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Outline

* Point source simulation using the WireCell
e Question 1: Can we reproduce Tingjun’s observation on the collection wire?
* Question 2: Do we understand the biases at high charge and low charge?

* Validation of the deconvolved charge from signal processing
* Impact from the diffusion



Tingjun’s point-source simulation

@ Tingjun
=T =0 =T ‘mm =1 * Point-like energy
- - | - - deposition injected at
s e e, Y R —————, R R (-355, 300, 120) cm
— g — — * Close to anode
- || ;‘ v Z J‘ I\{ - U * Largest signal on wire
] e, . m e 249, plane 2 Of TPCl
— —— —— —1— —— -° Diffusion OFF
'V /V ) “ 4[ W * Noise OFF
* Charge induction occurs on up to 10 neighboring wires. I|fet|me
» At low energy deposition (1ke), all induced charge is at -1 ADC — strange.

\ Not surprising! Small induction signal loses precision when it is floored to int during the digitization
e.g. std::floor(0.5) = 0, std::floor(-0.5) = -1



Charge bias in the raw waveform simulation

@Tingjun

Heco electrons

Charge on wire 249 (collection wire)
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* Calculate the reconstructed charge by integrating the waveform on wire 249
and then multiply it by the gain 24.01.

* There seems to be a bias in the reconstructed charge below 30 ke.
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Are the biases because of

" the digitization?
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* The bias can be up to -18% for 1ke simulation ‘/

* |t seems to be very sensitive to the digitization, can we reproduce the result?



Reproducing Tingjun’s result

* Our result (more details in the later slides) is consistent with Tingjun’s
simulation result
* The -18% bias is indeed caused by the digitization process

Area / expectation

* No charge-dependent bias
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Zoom-in

* Bias due to digitization is less than 1% for 30ke (~ 1MIP)
* A global -0.3% bias could be from the accuracy in
calculating the expectation
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Basic parameters for our simulation study

* Electronics response setting
e 14mV/fC + post gain 1.1365, shaping 2.2us

e ADC gain: 1.4V/4096ADC
e RC: 1.1ms, turned OFF in this simulation study

 Diffusion: disabled at the beginning, turned ON when study the
Impact

* Electron lifetime: 35 seconds, sufficient to avoid charge attenuation
* Noise: disabled at the beginning, turned ON when study the impact



Calculating the electronics response

* Shaping function: https://github.com/WireCell/wire-cell-
toolkit/blob/6976891db6db4165b992b3ec77c20925fa95a803/util/sr
c/Response.cxx#L316

e 14mV/fC + post gain 1.1365, shaping 2.2us

: 3 1\ 10ke  10ke =~ 415.762 ADC-tick
“« \\ * The result is not sensitive to
:: / \ e Sampling rate (0.5us vs 0.1us)
30%— / \\ e Time offset in each tick (Ous vs 0.25us)
3 // N * Details in backup slides
l:__/llq*i;‘

| L
4] 2 4 6 8 10 12 14
Tick [0.5us]


https://github.com/WireCell/wire-cell-toolkit/blob/6976891db6db4165b992b3ec77c20925fa95a803/util/src/Response.cxx#L316

Impact from RC

2320

Wire
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* Expectation: 4157.6 ADC*tick on a wire from 100ke point-like depo
* (w/ RC) Integral over a 60-tick window: 4091.02 “ADC”
 (w/oRC)4145.88 “ADC”

* A-1.6% bias from RC undershoot, so we disable RC in the simulation

8



Tick

10ke point-source simulation .

(-355, 300, 120)cm, 10k electrons

Integrate ADC charge on +/- 10 collection wires
- WireCell saves both the float ADC value and
the int ADC value after digitization

580 960
570 a50
560
550

930
540

920
530

a910
520
510 900

2324 2326 2328 2330 2332 2334

Wire

* Expectation: 415.76 ADC*tick on

central wire for 10k electrons
(int ADC) 403/415.76 ~ -3% bias

* (float ADC) 414.587 / 415.76 ~ -0.3%
bias, could be from the variation of the
filed response within one wire pitch, or
from the calculation precision

“Int ADC”
channel: -10 ADCxtick: O decon: ©
channel: -9 ADCxtick: © decon: ©
channel: -8 ADCxtick: 0 decon: 0
channel: -7 ADCxtick: @ decon: 0@
channel: -6 ADCxtick: © decon: 0@
channel: -5 ADCxtick: © decon: ©
channel: -4 ADCxtick: O decon: 0
channel: -3 ADCxtick: -6 decon: ©
channel: -2 ADCxtlck: -10 decon: ©
channel: -1 R L4 decon: 330
W’Gecon: 9923
channel: 1 ADCxTick: -13 decon: 333
channel: 2 ADCxtick: -14 decon: ©
channel: 3 ADCxtick: -9 decon: 0@
channel: 4 ADCxtick: -5 decon: 0
channel: 5 ADCxtick: 0 decon: 0
channel: 6 ADCxtick: © decon: 0
channel: 7 ADCxtick: © decon: 0
channel: 8 ADCxtick: © decon: ©
channel: 9 ADCxtick: 0 decon: 0
channel: 10 ADCxtick: O decon: 0@
decon sum: 10586

“Float ADC”

channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:

-10 ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

-9
-8
-7
-6
-5
-4
-3
-2

H OOk WNEFE @

0

decon sum:

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

10586

-0.0344849 decon:
-0.0458984 decon: 0
-0.0613403 decon: ©
-0.0820312 decon: 0
-0.108154 decon:
-0.142761 decon:
-0.187927 decon:
-0.263245 decon:
-0.503479 decon:
865 decon: 330
decon: 9923
L2724 decon: 333
-0.293579 decon: 0
-0.251648 decon: 0
-0.205078 decon: 0
-0.160889 decon: 0
-0.123535 decon: 0
-0.0940552 decon: 0
-0.0706177 decon: ©
-0.0527954 decon: 0
—0.03973%9 decon: 0

[N oo NN ol




* Expectation: 41.576 ADC*tick on
central wire

* (int ADC) 34/41.576 ~ -18% bias

« (float ADC) 41.4587 / 41.576 ~ -0.3%
bias

1ke point-source simulation

 (-355, 300, 120)cm, 1k electrons

Digitization to int ADC value significantly reduces small signals
But this is how ADC digitizer works!

903

902

901

Central Wire for the point-like depo channel: -10 ADCxtick: © decon: 0
channel: -9 ADCxtick: © decon: © channel: -10 ADCxtick: -0.00305176 decon: @
= g L . . channel: -9 ADCxtick: -0.00445557 decon: @
S channel: 8 ochrrck: 2 decon: 9 channel: -8 ADCxtick: -0.00640869 decon: 0
- “Float ADC” channel: -6 ADCxEitk—o6-decon: 6 channel: -7 ADCxtick: -0.00830078 decon: 0
- _L “Int A—-DC,, channel: -5 ADCxtick: @ decon: @ channel: -6 ADCxt}ck: -0.0107422 decon: ©
— o INL A annel: -4 ADCxtick: © decon: © ADCxtick: -0.0141602 decon: 0
- : : S channel 4 -0.0184937 decon: 0
L ; channel: ADCxtick: © decon: 0
— : . channel: -0.0263062 decon: ©
I ——— E  E— R ———————— channel: -2 AD ick: -5 decon: 0 ' )
- : channel: - . ! 3 decon: 0 channel: -2 .0505981 decon: ©
- i channel: 0 econ'.ﬂ channel: -1 R—=0-211792 decon: ©
[ . e h 1: 1 AD —9 é : 0 channel: @ ADCxtick: 41.4587)decon: ©
o = Cha““elj > ADCxtick. 7 dec"“; o channel: 1 ADUXtiek:—8-6272827 decon: 0
- L 3 ADCatick. @ decorto channel: 2 ADCxtick: -0.0292969 decon: O
— oL 2 ADCKEick. @ decon: @ channel: 3 ADCxtick: -0.0250854 decon: 0
. channe . xtick: O decon: channel: 4 ADCxtick: -0.0206909 decon: ©
= channel: o fpextick: o decon: 2 channel: 5 ADCxtick: -0.0160522 decon: 0
= channe - xtick: O decon: channel: 6 ADCxtick: -0.0115967 decon: ©
_ channel: 7 ADCxtick: O decon: © channel: 7 ADCxtick: -0.00946045 decon: 0
channel: 8 ADCxtick:  decon: @ channel: 8 ADCxtick: -0.00738525 decon: ©
570 ~ Channel: 9 ADCxtick: @ decon: © channel: 9 ADCxtick: -0.00549316 decon: 0
channel: 10 ADCxtick: O decon: @ channel: 10 ADCxtick: -08.003723140decon: ©

decon sum: 0



5ke point-source simulation

channel: -10 ADCxtick: © decon: O channel: -10 ADCxtick: -0.8171509 decon: © Expectation: 207.88 ADC*tick
channel: -9 ADCxtick: 0 decon: 0 channel: -9 ADCxtick: -0.0231934 decon: 0 .
channel. -8 ADCxtick: 6 decon: O channel: -8 ADCxtick: -0.0308228 decon: 0 on central wire
channel: -7 ADCxtick: 0 decon: 0 channel: -7 ADCxtick: -0.0401001 decon: 0 (int ADC) 194/207.88 ~ -6.7%
channel: -6 ADCxtick: O decon: © channel: -6 ADCxtick: -0.0540771 decon: 0 .
channel: -5 ADCxtick: O decon: O channel: -5 ADCxtick: -0.0713501 decon: 0 bias
channel: -4 ADCxtick: 0 decon: 0 channel: -4 ADCxtick: -0.0939941 decon: © ~
channel: -3 ADCxtick: -5 decon: © channel: -3 ADCxtick: -0.131531 decon: © (float APC) 207.294/ 207.88
channel: -2 ADCxtick: -8 decon: © channel: -2 ADCxtick: -0.251953 decon: 0 -0.3% bias
channel: -1 ADCxtick: -13 decon: 162 channel: -1 ADCxtick: -1.05914 decon: 162
channel: 0 ADCxtick: 194 decon: 4955 channel: 0 ADCxtick: 207.294 decon: 4955
channel: 1 ADCxtick: -13 decon: 164 channel: 1 ADCxtick: -0.136292 decon: 164
channel: 2 ADCxtick: -10 decon: © channel: 2 ADCxtick: -0.14679 decon: 0
. e - . channel: 3 ADCxtick: -0.12561 decon: ©
e et on: o8 decon: © channel: 4 ADCxtick: -0.1026 decon: ©
channel: 5 ADCxtick: © decon: O channel: 5 ADCxtick: -0.0802612 decon: 0
channel: 6 ADCxtick: © decon: O channel: 6 ADCxt;ck: -0.0618896 decon: 0
channel: 7 ADCxtick: © decon: © channel: 7 ADCxt}ck: -0.0470581 decon: O
channel: 8 ADCxtick: © decon: O channel: 8 ﬂDCxt}ck: -0.0355225 decon: 0
channel: 9 ADCxtick: O decon: © channel: 9 ADCxtlgk: -0.0267334 decon: 0
channel: 10 ADCxtick: © decon: © channel: 10 ADCxtick: -0.0199585 decon: 0

decon sum: 5281 decon sum: 5281
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channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:

30ke point-source simulation

* (-355, 300, 120)cm, 30k electrons

0
1
2
3
4
5
6
7
8
9
1

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

decon sum: 31801

-10 ADCxtick: 0 decon:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

0 decon:
0 decon:
0 decon:
0 decon:
0 decon:
-8 decon:

-10 decon:
-14 decon:
-22 decon:
1232 decon:

-14 decon:
-13 decon:
-10 decon:

-8 decon:

0 decon:
0 decon:
0 decon:
0 decon:
0 decon:

0 ADCxtick: 0 decon:

(o lo N oMo Rl

0

(o o I < o R

0
0
0
999
29787
1015
0
0
0

0

channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:

-10 ADCxtick: -0.10376

-9

RO~ bhbWhNE O

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

© ADCxtick:

-0.137817
-0.183838
-0.244385
-0.324646
-0.427856
-0.564331
-0.78949
-1.51117
-6.35547

1243.76 decon:
-0.817444
-0.881042
-0.755127
-0.615112
-0.483398
-0.371155
-0.281433
-0.211853
-0.15918 d
-0.119263 decon:

decon:
decon:
decon:
decon:
decon:
decon:
decon:

decon:
decon:
decon:

decon:
decon:
decon:
decon:
decon:
decon:
decon:
decon:
econ:

0
0

999
29787
1015

0

(o ololo oo

OO0 OO

0

Expectation: 1247.28 ADC*tick
on central wire

(int ADC) 1232/1247.28 ~-1.2%
bias

(float ADC) 1243.76 / 1247.28 ~
-0.3% bias
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50ke point-source simulation

* (-355, 300, 120)cm, 50k electrons

-10 ADCxtick: O decon: ©

channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:

9 ADCxtick:
8 ADCxtick:
7 ADCxtick:
6 ADCxtick:
5 ADCxtick:
4 ADCxtick:
3 ADCxtick:
2 ADCxtick:
1 ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

0 decon:
0 decon:
0 decon:
-3 decon
-8 decon
-14 deco
-13 deco
-14 deco
-23 deco
2057 deco

-14 decon:
-14 decon:
-12 decon:
-14 decon:
-12 decon:

-6 decon:
0 decon:
0@ decon:
0 decon:

: 10 ADCxtick: 0 decon:
decon sum: 53014

0

0

0

. 0

G

n: 0

n: 0

n: 0

n: 1667
n: 49652
1695

oo o

0
0
0
0

0

channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:

-10 ADCxtick: -0.172546 decon: 0 °

ROk WMNE D

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

0 ADCxtick:

-1
207

.230103
.306519
.407837
.541077
. 712646
. 940491
.31506 decon:
.51904 decon:
0.5925 decon:
2.94 decon:

.36224 decon:
.46802 decon:
.25854 decon:
.02496 decon:
.805603 decon:
.618896 decon:
.469543 decon:
.352966 decon:
.265442 decon:

decon:
decon:
decon:
decon:
decon:
decon:

oo e I o I e T v Qi o

0
0
1667

49652

1695
0
0
0

oo o

-0.198975 decon: 0

Expectation: 2078.8 ADC*tick
on central wire

(int ADC) 2057/2078.8 ~ -1%
bias

(float ADC) 2072.94 / 2078.8 ~
-0.28% bias

13



100ke point-source simulation

* (-355, 300, 120)cm, 100k electrons

channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:

decon sum: 106642

0

0
0

0

[ I e B oo T e I e Y o

3342

99314
3398
588

cooocooo@

-10 ADCxtick: 0 decon: 0
-9 ADCxtick: 0 decon:
-8 ADCxtick: -9 decon:
-7 ADCxtick: -13 decon:
-6 ADCxtick: -16 decon:
-5 ADCxtick: -18 decon:
-4 ADCxtick: -21 decon:
-3 ADCxtick: -17 decon:
-2 ADCxtick: -19 decon:
-1 ADCxtick: -37 decon:
0 ADCxtick: 4130 decon:
1 ADCxtick: -15 decon:
2 ADCxtick: -18 decon:
3 ADCxtick: -15 decon:
4 ADCxtick: -18 decon:
5 ADCxtick: -21 decon:
6 ADCxtick: -16 decon:
7 ADCxtick: -15 decon:
8 ADCxtick: -11 decon:
9 ADCxtick: -3 decon:
10 ADCxtick: 0 decon:

channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:

-10 ADCxtick: -0.345764 decon: 0
-0.460144 decon: 0
-0.612915 decon: 0
-0.815857 decon: 0
-1.08167 decon: ©
-1.4259 decon: 0
-1.88153 decon: ©
-2.63068 decon: ©
-5.03772 decon: 0O

-9
-8
-7

0
1
2
3
4
5
6
7
8
9
1

decon sum:

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

0 ADCxtick:

106642

-21.1857 decon:
4145.88 decon:
. 7254 decon:
.93604 decon:
.51691 decon: ©
.04999 decon: ©
.61133 decon: ©
.23761 decon: ©
.937683 decon: ©
. 706421 decon: ©
.530334 decon: ©

3342
99314
3398
588

-0.397644 decon: 0

Expectation: 4157.6 ADC*tick
on central wire

(int ADC) 4130/4157.6 ~ -
0.66% bias

(float ADC) 4145.88 / 4157.6 ~
-0.28% bias
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200ke point-source simulation

* (-355, 300, 120)cm, 200k electrons

channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:

-10 ADCxtick: -19 decon: ©

-9
-8

0
1
2
3
4
5
6
7
8
9
1

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

0@ ADCxtick:

decon sum: 213588

-22
-24
-25
.24
.28
.25
-23
-24
-60

8273

-23

.22

-20

.22

-27

-26

.25

decon:
decon:
decon:
decon:
decon:
decon:
decon:
decon:
decon:
decon:
decon:
decon:
decon:
decon:
decon:
decon:
decon:
-25 decon:
-24 decon:
-20 decon:

6
1

[N o o No oo Rl

[cR NN NN o N

264
6693
198646
808
177

0

channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:
channel:

-10 ADCxtick: -0.690918 decon: ©

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:
ADCxtick:

© ADCxtick:

decon sum: 213588

-0.920532 decon:
-1.22632 decon:
-1.63135 decon:
-2.16327 decon:
-2.8526 decon: ©
-3.76312 decon:
-5.26099 decon:
-10.0759 decon:
-42.3713 decon:
8291.75 decon: 19
-5.45032 decon: 6
-5.8714 decon: 11
-5.03387 decon:
-4.10114 decon:
-3.22253 decon:
-2.47498 decon:
-1.87585 decon:
-1.41248 decon:
-1.06073 decon:
-0.796265 decon:

[ o B I o B o R I

0
0
0
0

0

0
264
6693
8646
808
77

0

Expectation: 8315.2 ADC*tick
on central wire

(int ADC) 8273/ 8315.2 ~ -
0.5% bias

(float ADC) 8291.75/ 8315.2 ~
-0.28% bias
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Tick 5%

How about integrate charges on all wires?

* 10ke point-like energy depo

2324

2326

2328

2330

Adjacent wire

2332

2334

Wire

960

850

840

830

920

910

800

T e e | B “Float ADC”
9002
#39&5;—
s90 I — Integrated area
893-5;— e e “Float ADC”:-2.11
898 = - ° “ ”.
. . . | '||_|_ . . Int ADC™: -14
535 540 545 550 555  [660 | 565 'sm.' .
Tick

The adjacent wires have induction signals, the
digitization error also has impact on them
For 10ke point source simulation, if integrate charges
on all wires

* (float ADC) 408.798 ADC*tick

e (int ADC) 332 ADC*tick
Compare with 415.76 ADC*tick, it’s a bias of 1.67% and
20.1%, respectively

16



Reproductin Tingjun’s result for integral of all
wires

* For collection wires, the adjacent wires have bipolar shaped
induction, which is more sensitive to the digitization error since the
sighal length is longer

All collection wires @ngjun
E ]h L ] - ] g Cn [ [ m [
3 09k o Q I N L e
= = -@- digitized 8 [ .
3 {J.RE—I T ogl e -
E {].7:— - non-digitized :
_j | -
065 06 [ « Raw digits l
05— | .
- - =  Deconvolved signal
04— 04
03F _ Hit integral _
02 0.2 - :
- b |
0.1 | |
ool v e b s bvva by v bwvn b s bwv by v s bwwn by 0.0 e L L L L X103
0 20 40 60 80 100 120 140 160 180 200 0 50 100 150 200

True charge [ke] True electrons



Interim summary

* We can reproduce Tingjun’s observation about the point-like energy
depo simulation

* The bias at low charge (<30ke) is mainly due to the nature of the
digitizer about how the float is converted to integer

* No charge-dependent bias

* A tiny global bias (~0.3%) could come from the accuracy in calculating
the expectation



Validation of the charge
deconvolution



100ke point-like depo (without diffusion)
Tick g :z:_ 0.020. 1: a:s: ':1017 0.02 0.03,0.1';,9:.8':‘:16, 0.03 : o.oo.o.::iu.z:uu.ﬁ,u.m 122:;’ MicroBooNE S|gna|
. 3 8 Processing Paper:
- W | W | W L7 Figures

1065 I 1 I 1 1 1 1 1 1 1 L1 1 1 1 1
o 513 514 515 516 517 2918 2919 2920 2921 2922 5142 5143 5144 5145 5146
Wire number

(a) Point source at the wire (0.0 mm transverse position relative to the closest wire).

* MicroBooNE simulation study indicates 1~2% bias
for point charge deconvolution

» Total decon charge on collection wires: 106642
Channel 2329 .baselgine@SOOé ; : ° 106642/100k ~ 6.6% bias

2334

Wire

2332

2324 2326 2328 2330

3 RaW - Fine-grained position dependence for the field

wt B 1 A response

ok * The deconvolution kernel takes the averaged response

.(j_qsm ]  Adding diffusion should make the field response closer
| o | B to the averaged response (next slide)
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https://arxiv.org/pdf/1802.08709.pdf

100ke, with diffusion

5045

point-like depo can be smeared over

o two wire regions, the averaged field
response works better for the
deconvolution

5040

I”S * With diffusion (DT=8.8*3 cm”2/s), the

5035
105!

5030

1001

5025

= * Total charge on the collection wires:
100683

wao g omeomoomwooweomeo e 100683/100k ~ 0.68% bias

e Consistent with the MicroBooNE
simulation

5020
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Point charge decon (w/ diffusion): collection
wires

& ME e With diffusion, the bias for
3 LoE point-like depo on collection
N L . .
31060 o e ° wire is small (<1%)
ﬁ:‘ 1.04—
& .02
e ® ® *
B —@&— point-like (w/o diffusion)
0.98 —
~ —@&— track-like (w/ difussion)
0.96 —
e by oo by g by o g by | | T | 10 |

180 200
True charge [ke]

20 40 &0 80 100 120 140 160
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Decon. Charge/ True Charge

Induction planes

Induction U Induction V
]_1E r o g" ].1E
1.08 5 l_[}E:—
C w C
1.06 — ] & 106
1.04 | S 1,04
C = C
1.02 Y1 ¢ ®
- = -
R S C
1__. ”””””””””””””””””””””””””””””””””””””””” 3 1:— 777777777777777777777777777777 '.
- * ] e -
— (.98 —
[:l.':lﬁ: P -
0.96— 0.96 . . e e
09sb- —@&— point-like (w/o diffusion) 0osE- —@— point-like (w/o diffusion)
092F- ®— track-like (w/ difussion) 0.92F- —@— track-like (w/ difussion)
l:'9:||||||||||||||||||||||||||||||||||||||||| 0_9:|||||||||||||||||||||||||||||||||||||||||
20 40 60 80 100 120 140 160 180 200 20 40 &0 80 100 120 140 160 180 200
True charge [ke| True charge [ke)

* This study is done without noise simulated
* While sometimes the result would be even better by adding noise because the
WireCell ROI finding and thresholding is tuned based on the data




Example of a 2cm track depo (with noise)

30ke 3.05
50ke -0.3 -1.6 0.72
100ke 0.58 -1.6 0.8

* A track-like simulation with diffusion, with noise
 DL=0, DT=8.8*5 cm”"2/s
e Start point (-5, 300, 120) cm
* 2cm length, Imm per depo step
* Parallel to wire plane, perpendicular to collection wire
e Biasin the induction plane can be less than 1%, however, a reasonable statistics
needs to be achieved to address the mean bias and resolution
e See backup for the performance of MIP track
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Tick 12

Measuring electron lifetime (w/ diffusion, w/o
noise)

 Simulate two track-like depos (2cm) with 30ke/mm each
e Position: (-5, 300, 120)cm and (-305, 300,120)cm
e Typical protoDUNE diffusion, and 35ms lifetime

* Deconvolution charge on the collection wire: 567010 and 600567
* Measured lifetime =-1.917ms/In(567010/600567) = 33.3 ms

1220 . |
350 200

i_ Tick soss = 1801
1210 i_ 300t 5040 f— 1601
1205 ;— 250( 5035 E_ 1401
1200 = 1201

E 2001 . r
1198 < t0=1195 tick 2030 1001
1o i t1 =5029 tick > **¢ 800
1185 ;— 1001 5020 :_ 600
1180 F 400
175 % Drift time ~ 1.917ms 5015 200
l 1?0 —_[ 1 | 11 0 | 11 11 | 11 11 | 111 1 | 111 1 | 111 1 | 111 1 | 1111 | 11 11 | 11 n 501 0 :l L I L I L1 I L1 I L I L I L I R I AN | L1 | L1 n

2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2325 2326 2327 2328 2320 2330 2331 2332 2333 2334 5

Wire Wire
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Calculating the electronics response

* The electronics gain (ADC*tick/1ke) is not sensitive to

 Time offset in each tick
* Sampling rate

Electronics gain for 10ke (14mV/fC + post gain 1.1365, shaping 2.2us)

integral (non-binning): 415.77
integral (0.5us binning): 415.776 Offset: O
integral (0.lus binning): 415.77

integral (0.5us binning): 415.762
integral (0.1lus binning): 415.768

Offset: 0.25 us




Total Field Response

W plane (col.}) unit: e/ns ProjectionY of binx=[101,110] [x=-0.55..0.45]

Time [ps]

0012 — — e ——

e Central 10 electron
paths normalized to
o 0.01002 e/ns

30 ™ oo _______________ _______________ _______________ _______________ _____ « Integral with 0.1us

I binning yields 1.002 e

! b e b b o G T T
-10 -5 0 5 10 £]IE)O -50 —-40 30 -20 -10 0 10 20 30 40
Wire Number Time [ps]

Number of Entries
T

=
=
|

0.008 [

TFile** dune-garfield-1d565. root

TFile* dune-garfield-1d565. root
0BJ: TH2F FieldRes W W plane (col.) unit: e/ns : 0 at: 0x5613d2000e00
0BJ: THI1D slice py of FieldRes W ProjectionY of binx=[101,110] [x=-0.55..0.45] : 0 at: 0x5613d23f3040
KEY: TH2F FieldRes U;1 U plane (1st ind.) unit: e/ns
KEY: TH2F FieldRes V;1 V plane (2nd ind.) unit: e/ns
KEY: TH2F FieldRes W;1 W plane (col.) unit: e/ns

root [5] slice py of FieldRes W->Integral()/10.0

(double) 0.010019683 28



Performance for MIP line-track deconvolution

Bias [%]

Inefficiency [%] Resolution [%]

|
B
o

BN U plane
B V plane
- Y plane

- i i 1 i i |

f‘“ftt[[I[

—

11[[[[[[[[

* Performance of WireCell signal
processing in protoDUNE

* For small angle (<45°), bias is
less than 2%

* Resolution for collection is not
worse than ~3%

| '11111

w/o Multi-Plane Protection

e Resolution for induction is
about 10% for small angle

. | | . | @ Hongzhao
o < Z, 2, 2 & & & &P &
. 0 75 <y 9 0 ? o ) v
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7] 9 "2 "9 "9 "< 5 Y R

29



