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What is this for? 1

Oxfa34 Oxffaa
Ox12ea 0x4223

Oxabcd Oxfedc /ﬂ
Ox00ff Oxffoo
Raw data =3 Fully reconstructed events
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= 6x planar sensors + FE-14
» RCE-based readout

» Device(s)-under-test fully
integrated




Overview 3

Goals Non-goals

VRN

Optimized for typical pixel = General reconstruction framework

telescope setups = Full analysis framework

Raw data to reconstructed tracks

Originally: Judith software

G. McGoldrick et al, NIM A765 140-145

Simplified pipeline ||| | | | |Beam

Optimized data model

Beam telescope  Device-under-test

Reduced manual intervention
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Analysis flow 4

----------------------------------------- e
pt-match v User H

v Analysis &

| Track / cluster matching | H H

k2 HE H

| Export | — '

Configuration/ ... ..cicecccccecmnnccee  0° ‘acaaicceemeceeseemaneet e eeicceeeeeeeeeaas ! cecesasas J

Conditions

= Single data stream

= Specific tools

<€
[
i pt-align
:

» Preprocessing, clustering,
..on-the-fly
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Common configuration format 5

Device

1 [sensor_types.feid —si]

> cols = 80
3 rows = 100
Geometry

= TOML file format, ini-like
' i[cg sen;ors 1] » Separate static (device, analysis)
2 —

. offset — [0.0, 0.0, 100.3] 2nd dynamic (pixel masks,
alignment) configuration

Analysis

1 [track]

2 sensor_ids = [0,1,2,3,4,5]
3 search_sigma_max = 5.0
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https://github.com/toml-lang/toml

Telescope-specific data model

Telescoped
Telescopel

SensorEvent0
SensorEvent6é

I. Clusters

Local track states

Common process loop

Read event

2. Run all processors,
e.g. clusterizer, tracker
3. Run all analyzers,
e.g. occupancy,
correlations

4. Store event

All information is local.
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Raw input data

Supported formats

» RCE ROOT data
= Timepix3 SPIDR data

M. Williams (CLICdp)

« EUDAQ raw data

via EUDAQ library decoder

Oxfa34 Oxffaa
Ox12ea 0x4223
Oxabcd Oxfedc
Ox00Tf OxTfOO

!

2| pixel=(23,42) time=2 tot=8 |

E| pixel=(1,15) time=1 tot=2 |

2| pixel=(66,77) time=5 tot=9 |
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Noise scan 8

Occupancy

[h35_05-Occupancy
<

p— Occupancy inhomogeneity,
T e.g. due to beam profile

Devy 6761002396

Local noise estimation

1. Calculate expected local
occupancy via kernel
density estimator

2. Calculate local significance

3. Cut
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Noise scan 8

Expected occupancy

5_05-DensityEstimate

300

Occupancy inhomogeneity,
B e.g. due to beam profile

Std Devy 67.62:0.02394

250

200

Local noise estimation

150

1. Calculate expected local
occupancy via kernel
density estimator

Calculate local significance
Cut
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Noise scan 8

Local significance

h3s_05-LocalSignificance

Entries 3980002

B Occupancy inhomogeneity,

Meany 1557+

s o7 e.g. due to beam profile

StdDevy 7398+

Local noise estimation

1. Calculate expected local
occupancy via kernel
density estimator

2. Calculate local significance
3. Cut
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Noise scan 8

Local significance

wb ~- i Occupancy inhomogeneity,
a0 e e.g. due to beam profile
700 — =
e E Local noise estimation
500 — =
400; é
- E 1. Calculate expected local
oE E occupancy via kernel
100~ E . .
| | N density estimator

-30 -20 -1 0 10

Calculate local significance
Cut
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Clustering

Center-of-gravity

» Greedy cluster finder

Geometric cluster
properties
Time-over-threshold,
binary, fastest hit

Configurable per sensor

S
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Geometry 10

= Orientation defined via unit

] vectors
|1
|| u=(1,0,0)

v =1(0,0.9,0.1)
] = Always reconstruct in local
—~ coordinates

= All transformations on-the-fly
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Tracking 11

= Road-based track finder

» Global ambiguity solver
based on ,}/2, Nhits

= Linear track model

= Results in local coordinate
system
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Alignment

Track residual histograms

Measured (unbiased) residuals:
e)) (10 —v|[AY
e) "o 1 ufl
v Ay
Solution in y? sense:

Au~ ey(1 - ) + e uv
Av ~ e,(1 - v?) + e uv

Ay ~ e u—eyv

12

Unaligned distributions

tel3-DeltaU
Enries s
e -sarzs 1.3
Supev 72692 05049
Underiow o
overtow o

A
400 0
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Alignment

Track residual histograms

Measured (unbiased) residuals:
e)) (10 —v|[AY
e) "o 1 ufl
v Ay
Solution in y? sense:

Au~ ey(1 - ) + e uv
Av ~ e,(1 - v?) + e uv

Ay ~ e u—eyv

12

Aligned distributions

tel3-DeltaU
s

00— W oo
£ swow  samosm
= Underton o
500 = ovarton
400 -
a0 E
200 -
10— =
Coviil | | | | | | | L]
60300300 200 <1000 00 00 300 400 0
500
a0~ o
300 [— |
200 [— |
100~ —
oL I | |
%7700 006 004 002 0 01
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Alignment 12

Iterative procedure

Track residual histograms

I E E

Measured (unbiased) residuals: | E
€y 1 0 —-v Au 3° *

e,)] \0 1 u Av & =

4 Ay E

N
28
8

Solution in y? sense:

g8

Au~ e, (1 - %) +e,uv

4 Alignment Correction Rotation2
8 o
T[T T[T T

Av ~ e, (1 - v?) + e uv

Ay ~€VLI—€UV -0.006|

I I I I I I | | I I
B 4 B 8 10 12 i 16 18 20
Step
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Tracking performance

Unbiased residuals

6| M

009 5
|

1051 fokg = 0.001

104

103

102

M =0.63 um
0 =10.31pum
| = 32.88 um
fokg = 0.001

—200 0 200

Match residual u / pm

-200
Match residual v / pm

10%°

108

10°

104

102

10°

13

FE-14 telescope, 6 planes,
250 pm X 50 pm pitch
ATLASPix1 dut,

130 pym X 40 pm pitch
SPS H8 beam line
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Computational performance 14

Example: pt-track

Step Time/ps/event
Input 15
Processing 190
Analyzers 53
Output 55
Total 313

= Example run with 100k events
= Total time O(1 min)

= Local machine:
Core i5 CPU, solid state storage

— Full campaign reprocessing:
O(hours) on LXBATCH

Disclaimer: varies for occupancy,
machine, ..
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Upcoming Features 15

= Event stream merging,
e.g. independent device-under-test,
Timepix telescope

preliminary support already available

= Full 3-D alignment

based on arXiv:physics/0306034
= GeneralBrokenLines-based tracking G&E

Summer student S. Magbool
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Where to get it

&l e | @ httpsy/gitiab.cemch/un < s @ls x Cond |t|on5
B

16

B = Requirements: ROOT, CMake,

Proteus --- Pixel telescope reconstruction

- C++11

the Jucithsoftware but has evolved nto an independent package.

Dependencies = MIT/CC-BY-4.0 licensed

e [ty and ROOT for Optional
components mightrequire additonal software. A ful st of dependencies and the minimum version
elow.

fe = Provided as-is

On Gitlab

« ROOTS34736

= Current version: 1.3.0
= [ssue tracker

= Continuous integration

https://gitlab.cern.ch/unige-fei4tel /proteus

/i) UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES



Where to get it 16

&l e | @ httpsy/gitiab.cemch/un < s @ls x Cond |t|on5
B

B = Requirements: ROOT, CMake,
Proteus --- Pixel telescope reconstruction C 4+ 11
Dependences = MIT/CC-BY-4.0 licensed

e [ty and ROOT for Optional
components mightrequire additonal software. A ful st of dependencies and the minimum version
aqured s lited below.

= Provided as-is

On Gitlab

« ACH11 compler, gec 4.9 or clang 3.9

« ROOTS34736

+ EUDAQ L7 (opt

+ Doxygen 16 o
5

« sl
« Breathe (option

andROOT

ncs
version via th foloving c

e oo e 6 = Current version: 1.3.0

= [ssue tracker

Thank You

= Continuous integration
https://gitlab.cern.ch/unige-fei4tel /proteus
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