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The Standard Model

e Most complete theory of fundamental particles and their

interactions.
e Remarkable agreement with existing data
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The incompleteness of the Standard Model

e  However the Standard model lacks an explanation for known natural [
phenomena t
o  QGravity & e
o  Dark matter/energy e

o Neutrino mass and oscillations
o  Matter-antimatter asymmetry
e In addition it would be nice if the Standard Model came with
o  An explanation to the hierarchy problem
o  Fewer free parameters, or an explanation as to why there are so .
many Energy (GeV] ey oo
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[ emgmmepe st i “It 1s as though we see a pencil standing on its tip in
Ef“'“i"\ )JJV\\/ o 4 the middle of a table. While this scenario is not
impossible, if we were confronted with this sight we
s aev would seek an explanation, looking for some
iy G480 ey — mechanism that stabilizes the pencil and prevents it

e mass - 100 from falling over. For instance, we might look to see
if the pencil is secretly hanging from a string

[\ ‘ attached to the ceiling.” - N. Arkani-Hamed (link)
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https://www.amacad.org/sites/default/files/publication/downloads/Su2012_Science-in-the-21st-Century_Arkani-Hamed.pdf

What could lie beyond the Standard Model

e New models predicting heavy vector e Dark matter candidates
particles o  WIMPs (fermiphobic Z’, SUSY

neutralino, higgsino, etc.)

|

q L Higgs as a portal connecting SM to
7 IKK dark matter (2HDM-+a, dark photons,
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“Standard disclaimer: this talk will not be a comprehensive review of constraints from ATLAS on all BSM models explored across the
ATLAS search program, rather a few highlights from the past year, with preference given to searches employing novel techniques 4



Where can we look beyond the SM*

Neutrino and Cosmic Ray Collider Experiments Others
Observatories

e “Factories” for heavy Dark matter

Understand origin and particles - W, Z, t, H, observatories (LZ,

: BSM(?)
spectra of cosmic rays DEAP, etc)
Their interactions in the ATLAS, CMS, LHCb,

atmosphere ALICE, Belle I, FASER Many more

*a few examples, with overlap




The ATLAS Detector

General purpose
e Inner detector: charged particle trackstmomentum measurement
e Hadronic and electromagnetic calorimeters: energy measurement
e  Muon spectrometer: muon momentum measurement
e Solenoid and toroid magnets: track curvature for momentum
measurement

barrel New Small Wheel (NSW)

- B N barrel toroid magnet
muon chambers muon chambers

endcop

muon chambers inner detectors

endcap toroid
magnet

endcap calorimeters

barrel electromagnetic calorimeter

solenoid magnet
barrel hadronic calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic
Calorimeter

Solenoi

Two-tiered trigger system

e 40 kHz collisions*

e L[1: hardware based, input from
calorimeter and muon
spectrometer. 100kHz rate
HLT: Full detector granularity. 1.7
kHz rate

*40kHz bunch crossing rate - not every bc has protons




Avenues to new physics in ATLAS

Resonant Searches Unconventional Signatures / Measurements of SM
S— processes + Effective Field

LB AL
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Search for ttbar resonances

CERN-EP-2025-281

e  Multiple models predlct ttbar resonances

Sl S i

e Searchin 1 and 2 lepton final states completes the run 2 Z’ search program
e Include boosted (“merged”) topology to increase sensitivity

o Use machine learning to identify jets from high p' top quarks

o Use I and 2 lepton signal regions, further divided by presence of

" ATLAS Simulation -~ Resolved

Q
Q
1 <
resolved or merged jets < 02f {5-13 TeV " Merged ]
E F Zqep—tt —— Resolved+Merged
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-49/

Search for ttbar resonances

e . . 10"
e (Complementary sensitivity to all hadronic § i} amas tepton channel evaa O ]
8 1p°f Vs=13TeV, 140"  Postit [Singletop [ V+jets 1
SeaI‘Ch E 107 rSR:isolved i SR;ebsolved i gR™eeed [JOther Bkg. 77 Uncertainty ]
. . § 108 . H 1
e Limits shown for g, but also set for G, g :
and Z° ;
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multiple analyses with full run 2 data —
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-49/

ew Heavy Resonances

Broad ATLAS heavy particle search program
covering many models predicting heavy
particles

o  Extra dimensions
Heavy Vector Triplet
Contact interactions
Dark Matter
Leptoquarks

.many more
Updated summary including run 2 and partial
run3 results (140 fb!, 55fb 1, 165fb!)
Full Run 3 dataset recorded (300 fb™!):
exciting results to come!

O
O
O
O

O

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Spatie s .
Status: Spring 2026 [Ldt=(36-195)b"  V5=13,13.6TeV
. Emiss
Model Cy  Jetst ET™ [ram) Reference
T T T
. ADD Gyx + 819 Oepty 1-4j  Yes 139 Mo 1M2TeV n-2 2102.10874
c /ADD non-resonant yy 2y == - 36.7 Ms 8.6 TeV. n=3HLZNLO 1707.04147
g ADD gBH 2j 139 | Mu 94TeV n-6 191008447
3 1 E‘U 1 - 165 My, 94TeV -6 2604.19495
ADD BH wu\luel 23j - 36 Mu, 96TeV n -6 Mp— 3TeV,rotBH 1512.02586
g > 2y 139 | Giacmass 45TeV. K =01 210213405
& B R - > Wwizz ol channe\ 1 | G mass. 23TeV & 180802380
Buk RS gy — u >1b>1J4] Yos 140 [mocmass 41Tev 251217856
2UED/RPP i W 22b>3) Yes 361 |Kkmass 18Tev Tortin a(/w Dom=1 180309678
SSMZ' — it - 139 Z mass. 5.1 Tev 1903.06248
] SSMZ' -t - 36.1 Z' mass 2.4Tev 1709.07242
S Leptophobic Z* — bb. - 2b = 36.1 2’ mass. 21Tev 1805.09299
Leptophobic Z* — tt Oep 21b,22J Yes 139 2’ mass il rim=12% 2005.05138
§ SM W’ — (v leu = Yes 139 W' mass. 6.0 TeV. 1906.05609
o SSM W — v 17 . Yes 39 W’ mass 5.0 Tev. 2402.16576
S ssMW b 0-1e, /1 0-1b,>1JYes(1f) 139 | W mass 4.6 TeV. 230808521
T HVT W’ — WZ m 02e, 2j/14 S W’ mass. 4.3Tev &= 2004.14636
S HVT W' WZ — /» ('/' model C 3 e, H 2j(VBF) Yes 139 W’ mass 340 GeV' gven=1,g=0 2207.03925
VT 2/ WW model B 2)/1J Yes 139 |Z'ma 39Tev =3 2004.14636
LHSM W~ — uNg 1J — ‘W mass. 6.4TeV m(Ng) <1TeV. g1 = gr. 2304.09553
Clqqqq 2j 37.0 A 21.8TeV 1703.09127
= | Cliiqq 2ep 139 | A 3BTV 2006.12946
O GCleebs 2e 1b = 139 A 18TeV 210513847
Cl ppubs. 2u 1b 139 A 20TeV 2105.13847
| 21eu 21b21j Yes 36.1 A 26TeV 1811.02305
Axial-vector med. (Dirac DM) - 2j - 139 Mined. 38Tev ATL-PHYS-PUB-2022-036
= Peudoscalar med. Do DM) Dewry 141 s 13 I 376 GeV 02108
S vector M (Dirac DM) O e, 2b Yes 139 |ma 30Tev 2108.13391
Pseudo scalar med 2HDM+a _multi-channel 139 ms 800 GeV 2306.00641
Scalar LQ 1** gen LQ, mass 2507.03650
Scalar LQ 2" gen LQ; mass 2507.03650
Scalar LQ 3 gen LQ; mass 12TeV 200414060
Scalar LQ 3 gen L0y mass 210111562
Scalar LQ 3 gen Ly mass 210112527
S Scalar Q3 gen LO; mass 2503.19836
Scalar LQ mix gen 1O, mass 2507.03650
Vector LQ mix gen LO; mass 2306.17642
Vector LQ mix gen LG mass 221004517
Vector LQ 3'4 gen LQ3 mass 2503.19836
clor LQ mix gen b 1Oy mass y CERN-EP.2026.136
Vector LQ 34 gen multi-channel >1j. 21b 139 LQ; mass B(lh = ) =1, VMcnupl 2401.11928
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S E Excited quark g* — qy 1y 1] - " mass 53TeV only u’ andd”, A= m(q’) 170910440
W8 Exited quark b - bg. 7 b1 - 139 | bt mass 32TeV A= m(b) 191008447
Excited lepton 7’ 27 >2j — 139 * mass 4.6 Tev. A=46TeV 2303.00444
Type Ill Seesaw 234epn 22j Yes 139 N° mass 910 GeV 2202.02039
LRSM Majorana v 2u 2j1y = 139 Ng mass. 3.6TeV We) = 48TeV. g, = g 2304.09553
5 Higgs triplet H** — W*W* 234eyu (SS) various  Yes 139 H*: mass 350 GeV DY production 2101.11961
£ Higgs triplet H** — ¢ 234e, ,, (SS) - 139 (£ mass 1.1TevV DY productic 2211.07505
3 ulti-charged particles - 139 | muticharged partcle mass 16 TeV DY +y fusion, | 230313613
Magnetic monopoles - 138 ‘monopole mass 36Tev v lusion, |g| = 1go. spm 1/2 .04¢
V5=13TeV 5=13TeV v’.ms'rev 5=13,13.6 TeV L T L
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New summary plots
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-004/

Dijet resonant search with Trigger Level Analysis

e Reach of dijet resonance search is limited by the HLT
threshold: below 500 GeV dijet mass, rate + event size

exceeds HLT bandwidth
n M
g — Standard Model
A Selected for analysis
* — New Physics?

I
1

L1 HLT Et
threshold threshold

e Trigger Level Analysis (TLA): limit event size to
readout at lower threshold
o  Full event size: ~1MB
o Partial event with limited jet info: ~6kB

Phys. Rev. D 112, 092015

= I ‘ 3

B o ATLAS |

107 En °, . E_

E oL : '.. Vg =13 TeV E

108 = ®e, Dijet events =
<24 3

> =}
K 10° o, PP EiS GeV =
= “on, ly*|<0.6 3
£ ot "y i
$ 10 E
> =
w .

e Trigger-level jets (J100), 132 fb™!
o Trigger-level jets (J50), 15 fbo’
—— Offline jets, 140 fb™

2,
_|_|-|'|T|T|'| IIII|'|T|'| IIIII|T|'| TTTIT

1 1 1 1 1 1 I 1
400 500 600 1000 2000

m, [GeV]

Challenge:
e  Statistical precision not matched by

simulation
e Limited information for jet calibration

11



https://journals.aps.org/prd/abstract/10.1103/15p2-bkg8

Solution:

e (Custom jet calibration

e Data driven background estimate: 6
degree polynomial in dijet mass

ATLAS Vs=13TeV « Data (J100), 132 fo’’

Ansatz fit
p(x?) =0.17
p(BH) = 0.27
% o Z'.gq=0.1.ox500
(O] m, = 1000 GeV
@
c
8 = Data (J50), 15.0 b’

— Ansatz fit
p(x?) = 0.22

p(BH) = 0.55
o Z'.gq=0.1,cx500

Significance

400 500 600 1000 2000 3000

Dijet resonant search with Trigger Level Analysis

Results:

e 7’ limits: 0.4-0.11: improvement over existing

limits in mass range

e Model independent limits on cross section x
acceptance x branching ratio to jets

ATLAS Preliminary
1.00F /s = 13 TeV, 15-140 fb!
October 2025

&q

0.50F
0.40F

030
0200 ]

0.10¢

0.05f

004' Axial-vector mediator] 132 fb

my =10 TeV, g, =1.
0.03L.

100 30 1000 2000

mz . [GeV]

95% CL upper limit
m—— Observed

| == Expected

Resolved dijet + ISR

140 fb'; PRD 110 (2024) 032002
Boosted di-b-jet + ISR

80.5 fb™; ATLAS-CONF-2018-052

" B Dijet + lepton

139 fb'; JHEP 06 (2020) 151

Dijet angular

37 fbl; PRD 96 (2017) 052004

Di-b-jet

139 fb™; JHEP 03 (2020) 145

24.3 fb!; PRD 98 (2018) 032016
—— Dijet TLA

15.0, 132 fb’}; arXiv:2509.01219

- = tt resonance (1L)

36.1 fb™; EPJC 78 (2018) 565
= tt resonance (OL)
139 fb'; JHEP 10 (2020) 61
Dijet
139 fb™'; JHEP 03 (2020) 145
Boosted dijet + ISR (v7)
140 fb'; JHEP 01 (2025) 099

ATL-PHYS-PUB-2025-041

See also: di-jet resonant search using pileup collisions

12


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-041/

Search for Dark Photons (H — vyy,)

Y, gauge boson of an additional U(1),, gauge group in dark ATL-COM-PHYS-2026-083

[ J
sector . . . ATLAS Pre"minary —e— Observed limit (95% CL)
o  Potential candidate for positron anomaly (a la AMS) T, fA ~--= Expected limit (957% CL)
® v, escapes the detector undetected: VE=13.6TeV, 135 b g Eizzzzzg ::2:: i;g
o  Uncovered phase space: y + missing transverse H-yvq
momentum signature 7 Obs.  Exp.
o  Signature of multiple BSM models Run 2 ZH channell- + ' 23 28
e  ATLAS search enabled by new topological trigger i :
o pTY > 50 GCV, ETmiss > 70 Ge\/-’ MT > 80 GeV Run 2 VBF channel— . # 1.8 1.7
o  2x increase in signal acceptance Run 2 combined|~ +: 13 15
e  Background from incorrect vertex identification |l
O  Suppress with BDT g v rungr camel N e
& 02 s H Run 2 + Run 3 combined|— 0.9 0.9
o AT e
E g::: m: i?ﬁ:gpzv E g i 95% CL upper limit on By, [%]
R ook ol
0.1 E Results:
o e e BR(H— yy,) <1.4% at 95% CL
ik e e Lo ® Run2 + Run3 combination: BR(H— yy,)

L
(™

PRTETEUE RS L arir . ""7"!5 Lo | L Lok ]
—Q)A -03 -02 -0.1 0 01 02 03 04
BDT, o0 ScOre

<0.9% at 95% CL

13



https://cds.cern.ch/record/2955266/files/ATL-COM-PHYS-2026-083.pdf

Supersymmetry

e SUSY is a strongly motivated BSM model

e Connects SM fermions and bosons with “super partners” e Solves hierarchy problem
for dark matter

&4 g e Interested in plane of M(LSP) and

=N M(NLSP
GO\ ENE) R
V) Z° ) g0 o0
S A \JI\A/ ; \X_/\:i/ pp - 49, § aqﬁ if (HW %) Vs=8, 13 TeV, 20.3-139 fb™ March 2026
\ > AN P SO T A imits et es% oL
e T ) W) X 8 1200/ ATLAS PreI|m|nary — o
YO ENE) oo iy Rttt
SN ‘ .
E 1000 — ]
: : = () leptons
800 - — 21 TYXN 2010.14293
I~ Y — lepton
ATL-PHYS-PROC-2022-O3O : ] r rx’izwmowsza
600 __| == 0-1lepton
e Neutralinos and charginos formed from mixing of SUSY - J e
partners of W, H and B fields oo =
0012 "I_‘mu) L(m(@)m(%0))
'

600 800 1000 1200 1400 1600 800" 2ooo 2200
m(g) [GeV]

SUSY Summary plots: 2026 14



https://cds.cern.ch/record/2809389/files/ATL-PHYS-PROC-2022-030.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-003/

Looking for Supersymmetry Via Disappearing Tracks

e Disappearing tracks
motivated in multiple BSM
models

o SUSY
o  Minimal dark matter
models

e Signature

o ISR Jet

o  Soft pion or lepton

o BSM disappearing
track!

e Challenge:

o Large background
from fake tracks

J

-
-
-

-~
~
~
T

_

,4(}*

‘i‘*é
_

A wm wm

— Signal tracklet

— Soft track
- - Not reconstructed

[ -
-
[

-

arXiv:2603.08315
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https://arxiv.org/pdf/2603.08315

Looking for Supersymmetry Via Disappearing Tracks

. % ATL‘AS ® Data %4 Total Bkg. 7Fake(racklel_§
: : EMiss I Vs=137TeV, 137fb" [l Hadron [ Muon Electron
. T Post-fit ===+ Higgsino 250 GeV, 0.04 ns
Be'tter' signal efficiency vs. background — [CeV] w3
rejection by _ . o - oUSS S o 107w
o  Veto tracklets in nearest strip layers Sing ET SR"f?'ff 1
o  Veto tracklets matched to energy Widdie s '§E4M‘d 150
deposits in calorimeter o .
o Add 3-hit tracklets and soft-pion Low £7' S " _
1 aus pr [Ge 2
tagging . B 10 High pr i
e  Complex data driven background estimate Calo-Side 5 - Faksitich °
. . T T Hadron R|¢:hE o Low Pr 8
(12 control regions in E* ., tracklet p* and Calo-Veto Hadronich, 5
tracklet ET . plane) jFake Rioh. ' 3
cluster :
i:‘i?,"i?ig,’i;‘i production, Higgsino
= REEE N AT N R R R R R E R s R
3 b TS oAb Results:
— 0.45[ {s=13TeV, 137 fb" s Expected 85% CLImit (£ 104,) o . . .
o T ATLAS EPJC 82 2022) 608 (Obs) e Best sensitivity for pure-higgsino mass exclusions
H - g =S =+ Theoretical line for pure higgsino |
'E 0.4 g e 225(250) GeV observed (expected)
< o35k \ .
03F TG = Outlook:
o 255_, E e Larger pixel radii and pixel separation in run 4 -
: S diminished sensitivity for shorter lifetime BSM
L e [ e O O 0 O e e O ey e iy .
000 150 200 250 300 350 400 450 500 e Need creative use of the new detector!

m (7%) [GeV]



Closing the Compressed SUSY Gap

;. 50 : . . . . . . . . | . . . . Ma?/ 202.0
e Consider lightest SUSY particles are a triplet of S, ol ATLAS pminary A
higgsino-like states with mass splittings Am ~ 300 = TteeL PP BB XN Y (Higgsino)
13 99 t 10 b o All limits at 95% CL -
MeV (“compressed mass spectra”) e — Observed imits ]
e . . ¥ - Y -- Expected limits E
e Mass splittings <400 MeV: disappearing track % S ' ’ 7
e Mass splittings 300-1500 MeV: displaced track 4 L[ 1
searches
o still constrained by LEP [1] e A oo M i O
O Leptons tOO IOW'pT for lnner deteCtor (pT ~ 05 __ ‘Il_'ﬁ:cfr;(tfc:(;lrl;i(?:uon for pure Higgsino ]
Am) | | | 0 p LSRR s g
o  Higgsino too short lived for disappearing track 100 150 200 250
e Possible to close the gap? m(x¥) [GeV]

SUSY Summary plots: 2020
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https://lepsusy.web.cern.ch/lepsusy/www/inoslowdmsummer02/charginolowdm_pub.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ATLAS_SUSY_EWSummary_higgsino/history.html

Closing the Compressed SUSY Gap

e  Search for electroweak higgsino pair production

o  Decay to stable neutralino (LSP) and SM particles ’
e Am ~ 1-3 GeV: neural network electron and muon “taggers” (1L + 1 P 2
Track)
o ELectron p' thresholds: 4.5 GeV — 0.5 GeV b P
o Muon p! thresholds: 3 GeV — 1 GeV p I
o  Both Dedicated calibration! 7t
e Am ~ 0.3-1 GeV: neural network to identify track from soft pion
(displaced track)
e Require one jet: increase MET for trigger R el B SISt AN
e  Data driven background estimate s -~ e Y5 - ]
o Z(w)+jets SEH 13 P
@) Wi(l'i v) +jets N 1:4: T amas : : 1072? .. ATLAS Rl
e  Use machine learning (pNN) for signal vs background 105, T Lo,w iletttks(:fgu,m 4 ‘°€‘ L°+w immtkk ::;gsu;
E ¥ Fake e tracks (W-+jets) E b 4 Fake u tracks (W-+jets)

ReLU activ. ReLU activ.
(L1,L2)=(1e-3,1e-3)

(L1,L2)=(1e-3,1e-3) .
Input layer Hidden layer 1 Hldden Iayer6 O:tpuTIayer aerV:zS 1 1 .20042

a7 (64) 0} 18

10°° - I 1 1 J 104 L L L I I i
0 1 2 3 4 5 0 1 2 3 4 5
Track P, [GeV] Track P, [GeV]
pNN
16 kinematic score
. 5 Sigmoid
variables : activ;



https://arxiv.org/abs/2511.20042/Atlas/GROUPS/PHYSICS/PAPERS/HMBS-2024-65/

Closing the Compressed SUSY Gap

PP — XiX;s x1 x1 2 X9%5 (Higgsino) Vs=13 TeV, 137-140 fb" March 2026

— — T, T
> 30F < Al limits at 95% CL
O, o0 | = Observed limits
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Beyond Model Dependent Searches: Anomaly Detection for Semi-visible jets

e Data driven way to explore the unknown
unknowns in BSM searches

e Trade off in performance in dedicated
search to sensitivity across wider range of

models . [ / |
e In this paper: supervised ML (model : W e
dependent) and semi-supervised (model :
dependent)
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Beyond Model Dependent Searches: Anomaly Detection for Semi-visible jets

e Model dependent search: best limits on
semi-visible jets signal
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Looking Ahead

e Presented a small selection of searches for and constraints on BSM physics from ATLAS
e In coming years we’ll have the full run2+run3 dataset (450 fb™!) and the beginning of run
4 with a very new detector!
e Perhaps even more exciting is the wealth of new creativity and techniques in the ATLAS
collaboration
o Creative ways to reach new phase space
m Topological triggers
m TLA
m Dedicated object and event reconstruction
o Novel approaches in machine learning, including anomaly detection
e While BSM physics is elusive, there are plenty of excesses to follow up
o (Goal of the ATLAS search program: leave no stone unturned
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Beyond Model Dependent Searches: Anomaly Detection in multilepton final states

e Many BSM models produce
multilepton final states
o  Vector-like leptons (VLLs)
o SUSY
e Anomaly detection outperforms
dedicated search for some
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Backup: The mner detector
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