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High-performance software package for Timepix3
data acquisition, online analysis and automation

Petr Manek!2, petr.manek@utef.cvut.cz

linstitute of Experimental and Applied Physics, Czech Technical University, Prague
’Department of Physics and Astronomy, University College London




On the menu today...

Background: Timepix3

About the software:

 What s it?

 What can it do? (...for you?)
 How does it work?

* How is it better than competition?

Example applications of Track Lab
Future development




Background: Timepix3

 Solid-state hybrid pixel detectors
« 256 x 256 pixels, 55 ym pitch
« Sensor materials: Si, GaAs, CdTe, ...
 Typical sensor thickness: 100 ym — 5 mm

« Can measure simultaneously:
* Time over Threshold: calibrate to keV using XRF
» Time of Arrival: 1.56 ns resolution
* |n data-driven mode: ‘zero’ dead time
 In Z-axis: using charge carrier drift model (ToA)

More information: Poikela, Timepix, et al. "Timepix3: a 65K channel hybrid pixel readout chip with simultaneous
ToA/ToT and sparse readout.” Journal of instrumentation 9.05 (2014): C05013.




Background: Timepix3

« Z-coordinate reconstruction examples:
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What Is Track Lab?
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« Data acquisition (DAQ) and analysis software
* Runs on all major platforms: & - "

* Originally aimed at pixel detectors, now can do much more...

* Focus on:
« High performance
 Versatility and extendibility

* Live feedback ﬁ
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Take data Run analysis Automate
from detectors In real-time repetitive tasks

Photo credit: University of West Bohemia, Advacam, Standa LTD, Amptek Inc., Universal Robots A/S



https://www.fel.zcu.cz/cs/
https://advacam.com/
https://www.standa.lt/
https://www.amptek.com/
https://www.universal-robots.com/
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Data taking: device support

% Katherine Genl 1x Timepix3 1 Gbit Ethernet Timepix2 Mini  1x Timepix2  USB 2
= 1x Timepix2 1 Gbit Ethernet MiniPIX EDU  1x Timepix USB 2
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Katherine Gen2 8x Timepix3 1 Gbit Ethernet MiniPIX* 1x Timepix USB 2
USB 3 1x Timepix2 USB 2
PCle 3 x4 1x Timepix3  USB 2
HardPix 1x Timepix3 USB 3 AdvaPIX* 1x Timepix USB 3
SPIDR4* 1x Timepix4 10 Gbit Ethernet 1x Timepix3 USB 3

1x SiPM USB 2 WidePIX L* 10x Medipix3 1 Gb. E.

28x PMT 1 Gbit Ethernet * experimental support / work in progress



Real-time analysis

» Application of geometry, ToT calibration, time-walk correction

 Clustering and coincidence analysis

e Cuts on cluster attributes -

+ Live 1D and 2D plots TR Iy A==

» Possibility to combine -ls |
above elements into “THA A &
arbitrary data pipeline . cnd RIS,




Automation options

In the physical world: i

» Motorized stages (rotation, linear) o \
» 3D positioning arms )>>~

« X-ray tubes A
I |

UNIVERSAL ROBOTS | pr—
In software: > ;

« Acquisition repetition
* Direct control from plug-ins (orchestration of multiple instruments)
* Scripting (experimental)

TEK| ]

Photo and graphic credit:


https://www.standa.lt/
https://www.amptek.com/
https://www.universal-robots.com/

How does Track Lab work?

Graphic credit:
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https://www.lego.com/en-gb

How does Track Lab work?
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|EAP CTU

User builds data pipeline from many single-purpose elements.

Readout

Pixel matrix

File (raw data)

>

Clustering

1D spectrum

Cuts Cuts

Track Lab

State.
File: LmsUATUASIATUS bignt | £
gy caliration:
4] Tar: 10 TeSUATLASHI-W0036 | )

x|

File: LtesUATLASIATLAS big bt | £
Apply callbration

¢/ g tEsATLASIH3-WD0036 | £
7] Tmewalle | MIWOOISAImenalk o | €
Geometry change: none | Configure

Fil: VSSUATLASIATLAS big.oet| £
Apply callbration:

7] T (g ESUATLAS/H3-W00036 | €
7| Tmemalle [ H3WO03Emenalicca | €
Geometry change: nane | Configure

Cuts

Pixel matrix (filtered)

File (main output)

11



User interface
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User builds data pipeline from many single-purpose elements.

Data diagram

pevices

OPF LEBEX B¢

oL REmR IR0 Dt ppeine  Front panel e

o B B Swva b O @

urdaman File Reader (1]

Front panel

10 Histogram (8]

10 Histogram (9]

ws B wor oo E D

W NI PR
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Panels can be detached, moved and docked into arbitrary grid
layout by drag & dropping with mouse.

User Interface: extensibility

Docking anchors
appear when a
panel is dragged

13




User Interface: examples

[Untitled-1*]

g 8 B SaeaAs b 0@

Burdaman File Reader [1]

Begin reading

State
File: LAS/ATLAS big.oxt| €
Apply calibration:
V| ToT: ATLAS/H3-W00036 | £

V| Time-walk: | 0036/timewalk.t | £

Geometry change: none | Configure

Timepix3 Clustering [2]

Maximum hit delay: 600ps| 5

Cluster window:

Sliding Window [3]

Data pipeline  Front panel

® 0 0O
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|EAP CTU

O 6O M ses O 0@

Burdaman Fie Reader (1]

Aoply caitbraton
¢ Yot
7 Temewalk

Geometry change: none  Configure

Timepec3 Cuustering 2]

Timepecs ustar Cut (1]

Masumuem tu delay 00 3

Ouster wndow: 200ms 3

| made all these

1 layouts by dragging

| panels around in less
than 5 min...

=]

%

) m[‘lJ w't"lul“" i ﬁ
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High performance

* Entire software written in C++20

« Horizontal scalability: each node runs on a separate

CPU thread, simultaneously with others.

« Data connections facilitated by ZeroMQ °

« Easy interoperabllity with other programs.
* In-memory multiplexing at (nearly) no cost.
 Future: real sockets, distribute over network

* File I/O facilitated by memory mapping.

Graphic credit:

Pick your language

e
‘'sockets’.

C

C++

C#

Dart

Erlang

F#

Go

Haskell

Java

Node.js

Perl

Python

Ruby

Rust

Other
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https://zeromq.org/get-started/

Extendibility

* Anyone can make their own brick!
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* We do this too: everything you saw implemented as plug-ins.

 API Is well-defined, source code available to collaboration.

* More examples, consultations can be provided upon request.

* Requirements: C++20, Qt6 programming skills

é)Contro/ inputs...

4,0: My plug-in

O
O

Data inputs Cl)
Control outputs...

.

Data outputs

+

GUI panel

Graphic credit:
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https://www.lego.com/en-gb
https://www.qt.io/

Example applications
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Example: PAN beam tests :

Penetrating Particle Analyzer IEAP CTU
(carried out in 2021-2022)

120 GeV/c hadron beam (90% pions) + setup:
2x Katherine Gen2 + 8x Timepix3 (2x Quad)
1x Standa rotation stage

(video shows older Ul version)

25%

Trigger input (scintillator)

15000

10000

Trigger out to other detectors

Software challenges:

* Pulsed large data rates

10000

* Live analysis (e.g. cluster =
centroids to align in beam) o

aaaaaaa

« GPIO time signals (input
timestamping, out pulse gen.)




Example: calibration with XRF

Our in-house method for calibrating ToT.

Setup:
« 1x Katherine Genl + 1x Timepix3 (varies) 4 f
X-ray tube
« 1x Amptek Mini-X2 X-ray tube y I
. Set of foils (Ti, Cu, Zr,Cd) P imeoi
Software Cha”enqu Shielded enclosure with interlocks

« Sustained large (but controllable) data rate — performance tuning
» Feedback: pulse X-ray & measure until enough clusters are collected
* Foil rotation using motorized carousel (WIP)

19

Photo credit:


https://www.fel.zcu.cz/cs/
https://www.amptek.com/

ATLAS-Timepix3

« 28x Timepix3 (sandwiched in pairs)
« 4x Katherine Gen2 (2 PCle, 2 Eth)
« 4x Katherine Genl

Software challenges:

* Demand on fast I/O (SSD RAID) (&

* Directional event reconstruction
« Timestamping LHC orbit clock

Photo credit:

MoEDAL-Timepix3 (LHCDb)
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* 6X Timepix3 (sandwiched in pairs)
« 1x Katherine Gen2 (PCle)

Software challenges:

« ML-powered anomaly detection

Single unit:

O
A

mmm Timepix3



https://www.fel.zcu.cz/cs/
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Examples: detector networks

% Applications : [] daq@tl-slow-rdo: ~/data s Track Lab 1.5.0 pre-rele... m VNC confic EE' Thu 18 Apr, 08:42 daq|
= Track Lab 1.5.0 pre-release [dag_srd.tls]
T=) saveds B O @ Data pipeiine IEERTE
DEviCES C +
10.212.0.4
10.212.05
X % Applications - Track Lab 1.5.0 pre-rele... Thu 18 Apr, 08:42 da
0TS [T —
Track Lab 1.5.0 pre-release [test_sr5.tls] A _ o Xx
| ® @ saeas > 0@ Data pipeline  Front panel ® 0 ®
10.212.0.5 (1] Repeater [5] Burdaman File Writer (4] 2D Pixel Matrix [2]
| esrar—roo | uor rravsren |
N Abort acquisition
Duration 360052
Mode: oA+ ToT ~|[4 Data-driven 1
Calibrate: | | ToT == 100
#] Advanced: |acquisition || Trigger || pulse generator
GPIO || Timestamping || Geometry
4 Bias Voltage Supply
Cri i | 200 V3|8
N == =
TooLs Gtz [ SOVISl B | ||1zat
@ Burdaman File Writer
oves T Bursars @ Timepix3 L7-W0076

6799 Gav C7-w0076 - C)[_otes 1944 px ]
] Threshold: 1470 & EZEIKI; m
PROTON PHYSICS: STABLE BEAMS Abvanced:| Thveshors | stment | ask
 ——————————————————————————————— Calibration|| DACs Advanced sa|
D 6799 Gev I B1: 2.02e+14 I B2: 2.03e+14 JR— ]
Bete* IP1: [JFECRAN Beto* IP2: Beta* IP5: IR GBeta* IPS: T e A
Threshold: 1470 3 =
Inst. Lumi [{ub.s}™-1] IP1: 13772.22 : . IP5: 14150.49 IP8: 673.09 Advanced: | Threshold ||Adjustment|  Mask g‘
Calibration DACs Advanced o
— = e
| E Memory: 18 Layer (of2): 2 % Color: ToT ~ | Manua - 15 500 5 M e
2.5E14 : Timeline (3]
-ty 8 o ik
£ A bl " i ! A
: - o i i o P
ERTTY E
H
SE13 =1
11:00 14:00 17:00 20:00 2300 02:00 05:00 08:00
14:00 1B:00 2200 0200 06:00 3 = QRS — AT = &F — LD 5000
° w0500 S000:00 01500 203000
BIS status and SMP flags B1 B2 Binning: | 1s|2]  History: 3.6005]2] 4 ©
Comments (18-Apr-2024 08:18:33) Link Status of Beam Permits ST

*rk STABLE BEAMS *++ Global Beam Permit
all IPs on target Setup Beam

Beam Presence

IP2/8 Sep. Levelling Moveable Devices Allowed In true

XRPs IN Stable Beams 2 1

AFS: 25ns_1791b_1772_1191_1260_144bpi_18inj_3INDIV:PM Status B1 BR=L:IRISENPM Status B2 S EA:1E el

IP1/5 sep levelling



Example: tissue scanning QYR€

Collaboration with Czech National Radiation Protection Institute Fositionerarm=

Obijective: map radioactive contamination of biological tissues in 2D _
TIMEPIX3 =—p
Setup: Contaminated tiSSUE m——

« Katherine Genl + 1x Timepix3 (Si, 300um thick)
« COMBO + SIPM for y-spectroscopy
* URS3 positioner arm (5 joints)

Software challenges:

» Orchestrating large number of instruments
 Integrating multiple types of data
« Aggregation over multiple sampling points

...Still a work in progress

Graphic credit: , video credit: Milan Benes
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https://www.vectorstock.com/royalty-free-vector/patient-lying-in-the-hospital-bed-vector-5394874
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» Track Lab = versatile software for data acquisition and analysis
« Maturing over 3 years and 12 versions: moved from 1 to 20 devices.

« We would like to share it with the collaboration, and invite feedback.
 Latest binaries available publicly at: https://software.utef.cvut.cz
« Source code available at CERN GitLab to collaboration members upon request.
« Happy to answer questions, organize workshops / demonstrations.

Summary

Why 2024 is not over yet:
* More hardware: Timepix4 is a priority, PCle — larger bandwidth
* More analysis: machine learning, imaging, calibration, scans

24


https://software.utef.cvut.cz/

|EAP CTU

Thank you for listening!

Petr Manek, petr.manek@utef.cvut.cz

Try out Track Lab now: See article for detalls:

- Download v1.4 from ;

. https://software.utef.cvut.cz |

.l

- Avallable in J. Inst.
. or arXiv:2310.08974

Minimum requirements: 1

A glibc 2.35 [x86_64, aarch64]
5% Windows 10 [x86_ 64, arm64]
& macos Monterey [x86 64, M1]




Backup slides
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Supported operating systems

A &

GNU/Linux Windows 10 macOS 14 Monterey
64-bit, glibc 2.35 64-bit (X64 or ARM) Intel & M1 compatible




Version history

2020-11-04
2021-03-10
2021-05-05
2021-05-06
2021-07-02
2021-11-18
2022-03-08
2022-07-31

2023-03-01*

|EAP CTU

Release

v0.1 — initial release, very rudimentary DAQ for single readout

v0.2 — multiple readouts, full configuration GUI, settings import

v0.3 — pixel masking, beta threshold equalization, data flow monitor
v0.3.1 — quick bug fix

v0.4 — X-ray tubes, performance increase, temperature monitoring

v0.5 — motor stages, real-time analysis, more file formats

v0.6 — noise mean equalization, threshold scan, DAC scan, GaAs sensors
v0.7 — mask patterns, file name wildcards, import/export of thresholds

v1.0 — new data core, completely new GUI, Gen2 and Quad support

* planned release date, subject to last-minute changes



Data element lifecycle

Color-coded states:

Not running ——> Starting > Running Soft Stopping Hard Stopping

...formulated as a state machine: state of the system is aggregation of the states of its elements.

Added deterministic shutdown logic that was not previously present:
 Soft stop will finish processing data and terminate.
» Hard stop will terminate immediately — useful in emergencies!

29
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Example of THL equalization

7 Chips to equalize 7 Threshold scan results

All | None | | Invert
20000
7 Scanned threshold range
v Auto-determine range with preliminary scan
Min / m
4

Step count will be

7 Pixel settings
letermined:
edge - when noisy event count is 1L
& N mean - as mean of the entire scan

Moise center - as mean of rising and falling edge

Event count considered noisy: 1400 0 1
Global threshold where pixel becomes noisy [THL]

spacing:

utput settings
+ Fitted distributions
Center shift: o - :
Standard Deviation Pixel Hits
Optimization pas .
Local THL = min : ERE
1,50 0
Local THL = max
3000

Local THL = equalized

30




Example of THL equalization
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usl Timepix3 Equalization - ]
J8-W00036 Equalization

30000

25000

20000
£
I

T 15000
=
o

10000

5000

0 .lIlIIlIII |III|l-_ I | .||IIIII| |IIII|I-
1420 1520 1620 1720 1820
THL
Mean Sid. Dev. Pixel Hits
Fnal Th 1601.63 355 66518

Masked pixels: 7

I

°p Threshold Equalization [192.168.1.164]

'V Control

Chips to equalize:
J8-W0D036

0%

Remaining time:

'V Scanned threshold range

Automatically determine bounds

Min / max: 900 +1/(2000

Step size: 4 S | |

Step count will be auto-determined.

'V Pixel configuration

Active # events: 5 T
Mask spacing: 2 S
W Optimizer

Center shift: 0 S
Optimization passes: 0 S

V Output saving

Preset name: |Equa|ized 01-02-2022
[ save log:

Browse...

Ready.

— O *
W Threshold scan results
25000 - J. —=— Local THL = min
—=— Local THL = max
20000 L —=— Equalized THL
S 15000
g
o
=
(=
10000
5000 - o et
A g
4 1_ ’ LN
A it o S ..’. . e L "
1400 1500 1600 1700 1800 1900
Threshold where pixel becomes active [THL]
Bars ~ A A =
Graph style [1747.11:25028.1]
WV Fitted distributions
Mean Std. Dev. Pixel Hits
Local THL = min 1565.61 18.38 635332
Local THL = max 1703.83 18.12 635332
Local THL = equalized 1640.98 3.72 63332

Reference software (UWB)

Track Lab
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More screenshots

Readout settings: 192.168.1.37 [1]

Acquisition Timing Trigger Chip geometry

ESOO0M
2

FSO00M
g3
K10
Wooo53

Device will be automaticolly reconfigured before acguisition.

Flip: X-axis | | Y-axis
Rotate: 0° (e) 90° () 180° () 270°

falf rotations counterclockwize)

r

Offset X: 256px | Y: 256 px | .,

r

Divide X: 1 ¥: 12

Close
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More screenshots

|EAP CTU

Timepix3 settings: K10-W00053

Threshold Mask Calibration All DACs

DAC: Configured value: Monitor: DAC: Configured value: Monitor:
Ibias_Preamp_ON: 128/ 2 113V Ibias_DiscS2_ON: 128/ 2 0.33V
Ibias_Preamp_OFF: B - 129V Ibias_DiscS2_OFF: B - 016V
VPreamp_NCAS: 128 2 0.60 vV Ibias_PixelDAC: 140 2 0.91V
Ibias_Ikrum: 15| 0.89V Ibias_TPbufferln: 128/ 2 1.09V
Vibk: 164| 0.60 V Ibias_TPbufferOut: 128| 1.00V
Vthreshold_fine: 4702 0.73V VTP_coarse: 128| 2 0.61V
Vithreshold_coarse: 8 - 0.73V VTP fine: 256 - 0.60V
Ibias_DiscS1_ON: 100| 0.98 V Ibias_CP_PLL: 128 0.50 v
Ibias_DiscS1_OFF: B 1.25V PLL_Ventrl: 128| 0.63V
BandGap_output: 081V BandGap_temp: 0.64\
Ibias_dac: 1.16Y Ibias_dac_cas: 0.94V

Apply DAC settings now | | Refresh monitors | | Reset to defaults

Device will be automatically reconfigured before acquisition. Close




Even more screenshots

O O @ wes O OO Data pipetne  Front panel
bevices

e Cstr
o g
E 20 Hstogram
Qp, S Wodowm
e T

B i

(@) Towmarenson Gomwer

38 g Window (3]
—e——
GPIO Timestamping | Geometry
L~ 4 Bias Voltage Supply
[o——
iy
10 stogram 1

[EP—

o 90 192.168.1.168 [1]

Duration: 10s

Calibrate: ToT

Advanced: | Acquisition Trigger Pulse generator

O Timepix3 18-W00036

Mode: ToA + ToT ~ | 4 Data-driven

18-WB8836 67.4 °C Holes 8 px
CHIP ID.

Threshold: 1510| 2

THRESHOLD £

Advanced: | Threshold || Adjustment Mask
Calibration DACs Miscellaneous

EED B v vesssses

Katherine settings:

Acquisition Trigger Pulse generator GPIO Timestamping Geometry
Input trigger

®) Oscillator Frequency: 10000 Hz| 5,

Signal

Generated outputs

Only enable output when acquisition is running (or ready to be started)

Pulse delay Pulse duration Modifiers
Internal channel
| Channel 1 Ops| o 10ps - Bypass Invert
4| Channel 2 2us| L 10ps o Bypass Invert
Channel 3
Apply pulse generator settings now | Reset to defaults
Device will be automatically reconfigured before acquisition. Close

Acquisition Trigger Pulse generator GPIO Timestamping Geometry

Time-of-Arrival clock settings

Frequency: s) 40 MHz 80 MHz 160 MHz
Phase distribution: OR| 204 816
¥| Enable fast voltage-controlled oscillator (640 MHz)

Assign Time-of-Arrival timestamps to signals

Label: Source signal: Trigger event:
4| Event 1 |scint GPIO 1 ~ | () Rising edge Falling edge
J| Event 2 |feedback GPIO 2 ¥ | () Rising edge Falling edge
Event 3 Name this event GPIO 1 ~ | (=) Rising edge () Falling edge
Event 4 Name this event GPIO 1 ~ | (®) Rising edge () Falling edge

Event 5 Name thi GPIO 1 ~ | (®) Rising edge () Falling edge

Device will be automatically reconfigured before acquisition. Close
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|EAP CTU

Katl

tings:

8 [1]

Acquisition Trigger Pulse generator GPIO Timestamping Geometry

Acquisition start trigger

Input signal: Software start v
Trigger event: ®) Rising edge Falling edge
Delay: Ops =

Acquisition stop trigger

Input signal: Timer (counts to frame duration) ~
Trigger event: ®) Rising edge Falling edge
Delay: Ops £

Ready signal composition

Composed ready = Local ready A GPIO1 A GPIO2 A GPIO3 A GPIO4
-GPIO1 -GPIO2 -GPIO3 -GPIO4

Device will be ically rece ed before acquisiti Close

Acquisition Trigger Pulse generator GPIO Timestamping Geometry

Signal mapping

Port: Map to signal: Termination:

Ig
8
=
8

GPIO 1: |Input - 1000 Lo tant e ow

|

b . Constant Low
GPIO 2: |Input 1000 -

. - Constant Low
GPIO 3: |Input 1000 -

b - Constant Llow
GPIO 4: |Input 1000 -

% -
GPIO 5:* |Input -

L -
GPIO 6:* |Input =

e =
GPIO 7:* |Input -

e -
GPIO 8:* |Input -
*Some ports may not be accessible from outside of the enclosure.

Apply GPIO settings now | | Refresh monitors | | Reset to defaults

Device will be automatically reconfigured before acquisition. Close
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Even more screenshots

Threshold Adjustment bits Mask Calibration All DACs Miscellaneous

Preview in chip's coordinate system (i.e. geometry transformations are not applied)

125

128

L (EE]
o 64 128 192 256

Device will be automatically reconfigured before acquisition.

Set all adjustment bits

Value: 0 Min || Mid | Max

Set to all pixels

Import and export

Load from file| | Save to file

Cursor

Paosition:

Adjustment:

Close

Threshold Adjustment bits Mask Calibration All DACs Miscellaneous

Preview in chip's coordinate system (i.e. geometry transformations are not applied)

192 -
128 -
64 -
[
o 64 128 192 256
Device will be ically reconfigured before acquisition

Mask Unmask
5 Pixel Pixel
Row Row
Column Column
7 Rectangle Rectangle
Every 2™ All pixels

Import and export

Load from file| | Save to file

Cursor

Position:
Masked:

Close
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DAC: Configured value: Monitor:
Ibias_Preamp_ON: 1282
Ibias_Preamp_OFF:
VPreamp_NCAS:
Ibias_lkrum:

Vibk:
Vthreshold_fine:
Vthreshold_coarse:
Ibias_DiscS1_ON:
Ibias_DiscS1_OFF:
BandGap_output:

Ibias_dac:

Device will be automatically reconfigured before acquisition.

Threshold Adjustment bits Mask Calibration All DACs Miscellaneous
DAC: Configured value:

Ibias_DiscS2_ON:
Ibias_DiscS2_OFF:
Ibias_PixelDAC:
Ibias_TPbufferIn:
Ibias_TPbufferOut:
VTP_coarse:
VTP_fine:
Ibias_CP_PLL:
PLL_Ventrl:
BandGap_temp:

Ibias_dac_cas:

128

8

128

128

128

1287

256

128

128

Apply DAC settings now | | Refresh monitors

Monitor:
- 311 V
7 MONITOR

955 V
[

Reset to defaults

Threshold Adjustment bits Mask Calibration All DACs Miscellaneous

Time-over-Threshold calibration

Load from file| | Save to file || Reset to defaults
Preview constants as a matrix: | A B G T
Preview single pixel: ~ 3264|2| x| 192|2| ¥: 123

70

w w o
& &5 & 3
T T T T

Time over Threshold [clocks]
5
T

o . . .
0 20 40 60
Energy [keV]

Device will be automatically reconfigured before acquisition.

Time-walk correction

Load from file

Preview:

20

o

5

Compensated Time Shift [ns]

Save tofile | Reset to defaults

Preview of

09

08

0.7

L L =1 L

10 20 30 40
Energy [keV]

Close
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Multi-chip configurations

Description (agreed with LM & PB):

* Multiple layers:
 [X;Y;Z] position in 3D space
 Orientation in 3D space - not necessarily parallel to each other

« Each unit comprised of multiple chips:

 All in the same plane
 Position described in the unit of chip size
 Orientation: increment of 90°



Multi-chip configurations

Example: telescope with 3 chips

« Layer #1: [X;Y;Z]

 Chip, [0;0], 0° rotation
« Layer #2: [X;Y;Z+dz]

« Chip, [0;0], O° rotation
» Layer #3: [X;Y;Z+2dz]

 Chip, [0;0], 0° rotation



Multi-chip configurations

Example: 4-chip quad

e Layer #1: [X;Y;Z] v=1 9 d
« Chip A, [0;0], O° rotation
« Chip B, [1;0], 0° rotation
« Chip C, [1,0], 180° rotation
« Chip D, [1;1], 180° rotation

X=0 X=1 6



ATLAS-TPX3 network

* Run-3 continuation of the ATLAS-MPX
and ATLAS-TPX projects.

* 14 detector units (each 2x Timepix3)
iInstalled in the ATLAS machine.

* Challenges:
« Complex DAQ architecture, high data rates
« Synchronization with LHC orbit clock

Single unit:

« Real-time analysis (luminosity, radiation
field characterization, neutron fluxes)

Proposal to measure the time dependence of the radiation field, induced radioactivity and El E_TImepix3 .
luminosity with a network of Timepix3 detectors in ATLAS. (ATLAS Int. Note, 2021-03-16) - 39
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...this is just a very preliminary taste, more analysis is currently ongoing (help wanted!)
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I Thank you for listening!

Petr Manek, petr.manek@utef.cvut.cz

1734 |
% https://software.utef.cvut.cz



