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HL-LHC CIVIL ENGINEERING:

* Pileup will increase to up to 200 proton-
proton interactions per bunch crossing

» Integrated luminosity target is 4000 fb~!

* Will allow to probe the Standard Model
even further and especially rare processes

More about physics prospects in _Giordon's talk
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Overview of ATLAS Upgrade

Inner Tracker (ITK)

Muon spectrometer Trigger and Data acquisition

High Granularity
_ Timing detector (HGTD)

.:.

EM and Had Calorimeters


https://cds.cern.ch/record/2837191
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* |Innermost layer of pixel uses :

Bump bonding
(indium balls)
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3D sensors technology 20 X 20 mm
= More radiation tolerant / more expensive

4 Front- End
chips

« 2600 modules are needed organised in triplet (3 Front-End Chips/module)

e Other layers of pixels uses

, Triplet module g - =20 N = :

» n-in-p planar sensor 40 X 40 mm
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7166 modules needed and organised in quad (4 Front-End Chips/module)
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* |In modules the sensor is sandwiched between Flex PCB and Front-End chips
= Chip is bump bounded to the sensor
= Flex PCB wire bonded to the Front-End chips

Wire bonds

}
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 Module assembly is very complex and shared over 20 institutes
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 Half of production done for sensors and chips

« Started production phase for modules assembly

. uad module
e Module loading on structure has started “
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ITK strips

e Modules are mounted on staves for barrel
or petals for end-caps
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Petal with modules

Wire-bonds

 Strip sensor has a typical size 97 X 97 mm? ©'eve withmodules WW Structure

» Strip pitch is 75.5 um of module

Sensor

~97mm

e Structure of modules are

* Hybrids hosting readout (ABCStar) ASICs + power modules —___ |
are glued into the sensor [ Ancsar fo*:‘f::;'d\ (e
* Strips are wire-bonded to the ABCStar chips reae ) (i) Moy

2 (6) different types of sensor for the barrel (end-caps)

Power board

* Production of sensors and ASICs close to be complete " =

Wire bonds

* Production of modules assembly just started
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HGTD

Overall structure of HGTD

CO, transfer lines &
interconnection Box

Internal

New silicon based timing detector

Positioned between ITK and the End-Caps calorimeter

Should provide timing resolution of 30 — 50 ps for tracks with

2.4 < |n| <4 and 12 cm < r < 64 cm allowing better pileup
rejections

Should also provide bunch by bunch luminosity measurement
down to 1% uncertainty

Two double-sided disks with 8032 modules

Each module : 2x Low Gain Avalanche Detector LGADs bump
bonded into ASIC (ALTIROC)
Production of Sensor started

ALTIROC production to start in June ;iz:
Connected via FLEX cables to Peripheral Electronics Boa gm
that contain DC/DC converters, IpGBT chips, VTRX e ‘:Z

Final Design Review in May
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Comparison of MDT with sMDT

Muons system

* Multiple projects with common purpose to improve trigger efficiency :
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= Increased coverage for Barrel e B[ ) W}
= Send all data at 40 MHz off detector to perform trigger logic on FPGA N B g
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 New Small Wheel as part of Phase-1 upgrade

y wrt offline

 Replace End-Cap Inner Layer 4 from doublet
to triplet of TGC (same envelop)
Production ongoing / Pilot installed during last YETS
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More about TGC in Kotaro’s and Daisuke posters

More about LO muon trigger in Shota’s poster
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* Full remplacement of readout electronics

On detector

with 2 Kintex Ultrascale FPGA per board
Production soon to start Optical fibers
Off detector 32 x Trunks of 216 fibres

~_Wave length
shifting fiber

Tile Calorimeter

Scintillating tile

Particles

Readout of Full granularity at 40 MHz for trigger signal FENICs

FENICS digital FENICS analogue

About 10% PMTs will be exchanged TR Feoa connector FPGA  connector

New mechanical structure (Mini-Drawers) to ease maintenance

FENICs shape and amplify PMT signals (x2 gains) S
Production ongoing A-side
Main Boards digitise signal (12b ADCs) and control FENICs

Production done Main Board FPGA FPGA Da
Daughter Boards : Serialise digital data and send to off detector P

Pre-processor (Ppr) boards compute energy deposits, provide data
to Trigger and DAQ

Pre-production under tests
» ATCA Carrier board

 With 4 Compact Processing Modules ( KU 115 FPGA)
« Rear Module TDAQI (KU+)

TileTDAQI

Daughter Board v6.4

On-detector Off-detector

DeteCtOI' ,v‘fE’H”:EE"-. ” : ‘
signals T -

ard 1 MHz

" DaL ghter bo
(aBTj—{ SFP |
'< (cem)

PPr ATCA Board f% e




More details in Jules poster

LASP test board
FEB2 prototype ; e |

Full exchange of electronics for precision readout

1524 Front-End boards(FEB2) send digitised data @40 MHz
off-detector | | B 2
Design is almost finished . N L T S PR B it
= Noise test still needed in fully loaded crate ZaA =~ .\ I

lAr electromagnetic

122 Calibration boards to inject oo EMED
calibration pulse
Board design almost done

30 LATOURNETT D aswany O F
(timing and Control) g e -
=> High fanout board with boaaath =l
13 Cyclone10 FPGA in single ATCA board

Building of 2nd version of prototype board ongoing

278 LASP (Digital Processor)
=> Contains 2 big FPGA for Energy processing @40 MHz

Calibration

§ EAREL‘{;SI Sr]imulag%?% 0.0125 : APC o - -
Redesign of the board with new Agilex7 FPGA almost done G20 a0 00 More details in Huacheng poster
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nvestigation ongoing about usage of Neural-Networks embedded In g a—
-PGA to process energies in high pileup environment and at 40 MHz

g — wosmes | GComparison of energy reconstruction
. " OV ONN with optimal filtering
and neural network
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Inner Tracker Calorimeters Muon System
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* Upgrade of the hardware trigger (LO) system : B F— " (oo,
« Recording rate should reach 1 MHz Sue 5 E5 =1 ety | v e
i -— CTP
(x10 compared to LHC program) e
. Data Handlers <€---- L0 trigger data (40 MHz)
 Trigger latency up to 10 us (x4 compared to LHC program) T o Lwontolgral
Dataflow <~ - EF accept signal
* Global trigger aggregates event data into single FPGA VP1802 I G Output data (10 ki)
= Receive Trigger Object from Phase-1 electronics (FEXes + MuCTPI) [ Event Fiter ]
=Full Calorimeters granularity
=QObject Level & Event level reconstruction
* New timing distribution system (LTI) More about trigger strategies in Theodoros’ talk

 Upgrade of data acquisition

 New readout card (FELIX) with higher
bandwidth and processing capabilities
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 Upgrade of Event filter farm
= Technology evaluation ongoing (FPGA/CPU/GPU)

FLX-155 v1
First Assembled Prototype


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-UPGRADE-PUB-2025-001/
https://indico.cern.ch/event/1419878/contributions/6441897/

Integration

 Many efforts on all the projects to build system test to integrate their
components

* Also test ongoing between TDAQ/DCS/Infrastructure and systems

Arvances TCA®




Planning for LS3 and HL-LHC

2024 2025 2026 2027 2028 2029 2030 ‘ 2
M J[JAS AM[I|J|A[S AM[][JAS|IONID|JFMAMJ[J|AIS|IOND{J|[FMAM|]|JASION|D{]J|FIMAM[J|J|A|S|ON|DY 5 Ml Il JIAIS

A ,

LT

'Run3‘

al

We are here

Adapted from LHC Long term schedule

Dismantling +

upgrade Calorimeters + Muon _ _
Upgrade ITK + HGTD installation
. . _ _ _ Recommissioning
» Inclusion of new detector services (CO, bi-phase cooling station) with new TDAG

=

E~ " CAD of ATLAS cables

* Major rework of electrical infrastructure / rack room

 New cooling structure for Calorimeter/HGTD

Up to 1000 km of cable to remove and re-install


http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm

Conclusion

* To be able to operate ATLAS during the HL-LHC a vast g e N S SR ST
detector upgrade program is ongoing | U AR e B BN | NCEEE e,
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 For most of the project the mass production of critical
components has started
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S
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« Integration phase has started and will be critical for success of | =
the whole upgrade project

B

 Many other project ongoing toward HL-LHC (new tracking
reconstructions, forward detector upgrade, computing...)

 LS3 is now very close, we will soon enter an intense period of

activity at Point-1, to be ready in 2030 B e e AT e




