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NO, I0 (IC19 w/o SK-atm) NuFIT 6.0 (2024)

3V mMixing oG | CITTEE

el z
101~ 10 ~
- . . . . . Vo2 u ‘\ /I 1L N
In the 37 scenario, neutrino evolution is described by six o 10 )
parameters = 1F E
B 1 1 1 | I I | 1 1 | 1 1 1 | ] 1L ] | 1 1 1 | 1 1 ] |
. dv | A o) 0 92 025 03 03 04 65 8.5
! — (U dlag(OaAmzp Am31)U ) v e SN0 i
dE 2E 5 15_|I |IIII|IIII|III,,I,,|IIII_ _II|II|‘II|III |II”II|I|| |
I/a, — Z Uaivi U — U(923)U(9139 5cp) U(912) N 10~ H 10 ii -
Bl 1L ii -
B 1r 55 -
Mass ordering i \ 1 §§ )
_|IIII|\T\L/I|IIII\/ II|IIII_ _II|III IIII|IIiilllllll\Lyllllll_
Normal [nverted 004 a5 05 055 06 06526 25 24 24 25 26
3 1o I ‘”S‘inz 0, » Am§2 102 eV?) Amg

Vl_ o o | —

l|||III|I

II IV »T IIIII|IIIII
15 — \ i -
| _ﬁ 7 D
0 ' / \
% i 1L // \\
= i i . 109
10 — —§
| 1t b
N%{ B _L
5_ —
O_I 1 1 ] | | I | I_ I O |
() ()2 () ()DA




3V mixing

In the 3 scenario, neutrino evolution is described by six parameters

d |
id_:j = °F (UTdiag(O,Amzzl, Am321)U) U U= U(0,5)U(0,3,0.,)U(0,,)

Experiment Dominant Important

Solar Amy,
Reactor LBL Am3, sin” 0,

Reactor MBL sin” 4, , | Am321 |
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Reactor Neutrinos .

In reactor experiments, a flux of v, is created with energies around the ~ MeV /
e neutron /

' g%?

>t y-rays

prompt neutrons

The neutrino flux is created due to the fission of four different isotopes:

235U( N 56%),238 U( ~ 8%),238 Pu( ~ 30%),241 Pu( ~ 6%)
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Reactor

neutrinos: @, and Am?,
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Solar Sector: 0,, and Am>, ===
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Solar Sector: 6, and Amj;

Tension in the determination of Am221 between reactor and
solar experiments

Amzzl is determined by long-baseline
reactor experiments

NuFIT 6.0 (2024)
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Long-Baseline Accelerators

Neutrinos are generated from pion/kaon decays caused by an accelerated proton beam hitting a target.
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Neutrinos travel ~ 100 Km and have energies £ ~ 1 GeV, making
these experiments sensitive to Am321,sin 053, Ocp
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| BL: Ams, and sin 26,

Accelerator experiments are sensitive to Am321 and sin” 20,5, searching for yﬂ-disappearance

NuFIT 6.0 (2024
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LBL: O.p , SIn 6,; and Ordering

Accelerator experiments can search for v ,-appearance

P, _,, = 4sin” 0 3sin® Oy(1 + 20A) — Csind,,(1 + 0A)
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Octant 0,; Ordering CP-violation

NUFIT 6.0 (2024)

Illllllllllllllljlllﬂ
— Minos
— NOVA
— T2K

— 1C19
Preference for the higher-octant and 10 10 — LBL/IC

Al

2
<

O
Z
@,

I|IIII|FIII|IIIIIIII|

15

~!§LII|_

I
1 | | | |
o

O
I R N L B

<
—

| Esteban, MC Gonzalez-Garcia, M Maltoni,

IMS,JP Pinheiro, T Schwetz, JHEP 12 (2025) 0 L SEEEEE L L ] W



https://arxiv.org/abs/2410.05380
https://arxiv.org/abs/2410.05380

Long-Baseline Accelerators
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NOVA-T2K joint fit

NOVA and T2K have performed a joint fit, showing good agreement with global analysis
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NOVA-T2K joint fit
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L BL+Reactors

Full LBL-reactor combo eases T2K-NOVA tension
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How can atmospheric neutrinos contribute?



Atmospheric Neutrinos

Atmospheric | Astrophysical
neutrinos neutrinos
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Neutrino Evolution in Matter 2 -

W
Matter effects play a crucial role in the evolution of atmospheric neutrinos
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Su b—GeV OBE cosl, = —0.85 P—

50}9 — 37‘(‘/2

For atmospheric neutrinos, both fluxes are sensitive to 0p

+ In the case of 5Cp =+ (), the CPT conservation implies

P, —-v,)# P, — 1)

« The impact of 5Cp depends mainly on the neutrino direction

- P, contribute to measuring the phase via c0s 0¢p

Minakata, Nunokawa, Parke, PLB 537 (2002) Minakata, Nunokawa, Parke, PRD 66 (2002)
Denton and Parke, PRD 109 (2024)
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Multi-GeV

At the GeV scale, trajectories crossing the mantle
experience a resonance, making neutrinos sensitive to —l o
the mass ordering: A Uo7
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Super-Kamiokande

Several experiments have measured the atmospheric neutrino flux, with SK starting from the sub-GeV scale.
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lceCube

The neutrino telescopes measure the atmospheric neutrino flux from the multi-GeV scale

 ~ 1km? ice Cherenkov
 The sample is divided into tracks and cascades
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ORCA

ORCA measures the multi-GeV component of the atmospheric neutrino flux from ~2GeV

The total expected volume is 7 Mt, with events classified
into high-purity tracks, low-purity tracks, and showers
KM3NeT/ORCAG6 Preliminary
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Atmospheric Mass-Squared Splitting

NuFIT 6.0 (2024)
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Mass Ordering

solid = IC19, dashed = 1C24 NuFIT 6.0 (2024)
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CP-violation

The Jarlskog Invariant provides a convention-independent measurement of the violation of the CP symmetry

NO, 10 (IC19 w/o SK-atm) NuFIT 2024
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Neutrino Mass Scale

Additional information is needed to measure the absolute neutrino mass scale
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Conclusions

The 3 mixing provide a consistent description of the results

» For 6,5, the precision is 20 % at 3o with a small preference for lower
octant (higher octant) combining 1C24+SK+global fit (global)

e FOr 5Cp, almost the entire region is allowed to 30, with a preference

close to CP-conservation for NO and maximal CP-violation for 10.

* For the mass ordering, there is almost no preference for ordering until
the combination with 1C24 and SK, which shows a preference for NO.

* No indication of the neutrio mass scale

NO, I0 (IC19 w/o SK-atm)
NO, 10 (IC24 with SK-atm)

NUFIT 6.0 (2024)
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Conclusions

NuFit [1] Valencia [2] Bari [3]
sin ), 0.308*)015 0.318*01¢ 0.303% ;5
sin” 6,5 0.470% 703 0.574* )14 0.455% 7015
sin’ 0 0.02215%5003s 0.02274 6060 0.023%4 6006
Scp 212+26 218+38 234*5
Am?,/1073 7.4910-10 7.501022 7.36101°
AmZ,/1073 2.513002 2.551002 2.458%00%
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