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LEPTON G MAT

K = w3 . wig . wi2

12=solar+KL

* Even 1n such simplest unitary form K from quark mixing
matrix, with two extra (Majorana) phases

* Nontrivial structure of CC & NC 1n seesaw implies new phases &
angles affecting neutrino propagation & inducing LFV



effective affects and
Resonant Oscillations Of Massless Neutrinos In Matter.

NSI-OSCILLATION INTERPLAY

manifest (@ Long-baseline studies

— global bestfit
-—- BF without NSI
——- BF dark side

KB (Borexino)

IN ANALYSIS OF CURRENT OSCILLATION DATA WE NEGLECT NSI




Update of Schwetz et al, NJP 10 (2008) 113011
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Update of NJP 10 (2008) 113011

We obtain the following bounds at 90% (30) CL:
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0.053 (0.085)  (MINOS IH)
sin2f;3 < { 0.025 (0.042)  (CHOOZ+atm+K2K-+MINOS, NH) 7,,/

0.033 (0.052) (CHOOZ+atm+K2K+MINOS, IH) Source Oscillation Detection

0.029 (0.042)  (global data, NH)
Vu
>99
K
<1%
Ve

| 0.034 (0.049)  (global data, IH)
sin®24,, discovery potential (IH, 90% CL)

5 sin?6;3 = 0.017 £ 0.010

Wiel sin? 63 = 0.01179-982

sin®26,, discovery potential (NH, 90% CL)

GLOEES 2000 ) GLoBES 2009
Huber, Lindner, Schwetz, Winter

g“"’ ' 102
g g

5 107 33-’ 10"

CHOOZ+ m—— NOVA:vonly
10° Solar excluded ) 10° Solarexcluded ) }
2010 2012 2014 2016 2018 2010 2012 2014 2016 2018

Year Year
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TESTING NEUTRINO SPECTRAWITH DBD

SBD & Cosmology ...
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IN SHORT: OSCILLATION ANALYSES CONVERGE ...
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Babu etal PLB552 (2003) 207
Hirsch et al PRD69 (2004) 093006

Sectors are separated

by an extraAbelian'Zn
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CHARGED LEPTONS
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Minimal supergravity radiative effects on the tribimaximal neutrino mixing pattern
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PRL 99 (2007) 151802, PRDS82 (2010) 073008
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ORIGINFOENU-MASSESI&MIXINGS

scale

mechanism

flavor structure

Type 1 & 111
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LFV & neutrino oscillations

Flavor 1s violated in neutrino
Propagation !!
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FIG. 12: Production cross section (at leading order) of x5 times BR of Lg going to p-1 lepton pair
versus My j for mg = 100 GeV (red ), 200 GeV (green), 300 GeV (blue) and 500 GeV (magenta), and
for our standard choice of parameters: g > 0, tan 3 = 10 and Ag = 0 GeV, for type-I (left panel) and

for type-IT seesaw (right panel) with Ay = 0.02 and Ay = 0.5, imposing Br(p — e+7) < 1.2-1071,
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Bhattacharyya & Pal, PRD82 (2010) 055013
sneutrino sneutrino

= ATM SCALE

SUSY SUSY-SEESAW

Hall & Suzuki, Ross & JV 85,
Ellis et al, 85, Santamaria JV, ...

SOLAR SCALE




The LSP can live long enough to
leave a displaced vertex in the detector

Decay length without boost (mm)

1,5, = 1000 GeV|
== mg=2000 GeV

m, =250 GeV
- my =200 GeV

250 300 350 400 450 500 550 600 650 700
m1/2 (GEV)

BR(x—pW)
{1 decay length in the plane mo,my 5 for Ay = —100 GeV, tan f =10 and 1 > 0 BR(x—1W)
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. deplete pT-miss multiplicities
. displaced vertices
= correlates with oscillation angles

Simulation reveals that 23-mixing angle can be extracted
competitive with Super-K

work needed ...

ROBUST:

stop Restrepo et al, PRD64 (2001) 055011
stau Hirsch et al, PRD66 (2002) 095006

others D68 (2003) 115007
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ROBUSTNESS OF OSCILLATIONS

parameter best fit 20 3o
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Sun's radius= 698,450 km

Corona

Chromosphere= 2500 km Burgess et al JCAP0401 (2004) 007

ay .
R = 420,000 km Miranda et al

Core = 170,000 km

Boin girongly digvorad oy i b AN

Copyright 1992 John Wiley and Sons, Inc. All rights reserved.

FROM NEUTRINO PROPERTIES TO

helioseismology & magneto-gravity waves ...
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Miranda, Tortola & Valle JHEP 0610:008,2006
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Combining with accelerator data: tau-neutrino NSI parameters

conserving NSI parameters.

PHYSICAL REVIEW D 80, 105009 (2009)
TABLE I. Sensitivity of neutrino experiments to flavor-

dv dv
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FIG. 6 (color online). Constraints on the vector (left panel) and axial-vector (right panel) NSI couplings from our global analysis at
90%, 95%, and 99% C.L., and from the separate solar + KamLAND and CHARM data sets (dashed lines).
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Palazzo & JV PRD80:091301,2009

Huber, Schwetz, JV PRL88:101804,2002 & PRD66:013006,2002
sin®9,5
FIG. 2: Region allowed by the combination of solar and Kam-

LAND data at two C.L‘s [Ax? = 1 (solid line) and Ax? = 4
(dashed line)] after marginalization of om? and 612.
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improving NSl sensitivity @ future NuFact

P. Huber, JW.F. Valle / Physics Letters B 523 (2001) 151—-160

current bounds (90% CL): current bounds (90% CL):
-0.14 < €ee®- < 0.09 ) -0.036 < €ee®L < 0.063 -0.6<Er*< 0.4 N -0.16 < €r2-< 0.1

-0.03 < €ee*"< 0.18 -0.27 < €c°R< 0.59 -0.4 < £*"< 0.6 -1.05 < €*"< 0.31

Bolanos et al PRD79 (2009) 113012 improves LL.
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THERMAL SEESAW LEPTOGENESIS

nE 1077 Sakharov, KRS,Fukugita, Yanagida
1078 . .
(09 Low-scale LG 1n non-minimal seesaw
10710
1077
10—12 | ! !
1072 1072 107" 10° 10 o wash-out
z (: - My = 10*TeV il
From PRD77 (2008) 055002 . [ docay too sow |
BUT inconsistency with BBN <
Kawasaki, Kohri & Moroi, PRD71 (2005) 083502 1 0 : = 0= aaCY]
Gives lower bound on M1 Dirac phase suffices
, V week ending
PRL 96, 011601 (2006) PHYSICAL REVIEW LETTERS 13 JANUARY 2006

R Parity Violation Assisted Thermal Leptogenesis in the Seesaw Mechanism




Even ifinot the source il i),

may give the clue to DM | 7%om e

Neutrinos masses may change the SUSY

spectrum : e.g. in inverse seesaw

one may have SNEUTRINO-like DM

Arina & al PRL101 (2008) 161802
Bazzocchi, Cerdeno, Munoz, Valle, PRD81:051701,2010
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Gravity m No DM strictly stable

Coleman 88, Kallosh, Linde, Susskind, Nelson, Seiberg, ...

Majoron decaying dark matter Berezinsky et al PLB318 (1993) 360, PRD57( 1998) 147

Consistency with CMB Lattanzi & Valle, PRLY9 (2007) 121301
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TYPE-11 SEESAW MAJORON DECAYING-DM
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Discrete dark matter

Non abelian discrete symmetries are motivated by L. |L,

n

10 o N NS l. ) 1 1 1 r 7o TOD (" QO 1 A}
neutrino oscillation data [5, 6]. Here we propose that the ;- @] 22

same symmetry explaining neutrino mixing angles is also
responsible for the dark matter stability. In our simplest
type-I seesaw [7] realization the flavor symmetry Ay
spontaneously breaks to Z, providing a stable DM

= ZEPLINII(yr 3 with PMT upgrede) Proj. Sems.
) XENON100 projecied seasitty: f_{l,‘}igd. 530 keV, 45% eff.
= 42 = m XINONIOD snpedpoptid ke-d, 530 keV, 45% eff
. . ) 42 = m = XENONIOOwp opected seasitivity: 60,000 kg-d, 5-30 keV, 45% of
nNoM nNoM = 10 --=- ’(&l;&:ll ;r?;ialp';mu‘(y3un~)7.2-34j-lc\:,45“t eff.

5, 5SS S S 5SS " S[ISS_S_ SN, SS_—_——— c
g
2 h

h R 3
= 10 [
= LAY
—_ A
| J N \
— S\ -
5 N N - “ -
-, =
— -46 —_ = =
s 10 |
L] ‘(:\j \
wn ~ -
Inverse hierarchy Z S~ _--"
(7]
)
—
U -48 2205 1 1 1 L 1 1 [ |
013 p— O 10 10(1,6 e - 3
10 10 10 10

Just an example !!

11 (1"{1r{3j1]1

DATA Ested top 10 botiom oa plot
XENON10 2007, measered LefT from Xe cabe
CDMS: Soudan 2004-2009 Ge

WIMP Mass [GeV/c’]

FIG. 2: Elastic DM scattering cross section with a nucleon
versus DM mass. We compare present [16, 17] and future
[18, 19] sensitivities with our model expectations, for mgy

120 GeV and tan 8 = 0.5, 1, 5 (grey solid lines).
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NSI induced flavor conversion near SN-core

Interplay between collective effects and

non-standard interactions in supernova

Esteban-Pretel et al PRD76 (2007) 053001 &
PRDS81 (2010) 063003




OSCILLATIONS MAINLY ROBUST but NEED TO GO BEYOND

THE ORIGIN OF NEUTRINO MASS REMAINS A MYSTERY
NSI and LFYV searches help distinguish the heavy from light messenger models

in low-scale seesaw models, e.g. inverse & linear, messengers may be produced

SUSY ORIGIN OF NEUTRINO MASS TESTABLE AT LHC

DISPLACED VERTEX searches probe neutrino mass scale

LSP DECAY PATTERN probes neutrino mixing

STILL DO NOT UNDERSTAND FLAVOR
flavor models correlate LFV phenomena & oscillations
if flavor is linked to unification, hard to reconcile lepton & quark mixings

NEUTRINOS -- COSMO CONNECTION (not covered)
- thermal LEPTOGENESIS from low-scale seesaw

- sneutrinos as DARK MATTER in inverse seesaw
- DARK MATTER stabilized by neutrino flavor symmetry

- majoron as Decaying DARK MATTER
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