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NOVA Overview

A long baseline neutrino
oscillation experiment currently
under construction.

NOVA uses a Near Detector at S
FNAL and a Far Detector located o
810 kilometers away in Ash River,
MN placed 14 milliradians off-axis
from the existing NuMI beam.

e Functionally identical Near and Far
Detectors consist of extruded pvc cells
filled with liquid scintillator.

The experiment will probe the e Each cell contains a wavelength shifting
vV, 2V, and v, >V, oscillation fiber connected to an Avalanche Photo
channels to achieve a wide range Diode (APD).

of physics goals. * Planes of horizontal and vertical cells
For a more detailed overview see are alternated to provide 3D tracking.

the following talk by Satish Desai.
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Events in NOVA

1 meter

1 meter

The fine detector segmentation and low-Z allow
for differences between “tracky” muons and
“showery” electrons to be seen.
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(simulated events with 2 GeV visible)

1 radiation length = 38cm (6 cell depths, 10 cell widths)
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Global Reconstruction
Philosophy

e Find general event
features before applying
finer reconstruction.

e Knowing the vertex
makes short tracks more

significant.

e Approach is robust
against uninstrumented

gaps in the detector.
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1 meter

E - p+n0

1. Hough algorithm to
draw guidelines.

= 2. Elastic arms algorithm
e to find global vertex.

3. Fuzzy k-means algorithm
to make clusters.
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Multi-Hough Transform:

Building Guidelines

 Modified algorithm where
pairs of points are mapped into
hough space, more robust
against noise.

* Points near lines are removed
in an iterative process in order
to find finer structure.

* In 90 % of all charged current
events the prominent hough
line comes within 11 cm of the
event vertex.

Fernandes & Oliveira, Pattern Recognition 41 (2008) 299-314

counts/100 events/cm

30
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The iterative line finding process
allows the small line seen here to
become significant.

Perpendicular Distance from First Hough Line to True Vertex
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Elastic Arms: Vertex Finding

e The algorithm fits a model of a single vertex and N “arms” to the event by
minimizing the energy function below.

Least squares Noise penalty Displaced prong penalty
h|ts /varms
N K N N
2
E = M;, + A /1—
i=1a=1 i=1 \a=1 >\=

Photon conversion

X2 distance from hit .
distance scale

itoarm a

 Hough lines and intersections are used as seeds for arms and vertex.
* This is unique application because the vertex location is not known a priori.

e Events in NOvVA tend to be simple 2-5 track events and interactions are rare
enough to be successfully separated into separate slices.

M. Gyulassy and M. Harlander, Computer Physics Communications, 66 (1991) 32-46.
M. Ohlsson, C. Peterson, Computer Physics Communications, 71 (1992) 77-98.

M. Ohlsson, Computer Physics Communications, 77 (1993) 19-32.

R. Fruwirth and A. Strandie, Computer Physics Communications, 120 (1999) 197-214.
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Vertexing
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Possibilistic Fuzzy K-Means Clustering

X

Vertex o X o Tracks can now be Distance to cluster centers

\‘;\S X Mappingto | _ clustered in one N

« angular space | &  dimension. di; = (—)
/W}S s 3
", /N
% X theta
Individual hits are allowed to have membership in Cluster Membership
multiple clusters, making them “fuzzy”.
m\/Edij

e A cells total membership cannot exceed one, but it is not U;j = e B

normalized, allowing noise hits to be unclustered.

e Clustering is done separately in each view of the

characteristics.

Updating cIuster centers

R. Krishnapuram, J.M. Keller, A possibilistic approach to clustering, IEEE Trans. Fuzzy Syst. 1 (1993) 98110.
M.-S. Yang, K.-L. Wu, Unsupervised possibilistic clustering, Pattern Recognition, 39 (2006), pp. 521.

detector and then matches are made based on cluster K ” L(0; -0, )
0 =0, + —
k Ui
j=172
E. Niner, NOVA Reconstruction 8
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Algorithm Performanc

A well reconstructed multi-prong

e event with a n® candidate found
during operation of the Near
Detector on the Surface (NDQOS)
prototype detector at FNAL.
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Cl USte rl ng Pe rfOrma nce Far Detector Simulation

fraction of electron energy captured in cluster
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Efficiency of Electron Reconstruction
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Achieves >90% efficiency and >80% purity at energies of interest in reconstructing
a cluster capturing the primary electron in a charged current interaction.

Efficiency =

electron energy in cluster

4/11/2013

electron energy in event

Purity =

E. Niner, NOVA Reconstruction

electron energy in cluster

total energy in cluster
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Electron Neutrinos in NDOS

e The full analysis framework using this reconstruction chain as input to a neural net
was run over six months of NuMlI data collected at NDOS.

e This is the first test that the planned Far Detector analysis works on real data.

e This reconstruction chainis
the input for a neural net
that is one of the primary
frameworks for the
oscillation analysis. For
sensitivity studies of the
planned v, appearance 10
analysis see the talk by Chris
Backhouse.

] NDOS Data — fotal mc + cosmics
- mc background + cosmics

events

] mc vi©

Y
=
[5%]
L IIIIII|
i
I
a

.
2

e The data, in black, pulls away
from the predicted
background plus cosmic
spectrum in magenta,
indicating the presence of v, 0 1

neural net output
charged current events.

10" _
7
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v, candidate in NDOS data
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Conclusions

* The reconstruction techniques described have
proved to be a good approach to event vertexing
and have good performance with both track-like

and shower-like particles.

* This reconstruction lays the framework for one of
the principle particle identification algorithms
being developed for the electron neutrino
appearance analysis.

e The analysis has been shown to function on real
data in the NOVA prototype detector.
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1. Hough algorithm to
draw guidelines.

SHELE 2. Elastic arms to find
L global vertex.

3. Fuzzy k-means
algorithm to make final
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Ve rtEXI ng Pe rfO rma nce Far Detector Simulation

Vertex Resolution, X Coordinate Vertex Resolution, Y Coordinate
e 25[F L e I L ' — — — ——
1Z] B v, CCQE cc Qe is N E 29 = =
£ B Mean: 0.03 FWHM: 3.30 Ve Lol ] @ = v, CCQE —— v, CC QE events 3]
e —— All v_ CC events . & 20 —
3 oo} | Underfiow: 0.61% Overlow: 0.51% o _ 2 - Mean: -0.10 FWHM: 3.70 —— All v, CC events 3
=] - All v, CC . - — 0. - 0.54% —
‘9 - Allv, v, CC Non-QE events ] g 18 E Underflow: 0.68% Overflow: 0.54% v, CC Non-QE events E
% B Mean: -0.01 FWHM: 4.26 i g = All v, CC =
% 15 [~ | Underflow: 0.77% Overflow: 0.66% ] g - E Mean: -0.00 EWHM: 4.56 E
) B el E /3 7 8 [ | Underflow: 0.83% Overflow: 0.55% 3
B Mean: -0.02 FWHM: 4.48 i 12— v, CC Non-QE =
- | Underflow: 0.83% Overflow: 0.70% — - B
10— — 10— Mean: 0.03 FWHM: 4.80 —
[ ] 8 | Underfiow: 0.87% Overflow: 0.56% =
B i ] =
5— ] - 3
B ] 4= -
B ] 2F- =
0 | l | l — | | | | | .
0 " }
-40 20 0 20 40 40 20 ) 20 40
monte carlo truth - reconstruction (cm) monte carlo truth - reconstruction (cm)
Vertex Resolution, Z Coordinate Vertex Resolution, 3D Difference
12 . — — — T —— T — T
E [ v CCQE g 3517 -
2 B B v, CC QE events ] o M © CCOE —— v, CC QE events ]
5 10— Mean: -1.76 FWHM: 5.39 ] a8 H : ]
= B —— All v, CC events ] S 30H Mean: 7.49 68% < 6.0 cm —— All v CC events —]
] Underflow: 0 34% Overflow: 1.39% o HH ]
g : Alv.CC e vn cc N'on-QE events : g il 80% < 16.0 cm Overflow: 1.05% - \,ﬂ cec NOR-QE events T
= [ b ] S i All v, CC -
% 8 [ Mean: 0.865 FWHM: 7.17 ] = 251 e ]
5 g N Mean: 10.85 68% < 10.0 em ]
Q [~ Underflow: 0.77% Overflow: 1.92% N g L] ]
° B Neclas 1 g 20H |[e0%<280cm Overfow: 1.00% —]
6 B — 1 ]
| 1 CC Non-QE ]
B Mean: 1.53 FWHM: 7.65 ] 1 W0 o ]
1517 Mean: 11.70 8% < 10.0 cm —]
[~ | Underflow: 0.88% Overflow: 2.05% 7 1 T
41— — F 90% < 32.0 cm  Overflow: 0.98% ]
| 10 —]
2l ] - 3
B . 51— —
0 N I I _ 0 - I I I I I E
-40 -20 0 20 40 0 20 40 60 80 100 120 140
monte carlo truth - reconstruction (cm) |mente carlo truth - reconstruction| (cm)

4/11/2013 E. Niner, NOVA Reconstruction



Vertexing Performance

Vertex Resolution, X Coordinate
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Vertexing Performance

Vertex Resolution, X Coordinate

Vertex Resolution, Y Coordinate
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Clustering Performance

Efficiency of Electron Reconstruction Purity of Electron Reconstruction
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Clustering Performance

Efficiency of Muon Reconstruction
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counts/100 events/cm
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Multi-Hough (2)
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X Hough Map - l
5
0 200 400 I
u HH 6
1(}0__ |} EIEE_. - B
o 8 _'_qu“n 5
50k BRETEE HeH FE| I
: ™ q [0} E
E ob| ¥ e :
< F raaig s e e R
-SD__ = = B a 15 piem) . - B - - R
-100 B q - | 0 -
- =] 3 —
20’0__' T T T =
150 S EEEEEL: B o 150 100 o™ E
100 E - i H -
S0F B g B R - =
g F i HEFLE y [ o
3 0:_ i o EE::i mm g _EEE = | A I R R A LN LS AR
SO - - Y Hough Map i
S0F | - Fuis E 2sf
C g oy = B I I
00F |7 - - " 6]
150 F : FE l
F | . E 4
2200 B : : I
0 200 400 g 37
2_; | PSS EPE A AR E;U....‘.J..:.5.0::::_.(:)0::::‘5_3::::20_3
| piem)
NOVA - FNAL E929 1= -
2102 ' ; ' ]
Run: 1/0 i 10 0
Event: 57 / NuMI : 3
I Lokt A
EJEGTSZSESOLDL?}M 0 100 200 3 2 - 200 3000 3500 4000
:00:0. ("609 1 0 50 q(ADC)
05 5o 100 0 (m)

0 -200
4/11/2013 E. Niner, NOvA Reconstruction 25



Multi-Hough (4)  xhougn map
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2 Point Hough transform
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2 Point Multi-Hough transform
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