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Wire-Cell 3D Imaging

Depo-Blob Center Comparison

Genl (pre-drift) depo generation positions

ZY plane XY plane
60001 [Tt T T T T T T T . seposinegoson) | 0007 1. response piane ce=3430.47mim)
- b - PO - anode (x=3520.95mm)
P P - s « depos (n=20400)
N I SR
B A R o B
E 3000 1 - - - - £ 3000
> * & a4 s ale & a2 s sie s+ s + >
T B T T o 2000 §
1000 1 : : : 1000
04 : : : 0 | B
0 500 1000 1500 2000 0 500 1000 1500 2000 2500 3000 3500
. . Z [mm] X [mm]
« 20400 point depos in PDHD APA2
« Uniform grid in the detector volume
, .
« dx, dy, dz = blob’s charge weighted center — depo center
Depo center vs. charge-weighted blob center
dx dy dz
(n=20400, mean=-0.016mm, std=0.122mm) (n=20400, mean=0.025mm, std=1.097mm) (n=20400, mean=-0.030mm, std=0.650mm)
2500 4 2000 2000 A
1750 - 1750
2000 4 1500 - 1500 4
] + 1250 A < 1250 -
< 1500 - = S
é § 1000 A é 1000 A
1000 - 750 - 750
500 - 500 - 500 -
250 - 250 -
0 . - 0 0
-0.6 -0.4 -0.2 0.0 0.2 0.4 -4 -2 0 2 4
dx [mm] dy [mm] dz [mm]

CAU Nula Yujin Park




Wire-Cell 3D Imaging

Depo-Blob Center Comparison

|dx| |dy| |dz| dr

(n=20400, mean=0.099mm, std=0.074mm) (n=20400, mean=0.872mm, std=0.665mm) (n=20400, mean=0.523mm, std=0.388mm) (n=20400, mean=1.122mm, std=0.620mm)
median=0.086mm, 68.27th pct=0.118mm median=0.718mm, 68.27th pct=1.101mm 2500 median=0.452mm, 68.27th pct=0.647mm median=1.031mm, 68.27th pct=1.343mm
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A - Measurements along the y-axis were relatively larger than the
X [mm] 0.086 0.118 other axes, by about 1 to 3 cm.
y [mmi] 0718 1101 * In dr, a peak was observed around 1 cm.
« The worst 10% within the dr distribution was classified as
Z [mm] 0.452 0.647 .
outliers. (2040 sample)
r [mm] 1.031 1.343

« The 50 worst samples were visually inspected.

Outlier cases:

1) The blob sufficiently includes the depo, but there is a large center mismatch.
2) The blob fails to sufficiently cover the depo, and there is a large center mismatch.
3) The blob contains depo, but the blob size is large.
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Wire-Cell 3D Imaging

Depo-Blob Center Comparison

Outlier Case 1) The blob sufficiently includes the depo, but there is a large center mismatch.

Outlier case (region=y524p299_z145p993, depo_idx=19, n_matched=3)
depo center (x,y,z)=(1058.01, 5242.99, 1459.93)mm  blob center (x,y,z)=(1058.10, 5238.75, 1459.92)mm
Slice #3: start=1522.00us val=[6867]

Outlier case (region=y554p252_z145p393, depo_idx=25, n_matched=4)

start=1520.00us val=[20323] combined: dy=-4.24mm_dz=-0.00mm
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Outlier case (region=y419pa64_z22p967, depo_idx=30, n_matched=3)
depo center (x,y.z)=(1448.01, 4194,64, 229.67)mm  blob center (x,y,2)=(1447,99, 4191,50, 231.54)mm

#2: 51art=1270.00US val=[42872 slice #3. 72.00us val=[14936)

Outlier case (region=y389p511 z161p371, depo_idx=23, n_matched=3)
depo center (x,y,z)=(668.01, 3895.11, 1613.71jmm blab center (x,y.z)=(668.10, 3898.47, 1612.97)mm
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Wire-Cell 3D Imaging

Depo-Blob Center Comparison

Outlier Case 2) The blob fails to sufficiently cover the depo, and there is a large center mismatch.

Outlier case (region=y554p252 z207p506, depo_idx=21, n_matched=4]
depo center (x 863.01, 5542.52, 2075.06]mm _ blob center (x,y,z)=(863.10, 546,10, 2074.71)mm
a wal=[13455

Outlier case (region=y584p205_z38p346, depo_idx=29, n_matched=3) Slice #2: start=1644.00us val= slice #3: start=1645.01 Slice #4: start=1545.00us v combined: dy=3.57mm dz=-0 34mm
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Wire-Cell 3D Imaging

Depo-Blob Center Comparison

Outlier Case 3) The blob contains depo, but the blob size is large.

Qutlier case {region=y15p098_z222pB84, depo_idx=2, n_matched=3)
depo center (x,y,z)=(2715.51, 150.98, 2228.84Jmm blob center (x.y.z)=(2715.67, 146.70, 2228.37)mm
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Qutlier case (region=y449p417_z99p858, depo_idx=0, n_matched=3)
depo center (x,y,2)=(2910.51, 4494.17, 998.58)mm blob center (x,y,z)=(2910.08, 4490.51, 996.97)mm
Slice #1: Sta=330.00us val=[4195] slice #2: Start=332.00uS Val=[24665] slice #3: Stan=334.00s val=[17885] combined: dy=-3.66mm dz=-1.62mm
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Outlier case (region=y584p205_z69p102, depa_idx=1, n_matched=3)
depo center (x,y,z)=(2813.01, 5842.05, 691.02)mm blob center (x,y.z)=(2813.07, 5838.71, 690.18)mm
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Wire-Cell 3D Imaging

Depo-Blob Center Comparison
Does position dependence exist among outliers within the detector volume?

The YZ plane was divided into a 10x5 bin grid to check the outlier ratio

->No clear dependence observed yet

A sharp increase is
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Wire-Cell 3D Imaging

Depo-Blob Center Comparison

Conclusion
« For point depos, center mismatches are about Tmm.

« As observed in the outlier cases, blob size is expected to have a more significant impact than
center mismatch on the position evaluation.

To Do
« Apply the same center comparison to simple tracks.

« Establish methods for evaluating blob size.
« DNNROI Paper
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Wire-Cell 3D Imaging

Depo-Blob Center Comparison

« Depo is a continuous object with longitudinal and transverse Gaussian distributions.
-> Approximated as a 3D ellipsoid with boundaries at 3¢ in longitudinal and transverse directions.

Depo Center Definition

* Depo initial position (t, xinitiq1, ¥, z) -> After drift (t + At, Xyesponse planes Vr Z)

* Since time offset (t,7fser) b/W depo & blobs exists, depo initial position (t, Xinitiar, ¥, z) couldn't
be compared directly with blob centers.

¢ lnStead: Uuse x = xresponse plane — vdrift ) (At + toffset)

Reconstructed Blob Center
» Depo spans more than one slice, 3 — 4 blobs are matched to one depo.
« To compare depo & blob center one-to-one,

« Find center of each blob as an average of all corners.

« (Calculate charge weighted average center of 3 — 4 centers

« This charge weighted center is one-to-one matched with the depo.

CAU Nula Yujin Park
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¥ [mm]

blob_center(): vertex mean vs. area centroid

uniform (min shift) non-uniform (max shift) hexagon (max shift, n=6)
shift=0.000mm, n_corners=4 shift=0.809mm, n_corners=4 shift=0.347mm, n_corners=6
® comers (n=4) ® comers (n=4) ® comers (n=6)
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Wire-Cell 3D Imaging

Depo-Blob Center Comparison

Example

depo center

charge weighted center

|

| |
- —
|

L |
center of each blob

CAU Nula Yujin Park
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count

dx
(n=301, mean=0.373mm, std=0.165mm)
median=0.372mm, 68.27th pct=0.425mm

Depo center vs. charge-weighted blob center

dy
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dr
(n=301, mean=1.166mm, std=0.694mm)
median=1.032mm, 68.27th pct=1.465mm

=== median=1 032mm
=== 68.27th pct=1.465mm

0.5 1.0 15 2.0

dr [mm]

2.5 3.0
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y107p453_z12p715, depo_idx=0 (near response plane, tiny sigma_T)
dist_method='centroid', dist_thr=1.07mm

Y [mm]

depo distance threshold (dashed circle) vs. blob center (green=matched, red=far_distance)

depo0 center
21 dist_thr=1.07mm (507}

4
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1070 4 \\ //
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y107p453_z12p715, depo_idx=0 (same case, rescued)
dist_method="'boundary_distance', dist_thr=1.07mm

Y [mm]

depol center
21 dist_thr=1.07mm {5o7)
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depo distance threshold (dashed circle) vs. blob center (green=matched, red=far_distance)

y307p140_z89p606, dist_method="'boundary_distance'

y307p140_z89p606, dist_method="polygon_contains'
dist_method='boundary_distance’, dist_thr=5.91mm

y307pl40_z89p606, dist_ method="centroid'
dist_methggl;}'polygon_contains‘, dist_thr=5.91mm

dist_method="'centroid’, dist_thr=5.91mm
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K depod center W depod center K depod center
C 21 dist_thr=5.91mm (So7) C X1 dist_thr=5.91mm (So1} C I dist_thr=5.91mm (507)
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Charge Density [e/us]

depo distance threshold (dashed circle) vs. blob center (green=matched, red=far_distance)

y134p910_z53p724, dist_method='centroid’ y134p910_z53p724, dist_method="'polygon_contains' y134p910_z53p724, dist_method='boundary_distance'
dist_method='centroid’, dist_thr=5.91mm dist_method='polygon_contains', dist_thr=5.91mm dist_method='boundary_distance', dist_thr=5.91mm
1365 -I* depo9 center 1365 -'* depo9 center 1365 -I* depo9 center
o —I dist_thr=5.91mm (507) C ZI dist_thr=5.91mm (507} C Z1 dist_thr=5.91mm (507}
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Actual match status (incl. tick-adjacency extension) vs. core window
depo_idx=0 (near response plane, narrow window) depo_idx=15 (mid-range, wide window)
y134p910_z53p724 depo_idx=0 y134p910_z53p724 depo_idx=15
core window=1.06us vs. tick=2.00us core window=7.52us vs. tick=2.00us
i i = Depo (Gaussian) i i = Depo (Gaussian)
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NSIGMA_TRANS_RANGE
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VAL THR=0

VAL_THR=100
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NSIGMA_LONG_RANGE NSIGMA_LONG_RANGE

Blobs never matched to any depo, by VAL THR (total blobs=66766)

NSIGMA_LONG_RANGE

NSIGMA_LONG_RANGE

Study2: transverse dist_method comparison (VAL THR=0, NSIGMA_LONG_RANGE=5)
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(6.5%)  (6.5%)  (65%)  (6.5%)  (6.5%) (1% (1% (1% (71%)  (7.1%)
T T T T r r T r r T
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  𝒅 𝒓


  3 𝜎


  ( t ,    x  i n i t i a l ,   y ,   z )


  ( t + Δ t ,      x  r e s p o n s e   p l a n e ,     y ,     z )


   t  o f f s e t


  ( t ,      x  i n i t i a l ,     y ,     z )


  x =  x  r e s p o n s e   p l a n e −  v  d r i f t ⋅ ( Δ t +  t  o f f s e t )


  𝒅 𝒓

