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Solar neutrino oscillations

Maltoni etal, hep-ph0405172vsPRD68(2003)113010
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ReactorNeutrinos: KamLAND02 vsKamLAND04
Chooz-PaloVerdeseenooscillationson � 1 Km baseline

de®cit+spectrumdistortionover <� 200Km baseline
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Solar + reactor, after Nu04
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enormousprogress

in contrastto atm,solar
mixing is non-maximal

bi-maximaloutat5.6�
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atm neutrinos

thediscoveryof neutrinomass
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Atmospheric zenith distribution
Maltoni etal, PRD67(2003)013011 sterility rejection (1-dBartol)
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acceleratorneutrinos: K2K
Maltoni etal, hep-ph0405172

� � de®cit+ distortionof theenergy spectrumover 250km baseline
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atmospheric+ K2K (3d)
Maltoni etal, hep-ph0405172(3-d from Hondaetal astro-ph/0404457) earlier1-dBartol �ux usedin

PRD68(2003)113010
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3-nu oscillation parameters
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minimal setof basicparameters
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3-nu Oscillations,after Nu04

M. Maltoni etal, hep-ph/0405172 � 13 �
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3-nu Oscillation Parameters,after Nu04
M. Maltoni etal, hep-ph/0405172

parameter best �t 2� 3�

� m2
21 [10� 5eV2] 8.1 7.3{8.7 7.2{9.1

� m2
31 [10� 3eV2] 2.3 1.7{2.9 1.4{3.3

sin2 � 12 0.30 0.25{0.34 0.23{0.38

sin2 � 23 0.50 0.38{0.64 0.34{0.68

sin2 � 13 0.00 � 0.028 � 0.047

1

parameter best �t 2� 3�

� m2
21 [10� 5eV2] 6.9 6.0{8.4 5.4{9.5

� m2
31 [10� 3eV2] 2.6 1.8{3.3 1.4{3.7

sin2 � 12 0.30 0.25{0.36 0.23{0.39

sin2 � 23 0.52 0.36{0.67 0.31{0.72

sin2 � 13 0.006 � 0.035 � 0.054

Table I: Best-�t values, 2� and 3� intervals (1 d.o.f.) for the three-
a vour neutrino oscillation

parameters from global data including solar, atmospheric, reactor (KamLAND and CHOOZ) and

accelerator(K2K) experiments.

1
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probing 3-nu oscillation effects

toughchallenge

“Dirac” CPVdisappearswhenany � ij ! 0, e.g. � m2
sol

SchechterandJV, PRD21(1980)309 andwhen� 13 ! 0

� m2
sol -� 13 correlation...
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� = � m2
sol =� m2

atm and � 13 after Nu04
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areoscillationsrobust ?

Do we reallyunderstand

... theSun?

... neutrinopropagation?

... neutrinointeractions?

– p.15
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morethan constraining oscillations...

KamLAND hassolvedthesolarneutrinoproblem...

rejectingnon-standardmechanismsasleadingsolns

Burgessetal JCAP0401(2004)007,MNRAS 348(2004)609 robust noisySun

Mirandaetal PRL93,051304(2004)& hep-ph/0406066robust SFP

Mirandaetalhep-ph/0406280 almostrobust... NSI

– p.16
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fragility of solar-nu oscillations?
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probing non-standard interactions with solar-nu's

-1 -0.5 0 0.5 1

e

0

5

10

15

D
c2

90% C.L. 90% C.L.

Present
Future

-1 -0.5 0 0.5 1

e'

0.1 1 10
E (MeV)

0.2

0.3

0.4

0.5

0.6

0.7

<
 P

e
e 
>

pp
8
B 

Ú

Cerenkov
7
Be pep

LMA-D

LMA-I
LMA-0

O. Mirandaetal, hep-ph/0406280

KamLAND cannot resolve

needfor new solarexpts...

a chancefor Hiper-K andBorexino?

– p.18



http://i�c.uv.es/ahep

probing neutrino magneticmomentsat LMA-MSW
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How robust areatmosphericoscillations?
verygoodcontainedatm-®t Gonzalez-Garciaetal, PRL82(1999)3202
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probing non-standard interactions with atm data
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Neutrinos fr om Heavens

nu'sasastroprobe
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http://i�c.uv.es/ahep

Neutrinos asdeepsolar probe

useprecisionsolar-nu datato probethesunbeyondhelioseismology... e.g.R-zone
MHD physicsleadingto density�uctuations

Burgessetal, MNRAS 348(2004)609
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neutrinos asfutur eSupernova probe
thoughOK with SN1987A Kachelriessetal PRD65(2002)073016

LMA mayclashwith futureSNovae Minakataetal, PLB542(2002)239
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hierarchical or (quasi)-degenerate
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0-nu doublebetadecayand the neutrino spectra
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� � 0� decaysensitivities cf tritium & cosmo
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Relevanceof 0-nu doublebetadecay
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In any gaugetheoryof theweakinteraction
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the origin of neutrino mass
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basicdim-5 operator �

� �

��

Weinberg PRD22(1980)1694

unknown scaleand �a vour structure

many possiblerealizations,eg seesaw just A MECHANISM

whatever onedoes... onemustcomedown to the effective seesaw
Schechter, JV PRD22(1980)2227;D25(1982)774

is in termsof SU(2)
 U(1) andcontainsaHiggstriplet (type-II seesaw)

containsa largenumberof parameters,angles,D & M-phases

– p.30
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bottom-up neutrino masses

SUSYasorigin of neutrinomass
M. Hirsch,JV, hep-ph0405015NJP
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SUSYorigin for neutrino masses?
�

weak-scaleseesaw atmscale
    M=0

0-0

radiative nu-massessolarscale
LOOPS

"TREE"

0-0

DiazetalPRD68(2003)013009,PRD62(2000)113008;D65 (2002)119901;PRD61(2000)071703
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probing nu-mixing at LHC/NLC?
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theory pathwaysto nu-mass
top-bottom vs bottom-up

whatis themechanism?
� treevs radiative
� B-L gaugedvs ungauged...

whatis thescale?
� Planckscale:Strings?
� GUT scaleE(6), SO(10),...
� Intermediatescale:P-Q,L-R ...
� WeakSU(3)
 SU(2)
 U(1) scale

no theory of �a vour LSND?

not theend,muchmoreto come!!

– p.37



http://i�c.uv.es/ahep

theory pathwaysto nu-mass
top-bottom vs bottom-up

whatis themechanism?
� treevs radiative
� B-L gaugedvs ungauged...

whatis thescale?
� Planckscale:Strings?
� GUT scaleE(6), SO(10),...
� Intermediatescale:P-Q,L-R ...
� WeakSU(3)
 SU(2)
 U(1) scale

no theory of �a vour LSND?

not theend,muchmoreto come!!

– p.37



http://i�c.uv.es/ahep

theory pathwaysto nu-mass
top-bottom vs bottom-up

whatis themechanism?
� treevs radiative
� B-L gaugedvs ungauged...

whatis thescale?
� Planckscale:Strings?
� GUT scaleE(6), SO(10),...
� Intermediatescale:P-Q,L-R ...
� WeakSU(3)
 SU(2)
 U(1) scale

no theory of �a vour LSND?

not theend,muchmoreto come!!

– p.37



http://i�c.uv.es/ahep

theory pathwaysto nu-mass
top-bottom vs bottom-up

whatis themechanism?
� treevs radiative
� B-L gaugedvs ungauged...

whatis thescale?
� Planckscale:Strings?
� GUT scaleE(6), SO(10),...
� Intermediatescale:P-Q,L-R ...
� WeakSU(3)
 SU(2)
 U(1) scale

no theory of �a vour LSND?

not theend,muchmoreto come!!

– p.37



http://i�c.uv.es/ahep

theory pathwaysto nu-mass
top-bottom vs bottom-up

whatis themechanism?
� treevs radiative
� B-L gaugedvs ungauged...

whatis thescale?
� Planckscale:Strings?
� GUT scaleE(6), SO(10),...
� Intermediatescale:P-Q,L-R ...
� WeakSU(3)
 SU(2)
 U(1) scale

no theory of �a vour LSND?

not theend,muchmoreto come!!

– p.37



http://i�c.uv.es/ahep

endof thetalk

– p.38



http://i�c.uv.es/ahep

testingneutrino mixing anglesat LHC �
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12(� 1=�2) U2
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NHL exchange
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Hall, Kostelecky & Raby
Borzumati& Masiero
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fragility of solar-nu oscillationsagainstNSI

sin2 � sol � m2
sol [eV2] " "0 � 2

OSCanalysis

LMA-I 0.30 8.3� 10� 5 ± ± 83.0

OSC+NSIanalysis

LMA-I 0.30 8.3� 10� 5 -0.15 -0.15 81.9
LMA-D 0.70 8.3� 10� 5 -0.15 0.95 83.1
LMA-0 0.30 1.4� 10� 5 0.00 0.30 85.0

Best®t solarneutrinooscillationpointswith andwithoutnon-standardinteractions
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is the Sun noisy?
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Robustnessof solar-nu oscillationswrt noise-KL04
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Robustnessof solar-nu oscillationsagainstSFP
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4-nusdo not really �t LSND with the rest
� M. Maltoni etal, hep-ph/0405172;NPB643(2002)321
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Cosmologyclosesin on LSND
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day-night effectasa probeof � 13

Akhmedov, Tortola,JV, JHEP05(2004)057 relevanceof centralvalue � �
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why KamLAND04 impr oves� 13
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Neutrino Factories �

will probes13 andCPphase�
Cerveraetal, DeRujula,Gavela,Hernandez

Freund,Huber, Lindner, Albright etal, Bargeretal...

only if Non-Standardnu-Intercations(NSI) canberejected...

Huber, Schwetz& JV PRL88(2002)101804& PRD66,013006(2002) �
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FCI-oscillation confusiontheorem
�
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FCI-oscillation confusiontheorem-2 � �
Huberetal, PRD66,013006(2002)
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Impr ovedFC-NSI-testsat NuFact �
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