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The T2K & NOvA Tension!
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The T2K & NOvA Tension!
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https://arxiv.org/abs/2201.03250

The T2K & NOvA Tension!
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less sensitive than T2K-2021
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The T2K & NOvA Tension!
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Also curious :

= T2K-2023 more data, but
less sensitive than T2K-2021

(2021 tension ~ 2.350)

= New NOvA data
should increase tension!

Blue curve from: NOvA PPC2024 proceedings


https://inspirehep.net/files/d67e5e7fb6fad6a49df8628fdec10ee9
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Also curious :

= T2K-2023 more data, but
less sensitive than T2K-2021

(2021 tension ~ 2.350)

= New NOvA data
should increase tension!

‘ | won't discuss the Preliminary data... ‘

Blue curve from: NOvA PPC2024 proceedings
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It is possible to reduce tension!

Tension: Apparent excess in v, sample
(see U. Rahaman et.al. Universe 8 (2022) no.2, 109)
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It is possible to reduce tension!

Tension: Apparent excess in v, sample

(see U. Rahaman et.al. Universe 8 (2022) no.2, 109) Plots from Pedro Pasquini et al. arXiv:2310.18401
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It is possible to reduce tension!

Tension: Apparent excess in v, sample

(see U. Rahaman et.al. Universe 8 (2022) no.2, 109) Plots from Pedro Pasquini et al. arXiv:2310.18401
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T2K has a large excess — NO and dcp ~ —90°
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It is possible to reduce tension!

Tension: Apparent excess in v, sample

(see U. Rahaman et.al. Universe 8 (2022) no.2, 109)

Explanation:

= Decrease P(v, — v.) (and also helps increase P(v,, — U.))

= Preferably: act differently for T2K and NOvA (Matter effect? Baseline? Energy?)
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It is possible to reduce tension!

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

Explanation:
= Decrease P(v, — v.) (and also helps increase P(v,, — U.))
= Preferably: act differently for T2K and NOvA (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 Gouvéa et. al.PRD 106 (2022) no.5, 055025
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https://arxiv.org/abs/2204.09130

New idea: NSI at source

This talk: We checked if pseudo-scalar NSI at source could reduce the tension
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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= ﬁGFVu%KMeag (ﬁ’}%d) (ZQPLVB)
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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= ﬁGFVu%KMeag (ﬁ’}%d) (ZQPLVB)

The presence of 75 is crucial!
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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= ﬁGFVu%KMeag (ﬁ’}%d) (ZQPLVB)
The presence of 75 is crucial!

m — Lv: Changes a lot (pseudo-scalar)
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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= ﬁGFVu%KMeag (ﬂ’}%d) (ZQPLVB)

The presence of 75 is crucial!

m — Lv: Changes a lot (pseudo-scalar) No detection/propagation change!
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New idea: NSI at source

| Neutrino Process I NSI Matching with EFT
ve produced in beta decay f:;a = e —egp— gl‘ﬁﬁeﬂ:ﬁ
: y » 5
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Z. Tabrizi et.al. JHEP 11 (2020) 048
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New idea: NSI at source L =\2GpV CKM( + EL)(UWHPLCZ)(Z@W“PLV,B)
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New idea: NSI at source L =\2GpV CKM( + EL)(UWHPLCZ)(Z@W“PLV,B)
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New idea: NSI at source L =\2GpV CKM( + EL)(UWHPLCZ)(Z@W“PLV,B)
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New idea: NSI at source L =\2GpV CKM( + EL)(UWHPLCZ)(Z@W“PLV,B)
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New idea: NSI at source

| Neutrino Process
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dcp — ¢ correlation

We showed - first time perturbation for source NSI :

@WIN25 2025-06-10 Pedro Pasquini s



dcp — ¢ correlation

We showed - first time perturbation for source NSI :

2 2
NSI _ 4 S13533 o:.2 (1=7ra)AL 8Jrra ALY i roAL o (1=7a)AL
PNSI = 4(1_7”‘1)2 sin 5 + raiory €08 ((5cp + 5 ) sin ~23= sin 5

. —7rq)A . —1q)A
+p7lepel® + Applepe 222 sin <(1 2) L) sin <5cp — Pue + %) + O(ra, 823)

T

(ra = Am%l/Amgl,A = Am§1/2E,,,Ta = \/iGFNe/A, and J, = c¢12812023523513)
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dcp — ¢ correlation

We showed - first time perturbation for source NSI :

2 2
NSI _ 4 S13533 o:.2 (1=7ra)AL 8Jrra ALY i roAL o (1=7a)AL
PNSI = 4(1_7”‘1)2 sin 5 + raiory €08 ((5cp + 5 ) sin ~23= sin 5

02l ? + Apulepe] 22 sin (UL sin (0p — de + ETHEL) 4 O(ra, s3)
Linear in |€,c]

(ra = Am%l/Amgl,A = Am§1/2E,,,Ta = \/iGFNe/A, and J, = c¢12812023523513)
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dcp — ¢ correlation

Can be O Standard term
We showed - first time perturbation for source NSI :

2 2
NSI _ 4 S13533 o:.2 (1=7ra)AL 8JrTA ALY i roAL o (1=7a)AL
PNSI = 4(1_7”‘1)2 sin 5 + raiory €08 ((5cp + 5 ) sin ~23= sin 5

02l ? + Apulepe] 22 sin (UL sin (0p — de + ETHEL) 4 O(ra, s3)
Linear in |€,c]

(ra = Am%l/Amgl,A = Am§1/2E,,,Ta = \/iGFNe/A, and J, = c¢12812023523513)
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dcp — ¢ correlation

Can be O Standard term
We showed - first time perturbation for source NSI :

NSI 513533 2 (1- m)AL 8J,TA ALY i 1qAL i (1=1a)AL
P, —4(1 o2 sin —|—Ta(1_m) cos ((5cp+ 5 )Sln 5 sin 5

(1— a AL 1— . AL
+pu|euel + 4puley |s13523 sm - sm 5cp — Pue + (=ra)AL ) + O(TA,SIS)
dcp — alg[el,e] correlation
Linear in |e,e| Baseline dependency

(ra = Am%l/Amgl,A = Am§1/2E,,,Ta = \/iGFNe/A, and J, = c¢12812023523513)
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NSI at source reduces tension!

0.70
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Plots from Pedro Pasquini et al. arXiv:2310.18401
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Effect of the dcp F @ correlation
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Other constraints

‘We are still working on combining all...

LI R I I L R L L B
21 NOvA + T2K - 2 —
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From m — fv universality
see M. Guzzo et. al PRD 107 (2023) no.9, 095037
From Pedro Pasquini et al. arXiv:2310.18401
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Final Remarks

= T2K and NOvA 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 NOvA data might increse the tension though!

= m-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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Statistic test tables

Preliminary!!

9 Standard Osc. €ep €pe
Xmin NO 10 NO | 10 NO | 10
NOvA 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
NOvA + T2K 165.9 163.9 161.4 161.0 165.2 162.4
XpG / Npar 70/4 | 22/4 | 67/6 | 3.0/6 || 74/6 | 40/6
ppg-value 14% 70% 35% 81% 28% 68%
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