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Overview

We have done two things:

1. Tried to really understand the simulation data

a. Alot more detail than we were expecting. Data needs lots of cleanup from non-MIP events.
Were hoping to get it fully understood and get the resolution out of a clean data set.
b. Not done yet

2. Since the summer is ending, we pushed for a simple result on the resolution
as a function of clock speed

Start by showing the data set, and how far we got



First look at the full Sample of 100 simulated Events

Number of Active Pixels (Uncut Sample) Number of Resets per Pixel (Uncut Sample)
count 100.0 104 4 count 32688.0
14 mean 326.88 mean 5.013307635829662
std 248.43043779746958 std 7.512494993778981
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Only consider Pixels with Truth Z information

e Total Active Pixels = 32688
e Active Pixels with TruthZ info = 10046

Comparison of Number of Active Pixels with and without TruthZ Cut Comparison of Number of Resets per Pixel with and without TruthZ Cut
351 == Uncut 10° | === Uncut
TruthZ Cut TruthZ Cut
30 A count 100.0 count 10046.0
mean 100.46 mean 9.16623531753932
std 117.99070499258178 std 10.679615855697119
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Examples of good events

Fit looks good
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ome pixel distribution are not very Gaussian

RuntimeError: Event24, Pixel [126.0, 97.0] -- Optimal Parameters Not Found RuntimeError: Event4, Pixel [126.0, 189.0] -- Optimal Parameters Not Found RuntimeWarning: Event16, Pixel [130.0, 243.0]
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- Lots of tricks to get rid of these, but we aren’t done yet
- Start with a simple analysis



Since we know the fitted RMS should be less than
about 1.25, we start with simple cleanup cuts

Calculate a “simple RMS” which is calculated by

3, weight, x (reset; — p)?
3, weight;

After cleanup, fit the pixel and then group by

TruthZ to determine the RMS vs. TruthZ
relationship

Simple RMS vs TruthZ - 7395 counts
(Cuts: TruthZ, rms < 1.75)

3
TruthZ (mm)




Fitted RMS for various truthZ bins

Fitted RMS values with a 50 < truthZ < 150 Fitted RMS values with a 450 < truthZ < 550 . .
Fitted RMS values with a 1450 < truthZ < 1550 Fitted RMS values with a 2450 < truthZ < 2550
40 == 100 = 500 35
17.5 E_—_11500. = 2500
35 14
| 1504 *
count 81.0 count 64. 2
320 count 60. count 197.0
mean 0.21688829293633138 mean 0.473724026738441 }
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Fitted RMS values SUMMARY

Fitted RMS values with a 3450 < truthZ < 3550 Fitted RMS values with a 4450 < truthZ < 4550 40 100 O n Iy CUtS
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Fitted Mean RMS vs TrueZ based on samples at 100,500,1500,2500...+/-50
Fit Function: y = 0.016927933336032135*sqrt(x)
Chi2: 0.002549291921510066
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First results
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Resolution as a function of Truth Z is 00
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Fitted RMSs vs TrueZ based on samples at 100,500,1500,2500...+/-50
Fit Function: y = 0.016927933336032135*sqrt(x)

Can use this to determine clock speed ChiZ: 0.002549291921510066
recommendation .
Ballpark uncertainty in Z at 2500 mm: ;f Qoa :
- We see an RMS of our measurement at about = 002 .
0.04 on a mean of about 0.8. Call this about 5% oo {® °
measurement on RMS. Since Z prediction goes B | | ‘ |
as RMS”2, we get about a 10% prediction of Z ° e B - P

which is about 250 mm



Find resolution at a single Z

Expanded range from 2400 < TruthZ < 2600 (more statistics), and looked at
distribution for different clock speeds. Gets wider as clock slows down

Fitted RMS values with a 2400 < truthZ < 2600 and ClockSpeed = 2.5MHz

- 25
17.51
15.0 1
count 252.0
mean 0.8853439009881566
1254 std 0.23796173703209453
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a = 10.84853814429051 ---- unc: 0.883593196008633

mean = 0.866163916032286 ---- unc: 0.01626708664762082
var = 0.029138870516594816 unc: 0.005715736371260217
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Fitted RMS values with a 2400 < truthZ < 2600 and ClockSpeed = 5MHz

25 4 - 5

count 26
mean 0.9048406497988595

std 0.1887402711667173
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Fitted RMS (us)

a = 19.687001389904722 ---- unc: 1.1566035734286602
mean 745658583021488 - unc: 0.0060995999534144444
var = 0 8088987222698147 ---- unc: 0.0011045047107235602
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Fitted RMS values with a 2400 < truthZ < 2600 and ClockSpeed = 15MHz

- 15
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Fitted RMS (us)

a = 28.125635646852785 —-
mean = 0.8396019868769987 —--- unc: 0.0034744302058493404

var = 0.004256006491470612 ---- unc: 0.0004533671008773532
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unc: 1.2973097036523538
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Results

Best fit Z Estimated 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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Looking Forward:

e How well do we measure the Z value using the

simple methods? Take DeltaZ = true Z and

estimate from RMS

e RMS gives about ~150mm which can be

compared to 250mm

e Dominated by long tails of mis-measured

events. Will take more study

1: Full range of events

DeltaZ = Z_true - Z_pred
Using Fit Fn: Z_pred = (rms/0.016927933336032135)"2
ALL EVENTS (Cuts: TruthZ, SimpleRMS < 1.75, nResets > 3)

DeltaZ = Z_true - Z_pred
Using Fit Fn: Z_pred = (rms/0.016927933336032135)"2

ALL EVENTS (Cuts: TruthZ, SimpleRMS < 1.75, nResets > 3)

== DeltaZ

10°
count 6525.0
mean -629.7904550243878
std 2740.138959394435
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2: Zoomed to [-2500,2500]

DeltaZ = Z_true - Z_pred
Using Fit Fn: Z_pred = (rms/0.016927933336032135)"~2
ZOOMED (Cuts: TruthZ, SimpleRMS < 1.75, nResets > 3)

103

-2000 -1000
Deltaz

= DeltaZ

count 6057.0
mean -128.72702068898164
Std 596.0533160984929

DeltaZ = Z_true - Z pred
Using Fit Fn: Z_pred = (rms/0.016927933336032135)"2
ZOOMED (Cuts: TruthZ, SimpleRMS < 1.75, nResets > 3)

= DeltaZ

700

600 count 6057.0
mean -128.72702068898164
std 596.0533160984929 i}
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3: Zoomed to [-500,500]

DeltaZ = Z_true - Z_pred
Using Fit Fn: Z_pred = (rms/0.016927933336032135)"2
ZOOMED (Cuts: TruthZ, SimpleRMS < 1.75, nResets > 3, FittedRMS < 1.25)

count 6015.0 Il
mean -137.27171893616367
std 654.3219610107021

m—Deltaz

DeltaZ = Z_true - Z_pred
Using Fit Fn: Z_pred = (rms/0.016927933336032135)~2
ZOOMED (Cuts: TruthZ, SimpleRMS < 1.75, nResets > 3, FittedRMS < 1.25)
200

= Deltaz
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150 count 6015.0
mean -137.27171893616367
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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
o Could do better with a cleaner sample

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

e Looks like Z-resolution and tails are dominated by
mis-measured events. Cleaning up the sample is our next
step
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