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MiniBooNE Low Energy Excess (LEE)

« MiniBooNE was a cherenkov

detector on the Booster Neutrino 25 T - ' 1 - y ]
Beamline (BNB). + ) :
o of + Neutrino 3
« Observed an excess of L éff,tfo[:,tzﬁ ™ ‘
electromagnetic (EM) eventsin 3 i { 3 v. from K** "
the low energy range. * B ¥y NOM 5 ¢
gy g g : [ ~° misid

L% 1.0 ' -ﬂaT"Y :
 However, it was ‘ (- il 1
unable to discriminate —— Constr. Syst. Error .
between electrons and 0.5 ¥

photons. _ — T -
0.0 * — -

02 04 06 08 1.0 12 1415 30
 Electron-like LEE could be EZE (GeV)

evidence for the existence of

sterile neutrinos. arXiv: 0812.2243

e Photon-like LEE could be evidence for photon background process not predicted by
MiniBooNE.
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NC A Radiative Decay

e Produces a single EM
shower giving it the same

signature as the LEE v V y
events.

* Irreducible background
for the electron neutrino Ar A\
search in MiniBooNE.

« Used to benchmark X

MicroBooNE’s sensitivity _ .
to a photon LEE. Diagram of NC A radiative decay.

« Rare in MicroBooNE, ~100 expected events per 6.6e20
POT (in fiducial volume).
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Event Topologies
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Event Reconstruction
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MC Samples

Signal:

e NC A radiative - only events with true neutrino vertices inside
the fiducial volume.

Background:

e BNB + cosmic — any neutrino
Interaction from the BNB with
simulated cosmic tracks and
showers.

4

e |In-time cosmic - Simulated MicroBooNE simulation: BNB T°.
cosmic tracks and showers that
produce light in time with the
beam.
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Event Selection

Reconstructed vertices with at
least one associated shower.

Cosmic background mitigation.

At least one associated track?

Reject vertices with
longest associated

track length > 30 cm.

Shower dE/dx and Shower dEldx to
: shower conversion OW X
Not yet implemented distance to reject reject electron

electron showers. showers.
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Event Selection

Reconstructed vertices with at

06— -
- — NOAR least one associated shower.
05 | —— BNB + Cosmic
- —— Cosmic . . .
3o = Cosmic background mitigation.
g r WORK IN -
< ool PROGRESS At least one associated track?
0.1;— —— - - -
- | . Reject vertices with
T e — ) — T — longest associated
_ _ _ track length > 30 cm.
Reject vertices with showers >

40 cm from in-beam flash.

Shower dE/dx and Shower dEldx to
- shower conversion .
Not yet implemented distance to reject reject electron

electron showers. showers.
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Event Selection

Reconstructed vertices with at

- — NC A Rad least one associated shower.
o,s:— . —— BNB + Cosmic
g | — osme Cosmic background mitigation.
T 06—
Eoaf o as At least one associated track?
02l
i Reject vertices with
e Ewwm— e e S ———— T T -
00 200 400 600 800 1000 1200 1400 1600 1800 2000 IonQESt aSSOCIatEd
_ ol imBeam P _ track length > 30 cm.
Reject events with total in-
beam PE < 140.
Shower dE/dx and Shower dEldx to
: shower conversion oW 2
Not yet implemented distance to reject reject electron

electron showers. showers.
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Event Selection

Reconstructed vertices with at

least one associated shower.

. . . \
Reject vertices outside the Cosmic background mitigation.
fiducial volume.

At least one associated track?

Reject vertices with
longest associated

track length > 30 cm.

Shower dE/dx and Shower dEldx to
: shower conversion OW X
Not yet implemented distance to reject reject electron

electron showers. showers.
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Event Selection

Reconstructed vertices with at

0.35§|r — NC A Rad least one associated shower.
= > —— BNB + Cosmic
03—
§°-25§+'|' — Cosme Cosmic background mitigation.
§ozf- 1]
§orsf o as At least one associated track?
0.1:—-”‘1_

Reject vertices with

OOI I I(IJﬁl'JE; I IOl.‘II I I'1|).15I - 0.2I I 6.25 0.3 0.35 0.4 0.45 0.5 IonQESt aSSOCIatEd
- Summe(i Shower Energy [-GeV] . track Iength > 30 cm.
Reject vertices with associated

shower energy < 70 MeV.

Shower dE/dx and Shower dEldx to
- shower conversion .
Not yet implemented distance to reject reject electron

electron showers. showers.
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Event Selection

Reconstructed vertices with at

0.182 — NCARad least one associated shower.
0.16:— —— BNB + Cosmic
0145—* i
- F — Cosme Cosmic background mitigation.
8 o012
[aian | o as At least one associated track?
0.08]- |
0.04 - ) . :
002 : Reject vertices with
S == D B s M nin== longest associated
° %0 Lor:goé)st Associat;gql'rack Leng%r??cm] 250 300 - tl’&Ck Ien gth > 30 cm.
Shower dE/dx and sh dE/dx t
- shower conversion ower X 1o
Not yet implemented distance to reject reject electron

electron showers. showers.

MANCHESTER 1Bo

1824
The University of Manchester N




Selection Efficiency
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True Neutrino Energy [GeV]
Successive Cut Total Efficiency %
NC A radiative BNB + cosmic In-time cosmic

Cosmic background mitigation 53 10 0.4
Longest associated track length <= 30 cm 50 3 0.2
Shower dE/dx and conversion distance TBD TBD TBD




Further Background Mitigation
Strategies

Cosmogenics are the largest background contribution despite a factor 500

reduction.
aan '
[
- BNB shower ]
. R N - I
Cosmic - '
CRT tracks n
panels Detector Cosmic
shower
Detector Z-axis
—

Utilize cosmic ray tagger information. Directionality cut for cosmic showers.

TPC

y shower \
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More aggressive fiducial volume cut

Consider shower proximity to
for external 110 events.

cosmic tagged tracks.




Summary

This Is the first attempt at a search for low energy single
photon events in MicroBooNE.

Challenging analysis due to low signal event rate.

e Signal selection efficiency of 50 % with cosmic background
reduced by a factor of 500.

* Next steps:
— Introduce dE/dx vs conversion distance cut.
— implement further background mitigation strategies.
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