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Three-Neutrino Paradigm

Only three neutrino flavors in the Standard Model

Z-boson decay measurements
N, =2.9840 + 0.0082
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AmM*=7.2 eV*, sin’(20) = 0.36, resolution 250 keV, bin 125 keV

+ | <— Pal R 1
Daya ey o alo Verde: ovnod O Observed, 24p, average (125, 250, 500 keV). First obs. + second cycle

“— Double Chooz —#— Krasnoyarsk —&— RENO SRP
Gosgen ¥—  Nucifer & Rovno88 STEREO
Average 125, 250, 500 keV

Phvs.Lett.B 829 (2022). 137054 Am*=7.3 eV?, sin’(20) = 0.36 ©/DoF  20.61/17 (1.21) GoF  0.24

Unity l"'l)nF 31.90/19 (1.68) GoF 0.03

Phys.Rev.D 104 (2021) , 032003

e
-
s
H
=

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

| Neutrino-4
Reactors 290

2.50

e Data (staterr.)
1 v, from ™"
) v, from K™
|| vS from K"
I n° misid

eaex sace GALLEX/SAGE
Cr1 Cr
: , 3.10

® Beam Excess

Events/MeV

P, —V.€7)n
EZA pe,.e’)n

- LSND
~ 30

Beam Excess
-
(¢,]

GALLEX SAGE
* Cr2 Ar

R=0.84+0.05

112 14 J.Phys.G 43 (2016) 033001

L/E, (meters/MeV)

Short-Baseline Neutrino Anomalies
-- Hints of eV-Scale Neutrinos
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R e el ANnomaly #1: Reactor Neutrino Flux
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et bttt Anomaly #2: Neutrino-4 Reactor Spectra
BN AT - In tension with other VSBL reactor nu expts.

Anomaly #3: the Gallium Anomaly
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MiniBooNE Anomaly: Low Energy Excess (LEE)

Ve e

Irreducible backgrounds.
. Data (stat err.)

[ v from - : These are electron
] v, fromK® .
@ v, from K° neutrinos from the beam
 ° misid
C1A-Ny
I dirt
I other

Constr. Syst. Error
------- Best Fit

Phys.Rev.D 103 (2021), 052002 Single-gamma
backgrounds

Events/MeV

MiniBooNE (2002-2019) observed the LEE of
electromagnetic events with 4.8c significance.
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MiniBooNE Anomaly: Low Energy Excess (LEE)
eLEE or gLEE?
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Phys.Rev.D 103 (2021), 052002

It detected v_by the electrons
produced in charged current (CC)

interactions. " a8
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However, photons, that pair
produce extremely collimated r\\ =
electron/positron pairs produced

an identical Cherenkov ring

A

MiniBooNE Cherenkov detector unable to distinguish

MiniBooNE (2002-2019) observed the LEE of photons and electrons, and unable to detect hadronic
electromagnetic events with 4.8 significance final-state particles below Cherenkov threshold.
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MicroBooNE Goals

My talk today

MiniBoo} Oscillation
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the Micro Booster Neutrino Experiment
(MicroBooNE)
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MicroBooNE

(470m) ICARUS

(600m)

Short-Baseline Neutrino Program at Fermilab

MicroBooNE ICARUS
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MicroBooNE @ Fermilab

Booster Neutrino Beam (BNB)
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Cherenkov detector: 820 ton mineral
MiniBooNE
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BNB @ MicroBooNE
Mean Neutrino Energy 0.8 GeV.
99.44% v, /v,

0.56% v, /v,

— v, 93.65%
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Liquid Argon Time Projection Chamber (LArTPC)

Capable of identifying different species of LArTPC: high-resolution tracking + fully active calorimeter
particles and reconstructing 3D images with

fine-grained information 3
MBQQZ

Neutrino vertex

Particle flow (mother-daughter relationship) Deltzi-ray -
Track (u, 7, p etc.) vs shower (e,y EM cascade) : S Two EM showers
. . . / m° = yy
e vs ¥ (eTe™ pair production) separation
) Vertex of
o Gap between shower start point and nu vertex? s
o dE/dx in shower stem (1 MIP vs 2 MIPs) _ : i~ Ve
Interaction b 4 : -

dE/dx (1 MIP)

: e
neutrino neutrino

vertex vertex BNB DATA : RUN 5370 EVENT 7227. MARCH 10, 2016.

electron shower y = ete™ shower
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Events/MeV

Model of eLEE for the search in MicroBooNE
(electron Low Energy Excess)

MicroBooNE Simulation
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Phys. Rev. D 103, 052002 (2021)

SOF & Scaled to 6.4x10% POT
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« eLEE is built upon the intrinsic v, as a function of neutrino energy
« Unfolded from MiniBooNE observation and applied to MicroBooNE

* One normalization parameter ‘x’ built in the model MiniBooNE x ={

1+0.08 (stat.)
1+0.21 (full)
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MicroBooNE ran 2015-2021, amassed the largest sample of
neutrino interactions on argon in the world

- Delivered POT POT on tape :
Run 1 Run 2 Run 3; Rung4

Cumulative POT

ll

2015 2016

In this talk, | will present results based on
~ 7 x 1029 protons on target (POT) from Run 1-3
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Challenging v, Selection

Cosmic-ray muon (5.5 kHz) BNB neutrino flux
@ MicroBooNE operating over 99% v, /v,
near-surface ~0.5% v,/ v,

[ Y

_I:— V,: 93.65%
—V,: 5.79%
~— v 0.51%
Ve 0.05%

®(E ) (V/POT/GeV/em?)

2 25 3
E, (GeV)

i |

BNB beam spill triggers a
4.8 ms TPC window

~600 beam spills = 1 nu
interaction

A sensitive v, selection
(CC interactions) requires

=99.999% rejection of
cosmic-ray muons and

=99.9% rejection of other
v background for nue
analysis
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Three Iindependent eLEE searches

Targeting different final states with different novel reconstruction approaches developed in MicroBooNE

lelp candidate data event

 Restricting to quasi-elastic kinematics: lelp,

Deep-learning-based reconstruction e
Phys. Rev. D105, 112003 (207 LR

-
<
P uBooNE

—_— \&

l4em RUN 8617 SUBRUN 46 EVENT 2328
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Three Iindependent eLEE searches

Targeting different final states with different novel reconstruction approaches developed in MicroBooNE

.. : .. ] lelp candidate data event
Restricting to quasi-elastic kinematics: 1elp,

Deep-learning-based reconstruction
Phys. Rev. D105, 112003

.

e
<
b

MiniBooNE like-final state: 1eNpO= and 1e0p0r,

. nBooNE
Pandora-based reconstruction T

Phys. Rev. D105, 112004 (X

l4em RUN 8617 SUBRUN 46 EVENT 2328

1e0p candidate data event

1eNp candidate data event

N

P uBogQ{
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Three Iindependent eLEE searches

Targeting different final states with different novel reconstruction approaches developed in MicroBooNE

lelp candidate data event

Restricting to quasi-elastic kinematics: 1elp,
Deep-learning-based reconstruction

Phys. Rev. D105, 112003 2 £
MiniBooNE like-final state: 1eNpOxn and 1e0p0r, D uBooNE
Pandora-based reconstruction e TN
, - Wem RUN 8617 SUBRUN 46 EVENT 2328

1e0p candidate data event

- e_
BNB Data, Run 5924 Subrun 2 Event 109 1eNp Candldate data event
MBOQ@‘_, Reconstructed shower energy: 2.8 GeV .

= : nBooNE

e- — ==
\’ T -:;-:“":‘.:',':- '-:’ “ T ) 21¢
N\ e \“, o ~— p 4 P el
. [ e
* 1eX candidate data event P WBoONE _

20

18.¢m


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
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eLEE Search Results

1eNpOm v, selection

MicroBooNE 6.67 x102° POT #  Data (25) MicroBooNE 6.86 x102° POT
B CC . (25.8)

Fitted - —— constrained prediction v other: 5,5
Background (3.2) — = eLEE model (x=1): 9.3 ve CC: 75.4

 No gbservation of ve | = cmmmo TomET s pemme
candidate excess in low T i
energy region, except
for the low-v,-purity
(1e0p0m) channel

1=~ v with m% 5.1

leNpOm

Events / 100 MeV
Events / 140 MeV

600 800

) 1000 1500 2000
Reconstructed E, (MeV)
Reconstructed E, (MeV)

—— - 4 MicroBooNE 6.369 x 10 POT
- MicroBooNE 6.86 x102° POT - —e— BNB data, 338 Pred. uncertainty

constrained prediction v with n%: 8.6 / [ Others, 10.0 NC,22.5

Phys. Rev. D105, 112003 (2022) | d e ertas > T e o 5 o dE e eeno
Phys. Rev. D105, 112004 (2022) = Lot 1eX
Phys. Rev. D105, 112005 (2022) 1e0p0m et
Phys. Rev. Lett. 128, 241801 (2022)

Events/100 MeV

Events / 140 MeV

(9,1
o

1000 1500 2000 > 1000 1500
Reconstructed E, (Me\/) Reconstructed E,, (MeV)
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Channels

CCOE 1el
1e0p0n

Reconstruction
Deep Learning
Pandora

* No observation of v,
candidate excess in low
energy region, except
for the low-v,-purity
(1e0pO0m) channel

Phys. Rev. D105, 112003 (2022)
Phys. Rev. D105, 112004 (2022)
Phys. Rev. D105, 112005 (2022)

Phys. Rev. Lett. 128, 241801 (2022)
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- eLEE model (x=1): 3.3
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v other: 2.6
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Efficiency | Purity | Data Events

6.6%
9%
15%
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5%
43%
80%
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1000 1500
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MicroBooNE 6.369 x 10%°
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Others, 10.0
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= = =+ eLEE Model (x=1), 37.0
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eLEE Search Results
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® MicroBooNE Observed
Non-ve background

Intrinsic ve
Total, no eLEE (x = 0.0)
= Total, w/ eLEE (x = 1.0)

lelp CCQE leNpOn 1eOpOm leX
[200 MeV,500 MeV] [150 MeV,650 MeV] [150 MeV,650 MeV] [0 MeV,600 MeV]

Phys. Rev. D105, 112003 (2022)
Phys. Rev. D105, 112004 (2022)
Phys. Rev. D105, 112005 (2022)
Phys. Rev. Lett. 128, 241801 (2022)

Observed v, candidate rates are statistically consistent with
the predicted background rates in the LEE region

With exception of the low-v,-purity (1e0p0m) channel, the
hypothesis that v, events are fully responsible for the
median MiniBooNE LEE is rejected at > 97% C.L.;

> 30 in the inclusive 1eX channel

MicroBooNE 6.369x10%° POT

= MiniBooNE 68.3% CI (stat.)
MiniBooNE 68.3% CI (stat.+syst.)

Best-fit value 0.00 Inclusiyve
[ 68.3% CI

[ 95.5% CI

[ 99.7% CI

1
eLEE strength
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MIniIBooNE Excess and Sterile Neutrinos

Events/MeV

T Ok cen) * The MicroBooNE eLEE result disfavors the MiniBooNE anomaly
‘ originating from a pure v, excess.

Constr. Syst. Error

» The existence of sterile neutrinos cannot be ruled out by the
MicroBooNE eLEE result which is a generic low energy v, excess

MiniBooNE

Phys. Rev. D 103,
1052002 (2021) search.

GALLEX+SAGE+BEST
26 (allowed)

I Neutrino-4 26 (allowed)

The MicroBooNE eLEE results can be reinterpreted
under a sterile neutrino oscillation hypothesis:

LSND 90% CL (allowed)

A combination of short-baseline v, appearance
and v, disappearance

107!

N
sinZ?2
sin"20,,
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3(active)+1(sterile) Neutrino Oscillation Framework

The PMNS matrix is extended to 4x4 unitary matrix, and is parameterized as following
UPMNS — R34(934r 534) R24(824; 524) R14(814; O) R23 (923r O) R13(613, 513) R12 (912: 0)

The effective mixing angles 6,z for short-baseline oscillations are defined below
AmZ,(eV?)L(m)
E(MeV)

pva_)vﬁ = Ogp + (—1)%a8 . sin? 2045 sin? <1.267

v, disappearance (v, = v,): sin? 20,, = sin® 2604,

: . s~ 2 — 2 s 2 2 s 2
v, disappearance (v, = v,): sin” 260, = 4 cos” 04 sin” 0,4 (1 — cos” B4 sin® 6,,)
V. appearance (v, = V,): sin’ 26, = sin® 2601, sin* H,,

In MicroBooNE analysis, the above three oscillation effects are applied to all v, and v, events; the v,
Ve flux rate ~ 0.005

Vi :
appearance (v, — v,,) Is ignored because of tiny vy flux rate

Xiangpan Ji, Nankai University



MICROBOONE-NOTE-1116-PUB

Cancellation of v, Appearance and v, Disappearance
—> Degeneracy of Oscillation Parameters

* Observed v, events are a combination result of intrinsic ve * Pve -.f_?Nintrinsic v Pyy—ve
Vv, appearance and disappearance

. D . D . D
(Ry, v, - sin” 04 — 1)} sin“2014 - sin“ A4y

nueCC FC channel No oscillation
Oscillation with Am%, = 7.3 eV?
sin°20,, = 0.36, sing,, = 0
sin“20,, = 0.36, sin°0,, = 0.010
sin°20,, = 0.36, sin’0,, = 0.005
sin’0,, = 0.005

MicroBooNE w. BNB ~0.005 (average)

500 1000 1500 2000

Reconstructed neutrino energy (MeV)

Xiangpan Ji, Nankai University 26
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Phys. Rev. Lett. 130, 07178017 (2023)
3+1 Oscillation Analysis using Wire-Cell Inclusive Selections

3+1 oscillation best-fitting results
I\IIL.IUBOUNE 6 ﬁé‘) x 10*° POT

. Prediction of 4v best-fit

3 Ghnes. 10,1 ﬁ Test against 3v
Ax (datf} = 265326 hypothesis following
-y = 0. i
s Feldman-Cousins

— 0.80c
approach

o o ©

(e

— b W W
wn -] N -

>
=
.:.
o
=
+—
-
L
~
S8

[u—
. —
1] (e

500 1000 1500 2000 2500
Reconstructed E,, (MeV)

The BNB data result is found to be consistent with the
3v hypothesis within 1o following the F-C approach
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MicroBooNE 3+1 Exclusion Results:
Amzzn VS. sin? 2933 Phys. Rev. Lett. 130, 011801 (2023)

MicroBooNE: Half of BNB dataset

GALLEX+SAGE+BEST
20 (allowed)
B Neutrino-4 26 (allowed)

(eV?)

FJ:.]'.

=
4

MicroBooNE 6.369x10% POT _ _ .
* v, disappearance-only, more stringent limit

— Data, profiling corresponding to a fixed sin? 8,, = 0.
"= Sensitivity, profiling « Oscillation effects considered:
— = Sensitivity, v, Disapp. only

Ve = V,

Xiangpan Ji, Nankai University 28
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MicroBooNE 3+1 Exclusion Results:

Amj, vs.sin® 26,

Phys. Rev. Lett. 130, 0711801 (2023)

MicroBooNE: Half of BNB dataset

MicroBooNE 6.369x10°° POT
95% CL;
Data, profiling

Ay wdggm

= = = = Sensitivity, profiling
— = Sensitivity, v, App. only

LSND 90% CL (allowed)
LSND 99% CL (allowed)

1072
107 107

- 9
sin“20, .

Ve appearance-only, more stringent limit
However, it is physically not allowed in the
3+1 framework. (non-zero v, appearance
requires both v, and v, disappearance )
Oscillation effects considered:

Vy = Ve

Xiangpan Ji, Nankai University 29
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MICROBOONE-NOTE-1116-PUB

Breaking the Degeneracy

Observed v, events are a combination result of
Vv, appearance and disappearance

Absorber

MicroBooNE w. BNB ~0.005 (average)
MicroBooNE w. NuMI ~0.04 (average)

Two neutrino beams at MicroBooNE:
 BNB, on-axis, baseline ~470m
 NuMI, off-axis, baseline ~680m

Xiangpan Ji, Nankai University 30
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MicroBooNE 3+1 Sensitivity Results
by USIng BNB+NUMI MICROBOONE-NOTE-1116-PUB

MicroBooNE Preliminary
BNB Run 1-3 6.369 x 102° POT

GALLEX+SAGE+BEST
NuMI Runl 1.917 x 10%° POT

20 (allowed)
I Neutrino-4 26 (allowed)

MicroBooNE

95% CL,
BNB sens, sin’0,, = 0.005
BNB+NuMI sens, sin’0,, = 0.005

MicroBooNE
95% CL,
BNB sens, sin’9,, = 0.005
BN B+NU]\"IH SEns, 511'13934 = (]U()S - LSND g()(“: CL ldll()\\«t’d)
LSND 99% CL (allowed)

1072— )
107 107 107
f;inlEEGME

 Sensitivity is significantly improved (overall a factor of 2) when
combining both BNB and NuMI (mainly due to degeneracy mitigation)

« BNB+NuMI data results are expected to be sensitive to the
Gallium/Neutrino-4 results, and LSND results 31
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MiniBooNE Anomaly: Low Energy Excess (LEE)

Ve e

. Data (stat err.)
[ v fromp*
= v, from K" elLEE?
0 v, from K

— e gLEE?
I dirt

[ other
Constr. Syst. Error

------- Best Fit

Phys.Rev.D 103 (2021), 052002 Single-gamma
backgrounds

Events/MeV

0.8
ESE (GeV)

MiniBooNE (2002-2019) observed the LEE of
electromagnetic events with 4.8c significance.
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Search LEE in Neutral-Current (NC) A - Ny
-- Single Photon Analysis

"o Scale expected

rate
e by a factor of
T | Xyp=318

A= Ny

. Data (stat err)
1 v, fromp”
[ v, from K
[ v, from K°
(| rt " misid
C1A->Ny
I dirt
[ other . . . .

Constr. Syst. Error |t is predicted to be one major source of single-photons at

------- Best Fit .
these energies

MiniBooNE

o-MiniBooNE Collaboration ' | |

Events/MeV

) * It’s a known background, that was not constrained directly by
the MiniBooNE experiment.

« An enhancement in NC A->Ny with a factor of x3.18 gave
good agreement with the observed LEE in various phase space

Xiangpan Ji, Nankai University 33



* This analysis proceeds with simultaneous fit of four channels

Phys.Rev.Lett. 128 (2022) 111801

Two rich IZBZI Two high-statistics NC z° rich
single-photon selections

f 1y1p 1y0p \ / 2y1p 2y0p \

two-photon selections

WEEETEDE  Disfavor x3.18 NC A — Ny as an interpretation of St
the MiniBooNE LEE at 94.8% C.L.

1y1p 1y0p

Unconstr. bkgd. 27.0 £ 8.1 16 Unconstr. bkgd. 165.4 &= 31.7 153
Constr. bkgd. 20.5 + 3.6 Constr. bkgd. 145.1 + 13.8 Data Events
NC A = Noy + 1.88 Data Events NC A = N~ - G55 ob q
LEE (zvp = 3.18) +15.5 Observed LEE (zup = 3.18)  +20.1 DSCIVe




Summary

MicroBooNE’s first searches for low energy excess found no

evidence of excessive v, to explain the MiniBooNE excess
« Disfavor pure v, excess as a sole source of MiniBooNE excess at 3o level

Full 3+1 oscillation analyses were carried out to interpret the
MicroBooNE eLEE results under a sterile neutrino oscillation

hypothe5|s
The data (50% BNB total dataset) was found to be consistent with
three-flavor hypothesis and exclusion limits were calculated using a
frequentist approach
« Unitizing both BNB and NuMI data, the 3+1 analysis will be sensitive
to Gallium/Neutrino-4 and LSND results

No evidence for an enhanced NC A>Ny
» Disfavors x3.18 NC 4 —» Ny as an interpretation of the
MiniBooNE LEE at 94.8% C.L

Xiangpan Ji, Nankai University
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lelp CCQE leNpOmn 1e0p0m leX
[200 MeV,500 MeV] [150 MeV,650 MeV] [150 MeV,650 MeV] [0 MeV,600 MeV]

MicroBooNE 6.369x10% POT

LSND 90% CL (allowed)
LSND 99% CL (allowed)
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Thank you!

Xiangpan Ji, Nankai University
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Principle of Single-Phase Liguid Argon
Time Projection Chamber (LArTPC)

« ~mm scale position resolution with
multiple 1D wire readouts
 Particle identification (PID) with energy

depositions and topologies
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e/y separation in LArTPC

1/ Photon " ca“d-‘da\e
%, candidates e\ GC“O“ = ;
B N Proton
.
\:,_‘_\::_::;; 5 can didate

Proton oy

Candidate

NC z° + 1 proton candidate data event | e CCv_ +1 proton candidate data event

12 ¢m Run 15318 Subrun 159 Event 7958 14cm Run 8617 Subrun 46 Event 2328

« Separation of e and y : Gap Identification + dE/dx
« Unique capability to identify v, charge-current interactions in LAITPC Biaratratt s

twice the number of minimally ionizing
electrons, so has twice the charge deposited
at the start of the shower (dE/dx)




1eX analysis: Phys. Rev. D105, 112005 (2022)

Energy Resolution

MicroBooNE Simulation MicroBooNE Simulation
N 3 . s Jir 5 3 . - -
8,5 8,5 FC*
92.5 v2'5~
8> 2 8> - Ve C 10°
m 2 102 m 2
1.5} 1.5 :
- i 10
I 3 10 3
L 05
0:" ‘ l
P L. I NPT LTRSS [ APur i G ar el i l ettt bt e
%05 1 15 2 25 3 0 05 1 15 2 25 3
Evtme (GCV) E:,m : (GCV)
e 15-20% resolution for e 10-15% resolution for
fully contained v,, CC fully contained v, CC

Neutrino energy reconstruction primarily follows a calorimetric method

40


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005

Overview of the Systematic Uncertainties

Relative uncertainty (%)

60

501

40-

301

20-

10+

MicroBooNE Simulation

— flux
Cross section

— total uncertainty

—— detector + simulation statistics

:,_I_I_:—
- —
0.5 1.0 1.5

Reconstructed v Energy [GeV]

15-20% cross-section uncertainty
10-20% detector response uncertainty
5-10% flux uncertainty (same treatment as MiniBooNE)

» Apply data constraints from the in-situ measurements
of v, and other dedicated background sidebands to

suppress the systematic uncertainties

Phys. Rev. D 105, 072001
v' Detector systematics: data-driven, EPJC 82, 454 (2022)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.072001
https://link.springer.com/article/10.1140/epjc/s10052-022-10270-8
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Inclusive 1eX analysis: Phys. Rev. D105, 112005 (2022)
similar constraint procedure used in other two analyses
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« FC: fully contained events in the fiducial volume
« PC: partially contained events in the fiducial volume

Background
constrains

After constraints, the total systematic
uncertainty is reduced by a factor of 3.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005

Phys. Rev. Lett. 130, 0118017 (2023)

BNB and NuMI Neutrino Fluxes

NuMI Flux at MicroBooNE
— VTV,
— Vv, +V,

BNB Flux at MicroBooNE
— Vv, tV,
— V.tV

Absorber
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Event-weighted average = 185.4

Event-weighted average = 25.0

(Vu + vu) f(v,+ V)
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Xiangpan Ji, Nankai University



https://link.aps.org/doi/10.1103/PhysRevLett.130.011801

Phys. Rev. Lett. 130, 0118017 (2023)

! LSND 90% CL (allowed)
LSND 99% CL (allowed)

(Ve App. only)

—— NOMAD 90% CL
(V. App. only)
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(Ve App. only)

—— MINOS, MINOS+,
Daya Bay and Bugey-3

, Vv, + V. Disapp.)

1071 , 90% CL

MicroBooNE 6.369x10*° POT
=== Profiling, 95% CL_
1072 B - ‘ (App. + Disapp.)
107 11 g 1073 162 107!
sin229He

Xiangpan Ji, Nankai University
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Phys. Rev. Lett. 130, 0118017 (2023)

GALLEX+SAGE+BEST
20 (allowed)
B Neutrino-4 26 (allowed)

RENO-+NEOS 95% CL
DANSS 90% CL,
—— STEREO 95% CL
—— PROSPECT 95% CL
—— KATRIN 95% CL
Solar v,'s 95% CL

MicroBooNE 6.369x10%° POT
=== Profiling, 95% CL_

Xiangpan Ji, Nankai University
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Theoretical Models of the MiniBooNE LEE

Under a v, hypothesis
ruled out at over 3o

« X2 statistics using full
MicroBooNE data

Additional LEE | Under aNC 4 - Ny * Pre_se_nt re_su_lts are
analyses under £ A ‘ ¢'x || hypothesis ruled statistics-limited

i , 3
development : *+ )| outat 94.8% CL Test additional LEE models
4 Highly Asymmetric e e Highly Asymmetric e e ) * A generlc Slngle-

Overlapping (‘i Overlapping e*e . 28 photon excess search

IS underway

- 'L’l \ >
f’.’* P\ '-2‘54»
]

Yy, More v-Ar cross section
measurements

Credit: Mark R-L

Evolving theory landscape: standard processes, sterile neutrino, dark sector Combined analysis with
portals, heavy neutral leptons, non-standard Higgs physics ... other SBN experiments

(SBND, ICARUS)

Xiangpan Ji, Nankai University
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