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Standard Model Neutrino Oscillations i//
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® Have a beautiful picture of
3 oscillating Standard Model |
neutrinos coming into focus 100
® Three mass differences Am?2 define the |
relative weights of the different neutrinos Afmospheri
Reactor

e Also defines the travel distance required for \ 1073 B A

flavor change to occur
. s ESoIar ?'E"“Am-zgar k

® Three angles O define which flavors are L Reactor | |

in each mass state ) : =

N o i i :

® Also defines magnitude of flavor changing <§] 10 . /=

10 -

L) s

m l =

P(v, — 1) = sin® 20sin? |1.27Am?(eV? : 94

( . b) ( )EV(GGV) E?13 E i
10 1072 10° 107
tan’0 )



Standard Model Neutrino Oscillations

® Have a beautiful picture of
3 oscillating Standard Model
neutrinos coming into focus

® Three mass differences Am?2 define the
relative weights of the different neutrinos

® Also defines the travel distance required for
flavor change to occur

® Three angles O define which flavors are

in each mass state

® Also defines magnitude of flavor changing
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Sampling Neutrino Flavors

® We got here by sampling neutrino flavors

® Want to make sure | taste the flavor that was produced: stout, amber, pilsner?

® For neutrinos, charged current interactions enable ‘tasting’ flavor

® Want to make sure | detect the flavor that was produced: e, |4, or 7!




Sampling Neutrino Flavors

® Many detector technologies can help us taste that flavor:

Electron taste = shower-like
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Neutrino Oscillations: L and E

Have a beautiful picture of three
oscillating Standard Model
neutrinos coming into focus

Took many experiments to .} 2 )
get us here! Example: OPERA
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Neutrino Oscillations: L and E

Have a beautiful picture of three
oscillating Standard Model
neutrinos coming into focus

Took many experiments to
get us here!

Baselines (L):

ORCA KM3NeT-ARCA
- 1 —

1023 ¢

Solar Potential 1 07

>km-scale )
10% : .+ DeepCore IceCube
o’ _DUNE " /pINGU (High Energy) .
Let’s go o 2 NOVA 10
H E REg' y ~*MINOS/OPERA /ICARUS

e KK

WHY go
here?

Super-Kamiokande

EEE—
tau production

~* DAEDALUS threshold

IceCube Collaboration, J.Phys. G44 (2017) no.5

1018 .
100 aapl o g

E, [GeV] 7



Neutrino Anomalies

® Neutrino fluxes and energies measured at < km disagree
with state-of-the-art neutrino predictions

® |ndications of flavor changing beyond ‘SM oscillations’?!
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New Neutrino Mass States?

® Neutrino fluxes and energies measured at < km disagree
with state-of-the-art neutrino predictions

® |ndications of flavor changing beyond ‘SM oscillations’?!

® Another ~eV - keV neutrino mass state: ‘3+ 1’ sterile neutrinos?
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Recent Theory Progress: More New Physics ﬁ//

® Once you've made new mass states, how do they behave?

e Do they decay (3+ I +C”()7 Palomares-Ruiz et al, DeGouvea, et al, Dentler,etal, Balantekin et al,

JHEP 09 (2005) JHEP 2019:141  PRD 101 (2020) PLB 789 (2019)
. . ? Magill, et al, Ballett, et al,
® Do they have couplings to larger hidden sector? . -%. 2018) PRD 99 (2019)
. ? ), M.Acero, et al, |. S. Gori, et al, Snowmass
® Why neutrinos at all? Other BSM? hos. G 51 (034 RFO6 Report

® |f we crack open a hidden sector, who knows what we’ll find!?

Double Fruit Smoothie Pastry Stout?! Imperial Seltzer!?
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https://arxiv.org/pdf/1808.10518.pdf
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A Low-Energy Neutrino Anomaly
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® Deficits in neutrino detection rates at electron-flavor sources

Reactor and Gallium Anomalies i

® Sources host only lower-energy (~MeVs) processes ([3-, EC)
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https://arxiv.org/abs/1607.05378

Probing Reactor E-Flavor Disappearance ﬁ//

® |n ton-scale scintillator detectors, look for variations between
Ve energy spectra of full detector versus individual baselines

Ouside the PROSPECT detector

Inside: different segments, different baselines
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https://arxiv.org/abs/1808.00097

Probing Reactor E-Flavor Disappearance ﬁ/
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® |n ton-scale scintillator detectors, look for variations between
Ve energy spectra of full detector versus individual baselines

.07

Neutrino Detection Rate
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® Any wiggles in ratio is evidence of L/E nature of ‘3+1|’ sterile neutrino picture

Different baselines, different oscillations
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.151802

Positive Hints: Neutrino-4

N(L,E)/N(L,E)_

® |n ton-scale scintillator detectors, look for variations between

Ve energy spectra of full detector versus individual baselines

In 2020: the Russian Neutrino-4 experiment claims 2-30
observation of these 3+ 1|’ wiggles

Neutrino-4, PRD 104 (2021)
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https://arxiv.org/abs/2005.05301

Null Results: PROSPECT

N(L,E)/N(L,E)_

® |n ton-scale scintillator detectors, look for variations between
Ve energy spectra of full detector versus individual baselines

® |n 2024: the PROSPECT experiment strongly disfavors this
claim with a lower-background measurement
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https://arxiv.org/abs/2005.05301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.151802

Global Short-Baseline Reactor Picture

® Recent short-baseline reactor measurements have collectively
dampened reactor-sector anomaly / Neutrino-4 excitement

® PROSPECT’s final 3+ 1| oscillation result rules out the most-favored Neutrino-4

phase space point at more than 50 CL.
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https://arxiv.org/pdf/2103.01684
https://arxiv.org/pdf/2103.01684
https://arxiv.org/abs/1904.09358
https://arxiv.org/abs/1904.09358
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https://arxiv.org/abs/1704.01082

KATRIN Sterile Neutrino Searches W

® KATRIN: push harder at higher Am?2 by looking for kinks in
its tritium beta spectrum endpoint measurement
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Oce Limits in KATRIN

KATRIN: push harder at high Am?2 by looking for kinks in

its tritium beta spectrum endpoint measurement

® Both tritium measurements AND most short-baseline reactor measurements
be closing the door on the reactor-sector 3+1| oscillation picture.

seem to
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The Enduring Gallium Anomaly ﬁ//

® On the other hand, electron-flavor deficits remain in intense Ve
radioactive source experiments: GALLEX, SAGE, and BEST

® BEST’s two-zone gallium detector shows no signs of baseline (L/E) dependence

® ‘Reactor-gallium tension:’ why a deficit in one MeV e-source, but not another???

® BEST-2: 3-zone detector with new Co-58 source (En, = 1.5 MeV) Vﬁg‘(%gf;;'

1 BEST, PRC 105 (2022) (adapted by Giunti)
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BEST: >ICr source inside a 2-zone Ga neutrino target 20
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A High-Energy Neutrino Anomaly
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A High-Energy Neutrino Anomaly

® Anomalous results seen

along the ~muon-flavored — v ose5%
Booster Neutrino T o — osi
Beamline at Fermilab: 3 ;0.
MiniBooNE (2002-2019) :

\: % BNB @ MicroBooNE g

| Mean Neutrino Energy 0.8'GeV
Over 99% v, /v,
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MiniBooNE Anomaly: Electron or Gamma

| | | | I I | I | |

° Data (stat err.)
[ ve fromp*
1 v fromK™

® Anomalous results seen

along Booster Neutrino 0

. . I v. fromK
Beamline at Fermilab: N E - misid

MiniBooNE (2002-2019) s —

T

Events/MeV

I dirt
[ other
Constr. Syst. Error

e Best Fit

Phys. Rev. D103, 052002

0.4 0.6 0.8 1 1.2 1.4 3.0

® TJo learn more about MiniBooNE’s anomaly, we need a
measurement with better electron - gamma separation

® Enter: LArTPC experiments of the SBN Program at FNAL

23
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MicroBooNE: Electron or Gamma \//

® Event topology separates showers (e/Y) and tracks (|./p/pi)

® Separate e and Y using spatial gaps and shower dE/dx profiles

uBooNE

1 Photon
A

Y [ .- % Candidates

Distinct Gaps
P ~

——

S— o Proton
oo : Candidate
Proton b
Candidate

NC #° + 1 proton candidate data event CCv, +1 proton candidate data event
Run 15318 Subrun 159 Event 7958 Run 8617 Subrun 46 Event 2328
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Signal Strength
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MicroBooNE Electron Searches \

® MicroBooNE data now excludes the possibility of a pure
electron-like MiniBooNE excess at >99% CL

® Consistent across multiple event topologies (lelp, 1eX), kinematic variables

® If anything, a (low-CL) deficit, not an excess, is observed

® Sterile neutrino oscillation hints from multiple experimental
sectors appear to be weakening
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LArTPC 3+ Oscillation Limits N/

® MicroBooNFE’s 3+ osc parameter exclusion is complicated by
competing BNB appearance and disappearance effects

® Fix: fit MicroBooNE results from both ‘purer’ BNB and ‘mixed’ NuMI beams:
this completed analysis is currently under peer review MicroBooNE: Neutrino 2024

® Fix: fit MicroBooNE while constraining disappearance with PROSPECT

® ‘Fix:’ Stop fit profiling: in a full 3D scan of 3+ space, all 95% preferred
MiniBooNE phase space is ruled out at >95% CL by MicroBooNE BNB data!

O MB .
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= __3 overB,u
10! ¢ i Rt
— - N T O.B. Rodrigues, et al,
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https://inspirehep.net/literature/2807614
https://arxiv.org/pdf/2503.13594
https://arxiv.org/pdf/2503.13594

MicroBooNE Photon Searches

® So if MicroBooNE doesn’t see an electron-like excess, does it
see a photon-like excess?

® Both options seem to be attracting
equal community attention lately

® Exclusive MicroBooNE results

have turned up ‘null’ results

. . MicroBooNE,
® (Cross-section scenarios: PRL 128 (2022)

NCA lg decay, NC coh |g 2502.0609]

2502.05750

® BSM scenarios: ete- pairs from
heavy-neutrino-induced up-scattering

MicroBooNE, 2502.10900
rmoothle Beer

\/ﬁf
but

& |instead:

Maybe
not



https://arxiv.org/abs/2110.00409
https://arxiv.org/abs/2110.00409
https://arxiv.org/abs/2502.05750
https://arxiv.org/abs/2502.06091
https://arxiv.org/pdf/2502.10900
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MicroBooNE Inclusive Photon Search \//'
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® So if MicroBooNE doesn’t see an electron-like excess, does it
see a photon-like excess?

® New approach: a model-agnostic inclusive search

® |et’s just look for isolated photons without conjecturing about origins

SM (v-Ar)
0 HNL, Dark v...
NCm™ - 1)/,4 (h;c'is ; 1)), +Ap = LI§ Decay to colinear e*e-
y PO
L %f % et{
= Below 20 MeV —— proton g “'—<\
\ﬁl Baw, u e
o _‘—g( _Cipen angle < 20° N Below 100 MeV Or decay to 14
. 4 kg

Entering y

X\\ > from outside
on P e %

Exit detector
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MicroBooNE Photon Searches

® So if MicroBooNE doesn’t see an electron-like excess, does it

see a photon-like excess?

® New approach: a model-agnostic inclusive search

® The sample of <600 MeV photon showers accompanied by no other protons,
shows a 2.20 statistically significant deviation from GENIE-derived predictions

® A follow-up investigation will:

Use all MicroBooNE data,
doubling available stats

Combine stats from different
reconstruction pathways

Explore details of selected |g0p:
proton proximity, edge location

Incorporate low-energy ‘blip’
reconstruction, and new
sensitivity to final-state neutrons
and lower-energy protons

Event counts

Data/Prediction

900 —
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Looking Forward: Fermilab SBN

® FNAL SBN will test a vast array of MiniBooNE explanations:
flavor transformations, BSM particle production, and more.

® 3 of 3 detectors have physics quality data. Stay tuned!

SBN, hep-ex[1503.01520]

‘/ ‘W\Steady data since late 2015 ~1GeV v,
starting 2019 MicroBooNE oA oEE Eg
PROTOTYPE DETECTOR TEBEENE St gx T )
ICARUS SBND — SR
— - < ‘

. I
. nank g

MiniBooNE MicroBooNE
180t LAr
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. N
Conclusions \///

® The experimental case for a ‘vanilla’ 3+1| sterile neutrino is in
retreat after new results from multiple experiment sectors

New results in the past year from PROSPECT and KATRIN leave little space
for an observed reactor flux deficit, Neutrino-4, or the Gallium Anomaly to be
explained by oscillations from a single sterile neutrino state.

MicroBooNFE’s existing BNB electron-neutrino results disfavor the entire
MiniBooNE 95% CL 3+1 allowed region at >95% CL

® These developments must shift (not end) the community’s
pursuit of new physics in the short-baseline neutrino space

MicroBooNE, in its inclusive single-photon analysis, has seen a first hint that
MiniBooNE’s excess may in fact be photon-like in nature.

The reactor-gallium tension exists! WHY/HOW?

Phenomenologists have sketched a colorful, multifaceted ‘anomaly landscape’ of
individual or multiple competing BSM effects that experiments should explore!
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Conclusions

® Many experiment sectors have a role to play in contributing
to the resolution of the neutrino anomalies:

1 - Short-Baseline Neutrino 6 - JSNS2
Direct MiniBooNE test. e Direct LSND test.
Access to rich hidden sector in e  Access to rich ‘lowmass’ hidden

> GeV beam. sector.
Two-beam osc capabilities. e Probe LFV models.

5 - Reactor
e  Pure e-flavor.
« Low (MeV) v energies.
e  Pure probe of vacuum
oscillations.

Highest v/BSM flux.
High beam energy.
PRISM ND concept.

4 - Sources
 Direct Gallium Anomaly Test.
e Pure e-flavor.
« Lowest v energy.

3 - IceCube
Probe non-standard matter
effects.
Very high energy v’s also
accessible

Thanks for Listening!
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New Neutrino Mass States?

® Other good reasons to look for new mass states:
® Cosmic dark matter: could heavy neutral leptons be a candidate?

® See-saw mechanism: heavier neutral leptons help explain
why SM neutrinos are so light!

QCD axion WDM limit unitarity limit

1022eV  Sndr keV GeV 100V My
] 5 f | | | -

““Ultralight” DM “"Light” DM WIMP  Composite DM Primordial

(Q-balls, nuggets, etc)  [15ck holes

non-thermal dark sectors
bosonic fields sterile v

can be thermal
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PROSPECT-II

LLINOIS INSTITUTE V.
PR%@B‘\; OF TECHNOLOGY

PROSPECT-II Detector

Improving stability and performance of the detector to achieve these goals.

Avoid PMT exposure to
the liquid scintillator:

- Separate PMTs from LiLS.

- Similar design to P-I
without internal holes.
- External calibration.

JINST 18 (2023) 06, P060

N jj:i:ﬁ 0

Minimize the LiLS contact
with other materials: ;
- Thin UVT acrylic windows serve A sk — et
as the optical interface between the ——— window support seal to tank
PMTs and LiLS.

- Double-layer seal design.

Acrylic frames  Slotted corner rods  Reflector panels  PTFE window interface
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PROSPECT-II

N
. ILLINOIS INSTITUTE\V/
PRm OF TECHNOLOGY

PROSPECT-II Projected Sensitivity

F. Machado - IIT

Deployment at HFIR will address the remaining L ——E:g:tsgj' Fsensgivitv'et'_HFlﬂw s C hEm
. . . . q) | — -1 .|nal ensmv:t.y : _
interesting oscillation phase space. — Excluded Reglons (o theright of curves)
T - - - - - STEREO 95% CL, :
(\é ----- DANSS 90% CL,
e Address Neutrino-4 allowed sterile neutrino A To] Mt ;
observation at high mass splitting. g s une/Suagested Regions — 1. o
- [ BEST+SAGE+GALLEX A - A
. - [ aowes e [ R
« Cover the Gallium Anomaly below 715 eV2. | P Ambiy Gue e |
e Constraint the mixing angle ©,, in between 1-10
eV? for the long baseline CP violation 1= S —
interpretation. - .
e Unmatched performance below 20 eV2 compared - L |
to accelerator based experiment. i ; . |
e 0 e 10_1__ | I\\“‘\ e
o P-II exceed P-I sensitivity by a factor of 3-5. R ———
107 10 ]
sin“20,,
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BEST-2

Ga IIl
Gall
x GaI
58 3
27C0 0
70.85 d
; i EC (%)
BT (%)
1674.731 S 2

810.7662
0.0008
Stable =ty I
58

26Fe 0.6 )

0t =2307.9 “04‘

Fig.2. Decay scheme of **Co. -
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3D Oscillation Space Slices

2

o
-

X
)
>~

Compatibility

2D profiling gives some
incorrect indications

Zooming out to 3D
space corrects this

confusion
\ -
\\ ———  MicroBooNE
. \\ ~== B (Asimov)
\‘_ --=-SBN

6 12 18 24 30
MiniBooNE —preferred Ax? region

Am3,[eV?]

|Uu4|2

107 Am?2, = 0.41 eV?

103

Profiling {|Ues|?, |Upa|*} — sin®(26,.c)

B MB — =85 Current

95% CL exclusion

----- puB sens

- 1B data

10-14 uB + PROS-I sens
— B 4+ PROS-I data
10~ 1073 1072
sin®(26,,c)

No profiling | single slice of fixed Am?,
\\\

Current

* Point A
(|Uc4|2 = 0005, |U;L4|2 = 02)
Y Point B
(|Ueal?* = 0.2, |U,a|?* = 0.005)
102
|Ue4|2

10-3 10-!
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Fake ‘Bad’ Profiled Sensitivities

Am3,[eV?]

102

—
—_—
1 0
“<4 ’
] _
e A\
.,
#
#
-
’
[y .
. N\
N
-+ N oy
o ., ~
] p ~ “u,
) { ~ e,
~
g - ~~

| = B data (app+dis)
10-1 4 SBN sens (app only)
{ === SBN sens (app+dis)

- ' ‘ -

; 95% CL eXClllSion = \.~~~:~~ ..~“~.~
"""" uB data (app only) —

ol

/// ,% 90% CL
/

————

.5.
-,
-,
— ]
—__ ~
— e,
-,
~~.
-~
N

Not an Ofﬁciall SBN Result

o 0

o

sin®(20,,¢) = 4|Ue || U ua|?
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Shower Excess: Full BDT Spectrum

\ i

(N 4
..'

Event counts

Data/Prediction

300

250

200

150

100

50

|IIII|IIII|IIII|IIII|I

= i | pa _— i ': et and
- r
=R e e . 7 {7 74/ ey {////‘{ /{///./ 7 -

LDATA/LPRED=1.041+0.03(data err)+0.20(pred err)
Data POT: 6.343e+20 —e— BNB data, 961.0
- Pred. uncertainty ~ Cosmic Data, 66.2
~  Dirt/out FV,112.7 I NC n’inFV, 177.8
W CC n*inFV,56.6 [ Other in FV, 26.5

B v.CCinFV,1955 [ 1y, 289.7

MicroBooNE

Pred total uncertainty

v.CC BDT Score

42



=
Op Excess: Digging into the Cross-Tabs \

Entries

Data/Prediction

180~
160 _+_ —+- Data
140 = I — Prediction with constraint
120— 1
100 — */ndf: 14.40/7
80—
60— ]
— T —+—
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1= O ——_— s -
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o — A A . 1 A L L 1 L A . 1 A
0 200 400 600
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n + Data l |
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o
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Op Excess: Digging into the Cross-Tabs ﬁ

Event counts

Data/Prediction

200

150

IIIIIIIIIl

100 i

50|

=
e 4] o

&
S

=
. -
b y

YDATA/LPRED=1.24+0.06(data err)+0.24(pred err)
Data POT: 6.343e+20 —e— BNB data, 436.0

_ Pred. uncertainty ~~ 7} Cosmic Data, 44.7
Dirt/out FV, 80.3 - NC n’in FV, 64.5

CC ninFV, 15.6 Other in FV, 10.6
B v, CCinFV, 4.2 B 1y, 131.4
MicroBooNE
unconstrained

£0002£C0002

100 200 300 200 500

Reconstructed Shower Backwards Projected Distance (cm)

44



Op Excess: Scaling Arguments

A MiniBooNE Excess Toy Model

1.

A neutrino interaction with target nucleons: Scale by mass (number of nucleons)

Observed excess of 93 events > 33 event excess predicted using this scaling assumption

Event counts

Data/Prediction

300

250

200

150

100

Shower Energy

— Pred. uncertainty

5 Dirt/out FV, 61.1 | NC nin FV, 57.5

- CC ninFV, 15.1 Other in FV, 9.0

— W V. CCinFV, 38 B 1y, 113.7

[ il I‘EEv 31.8

= I

- ” .

o A MicroBooNE
unconstrained

YDATA/XPRED=1.25+0.07(data err)+0.26(pred err)
Data POT: 6.343e+20 —e— BNB data, 361.0
77771 Cosmic Data, 28.4

..............

. | I
i " i

800 1000 1200
Reconstructed Shower Energy (MeV)

Erin Yandel on behalf of the MicroBooNE Collaboration

400 600

108

Event counts

Data/Prediction

350
E YDATA/LPRED=1.2610.06(data err)0.25(pred err)
300— Data POT: 6.343e+20 —e— BNB data, 463.0
[ Pred. uncertainty 7] Cosmic Data, 46.7
250 — Dirt/out FV, 82.4 'NC n’in FV, 68.0
E CC ninFV, 16.9 Other in FV, 11.3
200 :____ %E(_i;(; ;31 f‘_V; 4.2 B 1y, 139.1
:I ........... ; el o~ - }
150 e . Sursssmsesen
MicroBooNE
100 unconstrained

Shower Angle

................

0.5 1
Reconstructed Shower Cos6



Blips

MBO@;,&{ Proton-like blip
MicroBooNE: Cosmic Data
x107
10 MicroBooNE Off-Beam Data
Epjip: 7.36 MeV, _+ Data
8 —— Total MC
B Syst Unc

. Off-Beam Data
im Run 26972 Subrun 32 Event 1643 il

- Electron-like blip
pBo@% i B

ARG s e
dx
B4 5 6 8 9 10 11

Eb”p: 7.18 MeVee \ ; Reconstructed blip energy [MeV,]
dw

. MicroBooNE Simulation httPSI//aI"XiV.OI"g/Pdf/Z“' 10.18419
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=
Recent Progress: Global Data Combos \

LN & 4
..'

4

® Major progress made 10°
disfavoring miniBooNE,

107
LSND oscillation space
e MINOS beam neutrino experiment 10
sees no muon-flavor disappearance; —~
Daya Bay and others see no = 1
electron-flavor disappearance —
NEQ' 10_1
® |f only one sterile state exists Y3+ I’) <
this combined observations rule 10-2
out most suggested oscillation space
10
107

MINOS and Daya Bay, PRL 125 (2020)
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https://arxiv.org/abs/2002.00301

Other Disappearance Channels

® Other experiments forego direct checks of ‘anomalies’ in favor
of directly assessing sterile neutrino oscillations

® NC:active neutrino disappearance
(MINOS+, NoVA)

MINOS(+), PRL 122 (2019)  NoVA, PRD 96 (2017)

® CC: muon neutrino disappearance
(MINOS+, IceCube)

MINOS(+), PRL 122 (2018)  IceCube, PRL 117 (2016)
® New analyses of these types are

expected in the near future with
existing experiments.

NC:
/\ hadron shower

CC numu:
muon detector

10 |

1072

Giunti and Lasserre, hep-ph[1901.08330]
T T T LI l' T rTT T T T

Ill'

P

30

CDHSW

ATM

SB-MB v,
SB-MB v,
IceCube
MINOS&MINOS+
Combined

Illl lllll

107° 1072 107"
2
|Uu4|

Source




Ample ‘Bad Model’ Evidence

7.0
. ¢ Data
Flux evolution looks wrong. il
T 6.9 Model
Spectrum looks wrong. 3
~ 6.0
.. . E
Further insight into both .
can come from 23U exps 9
(PROSPECT, STEREO) < so-
From T. Langford
® Also from detailed comparison 4.5 Based on Daya Bay, PRL 118 (2017)
of LEU exps to these HEU exps 00 55 o4 o8 08 0
F239
® Valuable for testing BSM physics, 1200510°
CEVENS, JUNO, nuclear applications | Daya Bay, hep-ex[1904.07812]
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Note: LBL CP-Violation

neutrino events, NH
T

anti-neutrino events, NH
. . 300 — s : : . - : T T T T T T
* If bounds on sterile mixing oo om]
250} (15°, 10°) 1 60
angles are too loose, LBL ; com|
v 200+ i >
bar(nue), NUe appearance O Bl B
. o 150+ N
signals can vary a TON. S <
e Once you get 814 and 624 5 50l :
below the 5 degree level 0
. 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
(Sln22914 ~ 0.035), the 3+1 E, (GeV) E, (GeV)
effects start becoming 200 neutrino events, IH__ 100 nt-neutrino events, TH
more close to negligible. . g
e https://arxiv.org/pdf/1607.02152.pdf z z
e https:/arxiv.org/pdf/1508.06275.pdf 2 1 2

50 +

E, (GeV) E, (GeV)
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