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LArTPC capabilities

Liquid Argon Time Projection‘Chamber

“digital bubble chamber” l.,lBOONE >

arXiv:2101.04228 RISl
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et BNB DATA : RUN 5211 EVENT 1225. FEBRUARY 29, 2016

Excellent spatial and charge resolution allows for unprecedented PID, and
interesting new physics searches via anomalous final state topologies
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MicroBooNE
§ ) |

i
3% Fermilab |

8
L

85 ton (fiducial) ~10x2x2 m3 liquid -
Booster Neutrino Beam (8GeV protons)
480m baseline

argon time projection chamber

Not l?o scale!
Goals of the experiment:

— il

Cross-section measurements

Investigate the MiniBooNE anomalous excess
Diverse variety of other topics in astroparticle and exotic
physics, that MicroBooNE is capable of (this talk)
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Astroparticle and exotic physics with MicroBooNE
Outline Of thiS talk — = v

Reviseo: February 16, 2021
Acerren: February 16, 2

The continuous readout stream of the MicroBooNE liquid argon time Pusuisneo: April 12, )HZIV
projection chamber for detection of supernova burst neutrinos

Results released over past year o e

I roBooNE
n rmlng an p 1 ng r Progress Toward the First Search for Bound Neutron
Oscillation into Antineutron in a Liquid Argon TPC MeV-scale Physics in MicroBooNE

The MicroBooNE Collaboration

[ ]
utu re eXp erlments MICROBOONE-NOTE-1093-PUB MICROBOONE-NOTE 1076-PUB
The MicroBooNE Collaboration

August 3, 202
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R&D for supernova neutrino detection

A lot of data is produced by
MicroBooNE — 33 GB/s

— Orders of magnitude more expected
in DUNE

To observe supernova neutrino
burst, would need continuous
readout

Pioneered a system to zero-suppress
and compress the TPC data

— Reduction of rates by over 80x
— Prototype for DUNE

Performance evaluated by
reconstruction of Michel electrons

— Comparable to full datastream

Pawel Guzowski - EPS-HEP 2021

JINST 16, 02, P02008 (2021)
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Cosmic ray rates

JINST 16, 04004 (2021) icroBoo
 Used our data to measure rate of o e e s T

Data/MC ratio: 1.01

—— CORSIKA, data-driven space charge

cosmic rays on surface at Fermilab

5 100004 *+ Cosmic Data

— First such measurement with a liquid o) T T

argon TPC
¢ AllOWS tuning the COsmiC SimUIatiOn . Good angular agreement between data and simulation
— Measurement agrees with ‘out-of-the-

O
= -
T 1.0 | e e ——— - —
8 e

©

[a)

bOX, CORSIKA SimUIatiOn o o _meuthal_gr/w;e of re((:)onstructeﬂcg“l‘.rack[rarZ]2 o "
. . ¢
_ Dlsagre.es. Wl;th Consotant mass Fermilab 226m MicroBooNE Data
composition’ extension* of the *
simulation * +

» Useful input to future experiments at
Fermilab, including SBN program
and DUNE

130 , £
T B CORSIKA 127.7+0.2(stat.)

120 - + + mm TPC 129.5+0.5(stat.)*35(syst.)

| PMT 126.5+0.4(stat.)*$(syst.)

Muon flux [events / m? / s]

® Mitrica B et al 2011 Nucl. Instrum. Meth. A 654 176-183
110 4 [ DI Stanca etal 2013 ). Phys.: Conf. Ser. 409 012136
0 200 400 600 800 1000
Elevation [m]

* Alternative spectral composition of light and heavy ion cosmic rays impacting atmosphere
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Neutron-antineutron oscillation

Background rejection rate vs. Signal efficiency

GENIE simulation Sl I
nn-— e 3mn’ BDT
0.8 4 =—— Combined

MicroBooNE Simulation, Preliminary

©
(o)}
1

MICROBOONE-NOTE-1093-PUB

Trained a convolutional neural network to

Background rejection rate

044 | ;S 0C L
identify signal over cosmic-induced
background
0.2 - N
Outperforms a traditional BDT approach
0-0 T T T Ll
0.0 0.2 0.4 0.6 0.8 1.0
Baryon number violating process n-nbar selection efficiency
Multi-pion “star” event topology
B MicroBooNE is pioneering techniques to be used in DUNE

e Convolutional neural network based search
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MeV-scale reconstruction

- Standard reconstruction algorithms
designed for O(100 MeV) interaction

« ‘Blips’ of ionization produced by low-energy
gammas or neutrons

»  We are pushing down the thresholds for
reconstructing this information

Single-hit ‘blips’
O(1 MeV) energy,
but as low as
0O(100 keV)

10 ¢m

Pawel Guzowski - EPS-HEP 2021
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v vertex - 3D SpacePoint Distance

MC {Genie v3.0.4)(Does not simulate photons from de-excitation)
OFF-Beam +
¢ ON-Beam

ON-Beam POT: 4.79E19

1600
Excess of MeV-scalet

o o DIIPS close to neytrino

interaction vertex
bt 4
/ pot ! f
,+*' " GENIE simulation

600 } (no de-excitation
' photons simualted)

1400

1200

1000

Entries

o
o
=]

400

200

' Cosmic data

120

0 20
Distance from blip to
neutrino vertex (cm)

40 60 80 100

Applications:

Supernova neutrino reconstruction
Muon/pion separation
Searches for millicharged particles
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Heavy neutral leptons

 O(100 MeV) mass neutral  Keondecayin

o e . BNB t t N
leptons; mixing with SM decay volume P
neutrinos gio™ 7
* Produced in the same way W% <>
d d . P X HNL
as standard neutrinos e Ut vels
_ (Extended PMNS ~ %
We used kaOI} depays as the matrix element) v HNL decay inside MicroBooNE
source, for this first search =
» Decay via weak interaction e R Ty —
— Muon-+pion In our case 9 | MicroBooNE Simulation |  Late
113 . 9 . $ 0.06- : I ; window
» “Late window” trigger : : | e
developed for this analysis Soos| | | e
. . . ks | SM neu’grino I delayed
— Ne hglble neutrino  0.02 : interactions
backgrounds 5 |

2.5 3 3.5 4 4.5 5 5.5 6
Event time [us]
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Heavy neutral leptons

. Phys.Rev.D 101, 052001 (2020)

» BDT based analysis 2 1501 pORCIoDooNE o N

with 10 HNL mass %’125_ H — HNL Signal x10 ; o J

points (245-388 MeV) S 100 - Oftbeam doa 5 L

1 n-neam data g i

» No excess observed Z s I
° Competitive hmlts, ; 501 _10_1%.0 0.1 0.2 0.3 0.4

with only small E o

. y 2 251 SIN —— NAG2 —— NuTeV |
fraction of our dataset oL M ) ~ PIENU  FSI91 -+ MicroBooNE [Dir)
0 0.25 0.5 0.75 1 —— E949

« We will be using more BDT score

3 0 105 140 211245 388 493
production aI}d decay NLmasy L L1 7 |
modeS, full trlgger % Only see}rched for this
window, and NuMI production mode

’
data, in the near future s

— Stay tuned N e

7 Only searched for this
@ decay mode
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Higgs Portal scalars

« “Portal” to the dark sector, via a dark scalar mixing with the Higgs
(mixing angle 0)
— Couples to SM fermions via Yukawa couplings o 62m?
* Very similar phenomenology as HNLs
— Search for kaons decaying to scalar in beam
— Scalar decays to fermions in detector

. El)ur first search uses kaons decaying at rest in the NuMI beam
ump

Neutrino portal
mixing of v-N

N?
Dark

Sector?
X,?

v (neutrinos

Standard
Model
A, (photons)
H (Higgs

Vector portal

»
»

mixing A -X,

Higgs portal ,

S?

Main Injector

120 GeV
Beam

—_—_———— e e e ——— — — 4

. . . . . _ . . 1

\_»
~& MINOS,
MINERVA,
NOvA
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» Searching for e*e- pairs from the decay of a
<200 MeV scalar boson
» Using a BDT-based analysis

uBooNE _
— <<

SIMULATION 150 MeV/c? scalar decay

typical neutrino direction

MANCHESTER ug@f

Higgs Portal scalars

: ot run 1. natn o aeBooNe - Angular variable (one of
S ss00f- [ Off-beam data [[T] Dirt v simulation themost important for BDT),
- [ Cosmic [ ] Cryo. v simulation . . .
s000f-  —+ On-beam data Simulation is well modelled
E with respect to the data
3 o :
look for the kink decay 1000 prm— Neutrln? 51mulat1f)n (GENIE)
topology, pointing 5003_ Data-driven cosmic background
‘backwards’, of a pair -
of reconstructed O e
objects, with large y et eeR © s
opening angle § %‘% ‘ _._‘ R ‘_._ | _J ‘é 0 Run 3, NuMI RHC 1.01x10%° POT
) ;21:83 ""+“‘"+_.__.d_.__.__;_—1r—-a—+_._'*_"'“"“‘ © 1o [_] Off-beam data [__] Dirt v simulation
n, S LB O e Y canCone- - ==t DRI .E [ Cosmic [ Cryo. v simulation
""E 4 On-beam data — 150 MeV/c? signal
BDT distribution,
145 vev o Scalar boson well modelled with
. background-only A,
uclc,. expectation I - T — 0 0 BI31T5M oo
Za§+ : w'. H T
%‘: + e, ot t
NuMI beam dump EL et +H+ t JrH L. ““““
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Higgs Portal scalars

* We observe 5 events in signal region, with 2.0+0.8 expected
« Can exclude model central value parameters required to explain KOTO anomaly*
e This was with 10% of our NuMI dataset; further search results to come!

1072 arxiv: 2106.00568 1072 —| Batell et al, PRD 100, 115039 (2019)

* reinterpretation CHy Ry ‘
A central value a

LHCb

Current lim
10_3’;_1_:,_\ :

g i

o,

e
e

Searches of
7t e ptp and m
i i1 mode to come

< 107%

Improvements in
ete- mode to come

Mixing angle with Higgs boson

10_5§
’ SN 1987a
5 events
| | | | | : : : : 10_5 - 100% efﬁ;:iency, 0O background 0
—4||| 111 111 111 111 111 111 111 111 11 1 M1 - -
107020 40 60 80 100 120 140 160 180 200 - . G.e1\/o b
) . S . e
Scalar mass mg (MeV/c) Theorist’s expected sensitivity

*In 2019, KOTO reported anomalous excess of K°—mn°+invisible decays, although significance of the excess has decreased in 2021 paper
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Dark prospects

 Further BSM models
being explored with e*e
final states

» Dark neutrino portal,
with dark 7’ decay

Ballett et al, PRD 99, 071701 (2019)

MiniBooNE excess data
12.84e20 POT Neutrino-Mode

r—e—

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

_ Sterile Neutrino Oscillation
sin®20 = 0.894, A m? = 0.04 eV?

- Better fit to MiniBooNE

7 Smez=

‘ ‘ ‘ Il ‘ L1 ‘ - T_‘ H Il ‘ Il ‘ -

: Target T 08 06 04 02 0 02 04 06 08 1
— COUld eXplaln f T o al, PRL 121, 241 801 (201 8) Reconstructed Shower Angle [Cosine 0]
. . Y-
MlnlBOONE. .1 €e de Gouvéa et al, JHEP 01, 001 (2019) |11 "¢ ap =1, '”,‘ =t
resolved as single shower 8 - - |
» Dark matter produced o SN 4% Q Ny
. . . . € = .~ MicroBooNE
in beamline; inelastic i R STl S
scattering off argon \/ \/ o
. roton X _ 1017k
— MicroBooNE has — W ----======:= - =l -5 F Do Dump
e o o target etector S —— L ‘”'l
excellent sensitivity 0 S
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*  MicroBooNE is not only excellent for
investigating MiniBooNE or measuring cross x10°
sections, but can also perform a diverse variety
of astrophysical or exotic measurements

*  We have produced some exciting results in the

past year

— Supernova continuous readout (JINST 16, 02,

P02008 (2021))

MicroBooNE

Entries/2 MeV

©O O ©O O K+ K= =
N & O 0 O N B
I

T T T T[T T T T T T T T T

Trigger stream + ZS

+ SN stream

150
140
130 \
120 ‘ *

1 1 L L 1 110

Muon flux [events / m? / s]

— MeV-scale physics (MICROBOONE-NOTE- RETEET)

1076-PUB)

— Cosmic ray rate measurement (JINST 16, 04,

P04004)

— Neutron-antineutron oscillation analysis
development (MICROBOONE-NOTE-1093-

’

MicroBooNE Data

Fermilab 226m

I CORSIKA 127.7+0.2(stat.)
. TPC 129.50.5(stat.)*35(syst.)
PMT 126.5+0.4(stat.) *42(syst.)
@ Mitrica B et al 2011 Nucl. Instrum. Meth. A 654 176-183
(1 DI Stanca etal 2013 ). Phys.: Conf. Ser. 409 012136

30 40 50 60 70 80 ; 200
Energy (MeV)

PUB)

— Searches for heavy neutral leptons (Phys.Rev.D
101, 052001 (2020)), and dark sector scalars

(arXiv:2106.00568)

|Ual? limit at 90% C.L.

400 600 800 1000
Elevation [m]

e We do have a lot more results to come in the

near future
— watch this space!
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HNL mass [GeV]

—— NA62 —— NuTeV
PS191 ---- MicroBooNE [Dir.]

* reinterpretation
A central value

—— T2K === MicroBooNE [Maj.]
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MeV-scale applications

Muon-pion separation, allowing e.g. distinguishing BSM
di-muon signals from SM muon-pion backgrounds
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Searches for millicharged particles
(blips along a straight line, pointing back to target)
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