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O x dm? medium-baseline reactors
0 x GEN, matter effects in accelerator/atmospheric v
0 x GREN, self-interaction effects in supernovae

Synergy across \Amz\ determinations from reactor, accelerator, and atmospheric data:
measurements converge in the true ordering and separate in the wrong one

In particular, JUNO will be sensitive to

Amge — \Amz\ *

%oz(c()s2 010 — sin? 012)om

T

NO:a =+ 1 0:a=—1
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Long Baseline Acc. + Solar + KamLAND + Short Baseline Reactor + Atmospheric

Add sensitivity to Am?, 6,5, 5p and mass ordering
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TABLE I. Global 3v oscillation analysis: best-fit values and allowed ranges at N, = 1, 2, 3, for either NO or 10. The last column
shows the formal “lo parameter accuracy,” defined as 1/6 of the 36 range, divided by the best-fit value (in percent). We recall that

Am? = m3 — (m% + m3)/2 and that §/x is cyclic (mod 2). Last row: Ay? offset between 10 and NO.

Parameter Ordering Best fit lo range 20 range 30 range “l6” (%)
sm*/107> eV? NO, IO 7.37 7.21-7.52 7.06-7.71 6.93-7.93 sk
sin 0,10 NO, IO 3.03 2.91-3.17 2.77-3.31 2.64-3.45 4.5
|[Am?|/107> eV? NO 2.495 2.475-2.515 2.454-2.536 2.433-2.558 0.8
10 2.465 2.444-2.485 2.423-2.506 2.403-2.527 0.8
n-d; 10 NO 22 217 22 211 7 ) 2.06-2.38 2.4
10 22 2.19-2.30 2.14-2.35 2.08-2.41 2.4
sin® 053 /107! NO 4.73 4.60—4.96 4.47-5.68 4.37-5.81 |
10 5.45 5.28-5.60 4.58-5.73 4.43-5.83 4.3
o/x NO 1.20 1.07-1.37 0.88—-1.81 0.73-2.03 18
10 1.48 1.36—-1.61 1.24-1.72 1 12 | 85 8
A [0-NO +5.0

10
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n-d; 10 NO 22 217 22 211 7 ) 2.06-2.38 2.4
10 22 2.19-2.30 2.14-2.35 2.08-2.41 2.4
sin® 053 /107! NO 4.73 4.60—4.96 4.47-5.68 4.37-5.81 |
10 5.45 5.28-5.60 4.58-5.73 4.43-5.83 4.3
o/x NO 1.20 1.07-1.37 0.88—-1.81 0.73-2.03 18
10 1.48 1.36—-1.61 1.24-1.72 1 12 | 85 8
A [0-NO +5.0
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Percent accuracy on “known” parameters

In particular, Am? formally determined at the subpercent level, 16 = 0.8%

TABLE I. Global 3v oscillation analysis: best-fit values and allowed ranges at N, = 1, 2, 3, for either NO or 10. The last column
shows the formal “lo parameter accuracy,” defined as 1/6 of the 36 range, divided by the best-fit value (in percent). We recall that

Am? = m3 — (m% + m3)/2 and that §/x is cyclic (mod 2). Last row: Ay? offset between 10 and NO.

Parameter Ordering Best fit lo range 20 range 30 range “l6” (%)
sm*/107> eV? NO, IO 7.37 7.21-7.52 7.06-7.71 6.93-7.93 sk
sin 0,10 NO, 10 3.03 2.91-3.17 2.77-3.31 2.64-3.45 4.5
|[Am?|/107> eV? NO 2.495 2.475-2.515 2.454-2.536 2.433-2.558 0.8
10 2.465 2.444-2.485 2.423-2.506 2.403-2.527 0.8
n-d; 10 NO 22 217 2 7] 21175 2.06-2.38 2.4
10 22 2.19-2.30 2.14-2.35 2.08-2.41 2.4
sin® 053 /107! NO 4.73 4.60—4.96 4.47-5.68 4.37-5.81 |
10 5.45 5.28-5.60 4.58-5.73 4.43-5.83 4.3
o/x NO 1.20 1.07-1.37 0.88—-1.81 0.73-2.03 18
10 1.48 1.36—-1.61 1.24-1.72 1 12 | 85 8
A [0-NO +5.0
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TABLE L.

Percent accuracy on “known” parameters

In particular, Am? formally determined at the subpercent level, 16 = 0.8%

Global 3v oscillation analysis: best-fit values and allowed ranges at N, = 1, 2, 3, for either NO or 10. The last column
shows the formal “lo parameter accuracy,” defined as 1/6 of the 36 range, divided by the best-fit value (in percent). We recall that

Am?* = m3 — (m? + m3)/2 and that §/x is cyclic (mod 2). Last row: Ay* offset between 10 and NO.
Parameter Ordering Best fit lo range 20 range 30 range “l6” (%)
sm*/107> eV? NO, IO 7.37 7.21-7.52 7.06-7.71 6.93-7.93 sk
s 0,10 NO, IO 3.03 2.91-3.17 2.77-3.31 2.64-3.45 4.5
|[Am?|/107> eV? NO 2.495 2.475-2.515 2.454-2.536 2.433-2.558 0.8
10 2.465 2.444-2 485 2.423-2.506 2.403-2.527 0.8
sin® @3 /1072 NO 275 21720 2.11-2.33 2.06-2.38 2.4
10 2 2.19-2.30 2.14-2.35 2.08-2.41 2.4
sin® @53 /107! NO 4,73 4.60-4.96 4.47-5.68 4.37-5.81 o
10 5.45 5.28-5.60 4.58-5.73 4.43-5.83 4.3
o/x NO 1.20 1.07-1.37 0.88—1.81 0.73-2.03 18
10 1.48 1.36-1.61 1.24-1.72 1.12-1.83 8
A [0-NO +5.0

However, one should be cautious about interpreting subpercent-level accuracies, since correlated
effects from neutrino energy reconstruction, interaction models, and systematic uncertainties across
accelerator and atmospheric experiments still require significant improvement
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JUNO measurements will lead to
slightly displaced best fits for the
two frequencies in NO and |O
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mg = [C13CMy + CP3SpMy + S13m;3 ]

Ovpf decay experiments sensitive to the “Effective Majorana mass”:
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Three observables (mﬁ, Mg, 2.) sensitive to the absolute v masses

[ decay experiments, sensitive to the “effective electron neutrino mass”

2 .2 _I_CZZ

- 12
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Ovpf decay experiments sensitive to the “Effective Majorana mass”:

2 2 iy 1 2 i)
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Cosmology and Astrophysics observations, dominantly
sensitive to the sum of neutrino masses:

Z=m1+m2+m3
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Three observables (mﬁ, Mg, 2.) sensitive to the absolute v masses

[ decay experiments, sensitive to the “effective electron neutrino mass”

2 .2 _|_CZ2

- 1/2
my = [cizcimy + ciysimy + si5m;]

Ovpf decay experiments sensitive to the “Effective Majorana mass”:

2 2 iy 1 2 i)
Mg = | cisciom + ciysiympe'? + siymze'?s |

Cosmology and Astrophysics observations, dominantly
sensitive to the sum of neutrino masses:
2 — ml + m2 + ]/n3
These observables may provide handles to distinguish NO/IO
Majorana phases give a new source of CP violation

The three observables are correlated by oscillation data —
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Regions allowed by oscillations on (Z, m, my)

16



Regions allowed by oscillations on (X, mg, )

1EIIIIII

10~ =
- Normal Ordering (20)
Inverted Ordering (20)

m[; (eV)

1073

2 (eV)

16



1 eV —

Absolute mass scale

0eV

Degenerate region

>

Regions allowed by oscillations on (X, mg, )

1073

Normal Ordering (20)
Inverted Ordering (20)

1E —TT T — T —

mg (eV)

16



Regions allowed by oscillations on (X, mg, )
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Absolute masses
Current limits: mg; < 0.50 eV, myg; < 0.086 eV, 2 < 0.2 eV (cosmology uncertain)

‘Next steps
JUNO will sharpen (6m?, Ameze), and test mass ordering with subpercent precision

‘Outlook

The 3v framework is at a turning point: future synergies (or tensions) across
oscillation, 3-decay, Ov[3[3, cosmology will be decisive
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