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Liquid argon time projection chambers

» Technology proposed by Carlo
Rubbia in 1970s

» Bubble-chamber like images but
with modern digitized charge
readout

3mm resolution ¢

100 keV hit
thresholds Colour « charge
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LArTPC operation principle
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LArTPC operation principle

Multiple planes of readout sense wires

Liquid Argon TPC
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Particle identification

 Excellent spatial and charge resolution allows for unprecedented PID
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Cannot resolve events
like this with other
typical neutrino
detector technologies
Run 3469 Event 28734, October 21°*, 2015

BNB DATA : RUN 5211 EVENT 1225. FEBRUARY 29, 2016
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MicroBooNE

 Construction completed in 2014, and in operation since 2015

8000 readout wires
. 32 photomultiplier tubes go

" Cryostglt
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Cryostat

Detector moving into
position, June 2014
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MlcroBooNE and the Fermllab neutrlno beamhnes

!‘P

mesons
]
focused
forward
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Cosmic Ray Tagger

A cosmic ray tagger was installed after two years

— Plastic scintillator paddles surrounding the detector, to tag incoming
muons with high-resolution timing

— Can greatly reduce cosmic backgrounds
Timing of hits in CRT
Can see neutrino interaction excess
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Data collected to date

Cosmic Ray Tagger
was installed
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Primary goal

» The experiment was originally proposed to investigate the electron-
like excesses observed in short-baseline muon neutrino beams
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Measurement of electron neutrino interactions

MicroBooNE will be unblinding these searches very soon!
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Recent results
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 However, these results are not the focus of my talk today
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 However, these results are not the focus of my talk today

» MicroBooNE can also do a host of other interesting new
physics searches ...
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» The Higgs Portal to the dark sector
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Dark matter

» Evidence for dark matter, including:

150 B T T ] T I T | FRec] | T [ L poa T T

- NGC 6503 4

Ly halo |
s : Cosmic microwave background
[ -~ disk .
/ o ] temperature fluctuations
O 230
Radius (kpc)
Galaxy rotation curves Bullet cluster R
Dark Matter
. 68.3%
Could there be a dark sector of particles beyond the Standard Model? DarkEn=rgy

How does our ordinary matter communicate with them?
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Portals to the dark sector

v (neutrinos)

Standard
Model

A, (photons)
H (Higgs)
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Portals to the dark sector

v (neutrinos)

Standard
Model

A, (photons)
H (Higgs)
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Portals to the dark sector

v (neutrinos)

Standard
Model

A, (photons)
H (Higgs)

Can you bridge
the two sides?
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Search for heavy neutral leptons in decays of W
bosons produced in 13 TeV pp collisions using prompt
and displaced signatures with the ATLAS detector
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ABSTRACT: The problems of neutrino masses, matter-antimatter asymmetry, and dark
matter could be successfully addressed by postulating right-handed neutrinos with Ma-
jorana masses below the clectroweak seale. In this work, leptonic decays of W bosons
extracted from 32.9M1 to 36.1 1 of 13TeV proton-proton collisions at the LHC are
used to search for heavy neutral leptons (HNLs) that are produced through mixing with
muon or electron neutrinos. The search is conducted using the ATL

S detector in both
prompt aud displaced leptonic decay signatures. The prompt signature requires three lep-
tons produced at. the interaction point (either e or eep) with a veto on same-flavour
apposite-charge topologics. The displaced signature comprises a prompt muon from the
W boson decay and the requirement of a dilepton vertex (either jp or pie) displaced in the
transverse plane by 4-300 mm from the interaction point. The scarch sets constraints on
the HNL mixing to muon and electron neutrinos for HNL masses in the range 4.5-30 GeV

Kevwonps: Hadvon-Hadron seattering (experinents)

ARXIV EPRINT: 100500787

Ope Access, Copyright CERN,
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the final state are considered. Data are found to be consistent with the expected
brkground. Upper limits o thecouling of s ey netin withthe Stancasd
Model nentrino are set at 95

from 3 t0 3G Thise
decays and of the order of 10 for lepton-umber-violating heavy-neutrino decays

nfidence level in the heavy-neutrino mass range

¢ of the ondr of 10-3 fo lpton-mumbeconrving

Submitted to Eur, Phys. J. C
© 2020 CERN for the benefit of the LHC collaboration. CC BY 40 lcence

TAuthors are listed ot the end of this paper

Searches at colliders, beam dumps, neutrino
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“Heavy neutral leptons”

Neutrino portal
mixing of v-N
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Search for K+ decays to a muon and invisible particles

5

The NA62 Collaboration

Abstract

The NAG2 experiment at CERN reports searches for K* — N and K* = tvX
decays, where N and X are massive invisible particles, using the 2016-2018 data set. The

N paticle is assumed to be a heavy neutral lepton, and the results are expressed as upper
limits of O(10*) of the neutrino mixing parameter |Uyq? for N masses in the range 200-381
MeV/c? and lfetime exceeding 50 ns. The X particle is considered a scalar or vector hidden
sector mediator decaying to an invisible final state, and upper limits of the decay branching
fraction for X masses in the range 10-370 MeV/c? are reported for the first time, ranging
from O(10-7) to O(107). An improved upper limit of 10 x 10~ i established at 90% CL
on the K+ — ji*yup branching faction,

To be submitted to Physics Letters B
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Portals to the dark sector
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Physics Letters B
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Contact: cms-pag-conveners-exotica@cern.ch 2019/08/05 Constraints on sub-GeV hidden sector gauge bosons from a search for heavy
neutrino decays Search for the dark photon in 7 decays @Cmmk
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Hidden secor photons
Neutino decay

E. Monnier '°, E. Swallow, R. Winston '®
A search is presented for a narrow resonance decaying to a pair of muons using 13
TeV proton-j proton collision data recorded by the CMS experimentat the CERN LHC. The e e st e Uiy of g, i 160126 U5A
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search in the 11.5 — 45.0 GeV mass range uses 96.6 fb~! of data collected using a ded- suggest the existence of ‘hidden’ sectors consis ting lsZrah x su\nng in a non-dias - that mi lghm with Peprmen o s andAsonery ety o b, B 19 32 U6
oo o g Toel mfommatiob i STt rsomant pesksar oheorved. The o S e 1 ::ﬁs;::.::::’;:;Z:;rm‘;;::t;::z et ;i.:f;‘it:;izs: W, Baldin, A Cotta Ramusino, . Dalpiaz, C. Damiani, M. Forini, A. Ganoli, M. Martin,
Seanch sets thootronge: aroity and possibly by other weak fores, For example, mterac.  ate mixings. Them, when the mass difcrences are small. . Petrucci, M. Savrié, M. Scarpa, H. Wahl
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Searches are performed for both promptlke and long:-lived dark photons, A, produced in proton-proton
collisions at a center-of-mass energy of 13 TeV. These searches look for A" — 4~ decays using a data
ed luminosity of 5.5 fo~! collected with the LHCb detector. Neither
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stantial effort has been dedicated recently [1-3] o decays can be found in Refs. [49-61]: only the visible
hing for the dark photon (A®), a hypothetical massive  scenario is considered here.
for boson that could mediate the interactions of dark  Many ideas have been proposed o further explore the
e priles 3], simila o how he ordiniry ploton 7 [m(A").*] parameter space [62-82]. The LHCb Coll-
s the ic (EM) interactions of charged  aboration previously performed a search based on the
mmd.ml model (SM) purndu The dark photon does not uppnmm proposed in Ref. [76] using data corresponding
couple directly to SM particles; however, it can obtain 2 to 1.6 fb™! collected in 2016 [83]. The constraints placed
small coupling to the EM current due to kinetic mixing  on prompilike dark photons, where the dark-photon life-
between the SM hypercharge and A’ field strength tensors  time is small compared to the detector resolution, were the
[5-12]. This coupling, which is suppressed relative to that  most stringent to date for 10.6 < m(4') < 70 GeV and
of the photon by a factor labeled e, would provide a portal comparabe 1o the best exising limis for ma') <
through which dark photons can be produced in the 0.5 e sarch for Jong.fved dark photons was
laboratory, and also via which they can decay into visible  the P sensitivity u:

mixing A,-X,,
“Dark photons”

a displaced-vertex

oo @ o  , e
N. Tasneem.* T. 1. Gershon.” P.F. Harrison.”” T. E. Latham.”* R. Prepost* and S. L. Wu' SM final states. If the kinetic mixing arises due to processes  signature, though only \n\..l]]egmm of [m(A"), %] param-
. described by one- or two-loop diagrams containing high- eter space were excluded.
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} 10712 £ 62 £ 10" is expected [2). Exploring this few-loop  long-lived dark photons produced in proton-proton, pp.

‘Laboratoire d'Annecy-le-Vieus de Physique des Particules (LAPP), Université de Savoie, ¢ region is one of the most important near-term goals of  collisions at a center-of-mass energy of 13 TeV, looking for
CNRS/IN2P3, F-74941 Annecy-Le-Views, France dark-sector physics. - 4, ¢s using a data sample corresponding to

Universitar de Barcelona, Facultat de Fisica, Departament ECM, E-08028 Barcelona, Spain Dark photons will d to visible SM particles if o decays wsing 4 data sampte cortesponding (0

INFN Sezione di Bari and Dipartimento di Fisica, Universita di Bari, 170126 Bari, ltaly bl ik sector decars are kinematically forbidden,  Tiegred luminosity of 35 fo°! collected with the LHCh

University of Bergen, Institute of Physics, N-5007 Bergen, Norway invisible dark-sector decays are Kinematically forbidden.  getector in 2016-2018. The strategies employed in these

Constraints have been placed on visible A’ decays by gearches are the same as in Ref. [83], though the threefold
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: e f the analysis provide much better sensitivity to dark pho-

‘Budker Instinute of Niclear Physics SB RAS, Novosibirsk 630090, Russia B e &) moughout Wi tons. The prompulike A" search s performed from near the

versity, Novosibirs ): however, most of the few-loop region at higher i /1 B M el B R e )

previous beam-dump [12-28], fixed-target [29-
lider [33-38], and rare-meson-decay [39-48] experiments.
‘These experiments ruled out the few-loop region for dark-

crease in integrated luminosity, improved trigger eff

=

Novosibirsk Stae

“Novsibirsk State Technical University, Novosibirsk 630092, Russia masses remains lored. Constraints on invisible A4 ) ;
5 TAsICs fomalns UNXp onstraints on nvisible better sensitivity 1o ¢ at low (high) masses than Ref. [83]
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Portals to the dark sector

;

v (neutrinos)

Standard
Model

A, (photons)
H (Higgs)

Higgs portal

mixing H-S
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Higgs Portal

Lagrangian
— LD (AS +AS*)H'H

Extension to the Standard Model

After electroweak symmetry breaking:

1 . 2m2 m2 m s —
ED—imgSz-i-smHS UWW:W“++TZZ#Z”—ZTfff

\ O\

mixing angle coupling to SM fermions

scalar mass
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 Light scalars (<~240 MeV) can be produced in kaon decays,
via a top quark in a penguin decay

S
S e 7 />/ 4 d
K { W Gt } m
q < q
Decay rate

2 * 2,..2 |2 2 2
I\(Kd:_>7T:L-S)N 4 3ViaVismimy, A2 (1 Mg Mg
- 16mm 32m2y3 "m?2.’ m?
K K K
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Aside: the KOTO anomaly

collimator +
sweeping magnet

N
Au target -_-

(OI‘ Scalar)ﬂ v (undetectable)

‘.\

Kaon 2019 talk

Csl calorimeter

/

-

30 GeV/c
proton

pencil beam
(KL! n, Y)

va

(reconstruct 7° from 2y)

\T Hermetic veto detectors

KOTO experiment at J-PARC is searching for
rare neutral kaon decays

Observe 3 events (0.05 expected background)
Branching ratio ~2 orders of magnitude
larger than SM Ko—movy

The size of this excess has weakened recently
= 1.22 expected background counts
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https://indico.cern.ch/event/769729/contributions/3510939/attachments/1904988/3145907/KAON2019_shinohara_upload.pdf

1072

Aside: the KOTO anomaly

Adapted from: Egana-Ugrinovic,
Homiller, Meade, PRL 124, 191801 (2020)

=== KOTO +1c allowed region (2019)
= CHARM limit = ALP search reinterpretation
= E949 [imit
— NAG62 limit

K* decay measurements

100 110 120 130 140 150 160 170 180 190 200
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Scalar mass (MeV/c?)

KO W C, t g‘[O

d < d

You can explain this anomaly with a Higgs-portal scalar

Only a narrow window of allowed parameter range
remains, in the 100-200 MeV window

This is why we focused on this mass range for this first search

KOTO has now released updated results a few months ago,
and the significance of the excess has decreased (p=0.13)
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Scalar decays

 Light scalars decay to electron-positron pairs, or di-muon or
di-pion pairs if heavy enough

0,
Decay rate
A 0,
S
1

10°
1.0
10-1 ¢t in m
0.8 102 k
- 10°
= 103
206 \__
a0
= = 10715 10' L —
Z 0. 5]
& 0.4 10
10755
0.2 \
1077 10*2 \\
0.0 - - - - 10-% : : — .
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
mg (GeV) ms (GeV)
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https://arxiv.org/abs/1909.11670

Current & Future experimental searches
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e New limits from MicroBooNE
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Production of the scalar in our experiment

For this first result, we are interested in scalars produced in the
beam dump (hadron absorber) of the NuMI beam

NuMI Beamline Top View

Kaons will decay at rest, producing monoenergetic scalars — a

unique signature in the detector \ Absorber

Mai oCto '
ain Injector e 9

120 GeV
Beam

BNB NuMI

° \'"'A MINOS,
| decayingy, Orbes Pinesia,
Not to Scale at rest Not to Scale

K—nS at rest= monoenergetic S
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Example decay

nBooNE

SIMULATION 150 MeV/c? scalar decay

Simulation of a 150 MeV
scalar decaying to e*e- inside
MicroBooNE

standard neutrino direction
> 107 MeV et

143 MeV e-

beam dump
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Selection philosophy

nBooNE

I 200 Mev
175 Mev

SIMULATION 150 MeV/c? scalar decay ~ 1 ::ZhMﬂev
- ev

I 100 Mev

107 MeV et

80 100 120 140 160 18
Opening angle (degrees)

143 MeV e-

Opening angle strongly
depends on mass
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Pandora reconstruction

Top-down
view

Pandora* is a toolkit to
reconstruct LArTPC events,

using particle flow
algorithms based on ALICE

Showers

(y candidates) ! experience

In our case, it produces
“tracks” and “showers”

BNB DATA : RUN 5536 EVENT 1612. MARCH 22, 2016
*https://github.com/PandoraPFA
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https://github.com/PandoraPFA

Signal preselection

Pandora groups reconstructed
objects together — “slice”

— matching to PMT signals, for
event timing

— Cosmic ray tagger veto in Run 3

~ — Hypo flash ! B ~
[ — Reco flash 7\ ] é&
i i\ ] S

measured light -

predicted light

Take all pairs of objects in
the grouping

— Require distance between object
ends less than 5 cm

— Re(;onstructed vertex inside TPC
active volume

Consider all possible passing
pairs of objects at this stage

— Boosted Decision Tree to filter
out backgrounds...

N

can have
other
objects in
grouping

*-' distance < 5cm

) reco vertex

preselection
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Boosted decision tree inputs

S 3000 MicroBooNE
3 3 « 3 ”» 2 L Run 1, NuMI FHC 0.92x10% POT
[ J c r ’
BD TS a;re tralned Wlth a unlform 3 ,epol. [] Off-beam data [[] Dirt v simulation (“Cosmic”: beam-related event, but cosmic is
mass signal model between 100— - B cosmc [ Cryo. v simuiation reconstructed)
- —4— On-beam data
200 MeV 0 Reconstructed angle of
. . - 7 | bj td
1500/ 2 arger object wrt dump o .
¢ 10 lnput VarlableS . / - Neutrino interaction
W v 7 %o — background (simulation)
? A i
— Data/MC agreement for some of the , 255
most important shown here Wb e e Pure beam-unrelated cosmic
. . . . background (data driven
 Trained using only geometrical remen
g y g 1 8 06 -04 -02 0.2 0.4COS(%%ero%j%cte )1 measurement)
quantities (e.g. no calorimetry used) T
S 02¢
zogg See= .. ==t ===  Reconstructed angle of
22 ____ I smaller object wrt dump
S C Micro?‘?oNE S MicroBooNE| S 500 — MicroBooNE § MicroBooNE
éwooo_— Run 1, NuMI FHC 0.92x10% POT| 3 14000 Run 1, NuMI FHC 0.92x10% POT| 2 Run 3, NuMI RHC 1.01x10° POT| 2 Run 3, NuMI RHC 1.01x10* POT
S - [ ] Off-beam data [_] Dirt v simulation S 1oooof. ] Off-beam data [[] Dirt v simulation g 1400 [ ] Off-beam data [[_] Dirt v simulation § #%F [ Off-beam data [ Dirt v simulation
s000l- (£ Cosmic [] Cryo. v simulation [ Cosmic [] Cryo. v simulation 1200~ [ Cosmic [] Cryo. v simulation © 00 [ Cosmic [] Cryo. v simulation
- —+— On-beam data 10000 —4— On-beam data —— On-beam data —+— On-beam data
. . 1000 , #
6000% Reconstructed opening 8000 Transverse opening angle - 7 2y % 1500
: . . T 7 7
7 angle of the pair o (signal is back-to-back) 2 . ' / 7 Length of the larger
4000 600 /I/,/////I////{y////// % %77 1000E2 bject of pai
/ Ve 1144 74, 7 object o1 pair
2000 - ] : : ’ so0E 1| 7ty G
—— coscicss 54554553558 o 200~ e e ————© ' PR G e
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Signal model uncertainty

 Largest uncertainty on the signal model is due to flux
normalisation
 MiniBooNE measured the rate of KDAR neutrinos from the

O °
beam dump = 30 /0 uncertalnty MiniBooNE; PRL 120, 141802 (2018)
Delayed Signal 0 ns - 200 ns / 8600 ns - 8300 ns
due to kaon 3.
lifetime & =,
. I f fligh
m 7, MiniBooNE time of tight
NuMI| Beamline Elevation View . d )
léga?lfv 'HOI‘/]_??—_ | ;‘L
e Monoenergetic i
A n 236 MeV X
ec;y - 12, muon neutrinos
.
Not to Scale Absor, be o
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Background model uncertainty

° In the Signal re iOIl we are Alaliga et al, PRD 94, 092005 (2016)
’

A T
stats dominate 9012 TIRTR lweas — e
— 2.0 expected events § o
« Largest uncertainties are due  5°°F
to flux, detector systematics, g —
® ® 8 - e e |
off-beam data statistics L A R—
o . « s evaluated 00:”1"'5"' 26 B A0 1214 16 1;3 ----- ;o
Wlth PPEX frameWOI'k used Neutrino Energy (GeV) MICROBOONE-NOTE-1074-PUB
by Minerva and NOVA ‘53 ;Qﬂ MicroBooNE Prelim. Tune Prelim. Tune, y* = 27.90/42 bins
— Cross-section uncertainties Tuning the b —]
evaluated with GENIE euteing
reweighting framework interaction
— Detector uncertainties; Cross jef;gﬁ
resimulation with modified uncertaintics , 8
detector model with BNB data 3 4f
€ Q8f

MANCHESTER Pawel Guzowski - BNL Seminar June 17, 2021

The University of Manchester



BDT Results

« Trained BDTs against two types of background
— Against pure cosmics (data driven), and against neutrinos (simulated)
— Final cuts are two-dimensional; optimised for maximum sensitivity

JE MicroBooNE 10°F MicroBooNE 10° Micro?(?oNE 10° E MicroBooNE
10F Run 1, NuMI FHC 0.92x10% POT 10 Run 1, NuMI FHC 0.92x10®° POT| 2 1o’ Run 3, NuMI RHC 1.01x10™ POT 10°k Run 3, NuMI RHC 1.01x10° POT
10° E . . . E . . )

. [ ] Off-beam data [[_] Dirt v simulation 10° ] Off-beam data [[] Dirt v simulation gé 10° [ Off-beam data [] Dirt v simulation 10’ [_] Off-beam data [[] Dirt v simulation
_B C H i i = H i 1
1065_ [ Cosmic [ ] Cryo. v simulation 10 [ Cosmic [ ] Cryo. v simulation av] 1o [ Cosmic [ ]Cryo.v S|mzulét|on 106%- [ Cosmic [_]Cryo. v simulation
#E —t On-beam data — 150 MeVi/c® signal 10°F 4 On-beam data — 150 MeV/c? signal Q i —+— On-beam data — 150 MeV/c® signal ik —+ On-beam data — 150 MeV/c? signal

E 10°| ° E
10° 3 cuts E . 10°
E 10| 10 :
o 10°k- i:"a 102 E
0 °f o 107
oF 0E = 10 £
3 Z 10m < / 10F

7 , 3 2 1 3

his 7 Z 1 %D 7 7 1

107" Z 7 E 101 Z 7 E
7 °oF — 7 7 10k
10* - v . H 102k 7 I T T N A | < S i [
-20 -15 -10 -5 0 5 10 15 20 -20 15 20 -20 15 -10 -5 0 5 10 15 20 -20 -15 -10 -5 0 5 10 15 20
BDT,, score BDT,, score BDT,,, score BDT,, score
E’gy'””‘”” ||||.‘ T ggyz,””‘”“HH‘HHl—‘H‘l—‘ U L g%_¥\\m\ |"'| ) g@;i\\\\\\\\‘\l—ﬁ U L R R
§ [ '}0—0- - -o—e—e—o é ( :-o-o- N ¢ -'ft- 1 ---+-+— B -’_T-- -0:-- Lo—0-0-0—0-0 % :- E_ + L g i :-0-0-0- ------------------------- + - —-0-0—0-0-0-01
‘5.;: JF o 2 e H + ++ +* .,5;: JF +“' L i 5 ++++++ + & _oJH PE +++- +++ %: T _._..._._._-0-_._,._ _+_ +++
8,;, | 3080 + 2450 e + + 3-08F + +
—_0 ERETEN AN EN B e M L1 -_H PRI EERREIN RN B Smri s S ,nll\\m\ 9::-” || | L -0 | L1 l_l_l\ lllll L1
BDT vs cosmics BDT vs neutrinos BDT vs cosmics BDT vs neutrinos

Run 1 (2016) Run 3 (2018)
before CRT after CRT
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Results

« Looking in the signal region, we observed 2 events
— 1isrejected as an obvious cosmic
«  PMT timing is before the beam spill window
« We have looked at the surviving event, and it is consistent with
background
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Results

« Looking in the signal region, we observed 2 events

— 1isrejected as an obvious cosmic
«  PMT timing is before the beam spill window

« We have looked at the surviving event, and it is consistent with
background

Likely proton

NuMIDATA : RUN 17188 EVENT 1008. JUNE 15, 2018
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« Looking in the signal region, we observed 2 events
— 1isrejected as an obvious cosmic
«  PMT timing is before the beam spill window
« We have looked at the surviving event, and it is consistent with
background MicroBooNE

NuMI 1.9x10% POT
95% CL observed upper limit

« Limit with 1 observed event, with a background.

eXpectation Of 1.9:t0.8 = m= = 059% CL median eXpeCted limit
B |:| +2c expected limit

Uncertainty Background _Signal 0 3

Flux (hadron production) 26.6% "

Cross section model 1.7% [

Detector model 70.0% - o

Beam-off statistics 38.0% 1%1?::: Zfifgfb?fﬁfdr

Simulation statistics 28.2% counting experiment

: — L BT R R R T R R VTR TR TR
Systematic uncertainties The most important Scalar mass Mg (MeV /Cz)
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Preliminary limit & KOTO parameter space

* reinterpretation This is with
A central value ~10% of our
NuMI dataset

Can exclude the KOTO (2019)
allowed model parameters at 95% CL

Further details in our publication:
arXiv:2106.00568

10—4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
O 20 40 60 80 100 120 140 160 180 200

Scalar mass mg (MeV/c?)
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Projected sensitivity (by phenomenologists)

1 0_25»:, '

Batell, Berger, Ismail

MicroBooNE, PRD 100, 115039 (2019)

using Booster
Neutrino Beam

103 B,

~_ Current limit

L1074 (crudely drawn)

- —_ Di-muon, di-pion

decay channels
Kaon decay- 1072
in-flight } SN 1987a

based search

5 events
10—6 - , — 100% efficiency, O background
1072 107" 10°
mg, GeV
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Reinterpretation

The MicroBooNE Experiment, the NuMI Absorber, and Heavy Neutral Leptons
O

Kevin J. Kelly and Pedro A.N. Machado
Theory Department, Fermi National Accelerator Laboratory, Batavia, IL 60510, USA
(Dated: June 15, 2021)

10°°

» Within weeks, we
already have theorists 10-3
reinterpreting our
results, for other models = ™"

-
— Heavy neutral leptons — ol
https://arxiv.org/abs/2106.06548
ol — oy ) = c(mg)
—— c(my) =cloosl )
10 77 L L 1 | | )
20) 30 A0 60 &0 100 200)

my (MeV]
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https://arxiv.org/abs/2106.06548

e Other new physics models
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Heavy Neutral Leptons

 Very similar phenomenology to the Higgs Portal scalar
— Kaon decays to HNL; HNL decays to muon+pion

* Further strategies coming soon

A MicroBooNE limit
HNL mass 10~

0 105 140 211245 38 493 — \ L J

O »

X S

S 107° ~ T

3 Approx. 3-\ N \%

- event ~

= sensitivity ~

N—q lower masses

=) (compared to

- 10-10 colliders) >

0.0 0.1 0.2 0.3 0.4
HNL mass [GeV]
SIN —— NA62 —— NuTeV
Only considered one PIENU —— PS191 ---- MicroBooNE [Dir.]
production chanel and one —— KEK —— T2K === MicroBooNE [Maj.]
decay channel so far
E949
Phys. Rev.D 101, 052001 (2020)
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Millicharged Particles

* A measurement performed by ArgoNeuT (another LArTPC
experiment); student is now a PDRA on MicroBooNE

Magill et al, PRL 122, 071801 (2019)

MCPs produced in neutral pion decays

ArgoNeuT
i D ] Y ] ':'
el L i ! I .

c Decay Pi O B |5 i Ao |
£ T < oram . 2?6“m= * 0.100¢ s ! Colliders -
N g : +SLAC [ ¢

1033 m (2) i
Search for collinear “blips” of charge deposit, in line with the production target A =
0.010§ /S —— LSND
g ' — MiniBooNE
—— MiniBooNE* ]

Blips usually
caused by nuclear
de-excitation
photons in
neutrino scattering

\
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Dark Tridents

« Dark matter could be produced in the beams, from neutral pion or eta decays
— Via photon — dark photon mixing

« DM can scatter inside MicroBooNE, either elastically off electrons and nuclei, or
inelastically to produce “trident” electron-positron signatures

{eE ap = 1, \/\\[1 =2
.'
X | | '—NA48, 9 '1' BaBar
10) "'-§-— J
A/* E /
™, Nx ~_FLSND %
€ 0 . ,~ Expected 10-
> -~ interaction
’y . ] “I ‘ L_':—' /, o _ o . .
J J ¥y sensitivity In
100 MicroBooNE
roton g X _ - E
target detector 10 IHE_
—  Beam Dump
“Production” “Direct detection” e~ + =,
My [GeV]

De Gouvea, Fox, Harnik, Kelly
JHEP 2019, 1 (2019)
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Heavy/dark neutrino decay

« “Bi-portal” model, combining Vector & Neutrino portals to dark sector
» Upscattering of neutrino to HNL
e Can decay to dark phOtOIlS — ete- pairs Better fit for MiniBooNE angular

. . . distribution
* Could explain MiniBooNE excess o |
Sensitivity in MicroBooNE still

to be evaluated

N
o
o

MiniBooNE excess data

[ T* 12.84€20 POT Neutrino-Mode

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

-

(93}

o
|

Excess Events

L ___Sterile Neutrino Oscillation
MicroBooNE can 100}- sin®26 = 0.894, A m? = 0.04 eV?

identify e*e pairs

0 1
-llllllllllllllllllll’_l_|llll

1 08 06 04 02 0 02z 04 06 08 1
AI‘gOIl Reconstructed Shower Angle [Cosine 6]

Ballett, Pascoli, Ross-Lonergan
Phys. Rev. D 99, 071701 (2019)
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Further models

* There are also other interesting Chang et al, arXivi2102.05012
ideas we could investigate in the
future L.t arget Kt " Mo %ﬁn _____
— Although we haven't yet — | HNL \ O\
performed studies to see if there 5
1s sensitivity ' decay | ; :
3 pipe b dirt 4 detector R
° Example searches: "50m  L=500m  D=10m
— Light Two-Higgs-Doublet BSM
models p— Uy,
— Magnetic monopoles & Micro T
black holes | ‘

] ) . ‘:' H/KW R ’
— Axion-like particles | y3‘< ,

— Dark photons .

— N(k)% N(K')

» Many exciting physics models to
eXplore in our iVe years Of data! Abdallah et al, arXiv:2010.06159
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SUMMARY

MANCHESTER Pawel Guzowski - BNL Seminar June 17, 2021

The University of Manchester



* MicroBooNE has been running for five years

— many results on neutrino cross sections,
detector physics and R&D

— on the way to examining the reported
MiniBooNE low energy excess

* We can also search for many new physics
models beyond the original goals of the
experiment

« Have recently announced world-leading
limits on the Higgs-Portal scalar model in the

1072
i

* reinterpretation
A central value

O(100 MeV) mass range 10 G650~ 50 0830 48 60180500
. . 2
— Can exclude the parameters required to explain Sealar mass M (MeVic?)
the KOTO mild anomaly in this model arXiv:2106.00568

« Many more New Physics searches to come!
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ADDITIONAL SLIDES
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MicroBooNE
Run 1, NuMI FHC 0.92x10%° POT
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MicroBooNE
Run 3, NuMI RHC 1.01x10%° POT
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