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MicroBooNE @ICHEP2020

Neutrino Physics Session
o Recent cross-section measurements from MicroBoo/NE (this talk)

o Neutral current n° rate measurement with the MicroBooNE detector. Mark Ross-Lonergan (today)
o Charged-current electron newtrino measurement with the MicroBooNE' detector. Wouter Van De
Pontseele (today)

o Search for a low-energy excess with MicroBoo/NE. David Caratelli (today)

Searches Beyond the Standard Model Session
o Search for heavy neutral leptons decaying into muon-pion pairs in the MicroBoo/NE detector. Owen

Goodwin (today)
o Searches for long-lived particle decays in MicroBoo/NE. Pawel Guzowski (29th July)

o Neutron-antineutron oscillation search with MicroBoo/NE and DUNLE. Yeon-Jae Jwa (3 1rst July)

Operation, Performance and Upgrade of Present Detectors Session
o The MicroBooNE Experiment. Ralitsa Sharankova (today)
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MicroBooNE

* Investigate the LSND/MiniBooNE anomaly: electron/y? (see David Caratelli’s talk)

* Measure firstlow-energy v-Ar scattering cross sections (this session)

* R&D for future long baseline experiment: Deep Underground Neutrino Experiment (DUNE) (see
Ralitsa Sharankova’s talk)

» First phase of the Short Baseline Neutrino (SBN) program at Fermilab

Firstbig LA'TPC operatingin the USA
F irst automatic reconstruction in LArTPC

. Largest v-argon data

: Longest LAFTPC operating in the world

Same location and beam (BNB) as MiniBooNE .
* Almost pure v, beam (0.5% intrinsic v. contamination)
« Located on-axis from v source (@470m

Excellent signal from background and additional rare processes (see Owen Goodwin, Yeon-Jae Jwa
and Pawel Guzowski’s talks).

Raquel Casullo Fernandez, FNAL



See Ralitsa Sharankova’s talk

........................... LArTPC

Inside the cryostat: :

.+ LArTPC : R L0
++ Photon detector system .« 170 tons of liquid argon

Outside the cryostat E _> » 86 tons of active mass

- -(.3951.11.1(5 {{_a ! .T ks '+ Non-cvacuated liquid argon fill

L
I &
l s « Cold (in LAr) front-end
| A electronics
S I Drifted electroy / § A : .
C)C@Q E .:' -y €;=i=ii .+ Near-surface operation (cosmic rays !
| o Q‘ - E: =E=| are our biggest background)
Li-oa LA : :
1] o o {“A.M’}‘H‘ﬂ * UVlaser calibration system
1] 28 \\4...Vl.l|.§ o asercanibrauon system
o[ 2 AN
’ \\A‘i..ri.ll..l
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A
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\..'A."".."
\.y‘..>‘=.'
AT H
g#:’f:s?' S
A 1A LR LR LRl ¢
$=‘=" I b : LATTPC = Topology + Calorimeter
,'4."‘ i« mm-scale resolution
g' ++ 4t angular coverage :
J I :» Protons visible from few 10s of MeV in KE

>8000 sense wires
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Particle Reconstruction & ldentification

<)
=
P
=
—
=

wire number
Run 3493 Event 41075, October 23*, 2015
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Particle Reconstruction & ldentification

charged particle 1 charged particle 2

CcOSinic muon
Candidate

expected v trajectory
"""""""""""""""""""""""""" o9 charged partucle 3
Gé) i charged particle 4
= Electromagnetic shower candidate —-
o
=
w

CcOoSmiC muon

St candidate coSmicC muon

“candidate

wire number

Run 3493 Event 41075, October 23*, 2015
75 cm
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Particle Reconstruction & ldentification

MicroBooNE
n . ——— Muon Expectation

Lowest particle energy threshold (protons observed @47MeV KE) Sl
w1th respect to current v accelerator-based experiments. A
Observatlon of proton multplicity.

—— Proton Expectation

= | —— MIP expectation 16

JINST 15, P03022 (2020)

—~ 40

E’ Simulation of dE/dx vs proton 3 " oL e P Ly - i I:. 1 By

> . . g 0 10 20 30 40 50 60 70 80 90 100
é’ res1dual range m AI’ pion residual range (cm)
:g muon

= Bragg peak

MIP

reSIdual range (Cm) BNB DATA: RUN 5411 EVENT 6378. MARCH 24, 2016
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Why v-nucleus scattering matters?

--------------------------

Resonance (RES)

\/
/—<

Deep inelastic (DIS)

\/

Oscillated Produced

o o
r N
'—------------~

--------------

© Ev not an observable. Calculated from observed final state
particle kinematics.

© Need to measure 6(Ey, prod) as precise as possible!

© For background estimation need all flavors and interactions

. Other interactions, as meson ex-change current (MEC), :
have more complex overlap in neutrino energy with other
interactions.

We have very little knowledge of v cross
sections, very few data, even less in argon.

8
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v-argon scattering @MicroBooNE

v GC inclusive ve CC inclusive

-

Signals for low energy excess
searches:

ve CC1Proton

ve CCNProton
NCy
NCm0

V}l CC IPI’O]:OI] 20615 event 306, January 7" 2019

18 em Run 5326 Event 900, March 6th, 2016

MicroBooNE
Simulation
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v-argon scattering @MicroBooNE

v, GCinclusive

\\\

'V}1 CC 1 Proton \\\ 20615 event 306, January 7™ 2019

A -

18.cm Run 5326 Event 900, March 6th, 2016

NC1Proton

MicroBooNE
Simulation
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vll CC iIlClllSiVC VptA—=pr+A’+X

2020 result: v, CC single-differential cross section 1n argon.

1Aé:cumulated POT: 7.644e+18 MicroBooNE Preliminary Accumulated POT: 7.644e+18 MicroBooNE Preliminary
g 145 i _I_ data, stat. ® sys. error :g 2.55 _I_ . ............... ............... ..............
% 1.2 Genie v3, uB prelim tune (2:3, 2 | Genie v3, uB prelim tune
g.;&—) 1: . gi [ .
-—'1 ~ . Genie v3 | ?8, 1-5: Genie v3
'8' 0.8: .............. .............................. .............................. .............................. '8 -
8 0.6 | AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA _\8 1;_ ..................................................................................................................................
04:._ .............................. .............................. .............................. §
- ¥ 0.5 R
0.2;_ ........................... .............................. .............................. ‘ .
0: :. | .l..E O.........l...l...I;..i..li.l.i...i...
0 0.5 1 1.5 2 2.5 -1 -08-06-04-02 0 02 04 06 08 1
p, [GeV] cos(®,)
- Source Uncertainty in 2018 | Uncertainty in 2020
\ Detector response : : | MICROBOONE-NOTE-1069-PUB
~ Cross section 3.9% 2T%
Fux 12.4% 10.5% . Exceptional campaign to model&calibrate
Dirt background 10.9% 3.3% . thedetector and understand argon
Cosmic ray background 4.2% N/A properties pays back!
POT 2.0% 2.0%
Total syst. Error 23.8% 12.1%
Statistics 1.4% 3.8%
Total 23.8% 12.7% Raquel Castillo Ferndandez, FNAL




Selected Events

V}] CC iIlClllSiVC VptA—=pr+A’+X

Improved background removal, and detector modeling&calibration. Updated MC with additional
tuning of CCQE and CCMEC to T2K CCOgt data. 72% purity (50% in 2018 results, PRI. 123, 131801).

---------------------------------------------------
------

MICROBOONE-NOTE-1069-PUB

= ; ' Accumulated POT: 7.644e+18 MicroBooNE Preliminar “.
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5000— I v, CCéség%agsfe% : : ! - 4001 B v, CC (notu):26% [~ Tuned GEN'E v3.0.6 - '
B . v, v o % . o | V. V. CC:0.1% : :

E e L g > 7, CC: 0.6% g :
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......
---------------------------------------------------

Similar under-prediction at backward-going particles (could indicate resonances/DIS, MC not been tuned
for those, or angular acceptance of T2K for the tuning). Forward-going region shows better agreement,
due to tuned scattering model and the detector modeling/calibration improvements.
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v-argon scattering @MicroBooNE

v, CC inclusive

v, GC1Proton

sl NC1Proton

1§ em Run 5326 Event 900, March 6th, 2016 _
MicroBooNE

T Simulation
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v CC1Proton vwoi-rve

Signal: 1 muon (p,> 100 MeV/¢), 1 proton (p,> 300 MeV/¢) leaving the nucleus with additional
kinematical cuts to enhance CCQE contribution according GENIE — ~84% CC1pOm (-81% CCQE)

purity, ~20% efficiency.

arXiv:2006.00108
18

General good agreement with GENIE except for the ®  MicroBooNE Data 4.59x10' POT
most forward-going muon bin. [5; . MC

GENIE Simulation —=
Measurement does not include GCQE events without |z 12 Nominal  x*Nom.GENIE ...
protons leaving the nucleus, which may be more % Alternative
challenging for the MC. =29 - 3?(2)061 5
Enhancing CCQE 1ncludmg more topologies would s[z 6 } {
help to understand the mis-modeling and to compareto '@ i
other experiments. 3 § = § - 2

e H L 38
O R i. e | | | |
-0.4 0.0 0.4 0.8
cos(6,)
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v-argon scattering @MicroBooNE

v CCinclusive /&
.-"l.'

Run 20615 event 306, January 7™ 2019

v, CC1Proton \

18¢cm Run 5326 Event 900, March 6th,

MicroBooNE
Simulation
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v}l CCJT;O Vgt A—p+ A+ 0

» Constraint our main background in anomaly searches, to reduce model dependencies.
* Not abundant experimental data.

* Good sample to improve shower reconstruction in LATTPC. goplicroBooNE 162107 POT

8 0;_ —+— Data: Mean 128 = 5 MeV/c®
705_ ‘:’ Neutrino Induced =°

N% 60;— _l_ Charge Exchange °

E 5 0;_ _[_ Cosmic (data)

% 40; ‘ Other

Soor 2018
20
105}, -

E ||||||||||l||||1]|x1|'|_g|:|: |||||||| T—l'EL.:
0 50 100 150 200 250 300 350 400 450 500

Corrected Diphoton Invariant Mass [MeV/c?]

0 selection

MicroBooNE Preliminary 5.89e+20 POT

T
1
Tem : ve CCOMOp: 0.8 v, CC: 182.9
BNB DATA : RUN 5153 EVENT 666. FEBRUARY 25, 2016. 300+ I ve CCOMNp: 3.0 v NC °: 462.8
) ) e CC: 102 mm v, CC n: 1298.2
R s 250 Y Bl Out. fid. vol.: 41.0 7 EXT:210.2
0 ' S 1 al :N mm vNC: 475 o BNB: 2452
! ° ' B Cosmic: 107.2
3g Ccm” poilcr crt: '~ 2001

(0)e =1.9£0.2 (stat) £0.6 (syst) x 10~

Ar } we have the largest £ o
Phys. Rev. D99, 091102(R) (2019)

NCrt¥ sample on

£ T
See Mark Ross-Lonergan (NCz®) and i e + ; " ’H+
David Caratelli’s (CCat?) talks! o5 TR

m
16 0.0
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v-argon scattering @MicroBooNE

v CCinclusive /&
.-"l.'

B

'Vp CC 1 PI‘OtOIl \ 20615 event 306, January 7™ 2(

18em Run 5326 Event 900, March 6th, 2016

NC1Proton |
MicroBooNE

Simulation
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NC1Proton +1-vee

Challenge: observing the presence of one proton
only! (non-trivial for surface detectors and to
reconstruct the direction of the proton)

Low proton energy threshold reconstruction allows
for low momentum transfer studies.

Measuring the cross section at low momentum
transfer will help to study the strange axial form
factor.

MicroBooNE
Simulation

18

do/dT (cm?GeV)

0% 5.45 x 10°° POT MicroBooNE Preliminary

+ Data (Statistical Uncertainty)

+ Data (Total Error)
GENIE v3.0.6 G18_10a_02_11a

D
'llll'lllllll lllll'
—lp—

(9.05 01 015 02 025 03 035 04 045 05

Kinetic energy T (GeV)

MICROBOONE-NOTE-1067-PUB
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v-argon scattering @MicroBooNE

v. CGC inclusive

Ru

1¢
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VC CC inClllSiV VetA— e+ A+ X

MicroBooNE, SBN program Booster
proton energy: 8 GeV

S P MicroBooNE
. . NuMI Neutrino Beam -~ -
MicroBooNE receives two v beams: NOVA, MINEFA, MINOS
. - ¢ A
~ BNB (on-axis): results covered today C®” Majiviplector
. " o proton energy: 120 GeV
- NuMI (Off_aXlS - 60) DUNE Neutrino Beam
{@lanned)
L g0
_1oeE — - v oscillation needs good S
e — Vu ] . 2100
g ol —, 4 understanding of v/ v. and 51"}
x M~ Ve ] . . . < [
Skl L v 4 charged-currentinclusive studies 0|
E f Off-axis NuMI Flux ; 3
~ 10°E~ at MicroBooNE = arc kCy I
> ; Neutrino Mode - . - ;
= pf 1 We measure two independent data 5
= wf 1 with slightly different energy. This e e
* B ! | e | ! ] . . . 00 05 10 15 20 25 30 35 40 45 50
O N Eeren 1 = approachisboth, pioneering and S T M ergy (Gev)
exciting? o2 G T

See Wouter Van De

Want to see (BNB) exclusive " Pontseele’s talk!
ve data? See David
Caratelli’s talk!
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&

W

N Uncoverin

f i
i More measurements Coming SOOI.

* v, GCOxOp Never measured, the most quasi-elastic
"« v, CCOnNp ,
+ v,CCOm2p [  Exploring the nuclear structure o
* vy CCOm STV |
* v, CClm* | .
Pion production
* v, CC-Coherent it |

* v, KDAR CCOm Mono-energetic neutrinos
* v. GCOm1p Constraining uncertainties in Ve

v, CGClkaon” Proton decay backgrounds

c o ASUERRR
......
........
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Unlocking v,/ ve

v, CC inclusive

ve CC inclusive

FirSE,,.dguble—differential in argon

( 5
4 "BOL@z

Confrdﬁting the MC to

nucleon kinematics

I

v, CC1Proton

Run 5326 Event 900, March 6th, 2016

20615 event 306, January 7" 2019

form factor

18.cm

v CCartl g

. |
,/$(}f

Background constraints to
sterile searchés and EM

shower reconstruction
- WBooNE _
23 cm

NC1Proton

MicroBooNE
2cm Sinnulath)n




—— *‘-‘\' -., E

~Raquel Castillo Femzini!ez, FNAL



v, CC1Proton v

Differential cross section results excluding most forward-going muons. Observed reasonably good
agreement.

10

|

cm?
GeV/c Ar
()

-0.65 < cos(0,) < 0.95

-0.65 < cos(0y,) < 0.8

15

10

® MicroBooNE Data

| mmm MC
GENIE Simulation ~ ~~ 7" —
Nominal I
- == Alternative  ....}.... —

-=  hA2015 ====¢
- v3.06 {

-0.65 < cos(0,) < 0.95

-0.65 < cos(0,) < 0.8
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10

|

cm?
GeV/c Ar
(@)

[10-38
S

do
dpp

arXiv:2006.00108

T

-0.65 < cos(0,) < 0.95

0.6
pp [GeV/c]
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vll CC iIlClllSiVC VptA—=pr+A’+X

2018 result: first v, CC double-differential cross section in argon. Compared to several
generators, all tuned previously to world neutrino scattering data (except GiBUU). Mis-modeling in
several regions, particularly forward-going muons, could be explained by many competing mechanisms.
50% purity and big contribution of detector uncertainties.

Big effort to improve detector modeling, signal processing, calibration and other detector effects.

“; S >4F -1.00 = cos(6™) < -0.50 Ngs 3: 0.94 = cos(8;7"’) < 1.00
S5 [ o “[
o 0.3 MicroBooNE 1.6e20 POT O | __X*/Nbins
o | —— GENIE v2.12.2 + Emp. MEC 5 I
= [ '+'= [ e GENIE v3.00.04 G1810a0211a = 2 . 249.9/42...
802 ] GiBUU 2019 ! { . 108.8/42
s | | E .. NuWro 19.02.1 @ - I— """" . { ....... E
o8 [ {|Hs ¥ Data (Stat ® Syst. Unc.) ol8 [ Ll: | f e
°| 801 |HT o b | 126.5/42
3 -1 - 3 B ! :
Lo'i S \: ; {. ho‘i — s AONARTAO LA NI AL 11198 A R Y
A OI:_ L1 lnr“, 'ﬂ!‘.“'."T‘"."'."'.‘T"T“'l."l""."f""f"“."'."'.'_T‘" © 'F ,i, T T T T ., |y
0 0.5 1 1.5 2 25 % 0.5 1 15 > 2.5
pree° [GeeV] pre® [Ge V]

PRL 123, 131801 (2019)
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vy CC single kaon

The ability to identify kaons, and those coming from

neutrino interactions (in NC), will help to constraint one
of the main backgrounds for some of the proton decay

searches.

But also, neutrino-induced kaon production represents
genuine physics processes never studied before with

such a precision.

Opening data coming soon, stay tuned!

pBong

o

Simulation

beam direction
_—

18.cm

MICROBOONE-NOTE-1071-PUB

v, Ar > u~K*A’npp
na’—yy

+ -~ +
vut > pye

Cand. #

Y 4

' 1

| 2

|

2 3

| 4

|

2 5

i 6

|

. 7

Y B8
9
10
11
12

Interaction
CC RES, v, Ar — u~ A KT n2p
CC RES, v, Ar — p— A KT
CCDIS, v, Ar - pu~ T Kt 7ot 7
CCDIS, v, Ar - u~ BT Kt 7t n
CC RES, v, Ar — pu~ >t Kt n
CC DIS, v, Ar = u~ A° KT p
CC DIS, v, Ar — p~ A° KT np
QCRES, AL 2w A KL L
CC RES, v, Ar — p~ T p
CC MEC, v, Ar — p~ 2n 2p
CC RES, v, Ar — u~ 7T 3p 2n
CC RES, v, Ar — p~ T 7~ 7%np

K™ cand. gen. particle

K+ ut
K+ ut
K+ ut
K+ ut
K+ ut
K+ ut
K+ ut
R - S Y S
proton xT
proton proton
proton xT
proton xT

decay put cand. gen. particle
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Signal
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