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K = wo3 . w13 . w12 & EDG

23=atm+acc 13=reactor + .. 12=solar+KIL.

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

* In seesaw-schemes K is not unitary => extra angles & phases =>
new physics: LFV among charged leptons & new propagation effects

* To describe current oscillation data we assume K real unitary
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[rev. Maltoni et al, NJP 6 (2004) 122]
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CPV IN NU-OSCILLATIONS




ORIGIN OF NEUTRINO MASS

scale

mechanism

flavor structure

type-
LOW-SCALE SEESAW
Inverse type-I Mohapatra-JV 86
Linear type-I Malinsky et al 2005

Inverse type-III Ibafiez et al 2009



EXPLAINING NEUTRINO PROPERTIES

_ | Babu et al PLB552 (2003) 207
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Figure 4: Running from maximal solar mixing at Mgyt to the experimentally preferred angle of g & ']

the LMA solution. The figure shows an example in the SM with a negative CP parity for ms and Raby et al, ROSS et al,
a Yukawa matrix Y, = 0.5 diag(s2,=,1) at Mgyt with £ = 3.5 107% and a normal mass hierarchy
(from [11]). The lightest neutrino has a mass of 0.004eV (at low energy). The gray-shaded areas Zhang’ 000
illustrate the validity ranges of the effective theories emerging from integrating out the heavy singlet

neutrinos.




SEESAW PHENO

Low- versus High-scale



INVERSE SEESAW

LINEAR SEESAW

Bazzocchi, et al arXiv:0907.1262 [hep-ph]
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FIG. 12: Production cross section (at leading order) of x% times BR of v? soine to p-1 lepton pair

versus My g tor mg = 100 GeV (red), 200 GeV (green), 300 GeV (blue) and 500 GeV (magenta), and
for our standard choice of parameters: p > 0, tan 3 = 10 and Ag = 0 GeV, for type-I (left panel) and
for type-1T seesaw (right panel) with Ay = 0.02 and Ay = 0.5, imposing Br(p — e++) < 1.2-10711,




- beta decay Katrin
-cosmology  CMBLSS... vs flavor predictions
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DBD & FLAVOR |
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PRD25 (1982) 2951
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black box

Neutrinoless double-B decay in SU(2) X U(1) theories

J. Schechter and J. W. F. Valle
Department of Physics, Syracuse University, Syracuse, New York 13210
(Received 14 December 1981)

It is shown that gauge theories give contributions to neutrinoless double-f3 decay
[(BB)oy] which are not covered by the standard parametrizations. While probably small,
their existence raises the question of whether the observation of (383),, implies the ex-
istence of a Majorana mass term for the neutrino. For a “natural” gauge theory we ar-
gue that this is indeed the case.




tiny fraction
of a second

137\
billion
years

COBE, WMAP, PLANCK
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Lower bound on M1:
VS LG
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Hirsch et al PRD75 (2007) 011701
D77 (2008) 055002

Extra gauge singlet drives LG

Suggests NEW Z' at LHC L




neutrinos may give
the clue to DM
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DARK MATTER NEED NOT BE STABLE

Berezinsky et al PRD57( 1998) 147

Lattanzi & Valle, PRL99 (2007) 121301
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OSCILLATIONS ROBUST
NEED NON-OSCILLATION TESTS: B&DBD, COSMO & ASTRO

STILL DO NOT UNDERSTAND FLAVOR
- if linked to unification, hard to reconcile L- & Q-mixings
- flavor models correlate LFV phenomena

ORIGIN OF NEUTRINO MASS REMAINS A MYSTERY
- High-scale seesaw testable only indirectly e.g. through

- LOW-SCALE SEESAW (e.g. inverse & linear) give large effects &

NEUTRINOS SUGGEST DM CANDIDATES:
-like

MAY INDUCE THERMAL LG@RLOW-SCALE =>

arXiv:0905.3365

Valle @uam DMO09



THE END
THANK YOU

next slides are backup/complementary
with no logical order among them



Semikoz, Sokoloff, JV

Seed hyper-mag-field polarizes
early Universe hot plasma before
EWPT => lepton asym

lepton asymmetry converts into
BAU by t'Hooft anomaly

small-scale dynamo
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FIG. 1: Magnetic field evolution after EWPT. The solid (red)
line represents the Maxwellian magnetic field evolved from
the hypermagnetic one as frozen-in plasma, while the dotted
(blue) line represents the large-scale (1 pe at the epoch of
galaxy formation) component of magnetic field which becomes
causal at a moment after the EWPT. The dashed line denotes
the galactic magnetic field generated by mean-field dynamo,
while the dash-dotted one represents the galactic magnetic
field generated by small-scale and then mean-field dynamo,
starting from 10~% G. For comparison we also show in the
boxes the magnetic field models in Refs. [22].
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parameter best fit 20 30
Am3, [10-°eV?] 765502 | 7.25-8.11 | 7.05-8.34

Am? [ [107%V?] | 2407017 | 218264 | 2.07-2.75

sin® 6, 0.304700% | 0.27-0.35 | 0.25-0.37

sin” By 05000 | 0.39-0.63 | 0.36-0.67

sin’ 4 001750 | <0040 | < 0.056

/
0.060 (0.089)  (solar+KamLAND) New J.Phys.10:113011,2008
0.027 (0.058)  (CHOOZ+atm+K2K+MINOS) #Slide 3

| 0.035 (0.056)  (global data)




013 measurement by Ve appearance

Plva—ve) =4C,; S5 8oy sin’ @, 0,3
+ EC;SDS 13973 (CpCs €080 — 5,835, ) c0s @, sin By, SN Py, CPC
~8C;; CyCyyS)yS,S,; Sl sin @, sin @y sin®,,  [CPV
+48,°C (Cp Ch +8p 8y St — 2C15CrsS815881 €08 8)sin” @,

2.2, 3 2, alL .
—8C . &8 & —28. )—cosP.,smP matter effect
BB {] B )4E - 4 (small in T2K)

L = 295 km, <Ev> ~0.6GeV d = —9d, a — —a for P(v, — 17.)
i ~ 0.05 al _ —5 (g2 P E L
sin®7; 25 = 76 x 107%[eV7] ([g.f‘cm“]) ([GEV]) u:@

® P{Vy—Ve)—sin?(28;3) : some ambiguity due to unknown params.
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Neutrino Flux

(Chlorine | SuperK, SNO

(Gallium

. 1 3

Neutrino Energy (MeV)

Total Rates: Standard Model vs. Experiment
Bahcall-Serenelli 2005 [BS05(0F)]
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NON-STANDARD NEUTRINO
INTERACTIONS

o] 3 sub-weak strength dim-6 terms eGF

from non-trivial (rectangular) CC & NC in seesaw-type models

from loops

- can induce resonant oscillations of massless neutrinos in Snovae

Valle PLB199 (1987) 432
- E-independent, converts both neutrinos & anti-nu’s,
Wolfenstein; Roulet 91; Guzzo et al 91; Barger et al 91,...

- give excellent description of solar data Guzzo et al NPB629 (2002) 479
at odds with KamLAND. Pakvasa & Valle



Confusing nonstandard
neutrino interactions

with oscillations

Palazzo & JV, 2009
similar to situation at a

neutrino factory

Huber, Schwetz, JV PRL88:101804,2002
PRD66:013006,2002

Davidson et al JHEP (2003) 0303:011

Barranco, et al , D73 (2006) 113001, D77 (2008) 093014
Abada, Biggio Bonnet, Gavela, Hambye PRD78
Esteban Huber JV PLB668:197201,2008

M. B. Gavela, D. Hernandez, T. Ota, W. Winter, PRD79
Escrihuela et al arXiv:0907.2630 [hep-ph]

Malinsky et el, arXiv:0905.2889 [hep-ph]

Bolafios et al PRD79 (2009) 113012
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: 1

current bounds (90% CL):

-0.16 < €< 0.1
-1.05 < €< 0.31

-0.6 < €1 < 0.4
-0.4 < £Et°°< 0.6
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SOLAR NU-OSCILLATIONS ROBUST?"

Burgess et al JCAP0401 (2004) 007

Miranda et al PRL93 (2004) 051304 &
PRD70 (2004) 113002

Both strongly disfavored by KamLAND

exception JHEP 0610 (2006) 008

degenerate dark-side solution still exists !!

helioseismology & magneto-gravity waves ...
Burgess et al MNRAS.348 (2004) 609

Valle @uam DMOQ09 noise [%]



PHYSICAL REVIEW Dy 70, 113002 (2004)

PROBING TRANSITION
MOMENTS -

Miranda et al PRL93 (2004) 051304

KamLAND anti-nu-e flux limit =>

SFP must be subdominant w.r.t.
LMA oscillations

bounds on transition mag-moment in a turbulent
magnetic field model

Grimus et al, NPB648, 376 (2003)

Borexino sensitivity




#Slide 5

0

#Slide 25
pure oscillation
1 1 1 | 11 | | 11 1 | 1 1 1 | 1 1 1

||||||||||||||||||| e
02 04 06 08 0.2 04 06 08 0sc+nsl

. 2 L2
sin BSDL sin BSDL

[a—
=l

—_

Miranda, Tortola & Valle JHEP 0610:008,2006.

resolving with low-energy solar-nu expts?
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B [BM—2 (Barea et lachello, 2009)
® ORPA (Simkovic et al., 2008)
A& SM (Caurier et gl_, 2008}
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UNIVERSE CONTENT IN LATE-DECAYING
DM COSMOLOGY

RADIATION ERA MATTER ERA DARK ENERGY
ERA

LATE ISW

MATTER-RADIATION EQUALITY

EARLY ISW

Logl[al I

CME DECOUPLES




PROBING SEESAW-2 MAJORON DM [T N

Schechter & JV PRD22 (1980) 2227 .
PRD25 (1982) 774 Bazzocchi & al JCAP 0808 (2008) 013

X-rays from DM decay, diffuse gammas ...

messses NSO 53227 Chandra LETG
Frot K e cryogenic spectrometer
\Y : oy W ay

-l Etpr and NM31

—

1.0 10.0 100.0 1000.0
E. [keV]

Riemer-Sorensen, Boyarsky et al DM-mass in (multi)-Kev
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Ficgure I The [lower bowund on the [lifetime of
decaving M combined exclusion plot from X-ray
observation. The vertical shaded region marks the
vrniversal Tremaine-Gurnin lower mass bound [52/).
The constraints are from Suzaku XMAAI-Newiton.
Chandra. HEAO-¥, INTEGRALI (SP1) as well as a

profotyvpe spectrometer of MNMcCamimon (f38/]in
[127).
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