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ATLAS Canada Collaboration

Founded in 1992: M. Lefebvre, UVic
Spokespersons: R.S. Orr U of T 1994-2007
R. McPherson, IPP/UVic 2007-2015

Current Management
Spokesperson, PI (2015 -): P. Krieger, U of T

Deputy: l. Trigger, TRIUMF
Physics Coord: D. Gillberg, Carleton
Computing Coord: D. Gingrich, Alberta

38 University/Lab faculty (z 35 FTE) [signed last grant request]
+ several new hires in 2018, 2019

30 Postdocs, 80 GS (Fall 2018), = 25 UG students/year
Plus engineers and technicians (some MRS funded)
Group now includes 6 IPP Research Scientists (5 FTE)



ATLAS Canada Activities & HQP

e Canadians playing key roles in ATLAS and the ATLAS Physics program

— Deputy Spokesperson, Physics Coordinator, Physics Group Convener (Exotics),
Performance Group Convener (Tracking), MC production coordinator

— Also physics and performance sub-group conveners

— Operations (2018): subsystems Run Coordinators (2018), detector experts,
computing, also during LS2

— Speakers Committee, Authorship Committee, Other
 Well represented in Phase-1 and Phase-2 upgrade projects
— Both technical leadership and management roles
 HQP training:
— 88 PhDs awarded on ATLAS (Sept 2018), 56 with collisions (Run 1, Run 2)

* increase of 8 since time of 2018 IPP AGM
e similar number of MSc degrees over the same period

— Close to 100 RAs have been trained within ATLAS Canada

— 4 ATLAS-Canada alumni (students, postdocs) hired into Canadian faculty
positions in past 12 months



The Large Hadron Collider at CERN

The world’s highest-energy particle collider:
— Likely to remain at the energy-frontier for at least another two decades
— Excellent performance over Run-2 (2015-2018)

Almost 850 scientific ATLAS publications (published or submitted)
— about 100 in past year

Higgs discovery in 2012 — 2013 Nobel Prize to Higgs and Englert
— Investigations of Higgs properties still important and on-going
— Run-2 results including H — bb, ttH and di-Higgs production

Run-2 complete: Long Shutdown 2 (LS2) now in progress
— Accelerator upgrades and Phase-1 detector upgrades
— Increase to 14 TeV may not happen for start of Run-3

— After energy increase, only improvements come from luminosity upgrade:
* Dealing with this is the main goal of the ATLAS detector upgrade program
Canadians playing leading roles in a number of upgrade projects

— Funding from CFI: IF 2015 (Phase-1) and IF 2017 (Phase-2)
— In each case following on from RTI support from NSERC during the R&D phase



Canadian Hardware Contributions to ATLAS

Canadian hardware contributions to ATLAS

* Hadronic Endcap calorimeter C ¢ > EEusEn

-

— Two of four wheels

o . LArhqdronic/
 Hadronic Forward calorimeter Wecered

— All four modules

LAr electromagnetic

* Liquid argon front-end electronics
end-cap (EMEC)

— Switched capacitor array controller chips

LAr electromagnetic
barrel
o LAr forward (FCal)

* Liquid argon calorimeter endcap
signal feed-throughs

 ATLAS Tier-1 and Tier-2 Computing facilities
* High-level trigger (HLT) processors
 Diamond Beam Conditions Monitor (also used for luminosity)

* MediPix / TimePix for cavern background monitoring, luminosity

* LUCID luminosity monitor and upgrade in LS1 (2013-2015)

 Diamond Beam Monitor (telescope) installed in LS1 (2013-2015)

* |nner Detector (TRT) readout

* ATLAS Forward Protons (AFP) - installation completed in 2016/17 shutdown

Also a S40M Canadian
contribution to the LHC
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LHC/HL-LHC Schedule & ATLAS ¥ upgrade planning

LHC / HL-LHC Plan etﬁﬁt‘im

LHC
. LHC 1
Run 1 | | Run 2 | | Run 3
LS1 EYETS 14 TeV 14 TeV
1314 Tov R enersy
splice consolidatio inject rad 5t07x
7 TeV 8 TeV Ellmon colllmatorsn "'cry:rP:‘l,rgnt a o e‘:,gg'iton HL-LHC installation rominal |
—— R2E project Civil Eng. P1-P5 regions —_

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2037

2013 2014 2015 2016

2011 2012

radiation
damage
2 x nominal luminosity 1
75% experiment nominal luminosity | | | experimentupgrade | | ——— 1 experiment upgrade
nominal beam pipes phase 1 phase 2
luminos sity | /
|

integrated
luminosity

* New Pixel insertable b- * sTGC for Muon New * New ATLAS Inner Tracker (ITk)
layer (IBL): DBM Small Wheel * Liquid Argon Calorimeter
* Consolidation of LAr * Liquid Argon Calorimeter readout electronics
calorimeter LVPS trigger electronics
+ LUCID upgrade In progress
sTGCs under construction
* Forward protons (AFP) . ..
LAr: installation in progress

Completed
Main ATLAS Canada shutdown / upgrade activities (detector)
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Delivered Luminosity [fb™

80

LHC / ATLAS Operations 2018

First 2018 stable beams collisions April 17 (was May 23 in 2017)

Continued excellent performance:
— 51% of time in stable beams! (was 49% in 2017 which was also excellent)

Integrated luminosity:
— 63.3 fb! delivered to ATLAS (for total of 156 fb! for Run-2)
— 60.6 fb! recorded by ATLAS (for total of 147 fb! for Run-2)

ATLAS Data quality:

— 60.1 fb! good for physics in 2018 ( for total of 139 fb'! for Run-2)
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LHC / ATLAS Operations 2018

ATLAS Run-2 Detector Status (from March 2019, END OF RUN 2)
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Overall excellent performance in 2018 of the Day in 2018

LHC machine, the ATLAS detector, and ATLAS computing facilities (WLCG)
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Operations: ATLAS Canada Computing

 (Canada hosts 1 of the 10 ATLAS Tier-1s
— Typically one of the highest reliability sites
— Relocated from TRIUMF to SFU in 2018

— Hardware funding through to 2020, via
CFI'IF 2017 competition

 We also provide 5% of ATLAS Tier-2
resources, via Compute Canada:

— Compute Canada recently performed a
site consolidation: still adjusting to new
configuration (performance improving) Month (2018-19)

 ATLAS continues to rely on resources beyond those “pledged” to the
WLCG, in the form of opportunistic access to HPC and cloud resources
— ATLAS-Canada group members also play a leading role in ATLAS cloud computing effort
— Canadians also involved in development of ATLAS core computing

ATLAS-Canada Tier-1/2 Availability (2018-19)

Tier-1 (SFU/TRIUMF) Tier-2 (Victoria)

Availability (%)

» Digital Research Infrastructure strategy:

— ATLAS Canada experts on Tier-1, Tier-2, Cloud computing involved in writing of IPP
brief for ISED; our thoughts / concerns are summarized there



ATLAS Physics Results

300 ATLAS Submitted Papers Last upate: 302019 ATLAS - Papers/Lead-group
- - - I
— ATLAS Run 142 ATLAS: 848
800F| — ATLAS Run'1 i

— ATLAS Run 2
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* Run-1/2 papers +6/+89 since last years AGM talk
— Canadians heavily involved in Higgs, SUSY, Exotic, SM and top physics programs
» See CAP talks (summary by B. Stelzer) - | show only a few results & summary plots
— Initial Run-2 papers based mainly on 2015 + 2016 data (36 fb?)

— Publication strategy now focused on papers based on the full Run-2 dataset
* motivated in part by desire to redirect effort to performance improvements
e 14 public results with full Run-2 dataset (13 CONF Notes, 1 paper)
» 8 of these were new for LHCP 2019 (late May) https://indico.cern.ch/event/687651/
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Combined Higgs Boson Studies

Combined Higgs coupling results based on 2015—2017 data (80 fb?)
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Various ways to interpret the set of measured production cross-section

times branching ratio measurements ATLAS.CONF-2019-005
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Standard Model Total Production Cross Section Measurements
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Standard Model Cross-section Measurements

o =96.07 +0.18 + 0.91 mb (data)
COMPETE HPR1R2 (theory)
o =95.35+0.38 + 1.3 mb (data)
COMPETE HPR1R2 (theory)
o =190.1+0.2 + 6.4 nb (data)
DYNNLO + CTMNNLO (theory)
o =98.71 +0.028 + 2.191 nb (data)
DYNNLO + CT14NNLO (theory)
o = 58.43 +0.03 + 1.66 nb (data)
DYNNLO+CT14 NNLO (theory)
o =34.24 +0.03 +0.92 nb (data)
DYNNLO+CT14 NNLO (theory)
o =29.53 +0.03 + 0.77 nb (data)
DYNNLO+CT14 NNLO (theory)
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top++ NNLO+NNLL (theory)
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Resonances Searches (full Run-2 dataset)

Dilepton arxiv:1903.06248
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Exotics Search Summary

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits [Mar 2019 ATLAS Preliminary

Status: March 2019 JLdt =(32-139) fo? Vs=8,13TeV
Model ty Jetsi ET™ [rdtm] Limit Reference
AL ! N N | N N AL ' ! v
ADD Gk +g/q Oepu 1-4j Yes 361 |Mp 7.7 TeV n=2 1711.03301
g ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3HLZNLO 1707.04147
.g ADD QBH - 2j - 37.0 My, 89TeV n=6 1703.09127
&  ADDBH high ¥ pr >lepn >2j - 32 My 8.2 TeV n =6 Mp =3 TeV, rotBH 1606.02265
“§’ ADD BH multijet - >3j - 3.6 |Mu 955TeV  n =6 Mp =3TeV,rotBH 1512.02586
T RS1Gkk -y 2y - - 36.7 | Gik mass 41 TeV k/Mp; = 0.1 1707.04147
Bulk RS Gk — WW /Z2Z multi-channel 36.1 Gy mass 2.3TeV ki Mg = 1.0 1808.02380
g Bulk RS Gk —» WW/ZZ — qqqq 0 ep 2J - 139 | Gkk mass 2.8 TeV k/Mp; = 1.0 ATLAS-CONF-2019-003
Bulk RS gk — tt leu =21b >1J/2) Yes  36.1 |8k mass 3.8 TeV r/m=15% 1804.10823
2UED/ RPP lepu =22b=3j Yes 36.1 KK mass 1.8 TeV Tier (1,1), BALY - tt) =1 1803.09678
SSM Z - ¢ 2epu - - 139 | Z' mass 5.1 TeV 1903.06248
g SSM Z' - 1 27 - - 36.1 Z' mass 2.42TeV 1709.07242
[s) Leptophobic Z — bb - 2b - 36.1 Z' mass 2.1TeV 1805.09299
_§ Leptophobic Z’ — tt Teu =1b,21J/2 Yes 36.1 Z’ mass 3.0 TeV rim=1% 1804.10823
SSM W' — v len - Yes 79.8 | W’ mass 5.6 TeV ATLAS-CONF-2018-017
§’ SSM W' — v it - Yes 361 | W’ mass 3.7 TeV 1801.06992
© HVT V' - WV — gqqq model B 0 e, u 2J - 139 V' mass 4.4TeV gv=3 ATLAS-CONF-2019-003
S wrvo WH/ZH model B multi-channel 36.1 |V’ mass 293 TeV gv=3 1712.06518
LRSM Wy, — tb multi-channel 36.1 W’ mass 3.25 TeV 1807.10473
— Clqqqq - 2j - 37.0 A 21.8TeV 7, 1703.09127
Q  Clitqq 2epu - - 36.1 A 400TeV 1707.02424
Cl tett zlepu 21b21j] Yes 361 [A 2,57 TeV |Cael = 4r 1811.02305
Axial-vector mediator (Dirac DM) Oepu 1-4j Yes 36.1 Mumed 1.55 TeV 24=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
S Colored scalar mediator (Dirac DM) 0 e, p 1-4j Yes 36.1 Myed 1.67 TeV £=1.0, m(y) = 1 GeV 1711.03301
Q  yvyy EFT (Dirac DM) Oep 1J,€1] Yes 32 |Mm. 700 GeV m(y) < 150 GeV 1608.02372
Scalarreson. ¢ — ty (DiracDM) 0-1e,u 1b,0-1J Yes  36.1 mg 3.4 TeV y =04,1=0.2 m(x) =10 GeV 1812.09743
Scalar LQ 1% gen 12e >2j Yes 36.1 LQ mass 14 TeV B=1 1902.00377
Q | ScalarLQ 2" gen 12p 22j Yes  36.1 LQ mass 1.56 TeV p=1 1902.00377
= ScalarLQ 3¢ gen 27 2b - 36.1 LQj mass 1.03 TeV B(LQY — br) =1 1902.08103
ScalarLQ 3" gen 0-1 e 2b Yes  36.1 LQj§ mass 970 GeV B(LQY - tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X multi-channel 36.1 | T mass 1.37 TeV SU(2) doublet 1808.02343
> VLQ BB — Wt/Zb + X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
mg VLQ T3 o3| T3 = Wt + X 2(SS)/z3 e 21b,21j  Yes 36.1 Ts;3 mass 1.64 TeV B(Ts3 — Wt)=1, c(Ts3Wt)=1 1807.11883
:‘,‘:’ 2 VY- whiX lep 21b =1 Yes 361 |Ymass 1.85 TeV B(Y = Wh)=1, cg(Wh)=1 1812.07343
VLQ B —» Hb+ X Oeu, 2y 21b 21 Yes 79.8 | B mass 1.21 Tev xB=05 ATLAS-CONF-2018-024
VLQ QQ — WqWq 1epu 24]  Yes 203 |OiESSENesocEv 1500.04261
o Excitedquark ¢° — qg - 2j - 139 q* mass 6.7 TeV onlyu* and d*, A = m(q") ATLAS-CONF-2019-007
g g Excited quark ¢* — gy 1y 1j - 36.7 q" mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
§ 'E Excited quark b* — bg - 1b,1j - 36.1 b* mass 2.6 TeV 1805.09299
Excited lepton v* 3eut - - 20.3 A=16TeV 1411.2921
Type Il Seesaw 1en 22j Yes  79.8 | N%mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2 TeV m(Wg) =4.1TeV, g = gr 1809.11105
o Higgs triplet H=* — £¢ 2,34 e,u (SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
£ Higgs triplet H=* — (r Jeqt _ _ 20.3 DY production, B(H;* — (r) = 1 14112021
6 Multi-charged particles - - - 36.1 multi-charged particle mass DY production, || = 5e 1812.03673
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin1/2 1509.08059
Vs=13TeV  Vs=13TeV | s
partial data full data 1071 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
i Small-radius (large-radius) jets are denoted by the letter j (J).

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/
For SUSY see https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ (and backup slides)
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Dark Matter Studies

Also significant Canadian involvement
in 2019 Dark Matter Summary paper
(based on 2015 + 2016 data)

PUBLISHED FOR SISSA BY €) SPRINGER

RECEIVED: March 6, 2019
ACCEPTED: May 9, 2019
PUBLISHED: May 23, 2019

Constraints on mediator-based dark matter and scalar
dark energy models using /s = 13 TeV pp collision
data collected by the ATLAS detector

JHEP 05 (2019) 142
ATLAS

EXPERIMENT

The ATLAS collaboration

See Tuesday CAP symposium talks by:

 C. Anelli (Dark Matter Searches)
e A. Lister (Dark Sector Searches)
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Phase-1 Upgrades: LAr Calorimeter Electronics

 Key component of the ATLAS trigger strategy for Run-3

* Improve granularity of information supplied to the L1 trigger
— Provide additional background suppression at trigger level

J Q SCA|
!
Trigger Towers
Current trigger
. (0]
granularity k
/}
(a)

JD
WQ'
* Implementation requires new Front-End Crate baseplanes

LAz
* For the HEC, these are being developed and produced by TRIUMF / Victoria
— Testing at UVic (shown above): half have been delivered to CERN so far

— Just part of overall LAr upgrade work:
* All boards need to be removed from Front-end crates, to allow baseplane replacements
* New trigger boards to be installed (including new ASICs that had to be developed)
* New back-end boards required to receive and process all the new information
* This installation work has begun: project is on schedule and few risks remain
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Phase-1 Upgrades: LAr Calorimeter Electronics

 Key component of the ATLAS trigger strategy for Run-3

* Improve granularity of information supplied to the L1 trigger
— Provide additional background suppression at trigger level

Phase-1 trigger
granularity

Layer 3
AnxA® = 0.1x0.1

Super Cells

Layer 2
AnxXA® = 0.025x0.1

Layer 1
AnxA® = 0.025x0.1

Layer 0
AnxA® = 0.1x0.1

(b)

* Implementation requires new Front-End Crate baseplanes

* For the HEC, these are being developed and produced by TRIUMF / Victoria
— Testing at UVic (shown above): half have been delivered to CERN so far
— Just part of overall LAr upgrade work:

P.Krieger,

* All boards need to be removed from Front-end crates, to allow baseplane replacements
* New trigger boards to be installed (including new ASICs that had to be developed)

* New back-end boards required to receive and process all the new information

* This installation work has begun: project is on schedule and few risks remain

UofT Institute of Particle Physics, AGM, 07 June 2019, Burnaby BC 16



Phase-1 Upgrades: Muon New Small Wheel

* Another key component of the Run-3 trigger (fake u rejection with pointing)
* sTGC construction / testing infrastructure: TRIUMF, Carleton, McGill, Victoria

. Leading* coordination roles in NSW project: Big Wheel EM
— Leadership of sTGC project | |
— Overall project management, schedule, finances | H
— Wedge assembly at CERN New Small Wheel Ej ) =
— Software / simulation ' T "
— Electronics / software for cosmic-ray test station e ("
toroid

— Production test pulser board for sTGCs

* Past sTGC delays due to component
procurement (now resolved), but:

— Also delays for other NSW subsystems
* Micromegas (MM) for precision tracking

Canada:

* 18 QS3 quads

. uad
e Custom readout ASICs 36 QL2 quads

— Expect installation of only one NSW in LS2

— Second to be installed during a future
Extended End-of-Year Technical Stop (EYETS) ~
See CAP talk by Jesse Heilman Canada: % of all sTCG modules

P.Krieger, U of T Institute of Particle Physics, AGM, 07 June 2019, Burnaby BC 17



Phase-1 Upgrades: Muon New Small Wheel

* Another key component of the Run-3 trigger (fake u rejection with pointing)

* sTGC construction / testing infrastructure: TRIUMF, Carleton, McGill, Victoria

. Leading* coordination roles in NSW project:

* Past sTGC delays due to component
procurement (now resolved), but:

— Also delays for other NSW subsystems

— Second to be installed during a future

]
Big Wheel EM

Leadership of sTGC project [

Overall project management, schedule, finances

Wedge assembly at CERN New Small Wheel

Software / simulation
Electronics / software for cosmic-ray test station
Production test pulser board for sTGCs

end-cap

toroid

* Micromegas (MM) for precision tracking
* Custom readout ASICs

Expect installation of only one NSW in LS2

Extended End-of-Year Technical Stop (EYETS)

P.Krieger, U of T Institute of Particle Physics, AGM, 07 June 2019, Burnaby BC
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ATLAS at the High Luminosity LHC

Proposed instantaneous luminosity of 7.5 x 1034 cm2s! (u=200)
— Needed for the desired (x10) increase in integrated luminosity
— Rate and accumulated dose causes problems for some detector subsystems
— Need for pileup suppression becomes crucial issue for detector upgrades

Proposed LO/L1 trigger scheme with rates of 1MHz/400KHz is
incompatible with both tracker and calorimeter readout electronics:
— Calorimeter front- and back-end electronics must be entirely replaced *

— Tracker to be entirely replaced by a new all-silicon tracker, the ITk *

* Pixels at low radius, strips at higher radius.
— Coverage out to |n| =4.0 (from 2.5 for current inner tracker)

* 160 m? of silicon. Almost half the cost / effort of Phase-Il upgrades

Also other upgrades: Canada involved only in the ones just described
— Canadian participation funded by CFl in IF 2017 competition
— We have multiple technical leadership & management roles in both projects

P.Krieger, U of T Institute of Particle Physics, AGM, 07 June 2019, Burnaby BC
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Phase-2 Tracker Upgrade (ITk)
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Hybrid boards
[ ]

Si sensors

modules
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Pet al”

hybrids
V1

ABC130

Endcap module

Excellent tracking needed for the HL-LHC physics program

— Need precision vertexing to identify the primary vertex from high pileup

Canadian group contributing to construction of the Endcap Strips detector:
— about 18k Si strip modules needed (~7000 in endcap):

— plan for 1500 in Canada (2 sites: Vancouver, Toronto)

— Also, industrialized production of “hybrid boards”, module placement on support

structure for Endcap “petals”, readout electronics ASIC wafer probing and dicing,
simulation infrastructure.

Canada making ~ 2.5 Endcap discs (40% of one endcap)
Significant progress on all items in 2018-19

P.Krieger, U of T

Institute of Particle Physics, AGM, 07 June 2019, Burnaby BC
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Phase-Il LAr Calorimeter Upgrade Work

* Phase-1 upgrade is to trigger path electronics

* Phase-2 upgrade is to main readout path electronics
— Front-end readout
— Calibration system
— Off-detector readout (previously “back-end”)

e Canadian groups integrated into this effort:
— Naturally follows our Phase-l work and historical contributions to ATLAS
— Focus on front-end electronics for the HEC

 HEC was built in part in Canada

» Differs from other LAr subsystems, due to cold preamplifiers in the cryostat
— Exploiting particular Canadian expertise in the HEC readout

— Also taking leadership role in development of FPGA-based off-detector system
e Data handling
* FPGA-based filtering algorithms used for energy reconstruction
e Canadians occupy a significant fraction coordination roles:

— Simulation group, Front-End group, Resources, Firmware



Summary

LHC/ATLAS operations were excellent in 2018
— Smooth startup in 2018. L. . slope = that achieved towards end of 2017
— Earlier start to 2018 run year:
 target of delivered luminosity of 60 fb! was exceeded
Canadian group successfully engaged in all aspects of ATLAS
— Important and visible roles in the Collaboration
— Physics output (analysis, review, physics group & sub-group convenors, etc.)
— Detector operations (run coordinators for multiple subsystems), computing

— Strong participation in detector upgrade activities
* Phase-1: LAr trigger electronics, sTGCs for NSW
* Phase-2: LAr readout electronics, 1Tk
* Including leadership roles in both Phase-1 and Phase-2 projects

Canadian contribution to the HL-LHC accelerator upgrade

— Pursued with the help of the IPP Director and the support of TRIUMF

— Funding announced by Science Minister Duncan in June 2018:
* S10M for development & construction of cryo-modules to house the crab-cavities
* Project to be managed by TRIUMF, with involvement of Canadian industry



ATLAS Canada Talks at the 2019 CAP Congress

Invited A
Searches for Dark Sector on ATLAS, A. Lister T
Overview of Dark Matter Searches by the ATLAS Experiment, C. Anelli

Upgrades to the ATLAS Detector at the LHC, J. Heilman L
Run-2 Physics Results from the ATLAS Detector at the LHC, B. Stelzer A

Contributed (upgrade hardware) S

Stress Evaluation of ITk Strip Endcap Modules in Coldbox Setup Using FEA Simulations for the ATLAS
Phase-Il Upgrade

Contributed (physics)

The search for exotic dilepton signatures in the full LHC Run-2 dataset collected with the ATLAS detector
Improvement of missing transverse momentum reconstruction for ATLAS experiment at LHC

Vector Boson Scale Factor Measurement with the ATLAS Detector

Search for Magnetic Monopoles and High Electric Charge Objects in the ATLAS Detector

In-situ measurements of the ATLAS jet energy resolution using 13 TeV pp data (poster)

Fiducial Differential Cross Section Measurements in the HZZ4| Channel with the ATLAS Detector (poster)
Search for SUSY with missing transverse momentum and multiple b-jets (poster)



