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About me

e ATLAS Exotics convener

e Former ATLAS LHC LLP WG convener

* Long ago, PhD student on CMS at IC
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About me

‘Voodoo IS

voodoo’ |
The Imperial College '

CMS office at CERN
last December

Portait drawn by Imperial
g CMS post-doc Yassine
Haddad, circa 2015

| am glad that
despite a decade
passing, | am still
leaving some kind
of mark on
Imperial College !
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About this talk

* | will not use this time to make a laundry list of our recent results.

* You can see great summaries from EPS, Lepton-Photon and SEARCH 2025

* (I will however show a couple of recent examples of our searches)

* | thought | would instead try to make this talk different from what you usually get
at conferences...

» ....Instead give you a flavour of our thinking in ATLAS as we organise our
Run-3 (and beyond) search programme.

ATLAS

CLERMONT-FERRAND

Louie Dartmoor Corpe (Clermont-Ferrand) 5

EXO GROUP


https://indico.in2p3.fr/event/33627/contributions/153153/attachments/95330/145983/071125_EPS_BSMplenary_TVS.pdf
https://indico.cern.ch/event/1493037/contributions/6577975/attachments/3125551/5543725/FDias_Resonances_LP2025.pdf
https://indico.cern.ch/event/1522665/contributions/6429666/attachments/3160645/5615283/search2025-murray-red.pdf

What is the ATLAS plan for searches
for the rest of the LHC lifetime?
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ABOUT NEWS*  SCIENCE RESOURCES Q SEARCH | EN -~

Leave no stone unturned

» Run-2 searches starting to converge, early analyses with full data:
> dijets, dileptons, lepton+MET, di-bosons, di-Higgs, multileptons...

Breaking new ground in.thg search for dark matter
| . . > ® .5 . |

- ¥ .
- ; ' » Manv others will follow soon

. N 4 a .
- ., * By: Analopes *
o .
T AUGUST, 2020 - Voir en

k& “We will leave no stone unturned, no matter how big or small and how long it will take us,” says Pani. 59

What is the ATLAS plan for searches
for the rest of the LHC lifetime?

What can we do with the LHC data?

probe the Standard Model - and search for new phenomena beyond it!

= Why should we search for new physics beyond the Standard Model?
o we mustleave no stone unturned in data

o ...and we have good motivations to think that new physics exists

No Stone Unturned: A Comprehensive

mass hierarchy of the fermions
matter/anti-matter asymmetry

Approach to New Physics Searches at matter/ant

Colliders = I'Xi\/ > hep-ph > arXiv:1306.314

Why Search for Long-Lived Exotica? | High Energy Physics - Phenomenology

THINK
QUTSIDE

" Why not? xog [Submitted on 13 Jun 2013 (v1), last revised 27 Sep 2013 (this version, v2)]

, s yet! > , | Leaving no stone unturned in the hunt for
— A new massive, long-lived particle would be a clear sign of new physics -
— But challenging (exciting)! We need to push our detectors, triggers, SU SY n a.tu I‘al ness. A Sn owmass w h |te pape

AT LAS reconstruction, and analysis techniques to the limit

CLERMONT-FERRAND ' Howard Baer, Vernon Barger, Peisi Huang, Dan Mickelson, Azar

— No sign of new physics yet! - We should leave no stone unturned




What is the ATLAS plan for searches
for the rest of the LHC lifetime?

- Just saying "Leave no stone unturned"” is [pleifs[eleTo H-Tqle10[e]y
| - Intellectually light-weight }

- Impossible: ~infinitely many models and final states

- What we need is a planned, and well thought-out Eizitae]

- It's a focus of the current BSM search convenership in ATLAS to make this
strategy a concrete reality more than just vague ideas. |



What is the ATLAS plan for searches
for the rest of the LHC lifetime? 4
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It's time to plan the Endgame of the LHC

In chess, the endgame refers to the
final phase of the game, when most of
the pieces have been used up (limited

resources and time remaining), and
one player must eventually win.

|

Having a clear endgame strategy is
essential.

So let's take stock of the state of the board

ATLAS

CLERMONT-FERRAND
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Let's take stock of the board

ATLAS
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Louie Dartmoor Corpe (Clermont-Ferrand) 11 EXOTICS GROUP



e
m
ram
rog

hp

arc

se

s for a

ition

diti

n

CcO

dary

n

Bou

- S
ROUP
ICS G
EXOT
C 12
d)
an
err
ont-F
lerm
(C
rpe
0O
r
00
rtm
ie Da
e
Lou



Time: the LHC will not last forever

Typical time for a Analyses will continue
search analysis after end of data taking
kickoff-> but with decreasing

publication resources

We have time for at most 5 consecutive analyses on any given topic...

End of

HL-LHC
40% of ATLAS replaced. data

New detector and new collection
conditions which will take
several years to fully
understand

ATLAS
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Boundary conditions for a search programme
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Resources: People ) £

‘~ A
HMBS &TICS GROUP
Higgs, Multi-Boson and SUSY New Physics Beyond the SM
searches signature-based searches
Higgs & Light Electroweak SUSY Lebtons + X Jets & MET + X
Resonances production P
HBSM Strong SUSY LUP HOT
Beyond the SM Strong SUSY Long-Lived & Heavy Quarks
Higgs production Unconventional & Top
Inter-operability: - — s
last year: MBL ' CMBF | |
. " . | : - :
35% of analysts participated in upgrade . ' Central Methods & ! . Combinations, !
1/3 of operations tasks by Search analysts Multi-Boson Lab | g kground Forum ; ' Crosstalk &
""""""""" . Summaries |
previously previously = Tmmmmmmmmm--------u
HDBS SUSY
CL RO FERRAND Louie Dartmoor Corpe (Clermont-Ferrand) 15 e



Resources: Phase 1 Detector

barrel

* Will have nearly 0.5/ab of data
collected by Run2+3 detector

0 A“‘
» Likely the best-understood P =
dataset until mid 2030s! endcap 1

muon chambers

e Half an attobarn is a lot of data,
(more than we were expecting

magnet

 Revisit out priors in terms of
analyses are scientifically
interesting with Phase 1 data

. . e
due to 2026 running extension)  .ucwos S \\

barrel hadronic calorimeter

ATLAS
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New Small Wheel (NSW)
muon chambers

A

barrel toroid magnet

inner detectors

\ endcap calorimeters

barrel electromagnetic calorimeter

solenoid magnet
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Resources: Phase 2 Detector

 |Tk + HGTD: existential challenge for i
ATLAS community. .9
. LR=554mm LY .
e Challenge = opportunity: e e
o 1o [

» Silicon tracking to radii of 1Tm

R=122.5mm
Pixels R =88.5mm

R =50.5mm

* Tracking + timing from 2.5 <|n| < 4 o
* Exciting possibilities for searches !!! AN _ Distinguish beam
| induced backgrounds
* Jo exploit upgrades, search analysts o | N - Large Radius Tracking
must be at forefront of assembly, % L
Installation + commissioning i

15

ATLAS
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Resources: Tools

* New technologies can change the way we do searches. Examples:

ATLAS

CLERMONT-FERRAND
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Resources: Tools

* New technologies can change the way we do searches. Examples:

Machine learning: eg Graph Neural Networks unlocked c-tagging, and access to new parameter space

°
tv T 1 ] LA A B | I.Y I. T 1 I L B S I T 1. T.7 ] ] I 1_:4000
80F ATLAS Preliminary )
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: (egata - 740/0) i -
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O L . -
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ATLAS
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Year of tagger deployment
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-07/

Nature Commun. 17 (2026) 541

https://arxiv.org/abs/2505.19689

19
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Resources: Tools

* New technologies can change the way we do searches. Examples:
* Machine learning: eg Graph Neural Networks unlocked c-tagging, and access to new parameter space
* Anomaly detection: cover large parts of model space quickly but with reduced sensitivity

e More about this later!

ATLAS

CLERMONT-FERRAND
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Resources: Tools

* New technologies can change the way we do searches. Examples:
* Machine learning: eg Graph Neural Networks unlocked c-tagging, and access to new parameter space
* Anomaly detection: cover large parts of model space quickly but with reduced sensitivity
* Event picking: Add extra information in Signal Regions. Typical gain in sensitivity: factor 1.2 to 3
 Define a SR as usual, containing about 1M events in data.

 Forthose 1M events, initiate a new reprocessing from RAW data, in which we can add much more
information -- custom format, with low-level variables.

 Use these extra variables to add extracting cuts which can remove even more background. Cannot gain
signal, but can improve S/sqrt(B) !

ATLAS

CLERMONT-FERRAND
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Resources: Tools

* New technologies can change the way we do searches. Examples:
* Machine learning: eg Graph Neural Networks unlocked c-tagging, and access to new parameter space
* Anomaly detection: cover large parts of model space quickly but with reduced sensitivity
* Event picking: Add extra information in Signal Regions. Typical gain in sensitivity: factor 1.2 to 3

* Extensive Trigger-level Analysis/Partial Event Building programme to explore trigger-limited regions

Phys. Rev. D 112 (2025) 092015 arXiv:2509.01219

% ==l
9 107 ™ ATLAS
g CIDD o‘o'. \r§=13TeV ) .
L%’ 10° DO%O "o Dijet events 4 Slngle and Multi-dets
m<24 3 » Flavour Tagging
10° "%, p, > 85 GeV |
V'l <0.6 » Photons
10* D%qu > Partial-Event Building
o

10°

« Trigger-level jets (J100), 132 fb™
102 o Trigger-level jets (J50), 15 fb™ Bandwidth = Rate x Event Size

Offline jets, 140 fb™
; ; i 5w o i ~ = X u
400 500 600 1000 2000
/ A.I m, [GeV]
LAY ™~ .
\ Louie Dartmoor Corpe (Clermont-Ferrand) 22
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https://arxiv.org/abs/2509.01219

Boundary conditions for a search programme
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Objective: What do we want to achieve with the LHC?

* Primary objective, by the end of the LHC programme:

Discover a new particle or interactions

OR

Be 95% confident there was no discovery to make
(at accessible energy and coupling scales)

ATLAS

CLERMONT-FERRAND
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Objective: What do we want to achieve with the LHC?

 Game theory: what is the most efficient way to achieve this objective with the
constraint of limited resources.

 Not the answer: randomly sampling model space with no plan.

* Also not the answer: Blindly turning handle on same analyses with more data.

° _ forcing people to work on things they don't

want to work on.

ATLAS

CLERMONT-FERRAND
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Objective: What do we want to achieve with the LHC?

MMaybe the answer:
* Exploiting the strengths of our people to
e ensure deep but focused coverage of well-motivated models,
* and also broad but shallow coverage for more speculative models,

 scheduled in time according to potential gains and with critical mass to
converge,

* from extra data and instrumental/tools/method developments,

* and designed for long-term impact and avoiding repetition of work

ATLAS

CLERMONT-FERRAND
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Objective: Multi-use results and a long-lasting legacy

* All searches should be re-exploitable:

* Able to constrain another model in a similar signature.
Repeating searches because we didn't correctly preserve/
present past results is inefficient and unacceptable.

* Serious focus on analysis preservation and re-
interpretability. Results should still be re-useable until next
hadron collider comes online in half a century.

 On some topics, the Run2+3 searches will be the last word. We
need to get this right NOW. F A
indable ccessible

nteroperable ‘ {eusable

* On a human level, knowing one is working on a long-impact O Qo 0“
publication is more motivating /7 O

As of this week, ATLAS Exotics has 100% HEPData
coverage for its 2025 papers

ATLAS

CLERMONT-FERRAND
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Boundary conditions for a search programme

Time: the LHC will not last forever Resources: people and tools Objectives:
- 15 years til end of LHC data-taking - Two search groups, O(1000) people - Discover new particles or interactions
- 1/3 of time during shutdowns periods capable of producing 35 papers / year - Or be certain that there was nothing
- 1/3 of time with a new detector and - Search community heavily invested in there to find in all reasonably-
conditions we don't fully understand Upgrade and Operations accessible parts of model space.
- If we see hints of a new particle only at - 0.5/ab with our best-understood - Analyses with long scientific legacy
the end, nothing we can do about it! detector, exploitable for next decade. - Game theory:
- Searches will continue after shutdown, - Then unprecedented dataset w/ new - How to achieve one of these
but no possibility to collect new data detector, opening new opportunities. outcomes in the most efficiently
- Harness detector expertise, new given time+resource constraints ?
techniqgues+ideas to support and drive
We need to plan the endgame of the our programme
LHC today! We need to plan the endgame of the
We have plenty of people, need to LHC today!

make sure to organise efforts efficiently

ATLAS

CLERMONT-FERRAND
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Now that we know

The time available

What resources are at our disposal
And what we want to achieve..

Let's make a plan

ATLAS

CLERMONT-FERRAND
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Many models

Louie Dartmoor Corpe (Clermont-Ferrand) 30



Many models
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Many models

model

(Solves one
problem)

Speculative
model
(Solves one
problem)

Speculative
model
(Solves one
problem)

Speculative
model
(Solves one
problem)

Speculative
model
(Solves one
problem)

Speculative
model

(Solves one
problem)

Louie Dartmoor Corpe (Clermont-Ferrand) 32



Many models

X . model
we have no (Solves one

yet

Speculative
model
(Solves one Speculative
problem) model
Model (Solves one
we have not problem)
thought of
yet

Model
we have not

thought of Speculative

yet model
(Solves one
problem)

Model
we have not

thought of
Speculative yet

model
(Solves one
problem)

Model
we have not
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yet

Model Speculative
we have not del
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yet (Solves one
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Flagship searches
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Speculative searches

Model
we have not (Solves one
thought of problem)
yet

model

Speculative
model
(Solves one
problem)
Model (Solves one
we have not problem)
thougheal
yet

(Solves one
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Model
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model
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Model
we have not
thought of
yet

Louie Dartmoor Corpe (Clermont-Ferrand) 35



The Flagship programme

ﬂagship noun

flag-ship ( ‘flag- ship =

Synonyms of flagship >

1 :the ship that carries the commander of a fleet or subdivision of a fleet and flies
the commander's flag

2 :the finest, largest, or most important one of a group of things (such as
products, stores, etc.) -+ often used before another noun

The mantra is:

"Narrow but deep sensitivity"

10468, - VICTORY PORTSMOUTH

ATLAS
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Tentative answers
to big questions

Axion-Like Particles (ALPs)

will solve

may solve
Frovor?
Dark '
Matter?

Extra Dimensions

Extended Higgs Sectors

Hierarchy

Origin of
Dark Sectors
Problem?

Mass?
‘ ,
V4
V4
V4
V4
—— AN ‘ /
Little Higgs

<

Supersymmetry (SUSY)

¢

Neutrino

e Baryogenesis?
,l
U4
'I
TR
Masses? Excited Fermions /7
—
\ ' /+
\ A\ Compositeness?
\
1
1
1
Gravity?

Vector-Like Fermions (VLQs/VLLSs)

Flavour
Puzzle?

Unification /
New Forces?

Leptoquarks (LQS)

By Holly Pacey
BSM Model types

Questions they could

Gravitons
solve

Heavy Vector Bosons

Grand Unified Theories (GUTSs)

37



The ATLAS search flagship programme

* Probe most promising models with focused sensitivity.
* Dedicated searches and techniques, optimised for target model(s)

« Summary plots to gauge our progress against each other + the rest of
the field.

* Important to use comparable benchmarks with CMS and non-collider

 Timing of searches will depend on data collection:;

 Each new wave only when enough data to make significant impact

e Calls for a 5-year plan / timeline

* Set objectives for HL-LHC programme for each model family

ATLAS

CLERMONT-FERRAND
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Subgroups organised around the flagships

 What are the best-motivated parts of model/signature space?

o Still the same models as the start of the LHC.:
e« SUSY
* Exotic Higgs
 Leptoquarks
* Axions and Axion-like particles
* \ector-like quarks and vector-like leptons
 Direct DM production
 Heavy Neutral Leptons
 Unusual signatures and LLPs
 GUT/Extra Dimensions (Z' / W)

ATLAS

CLERMONT-FERRAND
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Subgroups organised around the flagships

 What are the best-motivated parts of model/signature space?

o Still the same models as the start of the LHC.:
« SUSY
 Exotic Higgs
 Leptoquarks
Axions and Axion-like particles —_—
* \ector-like quarks and vector-like leptons
* Direct DM production
 Heavy Neutral Leptons

* Unusual signatures and LLPs
« GUT/Extra Dimensions (Z' / W')

ATLAS

CLERMONT-FERRAND
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)

HMBS
HMBS
Higgs, Multi-Boson and SUSY
searches
HLRS EWK SUSY
Tigas & Light Electroweak SUSY
Resonances production
HBSM Strong SUSY
Beyond the SM Strong SUSY
Higgs production
MBL | CMBF
. i Central Methods & i
Multi-Boson Lab |\ Background Forum

previously
HDBS

40
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o Still the same models as the start of the LHC:
e« SUSY
* Exotic Higgs
 Leptoquarks

 Axions and Axion-like particles

 Vector-like quarks and vector-like leptons

 What are the best-motivated parts of model/signature space?

» Direct DM producton ——m ™ ———

« Heavy Neutral Leptons

* Unusual signatures and LLPs ——  —

« GUT/Extra Dimensions (Z'/ W')

ATLAS

CLERMONT-FERRAND
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EXOTICS

New Physics Beyond the SM
signature-based searches

LPX JMX
Leptons + X Jets & MET + X
"m
T
LUP HOT
Long-Lived & Heavy Quarks
—_ Unconventional & Top

Louie Dartmoor Corpe (Clermont-Ferrand)
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Check your map regularly

‘gg: \,’»

HMBS EXOTICS GROUP
HMBS EXOTICS
Higgs, Multi-Boson and SUSY New Physics Beyond the SM
searches signature-based searches
Higgs & Light Electroweal.( SUSY Leptons + X Jets & MET + X
Resonances production
HBSM Strong SUSY LUP HOT
Beyond the SM Strong SUSY Long-Lived & Heavy Quarks
Higgs production Unconventional & Top
mMBL |/ CMBF
. ! Central Methods & ! Combinations,
MultiBoson 125 |\ Background Forum ; Cross-talk &

. Summarie

HDBS SUSY

ATLAS
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Summaries as signposts (2 examples)

https://cerncourier.com/a/atlas-explores-the-dark-side-of-matter/

Dark Matter
Simplified model

ATL-PHYS-PUB-2024-010,
https://cds.cern.ch/record/2901527/

DM simplified model exclusions ATLAS preliminary March 2016
1.2

m, [TeV]

[ axialwe_cfar mediator, Dirac DM

=
o'
|

DM mass (TeV)

£ mono-y

Phys. Letr g 754 302-322 (2016)

dijet 13 Tey

IID[lllllllllllllllllllIIIIIIII

3 31'/140 fo
June 2024 i

Dijet
139 fb'; JHEP 03 (2020) 145

— Dijet TLA
29.3 fb''; PRL 121 (2018) 081801

— Dijet + ISR
140 fo'"; arXiv:2403.08547

o /!EEE' 1 o ! O i | U i I

=

3TeV, 29

Dijet+Lepton
139 fb''; JHEP 06 (2020) 151

— Boosted dijet + ISR
36.1 fb'; PLB 788 (2019) 316

— tf resonance (1L)
36.1 fb"; EPJC 78 (2018) 565

tt resonance (OL)
139 fo'; JHEP 10 (2020) 061

— bb resonance
139 fb'; JHEP 03 (2020) 145

— T et
139 fb''; PRD 103 (2021) 112006

Emiss

| |
Axial-v%:tor mediator, Dirac DM

T +Y
139 fo'; JHEP 02 (2021) 226

= ETESLZ()
139 fb''; PLB 829 (2022) 137066

gq=0' sg|=0!gx=1 ‘
All limits gt 95% QL

‘ 11

| |
0.8 152 1.6
mediator mass (TeV)

0.4

A decade of searches

miss [}
Er+V(qq)
140 fb''; arXiv:2406.01272

35 4
m, [TeV]

25 3

https://arxiv.org/abs/1508.06608

https://arxiv.org/abs/2403.02455

ATLAS pMSSM: ;zj’ LSP

Vs=13TeV, 36.1-140 fb March 2023
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Summaries as signposts (2 examples)
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The difference a decade makes (Hidden Sector LLPs)
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H-» invisible, 4.7-132 1" (7-8-13 TeV)
Phys Lett.B 842 (2023) 137963
Monojet, 133 b (13 Tev)
ATL-PHYS-PUB-2021-020
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Observed 95% CL limit on B(H—SS)
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10°
ct [m]

2025

LHC Best:

=== Mg in range 15-20 GeV
=== Mg in range 30-40 GeV

=== Mg in range 55-60 GeV

Approx H->ZZ*->vvvv
BR
Our own "neutrino

floor" ?




| ] ] I | | I ] | | I | | | ‘ | | ] l | | |
- ATLAS Simulation Preliminar
1400 ! Y

V\s=13TeV, 3 ab’

Project to plan 0 R

| Dirac Fermion DM

[GeV]

exp. sys. x1, th. sys. x1

exp. sys. x1/2, th. sys. x1/2

1000 9, ;0:5'} ::t: 1 exp. sys. x1/4, th. sys. x1/4  _
« Systematically project our Qo Froson rom R -
flagship results to understand 600) : Projected limits
when it's time to repeat them 400] ]
200} q
? . - 1.1111.1.111.11.\1.—
* do nee.d more data ? Wait tor % 500 1000 1500 2000 2500 3000 & [T
theory improvements ? Work on m, [GeV] 1400/ ATLAS Simton Preminary :
systematics 7 - e VoctorMedaor 20

| Dirac Fermion DM

B exp. sys. x1/2, th. sys. x1/2 |
- =0.25,4g =1
= gq g)(

~_ Projection from Run-2 data

exp. sys. x1/4, th. sys. x1/4 |

 When can we make a big impact | |
on limits ? When could we make PFOJectef' dt'_sciwery
a discovery ? potentia

oo e by by by
00 500 1000 1500 2000 2500 3000
mZA[GeV]

e Use this to inform our 5-year plan

ATL-PHYS-PUB-2018-043,
https://cds.cern.ch/record/2650050/

ATLAS
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Follow up on excesses

 Don't forget our main objective : a discovery could still be in store for us!

* Should invest huge resources in following up excesses, eg: compressed SUSY

CMS-SUS-21-008 SUSY-2019-09

_CMS 137 (129) b (13 TeV) 50 %%, —~WZ 7% higgsino m(z )=(m(x ) + m(x.))/2
> o> XL SWIEE e Expected > o
O] 2/3 soft O] C iy -
;— 60 2SS/53] -— Observed : 50 i ATLAS EXCQSSGS.
l ombine Taa C Al
& 50 = ZPfN C ) .\/{TLAS 1 [SOft 2'—]7 [37L]’
< l < 40 4 =13 TeV, 139 fb’
E | < O /" Alimisatss oL [Sleptons 2L],
40 B h - - Expected Limit (+ 1o,,)
- < 30 — — Observed Limit (+ %theory) [SBH 3'—]
a L — Obs. Limit off-shell
S0f B — Obs. Limit compressed
20 — LEP excluded .
"y 3 CMS Excesses:
; 10 & [SOft 2/3'.]
o (- =
_ R B R R PrT = N I A A B A A B i
100 150 200 250 300 350 400 O III|III|III|III|III|IIIIIIIlIIlIllllIII
M, = m,. [GeV 100 120 140 160 180 200 220 240 260 280 300

ATLAS
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-21-008/CMS-SUS-21-008_Figure_012-b.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HMBS-2024-64/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HMBS-2024-11
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-18-004/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/

Example of a recent 'flagship’' result: tt resonances

»Search for ¢ resonances in the 1L and 2L decay channels EUROPEAN ORGANISATION FOR NUGLEAR RESEARCH (GERN)
=Results presented from the combination of the channels @ y
ATLAS >
= Target signals (all with negligible interference): Submited to: JHEP CERN-EP-2025-28
22nd December 2025

=Spin-1 leptophobic boson, Z’

Search for ¢f resonances in final states with exactly

=Spin 2 Kaluza-Klein excitations of the graviton, G one or two leptons using 140 fb~! of p p collision
data at Vs = 13 TeV with the ATLAS experiment

= [arget mass range: All signals generated with The ATLAS Collaboration
) MadGraph-Pythia8 (spin — e
=400 < My < 5000 GeV correlations correctly propagated)
q t q f g {
S Pt ;
q [ q { g KK Z

ATLAS

CLERMONT-FERRAND
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Example of a recent 'flagship’' result: tt resonances

Two orthogonal channels considered: lepton+jets and dilepton. Statistical combination performed

1L 2L
=Invariant mass spectrum of the ¢7 pair  =Invariant mass spectrum of di-b-plus-dilepton system, m,,,
.An(thad, z,ﬂ) used to define signal and -Ar](f, f) used to define signal and validation regions

validation regions «Additionally binned in A¢(Z, £)

N\

10"
10° & ATLAS 1-lepton channel ¢ Data tt

108 Ys =13 TeV, 140 fb” Post-fit [ Single top [ V+jets
107 SRFGSOWGd E SRresoIved E SI:{merged

2b

Other Bkg. 77 Uncertainty

1b
10°

10°
10*
10°
102
10
1

10_1 ||||:||||: T N S S R SR
1

Events / 100 GeV

Pull
o

1
2

PR [N N T R N s T T AN TR T T T O : PN R T T T N T TN T T A TN T R N AR | 1 1 ] 1 1 1 1 ] 1 1 1 1 ] 1 1 1 1 ] 1 1 1 1
500 1000 1500 2000 500 1000 1500 2000 1000 2000 3000 4000 5 ‘5
P



Example of a recent 'flagship’' result: tt resonances

Two orthogonal channels considered: lepton+jets and dilepton. Statistical combination performed

1L 2L
=Invariant mass spectrum of the ¢7 pair  =Invariant mass spectrum of di-b-plus-dilepton system, m,,,
.An(thad, f) used to define signal and -Ar](z,”, z,”) used to define signal and validation regions

validation regions «Additionally binned in A¢(Z, £)

1010 /

10° b ATLAS 2-lepton channel ¢ Data tt Il Single top
108k Ys=13TeV,140fb"  Post-fit [0 Z+jets Other Bkg.  #/ Uncertainty

107
10° SR
10°
10*
10°
102
10

1

1071

1.25
0
-1.25
-2.5

' SR

' SR

1 ' SR

2 3

Events / 150 GeV

Pull

||||||||||||||||||||||||||||||I||||||||||||||||||||||||||||||||||||||:||||||||||||||
500 1000 500 1000 1500 500 1000 1500 2000 1000 2000 1000 2000 3000
M)y, [GeV] 52



Example of a recent 'flagship’' result: tt resonances

—1 1 03 =3 | L | | | | | | | | L | | | LI | | E
O — H
[ - ATLAS 1 — + Expected limit 2-lepton 3

Femn ) - s=13TeV, 140 b - Expected limit 1-lepton -
/|\ 10 —e— QObserved combined limit

------- Expected combined limit

" Expectedx1io

Expected + 2 o
— 0109, (I'/m=30%)

All limits at 95% CL

107 — ' T 5

107° E

; Excluded m, , < 4.2 TeV E

1 0—3 | | I I | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | I I | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

m, [TeV]

KK
E 10:35' | | | | I | I I I | | | | | I | I I I | | | | | | |E '5' 103::|:| | xlTLlAlsll | L | L L L | L |.|.| 1 | I I_
o = ATLAS 1 —  Expected limit 2-lepton = £ - /s = 13 TeV. 140 fb” - Expecte: :!m!t ?-:epton 3
= - Vs=13TeV, 140 fb —imiim Expected limit 1-lepton = . ol S = eV, S xpectec fimit .-epto.n .
+ 102 _ ob q bined limit = 10° 5 —e— (Observed combined limit —=
) - Sefved combied imit 5 ! ENON e Expected combined limit =
X - e Expected combined limit :l\_l/ - I Expected = 10 ]
G 10k I Expected = 10 — o 10 Expected = 2 ¢ —=
E § Expected + 2 o § 2] [ - O\no Z'TCZ (I'’'m=3.0%) -
m - 0o Gk ([/M=3-6%) - X A\ ——— Oy Zop (T/M=1.2%) =
X 1 LO 7KK ] ~N 1 . NLO < TC2 _
X All limits at 95% CL = o TE W All limits at 95% CL =
(DZ< - =~ . - N = N ]
B ~ 7 — -
1 10 = E 2}_ 107 IE
% - a o - '
~—" B ] b -

@) 10—2 E_ 10—2 §_ E
= - Excluded myz, < 4.3 TeV =
10_3I|II 10—3_|||||||||||||||||||||||||||||||||||||||| ||||—
0-5 1 15 2 . [Tew 05 1 15 2 25 3 35 4 45 5
¥ m, [TeV]
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Why keep digging ?

TR

INSANITY: DOING THE - S

SAME THING OVER

AND OVER AGAIN,
AND EXPECTING
DIFFERENT RESULTS.




Why keep digging ?

INSANITY: DOING THE -,
SAME THING OVER ]
AND OVER AGAIN,

BUT... we are only now beginning to probe some areas

which are actually well motivated...
(Eg dijet resonances!)

AND EXPECTING
DIFFERENT RESULTS.

CDFRunl

C

> |

(N
----;n_

13 yearS B0 ' ' .' | S ; T 95% Clc_)buszgr)\;e;dlimit
ATLAS Preliminary

-— - ted
’ 1.00F /5 = 13 TeV, 15-140 fb! e
: October 2025

| == Resolved dijet + ISR
0.50

140 fb™; PRD 110 (2024) 032002
[ -1 :
05l CMS 20 fb 2 1 - 0.40
** | enough data is analyzed. Note that couplings of |

CDF1.1fb!

m—— Dijet + lepton
139 fb*; JHEP 06 (2020) 151
Dijet angular
37 fb''; PRD 96 (2017) 052004
e Di-b-jet
139 fb™*; JHEP 03 (2020) 145
24.3 fb'; PRD 98 (2018) 032016
e Dijet TLA
15.0, 132 fb''; arXiv:2509.01219
= tt resonance (1L)
i 36.1 fb'; EPJC 78 (2018) 565
| === tt resonance (0L)
139 fb!; JHEP 10 (2020) 61
N Dijet
139 fb™'; JHEP 03 (2020) 145
Boosted dijet + ISR (~7)
140 fb™'; JHEP 01 (2025) 099

Boosted di-b-jet + ISR
80.5 fb'; ATLAS-CONF-2018-052
g ~ 0.1 can be viewed as typical (the analogous i O . 30
coupling of the photon is approximately 0.3), and P hVSRelD;BB : 0350& i
1 1 1 1 1 1 1 I 1 1 1 1 1 | 1 1

0.0 = m— L
0 500 1000 1500 2000 2500
MZ'B (GCV)

0.20

0.10!
enough data is analyzed. Note that couplings of |
0.05

004' Axial-vector mediator 132 fb—!
m\=10 TeV, g\=1-0 N

gp =~ 0.1 can be viewed as typical (the analogous

-

| | | gt Now
coupling of the photon is approximately 0.3), and 10 300 1000 2000
msz [GeV]




Speculative searches

noun

Definition : Investment in stocks, property, or other ventures in the hope of
gain but with the risk of loss.

The mantra is:

"Broad but shallow sensitivity"

ATLAS

CLERMONT-FERRAND
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First ... a warning from history

 1971: Intersecting Storage Rings (ISR) at
CERN marked birth of hadron colliders

» Js =30 GeV: enough for bound states of
c- and b-quarks (at time undiscovered!!)

e ...but theoretical bias suggested "new
physics" to manifest in forward direction

aniie: . )
Iransverse direction not instrumented X 2026: similar situation. with theoretical bias

* ISR could have discovered J/W¥ and Y... for new p,?hys'cs to be prompt preventing a
: o L discovery”
but did not : instrumentation in wrong place.
during Disaster scenario: fundamental physics

November revolution in US. breakthrough possible at LHC, but missed.

Louie Dartmoor Corpe (Clermont-Ferrand) 57
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Question for the audience

* Consider this list of basic ATLAS objects: e+, e, y+, Y-, light jets, b-jets, ETMiss

What fraction of 3-body invariant mass spectra involving any of these
objects have ever been probed for resonances by ATLAS ?

85%7? 70%? 50%7? 30%?

ATLAS

CLERMONT-FERRAND
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objects have ever been probed for resonances by ATLAS ?

85%7? 70%7? 50%7? 30%7?
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Question for the audience

* Consider this list of basic ATLAS objects: e+, e, y+, Y-, light jets, b-jets, ETMiss

What fraction of 2-body invariant mass spectra involving any of these
objects have ever been probed for resonances by ATLAS ?

85%7? 70%? 50%7? 30%?

ATLAS

CLERMONT-FERRAND
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Question for the audience

* Consider this list of basic ATLAS objects: e+, e, y+, Y-, light jets, b-jets, ETMiss

What fraction of 2-body invariant mass spectra involving any of these
objects have ever been probed for resonances by ATLAS ?

85%7? 70%7?

ATLAS

CLERMONT-FERRAND
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Shallow but broad coverage: the speculative programme

* Flagship models don't cover whole signature
space

 Cannot accept to miss discovery by theory bias

e Hence: need to think outside the box. Can't Motivated
afford to look only in well-motivated places! madel
(Solves some
problems)

 New paradigm, next techniques:

 Dedicated searches for speculative models
where discovery potential is proven

* (General searches and anomaly detection: allow
us to cover a very large part of parameter
space. One paper instead of 10 : more efficient
use of resources.

Louie Dartmoor Corpe (Clermont-Ferrand) 02 EXO
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Anomaly detection

* Guidelines to show how we plan to use AD safely
and effectively as part of the wider programme

 One AD analysis of a final state could save us 10
papers on each permutation

 But, just like any other ATLAS search:
 Have an null and alternative hypothesis / p-values

» Validated background estimation
CMS and ATLAS can work together

on this, via the LHC BSM Working

* Clear scope and physics message Group :)

* Jeach us something new about nature

e Decide In advance what to do If we see an excess
(also true in standard search program!)

Louie Dartmoor Corpe (Clermont-Ferrand) 03



Analysis recycling

 What if we could check if signals are already excluded on-the-fly, as they come out of

the MC Production pipeline?

ATLAS Exotics AutoContur Table

Campaign

mc23_13p6TeV

mc23_13p6TeV

mc23_13p6TeV

mc23_13p6TeV

mc23_13p6TeV

DSID

604209

604207

604177

604168

604161

Shorthame

PhH7EG_NLO_LQ_S43_DYSP_lam32_3000_0p5_600SL 14000

PhH7EG_NLO_LQ_S43_DYSP_lam32_2500_3p5_600SL14000

PhH7EG_NLO_LQ_S43_DYSP_lam32_1000_0p5_600SL14000

PhH7EG_NLO_LQ_S43 DYSP_lam31_3500_Op5_100SL600

PhH7EG_NLO_LQ_S43_DYSP_lam31_3000_0p5_600SL14000

mc23_13p6TeV 604117 PhH7EG_NLO_LQ_S43_DYSP_lam22_3000_3pS5_600SL14000

ATLAS

CLERMONT-FERRAND

Nominal g('ls
XS[Pbl  (ops)
1 0.06
0.0025  0.00
1 0.06
1 0.98
4.7e-06  0.00
1 0.12

ClLs
ExI|

(Exp)

0.18

0.00

0.05

1.00

0.00

0.24

Plots

Plots

Plots

Dominant Pool

ATLAS_13_LMETJET

ATLAS_13_LMETJET

ATLAS_13_LMETJET

ATLAS_13_LLJET

ATLAS_13_LMETJET

ATLAS_13_JETS

Dominant Analysis

[ATLAS_2019_11750330:TYPE=BOTH/d851-
x01-y01 Inspire HEPData

Inspire
HEPData

/ATLAS_2019_I1750330:TYPE=BOTH/d36-
x01-y01 Inspire HEPData

/ATLAS_2019_11750330: TYPE=BOTH/d36-
x01-y01 Inspire HEPData

/IATLAS 2017 _11627873/d02-x01-y01 Inspire
HEPData

[ATLAS_2019_11750330:TYPE=BOTH/d12-
x01-y01 Inspire HEPData

Inspire
HEPData

Inspire
HEPData

/ATLAS_2018_11634970/d01-x01-
y01,/ATLAS_2018_11634970/d02-x01-
y01,/ATLAS_2018_11634970/d03-x01-
y01,/ATLAS_2018_11634970/d04-x01-
y01,/ATLAS_2018_11634970/d05-x01-
y01,/ATLAS_2018_11634970/d06-x01-y01
Inspire HEPData

Projected
95%CL OBS
excl [pb]

16 (mu=16)
CLs_extrap

CLs_extrap
0.25

(mu=1e+02)
CLs_extrap

35 (mu=35)
CLs_extrap

0.8 (mu=0.8)
CLs_extrap

0.00047
(mu=1e+02)
CLs_extrap

CLs_extrap

CLs_extrap

13 (mu=13)
CLs_extrap

Projected
Projected 9 5,/1 CL EXP
95%CL EXP excl at HL-
excl [pb] LHC [pb]
0.35
11 (mu=11) _
mu=0.35
Cls_exirap E:Ls extra)p
CLs extrap CLs extrap
0.25 0.25
mu=1e+02) (mu=1e+02)
(
CLs extrap CLs extrap
36 (mu=36) 2.2 (mu=2.2)
CLs extrap CLs extrap
0.65
_ 0.1 (mu=0.1)
(mu=0.65)
CLs_extrap Cls exirap
0.00047 0.00047
(mu=1e+02) (mu=1e+02)
CLs extrap CLs extrap
CLs_extrap Cls_exirap
CLs extrap CLs extrap
0.23
7.2 (mu=7.2) (Mu=0.23)
Cls_oxtrap CLs_extrap

Louie Dartmoor Corpe (Clermont-Ferrand)
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Avoid work where a
signal is already
covered by
measurements

TODO: preserve our
searches such that

they can be included
in this system




Example of a recent 'speculative’ result: multi-lepton AD

L atest stage of general searches within ATLAS, focusing Benchmark models
on > 4 light leptons.

Vilel Flavourful VLL

Anomaly detection (AD) is used to improve the
sensitivity in a model agnostic way.

q e
First ATLAS search to exploit AD in high lepton : . /1
multiplicity. . W™ yo W+

q /-

Exploit both charge and flavour to probe interesting

regions of phase space that have until recently been <PV smon
unexplored. (e.g. eTetu~u~, uue u") T
b t/b
Use several BSM models to compare the sensitivity with “é{'f\({ b
dedicated analyses, along with an ATLAS first result for Seo X b
a VLL model decaying through a flavourful scalar S. p i‘“‘{t/b

ut v



https://arxiv.org/pdf/2307.14759
https://arxiv.org/pdf/2307.14759
https://arxiv.org/pdf/2103.11684
https://arxiv.org/pdf/2011.12964
https://arxiv.org/abs/2411.07143

Example of a recent 'speculative’ result: multi-lepton AD

AD technique: normalising flows
Optimised object _ _
» Train on MC to learn p,,, and build event-level

Event classification

* Further include background modelling such as

— v data-driven charge mis-ID, VV Njet reweighting...
\4 \ 4 v

2 S L L L L R 1055""|'"'I""|""|'"'I""I""I""I""I""E

G | ATLAS ¢ Data TR, - - ATLAS ¢ Data S VLLY

_ _ : O L s=13TeV,140f0" [ZZ+LF W Zzz+HF - {s=13TeV, 140fb" [WZZ+LF B ZZ+HF -
Split by kinematics = 41, Q=0 VvV Wit+X 3 10°E 41, Q=0 Y WitteX =
~ 0Z, >1b, 2SFOS, e>u [ILFe [JHFe ° -~ 1Z,0b, 2SFOS, u>e  [JLFe [JHFe -

 / " Post-Fit B HFu [HConv. 1 o[ Post-Fit W HFu EConv.

10 [DMultifakes ~ [Other = 10°% [IMultifakes [l Other =

n 72 Uncertainty : 72 Uncertainty -

Anomaly detection 107

‘ 107"

2¢SS,37¢
CRs > Profile likelihood

10

1

5 107 107"
B 150 E 5k E
% 0 ;%{//74////7{ //%////%/%W/W/////////////W; .1;”-,&/. f.’-ﬁﬁr‘rs/-/‘/‘/’/-/‘/‘//7/‘//7’7/‘/*/7’7/'/‘/ /—////7/-////7‘///./%////7‘///7%
()] Ro)m - - -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . 0.5 =
% 01 02 03 04 05 06 07 08 09 1 R S R :
Anomaly score 0O 01 02 03 04 05 06 07 08 09 1

Anomaly score 66



Example of a recent 'speculative’ result: multi-lepton AD

Model-independent

» Small number of regions split
by number of Z's+SFOS

» Define signal bins at
background rejections of 90%,
99%, 99.9%

* Fit individually with CRs

100 ——

No significant excess seen across the discovery regions.
Largest excess of ~2¢0 iIn Q = =2 and 0Z 2SFOS highest
score bins. Model-independent limits seton ¢, :

ATLAS

§ _|
® —— Obs. limit -
_ -1
S Vs =13TeV,140f°" | Exp. limit |
All limits at 95% CL 1o |
+20

!
=

1072

- 0Z 0Z 0Z 1Z 12 07 Q=12 > 5|
- 0SFOS | 1SFOS 2SFOS 1SFOS 2SFOS

S50%  >90%  >90%  >99% 599.9% >90%  >99%  >90%  >99% >99.9% >90%  >99% >99.9% >90%  0Z _ >90%
Model-independent signal bin



Example of a recent 'speculative’ result: multi-lepton AD

Model-independent

» Small number of regions split
by number of Z's+SFOS

» Define signal bins at
background rejections of 90%,

But we COULD have seen some >3 sigma excesses in
some models if nature had realised some of the

. 0 benchmarks
99%., 99.9%
* Fit individually with CRs
T ° ! ! '
o | ATLAS Simulation
e | Vs =13 TeV, 140 fb-’ o VLLS
S s = VLLD B
= L A " e Flav. VLL,
(=) 1 50
n A X1/ X2
E ) " v ﬂL,R N
%é_ A 4 ¢ L ]
é _____________________ e S N N R
A
B o
2 0l PN ® v _
v A [
® Y
3 -
A
o EE Y P T S NS U S S S N S S A I 3
- 0Z 0Z 0Z 17 1Z 27 Q=+2 > 5l
L 0SFOS | 1SFOS 2SFOS 1SFOS 2SFOS

S50%  >90%  >90%  >99% 599.9% >90%  >99%  >90%  >99% >99.9% >90%  >99% >99.9% >90% _ 0Z _ >90%
Model-independent signal bin



Example of a recent 'speculative’ result: multi-lepton AD

Model-dependent

* Further split by flavour and

presence Of_ b-jets. Model-dependent benchmarks show strong sensitivity.
* Use the_ en_twe_anomaly Flavourful VLLe (., model excluded up to 1.35 (1.3) TeV.
score distributions.

 Fit all simultaneously with

CRs.
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To finish: what have we achieved with Run 1+2 ?

ATLAS pMSSM: zj’ LSP 1
 After 13 years of LHC operation... %1000-_ saTeV, 203";‘405 o ! E
we have not discovered any BSM particles or 5 2o LR
processes. | ' 068
: 500 8
 _..but lack of discovery # null resulit. - e
O.Z'I

» Before LHC turned on, theory community convinced :
SUSY was "just around the corner”. B0 1000 1500 2000

~

\F 13TeV 361-14Ofb'1 March 2023
| | T T T | T T T T

- 9° ﬁx o [2010.14295) ATLAS Prellmlnary
=g bbx > 3 b-jets [2211.08028]
* Today, SUSY at EW scale pushed back to more
) [ —g aw OLAL
I ' l — % ]
rem Ote corners Of para eter S pace - —g—>quZx? >7-12jets/IL/2L SS  [2008.06032, 1708.08232, 2307.01094]
) [ — § - q@livv)g; via IV > 13072, 2307. .
- § > @EUVIWE Via TV >t [1808.06358] T
§ — qa/2)G via %? >ty [2206.06012] o st
~ Limits at 95% CL m(cs\j‘fi';sﬁ“”

Still a great candidate for BSM, but not in its most : _
obvious realisations (compressed spectra?) 5 m :

\\\/_E

* The LHC has already revolutionised our best guess for o
the underlying nature of fundamental physics. 00 TR0 007001000200 220 B

- — Observed

Similarly, simple DM models are also largely excluded at
TeV scale. These are big achievements!
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Working together across the ring
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What to expect from us for Run 3

* | am not here to make promises...

* But there are some things to look our for from ATLAS Exotics in Run 3

* More LLP analyses exploiting improved Large Radius Tracking (secondary vertexing) both at trigger
and offline. (No surprise our first Run 3 searches were for unusual signatures!)

* More anomaly detection, as we hone our techniqgues and presentation of results (please bear with us
while we try to get it right)

* 100% HEPData coverage, with improve focus on quality re-interpretation materials (eg Surrogate
Models and likelihoods)

 Some cool new techniques / alternative workflows (event picking, pileup in physics, trigger-level
analysis, forward proton detector searches), and maybe some c-tagging searches

* The usual big ticket (flagship) searches, scheduled in time to benefit from gains in data, and regular
publication of summary plots.

* ... SOMe surprises :)

* And we plan to wrap up our Run 2 campaign by the end of the year !
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Final thought :

Surprises can still happen !
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Surprises can still happen

https://arxiv.org/pdf/2503.22382

Observation of a pseudoscalar excess at the top quark pair
production threshold

The CMS Collaboration®

https://cds.cern.ch/record/2937636

Observation of a cross-section enhancement near the
tt production threshold in Vs = 13 TeV p p collisions
with the ATLAS detector

The ATLAS Collaboration

CMS 138 fb~1 (13 TeV)

¢+ Data W tX unc.
tt . Other
~—
v
-
c
g 10%
T

+ BG
=
- .

- N o(ny) = 8.81{;i‘pb

400 700 1000 1300
my [GeV]

O
©

Ratio to FO pQCD
—
i

A deviation from the background prediction, modeled only using pQCD, is observed. It is
located close to the tt production threshold, similar to the moderate deviation observed in a
previous CMS search based on a data sample corresponding to an integrated luminosity of

35.9fb~' [24]. This deviation significantly favors the pseudoscalar signal hypothesis over the

scalar hypothesis. It is compatible with the production of a 'S(l,ll tt bound state 7, as predicted
by a simplified model of nonrelativistic QCD. The cross section of this contribution is found to
be o(n,) = 7.1 pb, with an uncertainty of 11%. The excess has a significance of above five stan-
dard deviations. Further investigations by both the experimental and theoretical communities
are necessary to elucidate the nature of this excess.
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Surprises can still happen
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But a few months earlier...

https:/éa%las.web.cern.Ch/AtIas/G
— | |

g
=

2.0
1.5

1.0

0.5}

0.0

 ATLAS seemingly excluded (at 95%CL) the same discovery they confirmed a few months

ROUPS/PHYSICS/PAPERS/EXOT-2020-25

ATLAS

A tt, I/M=5%

”
" .
-
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J/s=13TeV, 140 b~

| | | | | |

Observed 95% CL exclusion_

Expected 95% CL exclusion
(X106 and +20)

[t > I'iotg (Unphysical) i
| | | |

| |
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later... We need to be careful about this!

* Treatment of theory systematics, different signal model... and plain old confirmation bias ?

30 CMS Preliminary 138 fb~! (13 TeV)
éf-, 95% CL exclusion, I'a = 5.0% maj
95% expected [——1Observed
2.5 Bl 68% expected T Tag > Ta

------ Median expected

—

No tt bound states |

0.0%00

600 800 1000
MAa [GeV]

* Is there arisk that a BSM discovery could similarly be disregarded ?
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In conclusion

* | have tried to use this talk to give you an idea of the thinking on the ATLAS side of the Ring for Exotics

 The search for new particles or interactions is one of the key deliverables of the LHC programme
(there is more to life than Higgs self-coupling)

* TJask is not easy to define, but with some thought can create a strategy which maximises our chances
to reach our objective

* |n short: dig deep for well motivated "flagship" models,

* Plan our papers such that we get maximum impact from extra data and developments, and plan for
long-term legacy

 Every single search should be exciting.
* Every single unblinding teaches something new about nature.

* We are pulling our weight: the search community is heavily invested in the detector operation and
upgrade.

 We're in the endgame of the LHC. We have a plan.
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Run 2 comb beaten but this single quark - better to

VLQs

invest resources in sensitivity channels than
combinations?

ATLAS vector-like quark searches - 95% CL exclusion ATLAS Preliminary
Status: June 2025 Vvs=13TeV, 36.1 fb~1 - 140 fb~! 0.6
g Singlet VLQ (pair) B(VLQ - Wq)=0.5} ' ' 1.15 ' ' PRD 110 (2024) 052009 {140 b X ) | T S I -
= Simplified VLQ (pair) B(VLQ - Wgq)=1.0} 1.53 PRD 110 (2024) 052009 {140 fb~! ATLAS lnternal
Doublet (B Y) (single) I'g/mg =20%, B(B—»Zb)=B(B-»Hb)=0.51 1.8 JHEP 11 (2023) 168 {139 fb~! X
Singlet B (single) M'g/mg =20%, B(B - Zb)=B(B - Hb)=0.25 1.3 JHEP 11 (2023) 168 {139 fb~!
- Singlet B (pair) B(B -» Zb)=8B(B - Hb)=0.25} 1.2 PLB 843 (2023) 138019 {139 fb~!
o Doublet (B Y) (pair) B(B - Zb)=B(B - Hb)=0.5 | 1.32 PLB 843 (2023) 138019 {139 fb~!
Simplified B (pair) B(B—Zb)=1.0t 1.42 PLB 843 (2023) 138019 {139 fbt
Singlet B (pair) B(B-» Wt)=0.5t 1.33 EPJC 83 (2023) 719 {139 fb~!
Simplified B (pair) B(B—-» Wt)=1.0t 1.46 EPJC 83 (2023) 719 {139 fb~!
Doublet (B Y) (single) I'y/my =20%, B(Y - Wb)=1.0} 2.27 arXiv:2506.15515 1140 fb~!
Doublet (X T) (single) I't/my=20%, B(T » Zt)=B(T - Ht)=0.5 1.4 PRD 111 (2025) 012012 {139 fbt
Singlet T (single) I't/mr=20%, B(T » Zt)=B(T - Ht)=0.25 2.0 PRD 111 (2025) 012012 {139 fbt
Simplified T (pair) B(T—->Ht)=1.0 1.01 PRD 98 (2018) 092005 {36.1 fb!
E Singlet T (pair) B(T - Zt)=B(T - Ht)=0.25 | 1.27 PLB 843 (2023) 138019 {139 fb~!
Doublet (X T) (pair) B(T - Zt)=B(T - Ht)=0.5 1.46 PLB 843 (2023) 138019 {139 fbt
Simplified T (pair) B(T—-Zt)=1.01 1.6 PLB 843 (2023) 138019 {139 fbt
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: N —— Y (T singlet), 95% CL upper limits 0.9 e 3 ab~', Run 2 Syst. —— 6 ab-!, Baseline
= A — 17 — — — — ] ) . . ] . . ) ] . . . ] ) . . ] . . ) ] . . . ] . L . 1 .
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VLQs - the long view

Run 2 comb beaten but this EPPSU briefing book

single quark - better to invest

2
b)qb

o

(

L-LHC, 6

pp = T

T singlet

' 6ab !

pp =TT

European Strateg)

I I I I I

FCC-hh 85 TeV, 30 ab !

00 b= ==

o Run 2 comb. (exp)  —— Bab-', Baseline | 2 4 6 10 12 14 16 18 20
[ ---- Run2T—>Wb (exp.) - 6 ab~', Run 2 Syst. ]
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Singlet mt [GeV]

some stage we become syst limited and

not stat limited
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CMS Preliminary

March 2025

Nonres. ee, B(LO—-»ue)=1,A=1 arXiv:2503.20023 0 TS TEVS- | 138 fb
Q Nonres. ee, B(LO—-»de)=1,A=1 arXiv:2503.20023 o azaTevy 138 fb~?
S ? LQ(ge)LQ(ge), BILQ—qe)=1,q=u,d 2&;321233;8%21 S A % :Ei (8 TeV)
o LQ(ge)LQ(ge) + LO(ge)LQ(que), B(LQ - ge, quve) =0.5, g=u,d | 2Xv1811.01197 I P 1 ekt gg ;E_i (8 Tev)
N elLQ(ge), B(LQ-qge)=1,A=1,9=u,d arXiv:1509.03750 0-3=176TeV 20 fb~! (8 TeV)
LO(te)LQ(te), B(LO—~te)=1 arXiv:2202.08676 - 137 fb~!
. . ) .. Nonres. uu, B(LOQ-»uu)=1,A=1 arXiv:2503.20023 _1_5+Tev 138 fb~1
Single+Pair+Non-resonant production, limits at 95% CL March 2025 , . e i
& 1 | | | | | | | | | | | | | | | | | | | | | | - Nonres. uy, B(LOQ-du)=1,A=1 arifvjzzz.zozzz T ;Zibfil
= - —— observed B anomalies preferred (90% CL) ATLAS Preliminary = 5 LQ(quILQ(qu), BILO—qu)=1,g=u,d,s,C :Fx;x51509:03744 R R 20 o1 (8 TeV)
4 B 1 ] S LQ(guLO(gu) + LO(qu)LQ(qv,), B(LOQ-»qu)=0.5,9=u,d,s,c g;ﬁ:x;iggg:ggggi S 02-1.07Tev gg ;E—l (8 Tev)
_ --- expected [EPJC 83 (2023) 153] Vs=13 TeV, 139 fb a T LOMLOXDM), BLO~ ) =05 A= 7. mon=045Te, gms.c| arvisiLiots: 2 e
35 :__ - — b7 Yang-Mills coupling _: S‘ uLQ(qu), BLO-qu)=1,g=u,d, A=1 arXiv:1509.03750 0-3-0:66TeV R 20 fb~1 (8 TeV)
— . ] LO(tu)LQ(tu), BILQ > tu) =1 arXiv:1809.05558 T L Ter 36 fb~1
L [arX|v.2503.1 9836] [JHEP 1 O (2023) 001 ] _ LQ(bu)LQ(bu), B(LO—=bu)=1 arXiv:2402.08668 e e ey 138 fb~1
3 [ —— btbt/bttv/tviv (Com b) X LO(tu)LQ(tu), B(LQ-»tu) =1 arXivi2202.08676 0-2=LazTev 137 fb!
N [PLB 854 (2024) 138736] ] TLQ(UT), B(LQ-»uT)=1,A=1 arxiv:2308.06143 6207 TN 138 fb~1
2.5 - XS TLQ(dT), B(LQ—»dT)=1,A=1 arXiv:2308.06143 o=haTeY 138 fb~1
L X TLQ(sT), B(LQ—»5sT)=1,A=3 arXiv:2308.06143 o=La3 el 138 fb~1
oL S8 TLQ(bT), BLQ-bT) =1,A =3 arXiv:2308.06143 — 138 fp
E % E TLQ(bT), BLQ->bT)=1,A=2.5 arXiv:1806.03472 — 36 fb~1
1 5 — : XXX TLO(bT), B(LO->bT)=1,A=2.5 arXiv:2308.07826 o s ey 138 fb~!
T : o l& LQ(bT)LQ(bT), B(LQ—»bT) =1 arXiv:1811.00806 — 36 fb!
[ : ] T LO(bT)LO(bT), B(LO—-bT)=1 arXiv:2308.07826 o T s ey 138 fb~?
1 - ; E - o Nonres. 7T, A((bT) = 2.5, Ap(bT) =0, A (sT) =0.48 (A = 5—;) arXiv:2208.02717 S 1-269Tev 138 fb!
E $ : E N Nonres. 7, A (bT) =Ar(bT) =2.5, A1 (sT) =0.53 (A = j—%) arxiv:2208.02717 e aaTew 138 fb!
05 XX |, : — Nonres. T, A (bT) = 2.5, Ag(bT) =0, A (sT) =0.48 arXivi2212.12604 T 0a-1.5Tev| 138 fb~1
b : : — Nonres. ™, A (bT) = Ag(bT) = 2.5, A (sT) =0.53 :arXiv:2212.12604— 138 fb~!
oC o Y N o s LQ(tTILQ(bY:) + v-LQ(tT), A(tT) = A(bv;) = 2.5 arXiv:2012.04178 E— 137 fp!
1000 1500 2000 2500 3000 LQ(bTILQ(tv) + TLQ(tvo), A(tT) = A(bv) = 2.5 arXiv:2012.04178  osnamTev 137 b3
m( UYM) [G eV] LO(tT)LQ(tT), B(LO~>tT)=1,A=1 arxiv:1803.02864 0-370.97TeV 36 fb~!
1 LO(tT)LO(tT), B(LO-tT) =1 arXiv:2202.08676 —— 137 fb~!
N LO(gQew)LQ(qvew), BLO—QqVeyw) =1,9=u,d,s,c arXiv:1909.03460 ST 1ssTev 137 fb~1
T: LQ(bvo)LQ(bvy), B(LQ - bvy) =1 arXiv:1909.03460 T s ey 137 fb~!
S LO(tve)LQ(tvy), BLQ»tvy) =1 arxiv:1909.03460 e e Tev 137 fb~!
N LO(Uve)LQ(Uve) + Vel Q(uve), BILQ »uve) =1, A=1 arXiv:2107.13021 1eLeTey 137 fo-?
0.2 0.3 04 05 06 0708091 2 3 4 5

0.1
Scalar [ Vector (k=0) [ Vector (k=1)

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

Leptoquark mass [TeV]

* | eptoquark mass constraints consistently above 1 TeV, but to 5+ TeV depeng
the configuration. Starting to seriously probe the b-anomaly preferred region
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* Together, We (CMS+ATLAS) can seriously probe the b-anomaly preferred region.

What other developments (beyond lumi scaling) are needed to completely probe
the region by the end of LHC lifetime? ;
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Efficiency

Surrogate models?

 |LLP re-interpretation problem is also the "any
analysis which uses ML" re-interpretation
problem...

e Could the solution be MORE ML ?

x102
~  Model: ALP —— ATLAS full analysis -
1.75— selection: WALP ——— MG5+Py8+BDT
— === Mmpap= 1 GeV N
150__ “e= MALP = 10 GeV ]
E === MmaLp = 40 GeV E
1.25— ]
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HackAnalysis efficiencies for the W+ALP model
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https://arxiv.org/abs/2502.10231
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please bro just

one more machine learni
model its the last one
| promise, it can help
everyone understand all t
other machine learing
models, bro please just one

more machine learning,

we can call it a surrogate

model no one will have to know plz
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The machines are
coming to steal out jobs
(kidding, but let's use
them properly)
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The ATLAS and CMS Anomaly Detection Papers
ATLAS AD summary (as of Sep 2025)
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Date on arXiv >
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https://indico.cern.ch/event/1578072/contributions/6648740/
attachments/3136423/5565386/ADTopicalMeetingATLAS. pdf

Overview Louis Moureaux

Offline
« Dijet resonances [2412.03747]
« Study of the methods [CDS link]
« H(bb) + anomalous [CDS link]

Data quality monitoring
« ECAL|[2309.10157]

Triggers
gg _:g 4 Trigger Cut *2 t Trigger Cut
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w > — >
Energy [GeV] Energy [GeV]

https://indico.cern.ch/event/1578072/contributions/
6648741/attachments/3136689/5565917/
CMS_Anomalies.pdf

» CMS and ATLAS have together published only a handful of AD searches, mostly on

hadronic final states...

 But now we are breaking into leptonic final states!
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The ATLAS and CMS Anomaly Detection Papers
ATLAS AD summary (as of Sep 2025)
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» CMS and ATLAS have together published only a handful of AD searches, mostly on

hadronic final states...

 But now we are breaking into leptonic final states!
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BSM WG serving its
purpose!




