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Sample for Evaluatlon

True Clusters by Type - Job Level, 118 events, APAO Cosmic Clusters by Category - Job Level, 118 events, APAO
762

478

Number of Files | 10

" APA O APA O

Events 118

195

Number of True Clusters
w o+ (9]

* Though small but
relatively good sample
| of neutrino and cosmic
‘ ' clusters for
reconstruction efficiency
True Clusters by Type -Job Leve, 118 events, APAL Cosmic Clusters by Category - Job Level, 118 events, APAL and purity evaluations

APA 1 APA 1

Number of Cosmic True Clusters
N w

. Isochronous cosmic clusters: 6, < 20"
(need to reduce to 150)

Number of True Clusters
w w
Number of Cosmic True Clusters
= N W

169
103 . Prolonged cosmic clusters: §,_ > 70"
(need to increase to 700)
51
Cluster Type < e Cosmic Tk Category - Normal cosmic clusters: 0, : - 209 — 70°

(need to change to 0, 150 759
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Efficiency as a function of True Cluster Energy

Efficiency vs True Energy (1D Projection) - Job Level, APAO

1.0 A

0.8 -

Efficiency
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Search radius 1cm for efficiency

0.2

0.0 A

®-acuters ) o This efficiency Is estimated
for all neutrinos and all
cosmics

e As expected efficiency Is
flat and stable as a function
of true energies of clusters

 Each point is an average
efficiency in a given true
energy bin

0 500 1000 1500 2000 2500
True Cluster Energy [MeV]

Efficiency definition: fraction of true clusters
matched to reco clusters

L5 Prabhjot Singh

3000

* Though the efficiency curve
Is flat and stable but it is
not as high as we would
have expected
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Efficiency as a function of True Cluster Energy

Efficiency vs True Energy (2D) - All Clusters (Job Level) - 118 events, APAO

l.O‘II— 50
— o

1d efficiency plot is estimated
from this 2d plot

0.8 A

* |n each true energy bin we take
the average efficiency

o
o

Efficiency

) * As you can see a large fraction
of true clusters are closer to
100% efficiency which we would
. e expect
oo  There is also a large fraction of

0 500 1000 1500 2000 2500
True Cluster Energy [MeV]

true clusters close to zero
efficiency which we do not

Efficiency definition: fraction of true clusters expect and it needs further
matched to reco clusters investigation
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Efficiency as a function of True Cluster Energy

Efficiency vs True Energy (2D) - Neutrino Clusters - 118 events, APAO

6
1.0

e Several neutrino clusters are at

_ 5 high efficiency regions but there
| are also some at very low
4 efficiencies

Efficiency
o
(o))
w
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oY
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0.0 l

0 500 1000 1500 2000 2500
True Cluster Energy [MeV]

Efficiency definition: fraction of true clusters
matched to reco clusters
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Efficiency as a function of True Cluster Energy

Efficiency vs True Energy (2D) - Normal Cosmic Clusters - 118 events, APAO

I- I e Normal cosmic: non-
- 20 isochronous and non-prolonged
closures

0.8

15

o
o

* This plot shows some fraction
of normal cosmic true clusters
also are close to zero efficiency

Efficiency

o
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0.0 l

0 500 1000 1500 2000 2500
True Cluster Energy [MeV]

Efficiency definition: fraction of true clusters
matched to reco clusters
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Efficiency as a function of True Cluster Energy

Efficiency vs True Energy (2D) - Isochronous Cosmic Clusters - 118 events, APAO

1.0 -

 Some isochronous true clusters
are also at zero efficiency
regions

20

0.8 A

15
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Efficiency
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0.0 .

0 200 400 600 800 1000 1200 1400 1600
True Cluster Energy [MeV]

Efficiency definition: fraction of true clusters
matched to reco clusters
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Efficiency as a function of True Cluster Energy

Efficiency vs True Energy (2D) - Prolonged Cosmic Clusters - 118 events, APAO

Y e

6

* A lot of prolonged cosmic

| -" clusters are at high efficiency
| regions and few are at low
4 regions
0.0 .

0 200 400 600 800 1000 1200
True Cluster Energy [MeV]

Efficiency definition: fraction of true clusters
matched to reco clusters
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Efficiency as a function of True Cluster Energy

Efficiency vs True Energy (1D by Category) - Job Level, APAO Efficiency vs True Energy (1D Projection) - Job Level, APAO

: e e o - e
AN it
o8- o &‘\? ‘ . //\’/\\ "
° APA O | APA O
Search radius 1cm for efficiency “|  Search radius 1cm for efficiency

1500 1500
True Cluster Energy [MeV] True Cluster Energy [MeV]

 These are summarized 1d efficiency plots for all categories: Neutrinos and
Cosmics

* All of these need some further investigation to understand the low efficiency
cases
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Reasons of low efficiencies

* A large fraction of low efficiency clusters is caused due to uncorrected
space-charge effects

* Space-charge effects can cause reco clusters to be reconstructed
slightly away from true clusters

* For efficiency estimates we include reco points within 1 cm radius from
true clusters but if reco points are more than 1 cm away from true

points then they are excluded from efficiency evaluation leading to low
efficiencies

* There are also some cases where true clusters did not find any reco
clusters which caused zero efficiency cases

 Some more investigation is needed to find may be other reasons for
non-matching between true and reco points
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Some cases of low efficiency: Event 2 Bee Link

True clusters: Event 2, APAO, XY (filel) Reco clusters: Event 2, APAO, XY (filel)
Cluster 9999 Cluster -9
500 Cluster 19 500 Cluster -77
| Cluster -142 i Cluster -87
-4 Cluster -11 i Cluster -141
: Cluster -220 Cluster -221
Cluster -78 Cluster 19
100 A 100 -
E E
> >
—100 - —100 -
True Reco
—200 -100 0 100 200 —200 -100 0 100 200
x [ecm] X [cm]

e =48% Reason for low efficiency: Space-charge effect
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https://www.phy.bnl.gov/twister/bee/set/cb034018-a5f2-4708-95a6-523c3ef5bdd6/event/2/

Some cases of low efficiency: Event 2

True Cluster -142 with Matched Reco (XZ) - Event 2, APAO (filel)
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—225 A
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Reco ID=-141 (€=0.48, p=0.69)
True ID=-142
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True Cluster -142 Missed Points (XZ) - Event 2, APAO (filel)

—75 4
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X [em]
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—200 A

—225 A
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True ID=-142 (missed, 9359/18205 pts)

Un-matched points

e =48%

LS

LOUISIANA STATE UNIVERSITY

150 200 250 300

Z [cm]

100

Y [ecm]

Y [ecm]

True Cluster -142 with Matched Reco (YZ) - Event 2, APAO (filel)

True Cluster -142 with Matched Reco (XY) - Event 2, APAO (filel)
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—250

yA [cm]t
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Reason for low efficiency: Space-charge effect
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https://www.phy.bnl.gov/twister/bee/set/cb034018-a5f2-4708-95a6-523c3ef5bdd6/event/2/

Some cases of low efficiency: Event 2 Bee Link

True clusters: Event 2, APAO, XY (filel) Reco clusters: Event 2, APAO, XY (filel)
Cluster 9999 Cluster -9
500 Cluster 19 500 Cluster -77
| Cluster -142 i Cluster -87
-4 Cluster -11 i Cluster -141
: Cluster -220 Cluster -221
Cluster -78 Cluster 19
100 A 100 -
E E
> >
—100 - —100 -
-200 -100 0 100 200 -200 -100 0 100 200
x [ecm] X [cm]

€ =955% Reason for low efficiency: Space-charge effect
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https://www.phy.bnl.gov/twister/bee/set/cb034018-a5f2-4708-95a6-523c3ef5bdd6/event/2/

Some cases of low efficiency: Event 2

X [em]
|

—100 A

—120 A

-140

X [em]
|
3

—100 A

—120 A

~140 -

e =55%
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True Cluster -78 with Matched Reco (XZ) - Event 2, APAO (filel)

Reco ID=-77 (€=0.55, p=0.14)
Reco ID=-87 (€=0. OO p=0.00)
True ID=-78
i E' o. Dl .
__-m~ . . _M- .. N A SABTRA A v v
Z [em]
True Cluster -78 Missed Points (XZ) - Event 2, APAO (filel)
True ID=-78 (missed, 7719/17146 pts)
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True Cluster -78 with Matched Reco (YZ) - Event 2, APAO (filel)
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Reco ID=-87 (¢=0.00, p=0.00)
True ID=-78 2007
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E
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e >
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Reason for low efficiency: Space-charge effect
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https://www.phy.bnl.gov/twister/bee/set/cb034018-a5f2-4708-95a6-523c3ef5bdd6/event/2/

Some cases of low efficiency: Event 2 Bee Link

True clusters: Event 2, APAO, XY (filel) Reco clusters: Event 2, APAO, XY (filel)
N eUt ri no Cluster 9999 Cluster -9
500 Cluster 19 500 Cluster -77
| nteractlon : . ' Cluster -142 {2 Cluster -87
-4 Cluster -11 i Cluster -141
: Cluster -220 Cluster -221
Cluster -78 Cluster 19
100 - 100 -
E E
> >
—100 - —100 -
—200 —-100 0 100 200 —200 -100 0 100 200
x [em] x [em]

e =950% Reason for low efficiency: Space-charge effect

Prabhjot Singh 16 July 2026 15


https://www.phy.bnl.gov/twister/bee/set/cb034018-a5f2-4708-95a6-523c3ef5bdd6/event/2/

Some cases of low efficiency: Event 2

True Cluster 9999 with Matched Reco (XZ) - Event 2, APAO (filel)

Neutrino -
Interaction..
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Un-matched points

e =50%

LS
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True Cluster 9999 with Matched Reco (YZ) - Event 2, APAO (filel)
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Reason for low efficiency: Space-charge effect
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https://www.phy.bnl.gov/twister/bee/set/cb034018-a5f2-4708-95a6-523c3ef5bdd6/event/2/

Some cases of low efficiency: Event 1 Bee Link

True clusters: Event 1, APAO, XZ (filel) Reco clusters: Event 1, APAO, XZ (filel)

Cluster -182 Cluster -40

e = 2 O % 0o True Cluster -26 . ReCO Cluster -23
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5 o ) a ° )
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0 100 200 300 400 500 0 100 200 300 400 500
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Reason for low efficiency: Very few and
scattered true points
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https://www.phy.bnl.gov/twister/bee/set/cb034018-a5f2-4708-95a6-523c3ef5bdd6/event/1/

Some cases of low efficiency: 1

True Cluster -28 with Matched Reco (YZ) - Event 1, APAO (filel)

True Cluster -28 with Matched Reco (XZ) - Event 1, APAO (filel)
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True ID=-28 (missed, 525/660 pts)

350 400 450 500
Z [cm]

Y [ecm]

Y [cm]

220 A

200

180 A

160 A

140 A

120 A

100 A

220 A

200

180 A

160 A

140 -

120 A

100 A

True Cluster -28 with Matched Reco (XY) - Event 1, APAO (filel)

Reco ID=-40 (¢=0.18, p=0.36)
- True ID=-28

-

IX [em] '
True Cluster -28 Missed Points (XY) - Event 1, APAO (filel)

True ID=-28 (missed, 525/660 pts)

-100 -80 —60 —-40 -20 0 20 40
X [em]

We need selections to identify and

Reason for low efficiency: Very few and remove these kind of clusters

scattered true points

LS
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Space-Charge Effects

* | saw several examples of space-charge effects which cause drop In
efficiency

 We know space charge effects are maximally within 1cm

e S0, If we loosen our 1cm efficiency radius to 2cm then it would cover
the space-charge effects which is a good test of our assumption that
space-charge effects are causing a big drop in efficiency

* Once we apply space-charge corrections in wirecell reconstruction
then we should revert back our efficiency-radius to 1cm

Prabhjot Singh 16 July 2026



Efficiency as a function of True Cluster Energy

Efficiency vs True Energy (1D Projection) - Job Level, APAO Efficiency vs True Energy (1D Projection) - Job Level, APAO
1.0 - -@- All Clusters -@- All Clusters
—o—*
. f&s—/\\ o .
Search radius 1cm for efficiency | Search radius 2cm for efficiency

1500 200 1500
True Cluster Energy [MeV] True Cluster Energy [MeV]

* As expected loosening efficiency-radius to 2cm from 1cm significantly
Improved efficiency

* This proves that the large drop in efficiency was due to space-charge effects
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2D Efficiency as a function of True Cluster Energy

APA O Search radius APA 0 ?ear?h rafc_jf!u_s
1cm for efficiency cm Tor eniciency
Efficiency vs True Energy (2D) - All Clusters (Job Level) - 118 events, APAO Efficiency vs True Energy (2D) - All Clusters (Job Level) - 118 events, APAO, 806 true clusters
.l & | g . ¢ Slgnificant
Improvement in
efficiency
R} > * More clusters
closer to 100%
5, H, efficiency which
we would expect
. Neutrino and 10 :
Eg:g:g%ﬁg?ers cosmic clusters  There are still
ol ol some close to zero
' True Cluster E;s;)'(-)gy [MeV] | o I Tru; Cluster Erliffl(')gy [MeV] | | O r .\/e.ry IOW
efficiency
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Efficiency as a function of True Cluster Energy

Efficiency vs True Energy (1D by Category) - Job Level, APAO Efficiency vs True Energy (1D by Category) - Job Level, APAO
-€- Neutrino Clusters (44 clusters ) 1.0 1
—&@- Isochronous Cosmic (195 clusters )
‘ -l Normal Cosmic (478 clusters) _./‘
- ’ O —&— Prolonged Cosmic (89 clusters )
/8 *‘\'\ 0.8 -

APA O

Search radius 2cm for efficiency

Efficie
o
Efficienc
o

APA O

Search radius 1cm for efficiency

1500 2000 2500 3000 | 1500
True Cluster Energy [MeV] True Cluster Energy [MeV]

* Performance/efficiency of neutrinos, and all cosmic clusters also improve

Prabhjot Singh 16 July 2026



Efficiency at Clustering

1.0
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o
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Each point in this plot is one true-reco pair

APA 0 2cm efficiency radius

1.0

0.81

o
o

Efficiency

0.2

Efficiency vs Purity - All Clusters (Job Level), APAO, 806 clusters

o
o

O (]
O ® ®
® P O ° [ ] ao
° O
® (] O
(]
(]
O
O
® ® (] ([ )
O
O
[ ]
(]
8
L ]
®
(] O
0.01 r-sesax-!
BSOS | @® Matched (744)
% Unmatched (62)
0.0 0.2 0.4 0.6 0.8 1.0
Purity

* To know the efficiency
performance at
clustering level, we pair
one true cluster to one
reco cluster

* |f one true cluster
matches with one reco
cluster then all good but
there could be cases
that one true cluster
matches with more than
one true clusters

 |n that case, we make
true-reco pair by
selecting the highest
efficiency

As expected, after loosing search-radius to 2cm, to cover SCE, most of the pairs are concentrated at high efficiencies

There is a fraction of true clusters unmatched to any reco cluster shown in bottom-left box. This needs investigation

There are also clusters with low purity. This needs investigation also needs further investigation though many of those also come from
Isochronous clusters
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True-Reco Matching

True-Reco Match Multiplicity (All Cosmics) - Job Level, 118 events, APAO

700 A 674

APA O

2cm efficiency
radius

Cosmics

600 A

w
o
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Number of True Clusters

48 36

4 0

Number of Matched Reco Clusters
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True-Reco Match Multiplicity (Neutrino) - Job Level, 44 events, APAO
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wm
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[
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1
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o
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24

APA O

2cm efficiency
radius

Neutrinos

Number of Matched Reco Clusters

* These plots show how many true clusters did not find any or more than one

reco clusters

e One-to-one match from true to reco is the best case scenario but we need
to understand why some true clusters did not find any reco clusters

 Next | will show some examples, for neutrino interactions

LOUISIANA

STATE UNIVERSITY
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Examples of True Neutrinos not finding any reco clusters

8 examples
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Example of True Neutrinos not finding any reco clusters

Hlle 2: Event 0 2cm efficiency radius

APA O

True clusters: Event 0, APAO, XZ (file2) Reco clusters: Event 0, APAO, XZ (file2)

Cluster 12 B
| Cluster 28 ) Cluster 12 L- k
Cluster 11 Cluster -8 I n
Cluster 12
100 - 100 4

[cm]
o

[cm]
o

/ /
) .

—200 —200 ~

0 100 200 300 400 500 0 100 200 300 400 500
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https://www.phy.bnl.gov/twister/bee/set/41652f8e-f98b-4639-a600-e8ab042dc0a8/event/0/
https://www.phy.bnl.gov/twister/bee/set/41652f8e-f98b-4639-a600-e8ab042dc0a8/event/0/

Example of True Neutrinos not finding any reco clusters

Hlle 2: Event 2 2cm efficiency radius

APA O

True clusters: Event 2, APAO, XZ (file2) Reco clusters: Event 2, APAO, XZ (file2)

T Cluster 9999 R Cluster -82 Bee
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200 - ru e 200 - eCO -
Cluster -57 Cluster -185 LI n k
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Cluster -90
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.S. 01 0 -
x
.a-"/ " .
|
—100 - 100 - | :
|
|l
1!;.
|
I
/' .s /' |’
—2001 " .- —200 - ll

0 100 200 300 400 500 0 100 200 300 400 500
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https://www.phy.bnl.gov/twister/bee/set/41652f8e-f98b-4639-a600-e8ab042dc0a8/event/2/
https://www.phy.bnl.gov/twister/bee/set/41652f8e-f98b-4639-a600-e8ab042dc0a8/event/2/

Example of True Neutrinos not finding any reco clusters

File 3: Event 6

True clusters: Event 6, APAOQ, XZ (file3)

Tru e Cluster 9999
200 - Cluster -28
Cluster -222
100 S
E
>
—100
—200 A
0 100 200 300 400 500
Z [cm]

Prabhjot Singh

x [em]

Reco clusters: Event 6, APAO, XZ (file3)

200 -

100 -

—100 -

—200 -

Reco

Cluster -224
Cluster -150
Cluster -147
Cluster -28

100

200
Zz [cm]

300

400

500

2cm efficiency radius
APA O

Bee
Link

Other neutrino cases are
also similar ones. | have
them in backup slides

We need selections to identify and
remove these kind of clusters
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https://www.phy.bnl.gov/twister/bee/set/66cb1a32-c555-4c75-b99c-ff8ec752128d/event/6/
https://www.phy.bnl.gov/twister/bee/set/66cb1a32-c555-4c75-b99c-ff8ec752128d/event/6/

Examples of True Neutrinos finding 2 reco clusters

/ examples
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Examples of True Neutrinos finding 2 reco clusters

File 3: Event 1 2cm efficiency radius

APA O

True clusters: Event 1, APAO, XZ (file3) Reco clusters: Event 1, APAO, XZ (file3)
- Cluster -208
200 - Tru e =" o 200 - ReCO Cluster -28 Bee
Cluster -157 Cluster -151 .
Cluster -2 Cluster 0 LI n k
Cluster -156
100 A 100 -

[cm]
x [em]

e Are there two

neutrinos?
o / * Oris it one neutrino
0 100 200 e 300 400 500 0 100 200 e 300 400 500 bUt Separated by a
distance?
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https://www.phy.bnl.gov/twister/bee/set/66cb1a32-c555-4c75-b99c-ff8ec752128d/event/1/
https://www.phy.bnl.gov/twister/bee/set/66cb1a32-c555-4c75-b99c-ff8ec752128d/event/1/

Examples of True Neutrinos finding 2 reco clusters

File 5: Event 4 2cm efficiency radius

APA O

True clusters: Event 4, APAO, XZ (file5) Reco clusters: Event 4, APAO, XZ (file5)
T Cluster 9999 R Cluster -54 Bee

S e Cluster -205 It ot S

200 - ru e 200 - eCO -
Cluster -19 Cluster -140 LI n k
Cluster -77 Cluster -158
Cluster -127 Cluster -78
Cluster -165 Cluster -80

100 4 Cluster -206 100 - Cluster -19
Cluster -142

e Are there two neutrinos?
e Oris it one neutrino but
separated by a distance?

z [cm] z [cm] ¢ If tWO neUtranS, One |S
scattered
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https://www.phy.bnl.gov/twister/bee/set/169cefbc-93bf-4050-9d2f-afcb04672243/event/4/
https://www.phy.bnl.gov/twister/bee/set/169cefbc-93bf-4050-9d2f-afcb04672243/event/4/

Examples of True Neutrinos finding 2 reco clusters

Flle 7: Event 3 2cm efficiency radius

APA O

True clusters: Event 3, APAO, XZ (file7) Reco clusters: Event 3, APAO, XZ (file7)

| True .| Reco .| Bee
2:32::: _§;4 Cluster -105 LI n k
. - . » Same: Are there two
e D T > neutrinos?
| * Oris it one neutrino
0 160 260 S tem 3(;0 460 500 0 160 260 S tem 360 460 500 bUt Separated by a

distance?
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https://www.phy.bnl.gov/twister/bee/set/f0a6649f-bac5-4df4-9952-f85a18c5845f/event/3/
https://www.phy.bnl.gov/twister/bee/set/f0a6649f-bac5-4df4-9952-f85a18c5845f/event/3/

Examples of True Neutrinos finding 2 reco clusters

Flle 7: Event 7 2cm efficiency radius

True Reco APA O

True clusters: Event 7, APAO, XY (file7) Reco clusters: Event 7, APAO, XY (file7)

—~g
Cluster 9999 ] Cluster -156 Bee

_ D Cluster -220
200 : 4 P ’ 208 "
. ] 7/ . Cluster -215 . Cluster -146 LI n k
:g;;::;:ri" . ‘ "/ Cluster 32 y i Cluster -105
..::‘-"":;:’?. - ... o § | . e ",
'v;:','.""":::" . - . ;
ay » o =

Cluster -36 Cluster -170
Cluster -108 Cluster -85
Cluster -81
Cluster -149
Cluster -20
Cluster -154

Cluster -213
Cluster -37
Cluster -21
Cluster -186

100

Cluster -221

e Same: Are there two
neutrinos?

e Oris it one neutrino
~200 ~100 ) i) 100 200 ~200 ~100 xi) 100 200 bUt Separated by a
distance?
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https://www.phy.bnl.gov/twister/bee/set/f0a6649f-bac5-4df4-9952-f85a18c5845f/event/7/
https://www.phy.bnl.gov/twister/bee/set/f0a6649f-bac5-4df4-9952-f85a18c5845f/event/7/

Examples of True Neutrinos finding 3 reco clusters

3 examples

Prabhjot Singh 16 July 2026



Examples of True Neutrinos finding 3 reco clusters

File 2: Event 4
Bee

Ll n k Energy-Weighted Efficiency: Event 4, APAO (file2) o
True clusters: Event 4, APAO, XZ (file2) Reco clusters: Event 4, APAO, XZ (file2) '
y m
Cluster 9999 Cluster -195 5o 000
[rue chwstense Reco Cluster -93
200 - 200 -
Cluster -173 Cluster -51
Cluster -42 Cluster -53 § i 0.00 0.8
Cluster -57 Cluster -103 '
Cluster -52 Cluster -173
100 - Cluster -93 100 - N- 000
0.6
a)
g
S55- 0.00
p— p— U
5 0- g 0 - S
— — =
X X - 0.4
-1004 ~100 -
. . -0.2
-20 -20 /
-0.0
: : : — : : , : Reco Clustomis
0 00 200 300 400 500 0 100 200 300 400 500
Z [cm] z [cm]

2 neutrinos and one of them overlapped
tiny bit with another reco clusters

LS Prabhjot Singh 16 July 2026
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https://www.phy.bnl.gov/twister/bee/set/41652f8e-f98b-4639-a600-e8ab042dc0a8/event/4/
https://www.phy.bnl.gov/twister/bee/set/41652f8e-f98b-4639-a600-e8ab042dc0a8/event/4/

Conclusions

* QOverall seems we are in a very good
state

e There are some corner cases that
need attention

* We are planning to present an
update in the Simulation/
Reconstruction meeting soon to
follow up our reconstruction work
after the collaboration meeting

Prabhjot Singh

Efficiency vs True Energy (1D Projection) - Job Level, APAO

1.0 1
——@0—0—0—0—0— *H.—".
) /—V

APA O

Search radius 2cm for efficiency

-&@- All Clusters

Efficiency vs Purity - All Clusters (Job Level), APAO, 806 clusters
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Backup
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Revision: Current Selections for Cluster Evaluation

Applied? Yes or

cut

Wire readout
sensitive yz
plane cut

-200cm <y <200 cm

0.15cm <y < 500.85 cm

Removes true and reco points output wirecell sensitive
regions iny and z

Time window
cut

-205 pus <t < 1508.5 ps

Removes true points outside time window cut. Applied
at CellTree level

Reco points are already within time window cuts so we
apply this to true clusters

Dead Area cut

Reco points are NOT reconstructed within dead wire
areas so we also need to remove true points from dead
areas for correct reco-true comparisons

Selections Accepted Values Description No
Energy Cut E>10 MeV True clusters below 10 MeV are removed from evaluation
. . Removes true and reco clusters with fewer than 200
Min true point .
N > 200 points

LS

LOUISIANA STATE UNIVERSITY
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Revision: Current Selections for Cluster Evaluation

Applied? Yes or

cut

Wire readout
sensitive yz
plane cut

-200cm <y <200 cm

0.15cm <y < 500.85 cm

Removes true and reco points output wirecell sensitive
regions iny and z

Time window
cut

-205 ps <t < 1509 pus

Removes true points outside time window cut. Applied
at CellTree level

Reco points are already within time window cuts so we
apply this to true clusters

Dead Area cut

Reco points are NOT reconstructed within dead wire
areas so we also need to remove true points from dead
areas for correct reco-true comparisons

Selections Accepted Values Description No
Energy Cut E>10 MeV True clusters below 10 MeV are removed from evaluation
. . Removes true and reco clusters with fewer than 200
Min true point .
N > 200 points

All Applied

LS
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Revision: Plans for Isochronous and Prolonged Tracks

* Both isochronous and prolonged tracks affect the evaluation
* |sochronous tracks affect the purity due to their spread

* Prolonged tracks affect efficiency because sometime they show gaps
irrespective of dead area

* For evaluation purposes, we need to separate isochronous, and prolonged
tracks from rest of the tracks

The idea is to divide tracks into
low, high and normal angle
Isochronous Prolonged | bins and then do evaluation
Normal tracks
tracks tracks
Low angle Normal angle High angle
tracks tracks tracks

LSU Prabhjot Singh 16 July 2026



Revision: Plans for Isochronous and Prolonged Tracks

* Both isochronous and prolonged tracks affect the evaluation
* |sochronous tracks affect the purity due to their spread

* Prolonged tracks affect efficiency because sometime they show gaps
irrespective of dead area

* For evaluation purposes, we need to separate isochronous, and prolonged
tracks from rest of the tracks

The idea is to divide tracks into
low, high and normal angle
Isochronous Prolonged | bins and then do evaluation
Normal tracks
tracks tracks
Low angle Normal angle High angle All App“ed
tracks tracks tracks

LSU Prabhjot Singh 16 July 2026



Efficiencies

* There are still some clusters that have low efficiencies so we will go through
them to understand the reasons

Prabhjot Singh 16 July 2026



Structure of Overall Progress

Part 1: SIm-N

P-SigProc Part 2: Img-Clus-QLMatching-nu-select

TPC simulation . . "
3D imaging 3D trajectory & multi-track fitting

dQ/dx fitting

noise filtering clustering

DL-3D vertexing

: : cCOoSMIC muon tagaqer , _ . _
signal processing charge-light matching particle identification

Haiwang’s CM Talk

 Currently focussed on the
iImaging+clustering evaluation
(scanning and numerical evaluation)

 Evaluation of charge-light matching
after this

Prabhjot Singh 16 July 2026


https://docs.google.com/presentation/d/1QhWf0jGia6G8eCa5BxWEgD6ZkA7zLegxi_WEnEcUGTU/edit?usp=sharing

Revision: Current Selections for Cluster Evaluation

Applied? Yes or

areas for reco-true comparisons

Selections Accepted Values Description No
Energy Cut E>10 MeV True clusters below 10 MeV are removed from evaluation Yes
. . Removes true and reco clusters with fewer than 200
Min true point .
N > 200 points Yes
cut
Wire readout | 55 o <y < 200 em | | -
sensitive yz Removes true and reco points output wirecell sensitive Yes
plane cut 0.15 cm < y < 500.85 cm regions iny and z
Removes true points outside time window cut. Applied
Time window at CellTree level
cut -205 ps <t < 1509 pus Yes
Reco points are already within time window cuts so we
apply this to true clusters
Reco points are NOT reconstructed within dead wire
Dead Area cut areas so we also need to remove true points from dead Yes

LS
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Wire readout sensitive yz plane cut

Ymin: -200 cm, Ymax: 200 cm, Zmin: 0.15 cm, Zmax: 500.85 cm (a bit smaller
than detector active volume Y-Z2)

e Cluster -75 with Matched Reco (XZ) - Event 0, APAO 0 True Cluster -75 with Matched Reco (YZ) - Event 0, APAO
True ID=-75 True ID=-75 EfﬁCiency Purity
. Reco ID=-76 (¢=0.80, p=0.96) N . Reco ID=-76 (¢=0.80, p=0.96)
Before 80% 96%
After 91% 95%

Before

Conclusion: efficiency increased by
~10%

True ID=-75 True ID=-75
: Reco ID=-76 (€=0.91, p=0.95) : Reco ID=-76 (€=0.91, p=0.95)

Caveat: This selection is only applied
at evaluation level not at CellTree (True
jobs) not at img-clustering (Reco jobs)

*More info in google-sheet for yz-plane cut

Prabhjot Singh 16 July 2026 45


https://docs.google.com/document/d/1SnsbaY7bdqQI-XpKj_NKZ_pUJ-jLZ36lrjk5pmCBSCo/edit?tab=t.5s2phpevlltb

Time Window Cut

Removes true points outside time window cut

Reco points are already within time window cuts so we apply this to true clusters

;2‘(80'5)13236 (e=0.48, p=0.80) ;reuceoll?):=3236 (€=0.48, p=0.80) EﬁiCiency Purity
Before 48% 80%
After 98% 86%

Conclusion: efficiency highly improved.
Improvement depends on how much true

e Cluster 25 with Matched Reco (XZ) - Event 0, APAO (filel) _ True Cluster 25 with Matched Reco (YZ) - Event 0, APAO (filel) . . .
. Reco ID=26 (¢=0.98, p=0.86) - . Reco ID=26 (¢=0.98, p=0.86) WaS OUtSlde 'tl me Wl ndOW Cut

. True ID=25 500 - . True ID=25

Caveat: Fhicl level change for
CellTree (true) job

*More info in google-sheet for time window cut
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https://docs.google.com/document/d/1SnsbaY7bdqQI-XpKj_NKZ_pUJ-jLZ36lrjk5pmCBSCo/edit?tab=t.4b1r3mjc1sja

Dead Area Cut

Reco points are NOT reconstructed within dead wire areas so we also need to
remove true points from dead areas for reco-true comparisons

Dead Areas (2view) - APAOD Dead Areas (2view) - APA1l

For 2view active, the dead area regions are very small, so the improvement on efficiency
would be small but it is important to exclude true points in dead area for evaluation purpose

L5 Prabhjot Singh 16 July 2026 47



D ead l \rea C Ut True Cluster -151 - Full Cluster with Dead Area (YZ): Event 8, APAO (file2)

«  True cluster (all points)
B Dead area
True Cluster -152 with Matched Reco (XZ) - Event 8, APAD (Rle2) True Cluster -152 with Matched Reco (YZ) - Event 8, APAD (file2) True Cluster -152 with Matched Reco (XY) - Event 8, APAD (file2)
Reco ID=-154 (€=0.99, p=0.62) Reco ID=-154 (€=0.99, p=0.62) | Reco ID=-154 (€=0,99, p=0.62)
TTTTTT =-152 L True ID=-152 ‘ True |D=-152
-g %4 | 'g -5 -
: O 4 | : -100
Before . -
a0
-1%0 - V|< -1 N 3 -"vl -4 -3130 -120 -v'-. -3 0 "'. e ‘ -1 -0 -1 70 -1 -1% -v4| - N -3J0
xfemd . Nlem] X [em]
he APAD (Rle U ched R e APAD (A ue ven AP
- =0,99, p=0.62) co ID= (€=0.99, p= . eco ID= (
True ID=-152 L True ID=-152 ‘ True |ID=-152
ot/wirecell_clustering/cluster_evaluation/multi_file_plots_wit

llllllllll

PAQ/fiIle2/event_008/efficiency

Conclusion: as expected not much

Effici Purit (¢
iciency urity effect on efficiency

Before 99% 62%

Caveat: Dead area cut doe not affect
2view active cases but would be very
effective for old 3 view cases

After 99% 62 %

LS Prabhjot Singh 16 July 2026 48
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Plans for Isochronous and Prolonged Tracks

* Both isochronous and prolonged tracks affect the evaluation

* |sochronous tracks affect the purity due to their spread

Reco clusters: Event 5, APAQ, YZ (filed)
e Matched Reco (X2) S, APA (139 2 with od Reco (XY) - Even APAD [Tiled)
eco |ID=-142 (£=0.57, p=0.16) 0ID=-142 | 7. 0=0.16)
ID=-142 ID=-142
~N
= .
-
Cluster -142 X [cm]
CCCCCCCCCC
CCCCCCCCCCC
123
146
CCCCCCCCCC
100 200 300 400 500
z[em] - - -
Bee link Track Type Efficiency Purity
Isochronous 57% 16%
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https://www.phy.bnl.gov/twister/bee/set/656d2bf4-909f-4ed7-9852-1b08aaecc5f7/event/5/

Plans for Isochronous and Prolonged Tracks

* Both isochronous and prolonged tracks affect the evaluation
* |sochronous tracks affect the purity due to their spread

* Prolonged tracks affect efficiency because sometime they show gaps
irrespective of dead area

* For evaluation purposes, we need to separate isochronous, and prolonged
tracks from rest of the tracks

Prabhjot Singh 16 July 2026



Plans for Isochronous and Prolonged Tracks

* Both isochronous and prolonged tracks affect the evaluation
* |sochronous tracks affect the purity due to their spread

* Prolonged tracks affect efficiency because sometime they show gaps
irrespective of dead area

* For evaluation purposes, we need to separate isochronous, and prolonged
tracks from rest of the tracks

Isochronous Normal tracks Prolonged _ | . |
tracks tracks The idea is to divide tracks into
low, high and normal angle
bins and then do evaluation
Low angle Normal angle High angle
tracks tracks tracks

Prabhjot Singh 16 July 2026



Initial Plans for Generic Neutrino Selections

* Currently reading uBoone’s Wirecell based neutrino selection paper at
https://arxiv.org/pdf/2011.01375

e There are several ideas some of them is to check the Data and MC
Distributions of

e Reco clusters X, Y, Z

* [ime distributions to check clusters are within the time window
 POT correction

» Distributions as a function of reco charge information

* |n next few meetings, | will show/discuss more on this topic

LSU Prabhjot Singh 16 July 2026


https://arxiv.org/pdf/2011.01375

Some cases of low efficiency: 1

c=20%

LS
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True clusters: Event 1, APAO, XZ (filel)

Cluster -182
Cluster -26
200 - T
rue Cluster -4
Cluster 18
Cluster -5
Cluster -28
100 4 Cluster -123
T e
Y, 0 J, Va'l
o p
—100
] -
—200 A
0 100 200 300 400
Z [cm]

Prabhjot Singh

500

Reco clusters: Event 1, APAO, XZ (filel)

Cluster -40
>00 ReCO Cluster -23
Cluster -125
Cluster 12
100 -
0 ) )
—100 A
—200 A
0 100 400 500

Z [cm]
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Some cases of low efficiency: 1

True Cluster -28 with Matched Reco (XZ) - Event 1, APAO (filel)

40 -

20 4

_20 <

X [em]

_80 =

—100 +

Reco ID=-40 (¢=0.18, p=0.36)
True ID=-28

Z [ecm]
True Cluster -28 Missed Points (XZ) - Event 1, APAO (filel)

40 -

20 4

—20 -

X [em]

_80 <

—100 A

True ID=-28 (missed, 525/660 pts)

c=20%

LS
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350 400 450 500
Z [cm]

Y [ecm]

Y [cm]

220 A

200 A

180 A

160 -

140 A

120 A

100 A

220 A

200 A

180 A

160 A

140 4

120 A

100 A

True Cluster -28 with Matched Reco (YZ) - Event 1, APAO (filel)

Reco ID=-40 (¢=0.18, p=0.36)
True ID=-28

Z [ecm]
True Cluster -28 Missed Points (YZ) - Event 1, APAO (filel)

True ID=-28 (missed, 525/660 pts)

350 400 450 500
Z [cm]

Y [ecm]

Y [cm]

220 A

200

180 A

160 A

140 A

120 A

100 A

220 A

200

180 A

160 A

140 -

120 A

100 A

True Cluster -28 with Matched Reco (XY) - Event 1, APAO (filel)

Reco ID=-40 (¢=0.18, p=0.36)
True ID=-28
z L9
- ‘ )
s B N I
IX [em] '
True Cluster -28 Missed Points (XY) - Event 1, APAO (filel)
True ID=-28 (missed, 525/660 pts)
LY
t.
~100 -80 -60 -40 -20 0 20 40
X [cm]

Reason for low efficiency: Very few and
scattered true points

Prabhjot Singh
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Some cases of low efficiency: 2

—205 A

—210 A

—215 1

X [em]

—225 4

—230 A

—235 A

—205 A

—210 A

=215 A

X [em]

—225 A

—230 A

—235 A

e =23%
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True Cluster -220 with Matched Reco (XZ) - Event 2, APAO (filel)

—220 A

Reco ID=-221 (£€=0.23, p=0.44)
True ID=-220

AT

Z [cm]
True Cluster -220 Missed Points (XZ) - Event 2, APAO (filel)

—220 4

True ID=-220 (missed, 1214/1575 pts)

& ! Y
\
{
100 120 140 160 180 200 220
Z [cm]

Prabhjot Singh

Y [cm]

Y [cm]

210 -

200 -

190 A

180 A

170 A

160 A

150 A

140 A

210 -

200 A

190 A

180 A

170 A

160 A

150 A

140 A

True Cluster -220 with Matched Reco (YZ) - Event 2, APAO (filel)

Reco ID=-221 (€=0.23, p=0.44)
True ID=-220
o \d
Y,
v s
3 c- - _
% §
u’ ' . ‘;'
5 .
Z [cm]
True Cluster -220 Missed Points (YZ) - Event 2, APAO (filel)
True ID=-220 (missed, 1214/1575 pts)
\ R
\
| v
\ E
" >
100 120 140 160 180 200 220
Z [cm]

210 A

200 A

190 A

180 A

170 A

160 A

150 +

140 A

210 A

200 A

190 A

180 A

170 A

160 A

150 +

140 A

True Cluster -220 with Matched Reco (XY) - Event 2, APAO (filel)

Reco ID=-221 (£€=0.23, p=0.44)
True ID=-220

L e
LR

s . . e

X [cm]
True Cluster -220 Missed Points (XY) - Event 2, APAO (filel)

True ID=-220 (missed, 1214/1575 pts)

-220 -215 =210 —205

X [em]

—235 —-230 —-225

Reason for low efficiency: Very few and

scattered true points
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Some cases of low efficiency: 2

True clusters: Event 2, APAO, XY (filel) Reco clusters: Event 2, APAO, XY (filel)
Cluster 9999 Cluster -9
Cluster 19 " Cluster -77
Cluster -142 Cluster -87
Cluster -11 Cluster -141
Cluster -220 Cluster -221
Cluster -78 Cluster 19
100 A 100 A
> >
—100 A —100 A
—200 A —200 A
—-200 -100 0 100 200 -200 -100 0 100 200
x [em] x [em]

e =23%
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Example of True Neutrinos not finding any reco clusters 2cm efficiency radius
File 4: Event O APA O

True clusters: Event 0, APAO, XZ (filed) Reco clusters: Event 0, APAO, XZ (filed)
Cluster -76
| True | Reco e s | BEE
Cluster -54 Cluster -99 Li n k
Cluster 25 Cluster -164
Cluster -165 Cluster 26
Cluster -75
100 - 100 -
—_ "\ — ™
E o E o
> >

N N \ O

—200

0 100 200 300 400 500 0 100 200 300 400 500
z [em] Z [cm]


https://www.phy.bnl.gov/twister/bee/set/5782902b-d6a0-4398-94d9-1f027e20065a/event/0/
https://www.phy.bnl.gov/twister/bee/set/5782902b-d6a0-4398-94d9-1f027e20065a/event/0/

Example of True Neutrinos not finding any reco clusters 2cm efficiency radius

File 5: Event 2 APA O

Reco clusters: Event 2, APAO, XZ (file5)

True clusters: Event 2, APAO, XZ (file5)
T Cluster 9999 R Cluster -224 Bee
- i Cluster -74 I NI I
200 - ru e 200 - eCO :
Cluster -99 Cluster -130 LI n k
Cluster -82
Cluster -225
100 S 100 A
S o S o
> >
. -
—108 r. . -100 - \
200 —200 -
0 100 200 300 400 500 0 100 200 300 400 500
Z [cm]

z [em]


https://www.phy.bnl.gov/twister/bee/set/169cefbc-93bf-4050-9d2f-afcb04672243/event/2/
https://www.phy.bnl.gov/twister/bee/set/169cefbc-93bf-4050-9d2f-afcb04672243/event/2/

Example of True Neutrinos not finding any reco clusters 2cm efficiency radius
File 6: Event 9 APA O

True clusters: Event 9, APAO, XZ (file6) Reco clusters: Event 9, APAO, XZ (file6)
Cluster 9999 R Cluster -32 Bee
I s - Cluster 4 —_—
200 - ru e 200 - eCO -
Cluster 2 Cluster -202 LI n k
Cluster -181 Cluster -180
Cluster -215 Cluster 12
Cluster 12 Cluster -215
100 4 Cluster -183 100 - Cluster -184
Cluster -35
Cluster -198
§ : // E /
> Pl > ]
-100 —100 A
—200 - | \X’ —200 -
0 100 200 300 400 500 0 100 200 300 400 500

z [em] Z [cm]


https://www.phy.bnl.gov/twister/bee/set/ae7009a3-a108-46b5-83f7-eb5b2922bbdb/event/9/
https://www.phy.bnl.gov/twister/bee/set/ae7009a3-a108-46b5-83f7-eb5b2922bbdb/event/9/

Example of True Neutrinos not finding any reco clusters 2cm efficiency radius
File 9: Event 10 APA O

True clusters: Event 10, APAO, XZ (file9) Reco clusters: Event 10, APAOQ, XZ (file9)
T Cluster 9999 R Cluster -120 Bee

. - Cluster -29 It ot S

200 - ru e 200 - eCO :
Cluster 4 Cluster 2 LI n k
Cluster -119 Cluster -66
Cluster 29 Cluster 5
Cluster -33 Cluster 28

100 4 Cluster -67 100 -
Cluster 4

s

x [em]
o

_100-/ -100-/

—200 - —200 -

0 100 200 300 400 500 0 100 200 300 400 500
z [em] Z [cm]


https://www.phy.bnl.gov/twister/bee/set/dc46e2db-c3da-4378-8ce8-b6e84d0d399e/event/10/
https://www.phy.bnl.gov/twister/bee/set/dc46e2db-c3da-4378-8ce8-b6e84d0d399e/event/10/

Example of True Neutrinos not finding any reco clusters
File 10: Event 13

True clusters: Event 13, APAO, XZ (file10)

200 A

100 A

X [em]
o

—100\

—200

True

Cluster 14
Cluster 30
Cluster -20
Cluster -117

LN

\

100 200 300 400 500
z [em]

Cluster 9999

X [em]

200 A

100 A

—100 -

—200 +

Reco clusters: Event 13, APAO, XZ (file10)

Cluster -219
Cluster -115
Cluster 14

ReCO Cluster -19

o~

100 200 300 400 500
Z [cm]

Bee
Link

2cm efficiency radius
APA O


https://www.phy.bnl.gov/twister/bee/set/13b193c6-4774-45e0-976c-c49f23688969/event/13/
https://www.phy.bnl.gov/twister/bee/set/13b193c6-4774-45e0-976c-c49f23688969/event/13/

