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Solar neutrino oscillations
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Reactor Neutrinos: KamLANDO2 vs KamLANDO4

Chooz-Rlo Verdeseenooscillationson 1 Km baseline

de®cit+spectrundistortionover < 200Km baseline
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Solar + reactor, after Nu0O4
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thediscorery of neutrinomass
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Atmospheric zenith distrib ution

Maltoni etal, PRD67(2003)013011 Sterility rejection
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acceleratorneutrinos: K2K
Maltoni etal, hep-ph0405172

de®cit+ distortionof theenegy spectrunover 250km baseline

neutrinooscillationsignal

spectrundistortionimproves m32,.,
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atmospheric+ K2K (3d)

Maltoni etal, hep-ph0405172(3-d from Hondaet al astro-ph/040445Y earlierl-d Bartol ux usedin
PRD68(2003)113010

sin® 4m = 0:50

atm

m2,, = 20 10 3eV?

atm+k2k

ARBP

m2,, = 22 10 %eV?

20_IIII

DS

15 |

10 -

2s ]

— — — — atmospheric only

\
\./

atmospheric + K2K

o O
T T T T

—
e
—_—




oscillation parameters



3 masses

minimal setof basicparameters
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minimal setof basicparameters

3 masses
3angles j;

23=atm 12=sol 13=reac
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minimal setof basicparameters

3 masses
3angles j

3 phases 1 KM-lik e phase
2 Majoranaphases

23=atm 12=sol 13=reac

oscillations

0 :
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minimal setof basicparameters

3 masses
3angles j 23=atm 12=sol 13=reac
3 phases 1 KM-lik e phase oscillations
2 Majoranaphases 0
simplestform of 3-f leptonmixing K = ! 23! 13! 15
with eachfactor — ¢ Tsw
e ' 125y C12

SchechteandJV, PRD22(1980)2227,D23(1980)1666
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minimal setof basicparameters

n 3 masses
O 3angles j 23=atm 12=sol 13=reac
o 3 phases 1 KM-lik e phase oscillations
2 Majoranaphases 0 ;
®m simplestform of 3-f leptonmixing K = ! 23! 13! 15
with eachfactor — ¢ Tsw
e ' 125y C12

SchechteandJV, PRD22(1980)2227,D23(1980)1666

o f8r L = O oscillationswe candropMaj phases take KM-lik e form
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3-nu Oscillations, after Nu0O4

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

M. Maltoni etal, hep-ph/0405172

parameter best t 2 3
m3, [10 %eV?] | 8.1 7.3(8.7 7.2{9.1
m3, [10 3eV?] | 2.3 1.7{2.9 1.4{3.3
sin? 15 0.30 0.25{0.34 | 0.23{0.38
Si® 53 0.50 0.38{0.64 | 0.34{0.68
sin® 13 0.00 0.028 0.047
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pProbing 3-nu oscillation effects

toughchallenge

2

“Dirac” CPV disappearsvhenary j ! 0,e.g. mg,

SchechteandJV, PRD21(1980)309 andwhen 13! O

mZ, - 13 correlation...
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Do we really understan

theSun?
neutrinopropa@tion?

neutrinointeractions?
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MOore than constraining oscillations...

KamLAND hassolvedthesolarneutrinoproblem...

rejectingnon-standaranechanismsasleadingsolns

Burgessetal JCAP0401(2004)007, MNRAS 348 (2004)609 fgs]e UK} noisy Sun

Mirandaetal PRL 93,051304(2004)& hep-ph/040606¢ robust

Mirandaetalhep-ph/04062808E:1[gp[e}s]1(e]e LS 90
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fragility of solar-nu oscillations?

unfortunatelyyes,wrt

NSI

Mirandaetal, hep-ph/0406280

KamLANDO4

LMA-0O alsonotedin
Guzzo,deHolandaPeres,

Friedland Lunardini,Pena-Garay
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probing non-standard interactions with solar-nu's

O. Mirandaetal, hep-ph/0406280

needfor new solarexpts...

achanceor Hiper-K andBorexino?
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probing neutrino magneticmomentsat LMA-MSW

presentsensitvity
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How robust are atmosphericoscillations?

very goodcontainecatm-®t
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probing non-standard interactions with atm data

atmboundson FC andNU nu-interactions updof Fornengeetal, PRD65(2002)01

(1-d Bartol)
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Neutrinos from Heavens

nu's asastroprobe
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Neutrinos asdeepsolar probe

useprecisionsolarnu datato probethe sunbeyondhelioseismology.. e.g.R-zone
MHD physicsleadingto density uctuations

Burgessetal, MNRAS 348(2004)609
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LMA may clashwith future SNovae

neutrinos asfutur e Supemova probe
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hierarchical or (quasi)-degenerate
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O-nu double beta decayand the neutrino spectra

giventhatneutrinosaremassve, oneex-
pects o to occurwith anamplitude
governedby theaveragemasgparameter

m i = K& m;
J
hm i = ¢&,c.my + $2,C0.€ my + s7.€
3 masses m;

2 angles: 1, and

2 CPviolatingphases ;

M3

-p.2



o decaysensitvities cf tritium & cosmo
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Relevanceof 0-nu double betadecay

gaugetheories  $ majorana mass

In arny gaugetheoryof theweakinteraction
anon-zero o Impliesatleastoneneutrinois
Majorana

SchechteandJV, PRD25(1982)2951

no suchtheoremfor a vor violation
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Igin of neutrino mass



basicdim-5 operator

Weinbeg PRD22(1980)1694
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basicdim-5 operator

ARBP

® unknown scaleand a vour structure

Weinbeg PRD22(1980)1694

mary possiblerealizationsgg seesw

just A MECHANISM
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basicdim-5 operator

[ Weinbeg PRD22(1980)1694

® unknown scaleand a vour structure

mary possiblerealizationseg seesw | just A MECHANISM

W whatever onedoes... onemustcomedown to the effective seesaw
SchechterJV PRD22(1980)2227;D25 (1982)774

Is in termsof SU(2) U(1) andcontainsaHiggstriplet (type-Il seesw)

containsalarge numberof parametersanglespD & M-phases
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top-bottomneutrinomasses
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neutrino uni cation?

neutrino mass [eV]

1

Batu, Ma & JV, PLB552(2003)207

==

Hirschetal, PRD69(2004)093006

neutrinomassesinify asthey runup

S I B T T T T I T M S
10° 10° 10° 10t 10

Chanlowski, loannisianPokorski& JV, PRL86(2001)3488 Scale [GeV]

o3 = =4; 13 = 0ormaximalCPV & large,unpredicted 1o  alsoGrimus& Lavoura

min nu-masssolar& atm_

leptonmixing large wrt quark

i

L]
°

large LFV
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POttOM-up neutrino masses

SUSY asorigin of neutrinomass

http://i c.uv.es/ahep



SUSY origin for neutrino masses?

weak-scaleseesa/ atmscale

0-0

Diaz etal PRD68(2003)013009,PRD62(2000)113008:D65 (2002)119901;PRD61(2000)071703
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SUSY origin for neutrino masses?

M=0
W  weak-scaleseesa atmscale

W radiatve nu-massessolarscale

0-0

Diaz etal PRD68(2003)013009,PRD62(2000)113008;D65 (2002)119901;PRD61(2000)071703
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ng nu-mixing at LHC/NLC?



the road to nu-massTheory
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theory pathwaysto nu-mass

top-bottom‘ VS

bottom-up
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theory pathwaysto nu-mass

top-bottom‘ VS

bottom-up

whatis the mechanism?

treevsradiatve

B-L gaugedvs
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theory pathwaysto nu-mass

top-bottom‘ VS| bottom-up

whatis the mechanism?
treevsradiatve

B-L gaugedvs

whatis thescale?
Planckscale:Strings?

GUT scaleE (6), SO(10),...

Intermediatescale:P-Q,L-R ...
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theory pathwaysto nu-mass
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whatis the mechanism?
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Planckscale:Strings?

GUT scaleE (6), SO(10),...
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no theory of avour |LSND?
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theory pathwaysto nu-mass

top-bottom‘ VS| bottom-up

whatis the mechanism?
treevsradiatve

B-L gaugedvs

whatis thescale?
Planckscale:Strings?

GUT scaleE (6), SO(10),...
Intermediatescale:P-Q,L-R ...

no theory of avour |LSND?

nottheend,muchmoreto come!!
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endof thetalk



testing neutrino mixing anglesat LHC

tan%3( 2= 3)

tan?,( 1=5) UZ( 1= 3) variationspossible...

mixingsgivenasRPV ratios,e,g, atmmixing

tan%s VS( 2= 3)

10 g

100t L

r0? [ i

10 3 LF

10
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testing neutrino mixing anglesat LHC

tans,( o= 3) tani,( 1=2) UZ( 1= 3) variationspossible..

mixingsgivenasRPV ratios,e,g, atmmixing

10 g

100t L

r0? [ i

1073 LF

10

a4 [ ‘ ‘ ‘
510 2101 0.5 1

tan%s VS( 2= 3)

LSP decaypropertiesorrelatewith angles
neutralino Porodetal PRD63(2001)115004

! qq/ I qustan%s R o5 1 5
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testing neutrino mixing anglesat LHC

tan%3( 2= 3)

ARBP

tan?,( 1=5) UZ( 1= 3) variationspossible...

mixingsgivenasRPV ratios,e,g, atmmixing

tan%s VS( 2= 3)

10 g

100t L
P

10 3 LF

10

a4 [ ‘ ‘ ‘
510 210 * 0.5 1

LSP decaypropertiesorrelatewith angles

neutralino Porodetal PRD63(2001)115004
I q q/ I gg vstan %3 —n o5 1 5
irrespectve of the LSP nature
stop RestrepoPorod& JV, PRD64(2001)055011
slepton... Hirschetal, PRD66(2002)095006& hep-ph/0307364

-p.3



variations over atheme... susy+ triplets

Aristizabaletal PRD68(2003)033006

0) 1 0)
bar+ bg
W = Wy ssm + WgRrpy +W b, =@ b x b, = E‘D b,
bo b
u d
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variations over atheme... susy+ triplets

Aristizabaletal PRD68(2003)033006

0 1 0 1
D ++ bg
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W = Wy ssm + Wgrpy +W b, =@ b X by = %D b_ g
bo b
u d
solarscalefrom smallinducedHiggstriplet vevs
(weak-scaldype-Ill seesw) E.Ma
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variations over atheme... susy+ triplets

Aristizabaletal PRD68(2003)033006
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variations over atheme... susy+ triplets

Aristizabaletal PRD68(2003)033006

0 1 0 1
D ++ bg
u
W = Wy ssm + Wgrpy +W b, =@ b g by = P@ b_ &
bo b
u d
solarscalefrom smallinducedHiggstriplet vevs
(weak-scaldype-Ill seesw) E.Ma

M - )

susy

1 I
u;d f}__r]J Vi or

atmscalefrom susy

LSP decaypropertiesorrelatewith atm& reactor(ratiosasRPV)

Higgs decayBR ratioscorrelatewith solarmixing (triplet Yukava ratios)

AREP — p_4w



Inverseseesawvith low-scaleorigin for nu-mass
Mohapatra& JV, PRD34(1986)1642

“Inverseseese” m ! QOas ! O

0 1
0O mj, O

M:@mD 0 MTA;
0 M

LFV & CPVpersistasm & ! O

NHL exchange

Bernabewetal, Branco,RebeloandJV.,
Rius& JV, Gonzalez-Garci& JV

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

Iogm% log;o

susyloops
Hall, Kosteleck & Raby Deppisch& JV, hep-ph0406040
Borzumati& Masiero

Barbieri& Hall, Casask Ibarra,...

0-0
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fragility of solar-nu oscillationsagainstNSI

sin® ¢ m2, [eV?] "0 2
OSCanalysis
LMA-I 0.30 8.3 10 ° + + 83.0
OSC+NSlanalysis
LMA-I 0.30 8.3 10 ° -0.15| -0.15| 81.9
LMA-D 0.70 8.3 10 ° -0.15| 0.95| 83.1
LMA-0 0.30 1.4 10 ° 0.00| 0.30]| 85.0

Best®t solarneutrinooscillationpointswith andwithout non-standardhteractions
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Robustnessof solar-nu oscillationswrt noise-KL04

neutrino propagtion strongly

affected by solar densitynoise N TR T
Balantekinetal 95 £ | ] 3 i
Nunokava etal NPB472(1996)495 T i 1r 1
Burgessetal o7 S LRI S EREST e AR
Burgessetal, Ap.J.588:L652003)
& ‘]CAPO401(2004)OO7 10'3 - T T T 1T 1T 1T 139 F T T T T T T 19
Guzzoetal, Balantekinetal - L=100 km, noise=free 4 £ L=100 km, noise=free .
E Before Nu-2004 E E After Nu-2004 E
N'; L 4L i
Q,
LSl E ERS E
despitesuchlarge distortion B 1F« |
10—5 ] L 111 L 11
10" 10" 10°

determination is robust

cf salt| Maltoni etal, hep-ph0405172
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Robustnessof solar-nu oscillationsagainstSFP

minimashiftedby huge®elds

preventedby solaranti-nulimit s

o N A

anti-nulimit impliesrobustness

2\

Dc?
[
(=
\

RO N~ O

SSuperkamiokande /" 1 Esuperkamickande 7 3
= I 1L i
) KamLAND proposal KamLAND proposal
regularversusandommag®eld < 0 " / = e -
- EKamLAND E E KamLAND .
001 pssoerer I / , Frieciand-Gruzino |
1 10 1 10
rr-!Lleax [100 kG] rrlleax [MG]
. | t f B’) E SuperKamiokande
isolating  from . -
= | KamLAND E
q_cm 0.1:_ proposal ;
T = =
D — “S’ =
_ KamLAND =2
=
B =
O-O:kI_J 1 III]- 11 IIJI-IO 1 1 1 11 Iﬁ-lOO
Mirandaetal hep-ph/0311014PRL) & hep-ph/0406066 m/10%m,

—p.4



LSND
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4-nusdonot really t LSND with the rest

M. Maltoni etal, hep-ph/0405172{PB643(2002)321
strongemrejectionby solar& atmin 2+2than3+1
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Cosmologyclosesan on LSND

3+1schemesstill OK at 3sigma highermasse®xcluded
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day-night effectasa probeof 13
Akhmedaw, Tortola,JV. JHEP05(2004)057 relevanceof centralvalue
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why KamLANDO4 improves 13

strongspectrundistortion

favorsunplysical ;3 values
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will probes;3 andCPphase

only if Non-Standarahu-IntercationgNSI) canberejected...

Huber Schwetz& JV PRL88(2002)101804& PRD66,013006(2002)

http://i c.uv.es/ahep



FCIl-oscillation confusiontheorem

a neutrinofactoryis lesssensitve to 3

becausenon-standarcheutrino interac-
tionsareconfusedwith oscillations

Huberetal, PRL88(2002)101804

nearsite programmaeessential

2 10%° mulyr/polarity 5 yr, 40 kt magniron
calorim,10% muonE-resolnabove 4 GeV
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FCIl-oscillation confusiontheorem-2
Huberetal, PRD66,013006(2002)
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Impr oved FC-NSI-testsat
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solar-nu 2002

Maltoni etal, PRD67(2003)013011
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non-standard neutrino propagation

Non-standardnteractions

FC or NU sub-wealkstrengthdim-6terms"G ¢

caninduceoscillationsof masslesgaeutrinogan matter
which areE-independentonvertingbothneutrinos&
anti-nu's, canberesonantn SNovae

Valle PLB199(1987)432,

Roulet91; Guzzoetal 91; Bargeretal 91

they give excellentdescriptionof solardata Guzzoetal NPB629(2002)479

but cannot betheleadingmechanismgdueto KamLAND

how muchcanthey affect solarneutrinooscill parameters?
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