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‘I NOVA is a long-baseline neutrino oscillation experiment.

Far Detector

Near Detector
neutrino
beam e _
“Erergy (5 | Yk [Vy oo LV Z I SRR g
Baseline (L)
Fermilab 810 km Far Detector
. < > ;
Batavia, IL Ash River, MN
’ Neutrino Near

Beam Detector

!
:

—
—
—
- W b
— mmn wmm S
_——_—_
— e o

Not to scale

June 23, 2026 Zoya | NOvVA 2




= Narrow band of pure muon (anti)neutrino beam peaked
‘I The NUMI beam at 2 GeV to NOvVA detectors sitting 14 mrad off-axis.
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Far Detector (FD)

‘I The Detectors 14KT, on the

surface
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[ Neutrinos in NOvA

= Optimized for EM showers.

» ~6 samples per radiation length (~40 cm)
making muon- identification easy.

= Neutrino candidates are identified using a
convolutional neural network (CNN).

* Energy is reconstructed via tracking Sl | IE
(muon) and
, hadronic).
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https://indico.global/event/15740/contributions/155603/
https://indico.global/event/15740/contributions/155603/

E\IOVA Posters @ Neutrino 20261.

#70 Charged Pions: Joshua Barrow, Palash Roy, Ben Utt,
Mat Muether, Greg Pawloski

‘I The Science

3-Flavor
Oscillations

#138 Single Differential Charged Pion Kinetic Energy:
Erin Ewart

#95 Neutron Multiplicity: Georgette Kufatty, Alex

Beyond Himmel, Mayly Sanchez

3-Flavor
#185 Charged Current Elastic V”- H: Nibir Talukdar,

Roberto Petti

NOVA Physics

= #190 Charge Current Vﬂ 0 Mesons: Kevin Vockerodt,
Program

Taylor Contreas

NOVA ND
Cross-Sections

#233 Charged Current 1 Proton: Colin Weber, Ritesh
Kumar Pradhan, Maria Martinez Casales, Josh Barrow,
Greg Pawloski

Exotic
Signatures &
Astro-Particle

#442 Neutrino Magnetic Moments: Sarah Choate, Jane
Nachtman

#461 Atmospheric Neutrino Detection: Aleksandra
lvanova, Andrey Sheshukov, Oleg Samoylov

June 23, 2026 Zoya NOVA



‘v”‘ 3-Flavor Oscillations




‘I Physics Goals

v Mass Ordering (MO):
Normal (NO) or Inverted (10)?
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Do neutrinos violate the
Charge Parity symmetry?
Is sin 6cp = 07

Is the 0,3 mixing maximal?
If 053 =45°> |U, ;3| = |U
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‘I 3-Flavor Oscillations in NOVA

= No oscillations at ND. Leverage identical ND design to build data-driven FD
predictions and significant control of systematics via Ext{apolation.
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‘I 3-Flavor Oscillations in NOVA

= Two complementary oscillation channels at the FD.

¥V mode 384 v, candidates @ >@ h
[ I I I | I I I I I | I I I I I vu
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I — No oscillation
- i
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‘I 3-Flavor Oscillations in NOVA

= Two complementary oscillation channels at the FD.

181 v, candidates
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Total events - v mode
= External constraint on 6,3 — resolves the octant.
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‘I 3-Flavor Oscillations in NOVA

= Two complementary oscillation channels at the FD.

181 v, candidates
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= Both Mass Qrdermg_and Ocp term switch glgns and create Total events - v mode
asymmetry in v, VS v, appearance probability.
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l #247 3-Flavor Subsample Fits: Larry Zhao

[l v, vsv.vs (v, +v,) datafits

Both Orderings NOVA Preliminary.

[ I LA L L L
Full 10-year dataset results: : Ve - ONly
NOvA PRL 136, 01180 (2026) 3.5} —— v, -only 1
: —— joint ve and v,
New today: 3.0F '
| Stress test the 3-Flavor paradigm 2 95 :_ —
Fitthe v, only and subsamples o0 B - T S
separately on the same 10-year dataset! S 2.0F :
= Measurements are correlated in 5D (Am3,, <E]m 15} j
sin® 2643, sin? 8,3, MO, 3¢p) space. — 15 :
= Am3, is constrained by v, disappearance. |
g amplitude is degenerate in L5 | —— 68% credible interval }
+ == 95% credible interval
0.0 k= ' '

) | ) ) ) ) " ) | ) N ) "
0.2 0.4 0.6 0.8
sin2 26013 X sin? 053

June 23, 2026 Zoya | NOVA 15




Both Orderings NOVA Preliminary

Ve-only (Am3, prior)

| v, vsv.vs (v, +v,) datafits

— yy-only

— Joint ve and v,
£&&d Daya Bay

0.8 1

0.6 1

sin? (63)

0.2 -

= = 68% credible interval
= 95% credible interval
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0.0
1072 107! 10°

sin? (260;3)
Excellent consistency across v, only,
and sin? 260, from reactor demonstrates
robustness of 3-flavor paradigm.
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Both Orderings NOVA Preliminary

1 1.0 —
‘I vV, Vs v, vs (v, + V,) data fits [ —
] ) y = yy-only
NOVA Preliminary . | — Joint ve and v,
T T T T T T T e e e e e e et .0 1 ¢
> :Both Orderings ve-only 12 3 ¢ { [XX Daya Bay
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2 o :
q-) 6 - ’;*n 0.6 o "
o ax
@) 4 S I -
— i . ) W 04 - 3
) | Addlng .Slnz 2913 ' E
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a |
| 0.2 A 5
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= = 68% credible interval :4
= 95% credible interval 5
vg-only 0.0 ' e
0 03 04 05 06 07 08 10 ol 1
. . . . 2 . . . Sin2 (2613)
SN 923 :
Excellent consistency across vyonly,
Both v, only, are consistent with and sin” 20,3 from reactor demonstrates
maximal mixing. robustness of 3-flavor paradigm.
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[l v, vsv.vs (v, +v,) datafits

NOVA Pre||m|nary NOVA PRL 136 01180 (2026)

> Both Orderlngs i mm ve only 1230 e | - T '
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Both v, only, are consistent with Global agreement among atmospheric and

maximal mixing.
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Beyond 3-Flavor:
Sterile Neutrinos



‘I A fourth neutrinof) = Motivated by long standing anomalies in the
short-baseline oscillation experiments.

Normal Orderin

[T 1]

Am2, ~ 1eV?

(Ve\ (Uel Uez Ues Ue4\ (Vl\

Vin . U,ul UMQ UIL3 UM4 V9o
Vr B UTl U7'2 U7'3 U7'4 V3
@ \USl Usa Uss Us4) V3

\ ' J |Am3;| ~ 2 x 1073eV?

4 x 4 Steriles Mixing Matrix

: .y : : vV ——
requires new mixing angles and CP violating Am32, ~ T x 10~%eV? 2 '
vl | [ T W
phases 614,054, 034, 014, 024
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Steriles in NOVA

CC Disappearance

@ llllll>®
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f [ 4 —06 5
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. 0.6 ) , i
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1 10
L/E (km/GeV)

Enhanced CC Disappearance in-
addition to 3-Flavor oscillations
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Steriles in NOVA

NC Disappearance
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‘I Steriles in NOVA

CC Disappearance @' Vx
NC Disappearance @ e Yy
Neutrino Energy (GeV) Neutrino Energy (GeV) Neutrino Energy (GeV) Neutrino Energy (GeV)
102 10 1 102 10 1 10° 10 1 10° 10 1
1.2 RSN L SRS R 1.2 1
B 5
i - = . 1 = 1 082
oaf- Simultaneous fit of ND and FD detector data in NC and CC e 3
(S channels under a 3+1 model. 1 —o6 3
' 0.6F|—3-Flavor Prob. ] £
= [ [-Am2, = 0.05 eV? ] <
“ 0.4f-am% =050 V2 New this time: o o4 2
- | -Am?, = 5.00 eV? S . _ ' ] 3
02l Joint fit of v and v data using the 10-year dataset 1 _fpom
E (double the neutrino-mode and new anti-neutrino mode data samples) ]
o] i ol CORI M |

1072 107"

2 3 \% L — L :
1L/E (km/G e1 \(/)) 10 10 1072 10~ ﬂ/ - (km/Gé (\)/ ) 102 10°
Enhanced CC Disappearance in- No NC Disappearance
addition to 3-Flavor oscillations for 3-Flavor oscillations
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Y mode
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Steriles in NOVA

CC Disappearance
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Steriles in NOVA New samples
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- ==
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‘I Steriles in NOVA New samples

I #157 ND v-on-e scattering : Yiwen Xiao

1.0 v-mode ND v-on-e
[ Nominal Prediction
> 0.8} B Cosmic Background
@ - Beam Background
(D : = = 3+1F Best Fit
g 06 — === 3F Best Fit
=~ [ —- Data
™
o =
~ 04}
x -
o !
= !
o 0.2F
S L
LL L

O'%.S 1 156 2 25 3 35 4 45 5
Reconstructed Neutrino Energy (GeV)
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‘I Steriles in NOVA

1025 T T T T T T T T TINJ T T T
High AmZ,: fast oscillations -
Driven by high-statistics ND Data I
Systematics limited
101
Significantly improved limits I
beyond previous NOvVA i
results. < 1F
> F
o f
NE; - 90% CL Excluded
<40~ — NOVA 2026 (v)
- — NOVA 2025 (v only)
| PRL 134, 081804 (2025)
1072 2
i <
. . . . 10—3 | III]III| | II[IIII| | III[III|
Statistics limited 107 10-2 1072 10-" ]

. 2
#195 NOVA Steriles 2026: Shivam sSin“0,,

Chaudhary, Adam Lister, Adam Aurisano
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Steriles in NOVA

1025 | IIIIIII| | IINI‘IIJ\ \ IIII\I}»/V--!_'_T- 1025 T TTTTTT T T TTTT T T TINJ T T T
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! 45%) | !
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10 — ‘l g 10
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i - beyond previous NOvVA i
< F results. — 1
> | 95% CL Excluded Lxe /lh > &
g [ MeroBoeNET [ e =34 World-leading at high AmZ,  oF |
< taw = AL — 9
NEv 00% CL Excluded /G \ i e 41 = 90% CL Excluded
<1071 — NovA 2026 (v5) . <40 - — NOVA 2026 (v-7)
- MINOSMINOS+ Excludes most of the region o NOVA 2025 (v only)
- — - CDHS allowed by IceCube at 90% i
| — CCFR i CL | PRL 134, 081804 (2025)
----- T2K (NH) e ) Ll
1072 o T2K (IH) s S 10 -
- SCIBOONE & MiniBooNE """, A -
i Super-Kamiokande - - <~
| --- ICARUS arXiv:2603.22557 = -
10—3 L1 IIIIII| L1 IIIIII| L1 IIIIII?". (I StatIStICSllmlted 10_3 4 — ||]||||3 — |[|||||2 — ll[l”l
- - - -1
107 10°° 1072 107 1 10 10 _12 10 1
sin’0,, #195 NOVA Steriles 2026: Shivam SIN"0,,
*From MicroBooNE’s Neutrino 2026 Results N\ ChaUdhary, Adam Lister, Adam Aurisano
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Steriles in NOVA
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> SRR |
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> F S | % -
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~ [ - MicroBooNE g e e - i i = | 90%CL Exclude
= e World-leading at high Amj, | — NOvA 2026 (v¥)
(\é 90% CL Excluded Dy
<1 0_1  __ NOVA 2026 (v-7) K 2 ] 10° F— NOvVA 2025 (v only)
o MINOSMINOSs > At low Amj;, NOvAis the | ... Super-Kamiokande
- . CDHS it first to set limits. -
| — CCFR e ie - -~ lceCube-DeepCore
----- T2K (NH) 102E
1072 v T2K (IH) et F —MINOS
- SciBooNE & MiniBooNE 0 -
i Super-Kamiokande - i T2K
| --- ICARUS arXiv:2603.22557 N . |
"»" 10—3 [
10—3 | | |I|[||| | | IIIII|| | | IIIIII[‘. | 14 10—2 10—1 1
107 10°° 12-2 10~ 1 sin2634
sin“0,, #195 NOVA Steriles 2026: Shivam
*From MicroBooNE’s Neutrino 2026 Results o Chaudhary, Adam Lister, Adam Aurisano
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‘I The Science

NOVA Physics
Program

June 23, 2026

3-Flavor
Oscillations

Beyond
3-Flavor

NOVA ND
Cross-Sections

Exotic
Signatures &
Astro-Particle

Zoya

IE\IOVA Posters @ Neutrino 20261'

#215 PISCES 2-detector Fit: Miriama Rajaoalisoa

#397 Bayesian 2-detector Fit: Cullen Sullivan, Hugh
Gallagher, Jeremy Wolcott

#434 Unitarity of lepton mixing matrix: Aditya Marathe

#206 New Beam Constraints for Steriles: Jessica Burns,
Adam Aurisano

#21 Steriles with v, in ND: Bishnu Acharya, Gavin Davies

#309 Bayesian NSl in NOvA: Xiaoyan Huang, Gavin
Davies

#27 Expanding NSI Searches: Mario A. Acero

#160 Neutrino Decay in NOvVA: Andrea Barros, Mario A.
Acero

... and many more analysis improvements in the
pipeline for 3-Flavor, 3+1, and Non-Standard
Interactions physics with NOVA.

NOVA
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NOVA + Other
Experiments

(with a focus on v Mass Ordering)
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Degeneracy between MO & §cp measurements

‘I Mass Ordering: NOVA Only in long-baseline experiments

NOVA PRL 136, 01180 (2026) - 181 v, candidates

| L BLELEL L BLELELEL NLELELELEY BLELELELE BLELELELE L ]

I Inverted MO 1 Normal MO I — 1o posterior range Both MO

B D CJ1 8| CdCJ 45 FD Data S .
0.3 ™% 26 3 [ % 20 36 @ : Il\lormtaldMMOO >

: — lnverie

| T ' © 40} ] &
[z - w/sin?20,; T - o f 3
i Daya Ba T T © ! 5
S 002} yaray T . C [ =
5 i 4 4 © 35 1 ®©
O O | O
) i T 1 o o
Qo . + - B
2 | I - Z 80} o 55,=0,2n S
Q. o0.01f = <L | ed,=m2 ] @

I 1 i 25| w5, =3n/2 :

: Klﬁ I : ol 23" , B

0 e L e 100 150 200 250

A2, (10° eV?) All' v, candidates

= Disfavors asymmetric combinations of (MO, 6¢cp ): @ (IO, 1t/2) at > 40 B (NO, 31t/2) at ~2.50
= NOvVA data show a preference for NO (77% posterior) with a Bayes factor of 3.3

June 23, 2026 NOVA 32
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‘I Synergies for measuring Mass Ordering: NOvVA + T2K

Normal Ordering Nature 646, 818-824 (2025) Inverted Ordering
! ! ! gp= ! "] « NOVA+T2K joint fit weakly
' prefers |O(Bayes factor 1.3),

driven by overlap in d¢cp

0.6

= 0s i 1 space.
= ' .
K —T2K-onlylo | " Even across different
—NOvA-only Io] ~ Paselines MO and 6¢p
04 Nova+T2K: o J206 30][ Mo 26 30 eJointiDHPY] ~ Fémaindegenerate.
| | | | I JL ' .*Highe.st Post.erior D(?nsity

|
T JT
2 0 M)

NT'F! B

|
JU
> 0
6CP
To see what’s next for the joint analysis, check out these posters:

|#499 NOvVA-T2K Developments & Machinery: I #420 New Directions for NOvA-T2K: Gavin Davies,
Hank Hua Veera Mikola, Luiz Prais
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‘I Synergies for measuring Mass Ordering: NOvVA + Reactor

Precision in Am%, measurements presents an orthogonal lever to measure MO*:

= Under wrong mass ordering assumption, reactor and long-baseline
measurements of Am%, will disagree.

Conceptual Sketch (not to scale)

True Inverted Ordering True Normal Ordering
—— Long-baseline
Reactor
< 2 2 L
Am3, |0 Am%Z'NO A"lgzho Am3;zno
*Nunokawa, Parke and Funchal, PRD 72, 013009 (2005);
Parke and Funchal, PRD 111, 013008 (2025)
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NOVA PRL 136, 01180 (2026)

— — 1 1. . T 1 |
+ — 0-08[ Inverted Ordering T Normal Orderlng -_
‘I NOVA + Daya Bay =" Son ]
> 0.06 — Daya Bay -+ ]
= Including Am3, from reactor 2 PRL1S0.161802) ¢
. 0.04f T .
experiments enhances mass o
ordering significance. 'éo.oz- ak -
2 |
1 1ol 1 2 A [ | I AR R R . L L
= Driven by precision in Am3, Iy e o -t S
measurement. AmZ,(x 10° eV?) AmZ,(x 107 eV?)
External Bayes Factor " nvertedM0 T NomalMO_ ] B o
Constraints (Normal/Inverted) 0-03_—? ‘2:cl ‘%] -__—? IZZGI ‘3:G' - T
Sinz 2613 77% / 23% § 002l Sin2 2913 + Amz _"_
Daya Bay Posterior density 5 ' Daya Bay Daya ?f_:,zay
9
NOVA w/ 6.6 S ool i 1
sin220,3 + Am%, 87% / 13% 1
Daya Bay Posterior density A
0 I l—2I5 - -2.4 == 2.4 25 l2|5. —2I4 === 24 25
AmZ, (10° eV?) Am2, (107 eV?)
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| Nova + JuNO?

* Once JUNO’s Am3, value and
measurement precision are
known, the combined mass
ordering preference can be
determined.

External Bayes Factor
Constraints (Normal/Inverted)

NOvA w/ 3.3
sin? 2913 77% / 23%
Daya Bay Posterior density
NOvA w/

sin? 2613 Daya

Bay
+Am3, JUNO ¢

June 23, 2026

Posterior density

O
o
-

Hypothetical JUNO measurement

o o o
o o o
5 > ®
————

Posterior Density (A.U.)
o
Q
N

_-I'nv'ellte'd Cr'dérir\g' |

— NOvVA
—— Daya Bay

——— HYPOTHETICAL JUNO |

T No'rrriaI'O'rd'eri'nQ o

0.03

0.02f

NOvA w/
sinZ20;
Daya Bay

1o 2c 30

24 25

Amz, (107 eV?)

Zoya

NOVA

24 26 28
AmZ,(x 10° eV?)

NOvA w/

sin? 2043

Daya Bay
+Am3,

JUNO ‘




NOVA arXiv:2606.14121 (2026) .
NOVA + JUNO JUNOAMZ, o [x1073 V2]
240  -2.45  -250 -255  -2.60  —2.65
I S S S S S

= Once JUNO’s Am3%, value and
measurement precision are

: o
. . =
known, the combined mass _ PR 1
ordering preference can be = - A L1 T
. c E L

determined. 9 s 3 o
3 Bz = 0 =
= ... O0rwe can scan over the full s : o 9 2
. -2 = O
possible range! c . =
> @
5
o

2.25 2.30 o '2.:35' o '2.140' o 2.45 2.50 2.55

JUNOAMZ, o [x1073 eV2]

#451 NOvVA MO Sensitivity: Artur Sztuc, Alex Booth, Liudmila
P Kolupaeva, Cullen Sullivan, Zoya Vallari, Larry Zhao
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Also available as an interactive website.

‘I NOVA + JUNO JUNOAMZ, o [x1073 eV?]

-2.40 -2.45 -2.50 -2.55 -2.60 -2.65
18 ) s s L 1 L ‘..‘ L ! 1 . s L s 1 s L L s 1 s L s L 1 s L 1 L
i 4
= Once JUNO’s Am3, value and 16 1 .
measurement precision are o =
known, the combined mass N O
ordering preference can be 6 12- : °
. » | 3 i
determined. 9 s s ©° % 8 o
— ] 2 P = = o -0 —
Q 1.0 1 ° T o 9 N
= ...orwe can scanover the full 2 | : o
possible range! = 08 g
(NN
. T o
= Changes with offset 06 S
(@)}
~ 2 2 e}
A = [Ams, |0 - |Am3,|yo Values ”
0.4
= |Includes sin? 26,5 from Daya Bay. T - - PN
2.25 2.30 2.35 2.40 2.45 2.50 2.55

JUNOAMZ, o [x1073 V2]

0115 0116 0.117 0118 0119 0120 0121 0122 0123 0124 0.125
A[x1073 eV?]
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https://nova-nusoft.fnal.gov/public/crystal_ball/

= Magnificent consistency between JUNO and NOvA’s
I NOvA +JUNO Am3, measurement in the Normal Ordering.

JUNO Am?_ (10) [x10° eV?]

-2.40 -2.45 -2.50 -2.55 -2.60 -2.65
— LN L ' RN 1.8 gt P LLULL L L L EEm——— rm— Ly
5 0.08f Inverted Ordérlng T Normal Ordeting T ]
<C ‘| — NOvA _ ke . ,
> 0.06} | =— JUNO+Daya Bay-} i ]
— & !
D : _
5 | - 5
Q 0.041 * T 1 & !
5 | | . 1
2 o
= ) 0o
© 0.02f 1 1 2 )
175 (@]
v 2 :
o | R—  \ N R R R o I E 5 C:,,
—2.8 —2.6 —2.4 —2.2 2.2 2.4 2.6 2.8 =
2 3 \/2 2 3 \/2
Am3,(x 10™ eV*) Am3,(x 10™ eV*)
-4
Exp. JUNO* NOvVA , i i
Am%z NO 2.435 2.431 2.25 2.3 2.35 2.4 2.45 2.5 2.55
JUNO Am? _ (NO) [x10* eV?]
Am3, 10 -2.556 -2.479
Precision 1.05% 1.4%

*See JUNO’s Talk (Note: Switch from Am3; to Am%, convention)
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https://indico.global/event/15740/contributions/155563/

NQVIAIPrIelIimir?alrv

— RN SR L NN
N O A + JUN O 3 0.08f Inverted Ordérlng Normal Ordering
V $ — NOvVA
_2,0.06 - -} = JUNO+Daya Bayt
B P
. ) 2 c
= With JUNO’s Amg3, value and 2 0.04}
measurement precision, the 5
combined mass ordering g 0.02}
preference can be determined. g . A\ |
=53 2.4 2.6 2.8
AMZ_(x 103 aV/A
e . _ __ NOyAIPreIIiminalry
External Bayes Factor [ lnvertedMO T ) OO 123080 F ]
Constraints (Normal/Inverted) oos|- B B3 L L BR B3 4 COM 12300 | R |
NOvA w/ 3.3 = NOVA w/ 1 ]
- 2 i NOvA w/
Slnz 2913 77% / 23% § 0.021 sin? 2913 :' sin2 2913 1 ]
Daya Bay Posterior density 5 Daya Bay £ DayaBay | ]
g g +Am3, I ]
NOvA w/ 15.74* € ool b ks JUNO
Sin22613 Daya Bay 94% / 6% i 0_01:- -- -
+Am3, JUNO Posterior density A : P
% ol il 000 =—=7— e 24 T
1.880 preference for NO, 25 -24 24 25 Am2, [10-3 eV?] Am2, [103 eV?]
. . . -3
using 2-sided Gaussian z-score Ams, (107 eV?)
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NQVIAIPrIelIimir?alrv

LN L L LN
~0.08} ' T ' -
N O A + JU N O = Inverted Ordelzrlng Normal Ordering
V s — NOVA
_2..0.06 - - JUNO+Daya Bay+ .
NOVA Preliminary @
204 ' . . R 0.04} 1 _
@ Bayesian Credible Interval =
9 03 1 With Daya Bay 63 2
= . @ 0.02f 1 -
5oz {With JUNO Am3, ®
s o
8 0.1 D_ . | . ) ) e ) ) . , , | . . | . , e | , . , | ,
a 0
-2.8 -2.6 -2.4 -2.2 2.2 2.4 2.6 2.8
ok AMm2 -3 1\/2 2 3 1\/2
' e o m32(x 10 eV ) Amqo(x 10 eV )

055 ] D ormet o o5 NOVA Preliminary
q;£ ' 1-- Normal MO 90% 0.05 _ CICIE 123 0N0 __ _
% 0.50 1 —|:| Inverted MO 68% CIO® 123010

S 0.04F + -
0.45 1-- Inverted MO 90% & I 1 ]
el L ) — M. h S : NOVA W/ :' )
T /\ MO preference moves, §°-03: sin220,; | )
o~ i o 5
2 >° ) but 6cp preference holds! 5 | Daya ?ay ¥ ]
Lol =2 - | That’s the L s
Nén :Q q ] | complementarity ofthe oo} T -
=l method at work! W S o U S L
2'3'...|...|...|... FEPEPIN PRI BUPEPEE BPEPEPES P PR A 0 — [ ' 2.4 2.6 2.4 2.6
g i 3717 0.45 0.50 0.55 0.602.3 2.4 2.5 2.6 Am§2 [10—3 eV2] Am§2 [10—3 eV2]
Ocp sinZ 0,3 |AmZ,| (1073 eV?)
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What’s next
f for NOvVA?



‘I More Data

= NuMI reached record power of > 1MW in 06/2024.
= No beam since 07/2024.

= Expected return ~09/2026 for a final run.

N
o

Weekly neutrino beam —— Accumulated beam
Weekly antineutrino beam —— Accumulated neutrino beam
—— Accumulated antineutrino beam

[«2]
o

w
w
Cumulative exposure (102° POT)

w
o
w
o

N
(8]

S

o

Weekly exposure (1018 POT)
N
o

:A' 30
15 s, 2?0 tew Lo
S .y A 20
10 s * s N
0 7 < | ’o i ( ° ) ° & e = )
.20’\A 20'\6 20’\8 -2020i 2022 ‘20#' @ 2026
NOvVA -T2K (Nature 2025) Dataset ‘
<

Antineutrino
2.9E20 POT
in the box

-

NOVA 3-Flavor (PRL 2026) & Today’s Results Dataset ‘

4
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More Data

—)

= NuMI reached record power of > 1MW in 06/2024.

= No beam since 07/2024.

= Expected return ~09/2026 for a final run.

N
o

o Weekly neutrino beam
«  Weekly antineutrino beam

w w
o w

N
w

Y
w

Weekly exposure (1018 POT)
[ N
o o

—— Accumulated beam
—— Accumulated neutrino beam
—— Accumulated antineutrino beam

w

0 B

IHEOOB>

2O\A 2016 208

NOvVA -T2K (Nature 2025) Dataset ‘
<

2020;

.

2022

NOVA 3-Flavor (PRL 2026) & Today’s Results Dataset ‘

o

(=] N w By (6] ()]
o o o o o o
Cumulative exposure (102° POT)

o

Antineutrino

2.9E20 POT
in the box

Collecting BNB triggers since 2015.
Comparable exposure to MiniBooNE!
pr Booster Neutrino

NOvVA-ND - h | Beam
«  NuMI Neutrino
CARUS @ Beam oo
Accelerator
SBND -

Booster
Proton Beam

Main Injector
Proton Beam

NuMl BNB
Protons Per Pulse 5e13 5el2
Rep Rate (Hz) <1 5
Proton Energy (GeV) 120 8
Off-axis angle (°) 0.8 9.24
Baseline (km) ~1 ~0.768

#194 BNB Neutrinos in NOvA: Adam Lister
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‘I Improved Reconstruction “no neutrino left behind”

* New ML-based vertexing
algorithm “VertexCVN” to
address known failure
modes.

* Improved Prong-ID, Energy
Estimators.

#71 Prong Segmentation using Point Set Transformer:
Jiaxi Liu, Alejandro Yankelevich, Dikshant Sagar, Edgar

'#62 Transformer Energy Estimator: Leon Tong
Robles, Jianming Bian, Pierre Baldi, Wenjie Wu
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‘I New Interaction Model

#241 Cross-Section Model: Bryan Ramson, Georgia

model used across Fermilab experiments .
Nissen, Jeremy Wolcott

= New production with updated cross-section
(“AR-23") with custom NOvVA adjustments. I

Updated Systematics
Data-Driven Systematics Theory-Driven Systematics
NOVA Preliminary

NOVA Preliminary - Target high impact systematics

- 2024 XSec Systs

0.55:* TC+ _MC 7: On Am%z and SCP . -With New RadCorr]
} Data | - Stat. Uncertainty
: + Syst | : - L .
S ety | = Particle-specific calibration systematics - I

(= constrained by NOVA Test Beam measurements.

o
[8)]
| T

Mean Energy Response
5
T

041 t1 = Improved radiative correction systematics with
i theory-driven* updates. ﬂ |

0'35; | ] y p . ! : ! .
i 1 —0.24 0.00 0.24

Y I Y TR 14 *Tomalak, Chen, Hill, McFarland, Wret: PRD 106, 09300 Uncertainty in 6.,/
Incident Energy (GeV)
#451 Protons in NOVA Test Beam: Emerson Bannister it D el A (e e e WAL U e, JEEinry
A Wolcott
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= Summary:

= Consistent measurements across v, only, v, only,
joint 3-flavor, and 3+1 steriles fits.

= World leading limits on sterile neutrino
mixing 0,4 and 034.
= Strong agreement across atmospheric,

accelerator, and reactor neutrino measurements:
3-flavor paradigm holds!

= Open Questions:

= Mass Ordering and CP violation remain
unresolved.

= NOVA + JUNO combined: Normal Ordering 16x
more likely than the the Inverted Ordering, a
1.880 indication.

= Next up:

= More data, improved reconstruction, new models,
updated systematics for upcoming NOvVA
analyses!

B | - NOVA-T2K joint fits with expanded dataset and

= © «200+ collaborators | 53 institutions | 9 countries including Non-Standard Interactions.
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Supplementary



‘I 3-Flavor Analysis: Extrapolation
Flux :
//’{ Model J
N Ddata [ Far/Near ] = FDpred 5 —Y
] / P Secti \ Cons raints
Transformations Data ik N
High statistics data-driven P
ND data FD predictions [ { Detector J
v v v
Far/Near
transfor-
mations
FD B FD
Data | ™ e Predictions

vy ¥
Oscillation
Fit

y
Oscillation
Parameters

= Leverages the identical detector design to

build data-driven FD predictions.

49
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‘I Role Of ND = Leverages the identical detector design to build data-driven
FD predictions.

N Ddata [ Far/Near ] = FDpred

Transformations

High statistics data-driven
ND data FD predictions

Base Simulation
— ND data

Base Simulation

Base Simulation

F

Data-Driven Prediction

2 1
> I'|'|T|'|'|'|'|'|'|'|'|'I'I'I'|'1||| "|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'||
O j S & g
4\@ 6 UDJ § Upwards Ay
CIC) x =z x S correction _.@
= Downwards -
> Downwards 3 o .
w4 correction i <3 I correction G>J
(o}
= T = l o
Z 2 oy < ]
Te) > L
o =
05 1 > 3 2 5 0 .I.|;I.I.I.IJZ.I.I.I.I.|3.I.I.I.I.‘|‘.I.I.II wuuiuuiul, o T e
Reconstructed energy (GeV) True energy (GeV) Reconstructed energy (GeV)
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NOVA Simulation

SySte m ati C S Detector Calibration | -
Neutrino Cross Sections .
. .. Near-Far Uncorr. |
Example: Systematlc uncertainties on — ! —
: L. Detector Response |
the v, candidate count: a-priorivs — - —
. . . Lepton Reconstruction l
improved predictions — ! —
Beam Flux |
V;e.a.m. T NOVA Plre."m".‘a.ry 2 Neutron Uncertainty |
. Not Extrapolated ) .
Lepton Reconstruction | B Extrapolated . . % Total syst. unc. -
Neutron Uncertainty l| g Statistical unc. o _ o .
- & Uncertainties on the _1 05 0 0.5 1
=) . . i i
Detector Response h oscillation parameters: Uncertainty in BCP/n
Beam Flux — statistical vs systematic _ NOvASimulation
— — — Detector Calibration -
Detector Calibration ‘ Lspion Reconsirudiion -'
Neutrino Cross Sections * Neutrino Cross Sections B - h
— — Neutron Uncertainty H
Near-Far Uncor. I Near-Far Uncorr. H
Systematic Uncertainty Ditegtor Responss| ! B
20 H0 0 10 20 Beam Flux |
Total Prediction Uncertainty (%) Total syst. unc. Ll
Statistical unc. | - |
0.1 005 0 005 = 0.
Uncertainty in Am3, (x10™ eV?)
Slide from: Erika Catano Mur NOvVA measurements remain statistically limited!

June 23, 2026
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‘I Systematics

» Extrapolation reduces the impact of the systematics on the measurements but typically

itself.

ICS |

does not constraint the systemat

= A comparison of posterior to prior shows no change for most parameters as expected.

Detector Systs

Flux Systs

section Systs

Cross
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v-beam NOVA Preliminary \EBEETT NOVA Preliminary
UL DL L -

NOVA 2024 Dataset |, T T Pt N BRI
ol H — 2024 Best-fit Pred] 80 ==Beskiitired, e
[ 1-0 syst. range ] i B wsbke. 1-G syst. 1
. ) = Background ] i = Eféim . range . i
= The 3-Flavor fit describes the data well. © 3o Bl Wrong Sign: v,CC] 60~ 2| coemic S
S F 7 Cosmic bkgd. 1 5 i 5 bkg. S ]
. - L 1 > t ' = .
= NOVA performs one frequentist and two % 20| + -4 Waol 3 B o =
= B 7 - -
Bayesian (ARIA: MR2T2H and STAN: - o 1L E ]
Hamiltonian MCMQC) fits. All fits agree i T I ] [ ,‘ﬁ Il t ]
i Js 005115 1 2 3 4 1 2 3 4
well with each other. ° Recénstructeg NeutrinoSEnergy (‘éeV) Reconstructed v, energy (GeV)
v-beam NOVA Preliminary v-beam NOVA Preliminary
_ - et [ LowPID High PID |
2024 PPP value = far £ FD data : i 1
Dataset 0.48 L VY — 2024 Best-fit Pred. 15|~ $FDData  _ gogiit preq. V. -
i u 1-0 syst. range P wsoke. o s €
Ve 169 (ve) 0-58 (ve) E 10:— -\?Vackgr(gjlnd CC_: i Ef;m réggsgs. _ ]
- rong Sign: v ] - - : © _
1 2 (Low E) 0.72 (Low E) ; 8 :_ 1 7] Cosmic bkgd. " _: % 101 gfgmlc g %— _
~ I O |< }
[} L i > - o) 4
v, 32 0.19 5 °F 1 %0 - :
> :
- 4 - 5| |
v, 384 0.59 : , (I :
i e et |
V, 106 0.39 00_ : . : o = 1
Reconstructed Vv, energy (GeV)

3 4
Reconstructed Neutrino Energy (GeV)
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Degeneracy between MO & dcp measurements

‘I MO & SCP in long-baseline experiments

NOvVA PRL 136, 01180 (2026) 181 v, candidates
- 1 I L 1 1 1 1 1 1 1 1 1 1 1 1 - 50 T T T T T T T T T 1 I 1

- Bayesian Cred. Int. | Marginalized jointly [ I | ]

0.025 - - : ]

2 [ With 1D Daya Bay constraint over orderings ] - lo posterior range Both MO

D) - - 45 + FD Data N IMO -
S 0.02F =BothMO —To e | Ormad MO 1 @
O h015F == Inverted MO --20 ] = — Inverte Q
s  F ==Normal MO -- 30 : O 40 5 13
@ 0.01f Qo S
2 o005l g = 1§
o 0.005 : ] |>® : ] e
SR e — e — 30;°5cp=0’27‘ 1 o
Both MO [-F=== = =R < [ e5,-n? ] @

i ' T 25 - .

Inverted | oo = Ocp =32 i

i . ' [ 00 =T ]

Normal : : """ 'l——-__—l'"‘l'"""""""'|'————' 20 I 1 ] I | 1 1 1 1 | [ I 1 |
- 100 150 200 250
T 3n s _
2 S ) All v, candidates
CP

= Disfavors asymmetric combinations of (MO, 0¢p ): ®(NO, 311/2) at ~2.50,® (IO, t/2) at > 40
= NOvVA data show a preference for NO (77% posterior) with a Bayes factor of 3.3
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NOVA Preliminary

‘ I C PV. 6 an d J 0.025F BayesianCrebl. Int.© ~ ~ T 7 " Margifalized jointly ]
. > - With 1D Daya Bay constraint over orderings E
CP CP o : 0'02; == Both MO —1o ]
NOVA Preliminary ) 0.015f = Inverted MO --20 ]
00— 7] 5 g == Normal MO -- 3o ]
— 1o posterior range Both MO | ; 001

o 45+ ¢ FD Data — Normal MO - > 0.005} ]
O — Inverted MO | S — —t—t—s N
o a0 b 1 oth MO _-1—|------'----|——‘ S—— <

% ] nverted b - =S - 1 - |
S 35f : Normal [-=mbee i
oq) _ 0 z ; % on

12 30F 65,,=0,2r 5 cP
D S T - ] 02F T =
25 w8, =3n/2 . 0156 =
[ - ) > - 2 =
[ ID 6IC:PI JIIE | 1 1 1 | | 1 1 1 1 | -(7) 0'1:_ G _:
20 c — 36 -
100 150 200 250 8 0 052_ =
All v, candidates 5 b nOr E
* The data disfavors large asymmetry combinations: O osE Flatinsin@gp) 3
= 0.05F .
(@] — -
(10, O¢cp =1/2) and (NO, O¢p = 311/2). o o0 E
0.15FBayesian Cred. Int. Marginalized separately ——
. L. . . — With 1D Daya Bay constraint  over orderings, Inverted MO 3
= In the Inverted Ordering, J=0 (CPC) is in tension w/ posterior, %*~—-vfp—-+—— @b~ =

— 2 i
Jop=513C73512C12523C03SINd 5

but only "uniformin O¢p” prior has J=0 outside 3o interval.
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= NOvVA result is consistent with its previous analysis.

‘I CPv:

T2K, joint fits, favor different regions in Normal Ordering, same
region in Inverted Ordering.

NOVA Preliminary

NOVA Preliminary

| Bayesian Cred. Int. ' Marginalized Separately | Bayesian Cred. Int. ' Marginalized Separately
. 68% ClI over orderings, Normal MO - 68% Cl over orderings, Inverted MO -
06 |- L 0.6 - _
™
QN
& 05 F -
g =
%)
0.4  —— NOvVA 2024 — - NOVA+T2K (2020) - 0.4 - —— NOvA 2024 — - NOVA+T2K (2020)
"~ ——NOVA2020 e T2K 2022 1 | ——NOvA2020 - T2K 2022 1
-~ T2K (2020) + SK (IV) [ - - T2K (2020) + SK (IV)
1 1 | L L | 2 2 L L | i : : i . - ! | 1 1 | ! 1 1 1 | ! 1 1 1 -
0 T T 3n 2n 0 L " 3n 2n
2 > 2 2
Ocp Ocp  NOVA2020: 2019 PDG ave 615

June 23, 2026

Zoya
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Note: results use slightly different

choices of reactor constraint

NOVA 2024: Daya Bay 2023 1D 03
T2K: 2019 PDG avg 0,3
NOvVA+T2K: Daya Bay 2023 1D 03
T2K+SK: 2019 PDG avg 0,3



NOVA Preliminary

I I b - Bayesian Cred. Int.
M IXI ng AngleSo 62 3 a nd 613 0.02|—No Daya Bay constraint Both MO
, . > i 1o
NOVA Preliminary = T i
2 0015 P2
0:25¢ Bayesian Cred. Int o Z
- NoyDa el Both MO o ¢ [
N ya Bay constraint b ooif.
0.2f g [
B 2 i
- (e L
W Q. 0.005-
L0415 e B
® ) “. ........... B L A
N&j/ - L @3B 04 045 05 055 06
S o) , R Sin?(6,)
I s e Sy > in?281 = 0.0851 * 0.0024 o
F \\_~_‘_/ Daya Bay NOVA Preliminary
005 = eeEmmmmnnacain i ieaereset (PRL 130, 161802) 0.025 | Bayesian Cred. Int.
¥ - With 1D Daya Bay constraint Both MO
- — Y ——2 esnss 30 Reactor > o002 Bo
PR S ST W N T TR TR TR NN ST WY SN NN N SN SN SN SN N NN SN SN SN SN SN SN S '(7) :
®3B 04 045 05 055 06 065 2 B
. 2 Q 0.015 = DSG
sin“(0 - -
( 23) R :
o 001
Probability Bayes Factor Probability Bayes Factor Q 0.005:—
Upper Octant o o -
preference 57% 1.3 69% 2.2 P .0f4.
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‘I Am3, and 0,3 NOVA Preliminar

T Ll Ll T I T 1 T T ] T T Ll ] T T 1 T

3l-NOVA NO 90% CL 26.6x10%° POT-equiv. v-beam _|
| With 1D Daya Bay Constraint 12.5x10% POT v-beam d
» Global consistency across - NOVA .
. —_ 2024 g e
accelerator, atmospheric and Tl Sl i .
joint-fit results. 5 B ) {  spiSisiRiEmmnmns it .
: . . o 25 y =
= All data is consistent with = | ' i
maximal mixing hypothesis for NE% ! )
0,3 < - | .
|4 Bayesian - il
S —— ] lceCube 2024 ~ --- - - T2K2022 - MINOS+ 2020 —
(w/ Daya Bay 1D 0,, constraint) BT SK 2023 — e NOVALTOK® St - SK(IFIV)+T2K* 7
Normal MO Inverted MO P S T R N T T T SN R T S SR SR N S S SR
+0.035 +0.035 0.4 0.5 0.6
Am?2;, /103 eV? +2.433 0.036 -2.473 0.035 : D IceCube 2024: arXiv:2405.02163
0.032 T0.028 Sin (923) T2K 2022: 10.5281/zen0d0.6683821
sin20 0.546 | 0.539 | MINOS+ 2020: Phys. Rev. Lett. 125, 131802
> —0.075 —0.075 SK 2023: Phys. Rev. D109, 072014
Ocp 0.88 1.91m NOVA+T2K 2024: KEK IPNS seminar, FNAL JETP seminar

T2K+SK 2024: arXiv:2405.12488
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‘I Synergistic resolution of mass ordering

| NOvA Preliminary

= B T ' Marginalized jointly -
- over orderings, Normal MO
- Daya Bay

2.6 '\

W\ = (PRL 130, 161802)-
> F ,J L ]
o - A T .

@ 2.5 : / fS _]
o - i R ]
- B : \ H ]
X B | ) : ]

24 B K 5 1

Qé% i “"\\ R / lo .

> - noog L~ ——20 7
2.3 S| b s 3o —

- DayaBaycv . l :

[ Bayesian Cred. Int. ' Marginalized jointly |
—~2.3["No reactor constrgint over orderings, Inverted MQJ

Q B FOCCLTTEN .
% B i

-2.4— —

. _ . ]
o - \ .
~-— - ’ .
X 25— J ]

oS B _—— i
E T s ]
< 26  Cilifpesee--- ]

B l : — NOvVA i
B aVf: — - Daya Bay 2023 ]
2.7 T \ N | T
0 0.05 0.1 : 0 15 0.2
sin“20.,

June 23, 2026

=" Enhanced precision in
Am3, presents another* lever
on measuring neutrino mass-
ordering.

= Under wrong mass ordering
assumption, reactor and long-
baseline measurements of

Am3, will disagree.

*Nunokawa, Parke and Funchal, PRD 72, 013009 (2005); Parke and Funchal, arXiv:2404.08733(2024)
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I NOvVA 2024 + Daya Bay

NOVA Preliminary

- u--0 l LA A A l B0 0=F . 6-4.9. l LA A A l U w0 r B0 —0 l -0 —0 30 I LN B B ) L LI ) l LN N A l .. -—u Ty ' | BRI B QeEt ] l w9 8.8 LA I A l Ty l 9.-0.'0 0

i Bayesian Cred. Int. T 1T Bayesian Cred. Int. T 1T Bayesian Cred. Int. T |

063 " No Daya Bay constraint T 71 I With 1D Daya Bay constraint | 1 I with 2D Daya Bay constraint | )

i Inverted | Normal 11 T 11 T 1

% L .‘0 Ordering 1 o Ordering J L 1 JL o o

c 1 1t 18 4 L - !

© 0.02 e -} - -} B —

h - - p= - — - -+ -~
el

h - - - —_- - - - -
[}

“ - - - —p— — - = -
2]

o - - - e - - - -

Q- 0.01 e - - b - —

0 25 -24 2.4 25 25 -24 2.4 2.5 25 -24 :
AmZ, x10° eV? Am2, x10° eV? AmZ, x10° eV?
NOVA - only w/o reactor NOvVA - only - 1D Daya Bay NOvVA - only - 2D Daya Bay
2.2 3.3 6.6
Bayes factor Normal/Inverted Normal/Inverted Normal/Inverted
~69% : ~319% posterior ~77% : ~23% posterior ~87% : ~13% posterior
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| | | | I | | I | | |
| NOvA & T2K Dataset sof- Tt~
— Inverted
40— -
NOvA T2K N |
75} | ]
v, 82 94 () § 30+ —
14 (v.1n) . - NOVA 7
’g‘:{'::{:::}:::‘
vV, 33 16 o 25—_T2K i
> -
v, 211 318 ol \ E
v, 105 137 - 08 =0 \ -
- @3 =2 |
. 1E O8p=Tm ]
= 2020-era dataset from both experiments [ w5, =2 ’
used for the joint-fit. T T

60 80 100

V., candidates
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Example spectra from NOVA & T2K at

I NOVA & T2 K: NSI » NOVA’S NSI best-fit values

v-beam
Low PID High PID
| Upper Octant U
— —— — B 1 v-beam \
- NOVA 90% CL 13.6x10%° POT-equiv. v-beam - Raihia! . P E — Upper octant 3=,
L — i © i o
25Fr @ romee 20 e —] B Octant : = E Lower octant, 3, = /2,
- no | ho 12.5x1cf>"‘|?_oth beam ] Sz:ff% ctant 0|2 S o e
o[ ® Bestfit NO / B |€ec] = 1.6 O 5 3
~ W BestfitlO '/ ] =
— ,5f " MINOSNO 4 : E
2 15 MINOS 10 7 = :
— R (PRD 95,01200) / N I = [ e
1i—<\ / 1 & : £ S o peam l l 1 l
- . 1 o V-beam ZE
| h ’0’ o LL‘ '__
o5k T J 3
0: I 1 I L 1 ....-I ---------------- : g g:
0 7 z 3m 2n 5 E
Ocp + e, 2 5 E
| o E
NOVA puts excellent constraints on NSI Reco. v, / V, energy (MeV)
but certain parameter combinations _— |_
mimic the 3F oscillation. T2K’s different 1 R2 4 4 : 12 3 4G N
. : eco. v,/ V. ener e
baseline is important for breaking these e e gy (o)
degeneracies.
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‘I Baselines

* Larger matter effect for higher
neutrino energy = higher
sensitivity to mass ordering.

* Therefore, associated asymmetry
is higher for the longer baseline.

_,

L (baseline) 295 km 810 km
Energy 0.6 GeV 2 GeV

(beam peak)
Matter ~ +9% ~+19%
effect*

CP effect* ~=*30% -~ +25%

v/

~

T C

*calculated at beam peak energy

June 23, 2026

Scp =0 A
T[ —
51 .

Scp € [— 5

N A

Normal Ordering

I1HH2HH3 4 5

Neutrino energy (GeV)

Illlll2111‘3 4 5

Neutrino energy (GeV)

NOVA

Zoya |

NOvA: L=810 km __

sin*20,,=0.085
IAm2,1=2.44x107eV? ]
sin’0,,=0.5

1 2 3 4 5
Neutrino energy (GeV)

‘1|H‘2HH3HH4HH5

Neutrino energy (GeV)




‘I Synergies for measuring Mass Ordering T2K

VO ~aN

Nature 646, 818- 824 (2025)

0_043_Ir'1vc'ert'ed|0'rde'rir'1gI o _3m_ Normal Orderlng S ] = Despite difference in
%’ _ NOvA+T2K v 1 experimental baseline, MO
é 0-03¢ —NOvA2020 T 1 and 8cp remain degenerate in
S o.02f e T 1 thelong-baseline experiments.
% M 1 | = NOVA+T2K joint fit weakly
A )(L\ I ] prefers Inverted Ordering,
S5 4 Sy e, driven by overlap in 8cp space.

Am2,(x 10° eV?) AmZ,(x 107 eV?)
To see what’s next for the joint analysis, check out these posters:

|#499 NOvVA-T2K Developments & Machinery: I #420 New Directions for NOvA-T2K: Gavin Davies,
Hank Hua Veera Mikola, Luiz Prais
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l #247 3-Flavor Subsample Fits: Larry Zhao

[l v, vsv.vs (v, +v,) datafits

40 NOvVA Preliminary
8 UL L L L L L
To probe 3-Flavor paradigm, refit the oscillation model [ Both Orderings Ve - ONly
tov,only and subsamples 35 —— vy, -only y
with the same 10-year dataset! 50 : —— joint ve and v,
g
V25F — PRy~ ~ \-
025 @ >
_ _ il ' i
P((I/)“ —> (I/)“) ~ 1 — sin? 26,3 sin? Am§2 - E 2.0F |
4F — :
in?(Ag F aL) g -
P((I;)N — (I;)e) ~ Sin2 923 sin2 2013 e m e gl ﬂ
(As1 F al)? 1.0F -
CP-odd CP- 1 3
T odd] + | even] + [solar] 0.5F — 68% credible interval 1
- = 95% credible interval
0.0 i : '

1 | " M " PR " | PR " "
0.2 0.4 0.6 0.8
sin2 2603 X sin? 053
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l #247 3-Flavor Subsample Fits: Larry Zhao

I vV, Vs v, vs (v, + V,) data fits
» Measurements are correlated in 5D (Am3%,, sin? 20,3, sin? 8,3, MO, 8¢p) space.

. Am%z is constrained by v, disappearance.

- amplitude is degenerate in
NOVA Preliminary NOVA Preliminary
4-0"'l"'l"'l""l""_' r rr, .../ I/ T
Normal Ordering — O8%credibleinterval ¥\ 0 ted Ordering Ve - Only
== 95% credible interval %
35F T — vy -only
— joint ve and v,
3.0F - 1

25F

|Am3,| [10~ 3 eV?]
N
(@)

1.5} 1
1.0} 1
0.5F i
0 0 ) " ) ] " ) ) ] ) ) ) ] ) ) ) ] ) ) " [ ) ) ) ] ) ) ) | ) ) ) ] ) " ) | "
' 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
sin22613 X sin% 0,3 sin?26;3 X sin? 6,3
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l #247 3-Flavor Subsample Fits: Larry Zhao

[l v, vsv.vs (v, +v,) datafits

New today:
Stress test the 3-Flavor paradigm = Measurements are correlated in 5D (Amgz,
Fit the v, only and subsamples sin® 26,3, sin‘ 0,3, MO, Scp) space.

separately on the same 10-year dataset!

NOVA Preliminary

>~ Inverted brdefiné] | ' Normal O'rdérihg' |
+ ve-onlyl2 30 ’:jﬂﬂ‘
& 03[ mm veonly1230 T H
g B Jointve&v, 1230 ;
. 0.2 |
o - FJ‘
.: r‘r\J
-lc-ll) 0.1 i
n =
O ‘LH I
D— ‘\‘L\
0 0 1 Lot ] 1 | T
Ve-only ' ' '
veonly | I =
Joint ve & vy | | . |
Ocp Ocp
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‘I Steriles in NOVA v-v Bear

102; RRREL T T T T T TN T T TTTT
High Amﬁlz fast oscillations
Driven by high-statistics ND Data -
Systematics limited 10 I
Significantly improved limits I
beyond previous NOvVA i
results. < 1F
=>
@ f
The island of rejection comes from FHC+RHC fits C\g  90% CL Excluded
which strongly constrain §,, to be 0, and there is 107" — NOVA 2026 (v)
not enough flexibility in 6,3, 63, to get a good fit [ — NOVA 2025 (v only)
across all subsamples simultaneously for these | PRL 134, 081804 (2025)
values of 0,,.
(=
TS 10—l ol D
Statistics limited 107 10-2 1072 10-" ]

. 2
#195 NOVA Steriles 2026: Shivam sSin“0,,

Chaudhary, Adam Lister, Adam Aurisano
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| Asimov Sensitivities

2
15 -
1
05 £
- Systematics limited
—~ 0
< =
Q —
o5 05 [—
S —
< — .
-1 = Asimov90% CL
-1.5 f_ ND + FD; stats only 2
= D e, ciats * systs Low Amj,: slow oscillations
o y; y . .
2 = ND only; stats + systs Driven by low-statistics FD Data
_ — FD only; stats only P f ol
2.5 - FD only: stats + Systs Statistics limited
_3_ 1 1 IIIIII| 1 | IIIIIII 1 1 IIIIII: 1 1 L1 1 111
10 10°° 102 107 1
sin’e,,
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‘I Impact of Systematics

2 B T T 1 T LN I II T T LI Il_
1 —
NEG ol— ] Systematics limited
< [ ———— stats+systs i
o B stats only B
o)) B _
| - v, only —
e — — rr?isc Only -
B mec Only _
| e detector Only - 2 . )
-2f— ——— norm Only — Low Amy,: slow oscillations
u Elslgcogzy - Driven by low-statistics FD Data
5L T — Statistics limited
107 107 1

2
Sin 924
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‘I Improved Reconstruction: VertexCVN

= Apply machine learning to address several known
failure modes of NOVA existing algorithm “Elastic
Arms”.
= Forward failure - tendency for main prong to be split in two.

= Backward failure - tendency for multiple, small prongs to be
combined into one.

= VertexCVN uses same CNN architecture as NOvA’s
event-level classifier (modified MobileNetv2,
arXiv:1801.04381) to predict a single 3D position.

» Training samples with beam modes combined but
separated for Near (~18 million) and Far (~26 million
events) detector.

= VertexCVN is more precise than Elastic Arms but
slightly less accurate.

June 23, 2026 Zoya

6 3D Distance AS ation
x10

U) T T T T T | T T I T T I T T T T T I | T
H b —
c 21— — |
2 - — —— Elastic Arms
L i 1 .
Al m — VertexCVN |
1.5/ —
1 L N
0_ P Mﬁﬁ—l | |

0 10 20 30 40 50

NOVA

Distance (cm)
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‘I Improved Reconstruction: TransformerCVN

» Transformer network for joint event/particle classification.

= Better particle classification and interpretability due to context from other reconstructed particles in

event.
Event Prong 1 Prong 2 Prong 3 Prong 4 Prong 5 Prong 6
Pixelmap Pixelmap Pixelmap Pixelmap Pixelmap Pixelmap Pixelmap
Event Label: v Prong Label: 4 Prong Label: y;  Prong Label: p  Prong Label: y;  Prong La'beI: y  Prong Label: y,
zl. r ¥
(]
2
Q
Q
z o "
()]
2
[
B
wn
Event CNN Prong CNN Prong CNN Prong CNN Prong CNN Prong CNN Prong CNN
Embedding Embedding Embedding Embedding Embedding Embedding Embedding

Y

Y

Y

Y

Y

Y

Y

Transformer Encoder

Y

Y

Y

Y

Y

Y

Y

Event
Classifier

Prong
Classifier

Prong
Classifier

Prong
Classifier

Prong
Classifier

Prong
Classifier

Prong
Classifier
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Zoya |

wery

wery

NOVA

Event class ve CC v, CC NC Cosmic
TransformerCVN | 0.981 0.987 0.965 0.998
EventCVN 0.983 0.987 0.965 0.999
Prong class e 7 p nE ¥

TransformerCVN
ProngCVN

0.972 0.987 0.934 0.896 0.925
0.956 0.981 0.926 0.884 0.911
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I New Interaction Model

#241 Cross-Section Model: Bryan Ramson, Georgia
Nissen, Jeremy Wolcott

= New production with updated cross-section model used across Fermilab experiments (“AR-23)
with custom NOVA adjustments. GENIE 3.6.0 with N24_20i_02_11b model.

NOVA Version CMC Initial State QE Res MNI/MEC DIS Fsl FSI Tune
Version 2 N18_10j_00_000* LFG Valencia Berger-Seghal Valencia Bodek-Yang* |IntraNuke hN2018| None
Version 3 N24_20i_02_11b LFG* Valencia* Berger-Seghal SuSAv2 2p2h*| Bodek-Yang* |IntraNuke hA2018 | Free-Nuke

040 T T T T I T T T T I T T T T T T T T | T T T ] : . - . : : I
- GENIE3.6+N24 True v, CCQE 7 S [ Neutrino Be .
< 035F 1 GENIE3.0.6+N18 12C, no FSI S |-, CC, QE selection — Version 2MC (QE) —
o - . = —— Version 3 MC (QE)
O 0.30F = )
Q n ] > 4
~ - - w - .
| 0.25E ] B E E
w020 New Model = 3 -
I n ] B i
W 0.15} = . E
Il N . [ ]
0 0.10F Old Model — i _
g F . 1
W 0.051- et = - :
00 :_I_ ----- e e T S Y WY . I ) \ ) . :
9.0 0.1 02 03 04 05 % 02 04 0.6 0.8
|pmiss| = |pv —Pu— ppl (GeV/C) pmiss (GeV)
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N ew I nte ra Ctio N M Od el l #241 Cross-Section Model: Bryan Ramson, Georgia

Nissen, Jeremy Wolcott

= New production with updated cross-section model used across Fermilab experiments (“AR-23)
with custom NOVA adjustments. GENIE 3.6.0 with N24_20i_02_11b model.

NOVA Version CcMC Initial State QE Res MNI/MEC DIS FSI FSI Tune
Version 2 N18_10j_00_000* LFG Valencia Berger-Seghal Valencia Bodek-Yang* |IntraNuke hN2018| None
Version 3 N24_20i_02_11b LFG* Valencia* Berger-Seghal SuSAv2 2p2h*| Bodek-Yang* |IntraNuke hA2018 | Free-Nuke

c —_—— IF NOVA Simu Ila‘;_ 10 N NOvVA Simulation

‘-5 . N t » & ) “9 .E L T I T T T T I 1 T T T l T T 1 Ll I T T T T -
~ B v“eg(r:l’n :AECas"ejlection — Version 2 MC (MEC) - f L Neutrino Beam (FHC) Version 3 (stacked) -
fé’ 3 B Version 3 MC (MEC) _| @ 30[—v, CC selection [ MEC —
@ | : s [ B ce ’
TR . o L I Res i
B E 5 < i B Dis i
= L N 2 20 e [_] Other —
i 2 B I BT Version 2 MC (total)
1 —_ ; 10— —

B L . ] | . L N L | A | A 1 J
% 0.5 1 15 2 4 5
True gl (GeV) Reco E, (GeV)
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Com pll menta ry Data: BNB I #194 BNB Neutrinos in NOVA: Adam Lister

= BNB and NuMI datasets have correlated interaction and detector uncertainties, uncorrelated beam
uncertainties. Similar L/E & different E: break degeneracy in oscillations and uncertainties!

NOVA Preliminary

T T T T T T I T T T I T T T I T T T

Booster Neutrino Beam at Near Detector = i i
Daily neutrino beam —— Accumulated neutrino beam % Q3000 ¢ Data 7
|5 3.5 35 c 8 I —— Mean Background
230 30 & = I s +1/2/3 o Background |
S S S Ll ) Beam Window
= 2.5 25 o R [319.4, 321.0]us
v
= % 2000 ~
® 89 & |
5 2.0 200 @ feter SIS M0 et et
3 c c | '
8 1.5 15 @ o i i
S 10 10 (= L - i
= L B1000f- -
Sosp 5 © o [ I
. ... . o Re) | ]
.o cee L 2 ., e, - . . 1, 3 £
0.0 > “ — = & <@ . « . L * 0o =~ | _
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 S i |
Date <

| | | | | i L I | | L | | | L I | | L
918 320 322 324 326 328
Mean Slice Time (us)
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I Complimenta ry Data: BNB I #194 BNB Neutrinos in NOVA: Adam Lister

= BNB and NuMI datasets have correlated interaction and detector uncertainties, uncorrelated beam
uncertainties. Similar L/E & different E: break degeneracy in oscillations and uncertainties!

" Compare sensitivity of ND Samples Full sensitivity improvement
NOVA Pre“mmary NOVA Simulation OvVA Simulation
: 1 | 1 1 1 T | I I I I : 102: 102: A S
F F simov Sensitivity
02l — NuMI Data - - K - 90% CL

—~ L _ - - NuMI Only
3 — BNB Data
© : i 10g 10 —— NuMI + BNB
2 015 . 5 :
-qu: 0.15_ ] i L
T [ ] < F < 1
oot : A A
S o1 ] e £
8 B | 410 1= 410 1
:E; : : Asimov Sensitivity
— 0.05(— — 90% CL

B - 102~ NuMIFHC 102L

[ ] - —— NuMIRHC s

S I — - —— BNB FHC

o 4 1 | L L L | | | ] 1| 1 | 1 1 1
0 1 2 3 4 5 10—3 1 el 1 I I T 10—3 I S
Reconstructed Energy (GeV) 102 10" 1 10 107" 1
sin%0,, sin%e,,
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‘I NOvVA + JUNO!

JUNO + NuFiT LBL JUNO + NOVA
JUNO Preliminary. June 2026 (.‘3/ ) w/ DYB and NuFit-LBL const. !\!onTColndllt |orI1aII —— !\IOYA IPreIIimlinalr y
A 1 1T 1 1 1 A AT 1 rrrrJ 1111711 0.05 - I:ID. 1,230NO T g
. 3 s MCMC 10 N yMCMC NO : I:“:I- 123010 T ]
; , oo} | :
st Bayes factor = : 1
S5 k=P(NO)/P(10)=10.18 S L Bayes factor=15.74 1
3 ¥ 2lnk=4.64 o 0.03F T ]
(@] - —
510} =
- N )
8 L 40; 0.02F T -
~ o
g8 001} 1 :
0__1_LA~| Ly el | - AN, L
2.5 2.4 2.4 2.5 2.6 0.00 > “n\zf, >4 S
Am3; [107 eV?] Am3, [107 eV?] Am2, [1073 eV?] Am2, [10-3 eV2]
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‘I Precision on Am5,

o No‘rmal‘mass. or;de‘rin.g‘ o |
NOvA+JUNO = 2.434+0.021 0.9%

JUNO (+Daya Bay) o~ 2.435T005% 1.1%
NOvA —e— 2.43175038  1.4%
NOvA+T2K —o— 2.43 b3 14%
IceCube —e— 2.40 00 1.9%
T2K —e— 2.5061005 1.8%
SuperK+T2K —e— 2.51170 080 2.4%
Daya Bay nGd —— 2.466+0.060 2.4%
SuperK —— 2.40 00T 3.3%
MINOS+ ——— 2.40 TH08 35%
RENO  nCd o 2.52 Ty 4.6%
Daya Bay nH . 2.72 012 53%
ORCA . 2.11 532 14.2%
RENO  nH ° 2.48 T35 121%
1.8 2.0 2.2 2.4 2.6 2.8

|Am3,|, 1073 eV?
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‘I Precision on Am5,

Inverted mass ordering

NOvALJUNO - T a7t g
JUNO (+Daya Bay) = 2.556 0 050 1.0%
NOvA —o— 2.479+0.036 1.5%
NOvA+T2K —o— 2.48 b3 1.4%
IceCube —— 2.40 00 1.9%
T2K -— 2.547 000 1.8%
SuperK+T2K —— 2.484 00T 2.4%
Daya Bay nGd —— 2.571+0.060 2.3%
MINOS+ —e— 2.45 00T 31%
SuperK —— 2.47 0 3.6%
RENO  nGd ° 2.62 010 4.4%
Daya Bay nH o 2.83 01 51%
ORCA [1.83, 2.32]

RENO  nH . 2.58 T35 11.6%

18 20 22 24 26 28

|Am3,|, 1073 eV?
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‘I Precision on Am3,

5 NOVA Preliminary NOVA and NOvVA-T2K fully overlap
g -1 ' '~ 1T T 1T 71 1" "T71T ™ +™71T " * 717
< 0.08[ Inverted Ordering T Normal Ordering 7

— NOVA
— 2K
0.06} — JUNO+Daya BayT T
[ NOVA+T2K '
MINOS

o

o

N
—

Normalized probability (
o
o
AN

28 26 .24 22 22 24 56 28
Am3,(x 10° eV?) Am3,(x 10° eV?)
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