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Introduction

• We know:
• Three charged lepton masses, Δm2

12, and Δm2
23

• part of the neutrino mass hierarchy: m1 < m2
• limits on the absolute mass scale (cosmology, 
tritium endpoint, neutrino less double-beta decay)
• θ12 and θ23 from neutrino mixing

Leptons low energy phenomenology: masses and mixing angles
•Three-flavor neutrino oscillation parameters
•The MNSP matrix for leptons is analogous to the CKM matrix for quarks

• We don’t know:
• The absolute neutrino mass scale
• part of the neutrino mass hierarchy: m2 <?> m3
• θ13 and δCP values
• Nature of the neutrino: Dirac or Majorana (δ12, δ13 values)

IHNH
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• Δm2
12, θ12 oscillations (Solar, and Reactors)

Outline

• Δm2
23, θ23 oscillations (Atmospheric, and Accelerators) 

• θ13 limits (Reactors, Accelerators, Atmospheric and Solar)
• Overview: global fits
• Neutrino-less Double Beta Decay
• Cosmological limits
• LSND oscillations?
• Near future (10 years?)

– Conventional Beams
– Reactors
– Super-Beams
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Solar experiments (Homestake, SAGE, GNO, Super-K, and SNO) and KamLAND

Solar mixing: Δm12
2, θ12

Flavor flux constraints

All-solar data fit by SNO Global 2 neutrino fit by SNO

New KamLAND and SNO results in the last year

• KamLAND: Observed shape distortion

• SNO: Final salt results
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Atmospheric mixing: Δm23
2, θ23

MINOS projectionMINOS is now running
• first events last year
• 3-year expectation plot →
• already have ~2 years of

atmospheric data

Brian Rebel

Oscillation signals from →
• Super-K (atmospheric)
• K2K (accelerator)

Allowed Regions

Thomas Kutter
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• BNL E776: Excluded region on anti-νμ → anti-νe [1]
• Bugey: Limit on anti-νe disappearance [2]
• CDHSW: Excluded region on νμ disappearance [3]
• CHOOZ: Limit on anti-νe disappearance [4]
• CHORUS: Excluded region on νe → ντ or νμ → ντ appearance [5]
• Palo Verde: Limit on anti-νe disappearance [13]

• Looking for a small oscillation on a ~km scale
• Reactors: antineutrino disappearance through θ13 oscillation has no 
contributions from unknown parameters

θ13 limits (Reactors)θ13 limits (Reactors, Atmospheric, Accelerators, and Solar)

sin2 θ13 < { 0.029 (0.067) CHOOZ+atmospheric+K2K
0.041 (0.079) solar+KamLAND
0.021 (0.046) global data

• see full refs [1-16]
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−3σ −2σ +2σ +3σ

Δm2
12 (10-5 eV2)

6.9 7.2 7.9 8.7 9.0

sin2 θ12
0.24 0.27 0.31 0.36 0.40

Δm2
23 (10-3 eV2)

1.5 1.8 2.3 2.9 3.2

sin2 θ23
0.31 0.34 0.47 0.63 0.67

sin2 θ13 (10-2)           < 2.1 4.6

Global fits

2 ν analysis 

Three neutrino analysis
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All excluded regions are at 90% CL unless noted otherwise

• BNL E776: Excluded region on anti-νμ → anti-νe [1]
• Bugey: Limit on anti-νe disappearance [2]
• CDHSW: Excluded region on νμ disappearance [3]
• CHOOZ: Limit on anti-νe disappearance [4]
• CHORUS: Excluded region on νe → ντ or νμ → ντ appearance [5]
• Palo Verde: Limit is on anti- νe disappearance [13]
• Cl (Homestake): Preferred region on νe disappearance [6]
• Ga (SAGE and GALLEX): Preferred region νe disappearance at 95%CL [7]
• KamLAND: Pref. region on anti-νe disappearance at 95% CL [8]
• KARMEN2: Excluded region on anti- νμ → anti-νe appearance [9]
• K2K: Excluded region on νμ → νe appearance [10]
• LSND: Preferred region on anti- νμ → anti- νe appearance [11]
• NOMAD: Excluded region on νe → ντ or νμ → ντ appearance [12]
• SNO: Preferred region on νe disappearance at 95% CL [14]
• Super-Kamiokande (solar): Preferred region on νe disappearance at 95% CL [15]
• Super-Kam. (atmospheric): Preferred region on νμ disappearance at 90% and 99% CL [16]

Global fits: experiments
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Global fits: references
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LSND oscillations?

• The LSND result (4σ!) does not fit into 
the standard three flavor picture

• Three Δm2s are not consistent with 
only three neutrino masses

• MiniBooNE is looking for the same signal at a higher energy, same L/E, 
different systematic errors

• Blind analysis: box to be open in late 2005/early 2006
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• The cosmological effects of neutrino 
mass are seen in the large-scale structure
of the universe

• There are models where effects on 
large-scale structure are greatly 
reduced: they evade these limits 
(Neutrinoless Universe!)

Cosmological limits

• The standard neutrinos cosmological fits 
constrain the sum of the neutrino masses:
Σmν < ~ 1 eV

Nicole Bell



Picariello Marco - Lecce University                
Flavour in the era of the LHC - 9th 

Nov 2005 - CERN /99

12

Absolute mass and Neutrino-less Double Beta Decay 
• If neutrinos are Majorana (neutrinos are their 
own antiparticles), double-beta decay can proceed 
by a loop diagram with no neutrinos in the final 
state

• In the inverted hierarchy, there is a minimum 
Majorana mass

mββ = Uei
2 mi

i=1

3
∑ εi

• This process is sensitive to a Majorana mass

• Very nice related ΔL=2 processes 
see hep-ph/0502163 Phys.Rev. D71 (2005) 115001
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An example: Vanishing Determinant and θ13

Inverted Hierarchy

B. C. Chauhan, J. Pulido, M.P.  hep-ph/0510272
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Τhe near future: 
(Conventional Beams, Reactors, Super-Beams)

•Conventional beams:
•MINOS 735km 3 GeV 5yr νμ → νμ, νe
•ICARUS 732km 17 GeV 5yr νμ → νμ, νe, ντ
•OPERA 732km 17 GeV 5yr νμ → νμ, νe, ντ

•Reactors with near and far detectors:
•D-CHOOZ 1.05km 4 MeV 3yr anti-νe→ anti-νe
•Reactor-II 1.70km 4 MeV 5yr anti-νe→ anti-νe

•Off-axis super-beams:
•T2K 295km 760 MeV 5yr νμ → νe, νμ
•NOνA 812km 2.22GeV 5yr νμ → νe, νμ
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=2 10-3eV2 =0.5
88% 79%

26% 78%

12% 46%
25% 86%

TOTAL 9% 42%

•Current precision:
•Conventional beams:

•MINOS-ICARUS-OPERA
•Off-axis super-beams:

•T2K
•NOνA

Lindner hep-ph/0503101

Improvements for Δm31
2 and sin2θ23
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Limits on θ13

Δm31
2 = 2 10-3eV2 sin2θ23=1 Δm12

2 = 7 10-5eV2 sin2θ12=0.8

Minos Icarus
Opera

D-CHOOZ

T2K

NOνA

Reactor-II



Picariello Marco - Lecce University                
Flavour in the era of the LHC - 9th 

Nov 2005 - CERN /99

17

Schwetz hep-ph/0510331

•Reactors with near and far detectors: 
•D-CHOOZ 1.05km 4 MeV 3yr anti-νe→ anti-νe
•Reactor-II                  1.70km 4 MeV 5yr anti-νe→ anti-νe

•Off-axis super-beams:
•T2K 295km 760 MeV 5yr νμ → νe, νμ
•NOνA 812km 2.22GeV 5yr νμ → νe, νμ

Large θ13 and phases 

Accurate measurement of θ13

Strong correlation between θ13 and δCP

•Mass hierarchy determination
•No information on CP violation
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