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Introduction: Standard Model of particle physics

Standard Model of Elementary Particles
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https://opendata.atlas.cern/docs/documentation/introduction/SM_and_beyond

Standard Model Total Production Cross Section Measurements Status: June 2024
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Standard Model Total Production Cross Section Measurements Status: June 2024
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Lots can be accomplished
with precision physics!

The Nobel Prize

Nobel Prize in Physics 2013

© Nobel Prize Outreach. Photo: © Nobel Prize Outreach. Photo:
A. Mahmoud A. Mahmoud

Francois Englert Peter W. Higgs

Prize share: 1/2 Prize share: 1/2

CERN-GRAPHICS-2025-006

The Breakthrough Prize

ATLAS

EXPERIMENT

The 2025 Breakthrough Prize in Fundamental Physics is awarded co-authors of publications based on CERN’s Large Hadron Collider Run-2 data released between

2015 and July 15, 2024, at the experimental collaborations ATLAS, CMS, ALICE and LHCb. (ATLAS - 5,345 researchers; CMS - 4,550; ALICE - 1,869; LHCb - 1,744).

The $3 million prize is allocated to ATLAS ($1 million), CMS ($1 million), ALICE ($500,000) and LHCb ($500,000). In consultation with the leaders of the experiments,
the Breakthrough Prize Foundation donated 100 percent of the prize funds to the CERN & Society Foundation. The prize money will be used by the collaborations
to offer grants for doctoral students from member institutes to spend research time at CERN, giving the students experience working at the forefront of science

and new expertise to bring back to their home countries and regions. The name of each winner can be found on the experiment pages below.

ALICE Collaboration ATLAS Collaboration CMS Collaboration LHCb Collaboration
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https://arxiv.org/abs/2209.07510

A note about t he sel ected me

0 Physicists from Canadian institutions contribute in many
different ways to ATLAS: maintenance, operation, I * I
reconstruction, analysis, and upgrades @
3 (AI’-ld this is why all ATI_-AS a}utho-rs a-re included on all papers!) {)\ ,» Z;\
0 Physicists from Canadian institutions were members of the ))
teams directly responsible for performing all the \\\“‘ L
measurements presented today i /a\
J\\—1-2/ S
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The ATLAS detector at the LHC

barrel New Small Wheel (NSW)

barrel toroid magnet
muon chambers muon chambers 8

0 General purpose particle detector,
with subsystems including:
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barrel hadronic calorimeter
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The ATLAS detector at the LHC
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The ATLAS detector at the LHC
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The ATLAS detector at t he LF
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The ATLAS detector at the LHC
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Data collected by ATLAS thus far
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ATLAS

Precision measurements benefit
from large datasets , and ATLAS
has collected a large dataset!
For proton-proton collisions, the
integrated luminosities are:
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Measurement of W boson angular coefficients

0 Differential cross section for W+jets
can be decomposed into harmonic

polynomials as a function of lepton STV dl”Wdcosgd¢ = EPJC 86 (2026) 483
pol ar and azimuthalTar"S"dU;L s
3 Along with as a 167 dp¥ dy" dmW
prefactor 5 1 ) .
. o {(1+cos @)+ - Ap(1 —3cos™6) + A; sin26 cos ¢
0 Measurements of angular coefficients, | 2
- - - 1 2 1
{A}, enable stringent comparisons +3 A2 IO cos2¢+ A3 sin cosg+ Ay cosd
Wlth State_of_the_art QCD predlctlons’ +As sin® 6 sin2¢ + Ag sin26 sin¢g + A7 sinf Sil’l(}ﬁ}.

in addition to being model independent
3 Already measured for Z bosons by ATLAS
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Strategy for measuring
angular coefficients

0 Use 338 pb' of low pile-up data
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Aside #1.: pile -up interactions

O Additional proton-proton interactions, beyond the interesting hard-scatter
collision, are referred to as pile-up Y pollute our collision environment

For the majority of Run 2, the number of pile-up collisions per bunch crossing
was ~ 40 versus ~ 2 for the special dataset on the previous slide

O«

23 collisions per
bunch crossing
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Strategy for measuring JHEP 08 (2016) 159
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EPJC 86 (2026) 483
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Aside #2: fiducial cross sections, a tool for precision
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Aside #3: effective field theory, a tool for new physics
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Aside #2: effective field theory, a tool for new physics

0 Effective field theory (EFT) :add higher -dimensional (d > 4) operators to
the SM Lagrangian which capture the unknown physics above some energy
cutof f scale s (typically 1 TeV) and

: (6)
Typically report il N0 Modified from JHEP
. . L =Lsv+ Lerr = Lsm + S g DT —
Wilson coefficients SM ™ BFT = =SM ™ /A7 11 (2025) 006

I i

0 Leading higher -dimensional orderis 6 (operators of odd mass dimensions
violate lepton/baryon number conservation)
0 Standard Model Effective Field Theory (SMEFT)  builds the effective

operators using only SM fields
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Decays of Higgs bosons

ATLAS-CONF-2025-006 (exact numbers in the Backup)
wz Y y bl o/
w t/b/t
H -----< H --<1I H == tb/c H ====== < H ------<
w t/b/t
w/z vz \Z4 b/c T/
Os Os
b, 9y, bp_CQy, Os Oq
OS o N IO e*/)O[o ) [o pe . OQJ,S pqi OQJ'Q
Sty Lo Phog, B s S ) o S
\‘hq,; oF oy, hy or '(/\9 Yary e, Pl
/??h//? .7 or 4 N
/ 7

ATLAS Matthew Basso (TRI UMF) 47

EXPERIMENT


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/

Fermion couplings: evidence
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Combined results for CP -violating operators
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