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Neutrino anomalies and the Low Energy Excess

= Ll T I T T T I Ll Al T l T T -
- e Data (stat err.) =
5 + [ ve fromp*” ]

Anomalies in Short Baseline Neutrino Oscillations
B O v, fromK™"
o 3 v, from K

=> Might hide sterile neutrinos -> new physics BSM " ron i
e LSND: excess of EM-like events 4 5 3533 .
Phys. Rev. D 64, 112007 . v
e MiniBooNE: similar EM-likeexcess | ,i = 7 et
Phys. Rev. Lett. 121, 221801
o Could not distinguish electrons from photons
e MicroBooNE: LEE is the primary goal
o Isthere an excess? -_
o  Origin? Electron-like or photon-like? EY* (GeV)

Events/MeV
1

........



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.112007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.221801

Neutrino anomalies and the Low Energy Excess
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Precision measurements of Cross

Sections in liquid argon

-> Improve understanding of nuclear
physics in neutrino interactions

-> Preparation for DUNE

Sanford Underground



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.112007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.221801

Micro Booster Neutrino Experiment at Fermilab 4

Two beamlines:
e BNB: On axis, 480 m from the production point

o For the main physics goals of MicroBooNE
o The heart of the SBN programme, with SBND and Icarus

e NuMI: Off Axis (dedicated to NOvA, MINERvA, MINOS)

o Complementary physics and cross checks
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17 (m NuMI DATA: RUN 10811, EVENT 2549. APRIL 9, 2017.



Color shows deposited charge
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13cm

"BNB DATA : RUN 5536 EVENT 1612. MARCH 22, 2016.



Electromagnetic

showers detached
from the vertex,
photon conversion
length ~26 cm

13cm

BNB DATA : RUN 5536 EVENT 1612. MARCH 22, 2016.



LEE analysis strategy




LEE analysis strategy

Electron-like search:
e Shower attached to the vertex
e dE/dx of one MIP particle at the
start of the shower
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Electron-like search: Photon-like search:
e Shower attached to the vertex e Shower detached from the vertex
e dE/dx of one MIP particle at the e dE/dx of two MIP particles at the

start of the shower start of the shower




LEE analysis strategy

ﬁlectron-like search: \ Photon-like search:

e Shower attached to the vertex e Shower detached from the vertex

e dE/dx of one MIP particle at the e dE/dx of two MIP particles at the
start of the shower start of the shower




v CC topologies

e Only one electron: v CC 020p

o hardest to distinguish from single photon
production

e Additional protons: v CC 0xNp
o Easier because additional tracks determine
vertex
o Itis the channel in which the LEE has been
observed

e Additional pions: v_,CC MaNp

o Very complex events
o Typically higher energies
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e Additional pions: v_,CC MaNp

o Very complex events
o Typically higher energies



BNB v_CC OxNp analysis
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BNB v_CC OxNp analysis

Cross check: two sidebands on 3.5% of the total BNB data

MicroBooNE Preliminary 4.4e+19 POT
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Conclusions

e Exciting moment for MicroBooNE:
o Collected a huge amount of data
o Solid strategy and demonstration of the LEE analyses
e First Cross section measurements submitted for PRL publication
o CCv, m,: MICROBOONE-NOTE-1032-PUB
o  CCv, inclusive: MICROBOONE-NOTE-1045-PUB
e Strong demonstration of the LEE analysis strategies
o Electron-like search BNB: MICROBOONE-NOTE-1038-PUB

o Electron-like search NuMI: MICROBOONE-NOTE-1054-PUB
o Photon-like search BNB: MICROBOONE-NOTE-1041-PUB

Please stop by my poster if you are interested!


http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1032-PUB.pdf
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1045-PUB.pdf
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1038-PUB.pdf
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1054-PUB.pdf
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1041-PUB.pdf
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A liquid argon TPC

Sense Wires
U,V Y V wire plane waveforms
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Two signals:
e Scintillation light, mainly for trigger and event selection
e TPC information: reconstruct the event, tracking and calorimetry



Neutrino Interactions in MicroBooNE

Typical neutrino energy ~ 1 GeV
=> In this energy range interactions with the nuclei are predominant

Charged current interactions Neutral current interactions

Vi . vy Yy
Production of a Only nucleus
lepton: clear exp recoil, hard to

W signature. 7 detect.

Distinguish No information
different flavours about the flavour

N N’ N N’

For the LEE search -> need to distinguish the two flavours, only Charged
Current (CC) are of interest!



MicroBooNE during the construction




LEE analysis strategy

ﬁlectron-like search: \ Photon-like search:

e Shower attached to the vertex e Shower detached from the vertex
e dE/dx of one MIP particle at the e dE/dx of two MIP particles at the
start of the shower start of the shower

Some data ready to develop the analyses:
e Open data: 4e19 POT BNB (~3.5%) and 2.4e20 POT NuMI (21%)
e Total data: about 1.13e21 POT BNB and 1.6e21 POT NuMI so far



BNB v_CC OxNp analysis
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nNp analysis
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BNB v_CC OxNp analysis
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NuMIv_CC OzxNp analysis

CCve inside TPC MicroBooNE simulation, In Progress

Cross check the BNB analysis using NuMI 100 1 ENB 6,620 PO, 1202 8 vents.
e Asmany v _CC interactions as expected - T e
in the full BNB dataset S o0
e Perfect to validate the analysis E ol
o
0

True neutrino energy [GeV]



NuMIv_CC OzxNp analysis

CCve inside TPC MicroBooNE simulation, In Progress

Cross check the BNB analysis using NuMI 100 1 ENB 6,620 PO, 1202 8 vents.
e Asmany v _CC interactions as expected . ] T e
in the full BNB dataset § 5o
e Perfect to validate the analysis ; 0]
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e neaing eneray 6oV}
cos(6) wrt NuMI beam direction: ST
e Cosmic rays: flat distribution m = Vs
e Neutrinos: peak around 1 =

e dirt
I DATA BEAM OFF

e Data/Monte Carlo agreement gives us
confildence we can tune and cross
check the LEE analysis
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Electron/photon separation using dE/dx

MicroBooNE In Progress NuMIl 2.345e20 POT
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