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Nigel Hessey, The ATLAS Upgrade for the High-Luminosity LHC
Wednesday, June 13th, 8:00, W1-3 PPD session

The Large Hadron Collider (LHC) at CERN will be upgraded to a new
machine, the High Luminosity LHC, staring up in 2026 with seven times
the current luminosity. The ATLAS experiment will then collect 3000 fb-1 of
proton collisions at 14 TeV centre-of-mass energy. This large data set will
increase the discovery reach and allow higher precision in many
measurements. The ATLAS detector needs several improvements to cope
with the unprecedented luminosity and radiation damage.

This talk will summarise the new physics reach and describe the planned
detector and trigger improvements, concentrating on the Canadian
contributions in the liquid argon calorimeter and the new silicon inner
tracker.


https://indico.cern.ch/event/687532/contributions/2923307/
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* High Luminosity LHC and ATLAS
Phase-2 (2024)

* increased instantaneous LHC
luminosity: ~7.5 1034 cm-2 s

UBC

HL-LHC and ATLAS Phase-2
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* increased pile-up: 200 interactions/

bunch crossing
* Increased radiation damage
* 4000 fb-1 integrated luminosity
- >10 years data taking

* replace current ATLAS Inner Detector

(2024-2025)
* IBL, pixels, SCT, TR
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-005/

ATLAS Inner Tracker
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—ATLAS Simulation
_ ITK Inclined
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« ATLAS Inner Tracker:

all-silicon tracking detector

* pixels n=2.0
* frack reconstruction coverage up
to|n| =4.0
 strips

* 4 barrel layers
* 6x2 end-cap discs
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-005/

?23 TRIUMF SEU ITk petals

- end-cap discs divided in 32 petals
- carbon support structure

» sheet, honeycomb, sheet

- embedded cooling line

- embedded cooling line for bi-phase
COo

- double-sided petals
* Identical sides
* 6 modules per side
3 single-sensor modules (R0-R2)
» 3 double-sensor modules (R3-R5)
- 6 sensor types
- ROto R5
- stereo annulus shape

- 40 mrad stereo angle between strips
on opposite petal sides

* End-of-Structure readout card and bus
tape
ATLAS-TDR-025
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-005/
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* silicon strip sensor

* n-in-p silicon sensor

» 2 or 4 strip rows

* 69-85 um strip pitch
* hybrid

- Kapton flex hybrids carrying

electronics

* 1 hybrid per pair of strip rows

- electronics

* front-end ASICs: ATLAS Binary
Chips (ABCStar)

» Hybrid Control Chip (HCCStar)
- power board

» DC-DC converter
- glue

» sensor-hybrid: epoxy glue

* hybrid-ABC/HCC: UV glue

» electrical connections done via wire-
bonds
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Sensor

Wire-bonds

DC-DC converter

HCCStar Power
Wire-bonds i-\- board ;AB/CStar

ITk strip modules

Hybrid

ITk strip barrel module
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-005/
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ITk production to start in 2019

ITk sites ramping up with pre-
production

* site qualification

RO is the benchmark test module for
ITk strip end-caps

Francesco Guescini
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- dedicated ITk cleanroom at TRIUMF
- module assembly table: practice and perform module building
- gantry: glue deposition (and more)
* CMM: module metrology
* microscope: optical inspections
- probe station: sensor tests
- wire bonder and wire pull tester: bonding and bond strength testing
- DAQ table: module testing
- dry air cabinets: storage of components and modules

Francesco Guescini 8



UBC

&2 TRIUMF scUI RO hybrid building

 practiced and fine tuned complete
module building procedure on
mechanical ROs and glass ASICs

» ASICS picked with vacuum pen and
placed in loading tray

* glue pattern dispensed by gantry

+ ASICS picked up and loaded onto the
hybrid by means of vacuum pick-up tool

* same building procedure for both RO
module hybrids (ROHO and ROH1)

* ROH1 shown here

Francesco Guescini
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ROHO

glue heights:
ASIC 1: 0.108 mm
ASIC 2: 0.103 mm
ASIC 3: 0.096 mm
ASIC 4: 0.099 mm
ASIC 5: 0.094 mMm
ASIC 6: 0.097 mMm
ASIC 7: 0.099 mm
ASIC 8: 0.106 mm

« ROHO and ROH1 hybrids measured with CMM
» ASIC glue height target set to 120 pym
* measured heights well within specs: <40 yum

Francesco Guescini

ROH1

glue heights:
ASIC 1: 0.134 mm
ASIC 2: 0.136 mm
ASIC 3: 0,121 mm
ASIC 4: 0.118 mm
ASIC 5: 0.117 mm
ASIC 6: 0.109 mm
ASIC 7: 0.102 mm
ASIC 8: 0.104 mm
ASIC 9: 0.107 mm

RO hybrids metrology
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RO hybrids testing
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- HCC chips placed by hand

 hybrids loaded and bonded to test
frames

* independent ROHO and ROH1
electrical tests
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S RO hybrids DAQ

ROH1
stream 1
ROH1
stream 0
» successfully read data from both
hybrids
- same DAQ setup as for full module
* noise levels within expectations
ROHO
stream 0
ROHO
stream 1

Francesco Guescini

12



* sensor surface scan
- measure flathess
* bowing structure
* 76 pym (< 200 um required)
* measure shape and cut precision

Francesco Guescini

ITKk strips
RO sensor measurement
100 points scan

flatness = 0.076 mm
average thickness = 0.399 mm

inner radius = 383.777 mm
outer radius = 488.003 mm
sensor length = 104.225 mm
left edge length = 104.856 mm
right edge length = 104.852 mm
wedge angle = 11.362°

RO sensor testing

1001502002503003504004505005506006507007508008509009501000
Voltage [V]

» IV and CV curve measurements

- breakdown voltage above 1000 V
» >700 V required

» sensor depleted at 300 V

13
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 hybrids glued onto the sensor

* epoxy glue

- same loading tools as for ASICs-to-
hybrid gluing

* hybrids wire bonded to the sensor

 4-layers of wire bonds

* 25 ym aluminium wire

» ~15 m of wire bonds per module
* ~1 hour

Francesco Guescini

RO module building
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* accurate placement of modules on the
petal core

* Vancouver is one of the four ITk end-
cap petal loading sites

- SFU is leading the module-on-petal
loading activities

* two strategies being investigated
* baseline: manual with bridges
» gantry used for inspection
- advanced: fully automatized

* gantry used for inspection and
module loading

Francesco Guescini

petal building
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* modules loaded using bridges
- manual alignment

» translation and rotation bridge fine
controls

 gantry and microscope used for module
position survey

* Iterative procedure until precision
reached

Francesco Guescini

petal building: baseline
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- automatized module-on-petal loading

* relies completely on the gantry and
module pick-up tools

* gantry used for module loading and
position survey

* Inspect petal
* deposit glue
* Inspect module
* pick-up loading tool
* pick-up module
 load module onto the petal
* release pick-up tool
- see it (virtually) in action

Francesco Guescini

petal building: advanced

18


https://www.youtube.com/watch?v=11-uuda5hPI

ITk production plans

= TRIUMF SEU

- ATLAS Canada producing 84 petals [ (Freiburg )
out of 384 |

« SFU, TRIUMF and UBC to take care of
loading petals with modules from all "
ATLAS Canada institutes @

- module production split among
ATLAS Canada institutes

* 504 modules in Eastern Canada
* 1008 modules in Western Canada

* hybrid production taken care by SS@
Carleton and Toronto for all Canadian
modules (Scandinavia) """
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108 petals
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2 TRIUMF N I Tk strips readout

FrontEnd Link

eXchange
petal or stave /
|
* new detector-independent ATLAS B
readout module FELI ><
* Front-End Link eXchange HCCStar—

—IpGBT  counting
room

- UBC working towards providing ITk
Strips FELIX-based readout

End of Structure

* building FELIX + ITk strips data
generator test bench
» generator mimics the on-detector
readout using an HCCStar emulator F E LI x
* UBC firmware module generates
HCCStar-like data

* use existing data generator

infrastructure to produce HCCStar data generator
streams for FELIX
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HCCStar emulator
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T@F conclusions

» successfully built the first ITk RO
module in Vancouver

* Vancouver leading effort for module-
on-petal loading

» Vancouver working on ITk strips
readout

* ITk production to start in 2019
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» ATLAS Inner Tracker Phase-2 upgrade
* Nigel Hessey's presentation
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https://indico.cern.ch/event/687532/contributions/2923307/

2 TRIUMF

thank you /
mercl

www.triumf.ca
Follow us @TRIUMFLab

®EO©®

Discovery,
accelerated



