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Outline ATLAS

EXPERIMENT
 South Africa in ATLAS
o Groups and activities
e Run 3 data taking
o Operations and data taking
o Detector, trigger, software & computing
e Run 2 & Run 3 analysis
o Physics & performance highlights
e HL-LHC and Phase-Il upgrade
o Progress with detector upgrade for HL-LHC



ATLAS: A vast physics program ATLAS

EXPERIMENT
e Physics@|HC is most ambitious and farthest reaching HEP program ever

e Huge dataset with well understood detector performance allows
o Precision measurements Lop = —%FWFW + iy Py + W, y;;w; ¢ +he+ | D, \2 — V(@)
» Determine fundamental parameters, probe higher-order QCD and EW effects

» Deep dive into role of Higgs bosons (EWSB, self-interactions -> Higgs potential)

o Access to rare processes (e.g. production of WWW or tttt)
» Probe poorly or untested corners of SM

o Broad search program at TeV scale and beyond (high energy frontier)
& feeble interactions (low coupling frontier)

» Directly address compelling issues: naturalness, dark matter, flavor puzzles, etc.

o Study of new states of matter —> quark-gluon plasma



Active members

Active members

South Africa in ATLAS

ATLAS

e South Africa cluster: 6 institutes

o U. Cape Town, iThemba LABS, U. Johannesburg,
U. South Africa, U. Witwatersrand, U. Zululand

Founding institutes in jtalics

o 104 active members, incl. 26 physicists,
18 PhD students

Evolution of SA authorship / Active members since July 2010

Il Active authors
I Signing-only
I Qualifying members

120 I Administrator/other
[ Engineering student

100 Undergraduate/summer student

I Technician or equivalent

80 I Engineer without PhD
I Engineer with PhD

60 I Physicist
I Physics PhD student

40 Il Physics masters/diploma student
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South Africa in ATLAS

e Detector focus

o Strong contributions to operations: control room
shifts, SCT, Tile Calorimeter

o Upgrade detector systems: ITk Strips (fibre-optic

humidity sensors, poly-moderator and EoS cards) and
Tile Calorimeter (off-detector electronics components,
low voltage power supplies)

e Physics analysis

o Higgs boson measurements and searches,
dark matter searches, top-quark physics,
strong interactions and physics modeling

e Coordination roles / Committees

o Tile Calorimeter (IB & Deputy Project Leader),
SCT (Run Coordinator), Top Cross-section
(Subgroup Convener), Collaboration Board
Advisory Group (member), D&l (Contact)

U. Cape Town -
YATLAS
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LHC data taking

ATLAS

EXPERIMENT
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Also heavy-ion collisions

o Pb+Pb, p+Pb, Xe+Xe

o O+0, p+0 (planned for 2025)

@

--) LHC/HL-LHC Plan

&

Month in Year

HiLum ?

LARGE HADRON COLLIDER

HL-LHC
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e Record year in 2024
Dliodes Consolldatio
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o Run 3 up to 370 fb-1 recorded (pp)
o Run 3 up to ~7 nb-1 recorded (Pb+Pb)

HL-LHC TECHNICAL EQUIPMENT:

INSTALLATION & COMM. ‘

DESIGN STUDY PROTOTYPES / CONSTRUCTION PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS

CCCCC



Run 3 data taking: Pileup and Trigger ATLAS

 Increased luminosity in Run 3 brings new challenges o T
o Pileup interactions up to ~70 / pp bunch crossing it e e
700" mm 2022-24:uyu = 54/63
600 {s=13.6 TeV, 183 1fb"

o Trigger rates

» ~94 kHz at Level 1 (hardware trigger)

Recorded Luminosity [pb "70.1]
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» ~3 kHz at High-Level Trigger (~3x Run 2)

» Phase-I| detector upgrades: muon new small wheel (NSW), AR FTEEITCRRURERENSLERRNERE
LAr calorimeter digital readout + L1 calorimeter trigger electronics Mean Number of Interactions per Crossing
—> Keep trigger rates at acceptable levels (and dead time at ~4%)

s 1900 arLaspreiminary E
% ~  Data 2023 and 2024, 13.6 TeV i
1200 L1_MU14FCH —
L >l >l >
1000 O ElLa RPC ElLa o0 =

L, NSwW Tiig g, NSW New Small Wheel (NSW)

800:_ | w/o Tile/NSW coinc. in 2023 . _: Installation prior to Run 3
600_— w/ Tile/NSW coinc. in 2023 " _
E Zw/TileMSW coinc. in 2024 | 1 E
400 1l
200:} ........ “

O

uone.iqled ¥g/L



Run 3 data taking: Trigger ATLAS

EXPERIMENT
* L1 Trigger o High-Level Trigger: Improved algorithm and
o Phase-l upgrade fully commissioned in 2024 b-tagging for Di-Higgs events in most sensitive

Provides default triggers for physics HH — bbrr final state
» EM, muon, jets, tau, ETmiss » Gain of up to factor of 1.7 wrt Run 2
a _I | | o |.I L | | alsyrln | | L I [ l L I L | %
GCJ 12 ¢ Eun gt-:r!ggersllﬁ_t,)ﬁj b:bg(l-;H—)Sgt;”)=78% —0.14 OO
' ' = - un 31-triggers: e(HH —bb71) = 58% . T ~
L1Calo Trigger Public Results S [ A 200" ot sbbre) = 535 ATLAS Simulation - P
> I I I B I O N O N I 8 1__ O Run ZT-triggerSEe(l.'IH.—)bbTT) = 54% E=13, 13.6 TeV —_012 S
S O g [ [1136TeVm,, distribution A ——od 3
Q - v oo _ (o)) - O N _ o
O '... = - —0—_0_ - _0.1 ()
= B ve ] = 0.8} —— C N
LLI - R 7 - —0— s i ®©
o) 08__ "o B i o O . . —10.08 E
S : . ATLAS Preliminary - 0.6 —o— e Rl = r— 2
= 06 v /s=13.6 TeV ] Lo — Offline selection: 2 7, 2 b-jets —0.06
Y - h LHC Fill 9072 - 0.4 == ]
- Inl<3.1 - oA —0.04
04_ ° T F—— :
i e L1_J100 legacy i 0.2 Jo.02
B v Rate matched jJFEX trigger i i :
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/L1CaloTriggerPublicResults

Run 3: Detector & Trigger status

ATLAS

Pixel: good, incl. B layer up to p ~ 65!

SCT: OK, but several technical issues

TRT: some acc. loss, but FE cooling stable

Forward: LUCID good; AFP:
suffers from backgrounds (ToF

inoperational); ALFA programme
completed; ZDC for PbPb run

DAQ: no limitations

Trigger: L1 & HLT deal
well with higher lumi
and pileup; HLT CPU
sufficient

Phase-l systems: all in
operation, better
efficiency with reduced
fake trigger rates

Muon chambers

Toroid magnets

Tile: FE electronics cooling

leaks at limit but so far stable,
3.5 modules switched off (1.4%) NSW: DAQ stability fixed, sSTGC pad &

Solenoid magnet | Transition radiation fracker

Semiconductor fracker

Pixel detecto

EXPERIMENT

LAr: good, cryogenics good Muon: MDT & TGC good; RPC inlet

repairs and resin application during last
EYETS did not reduce leak rate

MM triggers operating, sSTGC strips under
work, rising number of sTGC HYV failures

Magnets: cryogenics stable,
but 8 toroid cycles in 2024

Offline: Tier-0 reconstruction
operating smoothly (8 GB/s)

N\ N Tile calorimeters
' \ LAr hadronic end-cap and
r \

forward calorimeters

LAr eleciromagnetic calorimeters




Run 3: Software & Computing $YATLAS

2.30
. a2 EXPERIMENT

e ARM processors (deployed at 4 grid sites) 259

O Improved Computing—work/power /> - 230

HEPiX 2024

o Tested with different workloads 213
o i m u I ati o n 0.00 0.50 1.00 1.50 2.00 250 3.00 3.50
S HEPScore/Watt Link
o Factor of 2 speed-up of full simulation: CF ATLASsmomm e o et Vet e o
70;— 1000 WLCG jobs, 100 ff events each e mc20, Vs=13TeV (u=3.2k, 0=261) —;

Run 3 vs. Run 2 \

 Data (real + simulated)

Number of jobs
3
|
|

40

o ATLAS exceeded 1 ExaByte on July 10 0l E
o First release of open data for research o :
o 36 fb-1 from 2015+2016 pp collisions ) bk 1b00 "*foo 00T Ssoﬁszsioeof/eveﬁoo
data and MC in PHYSLITE format %‘OOOE— ATLAS .
at https://opendata.cern.ch/record/80020 g *°  mmpatang fun 2
o News item = 4005_

2010 2012 2014 2016 2018 2020 2022 2024 1 O

ARM = advanced RISC machine Year


https://opendata.cern.ch/record/80020
https://atlas.cern/Updates/News/Open-Data-Research
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/SIMU-2023-06/
https://indico.cern.ch/event/1377701/contributions/5902147/
https://cds.cern.ch/record/2904204

Recent performance highlights ATLAS

EXPERIMENT
 PFlow jet energy scale uncertainty improvements

o Use isolated pion E/p measurements from T lepton decay
—> JES: 0.3% at p; = 300 GeV, 0.6% at 4 TeV —

arXiv:240/7.15627

O
o
»

I | | ! | L I | | | I | LI |
\s = 13 TeV, Data 2015-18 ATLAS
anti-k, R = 0.4, PFlow+JES

n=0.0

0.05
[ Total uncertainty, di-jets

==== |n situ calibration
-=== Flavour components

Fractional JES uncertainty
o
o
N

e Muon spectrometer alignment for Run 3 g .. Pileup companens -
B Previous In situ calibration (f
0.03— N\ ~\ o Previous Flavour components —
E‘ 0.3 — | ! ! ! ! ] L —— Previous Total uncertainty, dijets _
= - ATLAS Preliminary Link - 0.0oF E
= 0.25 = Gan(uo) ------ Run-2 alignment — - -
= C 2 Oglk) ATL-MUON-PUB-2021-002 - | |
© 02 - Gali(uq,) — s s ege
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2022-06/
https://atlas.web.cern.ch/Atlas/GROUPS/MUON/PLOTS/MDET-2024-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-MUON-PUB-2021-002/

Recent performance highlights

 Continuing the machine learning revolution

o GNN for flavor tagglng

80

~
O

—

)
o O

C-jet rejection (1/&
W g @)

= DN
o O

Impressive leap in performance with GNNs

o

o

Link
[ T I I
3 ATLAS Prellmmary
L Vs =13 TeV, pr€[85,110] GeV GN2
- ( data = 74% )
:_ C-jet rejection in simulated (Pythia8) top-pair events
- M C-jet rejection in top-pair data events
- light-jet rejection in simulated (MadGraph) Z + jets events i
:_ {1 light-jet rejection in Z + jets data events
; 6.4
- Reco Software Update " +
- Reference: DL1r i da?augs .
- DL1 Egata 750/) i ( ) x4.0
B ata o I ——
2 ( d t =77 /0) |—*—|+ i X20|—‘—|
n |—Q—|—§—| x1.4 x1.7 : x1.5
B | L - i B | . . e
2017 2018 2019 2020 2021 2022 2023

Year ot tagger deployment

Current (Run 2) results still
based on DL1r flavor tagging

GNN = graph neural network

—4000
3500
13000 .

N
@)
o
o

fzooo
: 1500
11000 -

1500

light-jet rejection (1/€jignt)

o GNN for track reconstruction

Efficiency

GNN for large-R jets from H — bb

0 % L Lo, o
- WAL o /1 /] (i3

= 8 )=,
% h— SO

? \“/\

0.1 p_(J) > 250 GeV, fn| < 2.0

Number of jets normalized to unity

BLR LR B LU B
0.14—~ ATLAS Simulation Preliminary

0.12F- Vs = 13 TeV, Anti-k, R=1.0 UFO jet

- Pythia8, Multijet pl“" > 160 GeV

—— Powheg+Pythia8 tt

0.08 i— 50 < m(J) < 300 GeV —— Powheg+Pythia8 Z(qq)H(bb) _i
0.06 -
0.04f— —f
0.025— —f

03" '—BIJ—GDH&?:—ZIHOI ]

ane tagger discriminant, ftop=o_25, fcc_o 02

'66.':55 .

AP

P anAN

—r

“

ol

&

.' .::‘nb
B s

0

1-4_"'I""I""I""I""I""I""I""I""I"'_
1 23_ ATLAS Simulation Preliminary E
T Vs=14 TeV, tt, <u>=200, P> 2 GeV .
1 ITk layout: 23-00-03 ]
Y e
0.6 —
045 «  CKF track finding E
0.2 GNN track finding ~
O_I 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 11 1 | 1 1 1 1 | I I | | 1 1 I—
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2023-06/

Recent Run 2 physics highlights ATLAS

EXPERIMENT

o - 5 1 J)
Precise Higgs Run 2 “legacy” measurements arXiv:2410.19611 VH, H —> bb

arXiv:2407.16320 H —_> TT arXiv:2407.10904 ttH, H —_> bb g 105§% ATLAS VH, V- leptons, H—> bb cross-sections
—— > {40 T T T T T T T T T T Eﬁ 10* &= Vs=13TeV, 140 b '?:SGWT:M)EI:'““C' Stat. unc.
-1 - ATLAS D TtH ] = == Theor €o. unc.
ATLAS H—-tt Vs =13TeV, 140 fb S [ RornTev.idon’ disos it Y ! vy
—Tot. JISyst. Theory p-value = 99% w297 Dilepton W18 Eif+>1c o = B | - o
Tot. (Stat. Syst.) & 100:_ rgl,ti? 1= 0.81 EZA; o Egier N W 1¢ ¢ _OTJ_ Z_Ui N ZUE N ZUE E
& 1032 , 4015  +0.28 i 7/ Uncertainty . X 100 * < - PR, o L
ggF =i 0.92 5 (015 —022) i § S = | —— - -
) 80~ / o 1L — | :_T__h —
+0.67 1056  +0.37 - 1271 ‘ - | B e o
VH E———— 0.98 61 ( 054 —035) . E H % | i =
60— 107" E L I l . =
+0.19 +0.13 +0.13 = | | L=
VBF 1.04 o7 (o013 011 ) i o — el | — IR
" o , 5 trz T elT zie Tio Tigl -
ttH 0.77 a2 (077 os0) - 2 ot 1 L R
------------- ;:------------------------------------.-------- 20—_ + -"g _1_) 7 9 q /O@ ) — l 7 l e Iq Ioe —
Combined Fed 0.99 037 (oor oo ) - —=—m___=:,; - T 5?@%50@%;%;%002@ ’3600 SV;i i SOV;@ 50% s OOV; Z ’36,00
T T 5 O =T - R EEEEES S NREEEE : % 2% S0, 6y, GQI/ 6‘0@ 250 0 5% O@V
0 1 2 3 4 5 6 a 12 0 oL "oy Gy ey v S G G
P 1:/%/ - ﬁF/ /y*///+zf+/y+/+//// ///*// e O S .
(oxB)™/(oxB)™ 8 os ¢ JRE
. _ . 0800 300 400 500 600 700 800 900 1000 '1;1'0'0' 1200 Simultaneous measurements of VH(bb)
- Most precise VBF in single H decay mode H (Gov - |
. . . and VH(cc), upper limit on k.. improved
- Most stringent constraints on CP-odd ttH(bb) obs. with 4.60 (cc), upp ¢ 'MP
- by factor 3, |k./x,| < 3.6
~ - p) °
Wilson coefficient ¢y u(ttH) = 0.81418-% ¢’ b

—> weaker H coupling to
charm than bottom

Results benefit from improved flavor tagging and analysis techniques 3

VBF = vector boson fusion


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-20/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-24/

Recent Run 2 physics highlights

ATLAS

e Di-Higgs production —> Higgs self-coupling

o Combination of 5 analyses covering

O Uy < 2.9 (24) obs (exp) exp on uyy = 0 hypothesis

~half of all HH final states

Mg = Ojﬂ:% (1°OJ—F%:(Z))

arXiv:2406.09971
—e— Qbserved limit (95% CL)
ATLAS Expected limit (95% CL)
Vs =13 TeV, 126—140 fb™! (MHH = 0 hypothesis)
SM [ Expected limit 10
HH)=32.8 f
Ogar + ver (FH) = 32.8 Tb 1 Expected limit +20
Obs. Exp
bbig + Emiss } 10 14
Multilepton— + 17 11
bbbb{— * 5.3 8.1
bByy— * 4.0 5.0
bbttt |- * 5.9 3.3
Combined|— 0 2.9 2.4
] I | I | I | | L1 1 I L1 1 | L1 1 1 I L1 1 I L1 1 I I | | l
0 5 10 15 20 25 30 35 40

EXPERIMENT

e High-precision measurements

o Lepton universality test: W — ev vs. W — uv

o precision: 0.45%, factor of 2 improvement over

o BO0 lifetime

arxXiv:2411.09962

L B
j=e-] Measurement with total uncertainty
| Statistical uncertainty
[ Systematic uncertainty

ATLAS

ATLAS B’— Jay K™ 140 fb'@13 Tev e |

1.5053 + 0.0012 (stat.) = 0.0035 (syst.)

ATLAS B'— Jiy K. 4.9 b ' @7 Tev ————

1.509 £ 0.012 (stat.) £ 0.018 (syst.)

LHCb B’ J/y K, 1 tb'@7 Tev ——

1.524 £+ 0.006 (stat.) £ 0.004 (syst.)

LHCb B’— J/y K!, 1 @7 Tev ———

==

==

1.499 £ 0.013 (stat.) = 0.005 (syst.)
LHCb B’ K*1~, 1 fb'@7 Tev
1.524 £ 0.011 (stat.) = 0.004 (syst.)
CMS B"— Iy K, B— J/y K. 19.7 b @8 Tev
1.515 £ 0.005 (stat.) = 0.006 (syst.)
DO B"— D u*v, X, 104 fb'@1.96 Tev
1.534 £ 0.019 (stat.) £ 0.021 (syst.)

B
CDF B’ J/y K™, B’ J/y K. 4.3 fb'@1.96 Tev =
1.507 £ 0.010 (stat.) = 0.008 (syst.)
Belle I1 B° =D K*/x*, 190 b @y (45) ————
1.499 + (52)13 (sla:}[) £ 0.008 (syst.)
BaBar B »D 1"V, 81 fb ' @Y (4S)
1.504 + 0.013 (stat.) f(‘).’;‘)’l'j (syst.)
Belle multiple channels, 140 fb'@Y (4S)
1.534 + 0.008 (stat.) = 0.010 (syst.)

best previous meas. & more precise than world avg

arXiv:2403.02133

95% CL upper limit on HH signal strength uyy

L 1 L L L L L I L L
148 15 152 154 156
1(B°) [ps]

ATLAS

LEP2 _

e*e >WW, {s=183-207 GeV :

ATLAS e

pp—W, Vs=7 TeV, 4.6 fb” i

LHCb | R .

pp—W, Vs=8 TeV, 2 fo”

CMS —

pp—ti, Vs=13 TeV, 36 fb :

PDG average '—"‘—'

ATLAS (this result) o

pp—tt, Vs=13 TeV, 140 fo” | ; |
092 094 09 098 1  1.02

B(W—-uv)/B(W—ev)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2020-09/
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Recent Run 3 physics highlights

ATLAS

—
o
w

—
o
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LLP search w/ large impact parameter e or y track
also using LAr timing measurements

Results benefit at low pr from new Run 3 triggers
based on large-radius tracking

LLP = long-lived particle
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Search for magnetic monopoles

via high ionization in Pixels
Exploit large EM fields in ultra-peripheral
Pb+Pb collisions collected in 2023

Results benefit from new Run 3 trigger

based on ZDC at L1 + Pixel clusters at HLT
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/DC = zero-degree calorimeter
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High-Luminosity LHC (HL-LHC)

e Higgs factory: 190M Higgs bosons produced, precise Higgs couplings, self-interaction, VBS

e Sensitivity to rare processes and new physics

e Unigue physics for many decades, complementary to FCC-ee Higgs / EW / Top Factory

2021

2022

2023

2024

2025

2026

2027

2028

2029

JIFMAM 3[]]AlS

JIFMAMI 3|3

AM|1|J|AlS|OIN

MAM(]J[AlS

JIFMAM| 3|]

Run 3

N|D{ 3| FIMAM| 3|3 |AIS|OINID

JIFMAM[J|J|A[S|ON|D

(T AL

JIFMAM[J|J|A[S|ON|D

JIFIMAM[J|J[A[S|ON|D

Long Shutdown 3 (LS3)

S s

2030

2032

2033

2036

2037

JIFMAM( ]

JIFMAM J|J

il

2039

2041

JIFMAM 3|3]|AlS

N[D{J|FM AM| 3[3]AlS

EYETS

Last update: November 24

J|FMAM|3|3|AlS|ON

Sk

1l

Shutdown/Technical stop

Protons physics
Ions

Commissioning with beam
Hardware commissioning

I

MIAM|J|]

JIFMAM|]|J

ATLAS

EXPERIMENT




HL-LHC Upgrade

ATLAS

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel\detector \

LAr gleciromagnetic calorimeters

Torgdd magnets

Muon chambérs Solenoid magnet | Transifion radiafion fracker

Semiconductor tracker

New Muon Chambers

Inner barrel region with new
RPC and sMDT detectors

New Inner Tracking Detector (ITk)

Al silicon, up to |n| = 4 »-‘
S

EXPERIMENT

Upgraded Trigger and
Data Acquisition system

Level-0 Trigger at 1 MHz

Improved High-Level Trigger
(150 kHz full-scan tracking)

Electronics Upgrades
LAr Calorimeter

Tile Calorimeter »—

Muon system

High Granularity Timing
Detector (HGTD)
Forward region (2.4 < |n| < 4.0)

Low-Gain Avalanche Detectors (LGAD)
with 30 ps track resolution

Additional small upgrades
Luminosity detectors (1% precision goal)

HL-ZDC
18



HL-LHC Upgrade: New Inner Tracker (ITk) ATLAS

EXPERIMENT
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New Inner Tracker (ITk) ATLAS

EXPERIMENT

ATLAS Simulation
Yvs=14 TeV, HL-LHC
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Display of a simulated ttbar event with y = 200 (1600 tracks) in the ATLAS ITk




HL-LHC Upgrade

ATLAS

* u
B
=
- ]

'-

Firefly

fy 20DO000E00

£  EraiEsass 0., -

XHu 12 Sep. 2023
PHASE I CSM PRODUCTION VPO o

xﬁ

Y
o :,:1

BS L, &
4% CERN IPMC
"

\f‘.';I‘;_‘ASP test
board at EMF

LAr Signal Processing

| Ar FE board prototype test board

GTD peripheral elx board prototype

EXPERIMENT

Tile Cal
mini-drawer
assembly

9 New Flat
Mezzanines

; Scintillator

BIS7A06
d‘e\‘k & |
" ' Rl = Scmtlllator
S b HV PS
BB7A02 N
—
N , Chamber
Coincidence Sy HV PS
) w = » \ :

Units
, MlnlDAQ

@l
LVPS . '}’ 7‘%

AIma9
I&C station at CERN

Machlnei

Muon test stand
21



HL-LHC Upgrade ATLAS

EXPERIMENT
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HL-LHC Upgrade ATLAS

EXPERIMENT

o Status
o A lot of progress on all upgrade projects!
o Many final design and production readiness reviews passed

e ITk
o |ITk Pixel: Production underway for sensors and ASICs, 2 (of 4) hybridization vendors started
production, module assembly site qualification ongoing

o ITk Strip: solution found for sensor cracking of mounted modules at low temperature
Sensors, ASICs, EOS, bus-tapes, cores, etc. in production, sites ready for production .ntposer

Glue

* Other systems S0
o LAr: ASICs in production, finalizing electronic board design (FEB2, LASP)

o Tile: good progress overall, comfortable contingency
o HGTD: pre-production LGAD and ALTIROC hybrids under test; demonstrator tested w/ CO2 cooling

o Muon: good progress on sMDT, finalise RPC readout electronics, gas-gap leaks fixed

o TDAQ: good progress (online software, dataflow, EF Tracking technology choice, etc.)
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Conclusion ATLAS

EXPERIMENT

e Run 2 & Run 3 performance & physics
o Many beautiful results continue to be released

o Benefits from improvements in software, performance,
analysis techniques, novel approaches

e Run 3

o Phase-l upgrade complete —> enabling new trigger capabillities + data taking at unprecendented
luminosities

o |mpressive LHC performance —> Huge dataset for physics analysis, many opportunities
e HL-LHC

o Much progress in Phase-Ill upgrade efforts

o Top priority for particle physics (2020 European Strategy and 2023 US P5)

o (Crucial physics program for particle physics, stepping stone toward future colliders

e Looking forward to continued and growing strong contributions from South Africa
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Run 3: What’s new? ATLAS

EXPERIMENT
« Upgraded ATLAS detector & TDAQ
o New Small Wheel of Muon Spectrometer

(1.3 < |n| < 2.7) for level-1 trigger rate
reduction and increased redundancy
(16 layers instead of 4 for CSC)

o Liquid-argon calorimeter digital electronics / TDAQ

Second calorimeter layer

with 10x increase in granularity for L1 trigger

—> improved e, 7, 7, jet triggers + enhanced L1Topo e f

o TDAQ upgrades (Run 2 —> Run 3) 7 o E

n 1

» HLT physics stream: 1 kHz —> 1.7 kHz
» HLT delayed stream: 0.2 kHz —> 1.6 kHz (e.g. VBF H —> inv.,, HH —> 4Db)

> Increased use of trigger-level analysis, full-detector tracking for hadronic signatures,

large-impact parameter tracking (online & offline)
26



