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Atmos. + Accelerator Solar+ReactorReactor+Accelerator

O. Mena and S. Parke, hep-ph/0312131

δCP �= 0 ? => P (ν̄μ → ν̄e) �= P (νμ → νe)
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Near Detector Neutrino Energy (GeV)
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Phys. Rev. Lett. 106, 181801 (2011)



World’s most precise |Δm2atm| measurement!

sin2(2θ23) > 0.90 (90% C.L.)

∣
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atm

∣
∣ = 2.32+0.12

−0.08 × 10−3eV2

sin2(2θ23) > 0.96 (90%C.L.)
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sin2(2θ23) > 0.85 (0.84)

2.1× 10−3 <
∣
∣Δm2

∣
∣ < 3.1× 10−3eV2
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Eur. Phys. J. C 49 897 (2007) Phys. Rev. D 81 072002 (2010) 



J.S. Diaz and V.A. Kostelecký,  arXiv:hep-ph/1108.1799
L. Liu, J. Tian and Z. Zhao,  Phys.Lett. B702 154 (2011) 

W.A. Mann, D. Cherdack, W. Musial and T. Kafka,    
Phys.Rev. D82 113010 (2010) 

J. Kopp, P.A.N. Machado and S.J. Parke,                        
Phys.Rev. D82 113002 (2010)

sin2(2θ23) > 0.90 (90% C.L.)
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Phys. Rev. Lett. 107, 021801 (2011)
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τ → ρ (π− + π0) + ντ [BR = 25%]



arxiv:hep-ex/1107.2594
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Observed: 62 events 
Prediction: 49.5 ± 7.0(stat) ± 2.8(syst) events



sin2 2θ13 < 0.12 (0.20) at 90%C.L.

sin2 2θ13 = 0.04 (0.08)

Phys. Rev. Lett. 107, 181802 (2011)



Phys. Rev. Lett. 107, 041801 (2011)
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Atmospheric sector
 optimum distance

KamLAND

Solar sector 
oscillation curve
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Rate + Shape Analysis: 
sin2(2θ13) = 0.085±0.029(stat)±0.042(syst)

Combined results disfavor θ13=0 
at more than 3σ! 
sin2 2θ13 = 0.081 (0.087)







cosmics

D. Autiero - CERN - 23 September 2011



http://arxiv.org/abs/1109.4897



IMB
t (s) E (MeV) σE (MeV)

t ≡ 0.0 38 7
0.412 37 7
0.650 28 6
1.141 39 7
1.562 36 9
2.684 36 6
5.010 19 5
5.582 22 5

Baksan
t (s) E (MeV) σE (MeV)

t ≡ 0.0 12.0 2.4
0.435 17.9 3.6
1.710 23.5 4.7
7.687 17.6 3.5
9.099 10.3 4.1

Kamiokande II
t (s) E (MeV) σE (MeV)

t ≡ 0.0 20.0 2.9
0.107 13.5 3.2
0.303 7.5 2.0
0.324 9.2 2.7
0.507 12.8 2.9
1.541 35.4 8.0
1.728 21.0 4.2
1.915 19.8 3.2
9.219 8.6 2.7
10.433 13.0 2.6
12.439 8.9 1.9

Table from 
J. Ellis et al. (2008)



also JPARC!



Phys.Rev.D 76, 072005 (2007)δ = −126 ± 32 (stat.) ± 64 (sys.) ns 68% C.L.

Kicker fire
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MINNOS neutrinoo velocity schhedule
2011 2012 2013 2014 onwards

Reanalyze existing data

~18-32 ns precision

Data up to spring

2012 shutdown

11-18 ns precision

MINOS+ data-taking

Precision comparable to OPERA
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Alex Sousa - Harvard UniversityIFIC Colloquium, València, Dec. 15, 2011
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90% CL Sensitivity to sin2(2θ13) ≠ 0
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95% CL Resolution of the Mass Ordering
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“Unless you expect the unexpected you will never find [truth], 

for it is hard to discover and hard to attain.” 

- Heraclitus (535 BC - 475 BC) - 


