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MicroBooNE Results
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Neutrino Oscillation Workshop 2022
Rosa Marina (Ostuni, Italy)

:@, W@w S ALFRED P. SLOAN
N/ (7 FOUNDATION




MicroBooNE turns 15 vears old this October!

Pro pOSa I: 2007 (addendum, 2008) More than 45 publications
within the last 5 years
Construction: 2010-2012 L
More than 75 public notes
sharing with the community

Installation & Commissioning: 2012-2015 as we go
"

MicroBooNE being | . AN

toweredinto LATE [ Operations: 2015-2020

Detector shutdown: 2022
Physics data analysis continues...
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MicroBooNE: zoo7-today

MicroBooNE has been a flagship neutrino LArTPC experiment in the U.S. over the
past decade, demonstrating the power of the technology in making precision
measurements. It has already delivered on its main physics goals:

e Firstdirect tests of the MiniBooNE anomaly
e The world’s first high-statistics precision cross-section measurements on argon

: [See talks by K. McFarland, Monday,
o
Further searches for new physics and & Gardiner. Friday]

MicroBooNE is also laying the groundwork for upcoming and future LArTPC
detector programs:

e Short Baseline Neutrino (SBN) program (SBND and ICARUS)
e Deep Underground Neutrino Experiment (DUNE) [See talk by L. Stanco, Tuesday]

@ P9 ALFRED P. SLOAN i iorgi
@»@,e g FOUNDATION Georgia Karagiorgi, September 7,2022 3




MicroBooNE: zoo7-today

MicroBooNE has been a flagship neutrino LArTPC experlment in the U.S. over the
past decade, demonstrating the pow recision
measurements. It has already delive

“Low Energy Excess (LEE)”
results, October 2021

This talk!

e Firstdirect tests of the MiniBooNE ano
e The world’s first high-statistics precision crosv4sectiori measurements on argon
e Further searches for new physs

atést sterile neutrino
oscillation search
results, this summe

This talk!
re LArTPC

MicroBooNE is also laying the grounc
detector programs:

e Short Baseline Neutrino (SBN) program (SBND and ICARUS)
e Deep Underground Neutrino Experiment (DUNE)
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MiniBooNE Anomaly (2000°s)

Fermilab Booster Neutrino Beam:

(neutrinos from z*—u™* decay in flight, 500m baseline)
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MiniBooNE Detector

Signal Region

Veto Region

Electron neutrino signature:
Fuzzy cherenkov ring from electromagnetic shower
from the electron produced inv_+n — p + e’scattering
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.‘-:j‘ (proton usually below
cherenkov threshold)
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MiniBooNE Anomaly (2000°S)

Fermilab Booster Neutrino Beam: Observation: Excess veinav, dominated beam, 4.8¢
(neutrinos from z*—yu* decay in flight, 500m baseline) £ s [ other
- e r + MiniBooNE Collaboration Mo
£ 100 B E Phys. Rev. D 103, 052002 (2021)  [acsmy
3 400— ' !
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Signal Region :
Veto Region »
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—) >C‘V) ,jj\”;‘ Primarily at low
_ . —_ o,
')?‘ - e A e % 3] reconstructed v energy:
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~ e “Low Energy Excess”
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002

What is the source of the MiniBooNE Low Energy Excess?

For a broad review

of Standard Model

and beyond-Standard
Model interpretations,
see the “Snowmass 2022
NFO2 White Paper”:

V :
e w
: |
- . /\ arXiv:2203.07323
n p
vﬂ\/vy
W
' °

Key observation: electromagnetic shower
fromv_CCinteractions
e ys

But, the same signature is shared by a photon,
e.g. from v, NC interactions

xe
o ¢

/4

a
Could the MiniBooNE excess /Cr ,,
be a misunderstood photon background? )
n,p n,p issed?
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https://arxiv.org/abs/2203.07323

MicroBooNE at Fermilab

MicroBooNE being
lowered into LAfTF

Much more ad
Liquid Argon Fime

”700?7
==—> MicroBooNE!
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http://www.youtube.com/watch?v=vaoaeEBRYec

Unprecedented look at neutrino interaction final states!

v_orv differentiation based on electron (shower) vs.
muon (track)

unique strength of LArTPC technology:
ability to identify explicitly the way eachv_or v
interacts! (resonantly, coherently, ...)

10 cm BNB Run: 16341 Subrun: 27 Event: 1359 BNB Run: 11001 Subrun: 42 Event: 2145

pBogNEz doc

NuMI DATA: RUN 10811, EVENT 2549. APRIL 9, 2017.

BNB DATA : RUN 5235 EVENT 1915. MARCH 2, 2016.

Run 3475 Event 41893 October 22nd, 2015
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MicroBooNE can resolve electrons/photons!

uBooNE

" Photon
"% Candidates

. Proton
“._ Candidate

Proton =y

Candidate

Run 15318 Subrun 159 Event 7958 Run 8617 Subrun 46 Event 2328

v, NC =z° candidate data event v, CC candidate data event
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MicroBooNE can resolve electrons/photons!

uBooNE

gaps between
shower start and
interaction vertex

%, Candidates

.. Candidate
Proton ‘
Candidate

Run 15318 Subrun 159 Event 7958 Run 8617 Subrun 46 Event 2328

v, NC =z° candidate data event v, CC candidate data event
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MicroBooNE can resolve electrons/photons!

Photon
% Candidates

o=

dE/dx consistent
with 2x m.i.p. (e* and e-)

Proton
Candidate

Run 15318 Subrun 159 Event 7958

v, NC =z° candidate data event
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uBooNE

dE/dx consistent
with 1x m.i.p. (e-)

il

[
5/
M Proton

. Candidate

Run 8617 Subrun 46 Event 2328

v, CC candidate data event
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First low-energy excess search results in October 2021!

“Low Energy Excess (LEE)”
results, October 2021

MicroBooNE’s first direct tests of the MiniBooNE anomaly
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First low-energy excess search results in October 2021!

Making use of only half of the
total dataset collected by
MicroBooNE during its entire
operations timeline
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MicroBooNE photon search

Is the MiniBooNE excess
single-photons?

Search for Neutrino-Induced Neutral-Current A Radiative
Decay in MicroBooNE and a First Test of the MiniBooNE
Low Energy Excess under a Single-Photon Hypothesis

P. Abratenko et al. (MicroBooNE Collaboration)
Phys. Rev. Lett. 128, 111801 (2022) — Published 14 March 2022

[—
17 em

= T The MicroBooNE collaboration rules out a promising standard

model explanation for the MiniBooNE low-energy excess: A

baryon radiative decay.
Show Abstract +

uBooNE  1y0p
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MicroBooNE photon search

I ! . Datla (stat err.)
[ v, from -
[ v, fromK™"
= v, from K’
s ° misid
COa—>Ny
I dirt

[ other

Constr. Syst. Error
——————— Best Fit

T T T

Is the MiniBooNE excess mis-estimated x3.18 NCA—Nyp?

Events/MeV

e Dominant source of Standard-Model-expected
single-photon processes at MiniBooNE beam energies
e Never been directly measured in neutrinos before MiniBooNE Collaboration

e Only indirectly constrained in the MiniBooNE analysis - Phvs.Rev. D103 052002 (2021)
F=8==

IllIlIIIlllIlIIllIIllIlIIlllIllIllllll

3.0
ESF (GeV)
NC A—Nyand
NC A—Nz° rates
®® arecorrelated

&6
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002

MicroBooNE Collab, Phys. Rev. Lett. 128, 111801 (2022)

MicroBooNE photon search

NC A—Ny: Delta (1232MeV) baryon resonance production, followed by radiative decay:

1p1p topology 1yop topology

Short proton candidate
with Bragg peak

Single EM shower

Single EM shower
pointing back to track

Distinct gap No proton-like activity
behind EM shower
(Neutrons

non-ionizing)

MicroBooNE Simulation MicroBooNE Simulation

A rare Standard Model-expected process
We expect only 124.1 such events in Run 1-3 data! two mutually exclusive “selections®

VN, ALFRED P. SLOAN . -
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801

MicroBooNE photon search

80

Events

70

60

50

40

1y1p

/

N[O

NC A - Ny
LEE Model (x ,=3.18)

All Other Backgrounds

Total Unconstrained
~Background & Error

[ NC1r® Resonant A(1232)
B NCi® DIS
Bl NC1x° Higher Resonances

MicroBooNE ty1p Data

(6.80x10%° POT)

% Total Constrained
\' Background & Error

e
3
Unconstrained Constrained
1y1p
Unconstr. bkgd. 27.0 £ 8.1 16
Constr. bkgd. 20.5 £ 3.6
NC A = Ny + 488 Data Events
LEE (zmB = 3.18) +15.5 Observed

$50S
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Events

MicroBooNE Collab, Phys. Rev. Lett. 128, 111801 (2022)

1y0p

400F-" INC A — Ny [ NC 1 Resonant A(1232)
s LEE Model (x =3.18)  |[IINCt® DIS
- [l cC v,/v, on° I NC 1 Higher Resonances

300 [ CC v,/¥, (>0)x°
= %‘ Total Unconstrained
£ 7 Background & Error

Il NC 1 Coherent
[_] All Other Backgrounds

25

o

i

MicroBooNE tyOp Data

(6.80x10%° POT)

% Total Constrained
\\ Background & Error

Constrained

Unconstrained

1y0p

Unconstr. bkgd. 165.4 + 31.7 153
Constr. bkgd. 145.1 £+ 13.8 Data Events
NC A — Ny +6.55

LEE (sv5 = 3.18)  +20.1 Observed
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801

MicroBooNE Collab, Phys. Rev. Lett. 128, 111801 (2022)

MicroBooNE photon search
1y1p results! 1p0p

2 8
S & NC A —» Ny . NC1n® Resonant A(1232) ‘ S 400E NC A — Ny [ NC1n® Resonant A(1232)
TR LEE Model (x, =3.18)  |[MENC1°DIS - LEE Model (x...=3.18)  [ENC1ir° DIS
D All Other Back gher Resonances
60—, Total Unconsti sherent

5 ~ Background & Backgrounds

The lack of significant excess ruled out the NC A—Ny
interpretation of the MiniBooNE excess at >95% CL.

I|IIII|IIII|IIII|IIII|II

40

7,
The result also has been translated into a world-leading limit BooNE 0p Data
on the branching fraction of this Standard Model process gg;‘;;’a?l;;d
which represents a 50-fold improvement jjound & Error
Unconstral over the previous best limit from T2K experiment. nstrained
1yif
Unconstr. bkgd. 153

Constr. bkgd. 20.5 3.6
NC A — Ny +4.88
LEE (xmB = 3.18) +15.5

Constr. bkgd. 145.1 + 13.8
NC A — Ny +6.55
LEE (zmB = 3.18)  +20.1

Data Events
Observed

Data Events
Observed
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801

MicroBooNE electron search

Is the MiniBooNE excess

single-electrons?

%8OS

ALFRED P. SLOAN
FOUNDATION

Search for an Excess of Electron Neutrino Interactions in
MicroBooNE Using Multiple Final-State Topologies

P. Abratenko et al. (MicroBooNE Collaboration)
Phys. Rev. Lett. 128, 241801 (2022) — Published 13 June 2022

New neutrino-oscillation data show no sign of an anomalous
signal seen in previous studies, but the analyses can’t yet fully
rule out its presence.

Show Abstract +

Georgia Karagiorgi, September 7,2022 21




MicroBooNE electron search

Three (3) independent analyses:

MicroBooNE Simulation

All search for av_excess at low E 80 Selo 106 6107 OT.
energy modeled as intrinsic electron = ng‘ ..... PR Dyt
neutrino background enhancement, S sof
from MiniBooNE unfolding 5 ‘3‘855
159 F:
5 20f!
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03111
0 1000 2000 3000 4000
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3,
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LEE Model Weight
N

—— Unfolded MiniBooNE LEE Model

600 800 1000 1200 1400
True E, [MeV]
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MicroBooNE electron search

Run 6046 HIP
Subrun 72 MIP
Event 3633 Shower

Enu=1060 MeV 1 .
ki Analysis 1:

Very v_-pure (charged-current quasi-elastic kinematics)
Deep Learning-based reconstruction

L . MicroBooNE Collab, , accepted by PRD (2022)
MicroBooNE Data == MicroBooNE Collab, , accepted by PRL (2022)
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https://arxiv.org/abs/2110.14080
https://arxiv.org/abs/2110.14054

MicroBooNE electron search

Analysis 2:

MiniBooNE-like final states
Pandora “particle flow” reconstruction

MicroBooNE Collab, arXiv:2110.14065, accepted by PRD (2022)
MicroBooNE Collab, arXiv:2110.14054, accepted by PRL (2022)

BNB Run: 16341 Subrun: 27 Event: 1359
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https://arxiv.org/abs/2110.14065
https://arxiv.org/abs/2110.14054

MicroBooNE electron search

Analysis 3:

All-inclusive final states, high statistics
Tomographic reconstruction techniques

Y (vertical)

De-ghosting

ssssss

X (Earift)

Z (beam)

MicroBooNE Collab, arxiv:2110.13978, accepted by PRD (2022)
MicroBooNE Collab, arXiv:2110.14054, accepted by PRL (2022)

cluster MicroBooNE Data
MicroBooNE Data
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https://arxiv.org/abs/2110.13978
https://arxiv.org/abs/2110.14054

MicroBooNE electron search

T ® MicroBooNE Observed
No significant v_ excess observed ' Non-v, background
Intrinsic ve
. /==, Total, no eLEE (x =0.0)
Conclusion: 2.0 1 — Total, w/ eLEE (x = 1.0)
MiniBooNE anomalous excess cannot be all v,
1.5 -

Phys.Rev.Lett. 128 (2022) 24, 241801

} B

lelp CCQE leNpOn 1eOpOmn leX
[200 MeV,500 MeV] [150 MeV,650 MeV] [150 MeV,650 MeV] [0 MeV,600 MeV]

| ] J |\ J
Analysis 1 Analysis 2 Analysis 3
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Electron neutrino LEE search has also been
reinterpreted as a search for light sterile
neutrino oscillations

0.5 A

Events Observed / Predicted (no eLEE)

0.0



https://arxiv.org/abs/2110.14054

Further searches for new physics
with MicroBooNE
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MicroBooNE search for sterile neutrino oscillations

Electron LEE search results re-interpreted under a
sterile neutrino oscillation hypothesis, combining:

Muon neutrino disappearance, and

Electron neutrino appearance and disappearance

MICROBOONE-NOTE-1116-PUB

5@@% ALFRED P. SLOAN
& FOUNDATION

10

10

Am3, (eVv?)

MicroBooNE Preliminary

[ LSND 90% CL (allowed)
7] LSND 99% CL (allowed)

= MicroBooNE 95% CL, (BNB data)
profiling over sine,,
in the 3+1 oscillation scenario

MicroBooNE 95% CL (BNB data)
v, appearance-only

==== MicroBooNE 95% CL, (BNB+NuMI sens)
sin@,, = 0.005
in the 3+1 oscillation scenario

~

BNB
sensitivity

107
i 1eX analysis
10—2 L L lllllll 1 1 IlIIIII 1 L lllllll 1 L L L1l
10°* 10 1072 107"
sin°26,,,
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1116-PUB.pdf

MicroBooNE search for sterile neutrino oscillations

Electron LEE search results re-interpreted under a o MicroBooNE Preliminary
sterile neutrino oscillation hypothesis, combining: 1 :

[ LSND 90% CL (allowed)
7] LSND 99% CL (allowed)

= MicroBooNE 95% CL, (BNB data)
profiling over sine,,
in the 3+1 oscillation scenario

Muon neutrino disappearance, and
Electron neutrino appearance and disappearance 10

N/

can lead to cancellation of signal and
oscillation parameter degeneracy

MicroBooNE 95% CL (BNB data)
v, appearance-only

==== MicroBooNE 95% CL, (BNB+NuMI sens)
sin@,, = 0.005
in the 3+1 oscillation scenario

Amg, (eVv?)

S~
)
* .
-

Forthcoming: BNB and NuMI beam combined fits 107

= BNB
provide additional handle for resolving ambiguities sensitivity
— enhanced sensitivity (full LSND allowed L 1eX analysis
re ioncovera eat95(y CL) 10—2 L1 ||||||l L1 |1||||| L1 lllllll L1
° & ’ 107 107 1072 10" 1
sin°26,,,

MICROBOONE-NOTE-1116-PUB
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1116-PUB.pdf

MicroBooNE search for sterile neutrino oscillations

Exclusive electron and muon neutrino disappearance limits:

Data/Pred

700
> Data/Y Pred = 1.08 + 0.13 EEm BNB v, CCQE (3369.27)
600 : 20 Neutrino Background (699.15)
MicroBooNE 6.67 x 10<° POT mE BNB OffVix (313.08)
500 { B Cosmic Background (97.77)
Systematic Error
400 Data (4848)
300
20
100
2
1 /? oSS f Y D I AGHTY WA A A 2 ¥
900 400 600 800 1000 1200
E, [MeV]

data consistent with background prediction
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10

10t

10°

2
Amzy

1071

Data 90% CL 3+1 Disappearance

.....

1u1p analysis

MicroBooNE 6.67x102° POT, — .
Preliminary

uB 90% Allowed Region
uB 90% FC Sensitivity
MB 90% Shape-Only Exclusion

10! 100
Ty
sin“(26,,)

Also forthcoming: 1e1p + 1m1p combined search,
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1106-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1105-PUB.pdf

What have we learned?

No evidence of electron
neutrino background enhancement
at low energy!

No evidence of underestimation of NC
Delta radiative decay background!

No evidence of sterile neutrino oscillation (“vanilla” 3+1 scenario)!
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Where next?

Beyond “vanilla” scenarios!
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Where neXt? For a broad review,

see the “Snc.)yv.mass 2022
NFO02White Paper”:

An extensive body of theoretical work on alternative interpretations

of the MiniBooNE and other short-baseline neutrino anomalies
over the past decade!

Of particular interest, “Dark Sector” Vu
physics models, e.g. neutrino up-scattering to
heavy neutrino through dark photon, followed

by decay to e+e-
1
o
Vu N\ VA .
, S
Carbon

+ other exotic decays to e+e-, 1
e.g. axion-like particles, new scalars Gredifyislblosig
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https://arxiv.org/abs/2203.07323

Digging deeper

NS or

Of particular interest, “Dark Sector” or Overlapping e+e_

physics models, e.g. neutrino up-scattering to

-
heavy neutrino through dark photon, followed o8
by decay to e+e-
1
N e
14 /
2, g
VA y]

Carbon

+ other exotic decays to e+e-,
e.g. axion-like particles, new scalars
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Digging deeper

Multiple ongoing analyses searching for exotic e+e- production
due to dark neutrinos as a potential MiniBooNE LEE explanation

@ T What can we learn with better reconstruction and selection?
e+e- opening angle?
invariant mass?

Analyses
ongoing

uBooNP

MicroBooNE Simulation

(3

Published results on decays of Heavy Neutral Leptons
and Higgs Portal Scalars

New results
this summer

Georgia Karagiorgi, September 7,2022 35
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https://arxiv.org/pdf/2207.03840.pdf
https://arxiv.org/abs/1911.10545
https://arxiv.org/abs/2106.00568

A new phase of precision searches at short baselines

ICARUS and SBND, alongside MicroBooNE,
form the SBN program, currently ramping up!

Near Detector

Far Detector | SBND
N !,%g? IEJ Asr MicroBooNE 180t LAr
170t LAr 2
[ S f C -
T ey T EEE |
LYV
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https://arxiv.org/abs/1503.01520
https://inspirehep.net/literature/1724672

A new phase of precision searches at short baselines

ICARUS and SBND, alongside MicroBooNE,
form the SBN program, currently ramping up!

Sensitivity to 3+N oscillations is achieved through combined,

multi-channel searches: 107 (e

5 (V)

Am;

:@r ]
b=

2

Global 99% C.I Coverage

102 :
107 107 1
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Proton

Caninclusively and exhaustively probe 3+N oscillations:

Significance(o)
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https://arxiv.org/abs/1702.01758

Summary

e MicroBooNE has collected its full data set!
e Nearly ayear after the release of MicroBooNE'’s first low energy excess results (using half its data):

o The leading photon background candidate interpretation to the MiniBooNE low-energy
excess has been ruled out

o MicroBooNE sees no evidence of electron neutrino background rate enhancement at low
energy, and no evidence of light sterile neutrino oscillations

e More sensitive light sterile neutrino oscillation searches are expected with additional MicroBooNE
data at hand, and with the upcoming SBN program

e MicroBooNE is charting new territory in the search for new physics with rich phenomenology at short
baselines

o New results on exotic searches, with e+e- focus are forthcoming!
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Thank you!

| = = » L g MicroBooNE Collaboration MeLting,May2022

on behalf of the MicroBooNE collaboration
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MicroBooNE search for sterile neutrino oscillations

MicroBooNE 6.369x102° POT, Preliminary
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1116-PUB.pdf

MicroBooNE search for sterile neutrino oscillations

Electron LEE search results re-interpreted under a sterile neutrino oscillation
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MicroBooNE search for sterile neutrino oscillations

Exclusive electron and muon neutrino disappearance limits:

MicroBooNE Preliminary
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Electron Results
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Is the MiniBooNE excess a misunderstood yp
background?

e Neutral Current (NC) z° production
followed by 7° — yy decay and mis-
identification

o Constrained insitu

I ! . Datla (stat err.)
~ 1 v, from ™
3 v, from K™
\ = v, from K’
s ° misid
COa—>Ny
I dirt
[ other
Constr. Syst. Error
——————— Best Fit

T T T

Events/MeV

MiniBooNE Collaboration
Phys. Rev. D 103, 052002 (2021)

e “Dirt” (mostly z° events with y’s scattering in
from outside the detector)
o Constrained in situ

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII

e A Standard Model-expected,
rare process: NC A— Ny
o Afactor of x3.18 increase could explain
the MiniBooNE low-energy excess!
o Needed a direct check!
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002

MicroBooNE Collab, Phys. Rev. Lett. 128, 111801 (2022)

MicroBooNE photon search

O

taorMe S, Pandora Flash Topological “\ Pre-Selection BDT Final
Reco matching Selection Cuts Selection Selections

At this selection stage, >100,000

single-shower background events!  Additional machine learning
algorithms target the key back-

1?1P 1')’Op grounds to the NC A—Ny signal.
4 ) 4 ) Leverage the known kinematics of the
& A—Ny decay products, particularly for
7 the 1p1p selection.

= Showe,

Two mutually exclusive NC A—Ny rich
single-photon selections
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MicroBooNE photon search
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[ INcasNy
[ ] BNBOther

Dirt (Outside TPC)
% Total Background and Error

:I NC 1n° Coherent
B ccv, 1w
:] CC v¢/V; Intrinsic

4 Cosmic Data

LEE Model (xMB =3.18)
MicroBooNE

Simulation (6.80x10%° POT)

1y1p Selection

V2 LLLLLLLLLL
V22222222272

1y1p y

final selection >~ Shower

Overall signal efficiency 3.9%

Process 1v1p
Total Background 27.0
NC A — Ny 4.88
LEE (zmB = 3.18) 15.5

VIIIIIIIII4

0.4 0.5 0.6
Reconstructed Shower Energy [GeV]

A 97.2% pure photon sample with overall background rejection
at 99.98% relative to all reconstructed single-shower events.

v, rejection at 99.8% (relative to all reconstructed

single-shower + single-track events).
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MicroBooNE photon search

80

o 80F=
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60
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50

% Total Background and Error

40 7

MicroBooNE

1y0p Selection

0.4 0.5

A 83.2% pure photon sample with overall background rejection
at 99.8% relative to all reconstructed single-shower events.

v, rejection at 87.6% (relative to all reconstructed

single-shower events).
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Dirt (Outside TPC) EZZ3 cosmic Data
LEE Model (x,,, =3.18)

Simulation (6.80x10%° POT)

. 0
Reconstructed Showe

.6 0.7
r Energy [GeV]

1y0p
final selection Showe,

Overall signal efficiency 5.2%

1~v0p
Total Background 165.4
NC A — Ny 6.55
LEE (l'MB = 3.18) 20.1

This selection lacks the track
vertex information — not as good
handle on backgrounds
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