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Single-Phase TPC Signal Formation
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* Induction plane signal strongly depends on the local charge
distribution, collection plane signal is much simpler
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Example |: ideal track
(uniform charge density)
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Now look at the raw signal after
Qconvolute with bi-poqlar signal

eff

Collecti
ofiection Effective charge in

lane _
P /\ Induction plane

Time Time
Q
] Qeff
Ir:duct|on Raw signal in
/\ plane induction plane
Time Time
In the middle, the raw signal will be If the signal is rising slowly, the net
close to zero due to the cancellation contribution on the raw digit will be
of bipolar response function small, however the signal will be long

The induction plane signal can be very small in height 2
importance of data compression scheme
No such complication for collection plane
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1-D Deconvolution

Time domain

M(t,) :IR(t—tO)oS(t)-dt

l Fourier transformation

M (o) = R(w) - S(w)
Frequencyldomain

_ M(w)
S(w) = R (@)

Back to time
domain S(t)

F ()

Anti-Fourier
transformation

 Good for Collection plane
* Thereis NO universal
“average” response
function for induction plane
* A deconvolution assuming
universal response function
would lead to gaps in the
images which CANNOT be
explained by the dead

channels
* Vertex activity
e EM shower
* Track with various angles

7/13/2016
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2-D Deconvolution
I\/Ii (to) = I(Ro (t _to) ' Si (t) T Rl(t_ to) ) Si+1(t) "‘---)’dt

M.(») =R,(w)-S;(w)+R,(®)-S.,,(®)+...

1+1
« With induced signals, the signal is still linear sum

of direct signal and induced signal

— R, represents the induced signal from
i+1th wire signal to ith wire

— S;and S, are not directly related

M, (@) Ry (@) R(w) .. R,(0) R (o) S,(w)
M, (@) R, (®) Ry(®w) .. R(w) R, (0) S,(w)
M, (@) Ri.(®) R(@) .. Ryo) R, (@) Sy1(@)
M, (@) R(@) R (@) .. R(w) Ryo))\ S, (o)

The inversion of matrix R can again be done with
deconvolution through 2-D FFT
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Just 2D deconvolution will not be
enough = ROl + Adaptive Baseline

M(w)

)= R )

F ()

Signal mV/fC

a1 L
%020 20 0 20 40

Average Response Function (F+E)

Time (us)

1000
800}

600

400

200f

* The bi-polar nature of induction signal amplify
the low-frequency noise during deconvolution

* One can improve the situation through ROI
(Bruce Baller, Robert Sulej) and adaptive
baseline technique (M. Mooney)

Given N time bins with 2 MHz
Frequency Content digitization frequency,
e The highest freq. is 1 MHz

— U induction

o * The lowest freq. (above 0) is
g — WV induction Z/N MHZ
—— W collection 200 bins 9 10 kHz

* Obviously not sensitive to
noise < 2/N MHz
» Adaptive baseline 2 linear

O —"%20 20 80 8o Dbaseline correction instead

Frequency (a.b. unit) of flat baseline correction

7/13/2016
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Example Event Display

time (44 cm)

 Significant improvements achieved in the

After removing
excess noise

&

After 1-D deconvolution

wire (30 cm)

V plane

MicroBooNE Preliminary

After 2-D deconvolution

wire

sighal processing

wire
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Example Event Display

time (88 cm)

After removing
excess noise

A

B
s

b

U view
After 1-D deconvolution

pr -

71wkred33 cm)

MicroBooNE Preliminary

After 2-D deconvolution
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Noise Performance in MicroBooNE

Wire Noise Level in MicroBooNE

ADC root mean square

' MicroBooNE Prelimina
* U-Plane | r e v
CV-Plang [
» Y-Plane ' '

—200

100 200 300 200 500
Wire Length (cm)

600

4=
o
=]

quivalent Noise Charge

ENC after (excess) noise filtering is consistent with the expectation!

Projected protoDUNE noise 500-600 e due to longer wire length

7/13/2016
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Projected Noise Performance in ProtoDUNE

¢3 3000 * MicroBooNE: Cu-Au
yrd - .",:’ o —— Pure Capacitance . ]
Wosgo 2 2| — ss.wie plated stainless wire
- S §| — Patedwie * Much lower resistance
2000 s 3 than stainless wire
B Q
1500~ O =  DUNE: Copper-
1000/ / beryllium wire
. — * Similar resistance as
; ]
500/ Cu-Au wire
L L ! \ L [ L )
05 5 19 T 20 I\/I.uch lower cost
Wire Length (m)  Slight worse strength,

but mitigated by the
mechanical structures
(i.e. spacers)
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Excess Noise in LArTPC

» Beyond intrinsic electronic noise

* Noise from power supplies

- Noise from LV regulator (MicroBooNE + 35 ton) -
hardware fix is in order

- Noise from HV power supply (MicroBooNE), existing
filter is not enough, additional filter is in order

* Pick up noise = better shielding and grounding

- 900 kHz noise in MicroBooNE (burst noise outside
cryostat)

o
5
I
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Microphonics

« Wire motion inside E-field due to liquid motion (< 20 Hz)

« Beyond the dynamic range of the signal - not contributing to
the noise level

 However, can lead to periodic ASIC saturations

- O(10) channels in MicroBooNE at 500 pA leakage current setting

Raw signal After removing excess noise

(e -
20
2070 -
(L] 1D:_
- o
204 U-mf—
& (] -
< 2pa0 = -20-
2020 e
2010 _4|]E_
ot ASIC saturation o

B e R VR VR VR TR RN R [TV B0 R N R R VR (R R )

Ticks Ticks

FIG. 8. An example U-plane raw waveform after the recovery of an ASIC from saturation (left). The same waveform
after the noise filter (right). The reglon corresponding to the ASIC saturation (low RMS region) is identified. The
distortion of the baseline after the ASIC saturation iz removed. The DC baseline 13 moved to 0 after the noize
17 71 distortion of th
filtration (right).




Improvement in DUNE APA design

* Agrid plane is added in front of the first induction wire plane
(Mitch’s talk)
— Reduce impact of long-range induced signal
— Reduce impact of potential noise from HV power supply

« Spacers are added to support wires to reduce the vibration
of the wires
— 1.5 min DUNE instead of 5 m long wires in MicroBooNE

A mesh plane is added behind the collection plane to
suppress signal from behind (Mitch’s talk)

» Also more leakage current settings are added to the frontend
ASIC (1 nAand 5 nA) for ASIC saturation due to wire motion

— 500 pA one is still the likely one to use
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Summary of TPC Signal Processing
. |lLongitudinal (Drift)  |Transverse |

Digitization length 0.8 mm 3-5 mm
Diffusion (o) <1.7 mm <2.4 mm
Electronic Shaping 1.3 mm N/A

(0)

Field Response ~1.1 mm (derived) 3-5 mm
Function

Based on MicroBooNE, we estimate DUNE with change in wire length and wire pitch
 MIP (2.1 MeV/cm) moves parallel to wire plane and perpendicular to wire@anode
* (Peak Height)/(Noise o) ratio for collection plane ~ 68:1 (~40:1 based on 35-
ton experience)
* (Peak Height)/(Noise o) ratio for induction plane ~ 17:1
* For Induction plane, the above ratio
* Decrease with angle to the wire plane (0 degrees for parallel)
* Increase with smaller angle to the wire (90 degrees for perpendicular)
* Finite electron lifetime will reduce the above ratio

19 7/13/2016 » T\



A word about unusable channels

* The expectation of dead electronics is O(0.1%) (ATLAS,
Lariat)

- Currently, MicroBooNE have ~4% cold preamplifier dead due to
startup problem, ~6% of cold ADC having problem in 35 ton,
expected to be improved with improved design, rest of dead
channels are due to disconnected wires or integration issues

 In Single-phase APA, the dead region is dominated by APA gap
(2cm /2.3 m+ 7.5 cm/ 7.2 m)with about 1.9%

« The volume efficiency due to unusable channels can be
estimated as ~ €3

 The goal of unusable channels is O(0.1%)
* The requirement of unusable channels is < ~0.6%

20  7/13/2016 A



Metrics for Signal Processing

* There are only two solid metrics can be used to
evaluate the noise and signal processing

— ENC (equivalent noise charge) - basically
proportional to the pedestal RMS in terms of ADC
 Straight forward for collection plane, but not enough for
iInduction plane
— DNC (deconvoluted noise charge) for induction
plane, can be compared with the number of
lonized electrons from real signal, it depends on
 ENC (noise level) and frequency content

» Response function used for deconvolution (field
response for the real signal)

 Time window (band width)

7/13/2016 21 (\




Simulated Induction DNC Results

RMS in # electrons

25000 10’ llel APA
200005 MIP trgveling 3.2 mm. 10: o
i assuming no attenuation 10°E _ perpendicular APA
15000} 10%E
10000} 10%
i 10°E
5000} 10k

Covov v b e ] 1: n.|.|.1|.Wwﬁl‘.“ﬁhluuuL|
% 200 400 600 800 1000 0 200 400 600 800 1000 1200
Time (us) Hit Time Length (us)
* Smallest signal is a MIP 3.2 mm (2 us) track segment perpendicular
to the wire plane (i.e. wire pitch is ~5 mm)
* Given the expected signal length, for the smallest signal that we
can have for induction, expect a 4~8:1 signal to noise ratio
e Factor of ¥2 margin exists for electron lifetime and electronic noise

before hit inefficiency entering
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What are these shadows?

After removing U plane
excess nOise After 1-D deconvolution After 2-D deconvolution
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P So far just Shockley-Ramo weighting potentials. X X X
i -' "'*.:._I":ﬁ" - -a_—__: ..«'-
» Meshes with custom code + GMSH and BEM with BEM++4-. X A X
» Fully-parallel wires for checking with prior Garfield 2D. i A7 -
» Initial, full-3D using a MicroBooNE-like geometry. N == =:£_
fully- ;;.ar;.nd wire > To do: drift field, ray tracing, average response functions. MicroBooNE-like
| . t
pranes » BEM seems to perform well as alternative to FEM. geometry
20 BEM Calculation (potential) 10 20 BEM Calculation (potential)
15 0.9 15
0.8
10 10
0.7 10.7
2 0.6 5 0.6
0 0.5 0 410.5
-5 0.4 _5 10.4
0.3
-10 ~10
0.2
-15 01 -15
=20 0.0 —20
-20-15-10 -5 O 10 15 20 -20-15-10 -5 0 5 10 15 20

Weighting potentials, units are mm.

Brett Viren/{BNL) , also Leon Rochester (SLAC) \



Requirements of a Field Response Calibration System

I
A bright point-like electron source is /0'5(9/>
favored &
UV“Ifier
The multiple known source positions i — cathode (v
are crucial ——— e
‘lé g \ Photocathode
The electron spot is close to the wire =
plane to limit diffusions £
Averaging is needed to minimize 2 ; j
S . . . g T
electronic noise > trigger is desired & .
o warm
- flange
Distortion by digitization must be U(_ﬂw)_,% ,,,,,,,, e s
minimized V(GND) —>¢ o o o o o o o § % 3
Y(4230V)—>e o o o o o o o o g- g ‘ %
Negligible influence on the drift field 3 S 3

We will perform direct calibration of field response wit
photocathode driven by pulsed laser = better understanding
the induction signal
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Summary

* The design of DUNE APA benefits from the experience of noise
and TPC signal processing from MicroBooNE and ICARUS

- We have figured out a robust way to do TPC signal processing to
extract time and charge information from both collection and
induction wire planes

- 3D field calculation and direct calibration of the field response are in
progress —> better understanding the induction signal

* Minimizing noise and disconnected wires is the key to success!
- Aim at O(0.1%) unusable channels (requirement < 0.5%)

- Reaching expected noise level is the key to reach high quality
performance for the induction plane signal (collection is much better)

- Need to evaluate revising the 3 ms lifetime requirement for
ProtoDUNE-SP (aiming for ~10 ms)
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Response to Charge

 Are the requirements/justifications sufficiently complete and
clear?

- Choice of grid plane, mesh plane, TPC wire length, wire material,
and wire spacer are clearly justified

- Requirement of number of unusable channels is clearly justified

* Does the design provide adequate signal response
characteristics ?

- Yes, signal to noise ratio for both collection (ENC) and induction
(DNC) wire planes are sufficient at expected noise level

* Is it optimized for the proposed electronics?

- Choice of bias voltage fit the proposed electronics, various event
topology can be properly processed with electronics and recovered
by the TPC signal processing procedure

28 7/13/2016 DUVE
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Principle of Single-Phase LArTPC

ire pl - ..
A"Odfjw'ff pf"es Number of ionized
Liquid Argon TPC / — electrons
_3273:: Field Response
m.i.p. ionization: e 77”
6000 e¢/mm A ) -
AV Signal on Wire
: ié::: Plane
ZZ: l Electronic
Cathode A
sathe {; 1 Response
ot Signal to be
T digitized by ADC
ALl
2111 Noise Filter
Charge Extraction
Number of lonized
1 electrons
Egrife ~ 500V/cm T | v l
(Induction) wires are essential due to i) lack of electron High-level tracking
amplification in liquid, ii) power consumption of

elettronics’@nd iii) costs LAXVE



Example Il: Parallel Track seen by U

MicroBooNE Preliminary

0.1 U plane, Garfield ;0001

— 0 wire J
— + 1 wire
D L 'Hl-*i."-'ﬁﬁ'-' Mg “"...-J |

0.058 o 3 e
+ 2 wir v el B AR LR T
— + 3 wire I F 0.66 |
0 - |||' —11.22
: ] - I |—7m3
[ 000 Y 37.12
-0.05 . —43.02
- i ! 50.84
: e IODD_ ] —60.23
Vo500 80 70 80 90 T e
Time (us) 400 -200 O 200 400
When we include the contribution from the =0 : close to parallel to wire plane
near by wires, the field response is further (perpendicular to drift E field)
deviated from the simple bipolar signal = 90 : close to perpendicular to the

wire plane (parallel to the drift E field)
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What do we know for sure

» Cold preamplifier can reach expected ENC
(MicroBooNE and LARIAT)

— The remaining excess noise in MicroBooNE are
reducible with hardware solutions

— No software filter is needed for LARIAT

* We have figured out a robust way to do TPC
signal processing

— There are some problems with our current modeling
of the induction field response - need this better
understood for the induction plane
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What do we want to know?

* Reliable calculation and calibration of field
response function
— 3D field calculation
— Direct calibration of field response

 How can we control the unusable channel to
0(0.1%)?
— Fix the cold ASICs issue in the new design (~3%
ASICs with the startup problem)
— Fix the stuck bits problem in cold ADC

— Eliminate touching wires

33  7/13/2016



Coupling Capacitance

For V plane wire, it crosses with ~ 870 collection wire, so
the induced signal due to coupling capacitance will be
suppressed by about O(1000)

For Collection wire, it crosses with ~ 720 V plane wires, so the
induced signal will be suppressed by O(700)

For U plane wire, it crosses with ~800 V plane wires, so the
induces signal will be suppressed by O(800)

Based on charge calibration study in MicroBooNE, the cross talk
Is at about 2% level before the suppression above

Effect is expected to be negligible

34
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Summary of 35-ton Noise

* Known problems:
- Low voltage regulator ~ 11 kHz noise (seen in uBooNE)
- Remnant startup ~4% of the preamplifier ASIC (seen in uBooNE)
- ADC ASIC “stuck bits”

* Unknown problems:

- Origin of the High Noise State (ENC ~ 4 fC)
Not likely due to ASIC oscillation

« Observation of HNS with spectrum analyzer and photo detector readout
suggest noise source outside the cryostat

* What worked (next slide)

* Some observations (next two slides)
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From Veljko’s talk

36
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3.1. What worked:

Readout functionality. All FEMBs performed data
collection.

APA1 has been working well with the lowest noise and
not entering into (HNS) by itself (without the power
turned on to all APAs, in particular to APA3).

All cold FPGAs (16) in 35 ton have functioned as expected.

This is a first and a milestone in R&D on cold electronics.
FPGASs’ functioning did not affect the noise.

With software filter for low frequency LVR noise, ENC is
comparable to ~ one half of ICARUS noise, ~ twice the
MicroBooNE noise.

Noise increase with bias, drift HV and PD turned ON was
significant.
Detail on the above points in slides 6-10.




From Veljko’s talk

37

3.6. Noise in “normal” state (no HNS)
- Some observations:

Wide range of ENC among the APAs under normal cosmic data
taking conditions (slide 7). APA1l the lowest.

Non-readout TPC system noise contributions are very significant
and most apparent at the lowest noise locations, increasing ENC
from 610e- to 1070e-, and from 1210e- to 1950e-, for collection and
induction wires respectively.

Induction wire ENC ~ 1200e-~ twice the collection wire

ENC ~ 600e-, at lowest ENC values, is higher than accounted for by
different wire capacitances. Induction wires are more exposed to
pick-up noise.

The lowest noise values are also most uniform (slide 6). Note: All FE
ASICs showed a very small ENC dispersion (<5% RMS) in the pre-
assembly tests (all ASICs had been tested).

7/13/2016
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Charged Particle Traveling in LAr

Energetic . .
Charged Pariicle Number of ionized electrons

- Recombination effect

lonization Excitation

- Electron lifetime due to

Penning . .
Impurities

lonization

Recombination Resonance

Absorption

 |onized electron transportation

Dissociation

Atiachment - Drift Velocity
Triplet Singlet o
(Long) (Short) - Diffusion

Need <30 ppt H,0 for

2.5m drift L 4 Absorption,
- Scintillation | Penning
T Light Signal
E—3oo E—0
42,000 e/MeV 51,300 ph/MeV

8980 &/mm for MIP 10,900 ph/mm for MIP
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Recombination and Electron Lifetime

« Recombination: « Electron lifetime

- Modified Box Model vs. Birks - 1012 times collisions with
Model

atoms every second
- Large dE/dx - more recombination

. —taritt / Tiitetime
- Large E-field - less recombination Qcollect o erift €

Re @ 2 MeV/cm

Electron Attachment Rate Constants in Ar
i SF, =
0.7F R =
[ 2 101 T |
=3
L c N.O
. H.,O 2
()-ESES:’ % 1012 Erfhiﬂ
O —
Q@
| SE 10" . O,
0.6 = S
: | | | | | 101{] 1002 _1‘. N \cﬂ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |___I__, o Q
02 03 04 05 06 — —1]

100 1000 10000 100000
E (kV/cm) Electric Field (V/cm) \



Electron Drift Velocity and Diffusion

* Drift velocity  Diffusions: Y. Li et al. NIMA

_ | N . 816160 (2016)
v (drift velocity) = u (mobility) - E (electric field)

« ~1.6 mm/us @ 500 V/cm

- 2.3 ms for 3.6 m travel distance

oz 1o E (k1V/cm) v

w e
> 4+ 10.0 mm
0% " 200 mm
10 o somn
O 45.0 mm — —
N’ +  60.0 mm
= — p(E=0 @ 87 K) . .
Longitudinal | Transverse
/ o o
1.8 m ~1.2 mm ~1.7 mm
102§
- 6.0m ~2.3mm ~3.1 mm

10*  10° _ 10°
E/N (Td) http://lar.bnl.gov/properties/ DRXVE



Electronic Response

Electronic Response in
Frequency Domain (2 us)

Electronics Response Function in Time Domain

20— Q 5F — 0.5 us
- = 5 —1.0us
18— g 4 —20us
- ) - —3.0us
15:— 5 3E
14:— g— 2E
121 < 4
m;_ 0: | | l |
8 0 2 4 6 8 10
s Time (us)
- Cold electronic:
o * 4 shaping time (0.5, 1.0, 2.0, 3.0 us)
D:| 111 | L1 11 | L1 11 | L1 11 | L1 11 ° 4 gain (4-7; 7'81 14’ 25 mV/fC)
0 1000 2000 3000 4000  50C
O Hz 1 MHz

[Digitized (ADC)] =[# of e"]x[Field res. (fC/e”)]x[Ele. res. (ImV/fC)]x 2.5(ADC/ mV)
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Impact of hardware filter on LV filter
regulator

U-Plane Y —-Plane

T i)
Before LY Filter Before LY Filter
BO0 B0
Spann) ]
o] LLLL]
I 0
2IEN) ETNE
1 P li | 10
1 L E— ulz — i [T [T] . 1 . [T] aln 1
Fragusnsy F gy
¥ —Plane
#0000
After LV Filter - After LV Filter After LY Filter
]
i)
pLarii)
Faer i)
OO0
n " i —p— i e An—l PR T T 1 A T Moo o S S S ——— ——
‘o [-F] (1] [T] 7] 1 ] [F] [iT] [T] [T 1 ] 2 34 n& (L] 1
Frivp s nly Frszonsy Frequency

FIG. 12. The FFT of the data on the U (left), V{center) and Y (right) planes before (top) and after (bottom) the
hardware filtar was added to the low-voltage service board on feedthrough 5.



Use the Following “Wiener-like”

Deconvolution Filter Fungtlons
(x/[1])

(x >0)x[0]xe 2

* To implement in, set [0] = 1, so that the filter will
normalize to 1

* Filter (in frequency domain) is essential a
smearing function (in time domain)

1- =

I |.15T
0.8 0.8~}
; : 0.1}
0.6 0.6] i
0.4 0.4/ .05}
0.2§ 02; O:Ux M
IIIIIIIIIIIIIIIIIII [ I N | I N | | I | | | I T ]
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Electronic Shaping Function for cold
ASIC

 Transfer function is obtained from
Hucheng

Ao cAo
Out[5]=
(PO + ) (ip12+ (rp1+s)2) (ip22+ (rp2+s)2)
p0 = {1.477/To/cTo} Transfer function is Laplace
rpl ={1.417/To/cTo} transformation of the shaping function
ipl = {0.598/To/cTo} in the time domain

rp2 = {1.204/To/cTo}

ip2 ={1.299/To/cTo}

cAo ={2.7433/(pwr(To*cTo,4))}
cTo = {1/1.996}

Ao=14
To =0.5us
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Example Field Response

Functions

_ y l%nlt
o © o
—L on

Arbitrar
Qo

o
(=]

|
=
—t (5]

FIG. 10. The overall response functions, which is the convolution of the electronics response function (14 mV /{C

1D Data-inspired Responses

—U (ind.)
—V (ind.)
—W (cal.)

123672010 0 10

Time (us)

0.05

-0.05

2D Garfield Responses

302010 0 10

Time (us)

0.05

-0.05}

2D Garfield Responses

L

gain and 2 ps shaping time) and the field response, are shown. See text for more discussion.

Time (us)
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Example of the MIP (2.1 MeV/cm)
traveling 3 mm parallel to the wire plane

hi

h1
100 Entries 200

Mean 2137
RMS 1.793

Average diffusion

Typical waveform

1 1 1 | 1 11 1 | 1 11 1 | 1 11 1
20 30 40 50
Time (us)

4
\;
4
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Estimation of Peak to Noise Ratio

- Collection Wire plane Signal : 85 x 4.79 mm x1.15~156 ADC

3 mm

Noise: 1+1><i ~ 2.3 ADC
4.6

S/IN~678:1
 Induction Wire plane
Signal : 30 x+007mMm 1.4 1 1-43.0ADC
3mm  1.67
_ 7.3 * 1.4/1.67 from the field response
Noise: 1+1x—~ 2.6 ADC function between 3 mm and 5 mm
4.6 wire pitch

- : * 1.15 for collection (1.1 for induction)
S / N 16.5:1 takes into account the different drift

voltage (273 V/cm vs. 500 V/cm)
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Signal from behind the collection
LATIAT event from logbook

T
=3y

May 19-22 2016 C. Bromberg, Michigan State DUNE Collaboration Meeting — Rapid City g
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APA Design Parameters

Table 4.2: APA Design Parameters

Parameter Value

Active Height 5020 m

Active Width 2205 m

Wire Pitch (U,V) 4.67 mm

Wire Pitch (X.G) 479 mm

Wire Position Tolerance 0.5 mm
Wire Plane Spacing 5 mm
Wire Angle (w.r.t. vertical) (UV) 35.7°

Wire Angle (w.r.t. vertical) (X,G) 0°

Number Wires /| APA

960 (X), 960 (G), 800 (U), 800 (V)

Number Electronic Channels /| APA

2560

Wire Tension

50N

Wire Material

Beryllium Copper

Wire Diameter 150 pem
Frame Planarity 5 mm
Photon Detector Slots 10

« 100% transparency checked with
analytical calculation based on
conformal representation theory
(Glenn Horton-Smith, uBooNE
db-4708)
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V(-25.6)=-13196.8, V1=-665.565, V2=-370.66, V3=0, V4=823.63,

Anode Plane Bias Voltage

Grid (G) -665 V
Induction (U)  -370 V FEM
Induction (V) v calculation
Collection (X) 820 V

Mesh (M) A

EQ0=500, E1=605, E2=750.313, E3=919.133, E4=-9

74
V(1.5)=1.79486

0.015 -282.0 0.015 —15.6
G 0.005 | -287.2 0.005 |- H9.3
0.000 |- -289.8 0.000 |- 16.2
-0.005 | -292.3-0.005 |- -13.1
~0.010f et 294.9-0.010f - /) Hoo
H H H 0 / . H > H
-0.0150LL L 1o L i | 297.50.015L £ 121 —1 L U3
~0.520.5+9.5+0.568.56®.495 ~0.020.0+9.0+0.00G00®.005
0.015 —398.0 0.015 —1209.2
0.010 W H3e3.0 0010/ simmmioddN] Hi179.4
) /'
0.005 1388.1 0.005 4 |H1149.5
0.000 |-} 1383.1 0.000} - i{f 11119.6
—0.005)/ i 11378.1-0.005} |-{1089.8
S i 1 N ] 1
-0.010}- 1{373.1-0.010 o H1059.9
: : 3 i 'y, B \ i g, : B
-0.015 Lo i/ /] LI368.2-0.015 R L11030.1
0.489.490.499.500.509.51®.515 0.989.991.995.00.005.01@.015

V

U



A

Noise in MicroBooNE . = =

* There are three sources: s = |
— 10-30 kHz coherent noise > MR -] =
low voltage regulator on the e =
mother board BRE . L=
« Hardware fix in order
— 900 kHz noise = some sort of B |
pick-up noise due to its position . =gy
dependence . vt
» Beyond signal bandwidth E
— 36 kHz harmonic noise = Drift high
voltage power supply (mainly seein - . .

the first plane)

 Hardware fix in order

All noise in MicroBooNE are accounted for and have

- hardware solutions \

ADC from baseline



