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Muon small wheel - new for Run 3



Fundamental parameters

Dynamics and 
symmetries

Electroweak 
symmetry breaking
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Run 1 (2011-2012)

7/8 TeV, 40 fb-1

HL-LHC (2029-2041)

14 TeV, 3000 fb-1 total 3

Run 2 (2015-2018)

13 TeV, 140 fb-1

Run 3 (2022-2025)

13.6 TeV, 113 fb-1 and growing

We are here



Where we stand - a few examples

0.02% precision on W mass 
0.2% on top mass

0.09% on Higgs mass

Understanding fundamental parameters

arXiv:2403.15085

arXiv:2309.12986

Nature
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arXiv:2402.08713  

arXiv:2308.04775

0.8% precision on 
strong force couplings 
at Z mass

First observation 
of quantum 
entanglement at 
high-energy and 
among quarks

ttbar events

An entangled system

https://arxiv.org/abs/2403.15085
https://arxiv.org/abs/2309.12986
https://arxiv.org/abs/2311.07288
https://arxiv.org/abs/2402.08713
https://arxiv.org/abs/2308.04775


Properties of the W boson

• First measurement of the W width at 
the LHC, together with an improved 
W mass


• Largest systematics from the 
calibration, the theoretical modeling 
and the parton density functions
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arXiv:2403.15085

https://arxiv.org/abs/2403.15085


Where can we go - improved modeling

• Dedicated measurements under optimal running conditions can play a key role to 
improve these limitations
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arXiv:2404.06204

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-17/


Lepton universality in W decays

• Exploits clean W bosons from top-pair 
decays


• Higher precision than current world 
average


• This adds to a previous result with taus, 
solving a decade old puzzle from LEP

7

arXiv:2403.02133

Nature Phys. 17 (2021) 813

<latexit sha1_base64="g5KyW5+LaC8CnmmOqZGwD0T48b4=">AAACCHicbZC7TsMwFIYdrqXcAowMWFRITCVBbaEDUgULY0H0IjUhcly3tWonke0gVVFHFl6FhQGEWHkENt4Gp80ALb9k6dN/ztHx+f2IUaks69tYWFxaXlnNreXXNza3ts2d3aYMY4FJA4csFG0fScJoQBqKKkbakSCI+4y0/OFVWm89ECFpGNypUURcjvoB7VGMlLY88+DWa90nDo9PyBheQKtYrVbL0Im4RssqlT2zkEIqOA92BgWQqe6ZX0 43xDEngcIMSdmxrUi5CRKKYkbGeSeWJEJ4iPqkozFAnEg3mRwyhkfa6cJeKPQLFJy4vycSxKUccV93cqQGcraWmv/VOrHqnbsJDaJYkQBPF/ViBlUI01RglwqCFRtpQFhQ/VeIB0ggrHR2eR2CPXvyPDRPi3alWLkpFWqXWRw5sA8OwTGwwRmogWtQBw2AwSN4Bq/gzXgyXox342PaumBkM3vgj4zPH4d2lnc=</latexit>

Rµ/e
W = 0.9995± 0.0045

https://arxiv.org/abs/2403.02133
https://arxiv.org/abs/2007.14040


Z boson and top quark couplings

• Measurements of ttbar + Z provide 
important test of top-Z couplings, which 
are not well constrained


• A factor of two improvement in 
systematic uncertainties

arXiv:2312.04450
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Measured

Prediction

<latexit sha1_base64="e0cdr740eTupykzFEJzi5W47tjk="></latexit>

�tt̄Z = 0.86± 0.04 (stat.)± 0.04 (syst.) pb
<latexit sha1_base64="CAkcVJok+DZQSpxOZEl1cSYqyGg="></latexit>

�tt̄Z = 0.863+0.073
�0.085 (scale)± 0.028 (PDF� ↵s) pb

https://arxiv.org/abs/2312.04450


20 30 210 210×2 310 310×2
 [GeV]jet

T
p

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

Fr
ac

tio
na

l J
ES

 u
nc

er
ta

in
ty ATLAS=13 TeV, Data 2015-18s

|<0.8η=0.4, EM+JES, |R tkanti-
Dijet quark/gluon mix

in situ calibration
in situ calibration (previous)
EPJ C81 (2021) 689

Where can we go - precision calibration
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• Precision of our object reconstruction much beyond the design goals

Improved photon calibration - 

Higgs mass precision of 0.09% 
from di-photon decays

Single pions for tau decays, 0.4% jet 
energy scale accuracy at 300 GeV

JINST 19 (2024) P02009
See also new

 m
ethodology w

ith 
pile-up jets reconstruction

CERN-EP-2024-195

https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02009
https://arxiv.org/abs/2407.10819
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2022-06/


Dynamics and symmetries

Dark matter 
Higgs to 

invisible to less 
than 11%

Additional 
vector bosons 

Extended gauge 

sectors

Z’ to 5.1 TeV

Additional leptons  

Seesaw mechanism and 
small neutrino couplings

Type III seesaw heavy 
leptons to 790 GeV

Leptoquarks 
A symmetry connecting 
the lepton/quark sectors


Scalar leptoquarks 

to 1.2 TeV

Compositeness 

are the three 

generations just 
smaller constituents


q* to 6.7 TeV

Dark sector portals  
Hidden sectors and 
long lived particles


Dark photon lifetimes 
to 1000mm

Monopoles       
and co. 

Multi-charged 
particles to 1 TeV

Extra dimensions, 
gravitons, quantum 

black holes   
Explaining gravity’s 

‘weakness’

Extra dimensions mass 

to 5.9 TeV

Charged-lepton 
flavour violation  


What forbids it

e-mu BR < 10-7

SUSY 
Symmetry  

connecting fermions 
and bosons


Strong to 2.45 TeV

EW to 1 TeV

Vector-like leptons and 
quarks 

 Solving higgs radiative 
corrections


VLQ T m to 1.27 TeV, VLL tau 
(4321 model) to 910 GeV

Axions 
Why does QCD 

preserve CP

BR to 10-5

Standard Model Production
Cross Section Measurements
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Inspired from ATLAS 
Exotics, SUSY, 
extended Higgs 
physics reports

https://arxiv.org/abs/2403.09292
https://arxiv.org/abs/2403.02455
https://arxiv.org/abs/2405.04914


Supersymmetry and small couplings

• New Run 3! Triggering with large impact 
parameters tracks


• Precision timing information from calorimeter to 
compliment tracking
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Calo timing [ns]

Small couplings leading to long    lifetimes 

ATLAS-CONF-2024-011

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-011/
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Magnetic monopoles in ultraperipheral lead collisions

• New data from 2023! New triggers, new methodology


• Achieve up to x8 improvement at masses below 120 GeV
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ATLAS-CONF-2024-009

Transverse thrust

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-009/


Breaking Electroweak symmetry

Precision Higgs

Vector boson polarisation

Extended Higgs sector Higgs self-coupling
13



Where we stand - a few examples

Approaching 5% level in 
Higgs couplings, targeting 
second generation

Observation/evidence of 
longitudinal WZ/ZZ polarisation

Extensive search 
for extended Higgs 
sectors

Approaching SM 
prediction for HH 
cross section

14

ZLZL

arXiv:2406.09971

Nature 607, 52 (2022)

JHEP 12 (2023) 107

arXiv:2407.10798

https://arxiv.org/abs/2406.09971
https://arxiv.org/abs/2207.00092
https://arxiv.org/abs/2310.04350
https://arxiv.org/abs/2407.10798


Di-higgs production

New

Best expected sensitivity on HH 
cross section, self-coupling, κλ
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New boosted part

Improved

Improved

arXiv:2406.09971

New
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Figure 3: Leading order Feynman diagrams showing non-resonant production of

pairs of Higgs bosons in the Standard Model: (a) the triangle diagram, featuring

the Higgs boson trilinear self-coupling, labeled with the self-coupling modifier

� ⌘ / and (b) the box diagram, featuring only a loop of quarks.

1

<latexit sha1_base64="GfqKaGAiFx1uStgDRPT0Ggpc1yc="></latexit>

µHH = 0.5+0.9
�0.8(stat.)

+0.7
�0.6(syst.)

https://arxiv.org/abs/2406.09971


Precision Higgs - ttH to bb

Total uncertainty reduced by 
factor of ~2, 4.6 σ observed

16

arXiv:2407.10904

https://arxiv.org/abs/2407.10904


Where can we go - Precision Top for precision Higgs

• Measurement of ttbar + heavy flavor:  
extensive measurement for improved 
theory modeling


• Important result to help further improve 
measurement like ttH

17

Other recent comprehensive results like 
ttW and Z+heavy flavour

arXiv:2407.13473

https://arxiv.org/abs/2401.05299
https://arxiv.org/abs/2403.15093
https://arxiv.org/abs/2407.13473
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Precision Higgs - VH to bb/cc

Improvement of 15% for VHbb and a factor of x3 for VHcc
18

ATLAS-CONF-2024-010

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/
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Where can we go - improved identification

19

ATLAS-CONF-2024-010

Improvements to identification yielding impressive gains

This result

Year of development

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/


Where can we go         

ATLAS and the HL-LHC

A Higgs factory: 

400M Higgs bosons in ATLAS & CMS for precise 
Higgs coupling measurements, access to Higgs self 
interaction and longitudinal vector boson scattering

Plus significantly increased overall rare & new physics 
sensitivity

An upgraded ATLAS:

New detectors: high-granularity, high-coverage 
tracker, high-granularity timing detector, muon 
chambers

Improved trigger, high-performance software & 
computing, deeply embedded machine learning

20



Where can we go - 

HL-LHC and the power of tracking

ITk: full silicon tracker upgrade with improved 
granularity, extended coverage, better 
performance (under much harsher conditions)

21

IDTR-2023-05

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2023-05/


New trigger system for HL-LHC - 

faster, digital, higher rate capacity and more

Where can we go  

HL-LHC and the 

future of triggering

22

New digital global, high granular trigger

Level 1 rate: 100 kHz to 1 MHz

Output rate: 1-2 kHz to 10 kHz



Where can we go - more data ATLAS ICHEP summary page


pT fluctuations in Pb+Pb and Xe+Xe

Constituent-based top tagging

Dijet asymmetry vs jet radius

3D pixels sensor response

Lund Plane in ttbar events

pile-up jets reconstruction


Jet energy scale E/P

ttbar+heavy flavour

tW cross section

Higgs to tautau


VH to bb/cc

Higgs width


ttH to bb

Hyy+c


H to aa to bbtautau search

ssWW+WZ combination

SUSY displaced leptons

SUSY RPV top squarks


prompt lepton-jets

UPC monopoles


CalRatio+X

VLL 4321

H+ to cs

See many more results in the talks of 
Nicolas Berger, Philip Sommer, Didar Dobur, 
Livia Soffi, Josu Cantero and Kai Schweda
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1+ years of 
data taking 
to go

ATLAS results prem
iering at ICHEP

https://atlas.cern/Updates/News/Summary-ICHEP-2024
https://arxiv.org/abs/2407.06413
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2023-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2024-03/
https://arxiv.org/abs/2407.05716
https://arxiv.org/abs/2407.10879
https://arxiv.org/abs/2407.10819
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2022-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-07
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/
https://arxiv.org/abs/2407.10631
https://arxiv.org/abs/2407.10904
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-06
https://arxiv.org/abs/2407.01335
https://arxiv.org/abs/2407.10798
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-011/
https://arxiv.org/abs/2406.18367
https://arxiv.org/abs/2407.09168
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-009/
https://arxiv.org/abs/2407.09183
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-008/
https://arxiv.org/abs/2407.10096


Extras
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