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Long baseline neutrino oscillations

A neutrino produced in a defined flavour state, e.g. νµ can be observed in a different
flavour state, e.g. νe after travelling a distance L.
PMNS Parametrization
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Long baseline neutrino oscillations

Oscillation probability depends on

Neutrinos energy Eν

Travelling distance L

Mixing angles θij

CP phase δCP

Square mass differences
∆m2

ij = m2
i −m2

j

Present knowledge
θ12 ≈ 33◦

θ23 ≈ 45◦

θ13 ≈ 9◦

∆m2
12 ≈ 7.5× 10−5eV 2

|∆m2
31| ≈ 2.4× 10−3eV 2

Open questions
CP violation

Mass hierarchy (m1,2 > m3?)

Majorana/Dirac?
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The T2K experiment
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The T2K experiment

Neutrino beam

30 GeV proton beam hitting a carbon target

Magnetic horns focus outgoing hadrons
(mostly π±/K±)

νµ beam from π+ → µ+ + νµ
Forward horn current (FHC) or
neutrino mode
νµ beam from π− → µ− + νµ
Reverse horn current (RHC) or
antineutrino mode
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The T2K experiment
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The T2K experiment
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The T2K experiment
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Oscillations
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Analysis Strategy

2 sequential fits

ND280 contrains flux and
interaction model

Constraints enter SK fit as a
covariance matrix

Feldman-Cousins
[frequentist] to construct
confidence interval

alternate analysis based on
Bayesian statistics
(both analyses are
performed for comparison)
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New after Neutrino-2022
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New after Neutrino-2022

New Near Dedector (ND280) samples

jdz (lpnhe-Paris) T2K ACHEP 26/10/2023 12 / 21



New after Neutrino-2022

New SK samples
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Data Collected

Same data set as Neutrino-2022 result, with added analysis improvements

New analysis with additional Run 11 (with Gd loading in SK) data ongoing
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Appearance Parameters

δCP = 0 and π ruled out at 90% CL

No biases detected when testing alternative interaction models

Excellent agreement between Bayesian and Frequentist results
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Disappearance Parameters
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Summary and Outlook

T2K is a long baseline experiment studying neutrino oscilations
aiming for precise measurements of θ23 and ∆m2

32, and constrain
or measure the CP-violating phase δCP

The new analysis presented here has significant improvements
over the last iteration:

CP-conserving values of δCP excluded at 90% CF level
Mild preference for normal ordering and upper octant

T2K+SK joint analysis excludes CP-symmetry at 2σ CL level
T2K+NOνA joint analysis being reviewed
SK-Gd data being incorporated into T2K analyses
Beam and near-detector upgrade to be completed soon and
data taking starting in November!
( see talk by Nataliya Skrobova this morning )
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Back up
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Beyond Oscillations
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Off-axis beam
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Super-Kamiokande
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