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The ATLAS Experiment
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The ATLAS experiment is designed to shed light on elementary particle interactions: test the SM and search for phenomena
beyond it.

ATLAS is a general-purpose detector running at the LHC collider with excellent reconstruction, identification and
energy-momentum measurement of electrons, photons, muons, taus, jets and flavor-tag covering a wide energy range (sub-GeV to
TeV).

Collecting proton-proton collisions at ECM = 13.6 TeV (world record collider energy) at instantaneous luminosity ~2x103*s"'cm2
with ~60 minimum bias interactions per bunch crossing (well above the design value of 20).



The road map
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Upgraded Trigger and Data Acquisition system
Level-0 Trigger at 1 MHz, Full-feature global trigger
Improved High-LevelTrigger (150 kHz full-scan tracking )

Trigger & data acquisition have
upgraded hardware & software

allowing the trigger to select events more
efficiently & reduce background rates

muon chambers

Electronics Upgrades
* LAr Calorimeter
+Tile Calorimeter
- Muon system

endcap toroid

endcap colorimeters

barrel electromagnetic colorimeter
solenoid magnet

barrel hadronic colorimeter ITK: All silicon, up to Inl = 4

New LAr Calorimeter digital trigger electronic boards: High G'IH\I"T'&Y Timing strongly augmented tracking acceptance,

improved trigger granularity! Eotesrd r‘“"f‘wl _ 50x present channels — to cope with high occupancy
towards HL-LHC runs to deal with high background rates 2a<mi<a0) _— N




ATLAS Collaboration Activities
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There are many ongoing activities at ATLAS...

HL-LHC Upgrades

Phase-l Commissioning




Data Taking and Performance



Energy-frontier physics relies on the LHC
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Since the LHC began operations in 2010, it has delivered over 0.5 attobarns (500 fb-") of proton—proton collisions to
ATLAS. This extraordinary achievement was made possible thanks to the dedication of the ATLAS Collaboration and the
CERN accelerator teams.




Tl’anSfOrming Jet ﬂaVOur tagg'”g Submitted to Nature Communication
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> Traditional approach (DL1r): low-level quantities based on tracks followed by high-level multivariate classifier

> New approach (GN2): directly process track and jet information. In addition to the primary training target (jet flavor
prediction) auxiliary training objectives are introduced to reconstruct the internal structure of a jet by grouping tracks

originating from a common vertex
» GN2 used in Run 3 analyses and reprocessed Run 2

https://atlas.cern/Updates/Briefing/GN2-Jet-Flavour-Tagging 7



https://atlas.cern/Updates/Briefing/GN2-Jet-Flavour-Tagging
https://arxiv.org/abs/2505.19689

SM and Top



The Standard Model at LHC

Standard Model Production Cross Section Measurements
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ATL-PHYS-PUB-2024-011

Status: June 2024
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-011/

Di-Bosons: W/Z cross sections

Most precise charge ratio in WZ diboson Great precision reveals: The need of
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https://link.springer.com/article/10.1007/JHEP11(2025)006

Observation of double parton scattering
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https://arxiv.org/pdf/2505.08313
https://arxiv.org/pdf/2505.08313

Observation of a cross-section enhancement near the tt production threshold

* SM predicts a quasi-bound toponium
state just below the tt” threshold

* Unlike charmonium or bottomonium, it
cannot self-annihilate — one of the top
quarks decays before binding

* The pseudoscalar nature of the state is
reflected in the angular distributions of _
the top decay products 2 ¢

14 |

* CMS observes a cross-section
enhancement consistent with a 1SO
toponium state:

o = 8.8 + 1.3 pb [CMS-TOP-24-007] 04 |
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qq - °s,®

LHC Vs = 14 TeV

 Use dileptonic tt events at M(tt ) < 500

GeV to fit various models 0335 340 345 350 355 360 365 370 375 380
M [GeV] 12




Observation of a cross-section enhancement near the tt production threshold

> Use tt=>¢vb évb leptonic decay: EPS 2025 - ATLAS-CONF-2025-008
» Reconstruction of m,, = mass resolution ~20% at > 1‘4f':TLAS -
o [ Preliminal N fynoco W VVijets
threshold g 12[- V5=13TeV, 140.1 e - =
BB _ : _\g r POWHEG V2 th +PYTHIA 8 ﬁ, post-fit - X 777 Total uncertainty i
» Enhance sensitivity using lepton angular variables g B Byl o _—e Bl .
sensitive to tt spin correlation (¢, and c;,,) signal behave: 08F Acomcd | F<omch , B<omcl |, V<om<} | d<omcd | I<Oa<t | T<omid | L<omc} | jcomet

as “pseudo-scalar” ool
» Fitto the data in 9 SR with m, bins (300-500 GeV) o{
» Background Model: baseline pQCD

» Signal Model: NRQCD (from Fuks et al.)
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» Bkg.-only hypothesis rejected at 7.7¢

G(ttNRQCD) =9.0 +1.3pb (expected 6.4pb, 5.70) &; 1.05F
= 1.008
ATLAS observed this elusive NRQCD phenomena S ogsf + — ]
. 350 450 350 450 350 450 350 450 - 350 450 350 450 350 450 350 450 . 350 450 -
more work is needed on theory side (off-shell effects, g [GeV]

matching pQCD and NRQCD, other NRQCD effects, ...) to
better establish the properties of the observed signal

Physics Briefing 13
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https://atlas.cern/Updates/Briefing/Quasi-Bound-Tops
https://cds.cern.ch/record/2937636

Highest-energy detection of quantum entanglement
Nature 633 (2024) 542
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polarizations, whereas the matrix C contains their spin
correlations. The degree of entanglement (D) is related to

the angular distribution (cos ¢) of the particles the top quarks
decay into.

Invariant Mass Range [GeV]
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https://atlas.cern/Updates/Briefing/Top-Entanglement
https://arxiv.org/pdf/2311.07288

Higgs



Higgs properties and beyond
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The Higgs self-coupling is a fundamental

parameter. It can be measured at the LHC using
Di-Higgs production, but it is 1000 times smaller
than the production of a single Higgs boson.
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Sensitivity improved by ~50% relative to Run 2 analysis  [G6V]
https://atlas.cern/Updates/Briefing/Rare-Higgs-Run3 Submitted to Phys. Rev. Lett. 17



https://atlas.cern/Updates/Briefing/Rare-Higgs-Run3
https://arxiv.org/abs/2507.03595

Rare Higgs Decay: H — Zy
> Rare decay loop-suppressed in the SM with BR=1.5x102 - Sensitive to

BSM effects

> Intriguing ATLAS+CMS in Run 2: p(c/ogy)=2.210.7 (Obs./Exp.

Significance 3.4/1.6c - about 26 above SM prediction) Phys. Rev. Lett.
132 (2024) 021803
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£ |4of [15=136TeV. 16510 el E
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3
Sensitivity improved by 60% relative to Run 2 and by 20% relativeto 3
W - ; , ; ,
ATLAS+CMS combination fs 120 125 1% 195 140 s
my, [GeV]
Briefin Rarest visible Higgs decay seen so
Sreind far: 0.010% 18



https://atlas.cern/Updates/Briefing/Rare-Higgs-Run3

Search fOr HH — bb’yy HH decay channels

Large decay fraction

@ No single "golden channel"
© bbbb (34%):

+ The most abundant final state

> New measurement using reprocessed Run 2 + Run 3 (2022-
2024!) - Total 308 fb™!

» Timely calibration of physics objects for Run 3 (up to 2024!)

+ Challenging multi-jet backgrounds

© bbyy (0.26%):

+ Low decay fraction

+ Excellent myy resolution

» Improvements on HH sensitivity relative to Run 2 legacy

» 0.8 o significance (1.0 expected)

a e © bbtt (7.3%):
analYSIS. + Happy medium
» Additional data: 50%
» New flavor tag algorithm GN2: 20% . Clean final state .
) ) < . . . > T T I T T T T I T T T T I T T T T I T T T T I T T
» Analysis preoptimization: 10% 3 45 ATLAS 4 Data
» My, kinematic fit : 5% 2 4F| Vs =13/13.6 Tev, 140/ 168 ol | Cont. background
: s : : @ = e Total background
» Signal extracted by a fit to m,, in 7 BDT categories £ 355 HH - bbyy . ‘
YY > ) - Signal + background
» Observed u(c/osm)yy =0.9*74_, 4 %’ B lag(1+Sey! By weighted st M =095
o
=
>
%)

» Similar sensitivity of Legacy Run 2 combination (5 chan.)

» Higgs boson self-coupling modifier (coupling normalized to its
SM prediction) k, €[-1.7,6.6] @95% CL

- ]
-|Wm||||1|||||||n||[||||I|||||||||[||||—

Briefing m,, [GeV]


https://atlas.cern/Updates/Briefing/Higgs-Self-Interaction-Run-3

Run 2 Higgs coupling combination ATLAS ioral || Tt o v Bl
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=125.09GeV, Iy, | <25
P, = 97% Total  Stat.  Syst.
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s I 1
Ku 3
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K y — —— SM prediction
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-006/
https://cds.cern.ch/record/2937634/files/ATLAS-CONF-2025-006.pdf

Beyond Standard Model (BSM)



Guide for New Physics

Extraordinary predictions of the
Standard Model, but...

It does not include gravity

It does not include dark matter
It does not consider baryonic
asymmetry

Non-massive neutrinos

Simplicity
A e Effective Theories

e Simplified Models

v e Complete Theories

Complexity

—-

Dark Matter
‘ Supersymmetry ‘ Heavy particles
Invisible decays —

Axion-like particles '
1 > 1 Highly lonizing Part|c|es| 22




Guide for New Physics
Simplicity

e For the last ~50 years, we’ve known what to A o [Effective Theories

look for at each step: Z boson, W boson, top
quark, Higgs boson. e Simplified Models

e Many expected SUSY particles to follow
shortly after the Higgs, but now increasingly
pushed to extreme regions of parameter
space.

e Complete Theories

<

Complexity

e Today, we no longer have a single guiding

theory to motivate discoveries, but we do _
have largest HEP dataset ever collected [ Extra dimensions |

Dark Matt -
o BSM not around the corner — Make ] [ supersymmetry | L Heavy partices

sure we leave no stone unturned !
Invisible decays -

Axion-like particles '
1 > 1 Highly lonizing Part|c|es| 23
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Search for New Physics

Supersymmetry: an
extension of the SM which
postulates the existence
of an additional
(super)symmetry between

bosons and fermions.
SM particles SUSY particles

@
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Results on the search for new particles

Ggp (x-neutron) [cnf]
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Dijet resonance
«Dijet, 139 fb'

JHEP 03 (2020) 145

«Dijet TLA, 29.3 "
PRL 121 (2018) 081801
« Dijet+ISR, 140 fis’
arXivi2403.08547
B
«ET"4y, 139 fb
JHEP 02 (2021) 226
« E™4et, 139 fo!
PRD 103 (2021) 112006
«E"4V(qq), 140 fo!
arXiv:2406.01272
| — XENONnT
PRL 131 (2023) 041003

— Lz
PRL 131 (2023) 041002

Axial-vector mediator, Dirac DM
9,=0.20,9,=0.05,g, =1

1 10

102

10°

m, [GeV]

Indirect detection

Y
<

DM annikila{-i:n

« M

>

ring

. .. ot
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
August 2023 Vs=13TeV

Model Signature  [Ldt (b7 Mass limit Reference
Oep 2-6jets  EP® 140 F 1.85 m(¥})<400 GeV. 2010.14298
2 monojet  13jets EF 140 | [BxDegenl 09 m@miE)=5 Gev 2102.10874
Oep 2-6jets  EP™ 140 2 23 Ll’y} 0GeV 2010.14293
7 Forbidde) 1.15-1.95 m(E})=1000GoV. 2010.14293
3 Tep — 26jets 140 |z 22 m(i%)<600 GeV 2101.01629
g ee.qupt 2jets  EPT 140 |@ 22 m(¥)<700 GeV 220413072
3 Oep  TAtjels EPS 140 | & 1.97 m(i}) <600 GeV. 2008.06032
é SSen 6jets 140 |& .15 m(z)-m(i})=200 GeV' 2307.01094
£ Otey  3b 140 |z 245, m(E})<500Gev 221108028
SSep 6jets. 140 |z 1.25 (@ mii})-300 GoV 1909.08457
iy Oep 2 EPS 140 |B 1.255 <400 GeV 2101.12527
b 0.68 woe\/dm(lu,x, )<20GeV 210112527
s bbb o Oep 6h 140 | b Forbidden 23-1.35 30 GeV, m(i%)=100 GeV 1908.03122
£s 27 2h 140 | by 0.130.85 =130 GeV, m(¥})=0 GeV' 2103.08189
§§ I3 Oten  >ljet 1o |& 1.25 200414060, 2012.03799
= §, i lep  3jetsith 140 | & Forbidden 1. 2012.03799, ATLAS-CONF-2023-043
g’ i 127 2jets/1 b 140 @ Forbidden 14 mk'u] -800 GeV' 2108.07665
3 § i, et} 128, Eek) Oep 2¢ 361 | 0. )=0GeV 1805.01649
£ Ocl  monojet 140 | & 055 mi2)e mw‘; 5GeV 2102:10874
12ep 1-4b 140 |@ 0.067 1.18 m(i%)=500 GeV' 2006.05880
Bepu 1h 140 |iy Forbidden 0.86 m(il =360 GeV, m(7; - m(¥})= 40 GeV 2006.05880
Multiple £/jets 140 0.96 2106.01676, 2108.07585
e, >ljet 140 191112606
2ep 140 8215
Multiple ¢/jets 140 1 200410894, 2108.07586.
o e 140 1. 8215
23 27 140 ATLAS-CONF-2023-029
[TE 2ep  Ojets 140 07 1908.08215
ey >Tjet 140 1911.12606
A1, fi~hG/zG Oep  >3h 140 094
dep 0jets % 140 210311684
Qe >2largejets B 140 | & 0.45-0.93 210807586
2ep  22jets EPS 140 | 077 R — 26)-BRI — 1G)=05 220413072
Direct F1 ¥} prod., long-lived ¥} Disapp.ttk  1jet  Ep™ 140 | B} 0.66 2201.02472
= i 021 Pure higgsino 220102472
@
= 8 Stable g Rrhadron pixel GE/6x B 140 [z 2.05 220506013
ST Motastato 3 R-hadron, Goqql]  pixel dE/ox S 140 | & (@ =100s) 22 220506013
S E i, -G Displ. lep 140 | @i 07 2011.07812
— * 034 2011.07812
pixel dE/dx 140 4 0.36 2205.06013
i /X| Xy -zttt 3en 140 1.0 Pure Wino 2011.10543
- wwztttrs 4ep Ojets  EPS 140 1.55 mE})=200 Gev 2103.11684
P g%, X > qqq =8 jets 140 225 Large 4, Toappear
= Xy, Xy = ths Multiple 36.1 1. m(¥})=200 GeV, binolike ATLAS-CONF-2018-003
B bR R = bbs 24b 140 |7 Forbidden 0.95 m(E})=500 GeV 201001015
2jets +25 367 061 171007171
2ep 2b 36.1 i 0.4-1.45 BR(7, —be/ bu)>20% 171005544
1h v 136 16 BR(—gu)=100%, cost,=1 2003.11956
T IR, 1) ytbs, X1 —bbs 12eu  2Bjets 140 | # 02032 Pure higgsino 2106.09609
*Only a selection of the available mass limits on new s{a!es or 107! ass scale [TeV]

phenomena is shown.

lany of

the limits are based ol

Eimpiied modele, G.1 refs. Tor the assumplions made.

Direct detection

g DM-nucleon scatte

<
Collider searches

SM

Exclusion of new particles up to a few TeV in different possible scenarios

ATL-PHYS-PUB-2024-014
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-014/

Search for squarks and gluinos with t leptons ¢ vt
P T/v
q ~i 7'/1/ < X1
» SUSY partner of the gluon and quarks have large ¢ at the LHC, and are usually ol
searched in jets + MET but for some region of SUSY parameter space decay X3 %_/E < %
chains involving final states with 1’s are dominant # T/v
q T/v
Compressed SR High Mass SR TwoTau SR
» Select events with 1 or 21.', at least 2 jetS and large MET (>200 GeV) : Channel ITauOLEP  ITAUILEP 1TAUOLEP ITAUILEP 21AU
N, +N, =0 =1 | =0 >1 -
> 2 new analyses dividing events into (17,0l), (11,11) (27): %\ (GeV] 8 .
Hry [GeV] - > 1000 > 800
» ML-learning based (more sensitive) Nies >2 >3 >3
pT‘ [GeV] <45 > 45 =
G - 2 a2
» cut-based (less model depended and optimized for mass-compressed scenario) mT E,,:\TI][GeV] >_80 > 350 i _50 i;ig -
m +m’2 [GeV] - - - - > 150
> No excess found in Run 2 + Run 3 (2022-2023) data, 95% CL limits in gluino-
G (vt/evivy) i‘:WA U §-q (w/wviv) i‘;vin o
LSP and squark-LSP planes largely improving on previous results 3 S A ' ' 1§ kb’ SRR
om0l raarer maes Lmrveizy 1 o | ot row = o2 |
— 55 Expected limits (£10,,,) 4 558 Expected limits (210,.,)
1500 avberanossss ] 1200 - CutaneCount 7

1000 - 3

NP B B | I L I
400 600 800 1 000 1 200 1400 1 600 1 800
m;[GeV]

A e A
500 1000 1500

Submitted to EPJC



https://arxiv.org/abs/2507.00296

Search for resonant leptoquark production via lepton-jet signatures

LAS e Daa
V8= 13TeV, 140®° m Wejets
1 + bt Post it . Z+jets . Other
SR-1L-ub Fakes/nonprompt ----LQ (1.5 TeV,y_»25)
< LQ (20 ToV.y, =25) ke

S o Daa — Total SM
V5 =136 TeV, 55167 s Wojets - Top
E pebjet Postit g Zejets I Other
SR-AL-ub Fakes/nonprompt -+ LQ (1.5 TeV, y_=25)
-+ LQ(20TeV. y, =25) e

Ybu

| ATLAS

4| [Vs=13TeV, 12010

Submitted to JHEP. il

. |V$=13.6TeV,55fb"
- |Sy - p+b, u + b-jet channel

- P i e e s ]
- i 3
R B S D I = -
1000 1200 1400 1600 1800 2000 2200 2400 1000 1200 1400 1600 1800 2000 2200 2400 B .
m, [GeV] m, [GeV] | ATLASLQ N
5 . , : ; " ; |_pair-production i)
8 P ?TLAS . e Dam — Tolal SM E! g AS — Tow SM o 2
= =13TeV, 140 &5 24 T 3 " n E . —
8 ;}‘ gLisn.Eosm = 31;:‘: - E(:}:e&:n;nwmuz o2 a ,"s, ,,':f thadh ok — ;:ﬁ‘m gt o All limits at 95% CL
2L W e LQ(1 V,y =25) 3 - Wi E| TR -
l% 1 looTev, ¥,-25) Sl )}’ .% AR 3)'3:) TeV, y, =25} SR S w Observed limit |
3 = = Expected limit
1o I S L - +10exp 7
i 4
B RN N [ S : - 120,
10° mes ATLAS LQ pair prod.
Z .4 .l gl . B y JHEP 10 (2020) 112 i
% ) I K] | 15y O e Lt | T P ' L) —
L . + ! Hoa [T l i | 1000 1500 2000 2500 3000 3500 4000
1000 1200 1400 1600 1800 2000 1000 1200 1400 1600 1800 2000 ~
m,,[GeV] m,,[GeV] m(S1 ) [GeV]

> lepton+jet resonances in m;, untagged-jet and b-tagged categories

> 1-and 2-lepton channels

> No significant excesses: limits on LQ mass vs y coupling derived
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https://atlas.cern/Updates/Briefing/Leptoquark-Lepton-Proton-Collisions
https://arxiv.org/pdf/2507.03650

Searches for low-mass BSM physics July 2022

ATLAS Preliminary —e— Observed

So far: g my=20 GeV, ct,< 1 mm ; I1E;pected g
e No discovery of EW/TeV scale BSM physics oot * 20 E
e Many models well-constrained at high mass (b?w— l E
e Weaker constraints on low-mass BSM scenarios T ewE e =
e Many models allow for low-mass new physics: gk } -

o Additional Higgs-like particles, a-la 2HDM(+s) A [ .
o Axion-like particles (ALPs) in SM extensions with __ sscorsesf b E
broken shift symmetry AN o . B
o Heavy neutral leptons (HNLs), e.g. in seesaw o BB 4 e
mechanism models e 0P 108 104 109 102 10 100
95% CL Limit on BR(H — aa - XXYY)
Low-mass BSM searches often quite challenging: My
e Collimated decay products — dedicated tagging
methods
e Long-lived, weakly coupled — displaced
tracking/vertexing
e Background-rich — innovative analysis strategies
(+clever ML) > D1 x
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Improved reconstruction of highly boosted r-lepton pairs

Eur. Phys.

In boosted topologies,
overlapping objects degrade
tau reconstruction and ID
efficiency

Subtracting muon/electron
tracks and clusters in overlap
cases recovers tau performance

Validated in Z— T, yielding a 4-
5x acceptance gain over
standard reconstruction

J. C 85 (2025) 706

hadronic jet

§,1.8 ........ [T T T T T 3 18
& o ATLAS Simulation 4 Seeding § [ ATLAS Simulation 4 Seeding
2 16 vs=13TeVv 4+ Vloose g 16 v =13Tev # Vioose —]
G [ G-aHH=4T 3 kﬁr;odse . O | GoHH=4t Loose 1
14 2 ium o i + Medium
. Generator 1-prong, Thag & Ton 3 14 . Generator 1-prong, Thyg - Tithlu ]
o F B 1ok 4+ MuonRM J
1.0 F . . - 10F .
o v F:::::‘"H— -
Reco & ID || o8 =— = 08 =~
. " Py [ s 3 ek A - ]
efficiency ||osf . S 3 LT | Syfipesart S5ER E
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. s . . ]
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{é Signal Region, T4 — Tll)p ] ;é_z Signal Region, Tj,q & Top
=3 Other 3 Other
@ 200 Uncertainty B & 200 Uncertainty
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https://arxiv.org/pdf/2412.14937
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New window onto the study of quark-gluon plasma (QGP): Dijet transverse
momentum balance in O+0O

This extreme state of matter mimics the conditions of the
early Universe during the first microseconds after the Big
Bang.

Traditionally, researchers have focused on studying QGP  + How does transverse size of the QGP, determined by initial
formed in the collisions of heavy ions (llke lead or Condiﬁons’ influence Jet quenching?

xenon), which maximize the size of the plasma droplet
created. But in recent years, interest has grown in
exploring the QGP using smaller ions (such as
oxygen) to better understand the QGP across
different system sizes.

Studying jet quenching in collisions of oxygen ions
(O+0) provides a unique opportunity to investigate the

path-length dependence of energy loss using a system Central Pb+Pb Peripheral Pb+Pb Central O+O

with a smaller transverse extent than Pb+Pb
Briefing 31


https://atlas.cern/Updates/Briefing/Oxygen-Jet-Quenching

Dijet transverse momentum balance in O+0O

Thanks to the LHC preparation and performance,
the oxygen special run in July 2025 was
exceptionally successful

- Due to the short run, ATLAS was able to * How does transverse size of the QGP, determined by initial

increase DAQ (SFO) output rate by 40-50% conditions, influence jet quenching?
« Sampled luminosity after applying ATLAS DQ
requirements:

- p-O: 7.76 nb™" (Pierre Auger request!)

- 0+0: 8.08 nb™’

- Ne+Ne: 1.03 nb™

Central Pb+Pb Peripheral Pb+Pb

Briefing
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https://atlas.cern/Updates/Briefing/Oxygen-Jet-Quenching
https://indico.cern.ch/event/1586852/contributions/6694548/attachments/3136099/5564694/2025.09.16--Jamborree_experiments--oxygen__neon_run.pdf

Dijet transverse momentum balance in O+0O

23
q - - MZQ‘
p+p A+A
e The smallest percentiles indicate the most centra
events
e Effect ~1/2 of that observed in PbPb for central i
collisions 0

An increase in the relative contribution of lower X
dijets in 0—10% central O+0O collisions

ATLAS-CONF-2025-010

_lATLAIS I5reliminary 0+0 8 nb’
AY>T7/8 pp 400 pb’
-89 < p_ <100 GeV
-opp  m0-10% o —
e T
. o
. o
i oo |
(0]
.- VS =536 TeV |
o anti-k,R = 0.4 jets |
03 04 05 06 07 08 09 1
Xy
Xy = pT2/pT1
33


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-010/
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High Luminosity LHC (HL-LHC)

2030 a 2041

ATLAS Phase 0

CHE | TS - ———
' .

energy

Diodes Consolidation
lice consolldation i LIU Instiplation
8 TeV .Eu =~ cryolimit * HL-LHC
TR S ":2"5"; q'::"’ ! Civil Eng. P1-P5 installation

5 to 7.5 x nominal Lumi

ATLAS - CMS ./———-—‘-‘

ATLAS - CMS
experiment upgrade phase 1

beam pipes . . . o
e nominal Lumi 2 x nominal Lumi ALICE - LHCb b 2 x nominal Lumi
75% nominal Lumi upgrade

luminosity BEIVIIE {8

Collect more than 3000 fb™! of data (or 180 million Higgs bosons in ATLAS)
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HL-LHC upgrade

Upgraded Trigger and Data Acquisition system
Level-0 Trigger at 1 MHz, Full-feature global trigger
Improved High-LevelTrigger (150 kHz full-scan tracking )

New Muon Chambers
inner barrel region with new NeWw and upgraded forward

RPC and sMDT detectors and luminosity detectors

Electronics Upgrades
* LAr Calorimeter

- Tile Calorimeter

* Muon system

i ) ) ITK: All silicon,uptoinl=4
High Granularity Timing strongly augmented tracking acceptance,

Detector (HGTD) g .
Forward reglon 50x present channels — to cope with high occupancy

(2.4 <Inl <4.0)

ATLAS Prepares for HL-LHC
T



https://atlas.cern/Updates/News/ATLAS-Prepares-HLLHC

Next Generation of Trigger System

Real time complex analysis at Hardware level
e Development Of irmware and testing the

GEPs; the number is on the
order of 4700 fibers. First
small scale prototype has
been recently tested at CERN.

[ wnner
" FPGAs common modules The main challenge in this
: . : project is the large number of
E ° C_ustom_M:—_Jde _flber optics modules for ' dvidual fibers needed to
; signal distribution connect the MUXs to the

LOCalo

LOMuon

from MUCTPI

<€+ LO trigger data (40 MHz)
“ = L0 accept signal

<— Readout data (1 MHz)
< - EF acoept signal

Q:, Output data (10 kiz)

Muon

Argentina

Board with two large Xilinx programmable processing gate
arrays (FPGAs), with multigigabit transceivers accessing
Gb/s modules each, using chips with clock speeds of
~25,000 Gb/s.




Projections for HL-LHC at ATLAS and CMS

The HL-LHC dataset will be unprecedentedly versatile and rich.

Recent developments for the 2026 European Strategy Particle Physics Update:
“Highlights of the HL-LHC physics projections by ATLAS and CMS”,
The ATLAS and CMS Collaborations, arXiv:2504.00672

e All projections based on published results
e Scenario S2: Run 2 method with VL for experimental systematic uncertainties, halved theory
uncertainties, and negligible uncertainties due to MC statistics

e Scenario S3: object reconstruction improvements on top of S2 for analyses that have already
documented advancements from publications

https://arxiv.org/abs/2504.00672
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Higgs properties and beyond

Vi)

Higgs

potential

Our

vacuum

Re (¢)

—u2¢2+ ,1¢4 D Wh 4+ wh® +

/ \

Vig) =

Mass term

The Higgs self-coupling is a fundamental
parameter. It can be measured at the LHC
using Di-Higgs production, but it is 1000
times smaller than the production of a single
Higgs boson.

Higgs

field

ih‘*

----- -‘ Kl = Ayun/Asm

¢

‘
g

*H

Image credit: Nature Reviews Physics 3.9 (2021)
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self-coupling

Coupling to the different particles —
proportional to the masses

ATLAS Run 2
! Ke =Ky

¥ K, is afree parameter

L

SM prediction

T III|II|
1| lIIllIl

T IIIIII|
|| lllllll

B

Force carriers H/ggs boson ]

<]

S A T
H R REL R ToT T "
- [ ; . ii ; .
:_|||||l I Lol 1 Lol ! Lol |—_
10 1 10 10°

Particle mass [GeV]
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Rare Higgs Decays: H—pp Y L 2 U

= 0 355— Ch E
e Probe of the Higgs coupling to muon: a E | cEse2rmedion Siekninaly :
- i ' S 0.30f -
second generatlon fermion ) 1 o Tr, :
e SM predicts BR(H—pu) =2 x 10° 0.25F \ =
e Evidence reported at Run 2. F glslemnper, S st/anunent b
. 0.20F \\ —-- Phase-1 dimuon mass resolution -
e Irreducible background from Z—up. E o\ \ — Phase-2 dimuon mass resolution ]
e Statistics of the data sample and the dimuon 0.15F £
mass resolution crucial 0.10F L
ﬂ AL U L2 LS O TR R SRR RN L 0055_ _E
= ATLAS ” ad ]
F 10°E {s=13Tev, 1390 1" g,?t,a 0005....|....|....|....|....|....|..E
108 Il Diboson 0 500 1000 1500 2000 2500 3000
I Top 1
107 o, ¥ — H—uu x100 L [fb ]
< % Heeee < Syst. uncert. . . .
10° e An improved dimuon mass resolution by the
i0° upgraded tracker
104 . . ] ]
7 e Relative uncertainty on the coupling improved by
larger statistics
B 11 e Observation of H —» pp (and H — Zy) and
3 M o osaeeEanemens determination of their couplings with a precision of
(=) 09 [

e R TS T RN T R e o i
80 90 100 110 120 130 140 150 160 3(and7/0), respeCtlver'

m,, [GeV] 42
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Rare Higgs Decays: H—cc

e Probe of the Higgs coupling to charm quark
e The most sensitive channel: WH/ZH, H—cc

e The b- and c-jet tagging crucial, recent L IJI°“ 1oe 1aiTgn 10w
improvements in ATLAS and CMS e
B 14 ATLAS Preliminary ———o"- pageling ]
2 VH.H — cc projection  _,__ Baseline + MCstat scaled
3 g ilie —+— Run 2 syst. ,
= ~=== Baseline+ GN2 ~___# | e Asignificance level of 1.60 is expected for
g | e S ATLAS+CMS at 3000 fb".
9 10 = . P
% e The quark coupling modifier, K., can be
- restricted to |k | < 1.5 at 95% confidence.
e tH, H—cc is also important; further
0.6 improvements to K are possible.
ATL-PHYS-PUB-2025-012
0.4 1 L 1 1 |
1000 1500 2000 2500 3000
Integrated luminosity [fo~]
ATL-PHYS-PUB-2025-012 GN2-Jet-Flavour-Tagging 45



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-012/
https://atlas.cern/Updates/Briefing/GN2-Jet-Flavour-Tagging

Higgs Coupling Summary

s =14 TeV, S2, 3 ab' per experiment

.| Total ATLAS+CMS
Statistical Projections ESPPU 2026
—— Experimental
— Theory Uncertainty [%]
. . 2 4% Tot Stat Exp Th
A few % for various couplings! KB P8 08 08 15
. Ky E— | 1.6 0.7 06 1.3
e Deviation from the SM 1
o indication of BSM pa=3 15 07 05 13
e Consistency with the SM K= | ‘ 2.4 08 07 22
o stringent constraint on BSM A 3.4 08 09 32
Kb 5 \ 36 1.2 12 3.2
K = \ ‘ 1.9 08 07 15
e Observation of H - yyand H — Zy ” 1
L : ) m — | 3.0 27 09 1.0
and determination of their couplings - ; ,
with a precision of 3 and 7%, Zy ‘ ‘ | 6.8 59 16 3.0

0 002 004 006 008 01 012

respectively.
P y Expected uncertainty
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Quark Top Mass

The HL-LHC will improve the precision of
the top quark mass measurement.
Numerous measurements employing
different techniques at ATLAS and CMS,
varying sensitivities to theoretical
uncertainties

Recent projection study using the
differential cross section of the tt+jet
production, from the dependence of the
gluon radiation on the pole mass

Uncertainty in mf®® [GeV]

1.6

o o B E
s o o o

O
n

CMS Projection Preliminary
I A W N T B

[ —— S, (stat. scaling)
[~ Sy mod. (stat. and exp. syst. scaling)
[ - S, (stat. and exp. syst. scaling and 0.5 model/theory) 1

™TT

(14 TeV)
s
tt+jet NLO [JHEP 07 (2023) 077] 2

o
(=)

. 0 -

L R e Wrany N T 8RS $N S FE Qg SR
1000 2000 3000 4000 5000 6000
Integrated luminosity [fo™']
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Electroweak Vacuum Stability

In the hypothesis that the SM is valid up to the Planck scale, the values of m ; and m _ provide
information on the stability or metastability of our universe.

ATLAS+CMS 3 ab™! per experiment
Hi ggs Projections ESPPU 2026
180.0 1
potential N
Instability
177.5 my from tt+jet
= ---- 8 TeV (20.2 fb1)
O, Metastability —— 13 TeV (363 b))
g —— S2 with profiling
\ ------- S2 without profiling
172.5 A /’%—{}-’._\)/
i\ \_//\I
170.0 - Sta bility Seal - -
1248 125.0 125.2 125.4 125.6 125.8

Depending on the central value of m, we may make a conclusive statement on the stability.




Searches, Discoveries, Precision and New Technologies!
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Backup slides
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