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Anomalies in Neutrino Secto
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Anomalies in Neutrino Secto
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MiniBooNE
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Neutrinos Towards MicroBooNE
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Neutrinos Towards MicroBooNE

BNB neutrino flux
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MiniBooNE Detector

[ } Signal Region

/ o e ok i o "l [, : &,

2% Fermilab




‘:)LArTPC a detailed look into the world of neutrinos
MBOON A Fully Active Tracking Calorimeter

ely showers

2016.
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Improvements with LArTPCs - Electron Photon Separation ek

electron shower
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LArTPC provides information needed to separate e from vy
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Improvements with LArTPCs - Electron Photon Separation ek

electron shower

photon shower
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MicroBooNE’s Quest : eLEE Search

Measure electron neutrinos:

CCQE
1e1p0x

K
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Pionless
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Dominant interaction at low
energies

Match MiniBooNE Signal
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Inclusive electron
neutrino
1eXpXx

BNB Data, Run 5924 Subrun 2 Event 109
Reconstructed shower energy: 2.8 GeV

Largest statistics and
sensitivity
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MicroBooNE’s Quest : eLEE Search

Phys. Rev.

Lett. 128, 241801
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MicroBooNE’s Quest : eLEE Search Phys. Rev. Lett. 128, 241801
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MicroBooNE'’s Quest eLEE Search
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MicroBooNE’s Quest : Sterile Neutrinos Phys. Rev. Lett. 128, 241801
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Short baseline Test new
anomalies sighatures/models

Understanding Neutrinos - Puzzles | Physics | Path Forward

Sterile neutrinos
(From LArTPCs Lens) (3+1 Oscillation)
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Short baseline Test new
anomalies sighatures/models

Understanding Neutrinos - Puzzles | Physics | Path Forward

Sterile neutrinos
(From LArTPCs Lens) (3+1 Oscillation)

- Neutrino Energy: 700 MeV
- AmE, =1.2 eV?
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3+1 Oscillation Analysis

e eLEE results re-interpreted under sterile neutrino
oscillation hypothesis

o Strategy: combination of short-baseline v,

appearance, v, disappearance, and vydisappearance

e considering full 3+1 oscillation, BNB Run1-3 data
consistent with 3v hypothesis within 10 (Feldman-Cousins
approach)

e Set limits on sterile neutrinos

23

PhysRevlLett.130.011801
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.011801

Status Quo: 3+1 Oscillation Analysis

v, disappearance

i GALLEX+SAGE+BEST
B 20 (allowed)

10 Il Neutrino-4 26 (allowed)

L llllll
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= === Sensitivity, profiling

— = Sensitivity, v, Disapp. only

T Illllll

-1 1 1 T |

162 15
sin’20,,

competitive limit on the eV-scale v_ disappearance,
excludes parts of allowed regions from gallium

experiments
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v, appearance

10? 1
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Excludes part of the LSND allowed region
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Employ Both BNB & NuMI

e Change Ve, ratio in beam

e A different beam

Events

e Solution:

o NuMI data will break
this degeneracy —
analysis in progress!
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MicroBooNE Simulation, Preliminary
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MicroBooNE Public Note #1116

MicroBooNE Simulation, Preliminary
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Status Quo: 3+1 Oscillation with BNB + NuMI

v, disappearance

MicroBooNE Public Note #1116

v, appearance

MicroBooNE Preliminary MicroBooNE Preliminary
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Competitive limit on the eV-scale v, disappearance,
excludes parts of allowed regions from gallium experiments

Excludes part of the LSND allowed region

: BNB + NuMI :

I Improved sensitivity: v, appearance-disappearance degeneracy mitigation |
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1116-PUB.pdf

Summary & Prospect :

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

o ~50% BNB dataset consistent with 3-flavor hypothesis

Several on going activities
o Full dataset LEE Analysis

o Oscillation analysis with BNB & NuMI data underway

Further investigation on MiniBooNE excess, BSM searches

MicroBooNE Pushing Boundaries!
28 Stay Tuned!
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More on MicroBooNE :

uBooNE

HBoONE _

29

2.0E19

1.5E19

1.0E19

5.0E18

=~ Delivered POT POT on tape

data for this analysis "

Week

1.6E21

1.2E21

8.0E20

4.0E20

P ee e g

- Longest running large-scale LArTPC to date.

O(500k) v interactions collected

Y2 of the dataset used for this work.

MicroBooNE's Search for
Anomalous Single-Photon
Production, Lee Hagaman

Status of MicroBooNE Avinay
Bhat

Tantalizing cross section
results:

The MicroBooNE cross section
program, with a special focus
on the TKI analysis Afroditi
Papadopoulou

First measurement of n
production in neutrino
interactions on argon with
the MicroBooNE experiment
David Caratelli
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https://indico.cern.ch/event/1216905/contributions/5530312/
https://indico.cern.ch/event/1216905/contributions/5447718/
https://indico.cern.ch/event/1216905/contributions/5447718/
https://indico.cern.ch/event/1216905/contributions/5447718/
https://indico.cern.ch/event/1216905/contributions/5447745/
https://indico.cern.ch/event/1216905/contributions/5447745/
https://indico.cern.ch/event/1216905/contributions/5447745/
https://indico.cern.ch/event/1216905/contributions/5447745/

Thank youl!
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STEREO neutrino spectrum of 235U fission rejects sterile neutrino hypothesis

IBD spectra (a.u.)

— No oscillation
— Cell 1
— Cell 6

Water channel

sin3(26) = 0.17 Reactor pool

Am? =23 eV?

1 1 1 1 1 I

2 3 4 5 6 7
Visible energy (MeV)

58-MW
eto sl
Water CherenkoV muon Vv .

Multilayer
‘ shielding

y-catcher
/ crown
V-

Latest result from STEREO experiment, January 11th, 2023
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https://www.nature.com/articles/s41586-022-05568-2

v, low-energy excess (eLEE) search

Empirical eLEE model derived from MiniBooNE

MicroBooNE simulation

200
> ™! eLEE model
g T T T T ‘E;a'la(;‘a'{f'"-)] T T : 8 1751 leXpNm (N >0, X =0)
27 E\Eﬁagn = o s 1eNpOn (N > 0)
’ —Ho 3 =0
— 4 . 1+0.08 (stat.) ©Q 1251 i ——
Constr. Syst. Error é MlnlBOONEx = 1+0 21 (full) o i L-"F_:__ ELEE x - 1
,,,,,, = T~ U. o~ H 1
. g 100 1
3 1
= X -
,,,,,, o 751 |
= @© !
= 1
777777777777 = S 501 :
= }g !
[
2 25
EY (GeV) . w
Unfolding detector response, 05 1 3 3
acceptance, efficiency True Neutrino Energy [GeV]

* Excess (LEE) 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 = MicroBooNE Public Note

2% Fermilab
32


https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1043-PUB.pdf

3+1 Neutrino Oscillation Framework

The PMNS matrix is extended to 4x4 unitary matrix, and is parameterized as following
UPMNS = R34(934: 634) R24(024, 624) R14(914, 0) R23(8231 O) R13(6131 613) R12(6121 0)

The effective mixing angles 6, for short-baseline oscillations are defined below

Am?2,(eV?)L(m
By, svg = Oap + (—1)%2F - 5in® 20, - sin’ (1.267 42((Me3)( )>

v, disappearance (v, - v,).  sin®26,, = sin? 20,,
v, disappearance (v, - v,):  sin® 26y, = 4cos* 6, sin® 6,4 (1 — cos® 014 sin* 6,,)

Vv, appearance (v, = v,): sin® 26, = sin® 26,4 sin® O,

33

In MicroBooNE analysis, the above three oscillation effects are applied to all v, and v, events;

s . Ve flux rate N
the v, appearance (v, — v,) is ignored because of tiny oy Hitirate 0.005
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Relative uncertainty (%)
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Overview of the Systematic Uncertainties

60

50

40

30

201

10

MicroBooNE Simulation

— flux

cross section
—— detector + simulation statistics
—— total uncertainty

L~
S s e =

[r——

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

v Cross-section: MicroBooNE Genie tune, Phys. Rev. D 105, 072001
v" Detector systematics: data-driven, EPJC 82, 454 (2022)
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Other Short Baseline Anomalies

- BEST and other gallium experiments see a deficit that could be explained by v,
— v, oscillations.

- Neutrino-4 sees an oscillation as a function of distance/energy that could be

explained by v, — v, , ; oscillations.

1:2 —— Am*=7.2 eV", sin“(26) = 0.36, resolution 250 keV, bin 125 keV
O Observed, 24p, average (125, 250, 500 keV). First obs. + second cycle

Average 125, 250, 500 keV

1N
Q

F Am’=7.3 eV, sin’(20) = 0.36 L/DoF  20.61/17 (1.21) GoF  0.24
i’ 1.0 Unity 2/DoF  31.90/19 (1.68)  GoF  0.03
=~ 09F &
g " - 124
~ o8 ! T z
i I + f 1.0
0.7+ F3
0.8 ’%
0.6 | 1 | | | | 2 9
Q;C} ,‘?5 ,(}\ ;/C Y \Qé \)\é 064 [ ] a
© & F 3 & &P ; ' . .
9 o Yy\’ Yy\’ Q,Qc? Q’@% 1.0 15 20 25
& © o LE
BEST Neutrino-4
Phys. Rev. C 105, 065502 Phys. Rev. D 104, 032003
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Sterile Neutrinos: 3+1 Framework
2D profiled result, full 3+1 analysis

== considering v, tov, v,tov,andv, tov,at

each pointin the parameter space.

v, disappearance-only (only v, to v,), more stringent
limit corresponding to a fixed sin20,,= 0.

2D profiled result, full 3+1 analysis

—— Da, pofiing memmeep cONS1dering v, to v, v, tov,andv, tov, at

each pointin the parameter space.

\ v, appearance-only (only v, to v,), more stringent limit However,
it 1s physically not allowed in the 3+1 framework. (non-
zero v, appearance requires both v, and v, disappearance )
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