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Introduction



Introduction - ATLAS Timepix3 devices Z&%

For Run-3, the ATLAS Timepix3 network has been upgraded to a
two-layer detector stack relying fully on the Timepix3 technology. We use
the Timepix3 devices to study their capability for improved luminosity
determination and analyse consistency between the devices.

Device name | x (mm) [y (mm) |z (mm) Year
TPX7 -6050 -200 5264 | 2023, 2024
TPX8 -125 4300 | -2600 |2023, 2024
TPX14 680 902 3536 2023

14 -3580 970 2830 2024
Ja -3580 970 2830 2024

Table: Overview of the Timepix3 positions inside the ATLAS cavern
and active years for analysis

Different detectors provide redundancy and allow for assessment of
systematic uncertainty through comparison.
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ATLAS Timepix3 features:

I Stack of two silicon
layers.

PE: 1 mm
Al: ~80 um
SLiF: 5 mg/cm?, 89% of SLi

I Time binning of
1.6 ns.

I 256 x 256
independent pixels.

I Simultaneous
measurement of time _
and energy. (S

I Data-driven readout.

I Synchronization with
LHC clock.

Figure: Timepix3 device
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The relative luminosity measurement with all devices is done by counting the

rate per algorithm and nding the correlation factor L = C,jg %:

(1) Dot . Lowenergy X- and y-rays, I Cluster counting: Count of all
low energy electrons . . .
clusters. Sensitive to noisy pixels

(2) Small blob = = g X-and y-rays, elect . . :
enepiays, cleciens and activation of surrounding

(3) Curly track 1} y-rays and electrons (MeV) material.
izi i I Thermal neutron counting;:
Highly ionizing particles with g.
(4) Heavy Blob l =
B e ] Excess heavy blobs counts in the
(5) Heavy track B (oo onizrs particles ®Li region vs silicon: Naig =

Nheavy blobs, Li ~ Nheavy blobs, Si-
Limited by low statistics.

| (6) Straight track ™ Energetic light charged particles

(1, minimum ionizing light ions, ...

. L. . Minimum ionizing particles
Figure: Graphical illustration of the counting: Count of straight

cluster shape classification scheme. tracks: Nago = Natraight tracks. AlSO
limited by low statistics.

Motivation: assess the performance of the Timepix3 detectors for luminosity
measurement by studying their count rate stability on the short and long term.



Noisy pixel removal



Noisy pixel removal - Motivation Z&%

Appearance of random noisy pixels creating count rates not
following a standard signal.
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Figure: Count rate registry found for layer J4 on July 22, 2024.
LHC fill 9923

I Conduct a noisy pixel analysis to find them and remove them.



Noisy pixel removal - Methodology

The noisy pixel removal is done after data taking. Each sensor is
equipped with di erent materials, then pixel matrix is separated into 4
regions. Then, a pixel is considered noisy if its count rate isavay
from the mean count rate of pixels in each region.

(a) Number of counts per pixel layer 1 (b) Number of counts per pixel layer 2

Figure: Histograms of the number of counts per pixel for detector TPX14



Noisy pixel removal - Results

Count rate registry found
for layer J4 on July 22,
2024. LHC 119923

I Top: Without mask
showing noisy pixel
interference.

| Bottom: With mask

cleaner data with
reduced noise.



Noisy pixel removal - Results

(a) Detector 14 matrix representation (b) Detector J4 matrix representation

Figure: Matrix representation of legacy detectors pixel layout highlighting
persistent noisy pixels recorded throughout 2024

Noisy pixel appearance due to soft errors changing the con guration in the
pixels are recovered through reset of the pixel con guration.



Full matrix noise - Layer comparison

Comparison of cluster rates
between detector layers reveals
unexpected data caused by
technical problems. To correct
the rates, noisy data was
replaced with the average from
nearby times.

| Top: Cluster rate ratio
between layers 1 and 2
for detector TPX14.
Sudden change caused
by matrix noise in layer
1. (April 22, 2023)

| Bottom: Pixel activity
maps highlighting matrix
noise in layer 1
compared to normal
behavior in layer 2.



Activation Analysis



Activation Analysis - Motivation

Activation of surrounding material can create a background signal which adds a
systematic uncertainty to the luminosity measurement.

Figure: Cluster count contribution to the signal

I The activation count rate has to be distinguished and subtracted from
the total measured count rate.



Activation Analysis - Growth and Decay Model

A . _ _ \
Méct: M;ctl e K+ (Mtlot Mlactl (Mtlot leactl )Y@ e kt)
Y PR S <Lk }

decay of previous atoms exponential growth during collisions

I n | number of activation components;

| M;ctl;k | count rate from the k-th activation product created up to the
end of time step { 1);

I Ml | total count rate  measured during time stepi;

I Ml | total count rate from all activation products up to the end of
time stepi;

I« | decay constant: =In(2) =Ty-5;
I Yy | normalization constant;
It | duration between the end of time steps (i 1) andi.

Derived by Jaroslav Solc, 2019 JINST 14 P03010,
https://doi.org/10.1088/1748-0221/14/03/P03010 using the laws of
nuclear growth and decay






	Introduction
	ATLAS Timepix3 devices

	Noisy pixel removal
	Motivation

	Activation Analysis
	Short-term analysis
	Long-term analysis
	BCID
	Conclusions

