Position Resolution vs. Clock

Speed in Simulations:
Quick Results and looking forward
Dave Elofson & Dave Toback

Q-Pix Bi-weekly Meeting
(8/26/2020)




Overview

Since we are using QPix charge detection as a replacement for light detection for
determining position, our goal is to use simulations to determine the position resolution as a
function of clock precision.

Finding the minimum clock speed that doesn’t affect resolution can tell us how to save on
cost and power

We have done two things:

1. Long term: really understand the simulation data and get the resolution out of a cleaned

data set
a. Many more effects than we were expecting. Data needs lots of cleanup from non-MIP events.

2. Short term (Since the summer is ending): Simple results

First quick comments on the data, then preliminary results



Comparison of Number of Active Pixels with and without TruthZ Cut
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First look at the Sample .

e Full sample of 100 simulated
muon events
o 32,688 active pixels PRk e e, e e
e Only want to look at pixels Comparison of Number of Resets per Pixel with and without TruthZ Cut

corresponding to an explicit
drift distance (TruthZ) from e
the Geant4 data
o 10,046 active pixels with
TruthZ information

Number of resets



Good vs Bad Events

We expect the diffused electron
swarm produced from a MIP event to
have a Gaussian density (current)
both longitudinally and transversely in

current as a function of time
o  Only care about longitudinal distribution for
now

Good (MIP-like) events will be
Gaussian
Bad events are not Gaussian or have

multiple peaks

o  Still understanding their causes and
developing methods to fix/remove them

Example of a good event
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Start with simple cleanup cuts

e Select a sample of MIP-like events

with simple baseline cuts

o TruthZ exists
o nResets > 3
o Simple RMS <1.75

e Note that many events have larger
than expected RMS because they
dont look like MIPs

Simple RMS (us)
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Fitted RMS values SUMMARY

Fitted RMS for various TruthZ bins =

e After cleanup, fit the pixel and then group by TruthZ 0 500
to determine the RMS vs. TruthZ relationship 25

o If the pixel could not be fit, it was cut
e Consider events for a number of TruthZ distance -
bin size of 100

e Fit each to a Gaussian in a restricted range to ignore

long tails for simplicity _LJ&.L
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e Gives the expected sqrt RMS vs Z relationship ¥ emew
o  Resolution as a function of TruthZ is relatively flat (~0.04 - not Fitted Mean RMS vs TrueZ based on samples at 100,500,1500,2500...+/-50
Fit Function: y = 0.016927933336032135*sqrt(x)
shown here) Chi2: 0.002549291921510066
o  Can use this to determine clock speed recommendation H o
10 >l

Ballpark uncertainty in Z at 2500 mm:
- We see an RMS of our measurement at about 0.04 on a mean
of about 0.8. Call this about 5% measurement on RMS. Since

Mean RMS (us)
=]
N

Z prediction goes as RMS”2, we get about a 10% prediction 02 ,
of Z which is about 250 mm 00] ¢
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Full range of events

D ItaZ = Z_true - Z_pred
red = (rms/0. 016927933336032135) 2
ALL EVENTS (C t T uthZ, SimpleRMS < 1.75, nRes: 3)

Long run strategy: =
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e How well do we measure the Z value using the simple
event selection methods?
o Determined measured_Z from fitted RMS of the
pixel
o Right: DeltaZ = true_Z - measured Z ""”“" o
e Dominated by long tails of mis-measured events. Will -
take more study
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Zoomed to [-500,500]

DeltaZ = Z_true - Z_pred

e RMSin the peak is about ~150mm zoowep (Cuts: FT‘uszZs”mS’leaﬁas'“i’°1°71559n2¥35§3352§§a’:5s<125»
o Can be compared to 250mm (expected to
change as a function of TruthZ) S
o 150mm isn’t a fair estimate since we are

summing Gaussians with different resolutions i

50

Deltaz



Simple method for determining resolution as a
function of clock speed: Pick a single pointin Z

Expand range from 2400 < TruthZ < 2600 to get higher statistics, and look at
distribution for different clock speeds. Resolution gets worse for slower clock
speeds.

Fitted RMS values with a 2400 < truthZ < 2600 and ClockSpeed = 15MHz
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Results

Best fit measured Z stays about the same (as expected), and resolution (width of
the RMS distribution) gets worse for slower clock speeds. More statistics would
smooth this out.

Clock Speed Dependence of Events with TruthZ = 2500 +/- 100

Clock Speed Dependence of Events with TruthZ = 2500 +/- 100
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Conclusions? Next steps

e Looks like we can get an expected resolution of about
~200mm but that it should be Z dependent

e A 30MHz clock speed appears safe. Getting a more robust
number will take more work

e Many events still don't have the correct Z measurement due
to non-Gaussian charge collection. Cleaning up the sample
IS our next step
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