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The world’s longest running Liquid Argon
Time Projection Chamber (LArTPC) in a
neutrino beam

Collected data for five years from 2015 to
2020, amassing the largest sample of
heutrino interactions on argon in the
world -
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Broadly speaking, MicroBooNE
aims to probe all forms of
"‘Beyond the Standard Model’
(BSM) new physics it is
sensitive to.
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Rich particle content

Dark matter candidate(s)
o Sterile Neutrinos

o Axions

o +....

(@)

New Forces and Interactions

Rich & Complex
phenomenology
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2. Minimal Portals

Neutrino Portal
+ 3+1 light sterile

M. Ross-Lonergan
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=0 dg[ale] Portal: BNB+NuMI Sensitivities

O

BNB Onl
BNB Only BNB+NuMI y
BNB*NuMI o uit Sensitiviti Result
TR ensitivities
Sensitivities ‘) \ l
10°F \\ . GALLEX+SAGE+BEST :
- ! ,E I LSND 90% CL (allowed) - 26 (allowed) \»
{ :._E LSND 99% CL (allowed) B Bl Neutrino-4 26 (allowed)
10} MicroBooNE Preliminary 10|~  MicroBooNE Preliminary
< | (b c |
(9] 3 B
ar 1E \\ g |
= £
E r < MicroBooNE, 95% CL, C—
MicroBooNE, 95% CLS 1 BNB 6369)(1020 POT &
¥ BNB 6.369x10% POT = o " .,
=g |_ShsiEnisases Sensitivity, profiling [BNB-only] CT Sensmvrty., 'proflllng [BNBony] N
107 E Data, profiling [BNB-only] ——— Data, profiling [BNB-only] S
TR Median Sensitivity, profiling [BNB+NuMI] e Median Sensitivity, profiling [BNB+NuMI]
B +1 ¢ band [BNB+NuMI] E +1 o band [BNB+NuMI]
B + 2 6 band [BNB+NuMI] + 2 6 band [BNB+NuMI]
-2 1 11111111 1 111111|J 1 Llilll“ 1 11 1 1111 10—1 L 1 lllllll 1 1 lllllll 1 1 L1 11
10 —4 -3 2 = | -3 -2 -1
10 10 10 10 1 10 10 ) 10 1
sin“20 sin“26,
| ne ee , . - - - "
BNB: 6.369 x 10%° POT Note: Note statistics is NOT the . coming ‘
NuMI: 10.54 x10%° POT driving force behind improvement. soont 4
Voo’
Va4
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\Eldglsle] Portal: Heavy Neutral Leptons 0

1. Introduction 3x3 active mixing
-~ S )
Ve Ui Uez Ues Uea\ (11 If the sterile state is too heavy to undergo
Vu | gul ZM gu?) 5“4 Vo oscillations, can still be produced in
< S S B N meson decays alongside neutrinos.
Vg Usl UsZ Usi% Usb Vg
2. Minimal Portals ~

Full 4x4 including sterile mixing
Neutrino Portal

« HNL
Production Decay & Detection
v
u
////
HNL N, o +
(Heavy Neutral Lepton) H
u

M. Ross-Lonergan
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(NI dglsled Portal: Heavy Neutral Leptons from NuMI Absorber

1. Introduction

LAITF

2. Minimal Portals

T

Main Injector

E—— ‘ \.“,?;w.( S s
Neutrino Portal 120 GeVv . v I HBooNE
Beam v
« HNL - a
m
e
y P’De
Most come from o,

AbSOrbe NOVA
meson decay near the target r

and decay pipe
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(NI dglsled Portal: Heavy Neutral Leptons from NuMI Absorber

1. Introduction

LAITF

O

2. Minimal Portals T

Neutrino Portal 120 GeV - i
Beam L
- HNL s
m
€
@y p be
Most come from

meson decay near the target
and decay pipe

M. Ross-Lonergan
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T

l HBOONE

U

AbSOrber NOvVA

Huge number of
stopped Kaon decays
coming from the NuMI
beam absorber, which
sits below MicroBooNE

~1200<\)

K
E T~ MINOS,

MINERVA,

Search for long lived
Heavy Neutral Leptons
from here!



1. Introduction

2. Minimal Portals

Neutrino Portal

* HNL

M. Ross-Lonergan
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\ gt} Portal: Heavy Neutral Lepton decay signatures

Depending on the mass of the HNL, various
visible decays are detectable in MicroBooNE

Branching ratio
= =
o o
L4

=
Q

=
o
&

5 |

r I, N e
N - vbv — a
N - vee
N - veu
N - vr®
N = vuu
N - un

o

50 100 150 200 250 300
Mass [MeV]

Phys. Rev. D 106, 092006 (2022)
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\ gt} Portal: Heavy Neutral Lepton decay signatures 0

1. Introduction Depending on the mass of the HNL, various
visible decays are detectable in MicroBooNE.

No observed signal, we place 90% CL

exclusion limits
2. Minimal Portals

Neutrino Portal

144
- HNL H‘
f-

f 104
10—1 J
R r 7\ 10—5,
©1072 ] -
o N - vbv — 10-6- PS191
—— E949
£10-3) — N-ovee N
o 10 = 3 —— NA62 W
[§] — N-veu 3 10779 — T2
510~y 0 = —— KEK
E il i -8 —— NuTeV
= -5 N - vuu 107°+ SIN
1072 —— N-oun PIENU _
-9 | MicroBooNE (2020) |
10_6 10 = MicroBooNE (Majorana) (2022) Phys. Rev. D 106. 092006 (2022)
0 50 100 M 15[?/' V] 200 250 300 " 5 =+ MicroBooNE (Dirac) (2022) NuMI POT:7.01 x 1020
ass e - T T T T
0 100 200 300 400

HNL Mass [MeV]
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\ gt} Portal: Heavy Neutral Lepton decay signatures 0

1072

1. Introduction Depending on the mass of the HNL, various -
visible decays are detectable in MicroBooNE. 4 1
§
. 1073
No observed signal, we place 90% CL g Wy oSS
exclusion limits EWN o . N s
2. Minimal Portals & 17 e e orvw \__v -
i - SIN —=- KEK E89/E104
Neutrino Portal * - 1078 PIENU —— PS191 vey
ee 0 o W e Phys. Rev. Lett. 132, 041801 (2024)

’vﬂ 10-9) = KEKE89 === MicroBooNE
« HNL f' '\F_H 0 50 100 150 200 245

HNL mass [MeV]

0
10 f 154
10_1 Ar f ‘
107>+ |
% 10-2 7\ _ ‘
o N - vbv — 10-6- PS191
— E949
£10-3) — N-ovee N
= 10 i | T Nae2 W
[§] — N-veu 3 10779 — T2
510~y 0 = —— KEK
E il i -8 —— NuTeV
A e N - vuu 107°+ SIN
1 —— Noun PIENU _
-9 | MicroBooNE (2020) |
10_6 10 = MicroBooNE (Majorana) (2022) Phys. Rev. D 106. 092006 (2022)
0 50 100 M 15[?/' V] 200 250 300 " 6 =+ MicroBooNE (Dirac) (2022) NuMI POT:7.01 x 1020
ass e - T 1 T T
0 100 200 300 400

HNL Mass [MeV]
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elgt=ll5 to the ‘Dark Sector’

1. Introduction e Q‘ '~
.” AxionPortal '~

The
Standard
Model

“The
4 “Dark™
— = SN - W Sector. §

2. Minimal Portals

Scalar Portal Neutrino Portal

0 Neutrino Portal | @ Scalar Portal 0 Vector Portal @ Axion Portal
i » s O o =a, uv
LD —y*L,HN+he. | LD (AS+AS*)H'H LD eF/fLVBMV L DCGGEFGMVG s
° Hgg;tr?r:é sterile e Higgs Portal e Light Dark Matter e HeavyQCD
Scalars e Millicharged Axions
e Heavy Neutral Particles
Leptons

M. Ross-Lonergan
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@ Ye:1ETd Portal: Higgs Portal Scalars

1. Introduction
B —— SM Dark Scalar
nggs}— - L ®— { Boson

2. Minimal Portals

Higgs portal scalars also
produced in charged kaon decays

Scalar Portal K % S 7-‘- I

Use stopped kaon decay from NuMI

M. Ross-Lonergan
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@ Yer-1ETd Portal: Higgs Portal Scalars

1. Introduction

2. Minimal Portals

Scalar Portal

M. Ross-Lonergan

Aug 21%t2024

44

Dark Scalar
-] Boson

<=-I>

sM ] H

HiQQS}- L2
o

Higgs portal scalars also
produced in charged kaon decays

K — Sm

Use stopped kaon decay from NuMI
absorber again

O

Due to portal to SM via the higgs,
Decay is extremely strongly
dependent on daughter mass

mzms 4m2\ 3/2
[(S—¢te) =0 (1 — —j)

8rv my
e'e

1.0

0.8-
% 0.6+ .
o0
0.4
m

0.2-

0.0 . : L : .

0.0 0.1 0.2 0.3 0.4 0.5

mg (GeV)



@ Yer-1ETd Portal: Higgs Portal Scalars @

1. Introduction . . | o
Scalar boson Observed no signal, place 90% CL exclusion Limits

decays to e*e'\

SIMULATION KDAR Absorber
HPS Decay (Mass 275 MeV)

2. Minimal Portals

Scalar Portal
10—8 _ PS191 (Reinterpretation)

-- LSND (Reinterpretation)
-- CHARM (Reinterpretation)

—— LHCb
—9 _| —— MicroBooNE ete~
10 NAG62 Decay
—— E949 vertex
e MicroBooNE ™ (2022) NuMI POT:7.01 x 1020

10_10 | I I I | T I
0 50 100 150 200 250 300 350 400
HPS mass [MeV]

MicroBooNE e'e” HPS result Phys. Rev. Lett. 127, 1518073 (2021)
MicroBooNE u'u™ HPS result Phys. Rev. D 106, 092006 (2022)
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elgt=ll5 to the ‘Dark Sector’

1. Introduction e Q‘ '~
.” AxionPortal '~

The
Standard
Model

“The
4 “Dark™
— = SN - W Sector. §

2. Minimal Portals

Neutrino Portal
Vector Portal

0 Neutrino Portal | @ Scalar Portal 0 Vector Portal @ Axion Portal
i » s O o =a, uv
£>—y*L,HN+he. LD(AS+AS*)H'H LD eF/fLVBMV L DCGGEFGMVG s
° Hgg;tr?r:é sterile e Higgs Portal e Light Dark Matter e HeavyQCD
Scalars e Millicharged Axions
e Heavy Neutral Particles
Leptons
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\/=Yale]JdPortal

1. Introduction

Main Injector

B

2. Minimal Portals

120 Gev = Ho I i
Beam r
. " Alongside charge
meson decay which
Vector Portal produces

A MINOS,
MINERVA,

AbSOrber NOvVA

M. Ross-Lonergan
Aug 21%t2024 a7



\sladeldPortal: Dark Photons and Light Dark Matter

1. Introduction

2. Minimal Portals — ~ x “ﬂ Sco
P S A IJ pB@
Beam ri A -=
Alongside charge
l meson decay which

Vector Porta '})

produces
g We
De
oy ------- X Cay P
€ AI* /pe

A MINOS,
MINERVA,

AbSOrber NOvVA

Produce a beam of light dark matter particles (y)
via an intermediate dark photon (A’)

M. Ross-Lonergan
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\sladeldPortal: Dark Photons and Light Dark Matter 0

1. Introduction This light dark matter is then detected in MicroBooNE when it scatters of Argon
leaving a visible e+e- pair, so called Dark Trident production

2. Minimal Portals

Vector Portal

ignal score: 0.940
Dark Trident Simulation

M. Ross-Lonergan
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\sladeldPortal: Dark Photons and Light Dark Matter

1. Introduction

X X
VO&D _
e
? 4
2. Minimal Portals XD A
/%
A ot
Vector Portal €
Ar Ar >‘Sig{al‘;ore: 0.940

Dark Trident Simulation

Developed a convolutional neural net
(CNN) trained on images of dark tridents
and neutrino backgrounds.
e > 99% background rejection with a
(27-30)% signal efficiency

M. Ross-Lonergan
Aug 21%t2024 50

&

This light dark matter is then detected in MicroBooNE when it scatters of Argon
leaving a visible e+e- pair, so called Dark Trident production

MicroBooNE: Phys. Rev. Lett. 132, 241801
F MicroBooNE NuMI Data Run 3, 5.0 x 102° POT

[0 Beam-off

Il Outofcryov

Il Incryov

1
1

Dark trident
e=7x10"*

Beam-on

0.5F
= - T I
—0.5F

(Data - Pred)/Pred

E 1 L 1 1 1 1 1 1
0.0 1.4 2.8 4.1 5:5 6.9+
CNN signal score (M4 =50 MeV)

Good agreement observed
with background only.
Shown here for a Dark
photon of mass 50 MeV


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.241801

\"ladeldPortal: Light Dark Matter exclusion limits @

1. Introduction World leading exclusion limits from MicroBooNE

Scalar DM (ap = 1.0, M,/M4 = 0.6) - Fermion DM (ap = 1.0, M,/M4 = 0.6)
107 il

NA48/2

1073

UL AL

1076k 10~%

2. Minimal Portals

1077 1077

L

W 1078 W 1078k
Vector Portal > 3 W
- Light DM )
10"'3: 10“95
[ LHCb =aal)
10_1‘); Beam Dump \"‘ 10_105 am Dumyj {
: (a) E (b)
-11 L ' e | 1 " -11 L L (e | 1 L
107102 107! 1075072 1071
Ma[GeV] Ma[GeV]
Uses BANMC (deNiverville, Chen, Pospelov, Ritz) MicroBooNE Light Dark Matter:

M. Ross-Lonergan

PIPERYYREEl ips.//qithub.com/padeniverville/BANMC Phys. Rev. Lett 132, 241801



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.241801
https://github.com/pgdeniverville/BdNMC/releases

elgt=ll5 to the ‘Dark Sector’

1. Introduction e Q‘ '~
.” AxionPortal '~

The
Standard
Model

- Dark™

" Sector. &£

2. Minimal Portals

Neutrino Portal

Axion Portal
0 Neutrino Portal | @ Scalar Portal 0 Vector Portal @ Axion Portal
i ’ Qs & ¢ Na,uv
£>—y*L,HN+he. LD(AS+AS*)H'H L DEF/’WBW L,DCGGE?GMVG s
° Hgg;tr?r:é sterile e Higgs Portal e Light Dark Matter e HeavyQCD
Scalars e Millicharged Axions
e Heavy Neutral Particles
Leptons
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@ AV{]o] (or Axion-Like Particle) Portal: Heavy QCD Axions @

1. Introduction

sl 005002 (2021)

120 GeV

Axion Portal protons

M. Ross-Lonergan
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NuMI
Target

Motivated by K. Kelly, S. Kumar, Z.Liu
"Heavy Axion Opportunities at the
DUNE Near Detector” PhysRevD. 103

Meson-Mixing

1073 E T T T T
E !
i [ E 102
107 E
ks =10°
L 107 E
g ;!
= \ =10t >
*8 1076 \ Vs 3 [
e \ 4o o
— e T -
_____ < i‘/% —=10° =
107 . By E
s Ko |
‘A\ N s
| S =100
10-8 | - . EACAE!
E ~ \ ~. N 3
L (1 \ A =
109 Lol Lo / A L rlkxuld e cond
1073 1072 107! 10° 10! 10?

ma[GeV]

/ Analysis

#  ongoind
-

"”

/
/

( MicroBooNE
, Y
.

Will be MicroBooNE's first di-photon BSM
search!

Allows for invariant mass peak searches
over large NC z° backgrounds


https://doi.org/10.1103/PhysRevD.103.095002
https://doi.org/10.1103/PhysRevD.103.095002

Melg#1kS to the ‘Dark Sector’ *Possible Short-Baseline Anomaly Solution
1. Introduction - @" " -
.” AxionPortal '~

The
Standard
Model

2. Minimal Portals

Neutrino Portal

0 Neutrino Portal | @ Scalar Portal 0 Vector Portal @ Axion Portal
3. Anomaly Hunt .
Light 3+1 sterlle Hi Portal e Light Dark Matter
Neutrino* ® I9gs rForta N ° Hgavy QCD
Scalars e Millicharged Axions
e Heavy Neutral Particles

Leptons

Not many explanations of Short-baseline anomalies yet. \¥/hat if
our new physics is more complex than minimal portals?

M. Ross-Lonergan
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Melat-1y to the ‘Dark Sector’ “Possible Short-Baseline Anomaly Solution
1. Introduction - Q" '~
.” AxionPortal ‘'~

The
Standard
Model

2. Minimal Portals

Neutrino Portal

0 Neutrino Portal | @ Scalar Portal 0 Vector Portal @ Axion Portal
3. Anomaly Hunt .
Light 3+1 sterlle Hi Portal e Light Dark Matter
Neutrino* ° Iggs rForta N ° Hgavy QCD
Scalars e Millicharged Axions

e Heavy Neutral
Leptons

Particles

\\

@ Casting a wide net!
M Combined or Non-Minimal Portals %
* e Generic Electron Searches®

e  Dark Neutrino Upscattering’ ¢ Inclusive Single-Photon Searches”
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Melat-1y to the ‘Dark Sector’ “Possible Short-Baseline Anomaly Solution
1. Introduction - Q" '~
.” AxionPortal ‘'~

The
Standard
Model

2. Minimal Portals

Neutrino Portal

0 Neutrino Portal | @ Scalar Portal 0 Vector Portal @ Axion Portal
3. Anomaly Hunt .
Light 3+1 sterlle Hi Portal e Light Dark Matter
Neutrino* ° Iggs rForta N ° Hgavy QCD
Scalars e Millicharged Axions

e Heavy Neutral
Leptons

Particles

\\

@ Casting a wide net!
M Combined or Non-Minimal Portals %
* e Generic Electron Searches®

e  Dark Neutrino Upscattering’ ¢ Inclusive Single-Photon Searches”

\
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Minimal Portal Example: Dark Neutrino Portal w

1. Introduction Models began life as alternative explanations to

MiniBooNE anomaly via exotic production of e'e” pairs

1) 200
' g MiniBooNE excess data
5 -+ Neutrino mode ] E 180 ® 12.84620 POT Neutrino-Mode
4F §160 This Model
% o M,=1.25GeV, M _=0.140 GeV
L. g, 5140 N
2. M |n|ma|. PO rta lS g 120 __ ___ Sterile Neutrino Oscillation
g , sin?26 = 0.894, A m? = 0.04 eV?
fos) 100~
|
1 s |
oL ; : z ] ool | !_ -
200 400 600 800 1000 1200 1400 = d i
Reconstructed neutrino energy in MeV 20 = W
E. Bertuzzo, S. Jana, P. Machado, R. Funchal o b e tjé}%:fpé}‘:

0.2 0.4 0.
Phys. Rev. Lett. 121, 241801 Reconstructed Visible Energy [GeV]

P. Ballett, S. Pascoli, M. RL PhysRevD.99.071701

3. Anomaly Hunt
Non-Minimal Portal

o)

M. Ross-Lonergan
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https://doi.org/10.1103/PhysRevD.99.071701
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.241801

Minimal Portal Example: Dark Neutrino Portal w

1. Introduction

Models began life as alternative explanations to
MiniBooNE anomaly via exotic production of e'e” pairs

MiniBooNE excess d:

ss data
Neutrino mode 12.84€20 POT Neutrino-Mode

This Model
M,=1.25 GeV, MN =0.140 GeV

2. Minimal Portals

— Sterile Neutrino Oscillation

{ T sin%20=0.894, A m? = 0.04 eV?
=
Reconstructed neutrino energy in MeV

20/~
E. Bertuzzo, S. Jana, P. Machado, R. Funchal = i 0';1"—#‘5:%?——%}‘:

0.2 04 0.
Phys. Rev. Lett. 121, 241801

Events/MeV
SO~ v W B W

bt T T T
200 400 600 800 1000 1200 1400

Reconstructed Visible Energy [GeV]
P. Ballett, S. Pascoli, M. RL PhysRevD.99.071701

3. Anomaly Hunt One or more heavy sterile neutrinos, charged
Non-Minimal Portal under a new dark U(1)’
-

Upscattering produces v via neutrino portal,
with scattering and visible decay via vector
portal mediated by dark gauge boson Z'

M. Ross-Lonergan
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Minimal Portal Example: Dark Neutrino Portal v Y

0@ Non-

. . . E ~470 MeV
1. Introduction MicroBooNE has developed multiple analyses to 2 eve-
Introduction ped multiple analy B uBooNE

probe this class of models using both Wire-Cell sep
and Pandora Reconstruction frameworks
2. Minimal Portals — Al eyents in active TPC 2444 Final Selection —— ATR— - w
—e— Efficiency MicroBooNE Simulation, 0. \ o i =
Preliminary
Nam Dark Sector e+e- Simulation
uBooNE
3. Anomaly Hunt e E.... ~210 MeV
Non-Minimal Portal True e"e’ energy [GeV] . 20
6sep 3
Signal efficiencies up to 30% across model -

phase space show significant enhancement

over first generation photon results, ~O(5%)

M. Ross-Lonergan

Aug 212024 99 MICROBOONE-NOTE-1124-PUB.pdf 17em Dark Sector ete- Simulation


https://microboone.fnal.gov/wp-content/uploads/2024/06/MICROBOONE-NOTE-1124-PUB.pdf

Minimal Portal Example: Dark Neutrino Portal w

1. Introduction

One Heavy Sterile

mZ'=30 MeV, 0,,=0.25, 0e?=2x10"°

-5
N_Z=10 E N
= | | = uB 95%CLs sens
2. Minimal Portals = MB 1o
10°°
MB 3o

T IIHIIII

—— CHARM reinterp

10”7 |- | =™ Minerva reinterp
; — HNL searches /
P — f
10 = e i
7 MicroBooNE Simulation,
Preliminary
3. Anomaly Hunt i S ————— pre Y
e 10° 1
Non-Minimal Portal m,, (GeV)

MiniBooNE allowed region from
E. Bertuzzo, S. Jana, P Machado, R. Funchal
Phys. Rev. Lett. 121, 241801

M. R -L
Aug 2rizozg 60 MICROBOONE-NOTE-1124-PUB.pdf



https://microboone.fnal.gov/wp-content/uploads/2024/06/MICROBOONE-NOTE-1124-PUB.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.241801

1. Introduction

One Heavy Sterile

mZ'=30 MeV, 0,,=0.25, 0e?=2x10"°

-5
N_Z=10 2 N
= - | === uB 95%CLs sens
2. Minimal Portals = MB 1o
10°
E MB 36
[ | — CHARM reinterp
10”7 |- | =™ Minerva reinterp
; — HNL searches /
P — f
107 = e i
7 MicroBooNE Simulation,
3. Anomal / Hunt i 1 — = 1 .Pl'ehlmm.al')" B
e 10° 1
Non-Minimal Portal m,, (GeV)

MiniBooNE allowed region from
E. Bertuzzo, S. Jana, P Machado, R. Funchal
Phys. Rev. Lett. 121, 241801

M. Ross-Lonergan
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Minimal Portal Example: Dark Neutrino Portal w

Multiple Steriles States

Fixed € : 8e-4, A:0.50

104 =N

107

10—10_
N 0.03 m 0.2 1,25
10712 mmm 0.06 0.5 ___ MicroBooNE 95% CL
mm 0.1 0.8 Asimov Sensitivity
Preliminary
10_2 10_1 100
ms / GeV

MiniBooNE allowed regions from
A. Abdullahi, J. Hoefken, M. Hostert, D. oy =~
Massaro, S. Pascoli arXiv.2308.02543

/ Coﬂ\‘“‘g ‘
on:

MICROBOONE-NOTE-1124-PUB.pdf



https://microboone.fnal.gov/wp-content/uploads/2024/06/MICROBOONE-NOTE-1124-PUB.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.241801
https://doi.org/10.48550/arXiv.2308.02543

Melat-1y to the ‘Dark Sector’ “Possible Short-Baseline Anomaly Solution
1. Introduction - Q" '~
.” AxionPortal ‘'~

The
Standard
Model

2. Minimal Portals

Neutrino Portal

0 Neutrino Portal @ Scalar Portal o 0 Vector Portal - @ Axion Portal
3. Anomaly Hunt .
Light 3+1 sterlle , e Light Dark Matter
o - Sel ) Neutrino® ° nggs Portal PY Heavy QCD
eneric Selections Scalars e Millicharged Axions

e Heavy Neutral
Leptons

Particles

\\

@ Casting a wide net!
M Combined or Non-Minimal Portals %
* e Generic Electron Searches®

e  Dark Neutrino Upscattering’ ¢ Inclusive Single-Photon Searches”

\
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el=N1l=15ic Selections: Electron

1. Introduction

2. Minimal Portals

3. Anomaly Hunt

Generic Selections

M. Ross-Lonergan
Aug 21%t2024

Generic selections formed ry
the backbone of the first e\""r e &
MicroBooNE electron LEE (e

results

o“o(\

PrOtOnS

BNB Data Run 20248 Subrun 210 Event 10515 1 BNB Data Run 22298 Subrun 74 Event 3723

Highlight an update to the pionless v,_ selection\L/‘

e Same topology as MiniBooNE

e This update is the first analysis from MicroBooNE to use all five runs of data
o 6.8x10%° — 11.1x10%° POT of BNB data

e Based on MicroBooNE (2022) PhysRevD 105 112004 but with several updates in
addition to extra data

MICROBOONE-NOTE-1127-PUB
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1. Introduction

2. Minimal Portals

3. Anomaly Hunt

Generic Selections
- Electron

M. Ross-Lonergan
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el=N1l=15ic Selections: Electron

2500 A

2000 A

1500 A

Events

1000 A

1250 A

1000 A

Events

Events

. v, CC

Ve CCON0Op
ve CCONNp
vy CC
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NC n° selection
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Reconstructed neutrino energy (GeV)

Updated to better constrain
intrinsic v

Inclusion of a NC z° sideband a particularly
important background for 1€0p0x
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Data in overall agreement with
prediction.

Although selection is model

independent, want to test neutrino
energy dependent v_rate scaling
as possible MiniBooNE explanation
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Rule out excess model @ 99.5% CL
in Np & op combined channels.
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Neither MiniBooNE nor MicroBooNE measures neutrino energy directly

Neutrino beam gr
Instead we reconstruct

e The direction
e The visible energy Suisile

of the observed shower

BNB Data Run 22298 Subrun 74 Event 3723
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A new model based
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el=N1l=15/c Selections: Photon

Events

In contrast, MicroBooNE's first generation photon analysis was not a generic or
model independent result, it was specific to NC A Radiative decay
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MicroBooNE: Phys. Rev. Lett. 128, 111801 (2022)
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el=N1l=15/c Selections: Photon

Events

In contrast, MicroBooNE's first generation photon analysis was not a generic or
model independent result, it was specific to NC A Radiative decay
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el=lile1gic Selections: Inclusive Single-Photon

1. Intfoduction . . . . . .
An inclusive single-photon selection has been developed using the Wire-Cell

reconstruction framework.

Aim to cast a wide net to capture any potential photon anomaly, especially in
2. Minimal Portals O-proton events

Expect 0(600) events in final selections, with a purity of ~40% and single-shower
efficiency of 7%

> 240
2]

§ 220 MicroBooNE Preliminary 6.34308e+20 POT S 250— i .

= #z MC cosmic bkg(10.65) v beam-off bkg(44.52) 5 C M:\i'gBOONE;{el;fgg‘sﬂy 6-3é3089+ﬁ2gkpo;z £

S NG X Batiar 81) S xa b &) g B o outof PV bhg(67 03)

= n° bkg d v,.CC n° bkg(31. K . A .

g NC bkg(8.13) n,ccobkgns.m R 200 ”8 gk blég$1341 81) VMSS gk bl§93(371{9)

S s v,CC bkg(5.77) mmmm NC n° 1y(135.08) S [ g(8.13) n bkg(13.71)

> mmmm NC A ty(17.1) mmmm NC Other 1y(4.2) 5 == KFCC bkg(5.77) mmm NC 7° %(135.08)

w = \Q,CC fy u<100MeV(11.21)  mmmmm out of FV 1(73.12) ] [ mmmm NC A 1y(17.1) mmmm NC Other 1y(4.2)
red. uncertainty o) L ] \FI’UCC ty u<100MeV(11.21) mmmmm out of FV 1(73.12)

Lﬁ 150 red. uncertainty
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ol [ VIS [T f M and Summary

1. Introduction

e Combination of powerful dual beam neutrino sources and LAFTPC
detector technology provides MicroBooNE with the tools to probe a
wide array of BSM Dark Sector Physics

2. Minimal Portals o World-leading limits on some low-mass BSM particles

o Beginning to explore the rich world of non-minimal portals with
upcoming dark-neutrino e+e- analysis

e Novel “Dual-Beam” 3+1 sterile neutrino search will continue
to weigh in on 3+1 interpretation of the short-baseline

A ly Hunt
T — anomalies, alongside first full dataset electron analyses

e New inclusive single-photon results coming soon, with many
4. Conclusions more full 5-year dataset analyses to follow!
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Since turning on in 2015,
MicroBooNE has amassed the
largest sample of neutrino
interactions on argon in the
world

- Delivered POT POT on tape
Run1 Run 2 Run 3 Rung4 Run 5
2015 | 2016 | 2017 | 2018 | 2019 2020
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\"=ladeldPortal: Millicharged Particles

ArgoNeuT: thsReviett.124.121801

1. Introduction o
E
£
Particles (y) with a fraction of the electron Pointing to target
E
charge, ee . S ’
2. Minimal Portals Lmie = BX (a — jeeB + Mmcp> X

30cm  Collection plane wire
Methods pioneered by ArgoNeu"I"\
for LArTPC's, with analysis now
ongoing in MicroBooNE )

While millicharged particles can studied in
isolation without a dark sector, this
fractional charge could come from vector

Vector Portal ] ) -
portal kinetic mixing

" MicroBooNE
Simulation, In Progress
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Y [JE=JEXxclusive Photon Searches
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The
Standard
Model

2. Minimal Portals
The Dark Sector

0 Neutrino Portal .

LD —y*L,HN + h.c.

M. Ross-Lonergan
Aug 21%t2024 81

Neutrino Portal




elgt=ll5 to the ‘Dark Sector’

1. Introduction

The
Standard
Model
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The Dark Sector

Scalar Portal

Neutrino Portal

0 Neutrino Portal @ Scalar Portal
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1. Introduction

The
Standard
Model

2. Minimal Portals
The Dark Sector

Neutrino Portal

0 Neutrino Portal @ Scalar Portal o 0 Vector Portal
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el=N1l=15/c Selections: Photon

1. Introduction

In contrast, MicroBooNE's first generation photon analysis was not a generic or
model independent result, it was specific to NC A Radiative decay
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. . In fact very mild excess at lower energy in
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