0.007 | 77 v, ut | 0.007
— - — - Aa22 | e vy, ut | 0.063 | u~ ve ut | 0.063
Mg | e vy T 0.029 | = v 7™ | 0.029 B N B N
B B M32 | e vr 0.056 | 7~ v 0.057
M3z | e vr7t [ 0.034 | 77 v, 7 | 0.034 S — TT0067 | oo T 0.067
\ast | = vr et | 0005 | 7 v, et | 0.005 | | 1 TeT ol i e
— — )\133 e Vs 7'+ 0.059 | 7 Ve 7'+ 0.060
Aoga | u~ vy pt [ 0.027 | 77 v, pt | 0.028 _ _ —
) — 10138 | — » | 0.140 (b) Inverted hierarchy. Best fit: Aa33 = 1.36023e™ %, A\y35 =
283 | B brT | " ' —5.69116¢6, 9L, = 1.55779,6', = 0.815155, 0}, =

(a) Normal hierarchy. Best fit: A\g933 = 4.076_5,)\’233 =
—2.50e79, 61, = 0.460,0'; = 0.389,0., = 0.305 @
SPSla.

0.146126 Q SPS1a.
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Alignment

-

Tree level effective mass matrix
(Midin % [Nigp(YE) sk Anim (YE)im |

One loop mass corrections

mg) jm (M2 M,
o 5 {Ghaan S () -0 ()

J,k,l,m €ERR eRR)

€LL

—I—(i<—>n)}.

One LNV coupling: i=n, j=I, k=m:

2
)
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Tree- loop massratio

E

ree level mass scale
tree _87TaGUT Vd 2 % 21y %\ 12 2 ,LL2 A2 - B -
mv - 5Ml/2 167‘(’2] [n MZ ] P\UQ(YE)]Q] f (m(Q) mg ) % atanﬁ)a

Loop level mass scale

3

m’ (M2~*)L R (MQ)L L
mieor = - (ZDm) ~ 2 " N, Ry MLy, f32 5 - ’; 2 R
i=1 i,k (4 ) (M )LkLk (MJE)RkRk (M )RkRk

Tree-loop mass ratio mi’<¢ /m.2%

~ agurin®(Mx /Mz) (MpL’fL’f _(M?F)R’“Rk o 12 A§ B . tan3)
10m M /5 (Ao — ptanB) m(MZ) Ly, / (M3 Ry Ry mg’ mg’ mg’
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Experimental contraints

-

BRezp(p — e7)
BRezp(T — €7)
BReap(T — )
BRexp(Bs - /JJ_'_N_)
2.76 x 1074 < BR(b — sv)

# Bounds on FCNC, rare decays, etc

<1.2x10" 1
<1.1x1077
< 6.8 x 1078
<1.0x 107
< 4.34x 1074

# Normal hierarchy z: =574+0.32 @10,

»# Inverted hierarchy 72 =1.0151 +0.0769. @ 10.

o

90%cCL ,
90%cCL ,
90%cCL ,
95%cCL ,

20

|
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Fine-tuning measure
|, -

din(O(X))
Oln )\ ;

App = |

® Our numerical results:

‘In(O(A;D —In(O(\y)) ,
N\, — In\} ’

A= X ox (1—2.0x107%).

ApT

o |
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Neutrino mass generation
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Some examples

# Dirac neutrinos
» Neutrino singlet, lepton number conservation:
L = (YN)ijLiHuNj
# Majorana neutrinos
» Neutrino singlet, lepton number violation:
L= (Yn)ijLiHyN; + $M;;N;N;.
» Higgs triplet, lepton number violation:
,C = (YN)z'jLi¢Lj-

o |
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Soft SUSY breaking lagragian with LNV

B

# Most general soft YU SY lagrangian consistent with

-

Baryon parity.

- Lsoft

E’)’I’LCLSS

RPC

nt
E’RPC’

LNV

LEBE + LEpc + LLnv,

%Mléé + %MQWW + %Mggg + h.c.

—|—QT(m%)C~2 + (:]T(m?:])(:] + BT(m%)B + LT (m%)i + Ef (m%)é
+m3 hlhy +m? hlhg,

(hg)ijLihaE; + (hp)i;QihaD; + (hy)ijQihulU; — Bhghy + h.c.,
%hmkifzj§k4‘h%kiﬂ§jﬁk‘_i%z%hu

+hlm3 | Li+hc

|
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LNV In M SSM
-

# Can suppress proton decay by R-parity
(L,E,Q,U,D) — — (L,E,Q,U,D).
(Hu,Ha) — + (Hu, Hg).
s Winv = Wgany = 0. R-parity conservation (RPC).

# Also possible to forbid Wy alone - Baryon parity

(QaﬁaD) - (QaﬁaD)
(L7 Ea Hy, Hd) — T (La Ea Hy, Hd)-
s Wirnv # 0. lepton number violation (LNV).
s L, and H,; have same transformation properties:

\— H; = Ly. J
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Neutrino massesin LNV SUSY: treelevel

ﬁ.o Neutrinos mix with neutralinos. T

# Involves bilinear u; and sneutrino VEVS v;,.

— W3

o= —(—iB —A® B R w)My | RS

hg

\ )
( M 0 29Vu  —3gVd —59Y5 )
Meo) - 0 My  —1gove  Llgavg  Lgov;
_/\/l — XO 4x4 m — l _l O _ _
N ngu 292'Uu :u :U']
m My 1
—59Vd 59204 — 0 0
K %gvl %QQUi — M4 0; Ozg

1g, | | )
. |
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Neutrino masses. radiative corrections

-

# Focus on trilinear LNV couplings.
# Mass corrections:

(M%*)LbRb (M?i*)LbRb
» \\ » \\
V; Vj Vi Vj
)‘z’ab /\jba )‘;ab )\; ba
(M7 )a (mjz)a

1 (Mm)aa(M2* oy (M2, ) SM?2
v)ii ——— XNiabNiba —— — LR I —_LL 1+ O —
(m ) J az,b{ (47)2 bAsb MzLL . MzRR n((MéRR)) [ ( ./\/l2 >}

—I—(z’<—>j)}.

# Wavefunction corrections also important: included in
our full 1-loop calculation.
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Neutrino massesin LNV mSUGRA
-

How many dominant trilinear LNV parameters @ My ?

-

® One )\ or )\ in aweak interaction basis:

o Renormalization effect: tree level mass matrix
dominates.

s Alignment: tree mass and loop corrections tend to
be proportional.
# One X and ) in a weak interaction basis:
s Partial cancellation may suppress tree level mass.
s Alignment also weakens.

o |
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Neutrino massesin LNV mSUGRA
-

# Boundary conditions at unification scale Mx ~ 10'°Gev

s RPC parameters: mg, My /o, Ao, tanf, sgnp.
» Rotate away dimensionful bilinear LNV parameters
i, D;.
s Trilinear LNV couplings: A;jx, Al
# Include renormalization effects: IMPORTANT ! e.q.

d " *
167T2£u7; ~  —p(Nij(Ye) ik + 330 (YD) k)

L; Hp Hy
> > L <
/ *
)\iaq (YD)GQ K
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Results: normal hierarchy
fBest fit: Aogz = 4.07e7°, A3 = —2.50e75, T

0!, = 0.460, 0}, = 0.389, 0., = 0.305 @ SPS1a.

1 T
My
) PR
01 ]
5 >
g L
~ 0.01 ¢ =
1 o~
- €
S 0001 }
1e-04 ‘ : . L | ! ! :: ! ! !
15 -2 25 -3 -35 15 -2 25 -3 -35
A’ 55af10°° Npog10°

0.08 — , | | - | - |

0.07 Sin2913 _— 0.5 sngelz 1 10

006 0.45 ' sn 923 -------------- 1

- 04l e, |

0.05 | N 08
9 I o 035 | os @
g 0o g .. |2
‘B 0.03 & ' o ¢

0.02 . 0.25 1 02

0.01 | . 0.2 0
°l i 0.15 | 02

001 L— - - - - e
-15 -2 -2.5 -3 -35 -15 -2 -25 -3 -3.5
N 23910° N 23910°
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Results. inverted hierarchy

fBeSt fit: Ao3g3 = 1.360236_4, )\/233 = —5.691166_6, —‘
05 = 1.55779,0% 5 = 0.815155, 05, = 0.146126 @ SPSla.

1

=§:|Am 231| —_—
0.1 | g Am gp
| . my ~ 0.01 } )
| F— S .
% . 2 i 1 1le04 E’,
R B NG o
=2 S : E
“““““““ g 0.001 | E
0.001 p*
le-04 = . |
N 23/10°° N 5o/ 10°
0-08 | : ' FT T T L T T
0.07 Sin2913 _ 0.5 S!ngelz 1 10
0'06 0.45 r SiNBgg e |
- 04 | |
0.05 + o 0s
4 _ s {06 g
NGCD iy NGCD 0.3 s 04 NGCD
‘B 0.03 & ' | ¢
0.02 + ] 025 | |
0.01 . 02} 1o
° 0.15 ¢ | 02

001 L - - - - - - .
3 4 5 6 1 8 3 4 5 6 7 8
N 23910° N 23910°
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