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ATLAS-LIP current operations overview 2

ATLAS Roman
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ATLAS Phase-2 upgrade

Trigger and Data Acquisition:

- First level tigger at 1 MHz, 5.2 TB/s, 10 ps latency

- Event Filter 10 kHz, ~52 GB/s

Electronics upgrade:

- On/Off-detector electronics for Calorimeters and
Muon systems

- 40 MHz readout and finer trigger segmentation.

High Granularity Timing Detector:

- 30 ps precision timing using Silicon Low Gain
Avalanche Detectors (LGAD)

- Improves pileup separation and luminosity
measurement

New muons chambers:

- Inner barrel with new RPCs, sMDTs and TGCs.

- Improves momentum resolution, trigger efficiency
and fake rejection.

New Inner Tracker Detector:
- All Silicon.

- 9 layers for |n|<4.

- Reduced material budget. - Finer segmentation.

Additional upgrades:
- Luminosity detectors (1% precision),
- Zero degree calorimeter for Heavy lon physics.

4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon


https://cds.cern.ch/record/2703572/files/94-87-PB.pdf

LHC upgrade challenges

LHC +/s=14TeV L=10%¢cm™2s™

T T T T

-'>-'r>rr

oinelasﬂc LV Input

' ' .
N e S S e Sy SRS e g S S S S S S S e S S S e g
. ' .

| ll‘lj L

' ' .
do nnn ndde son due sob snsbhon bos bos cen son son son sen s soe son see sbhe soe sen ben
. . ' . . [ . . .

. ¥ ' . . P " . .
R e e L T T
. ' ' ' . T . . '

g B2 input—
max LV1 0utput

et I €++l:-}l

" " ' . . T . . .
N S S Ses WS SEp SRS PES PES SES S SES SES SES S SES SEs SEs Spe Ses See pae
. ' ' . . LI . . .

. Illll[’llllllﬂl Ll .

~i max V2 output —

. ' '
. ' o
' ' oo
' ' oo
H ' oo
' ' oo
' ' oo
' ' oo
' ' oo
' ' oo
T T T
. ' oo
' ' oo
' ' oo
. ' oo
. ' oo
H ' oo
' ' o
v v R LT - -
. ' oo
' ' oo
' ' oo ' '
. ' oo ' '
' ' oo ' '
' ' oo ' '
) ' oo ' '
' ' oo ' '
' ' oo ' '
' ' oo ' '
. . PO — - .
. ' P . '
' ' oo . '
" " ke . '
. '
H i R . H
. ' oo . '
' ' P ' '
. ' oo . .
' ' oo ' '
' ' oo ' '
' ' | . '
Bl S St i T T T P
' ' oo ' '
H ' oo ' '
- . . . . . . .
- ' ' oo ' '
' ' oo ' '
- ' ' oo ' '
. ' oo ' ' ' '
- . . . . . . . . .
. ' oo . ' ' '
H H o H H H .
eoh coe bee obe ade ode con sos ses sos soe seches sos sos sod oo
' ' oo ' ' " "
' ' oo ' ' ' '
= s . :
- ' ' oo ' '
- ' ' oo
' ' oo "
- ' ' oo '
' ' oo H
' ' oo '
. ' oo '
. ' oo .
H ' oo H
' ' oo
' ' oo
. ' oo
' ' oo ' '
' ' oo ' '
' ' oo ' '
' ' ' '
op soe poe eqe eee ses ses sen seepes ses ses seg see see @
' ' ' '
. ' ' '
' ' ' ' '
' ' ' ' '
. ' ' ' .
. ' oo .
. ' . . '
' ' ' . '
. ' : . '
. ' 4 . N
R — -ee e ~
. ' H
' ' '
' ' '
. ' H
' ' '
' ' '
' ' '
' ' '
' ' ' '
' ' IR H '
cep seepes ape sge sqe sen sen ses ane - . Ses sEg ees Ses age SEs SaE Ses GRS SEp SEEEES PES gES SES SEE A SES S S Ses Ses See Spe sae
. ' oo . H '
. ' oo ' ’ H
. ' oo . ' ' ' ' ' oo . '
' ' P ' ' ' ' ' ' oo ' '
. ' oo . . . ' ' . oo . .
. ' oo . # ' ' ' ' oo ' ' '
' ' oo . ' ’ ' ' ' oo . . '
. ' oo . . ' ' . oo . H .
' ' oo ' ' ) ' ' ' oo ' ' '
' ' oo ' ' ' ' ' ' oo ' ' '
R LT L L E L B e e T T Tl T T e L L
. ' I ' ' " ' ' ] " . '
' ' [ \ ' ' : beu b 2t ' ' '
' ' ' 5 ' ' ' ' e ' ' '
' ' v ) ' ' ' ' o & . ' '
' ' oo ' ' ' ' . o ] ' '
' ' oo ' ' ' ' ' ' T ' ' '
. ' oo . ' ' . ' oo ' . .
' ' oo ' ' ' » ' ' oou ' ' '
' ' oo ' ' ' ' ' ' » ' ' ' '
. ' oo ' ' ' ' . . » ' ' .
. ' o 0 ) ' ' ' ) ' ' ' .
eep sespges spe aqge sqe sen sen ses e san seagmen " sey eessse age sen sngm seligee sagipeamen pos pgas sas san ad] en ad] cage ses ses ses ape ses san pan
' ' o . ' ' oo . ' '
' ' . ' h ' ' ' P ' ' .
H ' . . H H ' ' . ' . H H
' ' oo ' ' ' ' ' 'y Wl v ' '
' ' oo ' ' ' ' . [ ' H H
. ' LI . . ' ' > ' . ' '
' ' oo ' ' ' ' ' P ' ' '
' ' ' . ' ' ' ' ' oo ' ' '
' ' ' \ ' ' ' ' L ' ' '
' ' ' 7 0 ' ' ' ' 'R ' ' '
esbsssboccbenPen]e cad nen for fon == R ——T o coe ods soe dee ceeliee boe bl coe con con coe see cdk ses sen see abe see san bae
' ' ' ' g g v 0 . .
' ' oo . ' . ' . T ' ' '
' ' oo ' ' ' ' ' ' ' ' ' '
' ' oo ' ' ' ' ' ' oo ' ' '
. ' oo ' ' ' ' ' e ' ' '
. ' L ' ' ' ' ' PN . . '
. ' ' ' . . . ' ' . . . .
. ' ' ' N\ . ' . ' ' ' ' ' ' '
' ' ' ’ . ' . ' ' ' ' ' . '
. . . s . . . . . . . . . .
woh ccepocapee T T e 2 LT AT ——— coshecchec peMenine e - - -- e I
' ' L . . 0 ' ' . oo . H \ d
' ' " ' ' ' ' ' ' oo ' y '
' ' oo ' ' ' ' ' oo ' '
' ' oo ' ' ' ' ' oo h '
' ' oo » ' ' ' ' ' ' ' '
' ' oo % ' - ' ' ' oo ' ' '
' ' oo ' ' ' v ' ' P ' ' '
' ' oo ' ' ' ' ' oo » ' '
' ' oo ' ) ' ' ' ' oo ' '
' ' oo ' ' ' ' oo ' '
cop ses ges spe sqe sqe see HIC oa E fopee coe coe cog von oed pee cap soe ape sep sespes pes pus ses ses s sse ses dgs Ngs soe eps sse see poe
. ' oo . ' ' ' i . oo . ' .
' ' oo . . ' 3 ' ' P ' .
. ' oo . ' ' ' ' oo . .
. ' P ' ' ' ' ' oo . ) H
. ' oo . . . ' ' . LR ' . '
' ' oo ' ' ' ' ' oo ' ' '
. ' oo ' ' ' ' . oo . ' '
. ' oo . . . ' ' ' oo . 5 .
' ' oo ' ' ' ' ' oo ' '
' ' oo ' ' ' ' ' oo ' '
eeb cnnbonabecdanda e css see sesses sdhhen son sensed cnnvnnndecnn e - P feelbeclbloccnns e e s cen snssss b - bew
. ' I ' ) v ' P " '
' ' oo ' ' ' ' .o ' '
' ' oo ' ' ' ' ' ' '
' ' oo ' ' \ ! "N ' ' ' ' '
' ' oo ' ' v Ry ' ' '
' ' o ' 7 ' O L ' ' '
. ' o . ' ' ' ' oo . ' '
' ' oo ' ' ' ' ' oo ' '
' ' o ' ' ' ' ' ' oo ' '
. ' ' . ' ' ' ' ' oo . ' ‘
' ' ' . ' ' ' ' ' I ' ' '
coh coebos cbe gffe cde con cos ces cos cos seches sos sos sod sos ses ade ses sk sos dhe sob seckes boo bos cos sos sos seclss cdk cos soe soe she ses oge be
' ' ' . ' ' ' } ' oo ' ' -
. '
H
' B
'
'

R i S IR B el B
100 200 500 1000 2000 5000

particle mass (GeV)

)
o

ev/year

3

lllllu,ll lllllu,ll lllllml L1l

| llllu‘

10

10

10

10

10

10

10

10

17

16

15

14

13

12

1

* Many interesting processes have small cross-sections

e Large increase of pileup

* The trigger system has to process & select events in real time

Energy (\/s)

Max. Luminosity
(cm-2s-1)

Interactions/event
Bunch crossing rate
Offline storage rate

Bunch spacing

Run 3

13.6 TeV

2-3x103%

55-80

40 MHz

1.5 kHz

25 ns

Run 4

14 Tel

5-7x103%

140-200

40 MHz

10 kHz

25 ns
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GPUs for accelerating trigger algorithms

ATLAS

EXPERIMENT

Event: 531676916
2015-08-22 04:20:10 CEST

HLT farm size is limited by power and cooling

and

CPU time increases with pileup

* Tracking algorithms dominate, but calorimeter clustering

important too

GPGPUs: provide massive parallelisation potential

 Thousands of cores per processor
New paradigm: single instruction-multiple data

* Require handling internal memory of the GPU correctly

Developing calorimeter clustering on GPUs

4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



HLT calorimeter reconstruction

Test results

» Calorimeter clusters compared one by one when
reconstructed with CPU and GPU

* Timing measurements obtained by running on the full
sample and subtracting the cell making and Athena
execution times. GPU times include cluster growing,
cluster splitting, data conversions and data transfers
from CPU to GPU and back

e Very preliminary speed-up factors: 3.5 for di-jet events
((u»=20) and 5.5 for ttbar events ({u»=80)

* Fraction of time dedicated to the algorithms (CPU-
TopoClustering vs GPU-Topo-Automaton Clustering -
see backup) is <20%. Remaining time being taken in

data conversions and data transfers

ATLAS Simulation Preliminary

~— #t MC (<> = 80)

—A4
.|

==+ Di-jet MC (<u> = 20)

Fraction of Events

s =13 TeV

—i
<
N

6 7 8 9 10

Speed-Up ( #7959

4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



A Common Tracking Software (ACTS)

Geometry

)
I
1
I

Tracking of charged particles is the most complex and
CPU consuming phases of event reconstruction Simplified geometry )

Will become even greater during HL-LHC (Track parameters)

I
(Geres paramer):
ACTS

* Experiment-independent toolkit for track reconstruction

uses ~=====

* Designed for modern computing architectures and multi- .
threaded event processing ==

- e W - e e -

Goal
* Implement ITk Seeding Algorithm in ACTS, integrate into

standard ATLAS code and validate its performance

_ T e —
—~ATLAS [Tk Simulation Internal v

"-TEATLAS-P2-RUN4-01-00-00 Single 1, p_=100 GeV

1.2
ATLAS ITk Simu ation Imema
ATLAS P2-RUN4-01.00-00
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The Seeding Algorithm
* Forms track seeds consisting of triplets of space-points (SP) ?
based on geometrical assumptions relative to the interaction

point

Athena/ACTS
Athena/ACTS
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ATLAS TileCal 8

A‘I] X Ad) =0.1x0.1 Photomultiplier
last layer 0.2x 0.1 Tile barrel Tile extended barrel

1 Module ~0.1 in A}

! : — = / Wave-length shifting fiber

One long barrel (|n| < 1.0) and 2 extended T il _—_
barrels 0.8 < |n| < 1.7, each composed of i ot

64 modules in @ (256 modules in total).

LAr electiromagnetic
end-cap (EMEC)

Steel plates and plastic scintillators (the
tiles) coupled to wavelength shifting fibres.

LAr electromagnetic
barrel

About 5000 pseudo-projective cells.
each cell readout by 2 PMTs (~10000 PMTs in total)

4

|A4 |As |A6 |A7 |A8 -

o o | . . e Dynamic range 10 MeV to 2 TeV per cell.

2280 mm

: | beam axis
_..'L._. _________ e e e et e e e e e e e e >

Tilecal pseudo projective cell layout
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TileCal’s upgrade

Motivated by

- Lifetime extension (HL-LHC 2029-2040).
* Higher radiation environment (lumi x5-7 compared to nominal LHC)
* New trigger requirements

HL-LHC architecture (2029-2040)

On-detector LO trigger  Off-detector (~100 m away)
" Daughterboard \‘ TDAQI .
signals FPGA —) : - . FELIX
—_— J"[GBTJ I [Opt Trigger | ~1-4 MHz
Format| 4—(9_8*7? Obiects [ Level0 ]
—il.5 Trigger
- - Data acquitision - Trigger objects
U p rad e -Amplification (2 gains) - Clock distribution computation
g -Digitization - Pipelines buffer - Interface with ATLAS

-Calibration for electronics - Online energy & time reco TDAQ subsystems

* Active dividers on the PMTs

 Complete replacement of on- and off-detector electronics

40 MHz readout to off-detector electronics. 40 Tb/s over 6000 optical fibres
* Improve reliablility (full readout redundancy, new HV and LV systems) and

maintainability (hew mechanics)
4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



TileCal High-Voltage System 10
System parameters: N
10000 PMTs LIP responsability

High Voltage < 950 V; Individual currents < 400 pA
High Voltage stability < 0.5 V rms

100m long cables from service cavern

New multi-conductor cables with 48 pairs must be built
HVRemote

board

DCS system: SoC board for
High Voltage control and | 7] Mini

RIS Mini Mini Mini
monitoring |

Drawer Drawer Drawer
Bulk

HV
Module

TileCal Module — Electronics Drawer

256 & HV Out to Mini Drawers
Detector Modules e l

4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



High-Voltage distribution

Cables

* New 48 wire pairs cable 100 m long developed in Portugal with ...

10000 PMTs => 20000 wires
— Wire diameter: 0.4mm
— Aluminium/PETP tape screen and drain wire ensures electromagnetic
shielding
— Prototypes produced

HVBus
- HV bus and short cables for HV distribution produced and tested

—
-

Y

iy

 — s ol

| 9 | _ -
i S — $!
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Testing Programme

Testbeam

e HVRemote + HVBus boards tested in 2021 and June 2022
e (Crate + SoC interface + final boards tested in November 2022
e Stability tests:

> 5h long tests
rms =0.21-0.23V

200 400 600 800 1000 1200 1400 1600 . 1800 2000
Evt number (time)

4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



High Granularity Timing Detector - HGTD 13

LGAD sensor | MIP

: . . - 1.3 x 1.3 mm? i
30 ps resolution timing using Silicon Low [iosisjes M | v 2.4 <|n| < 4.0
Gain Avalanche Detectors (LGAD) . ¢ il

Improves pileup vertex separation and
luminosity measurements

Wire bondi ~ I
ire bonaing Flex PCB Assembling with
- insulating glue
Sensor

LIP contributes to several areas T

. L . ~ . .
nuiaton minarv
' E Truth vertex track outside the HGTD |

* Electronics: readout ASIC tests, High Voltage fmmnpas,

fi Iteri n g ee event, <“> - 200 (35 Truth vertex with tracks in the HGTD

-Nominal beam spot : o, = 45mm T ;:;n?t::ec,::; 3::3 °'°.""'
* Detector slow control and safety Interlocks B R
* Monitoring

Ill:lx-llll:'l :: ::

Other possibilities being followed

» Cable production in Portuguese industry
* Mechanical design and production at LIP

80 60 40 20 0 20 40 60 80 100
4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon z[mm]



Electronics and High-Voltage

HV patch panels (PP)

* Routing the High Voltage to HGTD detector

* HV brought to low pass filters in the PP to filter
AC noise

* LIP responsability

HV pigtail Type Il HV cable HV PP Type Il HV cable

~100m

56-conductors 56-conductors

0dB Q°
—6dB— -20°
~12dB | 490
-18dB— — —60°

-24dB—
; . — —80°

-30dB— N

: * ——-100°

-36dB—
-42dB— N, ——120
~48dB— ——-140°
e -54dB— —-160°

AC noise filtering e
—6@dB | | | L III] : | 1 | | IIIII I | | L LB L) —18®O
10Hz 100Hz 1KHz 10KHz
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Electronics and High-Voltage 15
ALTIROC (ASIC under development for LGAD readout)

minimum detectable charge

Jitter [DACU]

AN “-’s — Qmin~3 fC
Noise~ 0,47 fC

- -
-éme FOCI!S W .0.
® MO ‘:\’/ 60 * ’

“ TYPE PW2215/20 RAYS
NG 9430 022 15201 x_';.___(.
@.No DKS70014

Efficiency

All pixels on

J

Q 4 ‘

.. l $ r"_ "
'!l";||llll T LA

5 - TID @ 200MRad
“1 « Module at-40 °C

Setup for irradiation tests 4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



HGTD - DCS and Interlock

Detector Control System (DCS)
— Contributing to DCS architecture definition

— Readout of DCS environment data through ELMB2 communication board

monitoring of the C0O2 cooling |
system via Pt10k sensors F [ f’g”}jiﬁ‘"*;’sj’{sj‘e;*'{1‘:,1‘%5 -

N \ - / 2 ]
. A \ b v > . \
E A P~ v > e e N
3 : \ > i ) ~ NN

* Temperature range: from
—450C to +200C

 Maximal tolerable offset
(accuracy) of sensor: +0.20C

1

|

|

|

|

|

|

|

I &
i
|

|

|

 Precision of sensor: +0.50C

: ; I‘i f., a‘“;f. \'.f\k t".-ﬁ : ..‘ A 1”\'-' ‘GI‘J}I .
i Fn']éufs'b x“‘lr;'\*if73ﬁ§’i i \:l\\"fr‘ IR
AL LAY | -:}--‘\.j‘?_\,}#.

e same ELMB board as ITk

e Signal Conditioning board,
backplane of both boards and
power supply to be designed

4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



HGTD - DCS and Interlock

- DSS: CO2 and water

cooling plants, Nz plant,

smoke, magnet vacuum

and cryogenics, ATLAS °
Emergency STOP

Interlock crate

Interlock

Mostly re-use the ITk one
Contributing to module production

Safety algorithms to be built

Passed PDR (Preliminary Design Review)

LIP responsability

* On the left are detectors that recognize threats from which protection is necessary.

* On the right are the devices that should be switched off.

* The central part is the interlock crate, which contains FPGA to define interlock matrix.

4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



Summary and Outlook 18
HL-LHC —> a harsher radiation environment and higher pileup, luminosity, read-out rates

New era for trigger and tracking reconstruction algorithms facing 1 MHz first level trigger rate

TileCal upgrade project is well on track: New mechanics and electronics more radiation hard, more reliable

and easier to service

The HGTD will improve many physics analysis by associating time to tracking, diminishing the impact of pileup

and decreasing the luminosity uncertainty

LIP is deeply committed with ATLAS-Upgrade contributing significantly to TileCal, HGTD and Trigger projects

LHC / HL-LHC Plan

splice consolidation
7 TeV 8 TeV  putton co llimators

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY 9 |

2011 2012 2013 2014 2015 m 2017 2018 m

PROTOTYPES

LS2

Diodes Consolidation
LIU Installation

Civil Eng. P1-P5

ATLAS - CMS
upgrade phase 1

ALICE - LHCb
upgrade

/

Run 3

( HiLumMi )
LARGE HADRON COLLIDER

HL-LHC
—_—

| Run4-5...

13.6 TeV 13.6 - 14 TeV

pilot bean
| 2022 | [2028 | 2004 | 2025 | 2008 | 2027 | 2028 | 2020 |[[[[]
5t07.5

2 x nominal Lumi

|—

—

HL-LHC
installation

minal Lumi

to 7.5 x no
ATLAS - CMS ,//’—_l
HL upgrade
integrated EIUUYRLS
luminosity JEWIE{ 3

CONS[TRUCTION INSTALLATION & COMM. PHYSICS

today

4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon
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The High Luminosity LHC (HL-LHC)

HL-LHC approved by CERN council in June 2016:

“Europe’s top priority should be the exploitation of the full potential of the LHC,
including the high-luminosity upgrade of the machine and detectors with a view to
collecting ten times more data than in the initial design, by around 2030. This
upgrade programme will also provide further exciting opportunities for the study of
flavour physics and the quark-gluon plasma.” (European Strategy 2013)

“Detector R&D programmes should be supported strongly at CERN, national Physics at the HL-LHC and
institutes, laboratories and universities. Infrastructure and engineering capabilities
for the R&D programme and construction of large detectors, as well as
infrastructures for data

analysis, data preservation and distributed data-intensive

computing should be maintained and further developed.” (European Strategy 2013)

Perspectives for the HE-LHC

There is a very wide physics program defined for HL-LHC:
https://cds.cern.ch/record/2703572/files/94-87-PB.pdf

4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon


https://cds.cern.ch/record/2703572/files/94-87-PB.pdf

High Voltage System Components

((( r:::rr(:zuuunu -
.." .... ..-. .... ..” ....

—3
=

. R, RAR NN, SO OO O

Rt ma 1es 1t es 1 e e | )

HVSupplies:

 DC-DC converters to produce primary HV

e Connects with the ATLAS Detector Safety System

* First prototypes successfully tested and a new design finished for production

* Designed by eCRLab

HVRemote:

* Receives 2 primary HV inputs from HVSupplies

* Sends 32 or 48 individually regulated HV outputs to HVBus

- DACs to set the individual voltages

- Regulation loops based on optocouplers

HV Control Board:

* One Zybo Z7 Zyng System-on-Chip (SoC) interface board per crate

* Two SPI| buses (one to the

VRemote and other to the power supply boards);
4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



HGTD - DCS and Interlock 22

Transfer Module (TM) in the Main interlock Crate (MIC)

Conceptual design of the HGTD interlock system

\\\\\\

\\\\\\\
S0 DSSB

DSS8

AAAAAA

Signals from the
Detector Safety
System

22
DSS4

|||||||

, ——r —r——2 — M
4 el p— ——ed 4
" Bl " B ™ ) ) ) - "
' '

DG GEIRLLETSY from NTC sensors  to LV and HV PS
interlock decision

rrrrr

L3>

* Four Local Interlock & Safety SYstem (LISSY) crates.

* One Main Interlock Crate (MIC), responsible for the distribution of global (external) signals to the individual LISSY
crates.

 The MON-FPGA module in both crates collects monitoring data and provides an interface for DCS via the
Embedded Monitoring Processor (EMP) and OPC server.

 Producing the TM
4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



TileCal Optics Robustness for HL-LHC

23

The HL-LHC will bring additional radiation exposure and damage to the TileCal scintillators and fibres

 Measured Run 2 light yield from 137Cs and laser

AX is the cell’'s deviation to the reference scan.
The difference between Cs and Laser response
corresponds to a variation of the scintillators and fibres

res pO NSe, Measured Relative Light Yield at the end of the Run2
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'99'99 '.99 % ® B @ % o 8 8 9

e

ARAIZ A4 AIS Al6
90 .91 R: "2 R 97

7z

C1 € 3 4 s 6 €1 C8
® |99 ® ¥ W B 9

u A2 AJ M AS M 47
9494 )% /M M %W MW B

A A A 4

48 A9 ,AW

ATLAS Preliminary
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leld of scintillators as a function of ionising dose
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Run 2 Data
Total Delivered: 158.1 fb™

® A132015 4.2fb"

A A132016 40.3fb"
A13 2017 50.3 fb™

¢ A132018 63.3 b

Irradiation Tests
ATL-TILECAL-PUB-2007-010
O gammas 60 mGy/s

m  hadrons 20-30 mGy/s

CERN/LHCC 96-42
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HLT calorimeter reconstruction

LOCalo

L1 Rols Event Filter Use the same structure for GPU

AlgTools algorithms

- Flexibility with respect to which
l CellCollection
Calls

D algorithms to run on the GPU

CaloTopoClusterMaker
Al the three steps
CaloTopoClusterSplitter Parallelised for

GPUs

-
, Each algorithm accesses the GPU

ClusterCollection _
CaloClusterCalibration d|reCt|y
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Calo cluster growing phase

TopoCluster reconstruction on CPU (~8% of total time)

* Group cells in 3-dimensions according to their signal/noise ratio Test results

l e Calorimeter clusters compared one by one
: * Timing measurements obtained by running the full
sample and subtracting the cell making and

...- -.. Athena execution times

* GPU times include cluster growing, cluster
splitting, data conversions and data transfers
from CPU to GPU and back

TAC: Topo-Automaton Clustering

e Use a cellular automaton for the GPU (maximize parallelism)

e Very preliminary single thread speed-up factors:

* Propagate tag on a grid of elements (cell pair) 4 for di-jet events (average) and 3.5 for ttbar events

Cells get the largest tag on each iteration | | | |
* Fraction of time dedicated to the algorithms:

5-20% (depending on the algorithm)

e Rest of the time: data conversion/transfer
overhead
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