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Outline

* noise-filtering performance in SBND
 evaluation of noise-removal in data

* signal protection in simulation

* non-linearity model and saturation/FE baseline fit
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Noise Spectra Evaluation

e comparing noise spectra from data, on
a channel-by-channel basis, between:

* raw waveforms (no filtering)

e de-noised waveforms

« SBND MC spectra

e can compare the overall power for

SBND data raw
: SBND data denoised
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K : "f' * SBND data denoised (10 Hz avq)
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10 each channel with extrapolated PD SP
noise spectra

e PD SP has same CE
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SBND data raw
SBND data denoised
* SBND data raw (10 Hz avq)
| * SBND data denoised (10 Hz avg)
*”' === SBND MC spectra, wirelen = 337.750 cm
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Noise Spectra Evaluation

Channel 789 in plane w0 (avg over 45 events)

200 7 SBND data raw
SBND data denoised
* SBND data raw (10 Hz avq)
150 A e SBND data denoised (10 Hz avg)
=== SBND MC spectra, wirelen = 400.000 cm

175 -
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100 - s
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0.'0 0.l2 Oi::equency [MH;)].IG 0.'8 110
* In general, using only single + grouped noise
filters works very well in SBND!

* coherent noise peaks (mainly at low
frequencies) are removed without specialized
treatment
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SBND vs. PD Noise

Noise Spectra Power for SBND and (extrapolated) ProtoDune SP

U Plane V Plane W Plane
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6000 —— ProtoDune SP 6000 - —— ProtoDune SP 6000 - —— ProtoDune SP
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» overall, the power of the noise spectra in SBND is comparable to extrapolated
ProtoDUNE SP noise spectra

* U plane is slightly more noisy in SBND; we do not have a shielding plane

e V and collection planes are similar in power between SBND/PD SP
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SBND vs. PD Noise

Noise Spectra Power for SBND and (extrapolated) ProtoDune SP

U Plane | V Plane W Plane
7000 - - - SBND TPCO 7000 - : - SBND TPCO 7000 - - - SBND TPCO
- SBND TPC1 - SBND TPC1 - SBND TPC1
6000 —— ProtoDune SP 6000 - —— ProtoDune SP 6000 ] ] — ProtoDune SP
have also investigated
5000 5000 - 5000 - — unusually noisy channels
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» overall, the power of the noise spectra in SBND is comparable to extrapolated
ProtoDUNE SP noise spectra

* U plane is slightly more noisy in SBND; we do not have a shielding plane

e V and collection planes are similar in power between SBND/PD SP
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SBND vs. PD Frequency of Maximum

Frequency of Noise Spectra Maximum for SBND and (extrapolated) ProtoDune SP
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* the shape/peak of the noise spectra in SBND seems to be somewhat channel-

6

dependent, potentially wire-length dependent
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Shape Variations of Noise Spectra in SBND

Frequency of Noise Spectra Maximum for SBND and (extrapolated) ProtoDune SP
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Covariance matrices

Covariance Matrices for plane u, tpc 0

«~ *® can also evaluate coherent noise removal
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Covariance matrice

Covariance Matrices for plane v, tpc 0 Covariance Matrices for plane w, tpc 0
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MC Signal Protection

* given that the current parameters of noise-filtering work well for coherent noise
removal, we also need to check using MC that signal is protected

1. simulate isochronous muon tracks for each wire plane

2. evaluate charge bias and resolution from deconvolved waveforms

De-Noised (no Grouped)

De-Noised (w/ Grouped)

600 600
400 . 400 t———m e P
g —_— il wrraes e 0 e
= 200 - 200 -
0 0

600 800 1000 1200

Deconvolved (no Grouped)

600 800 1000 1200 1400 1600

Deconvolved (w/ Grouped)

600 600
400 4~ 400 4~ e
0 e tembr———— A - e et ——y———— — J—
.¥ et e i —————— S—— - e r— S ——) S———— w—————
—
* 200 - 200 -
visually they look okay!
0 0

Oct 17th, 2024
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ch idx
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600 800 1000 1200 1400 1600
ch idx
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MC Signal Protection

Charge Extraction for isochronous tracks, ADC limit = 15

le3 U plane le3 V plane le4 W plane
5 - 1 [ no grouped 1 [ nogrouped | 1.75 - 1 [ no grouped
1 w/ grouped 4.0 1 1 w/ grouped 1 w/ grouped
4- 35 - 1.50 -
M =0.17% U =-0.64% M =-1.30%
0= 9.97% 3.0 A 0=16.11% 1.25 - o=277%
3 u=-1220% 2.5 - u=-11.07% 100 - | u=-9.67%
o= 14.54% o=11.31% : o=7.77%
2.0 - |
5 - i 0.75 -
1.5 1 I .
i 0.50 -
1.0 I
17 ! |
L 0-5 - 0.25 I n
o ; : — 0.0 -F : A ; L : —  0.00 : — : :
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
(Odecon - Osim)/Os:’m (Odecon - OSJm)/Ost (Odecon - Os:’m)/Os:’m

MC Waveforms (ch idx 100)

* however, clearly there was significant =~ """ ™r—

sim channel sim channel
S|g nal removal using the existing :;’;’Z:::mtﬁrmi!d) ::::::3:232531322%8;»2@
grouped filter parameters
» edges of signal ROls are identified Mﬂ{/& . A\
as noise T~ " o—————4 °
1600 1620 1640 1660 1680 1700 1600 1620 1640 1660 1680 1700 QQ“ (\,\
ticks ticks ‘:,b ?n
.4 THE UNIVERSITY OF -¢ SBND 6:
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MC Signal Protection

* we tuned one parameter for coherent noise filtering

 changed adc_limit from 15 — 10, effectively lowering the threshold for signal identification

e worked perfectly!

* the spectral power + cov matrices are nearly identical, so coherent noise is still being removed

successfully with this parameter change

Charge Extraction for isochronous tracks, ADC limit = 10 ADC

le3 U plane
5 - 1 [——1 no grouped
[ w/ grouped
4 -
u=0.17%
o=9.97%
3 1 1 H=-1.82%
o= 10.54%
2 -
) J 11]\
0 !1 T T T T
-1.0 -0.5 0.0 0.5 1.0

(Odecon - OSJm)/Ost
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le3 V plane
1 [——1 no grouped 1.75 A
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1.50 -
U =-0.64%
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H=-2.11% ]
0 = 6.93% 00
0.75 T
0.50 A
‘PJ: 0.25 A
ll1 1 IL | |
-1.0 -0.5 0.0 0.5 1.0

(Odecon - Osim)/Ost

le4

W plane

gL

u=-1.30%
o=277%

U =-2.59%
o= 3.44%

1 [—1 no grouped
1 [ w/ grouped

0.00

-1.0

-0.5 0.0

0.5

(Odecon - OSJ'm)/Ost
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Noise Filtering: Summary

e performed comprehensive evaluation of coherent noise removal in SBND

 compared power with PD SP, remaining noise in SBND is comparable to expected
INntrinsic noise

* no Indications of excess noise or pickup noise on >99.5% of channels
» performed validation of signal protection in MC using isochronous tracks

e tuning was straightforward!

 |ast task: identify/evaluate remaining teardrop effects in MC/data
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CE non-linearity & FE Baseline
variations




Non-Linearity + FE ASIC Baseline Variations

* non-linear region has not been studied and is
not simulated

Channel 11921

.y . . . 3000 - fj’/’\\\t‘ j'i DAC 15

» additionally, due to variations in the FE ASIC £ oo DAc2
baseline, the effective dynamic range can: 2500 - i}’/’ ~e- DAC0
2000 - i R —*- DAC 40

1. be smaller than expected

1500 ~

2. vary channel by channel

1000 A

ADC (baseline subtracted)

* using SBND pulser data, we can make 00 25
measurements in the non-linear region

* focus on collection plane wires (for now)
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Non-Linearity + FE ASIC Baseline Variations

Pulse Amplitude vs. DAC Value for all Collection Plane Channels (in Saturation Zone)

Scatter Plot 2D Histogram

5000 2000
—=—=_linear extrapolation, 14.0 mV/fC

Pulse Amplitude [ADC]
W
wn
o
o
Pulse Amplitude [ADC]
W
wn
o
o

15 20 25 30 35 40 45 15 20 25 30 35 40 45
DAC Value DAC Value

» was able to take finer resolution pulser data to properly parametrize the non-linear
region

» variation in FE ASIC baseline results in lower saturation voltage
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-,

Xy Is the fitted FE baseline (essentially an x-axis shift)

X + X,

Viar — xb) ' <1 — exp(

X+ Xg— X

T

X < Xp — Xg

:) 'F'JXZ) X ;Ez:.]qb - JXk)

1800 A

Measured Pulse Max Amplitude [mV]

Non-Linearity model + FE Baseline Fit

* performed a fit for all collection channels using a piecewise linear+non-linear model

ch idx: 15

1700 -

1600 A

(/]

as
"

® data
- fitted piecewise function
expected saturation

breakpoint - xp

800

1000

1200

1400

1600

1800

2000 2200

Expected Max Voltage (from DAC Value) [mV]

* X, Is the "break-point” voltage between the linear — non-linear model

* determined to be 1650 mV for all channels! (we set it now to be constant)

e 7 is the exponential constant (describes shape of non-linear region)

. V. . is the observed saturation value, correlated with x; and also folds in the ADC baseline

sat

 measured directly from data, not a free parameter in the fit

2= Fermilab
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ch idx: 2352

1800 = == T oo

1700 -

1600 -

1500 -

1400 -

1300 -

1200 -

Measured Pulse Max Amplitude [mV]

1100 -

1000 -

Xo= 424.06 = 2.28 mV
T=151.24 =+ 7.15 mV
® data

—— fitted piecewise function
- -~ expected saturation

breakpoint - xp

800 1000 1200 1400 1600 1800 2000 2200
Expected Max Voltage (from DAC Value) [mV]

Measured Pulse Max Amplitude [mV]

chidx: 1774

1800 = = = s

1700 -

1600 -

1500 -

1400 -

1300 -

1200 A

1100 -

1000 -

Xo= 369.59 = 1.36 mV
T=179.33 £ 5.10 mV
® data

— fitted piecewise function
—-—~ expected saturation

breakpoint - xp

800

1000 1200 1400 1600 1800 2000 2200
Expected Max Voltage (from DAC Value) [mV]

Measured Pulse Max Amplitude [mV]

Non-Linear/Saturation Fit performance

ch idx: 585

1800 +——=—=—=— == —————

1700 -

1600 -

1500 -

1400 -

1300 -

1200 -

1100 -

1000 -

Xp= 319.39 * 1.98 mV
T=165.03x 7.67 mV

® data
—— fitted piecewise function
—- -~ expected saturation

é breakpoint - xp

800 1000 1200 1400 1600 1800 2000 2200

Expected Max Voltage (from DAC Value) [mV]

* this model works well for channels with smaller and larger FE ASIC baseline values

18
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Non-Linear/Saturation Fit performance

Piecewise Fit Parameters for all Collection Plane Channels

FE ASIC Baseline 00 Exponential Constant
50 - 50 -
200 250 300 3?((0) [m:/(])o 450 500 550 50 100 ISOT[mV]ZOO 250 300
o fit error is <3% for 7, and <1% for X,
e note: ADC baseline and FE ASIC baseline are different!
currently simulated baseline is 286 mV
 ADC baseline is very stable (only ~15 mV variation across
channels), whereas FE ASIC baseline varies ~150 mV N Sse,
> Z
_ . L, 1 O =7 THE UNIVERSITY OF -¢ S‘BND‘ 6:
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Non-Linear/Saturation Fit performance

=00 Fit Parameters (showing grouping per 16 channels)

450 -
400 -
350 1}, 4) : . ‘ {
300

250 A

FE ASIC Baseline [mV]

200 1

150 A

100

350 400 450 500 550 600 650 700
Channel Index

* baseline has expected shape/grouping across a single ——— .
FEMB (16 channels), matches plots from Shanshan s 14mVHC, 2us =S TH

» good sanity check! |

e 7 also has grouping across 16 channels

Plots from Shanshan |

100 120
- LT
? DET€

nnnnnnnnnn
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Implementation in WCT

* new Digitizer module in WCT, called DigitizerNonLinear

» given that the model + additions are relatively straightforward, may want to merge
into the main Digitizer module after testing + validation

e given the current fit, need three parameters per collection plane channel; likely
easiest to store in a new json file?

e parameters are: V,
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Saturation & Non-Linearity: Summary

* designed a new model to describe non-linear response of the CE

» able to extract “true” baselines for collection plane channels in SBND, where we
expected larger variations and an impact on our true dynamic range

» currently working on implementing the model in simulation in WCT
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Magnitude [mV]

Magnitude [mV]

Channel 4 in plane u0 (avg over 99 events) Channel 4 in plane u0, event 4

160 - time domain wvfm
. SBND data raw 5 1
140 - large low frequency noise SBND data denciced
* SBND data raw (10 Hz avg) 2 0-
120 - * SBND data denoised (10 Hz avg) <
100 === SBND MC spectra, wirelen = 3.810 cm
neighboring channels 0 500 1000 1500 2000 2500 3000 3500
80 - . .. . ticks
do not exhibit similar behavior FFT Magnitude
60 - g — original
. — denoised
40 - E 500 -
[ =
o
20 1 = 5
0.0 0.1 0.2 0.3 0.4 0.5
0 - T T . . T T Frequency [MHz]
0.0 0.2 0.4 0.6 0.8 1.0
Frequency [MHz]
Channel 1239 in plane w1 (avg over 45 events) Channel 1239 in plane w1, event 5
time domain wvfm
600 - SBND data raw
SBND data denoised 2
500 - * SBND data raw (10 Hz avg) 9 0
* SBND data denoised (10 Hz avg) <
400 - === SBND MC spectra, wirelen = 400.000 cm =
very |arge low frequency noise 0 500 1000 1500 2000 2500 3000 3500
- . . . ticks
e in first few bins FFT Magnitude
%‘ 20007 — original
200 7 ‘ahbori h | . —— denoised
neig .orllng. C. anneils | g 1000 -
100 - do not exhibit similar behavior €
1M
E o— L L L L L
0 - 0.0 0.1 0.2 0.3 0.4 0.5

J J J J Frequency [MHz]
0.0 0.2 0.4 0.6 0.8 1.0

Frequency [MHz]
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Magnitude [mV]

Magnitude [mV]

Channel 1758 in plane vO (avg over 55 events)

250 ~

N

o

o
]

=

wu

o
1

=

o

o
1

50 A

SBND data raw
SBND data denoised
* SBND data raw (10 Hz avqg)
e SBND data denoised (10 Hz avqg)
SBND MC spectra, wirelen = 159.002 cm

slightly large low frequency noise
(below 100 kHz)

0.2 0.4 0.6 0.8 1.0
Frequency [MHz]

Channel 130 in plane ul (avg over 84 events)

100 ~

80 T

60 -

40 -

20 A

SBND data raw
SBND data denoised
* SBND data raw (10 Hz avg)
* SBND data denoised (10 Hz avg)
SBND MC spectra, wirelen = 91.106 cm

slightly large low frequency noise
(below 100 kHz)

T ———

0.0

0.2 0.4 0.6 0.8 1.0
Frequency [MHz]
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Magnitude [mV]

Magnitude [mV]

Channel 120 in plane ul (avg over 85 events)

80 -

(o))
o
|

S
1

20

SBND data raw
SBND data denoised
* SBND data raw (10 Hz avg)
e SBND data denoised (10 Hz avg)
SBND MC spectra, wirelen = 84.178 cm

excess noise (?) at high frequencies

neighboring chani
do not exhibit similar [

nels
pehavior

0.0 0.2 0.4 0.6 0.8 1.0
Frequency [MHz]

Channel 1131 in plane ul (avg over 30 events)

200 ~

150 ~

100 ~

50 ~

SBND data raw
SBND data denoised
* SBND data raw (10 Hz avg)
* SBND data denoised (10 Hz avg)
SBND MC spectra, wirelen = 578.851 cm

slightly large low frequency noise
(below 100 kHz)

two neighboring channels
do look similar
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Frequency [MHz]



Channel 0 in plane w0 (avg over 60 events)

SBND data raw

al SBND data denoised
* SBND data raw (10 Hz avg)
* SBND data denoised (10 Hz avqg)
o 507 ——=- SBND MC spectra, wirelen = 400.000 cm
£
r excess noise (?) at higher frequencies
©
£ 100 - | . neighboring channels
g . do exhibit some similar
behavior (not all peaks)
50 -
0 L L L L L |
0.2 0.4 0.6 0.8 1.0
Frequency [MHz]
Channel 3 in plane w0 (avg over 47 events)
140 -
SBND data raw
120 - SBND data denoised
* SBND data raw (10 Hz avg)
100 - * SBND data denoised (10 Hz avg)
< === SBND MC spectra, wirelen = 400.000 cm
£
o 807 excess noise (?) at higher frequencies
=
£ 60 neighboring channels
(1 . . . .
= do exhibit some similar
40 - ,
behavior
20 -
0 N L L L L L
0.2 0.4 0.6 0.8 1.0

Frequency [MHz]

Channel 791 in plane w0 (avg over 46 events)

200 -

175 A
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— — —
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o w o wn o
1 1 1 1 1

N
w
1

o
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SBND data raw
SBND data denoised
* SBND data raw (10 Hz avg)
* SBND data denoised (10 Hz avqg)
=== SBND MC spectra, wirelen = 400.000 cm

slightly large low frequency noise
(below 100 kHz)

neighboring channels
do not exhibit similar behavior

.

1 |

0.0 0.2 0.4 0.6 0.8 1.0

Frequency [MHz]

Channel 1667 in plane w0 (avg over 42 events)
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w
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SBND data raw
SBND data denoised
* SBND data raw (10 Hz avg)
* SBND data denoised (10 Hz avg)
=== SBND MC spectra, wirelen = 400.000 cm

higher noise around 190 kHz

1 neighboring channel
does exhibit similar behavior
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Magnitude [mV]

Channel 63 in plane wl (avg over 51 events)

350 T

N N w
o w o
o o o
] I I

150 ~

100 -

50 ~

SBND data raw
SBND data denoised
* SBND data raw (10 Hz avg)
* SBND data denoised (10 Hz avg)
—== SBND MC spectra, wirelen = 400.000 cm

| coherent peak is not
* completely removed
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Frequency [MHz]
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neighboring channels
do not exhibit similar behavior

(neighboring channels have similar peak,
but they all have it completely removed)
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Correlation Coeff Matrices for plane u, tpc 0

Orig Correlation Coeff Matrix 1.00 0 De-noised Correlation Coeff Matrix 1.00
74 - 74 -
148 - 0.75 148 -
222 - 222 -
296 - 296 -
370 - 370 -
444 - -0.50 444 -
518 - 518 -
866 - 566 -
740 - -0.25 740 -
814 - 814 -
%2 - %62 -
1036 - 0.00 1036 -
1110 - 1110 -
s -
1332 - 0.25  133;- 0.25
1406 - 1406 -
1480 - 1480 -
1554 - --0.50 1554 - - —0.50
1628 - 1628 -
1702 - 1702 -
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1850 - -0.75 1850 -
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Correlation Coeff Matrices for plane u, tpc 1
Orig Correlation Coeff Matrix 1.00 0 De-noised Correlation Coeff Matrix
74 - 74 -
148 - 0.75 148 -
222 - 222 -
296 - 296 -
370 - 370 -
444 - -0.50 444 -
518 - 518 -
866 - 866 -
740 - -0.25 740 -
814 - 814 -
%2 - %62 -
1036 - 0.00 1036 -
1110 -
1258 -
1332 - 0.25
1406 -
1480 -
1554 - - -0.50
1628 -
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1850 - -0.75
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o
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e s R e M e M e M M M|

Lynn Tung | BNL WireCell Meeting




29

Oct 17th, 2024

Correlation Coeff Matrices for plane v, tpc 0

Orig Correlation Coeff Matrix 1.00 0 De-noised Correlation Coeff Matrix
74 - 74 -
148 - 0.75 148 -
222 - 222 -
296 - 296 -
370 - 370 -
444 - 0.50 444 -
518 - 518 -
566 - 566 -
740 - -0.25 740 -
814 - 814 -
s s
1036 - 0.00 1036 -
1110 - 1110 -
1258 - 1758 -
1332 - 025 1333 -
1406 - 1406 -
1480 - 1480 -
1554 - --0.50 1554 -
1628 - 1628 -
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Correlation Coeff Matrices for plane v, tpc 1

Orig Correlation Coeff Matrix 1.00 0 De-noised Correlation Coeff Matrix
74 - 74 -
148 - 0.75 148 -
222 - 222 -
296 - 296 -
370 - 370 -
444 - -0.50 444 -
518 - 518 -
566 - 566 -
740 - -0.25 740 -
814 - 814 -
o oF
1036 - 0.00 1036 -
1110 - 1110 -
1258 - 1758 -
1332 - 025 1333 -
1406 - 1406 -
1480 - 1480 -
1554 - --0.50 1554 -
1628 - 1628 -
1702 - 1702 -
1776 - 1776 -
1850 - -0.75 1850 -
1924 - 1924 -
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. Orig Correlation Coeff Matrix 1.00 o De-noised Correlation Coeff Matrix
62 - 62 -
124 - 0.75 124 -
186 - 186 -
248 - 248 -
310 - 310 -
372 - - 0.50 372 -
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8 2
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Correlation Coeff Matrices for plane w, tpc 1
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Correlation Coeff Matrices for plane w, tpc 0
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fit allowing 3 parameters to float

X0 vs x1

1400

1350 A

1300 A

1250 A

1200 -

X1: Non-Linear Transition Point [mV]

1150 A

highly correlated

n
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250 300 350 400
Xp: FE ASIC Baseline [mV]

xl — 1650 _.XO
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T: Non-Linear Time Constant [mV]

x0 vs tau
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