M. Lindner
Technische Universitiat Miinchen

NO-VE 2006



Coming Improvements

MINOS: improved oscillation parameters
MiniBOONE €= LSND

L/E dependence of oscillations

KATRIN

Better 0v2[3 limits / signals

But why do we need precision measurements?
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Solar Neutrinos: Learning About the Sun

Observables:

- optical (total energy, surface dynamics, sun-spots, historical records, B, ...)
- neutrinos (rates, spectrum, ...)

‘p+p »2H+ et + 1, ‘ p+ e +p = H+ 1,
— A

H+p »3He+)

__-—-ﬂ-'—'_'d= """-*______15‘:}@

PIOSELNG — 85 %

‘ He+He ~ He+2p ‘ He+‘He w Be+y

0.02% AW

7 oo
Bet p r 8Bty Bet+ e Li+ve
8 > 8Be*+e*+ y, |  Litp - ‘He+iHe

’Be* ~ “He +He

*Het+p » ‘Het+e™ + 1,

\ ®.0 ol - nuclear cross sections
- solar dynamics

- helio-seismology

- variability

- composition

M. Lindner



primary cosmic-ray interaction
in the atmosphere

cascade of secondaries
K

decay of secondaries

neutrinos from decays
of other particles

Issues (in flux models):
- primaries (...)

- atmosphere

- Cross sections

- B-fields

- shower models
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Precison with New Neutrino Beams

 conventional beams, superbeams

= MINOS, CNGS, T2K, NOvVA, T2H,...
* [3-beams

=> pure V, and V, beams from radioactive decays; y~ 100
* neutrino factories

=» clean neutrino beams from decay of stored U’s
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Le,

near detector (170m)

Le,

Precision with New Reactor Experiments

far detector (1700m)
identical detectors = many errors cancel
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= Double Chooz
= KASKA

=» Braidwood
= Angra, ...

no degeneracies
no correlations
no matter effects



Double Chooz

existing far detector hall

... + another
existing big hall!

see talk by T. Lasserre
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Double Chooz and Ov2[3

Distavored by OvEg
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M. Lindner

precise neutrino parameters

why is this interesting?

=> unique flavour information

=>» very precise: no hadronic uncertainties
=> different from quarks €=» see-saw

=> tests models / ideas about flavour
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Was favoured by most theorists
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The Value of Precision for 0,

* models for masses & mixings
* input: Known masses & mixings
=» distribution of 6, ,,predictions*

* 0,; often close to experimental bounds
= motivates new experiments

=> 0,; controls 3-flavour effects
like leptonic CP-violation

physics question: why is 9Q so small ?
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Further Implications of Precision

Precision allows to identify / exclude:

* special angles: 0,,= 0°, 0,,=45°, ... €=» discrete f. symmetries?
* special relations: 0,,+ .= 45° ? €=» quark-lepton relation?
* quantum corrections €=» renormalization group evolution

Provides also measurements or tests of:

* MSW effect (coherent forward scattering and matter profiles)

* Cross sections

* 3 neutrino unitarity €=» sterile neutrinos with small mixings
e neutrino decay (admixture...)

* decoherence

« NSI

* MVN, ...

M. Lindner
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Gauge unification suggests that

The larger Picture: GUTs

some GUT exists

Requirements:

gauge unification

particle multiplets €= v,

proton decay

M. Lindner

T
“la_fs ]
b ]
mmm

3. generation

uarks

Leptons

SU (5)x U (1)

SU (3). x SU (3), xSU (3),
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GUT Expectations and Requirements

Quarks and leptons sit in the same multiplets
=> one set of Yukawa coupling for given GUT multiplet

=> ~ tension: small quark mixings €=» large leptonic mixings
=> this was in fact the reason for the “prediction’ of

small mixing angles (SMA) — ruled out by data

Mechanisms to post-dict large mixings:
=> sequential dominance
=> type Il see-saw

=> Dirac screening
9 [ N

M. Lindner
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If one right-handed neutrino dominates, e.g. y >>x

=> small sub-determinant ~ m, .m,
=2 m, << m, i.e. a natural hierrachy
=> tan 0,;~ a/c i.e. naturally large mixing
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sequenatial dominance: z>>y>>x

=> small determinant ~ m, . m, .m,
= m, << m, << m; natural

=> naturally large mixings
King, ...



Large Mixings and See-Saw Type 11

see-saw type II m,=M, - mpMy'm,"

mp and My may posess small mixings and hierarchy
However: ML can be numerically more important

Example: Break GUT - SU(2); x SUQ2)g x U(1)g, M, from LR
=> large mixings natural for almost degenerate case m,~m,~m;,

=> type I see-saw would only be a correction

type 1 — type 1l interference
2> M, ~my;My ' my"
=> many possibilities

M. Lindner 20



Question: Do neutrino masses always depend on the

Dirac Yukawa couplings? = no
piing ML, Schmidt Smirnov

0 Y, (@) 0
Assume: V;, V<., S = M= Y@ 0 Yio)
0  Yniop Mg

2
=> double seesaw oy, s {@} Y, (Yu) ! Mg (YE)_I yvT

i <J> i

fit fermions into GUT representations

Y= e ¥
=» relation between Yukawa couplings, e.g. E6 cAN



. 2
> 4 co.mplete screening of i, {@} Mo
Dirac structure

QOutcome:

* Neutrino masses can emerge completely from Planck scale
physics €= generically different from quarks

 Dirac Yukawa structure (small mixings) screened
* Hierarchical neutrino spectrum not required in see-saw

* Quark-lepton complimentarity possible ...
...with or without degenerate neutrino masses

* Double see-saw predics for My, to be below M ;1
first see-saw = My ~ <s>/Mg ~ 103 M1~ 101 GeV



Flavour Unification

* so far no understanding of flavour, 3 generations

e apparant regularities in quark and lepton parameters

= flavour symmetries
=> not texture zeros
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Examples:

OB3), XUy
SO(3)

5(3), *S5Q)g

As;Zza Z7

S(3)
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Discrete Flavour Symmetries €=» flavour structure
Example: Dihedral groups D

geometric a

origin of D,
/\ ab}& ,: } igb




<AB|A"=1,B*=1,(AB)"=1> .

Kronecker products
complex generators

11)(11 = 1]
. . 0 lax1l; = 1
— e = 21)(11 = 2]
12)(12 = ]_]
&t 0 0 1 Oy = U
i A:( 0 e—i%) B:(l D) 29 x1ly = 2
21x21 = Li+1la+2
character table YDy = 40
classes | C; | Co Cy Cy 20X 29 = 1;14+14+24
G 1| B A A?
he, |15 2 2
ng, [ 1]2 5 5 Clebsch-Gordan
1, 111 1 1
1, |1]-1 1 1 Coefficients ...
2 | 2] 0| L-1+VE) | H-1-V5)
2 |20 |3(=1=V5) ] 3(-14+V5)




Task: search for mass terms which are for suitable Higges singlets under D,

Notation: L = {L]_, LQ, L3}

i, generation fermions

Dirac mass terms: )\’L] LT (7/0-2 ) ¢LC

Majorana mass terms: )\ .

0 L5
with E p— \/5



L LC Mass Matrx

Rty —Ry] Ry
(19,14, 14) | (24, 14) Roty  Kotl{  Rg!
Hﬂi’% *“-?3%5’% -‘iﬂﬁf’l

DS singlet mass terms require the following quantum numbers for the scalars:

‘;51"“"11:1
¢y ~ 15 and

P~ 2.

=» Check if phenomenological successful predictions arise



Example: SO(10) x SU3)




GUT ® Flavour Unification

= GUT group & continuous, gauged flavour group

* for example SO(10) @ SUB)qavour

* Generations are 3
* SSB of SUB)q.vour PEtWeEEN Anyr and App,, ok

=» all flavour Goldstone Bosons eaten

=» discrete (ungauged) sub-group survives €=» SSB potential
= e.g. 72, S3, D5, A4, ...

=» structures in flavour space
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GUT ® Flavour Challenges
e GUT ® flavour is rather restricted

- small quark mixings

- large leptonic mixings

=» from unified GUT ® flavour representations
=> strong links between Yukawa couplings

* Difficulty grows with

- size of flavour symmetry

- size of the GUT group

=» so far only a few viable models
=» limited possibilities

=» Distinguish models by future precision

M. Lindner
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Conclusion: The Interplay of Topics

SM extensions: SUSY, ...
flavour symmetries
unification

fundamental interactions
CPT & Lorentz inv.
extra dimensions

ﬁ

leptogenesis
supernovae

BBN

structure formation,
UHE neutrinos

dark matter & energy

mass spectrum, mixings, CP-phases, lepton flavour violation, 0v2[—decay, ...

M. Lindner
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