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NOvA —NuMI Oftf-axis v, Appearance experiment

* Long baseline neutrino oscillation experiment;

» Designed to detect v, v,
primarily muon (anti)neutrino NuMI beam at Fermilab.

U,, and U, originating from the

Fermilab Ash River

.10 km

810 km

Primary experiment goals

» measure Am;,
* determine mass ordering
« determine octant/value of 65,
» have some sensitivity to sin® 20, ,

* measure Ocp
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The NOVA detectors

front-view of Far Detector

e Detectors composed of alternating horizontal
and vertical planes of PVC cells, filled with
liquid scintillator and wavelength shifting

: fibers;

,_ * Scintillation light carried down the fiber and

«% ~ read out by an avalanche photodiode;

/@% e Sit 14.6 mrad off the beam axis.

== —

-

. Z ({/ -
\ J\ be \for scald 0)®‘ Near Detector, 293 T
e o K 1 km from beam target
Far Detector, 14 kT &

\ back-view of Near Detector
810 km from beam ~ P TR

target Feﬁila!\ ,

detector photos from *
Fermilab Creative Services J. Vasel

3 Teresa Lackey | TAU 2023



Near Detector cross-section analyses

* We study cross sections to gain a better understanding of neutrino-
nucleus interactions.

* In NOVA's case, this helps us inform our systematic uncertainties on
oscillation and other non-cross-section results.

e Dataset contains millions of neutrino interactions in the Near
Detector.

° A 1 : . S0, WHAT'S AN%KU‘:Ié@% WTs
na yses mn progreSS. s vears [ BB
D O
~_( NEUTROSON.

* [nclusive measurements:
» U, CC, triple differential in 7), cos0,, Ey,,;

« U, CC, double differential in E,, cos 0,

e U : Uratios

Pro Tip:

J Along with many exclusive measurements. There is no such thing as Quantum Mechanics.

https://www.smbc-comics.com/?id=1452
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Near Detector cross-section analyses
* We study cross sections to gain a better understanding of neutrino-
nucleus interactions.

* In NOVA's case, this helps us inform our systematic uncertainties on
oscillation and other non-cross-section results.

e Dataset contains millions of neutrino interactions in the Near

Detector. Latest results:
v, CC cross-section measurements - two double differential analyses

Focussing on sensitivity to 2p2h/MEC events

_ >1.4 Rev. Mod. Phys. 84, 1307

Muon Energy ‘?,1'2
System Ve 2!
angle 0.8
506
2
. 3-momentum 0.4
Hadronic transfer || §0_2
System vs s 0 =y — —
energy "
2p oh (+?) E, (GeV)
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Muon Energy
=

System vs
angle

Muon system

Y

signal definition:
* Only one reconstructed track (low
hadronic activity)

e Interaction contained within
fiducial volume of detector

. T, < 200 MeV
T.< 175 MeV

* Measurement in bins of
I, - kinetic energy of muon, e 2

1631
Event: 17937/ --

UTC Sun Jul 20, 2014 35 ) 3
41367 2 S 0 0* 10 .\
13:45:41.367892800 t (usec) q (ADC)

cos 0, - scattering angle of muon

2% Fermilab
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Muon system

signal definition:
* Only one reconstructed track (low

Energy
Vs

Muon
System

angle

* 115 kinematic bins

* Uncertainty of 12-15%

hadronic activity) QE MEC RE5 DIS COH
e Interaction contained within 39.7% | 33.7% | 23.0% | 2.5% _ 1_'1%
fiducial volume of detector NOVA Preliminary
24
. Tp <200 MeV 2.2 10
) 2p2h events _; =)
T, < 175 MeV S s concentrated ! @
* Measurement in bins of %1-6 / %
T, - kinetic energy of muon, g " E
® 12 S
cos 0, - scattering angle of muon = — 7
0'8 ---------------------------------
0.6
0.5 0.55 0.6 0.65 %7608.70508%8 085 09 095 1
3¢ Fermilab
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Muon system
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0.80 < coseM <0.85

+ Data (Stat.+Syst.)
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=--- w/ Valencia -
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Energy

* Models underestimate cross

section in 2p2h region

NOVA Preliminary
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3-momentum
transfer ||

Hadron system

Hadronic
System

Vs
energy

signal definition:
e Interaction contained within
fiducial volume of detector
0.5 < T, <2.5GeV
cos6,> 0.5

e Measurement in bins of
|g| - three momentum transfer

800 -W

— [Pt | 4] m Envai - visible hadronic energy

10°
15:4541.367 eszeoo q (ADC)
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10

Hadron system

* 27% selection efficiency, 92%

purity

e 67 kinematic bins

* Average uncertainty of 12%

3-momentum
transfer |g|

Hadronic

A

VS

System

energy

signal definition:

e Interaction contained within
fiducial volume of detector

~1 M events

2p2h events
concentrated

NOVA Preliminary

«0.5< TM < 2.5GeV

1| cosd, > 0.5

{0000 * Measurement in bins of

] |g| - three momentum transfer
#0000 E i1 - Visible hadronic energy

—20000

M | I |

6] (ée\h’c)

1 1.5 Ii L 1
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Hadron system

. T
* Models underestimate cross =
. . . X
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Hadronic 3-momentum
transfer |g
:> lq]

System vs
energy
NOVA Preliminary
0.50 < Iql < 0.65 GeV/c
Data
——— GENIE 2.12.2-NOvA Tune

------ w/ Empirical MEC
w/ MINERVA tune

------ w/ Valencia
- w/ SuSA-v2 MEC

0.80 < Iql < 1.00 GeV/c

L | L
0.5

' 1

Available Energy (GeV)

2= Fermilab



v, CC cross-section measurements summary

* Overall, models underestimate the cross sections in both

muon and hadron systems. Muon Hadron
system system
model ¥*~115DOF x*- 67 DOF
GENIE v2-12.2 +
1 NOvVA Tune 200 560
Hmedto | g pirical MEC| 190 910
data Valonc
alencia +
MINERVA Tune 340 970
purely Valencia 630 1900
theoretical SuSA - v2 620 1000

* Poor agreement with all models; data is in closer agreement
with tuned models.

* Future analyses will continue probing the 2p2h /MEC region.

2= Fermilab
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Long-baseline neutrino oscillation results



Predicting energy spectra for the Far Detector

10° ND Events/1 GeV

True Energy (GeV)

* Using the spectrum of neutrino events in the Near Detector,
we can predict the v, and v, energy spectra we expect to see

7

at the Far Detector, varying Am322, sin” 6,5, and Scp.

.

0 1 2 3 4
ND Reco Energy (GeV)

50

10° ND Events

— ND data
—— Base Simulation
—— Data-Driven Prediction

Start with the reconstructed
energy of events in the Near
Detector, convert to true energy

' using simulation.

£& Fermilab
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Predicting energy spectra for the Far Detector

* Using the spectrum of neutrino events in the Near Detector,

we can predict the v, and v, energy spectra we expect to see

at the Far Detector, varying Am322, sin” 6,5, and Scp.

— ND data
—— Base Simulation
—— Data-Driven Prediction

Account for different
acceptances in the
two detectors and
I apply oscillations.

ND Reco Energy (GeV 10° ND Events 10° F/N Ratio P(vV,—V,)

10° ND Events/1 GeV

True Energy (GeV)

2& Fermilab
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Predicting energy spectra for the Far Detector

10° ND Events/1 GeV

True Energy (GeV)

16

* Using the spectrum of neutrino events in the Near Detector,
we can predict the v, and v, energy spectra we expect to see

N S

7

at the Far Detector, varying Am322, sin” 6,5, and Scp.

4

Convert the expected Far Detector
true energy spectrum to reconstructed

energy and compare with data.

— ND data
—— Base Simulation
—— Data-Driven Prediction

— 40

FD Events/1 GeV

q

i

True Energy (GeV)

0

0 1 2 3 4
ND Reco Energy (GeV)

50

10° ND Events

2

10° F/N Ratio P(v,—v,)
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00
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FD Events FD Reco Energy (GeV)
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Measured Far Detector neutrino energy spectra

17

Events/ 0.1 GeV

Events / 13.60x10%° POT-equiv

T NOVA Preliminary
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5[ .
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Interpreting the results - two analysis methods

» Data selection and prediction remain the same.
e Results for ~equal v-enhanced and T-enhanced beam modes.
—13.6 x 10 protons-on-target in v-enhanced beam

—12.5 x 10 protons-on-target in T-enhanced beam

DID THE SUN JUST EXPLODE?
(ITS NIGHT, 50 WERE NOT SURE.)
THE NEUIRNO DETECTR MERGURED
A.
e oer. [y | PREGUENTIST STATISTOAN:  BAYEDIAN STATSTOAN:
( BOTH COME UP 50 ITLIES O US. | | THE PROBABLLITY OF THS RESULT
s Ty CTERUEE, TTELS TERURL | || HAPPENING BY GHANCE 15 5,=0027. BT YOO 320
TR HIS TE GNCE p<0.05, T CONCLUDE. T HANT
QJNGD/VEADMQ? .HAT"IF‘E 5UN HAS EXPLODED. )
Mff
JES, O
E\‘J ﬁ ﬁ
https://xked.com/1132/

2& Fermilab
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Interpreting the results - two analysis methods

» Data selection and prediction remain the same.
e Results for ~equal v-enhanced and T-enhanced beam modes.
—13.6 x 10 protons-on-target in v-enhanced beam

—12.5 x 10 protons-on-target in T-enhanced beam

Frequentist Bayesian
* Requires Feldman-Cousins for e Faster to look at other parameters
correct confidence regions like sin® 26, Jarlskog-Invariant
e computationally intensive e can also look at the effect of
and time-consuming. systematics in more detail.
* Profiling — maximizes parameters e Utilizes Markov Chain Monte
not shown. Carlo which uses marginalization
— integrates over parameters not
shown.
e Confidence Regions: e Credible Regions:
X2 posterior probability densities

, 2= Fermilab
more details here:

19 Teresa Lackey | TAU2023 . o /abs/2311.07835, indico.fnal.gov/event/55483/



https://arxiv.org/abs/2311.07835
https://indico.fnal.gov/event/55483/

- FrequentISt BayeSIan NOVA Preliminary
0.7 ' o | R
Normal Ordering o
0.6 43
0.6 )
2 0.55 )
L 05 %
£ 0.5 =
0.4~ — 0.45
os = [heoror lenal * 2
o7k 2 | | | -
[ Inverted Ordering ] =) 12
B i i - J®
0.6F ] £ 06 9
- - I "Q_
2 s ] 0.55 A0
=a ] 0.5 §
04 - 045 | &
0'3__. R L .90./ - I:I > CL__ F Bayesian Cred. Int.. =~ —10 ---20 30 ]
0 1 T 3x 2n I
6CP 2 2 6CP 2
e Slight preference for normal e Slight preference for normal
ordering, upper octant. ordering, upper octant.
e Am3, = (241 £0.07) x 1077 eV? e Am3, = (2.39 £0.07) x 107° eV?
32 32
® SlIl 923 —_ O 57+8 8;1 ® Sln 923 — O 56+8 (l)g
o 5cp = 0.8210277 ® 6cp = 0.897 [-0.017, 0.487] U [0 54r, 1.07x]
Cp —0.87 CpP
2% Fermilab
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Other measurements now possible with Bayesian analysis

* NOvA-only measurement of

sin’ (2(913)

—usually use constraint from reactor

and solar experiments
NOVA Preliminary

T
I 2 Reactor .. Bayesian Cred. Int.: |
> [ mL.O. @o Q20 Oso
= 0.015 [ ¢ 5 J
i) [ mU.0.
(0] |
o] B
o |
o 0.01 |
k) [
o i
8 0.005 -
& -
0.05 0.1 0.15
s 2
sin“20,,

* NOVA result:
sin® (26,3) = 0.0875:079

—0.016
* 2019 PDG value:

sin” (26,5) = 0.085 £ 0.003

21

* Jarlskog-Invariant
_ 2 :
J = cos 0, cos 0;; cos O3 sin 0,
X s1n 05 sin 6,5 sin dcp

Normal Ordering NOVA Preliminary
0.01| Prior uniform in sin(3,) i Bayesian Cred. Int.: |
' B B2 O3c

0.005

0.005 F

Posterior Probability Density

0.01 ‘ Prior uniform in 8, : , .
004 002 0 002 0.04

Inverted Ordering NOVA Preliminary
0.008 _ Pric'>r uniform ir'1 Sin(d¢p) Bayesién Cred. Int.': _
@i @20 [d3c

Posterior Probability Density

Priqr uniform ir) 6CP : . . ]
-0.04 -0.02 0 0.02 0.04

T 2% Fermilab
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Joint Fit with T2K in progress

* NOvVA and T2K have general

agreement, but there are

different preferences for ocp

values in normal ordering.

* Results expected early next year.

T T T T . : : I I I |
- Normal Ordering 90% CL
- — NOvA  — - MINOS+ 2020
3.0 ---- T2K 2020 - |CeCube 2018
—~ | -- SK2020
Qq
> - T
® ~
(e2] -
o | . o
: g \'\ “"‘9""‘""""'""-"u-u-"a-"u--—-—hm;.'.:,.,:‘__"”. S
S 2.5 \ = /
> e -
E I \\‘i ----------- /: /
< B S~ s /
ool— eBestfit e
! | , | | | I
0.4 0.5 55
Sin"0,,,
22

2
sin“0,,

o
sin“0,,

0.4

o
w

T2K, NEUTRINO 2020: ® BF —<90% CL --- <68% CL

NOvVA: 4BF |:|590% CL .568% CL
N N N N | N N N N | N N N N

o o o
&) o)) ~

o
~

o
[

Inverted Ordering

T2K, NEUTRINO 2020:

NOVA:

—=<90%CL ---<68% CL

4

<90% CL I:ls 68% CL 7
]

O
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Future prospects

More data More analyses
» Continuing to collect (anti)neutrino data. * Recent results (talks linked):
— Already have an additional 10-13 x 10%° » sterile neutrinos in the 3+1
protons-on-target from model,

v-enhanced beam. * non-standard-interactions (NSI).

— Plan to collect beam data until the

beginning of 2027. * Many cross-section analyses in the

pipeline, with first inclusive
« > 30 mass-ordering sensitivity for 30-40%  jntineutrino results from NOvVA

of Ocp values. imminent.

- Year
i) 2021 2022 2023 2024 2025 2026
. T . e ey ey zZ . o e . .

2 Famnos, - ' ' 15 * Ongoing joint analysis with T2K,
S [ No, b= 1> results expected early next year.
O L[IINOb=n 19

Lo No, 8, = ]3 :
g op O tem e 12 * Analyzing data from our Test Beam
= {5
o L o detector to better understand some
2 of our systematic uncertainties.
[}
L 2 .
S * Other non-cross-section and non-
§ o neutrino-oscillation results.
@ POT (x10%)

2= Fermilab
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https://indico.fnal.gov/event/56765/
https://indico.fnal.gov/event/55482/

Questions?

lackey32@fnal.gov

2& Fermilab
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mailto:lackey32@fnal.gov?subject=TAU%202023%20NOvA%20talk
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Why off-axis?

* At 14.6 mrad off-axis, the beam peaks around 2 GeV, which is close
to the location of the first oscillation maximum for our baseline.

* We see more ~2 GeV neutrinos at this off-axis location than if we
were on-axis. It has the additional benefit of reducing backgrounds

from higher energy NC events which can mimic v, events.

v, CC /6E20 POT / kton /0.1 GeV

26

15

10

Energy spectrum at Far Detector N OvA Simulation
T T I I I 1 1 1 T I I 1 1 1

On-Axis

FLUKA11

7 mrad Off-Axis

14.6 mrad Off-Axis (NOvA)

21 mrad Off-Axis

I | ! | | I | ! ! | | ! | | | | |
Ll l | I | — l | | |1 l | | | —

0 - 5 10 15

E, [GeV]
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Other cross-section analyses in progress
* Inclusive measurements:

avail

7, CC, triple differential in Tﬂ, COS ‘9/4’ E
« 7, CC, double differential in £,, cos 0,
e U . Uratios
* Exclusive measurements:
-7, CC 7’
—and v : D ratio
« U, CC zero meson
v, CC one #
e U — e elastic scattering
-y, CC ¥

v, +N—-u, u*t, u~ (neutrino trident)

27 Teresa Lackey | TAU 2023
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v, CC cross-section measurements - two double differential analyses

Muon system
* Only one reconstructed track (low
hadronic activity)

e Interaction contained within
fiducial volume of detector

. T, < 200 MeV
T, <175 MeV

* Measurement in bins of
T, - kinetic energy of muon,

cos 0, - scattering angle of muon

Muon Energy
System ve
angle
. 3-momentum
Hadronic = transfer ||
System vs

energy

Hadron system

e Interaction contained within
fiducial volume of detector

0.5 < Tﬂ < 2.5GeV
COS Qﬂ > 0.5

* Measurement in bins of
|g| - three momentum transfer
E i - Visible hadronic energy

2% Fermilab
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muon-system model comparisons

nN W b
o o O

(cm%GeV/nucleon x 10°%)
=)

d’ o
dcos 9“ dT}l
8 8

n
(=]

29

o

NOvVA Preliminary

C 0.50 < cosep <0.68

"

[ 0.68 < cosh, <0.74

0.74 < cosh, < 0.80

0.80 < coseH <0.85

F 0.85 < cos6, <0.88

0.94 < cosep <0.96

- 0.96 < cosb <0.98

Teresa Lackey | TAU 2023

—I— Data (Stat.+Syst.)

—— GENIE 2.12.2-NOVA Tune
---- w/ Empirical MEC

— w/{ MINERVA Tune

---- w/ Valencia

—- - wi{SuSA-v2 MEC

2% Fermilab



hadron-system model comparisons
NOVA Preliminary

0.65 < |§] < 0.80 GeVic

&
£
I

1
L 0.00 < [3] < 0.50 GeV/c

- —_— am

— v (TR GEMIE 2.12

e
=]
|

..... GEMIE 2.12 Empirical

— LINERA o ZRENMED

U3 E mode Zp3h MEC

= mw o Vakeca mode Spah MES

_(cm?/GeV/GeV/c/nucleon) x 107

_ avail
=)

d’c / dffd

0.80 < [3] < 1.00 GeV/c T 1.00 < |§] < 1.20 GeVic T 1.20 < |§] < 2.00 GeVic

£
(=]
T

%]
=]
LI —

|
I
|
I
|

V/GeV/c/nucleon) x 10

na
[=]

(em¥/Ge
_avall

o’ / df|dE

=]
T

0.5 1 0.5 1

Available Energy (GeV) ey .
3¢ Fermilab
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POT vs. time

30 Weekly neutrino beam —— Accumulated beam
Weekly antineutrino beam —— Accumulated neutrino beam .
-~ —— Accumulated antineutrino beam [4° 'C_)
O 25 a
a &
=2 Current analysis dataset S
g 20 ° ..Q . 30 ;
e NS w Ty 2
215 el e o 5 §
% ) " W e e P 209
> v : . g =
~ 10 ° ° oo & ° 1R (]
3 Al EH B ‘ - : E
; o .. o .s. :I...o ° % ¢ ¢ 2 | L 10 g
51 DT e tee O 4 % R i | 3
0 2014 2015 2016 2017 2018 2019 2020 2.021 2022 °
Date
20 .
« 13.6 X 10" protons-on-target in v-enhanced beam
« 12.5 X 10°” protons-on-target in -enhanced beam
3F Fermilab
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Measured Far Detector neutrino energy spectra
NOVA Preliminary

T I T T T

32

Events/ 0.1 GeV

Events / 13.60x10%° POT-equiv
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11057,

f

T I T T T T ‘

+ FD data
— 2020 Best-fit

1-0 syst. range
. Background

—

T T T T

|I1|I\I|II\|III|\II

T NOVA Preliminary
[ T T T T l T T T T T T T T ‘ T T T T ‘ T T T T
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20 . 10
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f 1 1 3
- -0 syst. range -
15— y 9 7] Y
= . Background 1 S &
E 1 5
o + 1 5
i 1 o *
g B 5
L L ‘ 1 1 L L ‘ 1 1 L 1
: 0
% 1 2 .3 4 5
Reconstructed neutrino eneray (GeV)
v-beam NOVA Preliminary
30_ T TLT T PiDT f THT t]T PTIDT T T T T T —] 20
| ow i i ]
° 32v,] _
$ FD data - {1 o
| — 2020 best-fit o | a
1-0 systrange | o|Q Q
201~ [ Wrong sign bkg | 8 '§. 1 e
[ Total beam bkg | b 1 &
I~ [7] Cosmic bkg o 1 w
u T Al
o 13
| ] C
(]
| - >
] L
0

15—

2 3 4 A 2 3 4
Reconstructed neutrino energy (GeV)

_\——.:g
I: L | ¢ ¢ .l ‘—, L L L | 1 1 L L ‘ 1 1 L ] 1
0 1 2 3 4
Reconstructed neutrino eneray (GeV)
v-beam NOVA Preliminary
T T T T T T ; T T T T T T T T T T
~  LowPID . High PID — 7
k | 3370,]
¢ FDdata . [ Wrong sign bkg © 4
— 2020 bestfit i [ Total beam bkg @ | & ]
1-o systrange | [ Cosmic bkg 8 2 i
: S E
s 3 g 4 12 (BG V)4
econstructed neutrino energy (Ge .
2 Fermilab
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Other measurements now possible with Bayesian analysis

Both Orderings

0012 Bayesian Cred. Int: @ @20 030§ ¢ Ny A-only measurement of
> - i
£ 0.01} )
5 sin (2«9 )
§ 0.008 ] 13
' 0006 1 — usually use constraint from reactor
£ 0.004 1 and solar experiments
DCE 0.002 _
NOVA Preliminary
| @Reactor  mLO. mUO. |
0.15} 1* NOVA result:
' ) _ +0.020
sin® (26,3) = 0.08515-0%0
®S'-’ [ i B
RO O% | SR .
§= | .
(%)
{* 2019 PDG value:
| sin” (26,5) = 0.085 £ 0.003
0.05 A
[ Bayesian Cred. Int.: —16 -- 20 30 Bayesian Cred. Int.:
cole.vituy oy, Reactor ] B B2 0 080 ]
0.4 0.45 0.5 0.55 0.6 0.005 0.01 0.015
Sin“0,, Posterior Probability

2= Fermilab
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prior uniform in Ocp

0.6

I ! 1 ! I ! | | 1 I ! I ! | I I I

o
ol

Prior probability
IIIIIIIIIlllllolollllllllllllll

0.2
0.1
0.0 1 0 I :{ L : L
Scp /T
1 .2 /(1
2 4 —1< <
H(écp) — 2 S1I (4(5013 T 7T)) ’ >~ 5CP/7’(’ < 3
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3-Flavor Oscillation Systematics

Source of Uncertainty

sin2023 (SCP /71'

|AmZ,| (x1072 eV?)

Neutrino Cross Sections

Beam Flux

Detector Calibration
Detector Response
Lepton Reconstruction
Near-Far Uncor.
Neutrino Cross Sections
Neutron Uncertainty

40.00034 / -0.0008 +0.0023 / -0.0099
+0.005 / -0.025
+0.0016 / -0.0021
+0.0026 / -0.002
+0.002 / -0.0016
+0.0027 / -0.0034
+0.0049 / -0.0078

40.028 / -0.17
+0.0041 / -0.0035
+0.006 / -0.016
+0.012 / -0.028
40.044 / -0.07
+0.0012 / -0.042

+0.0014 /-0.0023
+0.019 / -0.019
+0.0067 / -0.0085
+0.0094 / -0.015
+0.0013 / -0.0048
+0.0066 / -0.012
+0.011 / -0.017

Systematic Uncertainty
Statistical Uncertainty

0.0083 / -0.027
+0.022 / -0.033

+0.054 /-0.19
+0.21 / -0.87

10.024 / -0.028
+0.043 / -0.055

Detector Calibration
Neutron Uncertainty
Lepton Reconstruction
Neutrino Cross Sections
Detector Response
Near-Far Uncor.

Beam Flux

Systematic Uncertainty

Statistical Uncertainty
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NOvA Slmulatlon

.05 0,05
Uncertainty in Am32 (x10° eV?)

Statistical Uncertainty

Detector Calibration
Neutron Uncertainty
Neutrino Cross Sections
Lepton Reconstruction
Detector Response
Near-Far Uncor.

Beam Flux

Systematic Uncertainty

Statistical Uncertainty
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Detector Calibration

Neutron Uncertainty
Near-Far Uncor.
Lepton Reconstruction

Beam Flux

Detector Response

Systematic Uncertainty
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Exotic analyses

e Many 'exotic' analyses in progress.

e Exotic = anv non-cross-section or non-neutrino-oscillation result
y

e slow /fast magnetic monopoles

* neutrino magnetic moment

e light dark matter

e upward-going muons

e microscopic black holes

e seasonal variation of cosmic rays
e sidereal variations

e high-energy muons

e ultra-high-energy showers

e atmospheric neutrinos
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Other analyses with results in the past couple of years

Non-Standard Interactions (NSI)
Allow for non-zero, off-diagonal

components in matter potential

matrix.
TNOVAS0% CL | 13.6410° POT oquv. -team |
0.8:—|:|N0 |o 12.5x10% POT v-beam ;
L ® Best fit ]
0.6
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Sterile Neutrinos in 3+1 model

No evidence for sterile neutrinos,

also have limits for 6,,.

Neutrino Beam

T Y
Areuiwijeid V/\ON|

EEEEETITANN

10%E
- 90% CL allowed
| —— lceCube
10
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> =
m —
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R
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F —— NOVA
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107°E 1ok (NH)
- T2K (IH)
- —— SciBooNE & MiniBooNE
|~ —— Super-Kamiokande
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107 107 1072
2
sin® 6,,
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Sensitivities
* Continuing to collect (anti)neutrino data.

— Already have an additional 10-13 X 10?° protons-on-target

from r-enhanced beam.

* > 30 mass-ordering sensitivity for 30-40% of oqp values

Signif. of Resolving Mass Ordering (o)

38
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