Muon small wheel - new for Rn 3
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barrel New Small Wheel (NSW)

barrel toroid magnet
muon chambers muon chambers

endcap

muon chambers inner detectors

QUH 1 (2011-2012) endcap toroid
7/8 TeV, 40 fo-1 "o«

RuUN 2 (2015-2018)
13 TeV, 140 fb-

_UN 3 (2022-2025)
13.6 TeV, 113 fb-1 and growing

endcap calorimeters
\

barrel electromagnetic calorimeter

solenoid magnet AT LAS

barrel hadronic calorimeter EXPERIMENT

L-LHC (2029-2041)
We are here 14 TeV, 3000 tb-1 total




—@- Hadron Colliders

S oo Understanding fundamental parameters

Lattice Average FLAG 2021

-@- World Average PDG 2022
-@- ATLAS Z P, 8 TeV

s e Where we stand - a few examples

| CMS jets 0.1170+ 0.0019

H1 jets 0.1147 £ 0.0025 ' "

HERA jets 0.1178 + 0.0026 O 8% preCISlon OI’“
CMS ttinclusive 0.1145+ 0.0034 <

Tevatron+LHC tt inclusive 0.1177 £+ 0.0034 .
CDFZpT 0.1191 £0.0015 S"rOrg fOrce COup |ngs
Tevatron+LHC W, Z inclusive 0.1188+ 0.0016 -

7 decays and low Q? 0.1178+0.0019

—— m,, =80366.5 + 15.9 MeV

QQ bound states 0.1181+0.0037 | 4 B m,=172.52 + 0.33 GeV
 For aneSl Ot / mass . 1725220
| ‘_ m,, =125.11+ 0.11 GeV
f‘ 68/95% CL of m,, and m,

| e'e jets and shapes 0.1171 £ 0.0031
Electroweak fit 0.1208 £ 0.0028
~ Lattice 0.1184 £ 0.0008
World average 0.1179+ 0.0009
ATLAS Z P, 8 TeV 0.1183 £ 0.0009

0.120 0.125 0.130

LarXiv:2402.0871 3

It b ar events é ol . 68/95% CL of Electroweak

Fit w/o m,, and m,
(Eur. Phys. J. C 74 (2014) 3046)

rst observation

f quantum

o An entangled system
entanglement at | L. Lot (Powtig + Pyt 0.02% precision on W mass
h

B Theory Uncertainty

igh-energy and s @ Fohen s Pytias () | 0.2% on top mass

B Powheg + Herwig7 (hvq)

among quarks 0.09% on Higgs mass

340 < my < 380 380 < myi < 500

~Particle-level Invariant Mass Range [GeV


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

arXiv:2403.15085

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

Largest systematics from the
calibration, the theoretical modeling
and the parton density functions

DELPHI
Eur. Phys. J. C 47 (2006) 309

I, =2404+173 MeV

OPAL
Eur. Phys. J. C 47 (2006) 309
r, = 1996+ 140 MeV

L3

Eur. Phys. J. C 47 (2006) 309
r,, = 2180+ 142 MeV

ALEPH
Eur. Phys. J. C 47 (2006) 309

I, =2140+ 108 MeV

Combination
Phys. Rep. 532 (2013) 119
I, =2195183 MeV

DO
Phys. Rev. Lett. 103 (2009) 231802
r, =2028+ 72 MeV

CDF
Phys. Rev. Lett. 100 (2008) 071801
r, =2032+ 72 MeV

ATLAS
This work
I, =2202+47 MeV

Overview of I' , measurements

ATLAS
(s=7TeV, 46"

@® Measurement
Stat. Unc.

£ISM Prediction

_______________________________

|
1500


https://arxiv.org/abs/2403.15085

arXiv:2404.06204

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

L epton universality in W decays

arXiv:2403.02133

Exploits clean W bosons from top-pair
decays

Higher precision than current world
average

Je _
RN = 0.9995 + 0.0045

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

I | | | I | | | | I I | | | | I | | | |
ATLAS i
LEP2 | =
e*'e »WW, Vs=183-207 GeV 5
ATLAS — e
op—W, Vs=7 TeV, 4.6 fo” :
LHCb : N
op—W, Vs=8 TeV, 2 fb” :
CMS H—
pp—tt, Vs=13TeV, 36 fb’’ :
PDG average '—"‘—'
ATLAS (this result) o
pp—tt, Vs=13 TeV, 140 fo’ :
I | ] | I | ] | | | | | | | | ] I | ] | | ]
0.92 0.94 0.96 0.98 1 1.02
B(W—-uv)/B(W—ev)
L B B R B
ATLAS —u— LEP (Phys.Rept. 532 119)
y ATLAS - this result
/s =13 TeV, 139 fo Statistical Uncertainty
: Systematic Uncertainty
—e— T otal Uncertainty
.-
. -
i

098 1 1020 1.04 108 108 11
Nature Phys. 17 (2021) 813  R(@/pn)=B(W—1v)/B(W—pv) !



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

arXiv:2312.04450

/ boson and top quark couplings

Measurements of ttbar + Z provide S oor ATLAS o Data E

: : : Q) Y E _ 1 .ol
important test of top-Z couplings, which  x oF 'e=13TeV, 14017 MG alo@N.0.Pytnia

. e . — . L. . —

are not well constrained o 0.07E -~ Sherpa 2.2.11 (mutti-leg) =
Yla - e Stat. uncertainty -

Measured 0357 = 0.86 £ 0.04 (stat.) +0.04 (syst.) pb © 0.06 = B Total uncertainty E
1+0.073 0.05 = =

Prediction oz = 0.8637 ;g5 (scale) £ 0.028 (PDF & ay) pb ) 045 i~ !“31' -
A factor of two improvement in 0.03E- | _L“j =
systematic uncertainties 0.02e ] W =
0.01;—— _-f'i-] —;

L e e e o ey e g e

Sl 18T e e
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https://arxiv.org/abs/2312.04450

JINST 19 (2024) PO2009

CERN-EP-2024-195

Where can we go - precision calibration

- Precision of our object reconstruction much beyond the design goals

-3
5X1IO| [ T 1t T 1 T T 1 — 1 T ] r 1 r. ] r T T 1 r 1 T ] = > 004 T 1 T T T T T 1 1 1T rr]j T T ~T2] U)
ATLAS E c s=13 TeV, Data 2015-18 ATLAS - &

4 (S =13TeV. 140 f' = S 0.035E anti-k, R=0.4, EM+JES, i<0.8 T oo

3 = Q - Dijet quark/gluon mix b D =

|T]| < 06 _ 8 u x _ )]

2 - - 003__ : ~ % O

E - : . 2

1 _; @ 0025;_ In situ calibration i : % CéD

S ‘_3 e In situ calibration (previous) 5 . =

0 s 0.02 EPJ C81 (2021) 689 . 4 g2
_ O - : -

1 - £0.015F- 4 @2
—2 Pre-fit calibration model E - - ;C; %
_3E =——= Post-fit calibration model = 0-01:_ ; . =+ EC<2

5 ¢ Z - eedata - - e S <
4= e J/'v — ee data ] 0.005 - . =
_5: | | I | | | I | | | | | | | | 1 | | | | | | I | | | I : : I I I I I L I I I I I . L1 I . . :

20 40 60 80 100 120 140 50 30 102 2x102 10° 21 0
E+[GeV] ;fft [GeV]

mproved photon calibration - Single pions for tau decays, 0.4% jet

| iQ 0
]Ic—rlcl)grg de]ss;g;egsggs OO energy scale accuracy at 300 GeV



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/

Standard Model Production
Cross Section Measurements

Dynamics and symmetries

10%
SUSY
10° B A 50, Voo Symmetry
s o connecting fermions
and bosons
10°
Strong to 2.45 TeV
~ EW to 1 TeV
101 pr >25 Ge z Extra dimensions,
o '\ * , gravitons, quantum
; 0 | black holes
EXplaining gravity's
, ‘weakness’
10 Extra dimensions mass
H-oyy Hoaer to 5.9 TeV
-2 (x0.15)
10 o \ " |
o onopoles
_3 Dark matter N4 Cp— and co.
10 " ; Seesaw mechanism and I q
Compositeness eSO small neutrino couplings 1279
Invisible to less particles to 1 TeV
are the three than 11% Type lll seesaw heavy
generations just Charged-lepton leptons to 790 GeV
smaller constituents Leptoquarks flavour violation
q*to 6.7 TeV A symmetry connecting What forbids it Vector-like leptons and
the lepton/quark sectors quarks
sl e-mu BR <1077 rk sector portals , . "y
Scalar leptoquarks , Solving higgs radiative
to 1.2 TeV - /;//o’o’e/n Ssctor 3 57”0’ corrections
ong lived particles
| Why does QOD e VLQ T m to 1.27 TeV, VLL tau
Inspired from ATLAS Dark photon lifetimes (4321 model) to 910 GeV

preserve CP
BR to 10-5

Exotics, SUSY,
extended Higgs
physics reports

to 1000mm
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https://arxiv.org/abs/2403.09292
https://arxiv.org/abs/2403.02455
https://arxiv.org/abs/2405.04914

ATLAS-CONF-2024-011

5 1°§'A'L‘A§'p};|.}$.};;}y""'""':"éééala""""’%
. < _Vs=13.6TeV, 56.3 b’ EM-BDT | iRdata _
Supersymmetry and small couplings TR
Z 1()‘1§— i -+~ 83 (100-300 GeV, 30 ns) E
- New Run 3! Triggering with large impact s Y E
parameters tracks 2 E . S -
- Precision timing information from calorimeter to 07 _EL.T_JZML _;1""(')""'1""';'"é""d'r"'ES
compliment tracking Rt Calo timing [ns
14 g % ATLAS Preliminary  ---- Expected Limit (+1Gexp).%
(]EJ 103§ (s=13 TeV, 140 fb” —— QObserved Limit
P : © F (s=13.6 TeV, 56.3 fb" PRL 127 (2021) 051802
i N 5 10 % All limits at 95% CL
-7 G 10
S~ ~ 1k
14 G 10—1%
/ ,\‘ 1021
/ F
1073 &

Small couplings leading to long ¢ lifetimes

100 200 300 400 500 600 700 800 900 1000

m( T

T) [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-011/

ATLAS-CONFE-2024-009

Magnetic monopoles in ultraperipheral lead collisions

D

- New data from 2023! New triggers, new methodology

+ Achieve up to x8 improvement at masses below 120 GeV Ph*

$ II|IIII|IIII|IIII|IIII|III|IIII

- T
S 1057 ATLAS Preliminary ~ Data, 0262 b
% — ackgroun
-|GC_; 106 Pb+Pb SNN —_— 5-36 TeV % Bkg. uncertainty E 2 | | | | | | | | | | | | \\ | | | |
> — Signal, m = 100 GeV S 10 KN =
Ho10° : : = L ATLAS Preliminary \\ .
CR1: VR . SR LS NN
10 ; ; o - Pb+Pb |5, =5.36 TeV, 0.262 nb™ "\ -
FPA Model N\
103 1O?Iqml=1gD §
102 B |
10 |
1 = ———————  Observed 95% CL limit N\ AN =
- E T espetoru-iN S
2 19 B Expected 95% CL limit =20 B
o 4 —— —— - FPA Model @ s, =5.36 TeV
< 1.1 10—1 __ —— —— - FPA Model @ (s, =5.02 TeV |
s 1 = ——  MoEDAL observed (95% CL limit, {sy =5.02 TeV) 1
CDU 0-9 .‘ : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |:
08665 07 075 08 08 09 095 1 20 40 60 80 100 120 140 160

Transverse thrust Monopole mass [GeV] 12


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

Breaking Electroweak symmetry
Vector boson polarisation

ATLAS 4 Data \ S N
s=13 TeV, 140 fb™ Background | b o
H = yy ——— Signal + Background ‘ o HY 'ﬁ'
’ ; e |
All categories ' - &Y.
In(1+ Sggs/ngS) weighted sum e
*;
: | Four boson vertex :
im :
‘)’
\ ector boson exchange
T
/ ,'1:;: :
N/ “ A
i 4‘m 6‘4 s
BAn “;:W,';'
i %‘W‘ i
it
| 4 ,‘L‘#‘ ,.0:;‘.0:;‘“4”’”4:37‘4}”‘ 1-'3";

AL
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AT s
A NS
S \‘.’q‘«’o’«"{.’t"t;‘n |
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Extended Higgs sector Higgs self-coupling
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Where we stand - a few examples Observation/evidence o
longitudinal WZ/ZZ polarisation

e Data (Total uncertainty) Syst. uncertainty | SM prediction

10

ATLAS ¢ Data
s =13 TeV, 140 fb” Wmzz
pp — ZZ — 4l WZz
Post-Fit Z.Z;

Approaching 5% level in B e

B Non-prompt

Higgs couplings, targeting o iy
second generation

Events /0.1 |

ww

Data / Pred.

| Nature 607, 52 (2022)

e e = _ — ———

0.6 0.8
BDT Score

s=13TeV, 140" \

— Obs. 95% CL upper limit ATLAS Expected limit (95% CL) |

Vs =13TeV, 126—140 fb~! (4rH =0 hypothesis)

Expected limit £10
SM

o HH)=32.8 fb

agr + ver (HH) [ Expected limit +20

== Exp. 95% CL upper limit

Exte n S Ive SearC h | . |:| Expected limit (+1o) - Combination

|| Expected limit (+26) - Combination

for extended Higgs 4 Ermin - 01
SecCtors

bbig + EMiss

o Multilepton
== Combination

== WZ channel
== W*W* channel

| Approaching SM
prediction for HH
' Cross section

800 1000 1200 1400
my, [GeV]

O e

5 10 15 20 25 30 35 |
95% CL upper limit on HH signal strength 14


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

arXiv:2406.0997 1

—e— QObserved limit (95% CL)
8 0000909090990 H ATLAS Expected limit (95% CL)
K, K o7 Vs =13 TeV, 126—140 fb' (UHH =0 hypothesis)
I SM B [ Expected limit 10
A TR Oggr + ver () = 32.8 b 1 Expected limit +20
\\\ Obs. Exp
S 200909909990909 - H B | e
bblf + EMiss — ¢ 10 14
Multilepton|— ¢ 17 11
e bbbb— * 5.3 8.1
Best expected sensitivity on HH
Cross section, self-coupling, K b 1 *0 50
bbttt | * 5.9 3.3
0.9 +0.7 Combined— 2.9 2.4
— 005_|_ Stat' S St‘ ] I ] I I I I I I I I I I I I I I |
HHH —0.8 ( ) —0.6 ( Y ) 0 é 1|o 1|5 2‘0 2‘5 3|o 3‘5 4|o

95% CL upper limit on HH signal strength upy
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https://arxiv.org/abs/2406.09971

arXiv:2407.10904

Precision Higgs - ttH to bb

| | | | | | | g 7600000000000 t
ATLAS lof Total Unc. m Syst. only Stat. only SM + Theory
Vs =13TeV, 140fb~", my=125.09GeV Total ( Stat. Syst.) b
We0,60)Gev | e 125 0% (3E b _H_ <
p €[60,120) GeV |- ——rq 0.77 *oa5 o4l 0% _ b
pel120,200)GeV [ b 088 128 00 | g ASCOSRROOT -
pT €[200, 300) GeV |- = 077 *24 0% +02¢ _
+ 0.55 +0.44 + 0.33
pi! €[300,450) GeV |- F==e=— 0.27 *oo  roas +o.% - |
o o o Total uncertainty reduced by
Hc 450, 0) GeV |- H———aa——ro 0.63 *, F076 +0. _
repso Gy PR 0B e caniee factor of ~2, 4.6 o observed
Inclusive |- o= 0.81 *gia  Toli Tois _
| I | | | |
0 1 3 4 3} 6
O/ oM
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https://arxiv.org/abs/2407.10904

arXiv:2407.134/73

Where can we go - Precision Top for precision HIggs

— 1 o' g1
> ATLAS ® Data —~ Powheg+Pythia8
O, Vs =13TeV, 140 fo" —~  Sherpa —} - Powheg+Pythia8 tTbb
eu channel, > 3b-jets
- —t - Sherpa tTbb [ Stat. —

Stat. ® Syst.

Measurement of ttbar + heavy flavor:

extensive measurement for improved _ E— ———— e ]
theory modeling 10_55 :

Important result to help further improve
measurement like ttH W

erwig7 t{Tbb =
yth a8 t7bb dipole

'UI

MC/Data

1.4——| Sh erpa

Other recent eomprehenelve reeu\tehke '
ttW and Z+heavy flavour |

MC/Data
l
il |
i_

200 400 600 800 1000 1200 1400 1600 1800 2000
HT* [GeV
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https://arxiv.org/abs/2401.05299
https://arxiv.org/abs/2403.15093
https://arxiv.org/abs/2407.13473

ATLAS-CONFE-2024-010

Precision Higgs - VH to blb/cc

D L L L L L BB BB B
ATLASPreliminary vH, H— bE/cE,\/E=13TeV,140.0fba ATLAS Preliminary - o
(s=13 TeV, 140 fb” — gﬁ;’erved
—Total - Stat. Tot. ( Stat., Syst. ) VH, H — bb/ct ---- Expected
0 lepton
— +0.21 +0.14 +0.15 — 17«
WH, H— bb = 0.95 53, (—0.14 ) -0.13) o= 1 o
1 lepton
CE)xp.=17x§M
bs.=20x SM
— +0.23 +0.15 +0.18
ZH, H— bb = 0.87 5, (-0.15 ) -0.14)
2 lepton
Exp.= 18 x SM
"""""""""""""""""""""""""""""""""""" Obs.=22x SM
~ +0.16 +0.10 +0.12 . e
Comb. VH, H— bb A 0.91 514 (—0.10 » -0.11 ) gfp'.'l'?'é'fgﬁﬂ"
R R e e e Obs.=11x SM
0.6 0.8 1 12 14 16 1.8 2 2.2
bb o e
MVH 95% C.L. limit on MS/(I:—I

Improvement of 15% for VHbb and a factor of x3 for VHcc
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/

ATLAS-CONFE-2024-010

Where can we go - improved identification

AL A 7o Y S N B L I EE R B I >
ATLAS = ATLAS Simulation Preliminary 42500 @t ‘a
_Tot 60 o \/_? — 13 TeV GN2 : EI?DSServed
- ttjets, ep=70% 15000 _ Expected
. _ 50 This result 1 o
S 40k | Run 3 reco 11500 .g’_J.
/H, H— bb === "ql 30 N i DL1d } 1000 E
S ! : =2
............ o i : -
0F  pL1 : 1
Comb. VH, H— bb " ok i 1500
0.6 O. of | L. . 0 5 30 35

2017 2018 2019 2020 2021 2022 2023

» C.L. limit on MS/(I:—I
Year of development

Improvements to identification yielding impressive gains

19


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/
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400M Higgs bosons in ATLAS & CMS for precise

Iggs coupling measurements, access to Higgs self
iInteraction and longitudinal vector boson scattering
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New detectors: high-granularity, high-coverage

tracker, high-granularity timing detector, muon
chambers

Improved trigger, high-performance software &
computing, deeply embedded machine learning
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_ Where can we go -
\ HL-LHC and the power of tracking

IDTR-2023-05

ATLAS Simulation Preliminary
HL-LHC, ITk Layout: 03-00-00
Single u, p, = 10 GeV

—— Run 3, n| < 2.4
—o— ITK

ITk/ Run 3

| TK: full silicon tracker upgrade with improvead
granularity, extended coverage, better
performance (under much harsher conditions)

21



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




Where can we go - more data

q 1+ yearsof
data taking

ATLAS Online Luminosity 't

2011 pp [5 =7 TeV O JoO
— 2012 pp V(s =8TeV

2015pp Vs =13TeV
— 2016 pp Vs =13 TeV
—— 2017 pp {s=13TeV
—— 2018 pp {s=13TeV

. 2022pp Vs =13.6TeV
2023 pp s =13.6 TeV
2024 pp s =13.6 TeV
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See many more results in the talks of
Nicolas Berger, Philip Sommer, Didar Dobur,
Livia Soffl, Josu Cantero and Kai Schweda

ATLAS ICHEP summary page

o1 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
tVW cross section
Higgs to tautau
VH to bb/cc
Higgs width
ttH to bb
Hyy+cC
H to aa to bbtautau search

ssWW+W/Z combination
SUSY displaced leptons
SUSY RPV top squarks
prompt lepton-jets
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