MicroBooNE: New ldeas for
the Future




The MicroBooNE

experiment

L\

B —

__ A e - ——

'h};; Ja

SBN FarRetector

o — 2 3

i...—.—-——‘-—"_—'.—_*———

MicroBooNE
4
!

- S —]

-
Z 10*
e
L T T
0 2 ¢ 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Eneray (GeV)
=
— - = ——— =5 - = ==
]
= ~~—  SBN Near Detector g
e ~y “.
Booster NeuTngB_e_aE e S = — - @ e _B;ost—erﬁ:utrinc Beam
E =SS > Target Hall

Andrew Furmanski

University of Minnesota



MicroBooNE Timeline

Andrew Furmanski 3
8 University of Minnesota



MicroBooNE Timeline

Andrew Furmanski 4
8 University of Minnesota



MicroBooNE Timeline

Wnl‘ ‘J-Pf*“'r'Pl"
; g

Andrew Furmanski
University of Minnesota




MicroBooNE Timeline

MircoBooNI

Andrew Furmanski
University of Minnesota




MicroBooNE Timeline

POT (10/12/2015-5/1/2020)
1.6E21
—— BNB Delivered POT  —— BNB POT on tape
1.4E21
2.5E18
1.2E21
B 2.0E18 o
g 1.0E21 19
2 a
8 g
= 1.5E18 8.0E20 £
4 H
Q 6.0E20 3
= 1.0E18 2
4.0E20
5.0E17
2.0E20
0.0E00 0.0E00
6 40 40 46 W1 Wl Wl &l a® 4® a® 1® (O 4O WO 1O 0
S S N AR AR N S R S RN SN S RN
B i A e e e e e e i n\’\‘”“
Date

Andrew Furmanski
University of Minnesota




MicroBooNE Timeline

MircoBooNI

POT (10/12/2015-5/1/2020)

BNB POT Delivered

oS

S 3©
NGRS
\p\”'b\ R

45E18 25E21
—— NuMi Delivered POT ~ —— NuMI POT on tape
4.0E18
SEELE 2.0E21
b
g 3.0E18 &
2 15E21 2
g 25E18 s
k 3
Q 2.0E18 3
E 1.0E21 S
3 1.5E18 2
1.0E18 SHE20
5.0E17
0.0E00 0.0E00
1O O O 0 Wl oWt vt ovt s o n® v N i x® xS
P S N N e N N e NS P USI SlariStatvisetvind
\’g\‘@\ﬁ b,\ﬂ'\q\x'u\’g\&\\ sy 1\&\*\@\&0\ A O R0 o el g
12621
1.0E21 5
a
2
8.0E20 3
3
S
6.0E20 a

30 3O O W oo o o o B D oy 2
S N O S U eS U S S USISTIS o S Stay ety
&Q\\& ﬂ@\ A\'Q\ 1\83\@\&“\ G &\&“\1\\9\ \’0\9\ LGl \’g\?’\ A
Date

4.0E20

2.0E20

Andrew Furmanski
University of Minnesota




MicroBooNE Timeline

POT (10/12/2015-5/1/2020)

4.5E18 2.5E21
—— NuMI Delivered POT  —— NuMI POT on tape

4.0E18

3.5E18 2.0E21

MircoBooNI
3.0E18

15E21
2.5E18

2.0E18
1.0E21

Numi POT Delivered

1.5E18

1.0E18 5.0E20

5.0E17

0.0E00 0.0E00

© 40 40 A6 46 Wl Wl Wl Wl 4® 4® a® A® WO WO 1O 1O 90 o0
N S I AR N R R M N SN NI s Mot aeint
&0\«;5\ \)\,’ﬂ o ,\\»\,'YJ\’Q\W \’\\,0\ o 1\»\,\,\\9\@\ Pt 1\@\ ﬁ\q\ Nl Clettl &0\%\ A

1.2E21

1.0E21

8.0E20

6.0E20

BNB POT Delivered
Cumulative POT

4.0E20

2.0E20

0.0E00 0.0E00
O 16 46 16 46 Wl W1 &l &l 4B 48 4B 1B 1O 4O 4O 1O g0 O
05298 OSB3 08% (g% (O 83 A3 E ABM NI O 03 a0 g o
SRSV AR (S SN AR g Iy
B R A A SR Ll

Date

Andrew Furmanski
University of Minnesota




MicroBooNE Timeline

MircoBooNI

Numi POT Delivered

POT (10/12/2015-5/1/2020)

4.5E18
—— NuMI Delivered POT

4.0E18

—— NuMI POT on tape

3.5E18

3.0E18

2.5E18

2.0E18

1.5E18

1.0E18

5.0E17

0.0E00

T O I T Ty
A0 S S8 190 g8 a8 (0> S 1@ S O e S oSt st o
S P o P e g

BNB POT Delivered

0.0E00

\-]
oY
e

1.2E21

1.0E21

8.0E20

6.0E20

4.0E20

2.0E20

0.0E00

6 W
0% S,
W

1O O M S o o o i i D v 2
102 0 919 20 S0 i S S eS8
i 1\&7)&0\\}\ xpp\ ﬁ\«},\ 1\9\\’“\@\ i M@\ 1\\9\ \9\%\ LGl \’g\%\ K\

Date

Andrew Furmanski

A : 10
University of Minnesota



MicroBooNE Timeline

POT (10/12/2015-5/1/2020)

4.5E18

—— NuMI Delivered POT  —— NuMI POT on tape
4.0E18
3.5E18
B 3.0E18
2
o 25E18
=
Q 2.0E18
£
3 1.5E18
1.0E18
5.0E17
0.0E00
W2 0 O 0 1 Wt W vt vt i an® v s o x n2 D a0
N e N N e N N U TN oyttt s et]
\’0\@\ kel 1\{7,\\&\&&\ A 1\"'\’\@\‘9\ PG LA Gl LA
12621
o
o
g 1.0E21
&
o 8.0E20
o
[ 8
Q
2 6.0E20
Q
4.0E20
2.0E20
0.0E00 0.0E00
12 A0 0 30 v0 W8t St gl v v P o x v ¥ S ®
N e S U N U S U SISO IS S Sy Sty et
\,e\”'b\ o u\\j‘\'x\&")@\\}\ A 1\9\@\@‘ P O S e e it
Date

Andrew Furmanski 11
University of Minnesota




MicroBooNE physics goals

Liquid Argon R&D

&

Measuring
neutrino-argon
interactions

Wide range of searches
for new physics
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Detector R&D - past

* MicroBooNE demonstrated liquid argon TPC technology

at scale:
— Argon purity

- Cold, low-noise electronics

- Laser calibration system

* Overhaul of signal simulation/processing

* Developed automated reconstruction tools

900 Temperature Dependence of Noise in TPC

‘M»

Error bars represent the standard deviation
of RMS noise over all collection plane wires
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Detector R&D - present

2022 JINST 17 P11022

* Unique assessment of detector response uncertatinties

* Demonstration of ns-timing to identify beam bunch .
structure

— Implications for BSM searches

* R&D run demonstrated sensitivity to low-energy '
radioactivity contaminants B f(©=33MeV)

- And that our filter removes them!
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https://doi.org/10.1088/1748-0221/17/11/P11022
https://link.springer.com/article/10.1140/epjc/s10052-022-10270-8
https://microboone.fnal.gov/document/21014/

* Argon is being vented from the cryostat

- We are monitoring resistances as the LAr
bolls off

* After venting, we will find out what 8
years of cryogenic operation does to a
LAITPC

* WWe are continuing to analyse the data
from our R&D run

 Demonstration of TPC-based trigger, and
morel

Andrew Furmanski 16
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MIiNnIBOONE/LSND — the past

» LSND indication of neutrino I =
oscillations at Am? ~ 1 eV/km

* MiniBooNE excess of low-energy
electron-like events

04 06 0.8 1 1.2 1.4
L/E, (meters/MeV)

- We call this the “low-energy excess” , —
or LEE ;-

— One Interpretation Is also oscillations ‘
from eV-scale sterile neutrinos

Andrew Furmanski 17
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https://doi.org/10.1103/PhysRevD.103.052002
https://doi.org/10.1103/PhysRevD.64.112007

Testing MinIBooNE’s Excess

Event counts / 100 MeV

Data/Pred

 Four electron neutrino channels

* Two photon channels

* NO evidence for an excess!

Phys. Rev. Lett. 128, 241801 (2022)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.241801?ft=1#fulltext
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801

Testing the oscillation hypothesis

102? ; i Phys. Rev. Lett. 130, 011801 (2023)
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https://doi.org/10.1103/PhysRevLett.130.011801

Testing the oscillation hypothesis

* Profiling over all parameters,

: : MicroBooNE Simulation, Preliminary
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https://microboone.fnal.gov/document/microboone-note-1116-pub/

Oscillations - future

* Change th

ratio in the beam!

e Vu/Ve

Events

* Or, use a different

beam
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Neutrino interactions - past
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Neutrino interactions - present

e Detalled tests of interaction models

* More exclusive final states
- Proton counting
— First ever two-proton differential cross sections!
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Neutrino interactions - present
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Neutrino interactions - future

* Rare particle production — Lambda, n

* Future analyses: harder final states
- neutrons, de-excitation photons, and more

* More detailed tests of interaction model across multiple topologies and final

states
- 30+ ongoing analyses!
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Beyond the Standard Model

10~ i ‘ | .
« Searches for long lived neutral particles 105 ) KA<H
- Heavy Neutral Leptons 1071 T e -
- Higgs Portal Scalar 5‘ e Eggz
« Coming soon — baryon number violation 1004 =
— Neutron-antineutron oscillation 1:0: = Eono))(H)o) [
* Future - dark tridents, Millicharged particles, 0 100 200 300 460

HNL Mass [MeV]

and much more!

- Some of these models will address the MiniBooNE
excess from other directions!
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Summary

* MicroBooNE detector is being decommissioned after over 8 years of
cold operation!

— And 56 publications to date

* But we still have lots of new ideas for the future!

— Learning more about LArTPC technology through decommissioning
measurements

- Extending oscillation sensitivity using two beams
- Novel BSM searches
— A wealth of cross section measurements in the works
* A huge thank you to Fermilab Accelerator Division for the beam, cryo

and technical staff, and administrative staff — we couldn’t do it without
youl!
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TPC trigger

7)) B LB e Ch Do [ e D Lo De B
-

o 2 3 00 ai - Trigger Stream

: ' ......

Q “ww==e Dynamic baseline + threshold
9 2200

o Continuous Stream

o |

< 2100

2000

1900

i
i

1800

NETH TR FTRTE AR - YN PR I

i

R A 1 1 1
7650

7700 7750 7800
Time (x 0.5 us)

J.Phys.Conf.Ser. 2374 (2022) 1, 012163

Andrew Furmanski

University of Minnesota 30



