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ATLAS

EXPERIMENT

ATLAS Pixel Detector

Inner silicon layers

4 Layers of hybrid pixel detectors in the
barrel region, 3 disks in the forward
region.

Central part of the ATLAS inner detector,
Inside a solenoidal field of 2 T.

Fundamental for particle - primary vertex
association, tracking.
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*IBL : Insertable B Layer
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ATLAS Pixel Detector
Pixels and IBL

R=122.5mm
Pixels R =88.5mm
R =50.5mm
R =33.25mm

.......

Hybrid pixel detectors using silicon sensors bump-bonded to AL R
FEI3 (original 3 layers), FEI4 (IBL*) ASICS.
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§m.
IBL uses a combination of n-in-n planar sensors and n-in-p 3D

sensors with a 50um by 250um pitch.
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FEI4 is a 130 nm CMOS ASIC containing 336x80 pixels
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A DOI: 10.1088/1748-0221/7/11/P11010
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ATLAS Pixel Detector

Pixels and IBL

R=122.5mm

Pixels R =88.5mm

R=50.5mm
R=33.25mm

R=0mm

>, — HV guard ring

Type0 connector

All other pixel layers use n-in-n planar sensors with 50pum by
400um pitch. They are readout using the FEI3 ASIC, a 250nm
CMOS ASIC containing 160 x 18 pixels.

decoupling
capacitors

sensor

Each readout module is composed of 16 FEI3s and an ASIC
(MCC) responsible for communication between FEs and the DAQ
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ATLAS

Outlook for Run 3 [ wwen e
Last run before HiLumi N

{s=13.6TeV, 49"

300 |
200 |
ATLAS Phase | upgrade items: (NSW, LAr 100 |

Digital trigger, etc..), allow for higher inst.
luminosity whilst keeping dead time low. 0

Recorded Luminosity [pb "/0.1]
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ATLAS Online Luminosity
—— 2011 pp {s=7TeV
— 2012pp {s=8TeV
— 2015pp V{s=13TeV
—— 2016 pp {s=13TeV
—— 2017 pp {s=13TeV
— 2018 pp is=13TeV
— 2022pp {s=13.6TeV
e 2023 pp  {s = 13.6 TeV
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Mean Number ollInteractions per Crossing

LHC luminosity levelling; Long fills with

30
significant fraction of luminosity at a = SO i 20 .
- - T 3 * -~ . ATLAS Online i g
relatively high and “constant” <p>". S 200 Vs-136TeV, 491" - 10
%‘ - 2022: (W) = 42.5 - ob—L 1 | et
S 150 mm Tom:ooade - 3ot a4 3ot oct
E T =448 ) Month in Year
_l - —
Goal is to roughly double previous Run | + g 100F -
Run |l dataset; ~250 fb-1. s I :
T 50 =k
%020 30 40 50 60 70 80

Mean Number of Interactions per Crossing

*mean number of interactions per bunch crossing
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Outlook for Run 3

IDET-2020-001

1% — 8
Radiation Damage = °F ATLAS Proiminary & ot tsasmoo
C\IE B vg = 7.8, and 13 TeV Sim. (Pythia 8 A3 + Geant4)
Nc\-’ n— Sim. (Pythia 8 A3 + FLUKA)
:C_> - 4 BLE3m)
E 6 :—§ B-layer (5.1 cm)
© _ M Layer1(89cm) _
= § |V Layer2(12.3cm)
S O[TV Pixel Disks T A= A
B ' B B
Lower charge collection efficiency might degrade 4 ¢
physics performance, has to be recouped by _
increasing bias. Potentially decreasing thresholds. 3
21
Fluence In IBL at the en of Run 3 is expected to be =
2.1x1015 1MeV neq/cm2. BLayer is further away from 1:_
the IP and is expected to be exposed to ~1.5 x 1015 -
1Mevneqlcm2 :III|III|III|III|III|III|III|III
—080 -60 —-40 -20 0 20 40 60 80
More details in Easwar’s talk z [cm]

vinicius.franco.lima@cern.ch


mailto:vinicius.franco.lima@ceren.ch
https://indico.tlabs.ac.za/event/112/contributions/2973/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDET-2020-001/

ATLAS

EXPERIMENT

Pixel Overview

P DOI: 10.1088/1748-0221/15/06/P06023 https://cds.cern.ch/record/2840962
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Integrated Luminosity [fb ] Luminositv Block IBL Cluster Charge [ke-]

Radiation also impacts operation of
the detector, effects of SEUs* are
visible in the detector.

Physics performance matches well

with MC simulation.

*SEU: Single Event Upset
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FE Reconfiguration @ECR

New DAQ features

x10°

1 1 I 1 I I I I I I I I I I I I I I 1 1 1 1

_ ATLAS Pixel Preliminary
_ LHCFill 7018 (2018)

&
'
N

During operation the detector suffers from SEUs due to radiation
effects on the ASICs

. Ir # w/o reconfig

® w/ reconfig
Every 5 seconds ATLAS sends a global Event Counter Reset

(ECR) signal.

=
-
Qo
.
.

Noise occupancy
-

Guaranteed no triggers for 2ms. Since Run 2, we have used 0-06_ Lo .
this to reconfigure global registers of IBL. B =
0.04 -
= ®
_ ®
We have expanded this feature such that all pixels in IBL also - 8 5
have their pixel-level registers reconfigured every 11 minutes. 0-02_ 2 it
. ..l..............
0-||1||||||||||||||||.|.|.1.|.|
Global level reconfiguration was also deployed in all other layers 0 100 =200 SO0 4490 = BUD
this year. : : :
- Integrate luminosity [pb’]
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Central
Trigger

Smart L1 Forwarding

New DAQ features

Upstream ' Pixel Modules

_ _ DAQ chain ReadOut Driver L
ROD builds an event, waits for all modules to reply (ROD)

with their data for a particular trigger. _ Activated in all Pixel

Activated in BLayer and Endcaps

A module that doesn’t reply immediately might end &= 1 = ATLAS Preliminary Ave. | q:';'
up desynchronised if triggers keep arriving. > - /5=13.6 TeV, 2023 data 'BL  _le0 &
> 107 & o = BLayer S
2 = TTE Layer 3:
3 u " " .‘;3 :-90' T + Layer2
Smart L1 forwarding: tool implemented in the Pixel RIS LR RL0 B -ECC  _
ROD firmware that holds sending triggers to g S RN P ECA  _lIgp
individual modules with too many pending triggers. [T, x:] SUEVEEIRUNE -3 -
s F 2 :
Q _ : Q!
o : .. T . 4| = | alnTet am g
Big impact in module desynchronisation. 107 E L 140
E : : i ! s ‘*::*E T i
10—5 M | | 1 1 I | :l 1 : 1 1 :l I 1 | 1 1 i/ | 1 | & I 1 1 | | .
ay Jun Yy 2
PIX-2023-004 <023 ° 2023 023 Month
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PLOT-PIX-2023-03
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Probing the Limits

Pixel tracking efficiency Iin extreme environments

£
O ®
E 1 %e0 @ ® e
- 0. 8..'. 86 ® 8¢ ® eo°°8 ¢ ® @ °
LHC not the limiting factor in luminosity delivery 5095 ¢ U e e
to the experiments. %’ : .
E’_ 09" ATLAS Preliminary LHC Fil 8891
%0.85_ \[§= 13.6 Tev 8] B'Layer =
In 2023 we showed we could operate at a : t?ﬁﬁ%
<p> 65 and 90 kHz trigger rate. —
T 100 PY ° ‘~ o ® %0 Q. = . . . . :
él ® C PY o
= U .
_I
Try to push further, and see how physics " T R e T S I F e R
performance is impacted under such conditions. E 60 °° C°°™e oo oo . _
¢ °
V.40 o o
20 | | | | | | | | | | | | | | | | | | | | | | | | |

1000 1100 1200 1300 1400
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Probing the Limits

Pixel tracking efficiency Iin extreme environments

Scanned trigger rates at different values of <py>, reaching up to 68.5.

N T 1 -1 _Q'ﬁ' I B I 1 -1 _Q
= 100 IBL : . 8 = 100 Blayer : - 3
@ 8 & . S 9 1 1098 o B 2 . S 5 1 —0.98—
s - : . 3 3 ° g8 : 5
22 . . T o2 g . T
= i : . : 0.94§l = g : = i O.94~r-nl
w0 . 5" o926 I 60 5 7 5 1 0.92°
. = y _ e L : ; o
: 09 5 i 09V
40 = 40— —
B 80.88 B |§0.88
~ ATLAS Preliminary i ~ ATLAS Preliminary .
ool Vs= 13.6 TeV LHC Fill 8891 _|B880.86 ool Vs=13.6 TeV LHC Fill 8891 _ |80 .86
T I O L T o S T L e e e L B e e e e e N T e e e
30 40 50 60 70 80 30 40 50 60 70 80
<PU> <PU>

Both IBL and Blayer kept up tracking performance ! § : Original target for 2023
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Probing the Limits

Pixel tracking efficiency Iin extreme environments

é _l | I | | | | | | | | | | | | | | | | | I—

O - |

IBL, which has biggest impact in reconstruction, has © i L "foceopEgEC :
stable performance through the ranges tested. e : g = -
s 0 © :

2 0.9+ -

T L . i

Big impact on performance of Blayer comparing EJ B ! :
original 2022 conditions with 2023. o B .

ke 0-8__ ATLAS Preliminary ® -

S - {s=13.6 TeV . .

All DAQ imprO\_/ements |:_>reviously discussed v : 8L B-Layer -
together with increase in the Blayer analog e R 0 (2022) O LHC Fill 8456 (2022) -
threshold play a role. - m LHC Fill 8891 (2023) e LHC Fill 8891 (2023) -

N
o

50 60 70
<PU>
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Future Performance

Radiation Damage
1

0.9
0.8
0.7
0.6
0.5
0.4
0.3

l||||| ! ! DR o FERED R | ! !

* B, With good modelling of radiation damage we can

have a good idea of future charge collection
efficiency.

TLAS Prellmmary EERAL
@—-13+136Tev B

IBL Planar L
Run 2 Data 2015+2016 80 V
Run 2 Data 2016 150 V e
Run 2 Data 2017 350 V
Run 2 Data 2018 400 V I
Run 3 Data 2022+2023 450 V :
Run 2 MC Rad. Damage 80- 400 V '
Run 3 MC Rad. Damage 450; 500 600 V
Run 3 MC Rad. Damage 1000 V: | -

e i |i111||| i i

10 10°
Inﬁ LHC Dellv Lummosﬂy [fb y

10" 10"
Average Fluence [1 MeV n-eq cm™]
PIX-2023-001 More details in Easwar’s talk

Use HV scans twice a year to check CCE as a function
of bias voltage.

o> H ¢ «

IBL planar sensors can be biased up to 1000V,
detector settings still at 450 V; plenty of margin for the
nhext 2 years.

T B e e R

II|IlllIIlllllllllllllllllllllllIIIIVI

IBL Planar Charge Collection Efficiency
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Future Performance

Radiation Damage

_l | | | | | | | I | | | I | | . | ; I | | l_
16 ATLAS Preliminary  — With good modelling of radiation damage we can

B /s= 13+13.6 TeV have a good idea of future charge collection

14 i T e - efficiency.
B e Bl -
2 . .
10 a0 et s Use HV scans twice a year to check CCE as a function
e of bias voltage.
8
IBL 3D

A 5" A 45fb™
e 93fb"' 0 157 fb”
m1851fb”

o))

IBL planar sensors can be biased up to 1000V,
detector settings still at 450 V; plenty of margin for the
nhext 2 years.

IBL 3D Cluster Charge MPV [ke-]

N

l | | | I

60 80
HV [V]

PIX-2023-001 More details in Easwar’s talk
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Future Performance

Radiation Damage
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With good modelling of radiation damage we can
have a good idea of future charge collection
efficiency.

Use HV scans twice a year to check CCE as a function
of bias voltage.

IBL planar sensors can be biased up to 1000V,
detector settings still at 450 V; plenty of margin for the
nhext 2 years.

More details in Easwar’s talk
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Conclusion
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Conclusions

The reconfiguration @ ECR procedure was expanded into re-configuration of the global and pixel
level registers in IBL and global level registers for Pixel detectors.

A new firmware feature of Smart L1 forwarding greatly improves the desynchronisation levels in
Pixel modules.

We tested the operation of the detector under challenging conditions by testing the physics
performance of the system under different combinations of <py> and trigger rate.

Radiation damage to the silicon sensor bulk and its impact on charge collection efficiency is well
modelled and closely monitored.

The ATLAS Pixel detector has been operating very well with >99.9% data quality efficiency in
physics data under challenging Run 3 conditions.
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Backup
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ATLAS Primary Tracking

Space Point & Drift Pixel & Strip

Ambiguity TRT Extended

Track Finding Resolution Track Refit

Circle Formation Seed Finding

ATLAS Back-Tracking

TRT Segmen.t Finding in Calorimeter Track Finding Amblgu.lty
Regions of Interest Resolution
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Pixel-level Reconfiguration @ECR
New DAQ features

X1.073.,1,.,..,,,
~ ATLAS Pixel Preliminary
~ LHC Fill 7018 (2018)

o
Iy
N

Every 5 seconds ATLAS sends a global Event Counter Reset

(ECR) signal.

b—

. Ir ® w/o reconfig
® w/reconfig

Noise occupancy
-

0.08F .

: gt e ? " .:

0.06]- o -

B . " i

- ] e =

- ele 0.04[ . :

We have expanded this feature such that of all pixels in IBL also . . )
have their pixel-level registers reconfigured every 11 minutes. i . - |
0.02_— ® =

:llnll.ll............-.j

Global level reconfiguration was also deployed in all other layers. Q- SR i

0 200 400 600 800

https://cds.cern.ch/record/2646714 LU m"bIOCk
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RunStatsPublicResults2010

Trigger Inner Tracker  Calorimeters S Magnets
Spectrometer
L1 Pixel SCT TRT LAr Tile MDT RPC TGC Solenoid Toroid
98.82 9995 9985 9989 9898 9967 9999 9795 99.72 100 100

Good for physics: 93.1% (31 fb™)

Luminosity weighted relative detector uptime and good data quality efficiencies (in %) during stable beam in pp
collision physics runs with 25 ns bunch-spacing at Vs=13.6 TeV for the 2022 Run-3 period, corresponding to a
delivered integrated luminosity of 36 fb~' and a recorded integrated luminosity of 34 fb~'. Runs with specialized
physics goals or non-standard running conditions, amounting to 1.7 fb-', are not considered and thus not
included in the denominator of the efficiency calculation. Dedicated luminosity calibration activities during LHC
fills used 0.6% of recorded data in 2022 and are included in the inefficiency. Inefficiencies related to object
reconstruction, which amount to 1.3%, are currently included in the overall inefficiency but will be recovered in
future reprocessings of the data, as will approximately 0.4% of the data lost from the LAr inefficiency. When the
stable beam flag is raised, the tracking detectors undergo a so-called "warm start", which includes a ramp of the
high-voltage and turning on the pre-amplifiers for the Pixel system. The inefficiency due to this, as well as the
DAQ inefficiency, are not included in the table above, but accounted for in the ATLAS recording efficiency. The
luminosity good for physics is 31 fb~'. It is reduced to 29 fb' (26 fb') for analyses relying on muon-based (jet-
and missing-transverse-momentum-based) triggers due to incorrect detector conditions deployed in early 2022.
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