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Data-taking highlights

B More than 500 fb™ pp collisions data recorded by ATLAS detector % " anas oune commosy
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SM Cross section Measurements

Bl pp cross section measurements agree with SM predictions: 100mb ~ 0.1 fb

Status: June 2024

Standard Model Production Cross Section Measurements
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&) Higgs Properties

EXPERIMENT

B Higgs productions at LHC: ggF, VBF, VH, ttH Higgs Decays
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Higgs Couplings and Width

B Higgs couplings agree well with SM

ATLAS: ATLAS-CONF-2025-006, CMS: arXiv:2602.18611
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B Total Higgs cross sections at different CME are consistent

with SM values (13.6 TeV,

S
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Higgs Cross Section
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Evidence of boosted Higgs—2>bb,tt at high-pT

B High-pT Higgs is sensitive to BSM loop effects, via ggF coupling modifications.

Inclusive H=>bb:

Transformer-based boosted H>bb tagger
Improved jet mass and pT resolution via

transformer-based regression model
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Evidence of H = up Rare Decay

B H->uy, direct probe of Higgs yukawa coupling to
the 2" generation fermions

B Challenge: Low BR ~ 0.022%, S/B ~ 103
M Partial Run3 (165/fb): u=1.6+0.6, 2.8c (1.8 exp.)
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Evidence of H - Zy Rare Decay

BMH->Zy is a loop-induced process, sensitive to probe
BSM particles entering loop diagram

B Challenge: Low BR ~ 0.15%, Z->Il (6.7%), S/B ~ 103

BMRun2 ATLAS+CMS: n=2.2+0.7, 3.4c (1.60 exp.)

B Run2 +Run3 (305/fb): u=1.3+0.6, 2.5¢ (1.9 exp.)
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) Higgs CP Violation

s

E ERIMENT

BCP violation (CPV) is crucial to understand matter-antimatter asymmetry in the
universe, but the amount of CPV in SM (quark sector) is too small.

BHiggs boson has opened a window to search for CPV beyond the SM

CP violation in Higgs-Vector boson coupling CP violation in H-t coupling (via ttH or tH production)
A I I I IS UL IR IR L IS
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Di-Higgs Search

B The shape of the Higgs potential is still unknown
M Di-Higgs is a key process to measure Higgs self-interaction
M Challenges: very low o ~ 32.8fb, complicated final states

V(H) =

Higgs mass term

Higgs self-interaction term

(~ Gluon-Gluon Fusion
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e
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H+HH Combination

BSingle Higgs processes can be used to constraint k, through NLO effects.
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c | ATLAS i onl i - Observed — 68%CLHH |
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H —> WW* — evuv (ggF,VBF) 139 A= NN ) 95% = / .
H — bb (V H) 139 I l ) / i
H — bb (VBF) 126 I 1 : _# .
H — bb (ttH) 139 2 — 0.9 o
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HH ATLAS and CMS Combination

>4—"'|""|""|""|""I'"'I"
: : : e E —— ATLAS
B The best combined fit of HH signal strength at Run2 “and o s G =
L VS =13 TeV —— Combined J
[ [ [ d 37 4
B The observed (expected) local significance: 1.10 (1.30) - Allother xed fo SM ;
2.5F —— Obs.95%CL  * Bestfit(1.8,1.0)
A +0.9 +0.4 +0.3 st --- Exp.95%CL % SMprediction ]
Ay = 0.8257 = (stat) > (theory) 3 (exp.) S _
15 -
~eXp 1 £+0.9 _ +0 7 +0.5 +0.3 1E 4
Ay = 1.0005 = (stat.) 53 (theory) ;3 (exp.) o
E G:I
- ATLAS and CMS —e— Observed -HH comb
] LHC Run 2 ---- Expected (ufifi™" =0) CERN-EP-2026-011 Best fit k; = 1.8, K,V = 1.0 —> Compatible with the SM prediction
[ Expected +1o - -
Vs =13 TeV [ Expected +20
- _goF VBF === Expected (uf§i™ =1)
- Opy + Oy =3280 Exp. Exp. -0.71 <k; <6.1 (—1.3 <k; <6.7) 0.73 < kv < 1.3 (0.66 < K,V < 1.4)
ObS: (ugsimev = 0) (ufgimov = 1)
""" : : 5 < 8,‘ UL DL LA I T L Y << 8,' rrrrrrrrprrTrTT T e T e e
i ﬁ £ [ ATLAS and CMS — ATLAS 1 = [ ATLAS and CMS L
CMS}|- : 35 26 36 S 7F LHC Run 2 — CMS 9 Q' 7-LHC Run2 e
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' ] i
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Events / 0.05

HHH - bbbbbb Search

B The 15t search of tri-Higgs by the LHC, X->SH—>HHH (TRSM)
B Deep Neural Network (DNN) classifiers for better S/B separation

B Data-driven method to estimate major multijet background,
extrapolate DNN distribution from 4b and 5b control regions.

B Set limits on trilinear (A;) and quartic (A,) Higgs self-coupling.
B An upper limit of 59 fb is set at 95% CL.

T T e R T R R RS
ATLAS ® Data .
Vs=13TeV, 126 fb” N

10* E"Resonant interpretation — (my my) = (500, 350) GeV =
6b_S|gnaI Regl_on, Post-fit lposl_ﬁ( background 3
*Signal normalized to background 7
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Longitudinal Polarized VBS
Importance of Wi W;" - WW7i  we we owr we e "

v/ H:
» Higgs Goldstone bosons result in longitudinal :“:{ :{:

polarized vector bosons: wE W w* W Wi

LI | L'

v H =W

\ H'—>»Z, 1022_ ' _

SM Higgs h

Higgs field (D

. Longitudinal W;W;* — W W would 10
violate unitarity if Higgs coupling deviates :
from SM prediction

= WW — WW; is a unique opportunity to
probe electroweak symmetry-breaking

200 103 10°
[adapted from arXiv:1412.8367] ECM (GEV)
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&) Longitudinal VBS: same-sigh WW jj

EXPERIMENT

» Two-stage DNN strategy:
O DNN. e inclusive EW ssWW vs backgrounds 204 signal:
O DNN, . ization: POlarization separation for W, Wy vs. Wy W, W, W vs. Wy Wi = LL: 10‘;/0
> First evidence for 21 longitudinally polarized W boson: 3.3 (4G exp.) * LTt 21%

o o = TT: 69%
» Upper limit for doubly-longitudinal W W, components: 0.45 fb (95% CL)

LNLIL L L L L L L L L L L L B L BN LN BLELRLI S SM prediction

T ] T T T T [ T T T T ] T T T T | T

= - Z 90 " i
[0) . - c ATLAS ® Data B WWiji EW e
Dat WA EW ] ) L = W=W=jj EW
g i Wa:l\f\‘f*ji Int = w‘mFﬂ Qcb ] o 80 'Ef 13 TeV, 140 fo" W WRWGIEW I Wi EW E .
Q I Wz acb B wzew E 20 WEW_]] fit B WAWHj Int WAWH QCD_:
*g Non-prompt Conversions 3 SR: DNNinclusive bin 2 Hl WZQCD B wzEw ]
c|>J Other prompt 77/ Tot. Uncert. . 60 = Post-Fit Non-prompt Conversions—
L E 50 » Other prompt 777 Tot. Uncert. _; Other prompt WiW__..Jj Int
?"TL?:? TeV, 139 b E 40 E C°”"ef8‘°”sw W=W*jj QCD
SR E 30 e
- ] 20 Non-prompt WZ Qcp
: = 10 WZ EW
Oi : T T e R 0 |||||||| | N T o I I
= 1.4F | | E 14T r - - ' - - ‘ AR Process Predicted 02 (fb) Measured c% (fb)
w 1.2F } ) % = s HE ]
3 1 - ®» 1.2F , 4 WEWE)j 0.29 +0.07 0.01 % 0.21(tot)
8o ¢ H SN G
Y S A A S 08F E WiWw*jj 2.56 + 0.64 3.39 + 0.35(tot)
500 1000 1500 2000 2500 3000 O6E. . . . . g o g
0 0102 03 04 05 06 07 08 09 1 WEW=jj 1.18 £0.29 0.88 + 0.30(tot)
m; [GeV] Signal DNN score  pyxyp 5 1.67 0.40 2.49 + 0.32(tot)
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Tri-boson: VVZ Observation

K " Process Signal strength Cross section (fb) Observed (expected)
q 2
[
[ | i VVZ 1.43 +0.20(stat.)* 02 (syst.) 6607 (stat.)* > (syst.) 6.4 (4.7) ¢
M — —g— ety T r WWZ  133+028(stat.)* (syst.) 442 +94(stat.)*D(syst.) 4.4 (3.6) o
q G ' Vs
Mono-V vertices Triple-gauge-boson vertex Quartic-gauge-boson vertex Higgsstrahlung VH process WZ Z 2 13t(1)96 (stat )+8 ZI? (SySt.) 200+ I “ (Stat )+ (syst.) 28 (]. .6) [0}
[72] T T T T T T T T T T T 3
g ATLAS ¢ Data [WZzz wWzz Coefficient  Expected limit [TeV ] Exp. \/E [TeV] Observed limit [TeV~] Obs. \/E [TeV]
O ) Vs =13 TeV, 140 fo™ BEWWzZ [JWZ+ets W ZZ+jets p
10°F Combined fit [)Z+jets @tz Mothers 3 VEYEYAAN [—18,17] 1.2 [—-19,19] 1.2
Post-Fit [JFake Uncertainty 1 fM.3/A4 [—28,29] 1.5 [—28,29] 1.5
1o | Faga/ N [—14,14] 1.6 [—12,12] 1.7
Fars/A [—11,11] 2.1 [-9.1,9.3] 22
103 S*;Z """""""""""""""""""" 3 q.—.100_---\----|----|----|----|_
= 70 ATLAS —— Expected - > = \ ATLAS 3
3 F Vs=13TeV, 140fb” — Observed 3 . 75F \ Vs=13TeV, 140fb~!
102 [\ F 3¢ +j_ets and 42 combination = = E \ 3¢ +jets and 4[ combination J
I 60F Unclipped E < 50 \ —
a Exp. 95% CL: [-13, 13] 3 3 E \, ]
50 Obs. 95% CL: [-11, 11] = - = N -
10 u ] 255 —_— — ]
. ' | ! 30f = _o5 5_?'7 - ' E
o C 7 - d E
g1 /5 20F E 5 £ 5
| //%/////Ww .-~ #/V///»»'v ///M//ﬁ/.w// //f/fﬁ/////f/z’// = ] -50 = /./ —.= Unitarity bound 3
© 0 9 10 = 3 _75 = / —— Expected =
C 95% CL 7 7 c / — Observed ]
2, 3 - 5 C s 3 _100LC { : : : s
*’e‘s cr @ Cewz*fers 2,?1% 4”? ”J’Se I%’”Vg;-fj oury, ‘,’?” w fn;’g’%u,z’ ;‘R’ 036 =20 =10 ALY 1.0 15 2.0 25 3.0
fua/N [TeV4] \/§_c [TeV]

PLB 866 (2025) 139527 arXiv:2412.15123 19



https://arxiv.org/abs/2412.15123
https://doi.org/10.1016/j.physletb.2025.139527

£ Tri-boson: WWy Observation

EXPERIMENT

> First observation of WWy with significance of 5.96 (6c exp.) SR 4oy
WWy 250+40
VZy 31x6

»Measured fiducial cross-section: we NN YN Zy 11947
q w= 1 422+ 34

6.2 + 0.8 (stat.) £ 0.6 (syst.) fb %W 3 - e iy:; 9234
consistent with SM (6.1 fb) : oA q q b 037

» Constraints on Wilson coefficients of 13 dim-8 EFT

-2
-2

I\._ 450_| TTT I TTTT I TTTT ‘ TTTT I TTTT I TTTT I TTTT ‘ TTTT | TTTT I TTT I_ . Y .
5 [ amas oData ] operators via anomalous quartic gauge couplings (aQGC):
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& - I tty ]
@ 350 SRe'ufy Hzy = EFT operator  Expected 95% CI [TeV™] Observed 95% CI [TeV™]
- Post-fit mvzy ]
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Tri-boson: ZZy evidence

. . 2 7 \ | 1 3 Pl T T
» ZZy -2 4l+y has high S/B ratio (~7) P o B I I RN
18:— Z(=Z(—= )y HZH— ZZy —: E 6 Z2(— NZ(— )y HZH- ZZy n
° [ Signal region B Fake photons E § [ Signal region B Fake photons
» Evidence of ZZy - 4l+y (observed 4.4.) e rnciopons
14 :— v/ UnceFr)Taimy —: i 7 Unceﬁaimy
— +0.064 +0.007 B
0zzy =0.144 T 0,051 (stat.) 0,005 (syst.) 1b
- -
Z/y Z/y E
§ —»—— § ——— 4
VMMAM< I+ M< I+ ”E
Y A oy :
R B
: Y Z/A/* - , Z/’T* - 200 250 pi [12);)\/]
I I+ z ST ARRRNRRARNRARRY 2 SR EERA R R R
Q r ATLAS ¢ Data Q [ ATLAS ® Data
8 L fs-13Tev,140m' iy 42 10 js-13Tev, 10m! iy ]
Number of events > zemzeny WzHo 72y 8 [ z-mz-ny mzHo 72y
£ - Signal region W Fake photons E | Signal region W Fake photons
o 6 Prefit Dnge leptons - gl Prefit Dnge leptons |
SHERPA 2.2.11 46y 6.28 + 0.09 (stat.) + 0.18 (syst.) 13 e iy E i e iy
PowHEG+PYTHIAR ZH — ZZy 0.76 £0.03 (stat.) = 0.03 (syst.) b
Signal 7.04 £0.09 (stat.) £ 0.18 (syst.) ar E
Fake photons 0.71 £0.02 (stat.) + 0.13 (syst.) 3 e e
Fake leptons 0.12 +0.02 (stat.) + 0.08 (syst.) b E
Pileup 0.09 £ 0.002 (stat.) £ 0.02 (syst.) - .
Total background 0.92 +0.03 (stat.) = 0.15 (syst.) 3 T A
] ] C - 9‘ [ AL
Ntot pl‘edlctlon 796 + 009 (Stat) + 023 (SySt) 200 300 400 500 600 700 800m‘:O[(2;e1\200 0 60 80 100 120 140 1:1?[(363\1?0
Ntot data 8 .
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Top Pair Production

B nclusive cross section: g,;= 829.3 + 1.3 (stat) + 8.0 (syst) + 7.3 (lumi) + 1.9 (beam) pb

B Consistent with NNLO+NNLL, precision limited by U iaatisatcv+=-~seaciay TN T -~-cenqpacippn:)e :
. . . .. 3 pol. {s=13TeV, 140 fb" 5 % . {s=13TeV, 140 ™ 7
= | o*® tt Q - . tt fin
systematics and luminosity uncertainties. Sl o= g o
E 10 :‘ o, _§ % 12: - . -
. . u ° ] S 10F ° B
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tt quasi-bounding state: Toponium

W tt quasi-bound-state provide a stringent probe of NRQCD. & " g i g
B tt cross section enhancement near threshold ( ~345 GeV), ... PR I R B
~ 45% larger than SM prediction (6.43pb) oo T T TN e
(ffGFRw) = 9. 3+1 3pb = 9. 3Jr (stat ) +0.8 (SYSt.) pb :: __J__.——-'"'"r-‘ B :_ ________ o I_L'—'"!—l__b

B The baseline model without tt qua5|-bound-state N2 S U R . € |

contribution is excluded with 8c (60 expected)

.. : _ 9 orthogonal signal regions based on angular variables
M Overall statistically dominated, tt GFRW modelling,

. . . 108
pQCD modelling are major sources of uncertainty S e
0] ATLAS —tleaw VWaiets ]
@ 12-Vs=13TeV, 140! - gﬂels . g:m .
Kiyo et al., EPJC 60 (2009) 375 fg‘ - hvq + ftarrw model, dilepton, post-fit W (X 77 Total uncertainty ]
T T T g g 10 1< Cpan< -1 1 ¢ Cpan <. o Fakes 1 ¢Cpan< 1 7
14 I Category ImpaCt 0-8:—-1<cm|<-§ . E<eha<d | F<eha<l | -1<Cha<-) | -l<cha<d | J<cha<d -1¢Che<— 1<eha<y | d<ehact
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= L
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| 08 | :
= I b-tagging 1.3% - — ————————
p= 2 ¥0r T e T T T T — olferw)=93:15p0 E
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04 q(_] - 381[8] ] 2500 T . .
i ] Total syst. uncertainties 8.8% B st EJ E3 E3 E3 E3 I ooenE = E
02 I LHC Vs = 14 Tev ] - : L TSRS = E = P Y BRPE U BRI oOE L BROWE — PR
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M tt + diphoton (observation)
PLB 874 (2026) 140195

. Fiducial cross section
osa(tlyy) = 2.42753 fb

Observed significance = 5.20

2 :IIII]|||||||||||IIIIII|||||||||l|l||l||||l|||||l|:
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BDT Output

Rare Top-Associated Productions

M tt + dilepton (evidence)
EPJC 85 (2025) 1434

t

SM signal strength
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5 Observation of B_** and X(6900)

E ERIMENT

B Observation of meson Bt — By B Observation of X(6900) =2 J/y+y(2S) = 4, 4p+27
m/GeV 6.860 +0.023 +0.010
arXiv:2605.16228 Bl = J/yutv,X
) I'/GeV 0.082 +0.032 +£0.015
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£ BSM Searches with t-lepton

EXPERIMENT

B Search for leptoquark with t-lepton M Search for LFV W 1v 2 3nuv
Signal is described by 3 parameters: m,, gy and ,8%3. Any observation of LFV would be evidence of BSM
No signal is observed, limits are set on couplings in No signal is observed, the best-fit signal strength:
benchmark U, vector-leptoquark model at 95%CL: B(t — 3u) = (1.5+4.0) x 1078
b/s
! C . B B(t — 3u) <8.7x107% (7.5x107%) at 90% CL
e - . . = 1 ATLAS sevedls ]
R R A e R C?)_ \E=13TeV,137fb1 ----- Expected CLs - Median ]
s ATLAS - e 7 08 I Expected Clss 1
 {5=13TeV, 140 b’ Ex +20 § o0 i
- )323=1.0  Obs. - - I]ExpectedCLsiZo |
4= 95% CL upper limit B anomalcs avoured . 0.6 N
K B anomalies favoured ] : :
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* o 0.4 7
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1_— - —: | | |
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1600 1800 2000 2200 2400 2600 2800683{%00
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Searches for Long-Lived Particles (LLP)

BMThe long-lived particle (LLP) regime probes particles with decay lengths, supported by
theories including LFV, cascade decays through heavy mediators and RPV SUSY etc.

BATLAS enables sensitive search for LLPs with decay length (ct) around 10 ~ 10 m.

Displaced vertices of oppositely charged leptons .
"Search for long-lived particles using displaced vertices of oppositely charged ' disappearing or
leptons in 140 fb—1 of pp collisions at |/s = 13 TeV with the ATLAS detector" displaced kinked tracks

Submitted to: Phys. Lett. B: Arxiv: 2601.05664 multitracieEStE

non-pointi'r;g
_.--=~"(converted) photons

Displaced Decays with Missing Tranverse Momentum k "‘\
"'Search for displaced decays of long-lived particles in events with missing transverse >::=’: TR,
momentum in |Js = 13 TeV p p collisions withthe ATLAS detector" _ / &
Submitted to: JHEP: Arxiv: 2603.12051 d'ﬁ'gﬁgﬁdléfgtg?s i emerging jets
Displaced vertices and Displaced Muons lepton Rairs
"Search for massive, long-lived particles in events with displaced vertices and
displaced muons in pp collisions at /s = 13.6 TeV with the ATLAS experiment" :
Submitted to Phys. Lett. B: Arxiv: 2603.01991 i trackless,
low-EMF jets

Search for emerging jets (Run 2) quasi-stable
"Search for emerging jets in p p collisions at /s = 13 TeV with the ATLAS experiment" ' o charged particles
Submitted October 14, 2025: Arxiv: 2510.12347 multitigggpertices in tho \

’ muon spectrometer
Search for emerging jets (Run 3)
"Search for emerging jets in p p collisions at \/s = 13.6 TeV with the ATLAS
experiment"
Physics, Vol. 88 (2025) 097801: Arxiv: 2505.02429

Graphics by Heather Russell



B LLP: DV + MET
arXiv:2603.12051

Four models: Gluinos R-hadron
Neutralinos Bino-Wino coannihilation
Higgsinos decaying to axinos

Higgs portal model: light pseudoscalars
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Z’, Gluino and Electroweakino models
Cross section limits with ct (1-10000) mm

Searches for Long-Lived Particles (LLP)
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RPV SUSY model: higgsino pair production
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B Search for RPV Chargino and Neutralinos

Charginos and neutralinos (via Higgs decay) with masses
between 150 and 1100 GeV are excluded at 95% CL.
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arXiv:2605.13819

SUSY Searches

Bl Search for pair of top squarks
Top squark mass limits improving 10%: >1060 GeV at 95% CL
Neutralino mass: >560 GeV for m(tl)of 900 GeV at 95% CL
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Hunting for New Particles

B Search for dark Higgs boson (s) in Z’ mediator model > 220 CATLAS Pretminary | — oot
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Hunting for New Particles

g O Swaon 1
W Search for dark photon in Higgs decays (ggF H>vy,) - g-li;—éfﬁ’;‘_ﬁ%,ésm
B Predicted as the gauge boson of dark U(1) group in hidden sector £ o gﬁ;ﬁgg;’;ﬂdw
M Dedicated new trigger improve acceptance x2 —Run3 (2023+2024) 0‘;-;3—
B Primary vertex with dedicated BDT, ., ggi:
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Transforming Flavor Tagging: GN2 = GN3

Briefing: ATLAS enters a new era of jet flavour tagging — powered by Al

B GN3 combines inputs from jets, tracks (with looser selection),
charged/neutral PFO with dedicated initialisation network

before a transformer encoder
B Jet flavor classification for b/c/ud/s/g-jet with 4 auxiliary tasks
B For a given b-jet signal efficiency, significant improvement for
background rejection
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https://atlas.cern/Updates/Briefing/GN2-Jet-Flavour-Tagging
https://atlas.cern/Updates/Briefing/GN2-Jet-Flavour-Tagging
https://atlas.cern/Updates/Briefing/GN2-Jet-Flavour-Tagging
https://atlas.cern/Updates/Briefing/GN2-Jet-Flavour-Tagging
https://www.nature.com/articles/s41467-025-65059-6

@ Impact of Flavor Tagging

E ERIMENT

Himproved sensitivity for better flavor tagging: HH->bbyy, VH (H->bb, cc)
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@ Cosmic-ray Lab with Proton-Oxygen Collisions

EXPERIMENT

B Revealing origins of cosmic rays is a crucial goal in astroparticle physics
B First collider measurement mimicking cosmic-ray atmospheric interactions
B Fiducial p-O (6.8+3.4TeV) cross section consistent with MC (EPOS LHC-R and HUIJING)
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TLAS

XPERIMENT

HION: O+0O and Ne+Ne @ 5.36 TeV

B Centrality dependence of dn/dn or <p;>

v’ Particle multiplicity rises towards central collisions

v" dN/dn ratio: models comparable in central collisions

v’ <p;> ratio:
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B Observation of centrality-dependence p; imbalance

PT,

v' Centrality-dependent dijet p; imbalance X1 = —

PT

v’ Large deviations from pp ref in central collisions
v" New regime for path-length dep. of jet quenching
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Summary and Outlook

»Data: Successful Run3 collected 332 fb™" at 13.6 TeV, more results are coming
»Al/ML: GN transformer flavour tagger greatly enhances physics sensitivity

»Higgs: Precise cross-section, couplings and width; rare decays H>puu (3.40),
H—>Zy (2.50); tight limits on Higgs self-coupling k, and Higgs CPV

» Diboson/VBS: First 3.30 evidence of at least one longitudinal WW scattering;
tribosons WWYy/VVZ observed, strong SMEFT aQGC constraints

»Top & heavy flavour: Observation of toponium quasi-bounding state;
top quark mass, new mesons B_**, X(6900) discovered

»BSM: No SUSY/LLP/dark particle excess
»HION: p-O/0-0/Ne-Ne collision for cosmic/jet-quenching studies

| Thanks for your attention, please stay tuned ! |
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ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: Spring 2026 [Ldt=(36-195)fb"  V5=13,13.6TeV
miss -] ] N
Model ty Jetst ET [ram] Limit Reference
T T T T T T T T T T —T

ADD Gy +g/q Oepry 1-4] Yes 139 n=2 2102.10874

D non-resonant yy 2y - - 36.7 n=3HLZNLO 1707.04147
ADD QBH - 2j - 139 n=6 1910.08447
ADD QBH Teu 1] - 165 n=6 2604.19495
ADD BH multijet - >3] - 36 n=6, Mp = 3TeV,rot BH 1512.02586
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Bulk RS gy — tt 1-2e,u >1b,>1J/4] Yes 140 r/m=30% 2512.17856
2UED / RPP leu  22b >3] Yes 361 Tier (1,1), BAMY) — tt) = 1 1803.09678
SSM Z' — ¢t 2epu - - 139 1903.06248
SSM Z' — 1T 27 - - 36.1 1709.07242
Leptophabic 2’ — bb - 2b - 36.1 1805.09299
Leptophobic Z* — tt Oeu 21b,22J Yes 139 rim=12% 2005.05138
SSM W’ — fv Tepu - Yes 139 1906.05609
SSM W’ — 7v 11 - Yes 139 2402.16576
SSM W' — th 0-1eu 0-1b >1JYes(1/) 139 2308.08521
HVT W’ — W.Z model B 0-2epu 2j/1J  Yes 139 gv =3 2004.14636
HVT W' — WZ — {v{'f modelC 3epu 2j(VBF) Yes 139 gven=1,g =0 2207.03925
HVT Z* - WW model B leyu 2j/1J  Yes 139 gv =3 2004.14636
LRSM Wy — uNg 2pu 1J - 139 m(Ng) < 1TeV, gL = gr 2304.09553
Cl gqqq - 2j - 37.0 L 1703.09127
Clifqq 2epn - - 139 o 2006.12946
Cl eebs 2e 1b - 139 2105.13847
Cl upbs 2p 1b - 139 g = 2105.13847
Cl tttt >teu =21b 21 Yes 36.1 |Cae| = 4 1811.02305
Axial-vector med. (Dirac DM) - 2j - 139 8=0.25, g, =1, m(y)=10 TeV ATL-PHYS-PUB-2022-036
Pseudo-scalar med. (Dirac DM) Qe u, 7,y 1-4] Yes 139 g,=1,g,=1, m(x)=1 GeV 2102.10874
Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 tanp=1, gz=0.8, m(y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 tang=1, g,=1, m(x)=10 GeV 2306.00641
Scalar LQ 1 gen 1e B Yes 140,55 B(S1 —je) =1, 4 =1 2507.03650
Scalar LQ 2"‘1 gen Tu 21 Yes 140,55 B(S) = ju) =1, 45, =25 2507.03650
Scalar LQ 3" gen Oeu  22j,22b Yes 139 BLQY = tv) =1 2004.14060
Scalar LQ 3 gen 22ep 2171 21 ] z21b - 139 B(LQ‘ —tr)=1 2101.11582
Scalar LQ 3" gen Oep =17 0- | 2b Yes 139 LQsﬂbv)—l 2101.12527
Scalar LQ 3" gen =2eut - 140 3(51 — br) =1, dp = 2.5 2503.19836
Scalar LQ mix gen 1e =z1jz1j,21b- 14055 B(§, - be) =1, 4. = 25 2507.03650
Vector LQ mix gen multi-channel =1 j21b  Yes 139 B(Uy — tu) = 1, Y-M coupl. 2306.17642
Vector LQ mix gen le,u 24),21b  Yes 139 B0, - by) 0.5, ¥-M coupl. 2210.04517
Vector LQ 3" gen multi-channel - Yes 139 { =0.5 1y = 2.5 2503.19836
Vector LQ mix gen 1r 1b Yes 140 B(Uy — br) =0.25, 1, = 2.5 CERN-EP-2026-136
Vector LQ 3¢ gen multi-channel >1j,21b - 139 B(0h — tr) = 1, ¥-M coupl. 2401.11928
VLQ TT — Ht/Zt + X leyu 25j,22b Yes 139 SU(2) doublet CERN-EP-2026-131
VLQ XX — Wt/Zb+ X multi-channel 139 SU(2) doublet (X T) 2212.05263
VLQ T — Ht/Zt multi-channel Yes 139 SU(2) singlet, I r/mr=20% 2408.08789
vLQ Y — Wb leu >1j,21b - 139 B(Y — Wb)=1,Ty/my=20% 2506.15515
VLQ B — Hb Qepu =2b, z1j,21J — 139 SU(2) doublet, ['g/mg=20% 2308.02595
VLLT — Zt/Ht multi-channel  =1]j Yes 139 SU(2) doublet 2303.05441
VLL " — Zu/Hp multi-channel - - 140 SU(2) doublet 2411.07143
VLL e — Ze/He multi-channel - - 140 SU(2) doublet 2411.07143
Excited quark g° — qg - 2j - 139 only u* andd*, A = m(q") 1910.08447
Excited quark g* — qy 1y 1] - 36.7 only u* and d”, A = m(qg") 1709.10440
Excited quark b* — bg - 1b1j - 139 A=m(b’) 1910.08447
Excited lepton 27 >2j - 139 A= 4.6TeV 2303.09444
Type lll Seesaw 234epu >2j Yes 139 2202.02039
LRSM Majorana v 2u 2j1d - 139 m(Wg) = 4.8TeV, g = gr 2304.09553
Higgs triplet H** — W*W=* 234 e,u (SS) various Yes 139 DY production 2101.11961
Higgs triplet H** — ¢¢ 234e, 1t (ss) - - 139 DY production 2211.07505
Multi-charged particles - - 139 DY + yy fusion, |g| = 6e 2303.13613
Magnetic monopoles - 138 yy fusion, |g| = 1gp, spin 1/2 2308.04835

gl P TR | 1 " P
= e
- - 10 1 10 Mass scale [TeV]
*Only a selection of the available mass limits on new states or phenomena is shown. 38
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SUSY Searches

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary +5=13,13.6 TeV,36-196 b

March 2026

Model Signature [t '] Mass limit Vs=13TeV  5=13,136TeV Reference
T T T T T — T T T T
i, -] Oe,p 26jets  ENS 140 1.85 mE))<400 GeV 2010.14293
@ mono-jet  1-3jets EMS 140 | § [8x Degen] 0.9 m(G-m(t})=5Gev 2102.10874
'§ 2. 2-qat] Oep 26jets  EPS 140 |g 23 m(E)=0 Gev 2010.14203
] ¥ Forbidden 1.15-1.95 m(i1)=1000 GeV 2010.14293
B e lep  26jets 140 | & 22 m(F})<600 GeV 2101.01629
© 27 zoqqllON) ee, pp 2jets  EPS 140 | E 22 m(i})<700 GeV 2204.13072
@ @2 gogqWzh) Oep T-1Mjets  E7™ 140 (2 1.97 mii}) <600 GeV 2008.06032
.§ SSep 6 jets 140 z 1.15 m(@)-miF")=200 GeV 2307.01094
£ g, o) 0-1e,p 36 EPS 140 | ® 245 m(i{)<500 GeV 2211.08028
SSep 6 jets 140 4 1.25 m(z)-m(¥)=300 GeV 1909.08457
by Oep 26 EPS 140 | B 1.255 m(i{)<400 GeV 2101.12527
T (X1):
by 0.68 10GeV<Am(b, £} )<20 GeV 2101.12527
25 Byby, by —bts — bhi) Oe.pt 6h B a0 |5 Forbidden 0.23-1.35 Am(F2.1)=130 GeV, m(¥])=100 GeV 1908.03122
S 27 2b ERis 140 by 0.13-0.85 Am(ES, £)=130 GeV, m(t})=0 GeV 2103.08189
§ S i i Olepu  >ljet  EMS  q20 |7 1.25 m(F))=1 Gev | 2004.14060,2012.03799
! g i, i—Whi) lep  3jetsb EPS 140 | Forbidden 1.05 m(¥])=500GeV | 2012.03799, 2401.13430
ag iy, | =% by, T) =16 121 2jets/1 b E?i“ 140 i Forbidden 1.4 m(7)=800 GeV 2108.07665
= Q Qf, ok /&, ik Oe.p 2¢  EP® q3g e 0.9 m{E))=0 GeV 2410.17824 +
L] Oep monojet EMS 140 |7, 0.55 mii, 2)-mit])=5 Gev 2102.10874
fify, fi -89, B Z/h] 1-2ep -4b  EPS 140 |G 0.067-1.18 m(¥3)=500 GeV 2006.05880
by, h—-h +Z 3eu 1h Efis 140 |y Forbidden 0.86 m(i)=360 GeV, m(f, }-m(i'})= 40 GeV 2006.05880
FiA) viawz Multiple ¢/jets £ 140 jfz X 0.96 m(¥)=0, wino-bina 2106.01676, 2108.07586
ee, jp z1jet EP™ 140 i 0.205 m(¥1)-m(¥})=5 GeV, wino-bino 1911.12606
IV viaww 2ep EfS 140 | E 0.42 m(i)=0, wino-bino 1908.08215
}fig via Wh Multiple ¢ /jets Ep™ 140 X5 Forbidden 1.06 m(i])=70 GeV, wino-bino 2004.10894, 2108,07586
YK vialL/v 2eu EP™ 140 A7 1.0 m(f #)=0.5(m(¥})+m(i)) 1908.08215
=8 ot 27 £ 140 [ERFERSFRISEess] 05 miE)=0 2402.00603
W= f gipg, i8] 2e.p Ojets  EYi 140 |F 0.7 meE" 1908.08215
e, it zljet  EFS 140 |7 0.26 m(f)-m(¥})=10 GeV 1911.12608
HA, A—hG 26 Oep >3b Eﬁ““ 140 | i 0.94 BR(TY — hG)=1 2401.14922
dep Ojets  Ef's 140 | it 0.55 BR(Y} — 26)=1 2103.11684
Oeu > 2large jets E'™ 140 H 0.45-0.93 BR(F| — ZG)=1 2108.07586
2en >2jets  EPS 140 | @ 0.77 BR(F] — ZG)=BR(Y] — hG)=0.5 2204.13072
X1%7, long-lived t7 Disapp. trk ~ 1jet  ETs 437 xi 0.67 Pure Wino 2603.08315
" i 0.225 Pure higgsino 2603.08315
§ S Stable g R-hadron pixel dE/dx Emiss 140 E 29 2502.06694 t
-'c"»% Metastable g R-hadron pixel dE/dx E‘T"i‘s 140 & [r(g) =10ns] 22 m(E)=100 GeV 2502.06694 +
5 3 i, -G Displ. lep EP'™ 140+56 &t 08 r(f)=0.1ns 2410.16835
= ) T 0.39 ) =0.1ns 2410.16835
pixel dE/dx  di-trk EP'S 140 4 0.56 w(f)=10ns 2502.06694
e 3en 140 Pure Wino 2011.10543
VOV IS - wwpzeceow 4eq Ojets  EPS 140 m(F})=200 GeV 2103.11684
8, a—aqt) X — qqq =8 jets 140 2.34 Large 47, 2401.16333
~ i, i), A o bs Multiple 36.1 m(?}=200 GeV, bina-ike | ATLAS-CONF-2018-003
& if, ib¥1, X7 — bbs >4b 140 Forbidden m(¥T)=500 GeV 2010.01015
iy, [j—bs 2jets+2h 36.7 0.61 1710.07171
i, i—qt 2epu 2b 140 0.4-1.85 BRIF, —be/bu)>20% 2406.18367
1p DV 136 16 BR(f; —qy)=100%, cosf,=1 2003.11956
VIR R0, —tbs, i —bbs 12eu  2Bjels 140 |8 0.2-0.32 Pure higgsino 2106.09609
*Only a selection of the available mass limits on new states or : T New results since
. ’ L L L N L MR L L L
phenomena is shown. Many of the limits are based on ) July 2024
simplified models, c.f. refs. for the assumptions made. 10 1 Mass scale [TeV]
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ATLAS Long-lived Particle Searches* - 95% CL Exclusion
Status: Spring 2026

[£dt =(32.9-164) o

ATLAS Preliminary
V5 =13,13.6 TeV

Model Signature  [Ldt[b7] Lifetime limit} Reference
RPV  — uq displaced vtx + muon 136 | t meti.I-ne ' ' m(t)= : 4 TeV I 2003.11956
RPV F — ub displaced vix+ muon 164 | { Iifetime . o001530m m{)= 1.4 TeV 2603.01991
APV celeulis dspmcodepnpar 140 | 2 tetime W omEem mo-2oweGh-or | 200005008
APV a0 dspcedvcs s 120 | 2 teime S somsom o 2301300
GGM ¥ - Z& displaced dimuon 329 | ! lifetime _ m(g)= 1.1 TeV, m(73)= 1.0 TeV. 1808.03057
GMSB non-pointing or delayed y 139 | i} lifetime _ m(, G)= 60, 20 GeV, By=2% 2209.01029
GMSBF — (& displaced lepton 139 | 7 ifetime . &750mm m(f)= 600 GeV 2011.07812
GMSB % — 76 displaced lepton 139 | # lifetime . 920mm m(%)= 200 GeV 2011.07812
GMSE % s 1& disappearing track 137 | # lifetime . 003624m m(7)= 200 GeV 2603.08315
AMSB pp — 770,77 7;  disappearing track 137 | i lifetime  00633.0m mii§)=700 GeV 2603.08315
AMSB pp — 70,777 large pixel dE/dx 139 | ¥} lifetime [ 03300m 1 mii)-600Gev 2205.06013
Stealth SUSY 2 MS vertices 36.1 | S lifetime Coast9m  B(g—5g)= 04, m(#)- 500 GeV 1811.07370
Split SUSY large pixel dE/dx 139 | g lfetime [[So4m  me)-iewum@E)=i006eV | 220506013
Split SUSY displaced vix + Efss 137 | & lifetime S 00038im m(#)= 1.8 TeV, m(73)= 100 GeV 2603.12051
Split SUSY 062-6jets+EP= 361 |glfetime  po2im m(#)= 1.8 TeV, m(i9)= 100 GeV ATLAS-CONF-2018-003
H-SS 1,2 MS vertices 140 | S lifetime ©0d4382m  m(5)=35GeV 2503.20445
H-SS 0 - 2¢, =1 low-EMF trackless jets 140 | § lifetime  009511.0m m(S)=35GeV 2407.09183
H-5S 0 -2 + =1 displaced vertices 140 | S lifetime o tatamm m(5)= 40 GeV 2403.15332
FRVZ H — 2y4 + X 2 p—jets 139 | ya lifetime . 0654-939mm miyq)= 400 MeV 2206.12181
FRVZ H — 4y + X 2 -jets 139 | yq lifetime . 2753mm m(ya)=400 MeV 2206.12181
H— 2424 displaced dimuon 32.9 | 24 lifetime | 0009-240m  m(Z)=40GeV 1808.03057
H— ZZy 2 e,u + low-EMF trackless jet 36.1 | Zy lifetime  o2t52m m(Z,)= 10 GeV 1811.02542
®(200GeV) » SS  0-2(, =1 low-EMF trackless jets 140 | S lifetime  oa51130m o x B=1pb, m(5)= 50 GeV/ 2407.09183
(200 GeV) — S S 1,2 MS vertices 140 | S lifetime | 0465325m  oxB—1pb m(S)=50Gev 2503.20445
®(600GeV) » 55 0-2(,>1 low-EMF trackless jets 140 | S lietime [[oazs2am  axB—1phm(S)=150GeV 2407.09183
B(B00GeV) — S S 1,2 MS vertices 140 | S lifetime © 0211000m  oxB=1pb m(5)=150Gev 2503.20445
®(1TeV) >SS 0-2f, >1low-EMF trackless jets 140 | S lietime [0d2343im  oxEB=iph m(5)=275GeV 2407.09183
D1 TeV) > 55 1,2 MS vertices 140 | S lifetime ©03081000m  oxB=1pb m(5)=275GeV 2503.20445
W — NON = by displaced vtx (pupe, ee) + ¢ 139 | N lifetime m(N)= 6 GeV, Dirac 2204.11988
W — NE, N - v displaced vtx (pu.pe, ee) + 1 139 | N lifetime m(N)= 6 GeV, Majorana 2204.11988
W = NE, N — by displaced vix (uupe, ee) + e 139 | N lifetime m(N)= 6 GeV, Dirac 2204.11988
W — NE, N - iy displaced vix (uuue, ee) + e 139 | N lifetime m(N)= 6 GeV, Majorana 2204.11988
W — N, N — 6y displaced vix (uupue, ee, Inad) + 4 140 | N lifetime m(N)= 1 GeV, Dirac 2503.16213
W — N¢, N - ¢y displaced vix (up.ue, ee, had) + 4 140 | N lifetime m(N)=1GeV, Majorana 2503.16213
W — NE, N — £6v  displaced vix (uu,ue, ee, Ihad) + e 140 | N lifetime m(N)=1GeV, Dirac 2503.16213
W — N¢, N — ¢fv  displaced vix (uu e, ee, Ihad) + e 140 | N lifetime m(N)=1GeV, Majorana 2503.16213

0.0001 0.001 0.01 0.1 1 10 100 cT [m]
*Only a selection of the available lifetime limits is shown. 0.001 0.01 0.1 1 10 100 1000

‘tExpressed as the speed of light (c) times lifetime in the particle’s rest frame (7).

7 [ns]
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EFT and New Physics

> Effective Field Theory (EFT), SM (Wilson coefficients f,= 0) + BSM operators

6) f(8) f: Wilson coefficients
Log = Lan + Z Ji @) R A: Scale of new physics (~TeV)
A,i-l J O®): Dimension-6 operators

@ J
» Constrain BSM operators via anomalous TGC or QGC.
» Dim-6 operators affect Triple-Gauge-Couplings (TGCs) at low energy
» Dim-8 operators control Quartic-Gauge-Couplings (QGCs) at high energy
Eboli-Gouzevitch basis: Tensor (T-) / Scalar (S-) / Mixed (M-) operators

» SM predicts QGCs that contain at least two charged W: wWwww, WWzz, WWyy, WWZy
» QGCs with pure neutral bosons (2277, 7277y, ZZyy, Zyyy, yyyy) are SM-forbidden
Anomalous QGCs serve as a powerful probe for new physics BSM.

The aQGC altered with dimension-8 operators are shown with X.

WWWW WWZZ ZZZZ WWyZ WWyy ZZZy ZZyy Zyyy yvyyy

O®): Dimension-8 operators

Os0, Os1 X X X

Oumo- Opmi> Opm7 X X X X X X X

Or2, Op3z, Opa, Ops X X X X X X

Oto, OT1, OT> X X X X X X X X X

Orts5, OT16, OT7 X X X X X X X X
X X X X X

Org, Ot
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SMEFT Dim-8 Operators

fM: IT.
OM“’: T Z A4 OT*j

i=0 j=0,1,2,5,6,7,8,9

e Contribution of operators with covariant derivatives only (Scalar field):

e Contribution of operators with Gauge boson field Os.0 = [(D“¢)+(Du®)] x [(D*®)T (DY ®)],
Os.1=[(D,®)" (D' ®)] x [(D,®) (D' ®)],

Or.0 = Tr[W,, W] x Tr[Wes W], ) )
Os2»=[(D,;,®)" (D, P)] x [(D"D)" (D" D)].

Or.1 = Tr{Wa, WP x Tr[W, s W],
Or2=Tr[Wy, W“ﬁ] < Tr [Wﬁv Wy, ﬁe]:] )(:Iont:ribution of both operators with covariant derivatives and field strength tensors
Or.5 =Tr[W,, W] x BygB*’,
Or.6=Tr[Wy, W] x B,z B*",
Or.7=Tr[W,, W""] x Bg, B",

Opm,o=Tr[W, W] x [(Dgd) (DF d)],
Op,1 = Tr[Wu, W] x [(Dgd)" (D D)),
Om2 =B B"' 1 x [(Dp®)" (DP @)1,
Or.8 = By B"' Bug B, Op3 = [Buy B x [(Dp®) (D" ®))]
Or.9 = By, B"P Bg, B, Op.4=[(D®) W, (D* )] x BF”,

Oum.s =[(D,®) Wg,(D'®)] x BP* +h.c,

Om7 =[(D, D) Wg, W (D" ®)).
V. Ari et.al. NPB 989 (2023) 116133 m.7 =D @) Wy WD ®)]
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vy

Zyy—tltyy

Wyy—=tvyy

WWy—evuvy
WZy—-evuvy

WWW, (tot.)
WWZ, (tot.)
Hjj VBF

Wij EWK
Zjj EWK

Zyji EWK
Wyjj EWK
vy - WW

(WV+2ZV)jj EWK

WHTW-jjewk
WEW=jj EWK
WZjj EWK
ZZjj EWK

SM Productions at LHC

VBF, VBS, and Triboson Cross Section Measurements siius: June 2024

o =726+6.5+9.2 fb(data)
NNLO (theory)

o =2.45+0.2 +0.22 fb (data)
Sherpa 2.2.10 NLO (theory)

(r_50?+073 0.68 + 0.42 - 0.39 fb (data)
MCFM NLO (theory)

o =138+1.1+21-2fb (data)
Sherpa 2.2.10 NLO (theory)

o =61+11-1+1.21b(data)
MCFM NLO (th euryj

o=15+00:051 k
VBFNLO+CT14 (NLO) (theory)

o =201+0.3 +0.16 fb (data)
Sherpa2.2.11 (NLO) (theory)

o =0.82+ 0.01 + 0.08 pb (data)
NLO QCD (theory)

o =230 + 200 4 150 - 160 fb (data))
Madgraph5 + aMCNLO (theory,

o =0.55+0.14 + 0.15 - 0.13 pb (data)
Sherpa 2.2.2 (theory)

o =386+ 0.29-0.28 + 0.37 - 0.33 pb (data)
LHC-HXSWG (theory)

o =243+0.5-0.49+0.29 - 0.31 pb (data)
LHC-HXSWG YR4 (theory)

o =435+6x9 Ib (data)
Powheg+Pythia8 NLO (theory)

o =374+35+55 fb (data)
Herwig7+VBFNLO (theory)

o =10.7+0.9 +1.9 fb (data)
PowhegBox (NLO) (theory)

o=36405+05"f

ATLAS Preliminary

Vs =8,13 TeV

Theory

LHC pp Vs =13 TeV
_ Data
stat
stat & syst

LHC pp s =8 TeV
Madgraph5 + aM\ dNL(% (theory) - Etztfa

o =11405+0.4 fb (data) taf @ aye
VBFNLO (theory) stat @ syst

o =13.2+0.97 + 1.53 fb (data)
Madgraph5 + Pythia8 (theory)

o =3.13+0.31 + 0.28 fb (data)
MG5.aMCNLO+Pythia8 x Surv. Fact (0.82) (theory)

o =6.9+22+14fb(data)
HERWIG++ (theory)

a'—451:86+159 14.6 fb (dat; g
Madgraph5 + aMCNLO + Py1h|a (theory)

o =2.7+0.34-0.32 + 0.39 - 0.36 fb (data)
PowhegBox (theory)

o =2.92+0.22 +0.19 fb (data)
Madgraph5 + aMCNLO (theory)

o =15+0.5+0.2fb (data)
PowhegBox (theory)

o =0.368 + 0.037 + 0.059 fb (data)
MadGraph+Pythia8 (theory)

o =0.29+0.14-0.12 + 0.09 - 0.1 fb (data)
VBFNLO (theory)

o =0.82+0.18 + 0.11 fb (data)
Sherpa 2.2.2 (theory)
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ATLAS Detector

e Bridge between large (Pb+Pb) and small (pp, p+Pb) systems
o Is QGP production and evolution smooth with transverse size down a proton?
o Increasing role of viscosity & fluctuations as size shrinks
e Direct probe of nuclear structure
o a-clustering structure of 'O
o Elongated ("bowling-pin") deformation of 2°Ne
e New testing ground for jet quenching
o Path-length dependence of energy loss
o Central OJ+O = cleaner geometry than peripheral Pb+Pb

TGlauber MC v3.2 TGlauber MC 3.2 TGlauber MC V3.2 TGlauber MC v3.2
Po+Pb @ 536 TeV Xo+Xe @ 5.44 ToV 040 @ 5.36 TeV p+Pb @ 8.16 TeV.
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ATLAS Online Luminosity
Excluding vdM scans

p-0

I LHC Delivered:  8.13 nb
[ ] ATLAS Recorded: 7.84 nb™
[ ] Good for Physics: 7.76 nb™
0-0

I LHC Delivered: 8.24 nb
[ ] ATLAS Recorded: 8.16 nb™
[ ] Good for Physics: 8.08 nb™
Ne-Ne

I LHC Delivered:  1.06 nb™

[ ATLAS Recorded: 1.05 nb™ r

OATLAS

EXPERIMENT

4 primary vertices .
<u>=3 ‘s
‘NS

vV 4 o 20/06 27/06 04/07 11/07
Day in 2025

Total Integrated Luminosity [nb™] "~

uone.iqied Ge/L

I Good for Physics: 1.03 nb™
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