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OVERIEW,

« Neutrinos
¢ QOscillations

¢« Absolute Mass

« OvBf Decay
« Lepton Flavour Violation

« Neutrino Mass Generation
¢« Seesaw Mechanism

« SUSY Seesaw
« Left-Right Symmetry

« Conclusion
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NEURONOSEI2UENRS

¢ Neutrino interaction states different

from mass eigenstates
Neutrino flavour can change through propagation
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¢ Solar neutrino oscillations
Large mixing

¢« Atmospheric oscillations
= Maximal mixing

¢« Reactor and accelerator neutrinos | . > B
Antineutrino disappearance at Daya Bay S <2 913)_()-09210-021
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Neatririnio Cseillzitions

¢ Neutrino mixing matrix and mass differences

. ' normal hierarchy inverted hierarchy
V2713 V1/3 01567 (€ 0 0

Ul —=VJ1/16 V1/3 —=V1/2[X| 0 €% 0] smmm— (meI

1 , (Am”)_,

176 V113 V12| {0 0 s
2 - Ve
| T (Am’),
¢« Constraining the model space " moy o
Predictions of All 63 Models e
v'l.'
R T L AL
1~ ~
10 -—— texture zero o |
L SO(3)
g T [ ] (m,)’
2 | Lo, . am)y ,
= 7 |mmmm SRND 1 (m,) (m,)” e——
“5 o Em :ggg; Is‘;lr:::fric/asym m
B sk ] De Gouvea '04
s .
Z = R
3 -
277 ]
l-— N —-
o LNz NANN s 1
le-05 0.0001 0.001 0.0 0.1
Chen, Albright '06 sin’e,

¢« Experimental unknowns and anomalies

CP violation?, Sign of A m,;?, Sterile Neutrinos?
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ARSO

¢« Energy endpoint in

jUte Neutrinoe: IViass

Beta decay

=2, U mi<(22¢V)

¢« Impact on Large Scale Structure

=) m<04-1leV

¢ Neutrinoless Double Beta Decay
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Future Experiments:
M pp =(0.01 eV
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Tritium p-decay spectrum near endpoint
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Natfirinioless Blotlole

¢ Process: (4, Z) —» (4, Z+2) + 2¢ AT0 s
“« Uncontroversial detection of Ov(3[3 5 \\ p
of utmost importance ° o se
¢ Prove lepton number to be broken 7o 33 24
¢« Prove neutrinos to be Majorana particles :
, Heidelberg-Moscow
(Schechter, Valle '82) T,.(°Ge) 31_%025 y

« Which mechanism triggers the decay? 0= (0.3 -0.6) eV

Light Neutrino Exchange

(LH Current, Mass Mechanism) General Effective Operator
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DISENIENFINERNEWAEHVSICERSCENENOS

¢« Angular and Energy distribution of emitted electrons
(Doi et al. '83; Ali et al. '06; Arnold et al. '10; FFD, Jackson, Nasteva, Soldner-Rembold '10)
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¢ Linearin cosf
¢ k(E,, E,) depends on Ov(33 mechanism
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Comparison of Ov@f3 in multiple isotopes
(FFD, Pas PRL 2007)

¢ Depends on Ov(3 mechanism

T
TI,Q(BY) G(A X)‘M(AX)‘Z ¢ Independent of details of new physics
(if one mechanism dominates)
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e Hierit Syeneneiric Moels!

« Left-Right symmetric models predict heavy SU(2);
gauge bosons and heavy right-handed neutrinos

¢« Subset of contributions

dy — > u d; — = up
:VZI,’H—V—A > e ';VLLH’V_A » e
seom, Xmy
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dr > V_A‘J\rr B up dg > V+A“rrr > up
LH hadronic and leptonic current RH hadronic and leptonic current
(Mass Mechanism, MM) (Right-Handed Current, RHC,)
¢« New Physics Parameters
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Anlejulzlr ziniel Erigire)y Correlziiior)s

« Constraints on the A L ]
parameter space 300r :
¢ Half-life measurement 250F

= 200F
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« Statistical uncertainties AT1077] .

from simulation S¢

Arnold et al. arXiv:1005.1241
¢« Theoretical nuclear matrix

element uncertainty: 30%
9125 Frank Deppisch Neutrinos and BSM Physics 14/03/2012



Anlejulzlr ziniel Erigire)y Correlziiior)s

« Constraints on the
parameter space

¢ Half-life measurement

¢« Angular correlation

¢ Statistical uncertainties
from simulation

Arnold et al. arXiv:1005.1241
¢« Theoretical nuclear matrix

element uncertainty: 30%
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Anlejulzlr ziniel Erigire)y Correlziiior)s

« Constraints on the
parameter space

¢ Half-life measurement
¢« Angular correlation

¢ Energy correlation

¢ Statistical uncertainties
from simulation

Arnold et al. arXiv:1005.1241

¢« Theoretical nuclear matrix

element uncertainty: 30%
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Anigullelr zisiel Erarg)y Carreleltons

¢« Constraints on the

parameter space Ll
¢ Half-life measurement 250} ]
« Angular correlation = 200} i

- O L

¢« Energy correlation g |
— 150 ]

¢« Combined 1o area S |

100¢

50¢

¢ Statistical uncertainties

: : A[1077] 82
from simulation Se

Arnold et al. arXiv:1005.1241

¢« Theoretical nuclear matrix
element uncertainty: 30%
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Anlgulelr clnlel =ngre)y Corralzitions

¢« Constraints on the

parameter space S00F 38
¢ Half-life measurement 250F
¢ Angular correlation = 200}
. Q -
« Energy correlation g
— 150F
¢ Combined 10 area I

100F

50F

¢ Statistical uncertainties
from simulation

Arnold et al. arXiv:1005.1241

¢« Theoretical nuclear matrix
element uncertainty: 30%
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cierged Laoian) Fleivolr Vigleiton

¢« Lepton flavour practically conserved in the Standard Model

2 2

Am
Br(u—ey)= 321‘('2 U, U, 1l| ~107°

W

LFV is clear sign for BSM physics

¢« Flavour violation in quark and neutrino sector
Strong case to look for charged LFV

¢« LFV can shed light on ¢

« Grand Unification models

TeV scale new physics

GUT / Leptogenesis

¢ Flavour symmetries /|\ V.

¢ Origin of flavour
Q,H

N

majorana V
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pzlfa ERY Proessses

¢ Current bounds and future sensitivities
¢ Br(u-e) <1.200"" (MEGA) 10" (MEG, 2009)
¢ Br(r-uy) <6.8M10° (Belle) 10° (Super-B Factory, LHC?)

¢ Br(r-e)) <3.7007 (BaBar) 10° (Super-B Factory)
¢ RuN-e N)<700" (Sindrum) 107"°(COMET), u—e conversion in nuclei
¢ u-3e, 1-3u(LHC), etc.

« Correlation between processes of same flavour transition
H—¢€ey MU N-e N 10_12 : IR(p‘Au—)e‘lAu)=5-10"13I
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SeesanalViechnanism

¢« Add right-handed neutrinos to (MS)SM
particle content, M, = 10'* GeV

W= WMSSM_E
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Y L-H

¢ Integrate out heavy right-handed neutrinos

Vi
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VR

T
)(Vf) with m, =Y, (HY <M,

« Effective light neutrino mass matrix at low energies

m,=my, M 'm, for m,<M,

m,~0.1eV

2
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SeesaWAVIeCHanISIS

Seesaw | | Seesaw lI Inverse Seesaw
V. V. V. c C
Z,ef,v l,e;,v; Z) l’vl’Sl
e i
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Achieve testability
via impact on sleptons

¢« Neutrino flavour mixing radiatively

iInduces slepton flavour mixing
(Masiero, Borzumati)

« Correlation between slepton
and neutrino flavour mixing

I
|
|
)

/|512|=>Br(u—>ey), etc.

[] 9 potential

observables
ocY Y log(M /M)

[1 SUSY Seesaw
‘ testable (in principle)

d Slepton mass differences (Colliders)
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SUS Y Saagzyy [

Achieve testability Ty .
via impact on sleptons Susy Seesaw Teddy

¢ Neutrino flavour mixing radiatively

induces slepton flavour mixing
(Masiero, Borzumati)

¢« Correlation between slepton
and neutrino flavour mixing
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SUS Y Saagzyy [

Achieve testability
via impact on sleptons

¢ Neutrino flavour mixing radiatively

induces slepton flavour mixing
(Masiero, Borzumati)

¢« Correlation between slepton
and neutrino flavour mixing
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¢« Cascade LFV decays of
second lightest neutralino
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Elejnit meiejnii=rlzipielee] Natiripos

¢ Inverse Seesaw mechanism

¢« “Anti”’-Seesaw mechanism

¢« Left-Right symmetric models
Right-handed neutrinos couple with gauge
strength to charged leptons

U

SR

1 2 3 4 5
o —3mW My, [TeV]
L,R

m

Probing right-handed neutrino mixing, Aguila, Aguilar-Saavedra, Das, FFD,
Large LFV and LNV rates at LHC Kittel, Valle, work in progress
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Elejnit meiejnii=rlzipielee] Natiripos

¢ Inverse Seesaw mechanism

¢« “Anti”’-Seesaw mechanism

¢« Left-Right symmetric models
Right-handed neutrinos couple with gauge

strength to charged leptons
U

=107"°

Rp(u—e)

SR

Probing right-handed neutrino mixing, Aguila, Aguilar-Saavedra, Das, FFD,
Large LFV and LNV rates at LHC Kittel, Valle, work in progress
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Elejnit meiejnii=rlzipielee] Natiripos

¢ Inverse Seesaw mechanism

. . See_sa %eEE
¢ “Anti”’-Seesaw mechanism W y

Rau(u—e)>8-1071

¢« Left-Right symmetric models
Right-handed neutrinos couple with gauge
strength to charged leptons

U

SR

Rai(u—e)=1071

i 2 3 4 5
H++ —O 3111 WR [TeV]
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Probing right-handed neutrino mixing, Aguila, Aguilar-Saavedra, Das, FFD,
Large LFV and LNV rates at LHC Kittel, Valle, work in progress
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Coareclusion

¢ Neutrinos much lighter than other fermions
Strong experimental program to probe absolute mass
Mechanism of mass generation?

¢ Neutrino flavour oscillations
Nearly bi-maximal mixing # quark mixing
Flavour symmetry? CP Violation?

¢ Neutrinos are the only neutral fermions
Dirac or Majorana? Lepton number violation?

¢ Neutrino impact on cosmology
Baryogenesis via Leptogenesis?

¢ Rich phenomenology in
models of neutrino mass generation
¢ Charged lepton flavour violation
¢ LFV and LNV processes at the LHC
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Coneclisiorn

¢ Neutrinos much lighter than other fermions
Strong experimental program to probe absolute mass
Mechanism of mass generation?

¢ Neutrino flavour oscillations
Nearly bi-maximal mixing # quark mixing
Flavour symmetry? CP Violation?

¢ Neutrinos are the only neutral fermions
Dirac or Majorana? Lepton number violation?

¢ Neutrino impact on cosmology
Baryogenesis via Leptogenesis?
¢ Rich phenomenology in
models of neutrino mass generation
¢ Charged lepton flavour violation
¢ LFV and LNV processes at the LHC

¢ Neutrinos faster than light?
Maybe not...

29/25 Frank Deppisch Neutrinos and BSM Physics 14/03/2012



	Title
	Overview
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

