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IZD—Convo ution based LArTPC Simulation/SigProc

- >

Ramo's theorem: i =—g E,-v,

2D: approximate translational symmetry along the wire direction

LArTPC wire-readout measures induced charge @ response

M, z") = / / Rzatyxm’) 4S(T, :cldtdx + N, z)

Note: x here is the wire pitch direction NOT the drift direction

Long-range and position-

Energy depo + drifting +
diffusion + rasterization

dependent field response

Noise Spectrum

Final Signal
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Drift velocity is NOT constant near APAs

R(t,x) is calculated w.r.t. charge (t,x) distribution at a “response To illustrate response plane arxiv:1802.08709
plane” electron _,, |, 03mm
* 10 cm from collection plane for MircroBooNE and PDSP FR elegtron o SELE L
currently used in Wire-Cell I oni I: o
* drift velocity is NOT constant in this range E . : : :
* an effective, constant velocity is calculated . / P L .
* the effective velocity is used to transport all signals from their Sirrun wfe”“ um
times at the response plane to times at the collection plane. 3.1;% EEEERRRRE cecesesdn \L; - 110V
3mm$...........;..;........... oV

-10 wire 0 wire +10 wire

Garfield Simulation for MicroBooNE, arxiv:1802.08709

- E ‘
3 G1.8f
O ~ / .
o 16 g |f PDSP Field Response
< 1.0[/ y \
< v I / \ .
x 1.4f 1 "1 y \ ‘ prpn Response: Induced Current ["signed log"] W-plane
. \ 4 e b 44.74 3
. AR % ; /] 40.03
A E [ 35.33 4
1 it . 3y 30.61 - 2
0.8 ] N\ Sl 19
N 5\ | |- o it 4 16.48
0.6 NN A E 1306 K 1
' NS | o -\ (e E 235 0
0.4} i 1/4) c -2.361
o RN s ] g -7.06
. : ; ; : ; ; g N _Z% & -11.77 1 :
0.2 5 N NN T [ ¢ -16.48 - -1
i : ' : ’ ! ’ ol . ; B ; . -30.61 -2
0.8 -06 04 02 0 02 04 06 08 08 -06-04 -02 0 02 04 06 08 Za472 ] -3
z-Axis (cm) z-Axis (cm) —49.45 T T T T T
0 20 40 60 80 100 120
(a) Electron drift paths. (b) Weighting potential on a U wire. Time [us]
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https://www.phy.bnl.gov/~hyu/larsoft855/share/wirecell/data/dune-garfield-1d565.png

lllustration of Sim/SigProc timings

field response

From B. Viren dt_ FRU dt_FRV dt FRW
T0 dt = dx/v
¢ Trp
—>

< dt ER

< — =

< sigproc (nominal) >

sigproc (time offset
ap ( ) >
)
response U \% W
plane wire planes

tsim,plane = tp + dw/v =+ thR,plane + thR

tSigProc = 1o + dw/'v + dtRP to Collect. Plane
=t + dw/'v =+ dwRP to Collect. Plane/veff



// between center lines https://cdcvs.fnaI.gov/redmine/projectséglunetpc/wiki/DUNE_Geometries#Far-Detector-Workspace-1x2x6-Geometry

local apa cpa = 3.637*wc.m,
local cpa thick = 50.8*wc.mm,
[local apa w2w = 85. 725*wc mm, |
local plane gap = 4.76%wc.mm,
local apa _g2g = 114.3*wc.mm,

response plane: collection + 10cm
= 85.725/2 + 1000 mm

=1042.8625 mm

Wire-Cell APA numbering
Upper, Y >0

@
N
P

Ha
an
=
4=

Lower, Y <O

@D
nb
5
ap
op
b
@D
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ideal track test x = 1m, drifting speed = 1.6mm/us

drifting to response plane + response to collection:

depo x resp. plane I resp. to collection \

drift speed until resp plane drift speed after resp plane




ck test x = 1m, drifting speed = 1.6mm/us

hu_orig1 hv_orig1 hw_orig1
1250 - 2420 1250 -
1240F 1240
c 2400 E
1230 F 1230F
= 2380 E
1220 1220F
Wll’ece” S“ll: 1210F 2360 1210F 2360
o e 1200
o0
raw::RawDigit == :
1190
E 2320 E |
1180 1180F
1170 2300 1170F
1160F 1160F
E 2280 E
11505600 2700 2800 2900 3000 3100 3200 _ 3300 1150 3200 3500 3600 3700 3800 3900 4000 _ 4100 4200 4300 4400 4500 4600 4700 4800 4900 5000 5100
hu_gauss1 hv_gauss1 hw_gauss1
1250 1250 1250
= 4000 E 4000 F
1240 1240F 1240F
1230F 3500 1p30F 3500 yp30F
. . 1220 3000 1220 3000 12201
ere_ce” SIgPrOC I W | 2500 1210 i : [ 1 LB 2500 12103
Ll 4 . ' - - - r =
(X ) i @ # + 1200 i # “ 4 1200
recob::Wire i —— 2000 T S w2000 3
Bk | ] | 1190 b 1 1190
P ' 1500 g TR : 8= 1500 E
1180F 1180F 1180F
E 1000 E 1000 E
1170F 1170 1170F
1160 500 1160 500 11g0f
11505660 2700 2800 2900 3000 3100 3200 _ 3300 11503260 3500 3600 3700 3800 3900 _ 4000 _ 4100 0 11503260 4300 4400 4500 4600 4700 4800 4900 5000 5100
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WireCell Sim: raw::RawDigit Wire-Cell SigProc recob::Wire

ProjectionY of binx=225 [x=2783.5..2784.5] ProjectionY of binx=225 [x=2783.5..2784.5]

3500

3000

Number of Entries
Number of Entries

2500

2000

1500

""" 1000

500

TTTTTTTTITTTTTTTT TTTT TTITTTTTT T,

P 0 L L Liaa
10

drlftlng to response plane + response to collection: 1150 1160 1170 1180 1190 1210 1220 1230 1240 1250 5611601176 1180 1190 1200 1210 1220 1230 1240 1250
(1000 - 142.8625)/1.6/0.5 + 100/1.565/0.5 = 1199.2 ticks 73p [x=8597.5..3596.5] i i i

4000

3500

3000

Number of Entries
Number of Entries

2500

2000

1500

1000

500

RRELET BELERET R ERETT TEEE T TEET T BERRET T

1150 1160 1170 1180 1190 1210 1220 1230 1240 1250 lq;(IZtl|1I16(|)II1I17E)H1I18(|)I 1190 1200 1210 I1|22(|)”1230 1240 1250
ProjectionY of binx=647 [x=4805.5..4806.5] ProjectionY of binx=647 [x=4805.5..4806.5]

s

3000

2500

Number of Entries
Number of Entries

2000

1500

1000

500!

TTTTTTTTTTTTTTTTT I TTTTTTTTTTTT
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pr=)
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. g 160 .
_enle + G4 f
g 120 .
* first event of this file from R. Cross: 5 100 :
/pnfs/dune/scratch/users/rcross/prod_testing/data/detsim_reco_v09_28 04_mcpl2test_prodgenie_n 2
u_dunelOkt_1x2x6_24525804 01.root - .
* SigProc results: wclsmcnfsp:gauss, recob::Wire - =
e Checking a kink (red circle) =
Ticks
%) 500 L SO R T — 100 8 g 3 R
{) is ' I‘ = L e E
= 450|" |i ” s 90 S 60V -
in - e - ]
400 phb—3 80 2 I E
E il | H - E 120f :
350 l i 70 2 1000 =
3001E \ m | | | f |l = 60 80F =
- i Ir 4 = 60 e
250 y vl ! - 50 - -
200} | % \ il | P40 & :

1505 ¢ i | ‘y s - Q20 145 150 185 160 165 170
- | [ li ‘ (R A |‘ i = Ticks
100 . ey | - 20 g 240F 5
= ‘ ! | | ST £ 220 :
50 e e R o 10 5 200 W -
OEI | | || | 1 ll I | \h I 1 I | I I| I| | I | IA ‘ ‘I EI 0 g 1285 ;
28500 29000 29500 30000 30500 § 3 -
Pl — W 5
chlD 1002 i
80F ]
U, V, W: 28160, 28960, 29760, 30720 60E g
40F ]
205 =
10 E

145 150 155 160 165 170
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Slide from Hanyu Wei

Inter-plane time offset

* Intrinsically taken into account in the Garfield field response
* See below an ideal isochronous track output

100
8 . — hu_raw E
< 80 |—hv_raw 3
ook — hw_raw =
F S
401~ §
20
c. —
-20f
-40f
-60F-
-80
-1w:lllllllllllllllllllllllllllll o
4920 4940 4960 4980 5000 5020 5040 4995 5000 5005 5010 5015 5020 5025 5030 5035

Tick [0.5 us] Tick [0.5 us]
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Studies on MicroBooNE - data
arxiv:1804.02583, section 5

—~ 10 ~ 10 ~ 10
§ — U Sum 31.30 § ! — U Sum 23.18 § — USum 13.90
= 8:_ — VSum 43.82 e & - — V Sum 29.49 T 8:— — V Sum 12.48
g 6F — Y Sum 31.34 é 6F — Y Sum 21.70 é 6F — Y Sum 15.89
13} - 3} C |3} [ =
2 4 8 4 3 4 MicroBooNE
o [ o i o .

2f 2f p‘ﬂlga 2f =

0 : L 1 L 1 1 0 : O :

0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Tick (0.5 us) Tick (0.5 us) Tick (0.5 us)

~ 10 =~ 10 ~ 10
b= [ — USum 126.93 2 [ — USum55.43 S L — U Sum 12.37
8 sk 8 8:‘ 3 8L
A i — \ Sum 102.92 hap 3 =V Sum 53.71 A, : -V Sum 11.75
g 6f — Y Sum 155.68 g 6:— — Y Sum 58.64 g 6 _ — Y Sum 11.31
3 f £ £ f
o 4f o 4r o 4F
o [ w [ o :

2r 2r 2:—

0: O: 1 1 1 1 'l 0:

0 10 20 30 40 50 60 0 10 20 30 40 50 60 07050 30" ""20 50 60

Tick (0.5 us) Tick (0.5 us)

Tick (0.5 ps)

Figure 32: Individual deconvolved ionization charge distributions for a set of selected point sources
are shown to demonstrate charge matching across the three wire planes. These distributions are
obtained by summing the deconvolved waveforms associated with the extent of charge deposition
from each point source (the sum over the range of wires where a signal from the point source can
be detected), independently for each plane. The numbers in the legends show the integral of the
charge distributions for each plane, with units in thousands of electrons.
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Summary

Wire-Cell Signal Processing is a process to extract

the original charge t,x distribution at a given plane

(collection plane for now)

* the same charge induced current on all wire
planes

The drift speed near an APA is NOT constant; Wire-
Cell 2D Decon. based SigProc takes the inter-plane
time offset into account in a more precise manner
and yields good charge matching between planes.

field response
dt FRU dt FRV dt FRW

TO dt = dx/v
® Trp
—>

< dt ER

< —> |-

< sigproc (nominal) =

sigproc (time offset
ap ( ) >
>
response U V W
plane wire planes



