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Physics motivation

Higgs boson Still some questions
e Successful Standard Model

* Why do particle masses differ by a .
factor of 108 ? * What is dark matter?

» Explore properties if this particle

*  Why do particles have mass at all? Large scale structure of the universe -
» Answer lies in Higgs Boson and X -

associated field.

« Higgs boson discovered by
ATLAS announced July 42012

- Motion‘in galaxies

Nobel ,.Pr}ze n 2013 Need ore TL data
. Francois Englert and Peter Higgs

to explore these questions



High Luminosity LHC or HL-LHC
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* Need more data to explore physics goals

» Series of upgrade planned for LHC to improve luminosity
e Phase 1in LS2 =» 2-3 times design luminosity

* Then collect 300 fb-!

* Phase 2 in LS3 =» 5-6 times design luminosity

« Then collect 3000 fb"!

LHC design luminosity = 103 cm2s-!



How well can we measure the Higgs now?
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ATLAS Simulation Preliminary
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SUSY Searches !

ATL-PHYS-PUB-2013-011

Prospects for benchmark Supersymmetry searches at the high
luminosity LHC with the ATLAS Detector

The ATLAS collaboration
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Collecting the data for new discoveries

e (Collision rate in ATLAS

1s huge; currently 25
interactions every 50 ns

e In future will be 50-100
every 25 ns.

Colision n one event in ATLAS

Need to select rare events
with discovery potential

This 1s done by the “trigger”

Key trigger selection looks for
energetic electrons and muons

ATLAS trigger designed for
nominal LHC luminosity

LHC improvements lead to
expected luminosity of 3 — 6
times the original design.

To collect interesting events
need to enhance ATLAS
trigger capability



Canadian contribution to phase 1

The LHC luminosity will roughly double after every long shutdown
— As collision environment harsher, detectors have to cope...

Main goals

» Keep the Level-1 single muon and electron triggers usable at high
luminosity

» Maintain precision muon tracking performance at high luminosity
(in particular for high-p; muons)

Upgrades required

 Install new Muon detectors in the forward region as part of the
Phase-1 upgrade in LS2. Called the New Small Wheel (NSW) These
will provide signals to improve the level 1 muon trigger.

* Improve the Liquid Argon (LAr) electronics. This will allow the
existing calorimeters signals to be used to generate better electron
triggers.



The ATLAS detector

Phase 1 upgrade projects NSW
LAr Calorimeter \

25m
|
o\ Tile calorimeters
; LAr hadronic end-cap and
forward calorimeters

.............. lf Pixel detector \
6000 tons Toroid magnets LAr electromagnetic calorimeters
100 m underground ,, .on chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker



ATLAS
Collaboration

38 Countries
174 Institutions
3000 Scientific Authors

Armeﬁ?h
Australia

Austria Poland
Canadian teams working from the | azrbaijan  Portugal
beginning (R&D started in 1990) Brazil *  Russia
Canada Serbia
China Slovaki.a
Alberta, Carleton, i, s
France Sweden

McGill, Montreal, Toronto,

Regina, Simon Fraser,
TRIUMF, UBC, Victoria

Georgia Switzerland

Albany, Alberta, NIKHEF Amsterdam, Ankara, LAPP Annecy, Argonne NL, Arizona, UT Arlington, Athens, NTU Athens, Baku,
IFAE Barcelona, Belgrade, Bergen, Berkeley LBL and UC, HU Berlin, Bern, Birmingham, Bologna, Bonn, Boston, Brandeis,
Bratislava/SAS Kosice, Brookhaven NL, Buenos Aires, Bucharest, Cambridge, Carleton, Casablanca/Rabat, CERN, Chinese Cluster,
Chicago, Clermont-Ferrand, Columbia, NBlI Copenhagen, Cosenza, AGH UST Cracow, IFJ PAN Cracow, DESY, Dortmund,

TU Dresden, JINR Dubna, Duke, Frascati, Freiburg, Geneva, Genoa, Giessen, Glasgow, Gottingen, LPSC Grenoble, Technion Haifa,
Hampton, Harvard, Heidelberg, Hiroshima, Hiroshima IT, Indiana, Innsbruck, lowa SU, Irvine UC, Istanbul Bogazici, KEK, Kobe,
Kyoto, Kyoto UE, Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool, Ljubljana, QMW London, RHBNC London,

UC London, Lund, UA Madrid, Mainz, Manchester, Mannheim, CPPM Marseille, Massachusetts, MIT, Melbourne, Michigan, Michigan
SU, Milano, Minsk NAS, Minsk NCPHEP, Montreal, McGill Montreal, FIAN Moscow, ITEP Moscow, MEPhI Moscow,

MSU Moscow, Munich LMU, MPI Munich, Nagasaki IAS, Nagoya, Naples, New Mexico, New York, Nijmegen, BINP Novosibirsk,
Ohio SU, Okayama, Oklahoma, Oklahoma SU, Oregon, LAL Orsay, Osaka, Oslo, Oxford, Paris VI and VII, Pavia, Pennsylvania,
Pisa, Pittsburgh, CAS Prague, CU Prague, TU Prague, IHEP Protvino, Regina, Ritsumeikan, UFRJ Rio de Janeiro, Rome |, Rome II,
Rome llI, Rutherford Appleton Laboratory, DAPNIA Saclay, Santa Cruz UC, Sheffield, Shinshu, Siegen, Simon Fraser Burnaby,
SLAC, Southern Methodist Dallas, NPI Petersburg, Stockholm, KTH Stockholm, Stony Brook, Sydney, AS Taipei, Tbilisi, Tel Aviv,
Thessaloniki, Tokyo ICEPP, Tokyo MU, Toronto, TRIUMF, Tsukuba, Tufts, Udine/ICTP, Uppsala, Urbana Ul, Valencia,

UBC Vancouver, Victoria, Washington, Weizmann Rehovot, FH Wiener Neustadt, Wisconsin, Wuppertal, Yale, Yerevan



LAr electronics upgrade:
Forming the electron trigger

Trigger Towers

Current Method

Upgrade method

Needs new sophisticated
electronics to process data



Location of electronics for Liquid Argon
(LAr) calorimeter




Front Pannel ———_ ——— Water Distribution Block

Cooling Plate \FEB(not part of this WBS)

LAr Electronics = |
crate

Cooling Plate
G)

- __—— Cold Water

Electronics card
Data processing
Front End Boards
(FEBs)

/

%f

o |
-

Baseplarlt_eJ /l

T Pedestal

-V\@gn Cables

Baseplane

Signal routing S )
N‘ “Feedthrough (not part of this WBS)

Signals come from calorimeter



Upgrading the LAr Electronics

Disassemble the electronics crates

Replace the board that all the electronics
cards plug into ( to allow re-routing of
signals)

Modify the electronics cards with new
C Omp Onent S 40-Ch Analog Mezzaine 10x8-ch COTSADC ~ Xilinx Kintex-7 FPGA  Opto-TX/RX for TTC Link

Reassemble
Test and QC




Canadian contribution to the LAr
electronics

* Canada will design and build components
for HEC crates (Hadronic EndCap)

 Canada led the construction of the HEC
modules for ATLAS

 Electronic provided by Canada will include
the HEC base planes and electronics
components.

» Assemble and testing of devices will be
done 1n Canada



Muon trigger and the New Small Wheel (NSW)

Em NSW Provides improved trigger for
forward Muons

(@) Present L1

And improves tracking

New precision tracker in NSW

that works up to the ultimate luminosity, with
some safety margin

Kill the fake triggers

by requiring high quality pointing segments
in NSW

EM




NSW Detector Technology

Combination of sTGC and Micromegas(MM)

4+4+4+4 detection planes in total

sTGC primary trigger detector
* Good timing resolution
* Good space resolution

MM primary precision tracker
* Good space resolution

» Good track separation

» Very good high rate capability

Robust detector (redundancy and complementarity) for the high rate region,

operate long term



small Thin Gap Chamber (sTGC)

 Thin gap wire chamber with resistive cathode s TGC guadruplet
* Used for the forward region trigger

sTGC incorporates

* Lower cathode resistance - for high rate
e Pads - online trigger tower
* Strip charge readout - precision coord. readout
« Wire readout - coarse ¢ coordinate
Pads

O .
\‘\‘\‘\’ = Pad coincidence defines the

region of interest (Rol) to look
Wires .
at and selects strips to send to
the sTGC trigger processor,
- P C"”'c’:.m —. where precision positions are

Strips calculated




Overview of construction requirements

New requirements for sTGCs

Higher rates require graphite coating with lower
resistivity (100k€2 rather than 1MQ)

Need to upgrade existing spray facilities + impact on
new ones (spray systems and HVAC)

Precision measurement leads to requirements on
alignment.

Cathode panels flat (and parallel) to better than 80
microns

Relative alignment of readout strips between gaps
better than 40 microns

Alignment fixture

B(1:1




NSW and sTGC Construction Plan

Canada

64 quadruplets +
8 spares

—» Chile

32 quadruplets +
4 spares

China

32 quadruplets +
4 spares

Israel

= — 64 quadruplets +

8 spares

Canada to construct 64 chambers (quadruplets) + spares in 2015-2016



Canadian sTGC construction

* TRIUMF cluster(Vancouver)

— Receipt of parts - spray/polish carbon coating — glue frames and wire
supports

— Ship boards Vancouver to Ottawa
* Carleton cluster (Ottawa)

— Wire stringing, gap and quadruplet assembly, adapter boards and
chamber sealing

— Ship Quadruplets Ottawa to Montreal
*  McGill cluster (Montreal)

— Cosmic ray testing, preparation for shipping to Geneva
— Ship batches of chambers to CERN

* Note shipping is all under climate controlled conditions by land/sea
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Py  Edmonton = o ’ Manitoba T ¢ 4 wre > }. "’?
Vap m v er ® \ o l }' ( Winnipey / m‘\ “',ug’u nae RI¥ :e¢ — {/- mﬁ(m
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First full S1Ze prototype Module 1

AA-AA(1:15)

AA(1:5)

ATLAS NEW Potatype-1

B

Paricle Physics
U

4748.00- M2SP

First module -1 built by Weizmann group




Beam test; Fermilab
May 2014

For details see next talk

Test of Module -1 and
Canadian 40 x 60 cm

prototype

Test to verify construction
method for assembly precisior
Uses EUDET telescope

— (from Carleton U.)

Uses prototype of final NSW
readout chip (VMM1)

- s & & ¥ B §
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g 8 & 8 B

Preliminary residual 3 out of 4 sTGC



Production schedule

Schedule dates

* Full production start
e Production complete
« All quads in Geneva
« Complete wedges

April 2015
January 2017
April 2017

June 2017

2015
Feb Mar Apr MayJun Jul Aug Sep Oct Nov Ded

2016

2017

Jan Feb Mar Apr MayJun Jul Aug Sep  Oct Nov DedlJan Feb Mar Apr MayJun Jul Aug Sep Oct

Canadian schedule

Board production at TRIUMF
Shipping to Carleton

Quad assembly at CU

Quad shipments to McGll
Quad testing at McGill

Ship to Geneva

Overall float

small w

float

large w large w

From NSW schedule
Wedge Assembly Small
Wedge Assembly large




Funding for the ATLAS Phase 1 upgrades

Total cost for Canadian share
of new ATLAS components
~ $5M Can.

When ATLAS was built,
construction funding came
from the sub-atomic physics
envelope.

No longer possible.
Seek funding from CFI
CFI funds 40% of projects.

Typically other 60% has
come from the provinces and
vendor discounts

e For ATLAS the other 60%

matching will come from
our International partners on
the hardware projects.

This 1s aided by CERN
management structure
which provides:-

— MOUs for operations and
construction.

— Independent cost reviews
— Progress monitoring by Resource
Review Board.
Grant submission 1s due

next week



Summary and outlook

ATLAS physics program to explore Higgs and look for
new phenomena

Plans in place for collecting 3000 fb! of data
For good data collection need to enhance trigger
Improvements to Muon and LAr systems.

Canada contributing to these; Muon NSW and LAr
electronics.

Infrastructure for these contributions will be in place by
the end of this year.

Seeking CFI funding for construction, funding parts and
labour.

Schedule 1s for project completion by 2018



