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The T2K & NOνA Tension!

Intuitive?
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It is possible to reduce tension!

Tension: Apparent excess in νe sample
(see U. Rahaman et.al. Universe 8 (2022) no.2, 109)
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T2K has a large excess → NO and δCP ≈ −90◦

@WIN25 2025-06-10 Pedro Pasquini 3 / 13

https://arxiv.org/abs/2201.03250
https://arxiv.org/pdf/2310.18401


It is possible to reduce tension!

Tension: Apparent excess in νe sample
(see U. Rahaman et.al. Universe 8 (2022) no.2, 109)

Explanation:
⇒ Decrease P (νµ → νe) (and also helps increase P (νµ → νe))
⇒ Preferably: act differently for T2K and NOνA (Matter effect? Baseline? Energy?)
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It is possible to reduce tension!

Tension: Apparent excess in νe sample
(see U. Rahaman et.al. Universe 8 (2022) no.2, 109)

Explanation:
⇒ Decrease P (νµ → νe) (and also helps increase P (νµ → νe))
⇒ Preferably: act differently for T2K and NOνA (Matter effect? Baseline? Energy?)

Attempts to reduce the tension:

Non-Standard interaction (matter): P. Denton et al. PRL 126 (2021) no.5, 051801, S. Chatterjee et al. PRL 126 (2021) no.5, 051802, and R. Majhi et al. EPJC 82 (2022) no.10, 919

Non-unitarity (matter+ baseline): Pedro Pasquini et al. Eur. Phys. J. C 81 (2021) no.5, 444

Lorentz Invariance Violation (energy): U. Rahaman EPJC 81 (2021) no.9, 792

Sterile neutrinos (baseline): A. de Gouvêa et. al.PRD 106 (2022) no.5, 055025
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New idea: NSI at source

This talk: We checked if pseudo-scalar NSI at source could reduce the tension
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ud (1 + ϵL)(ūγµPLd)(ℓ̄αγ

µPLνβ)

∼ 27 for νµ

∼ 5500 for νe

@WIN25 2025-06-10 Pedro Pasquini 4 / 13

https://arxiv.org/pdf/1910.02971


New idea: NSI at source

This talk: We checked if pseudo-scalar NSI at source could reduce the tension

Suppose a model produces an effective interaction

L =
√
2GFV

CKM
ud ϵαβ (uγ5d)

(
ℓαPLνβ

)
The presence of γ5 is crucial!

π → ℓν: Changes a lot (pseudo-scalar) No detection/propagation change!

Z. Tabrizi et.al. JHEP 11 (2020) 048

∼ 27 for νµ

∼ 5500 for νe

⇒ Easier to avoid constraints
⇒ has extra CP-phases
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δCP − ϕ correlation

We showed - first time perturbation for source NSI :
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δCP − ϕ correlation

We showed - first time perturbation for source NSI :

PNSI
µe = 4

s213s
2
23

(1−ra)2
sin2 (1−ra)∆L

2 + 8Jrr∆
ra(1−ra)

cos
(
δCP + ∆L

2

)
sin ra∆L

2 sin (1−ra)∆L
2

+p2µ|ϵµe|2 + 4pµ|ϵµe| s13s231−ra
sin

(
(1−ra)∆L

2

)
sin

(
δCP − ϕµe +

(1−ra)∆L
2

)
+O(r∆, s

2
13)

(r∆ ≡ ∆m2
21/∆m2

31,∆ ≡ ∆m2
31/2Eν , ra ≡

√
2GFNe/∆, and Jr ≡ c12s12c23s23s13)
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We showed - first time perturbation for source NSI :

PNSI
µe = 4
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NSI at source reduces tension!
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Best Fits:

|ϵeµ| = 7.2× 10−4, δCP = 1.74π, arg[ϵeµ] = −0.32π
|ϵµe| = 1.1× 10−3, δCP = 1.08π, arg[ϵµe] = −0.49π
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Effect of the δCP ∓ ϕ correlation
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Other constraints
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From Pedro Pasquini et al. arXiv:2310.18401

From π → ℓν universality
see M. Guzzo et. al PRD 107 (2023) no.9, 095037

We are still working on combining all...
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Final Remarks

⇒ T2K and NOνA has a tension for quite some time!

⇒ Many attempts to solve with new physics

⇒ NSI at source is quite interesting/compelling (with new CP phase)

⇒ Improvement of tension less significant with 2023 data... (tension is smaller)

⇒ New NOνA data might increse the tension though!

⇒ π-decay constrains complementary to neutrino oscillations
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Many thanks!

Any questions?

Work suppoerted by FAEPEX grant number 2404/25 FAEPEX/UNICAMP
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Backup slides

Backup Slides
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Inverted ordering plots
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Statistic test tables

Preliminary!!

χ2
min

Standard Osc. ϵeµ ϵµe
NO IO NO IO NO IO

NOνA 51.8 52.5 48.4 50.4 51.3 51.6
T2K 107.2 109.2 106.3 107.6 106.5 106.8

NOνA + T2K 165.9 163.9 161.4 161.0 165.2 162.4

χ2
PG /Npar 7.0 / 4 2.2 / 4 6.7 / 6 3.0 / 6 7.4 / 6 4.0 / 6

pPG-value 14% 70% 35% 81% 28% 68%
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