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How we are organising the search for new physics for Run 3 and beyond

Louie Corpe (Clermont-Ferrand)




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,
and Moriond EW/QCD 2026.

* (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.

 Many opinions expressed which represent my own views, and not necessarily
those of the ATLAS collaboration (ie Aurelio may disagree with me ;) )
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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
https://indico.in2p3.fr/event/39055/timetable/?view=standard#112-experimental-summary
https://indico.cern.ch/event/1480248/timetable/#94-experimental-summary

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. |
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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
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Let's take stock of the board

ATLAS
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Boundary conditions for a search programme
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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) 12 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

1 3 EXOTICS GROUP



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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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

Louie Dartmoor Corpe (Clermont-Ferrand) 18 EXOTICS GROLP



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

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
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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
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Many models
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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)
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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
thought of
yet

Model Speculative
we have not del
thought of fletel=
yet (Solves one

problem)
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Flagship searches

Speculative
model
(Solves one
problem)

Model
we have not
thought of
yet

Speculative
model
(Solves one
problem)

Model

we have not

thought of
yet

Model
we have not
thought of
yet

Model
we have not
thought of
yet
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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
problem)

Model
we have not

. a thought of
peculative yet

model
(Solves one
problem)
Model

we have not
thought of

Model
we have not
thought of
yet
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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)

29



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
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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

32

previously
SUSY



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

EXOTICS GROUP

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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Run 1 first Long-lived Hidden Sector searches BME

Hidden sector
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The difference a decade makes

ATLAS+CMS Preliminary
. Hidden Sector (Feb 2025)

13-13.6 TeV
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Hidden sector

CMs

—%— Prompt (with b-tag), 138 o' (13 TeV)
JHEP 06 (2024) 087

--=-- Displaced jets, 34.7 1t (13.6 Tev)
Rept. Prog. Phys. 88 (2025) 037601

—— Muon System, 138 b (13 TeV)
Phys. Rev. D 110 (2024) 3 032007

A H-invisible, 4.9-140 1" (7-8-13 TeV)

Eur.Phys.).C 83 (2023) 833

ATLAS
~—#— Prompt (with b-tag), 36 1" (13 Tev)
JHEP 10 (2018) 031
- Displaced vertices, 140" (13 Tev)
Phys. Rev. Lett. 133 (2024) 161803
Calorimeter, 140 16" (13 Tev)
JHEP 11 (2024) 036
= Muon System (2 vtx), 133 " (13 TeV)
Phys. Rev. D 106 (2022) 3 032005
= Muon System, 38 1" (13 TeV)
Phys. Rev. D 99 (2019) 052005
®  H-invisible, 47-139 1" (7-8-13 TeV)
Phys.Lett B 842 (2023) 137963

CMS

—%— Prompt (with b-tag), 136 1" (13 TeV)
JHEP 06 (2024) 087

- ==~ Displaced jets, 34.7 1t (13.6 TeV)
Rept. Prog. Phys. 88 (2025) 037801

—— Muon System, 138 b (13 TeV)
Phys. Rev. D 110 (2024) 3 032007

A H-—invisible, 49-140 1" (7-8-13 TeV)

Eur.Phys.J.C 83 (2023) 833

ATLAS
—=— Prompt (with b-tag), 36 1" (13 Tev)
JHEP 10 (2018) 031
- Displaced vertices, 1401 (13 Tev)
Phys. Rev. Lett. 133 (2024) 161803
Calorimeter, 140" (13 Tev)
JHEP 11 (2024) 036
~—-=— Muon System (2 vtx), 139 & (13 TeV)
Phys. Rev. D 106 (2022) 3 032005
—-—— Muon System, 35 1" (13 TeV)
Phys. Rev. D 99 (2019) 052005
®  H->invisible, 47-139 1" (7-8-13 TeV)
Phys.Lett B 842 (2023) 137963

CcMS

—%— Prompt (with b-tag), 136 io' (13 Tev)
JHEP 06 (2024) 087

- ==~ Displaced jets, 34.7 1" (13.6 Tev)
Rept. Prog. Phys. 88 (2025) 037801

~—— Muon System, 138 b ' (13 TeV)
Phys. Rev. D 110 (2024) 3 032007

A H-invisible, 49-140 " (7-8-13 TeV)

Eur.Phys.).C 83 (2023) 833

ATLAS
—&— Prompt (with b-tag), 35 " (13 Tev)
JHEP 10 (2018) 031
- Displaced vertices, 1401 y (13 Tev)
Phys. Rev. Lett. 133 (2024) 161803
Calorimeter, 140 1" (13 TeV)
JHEP 11 (2024) 036
—-=— Muon System (2 vtx), 139 & (13 TeV)
Phys. Rev. D 106 (2022) 3 032005
®  H-invisible, 47-139 1" (7-8-13 TeV)

Phys.Lett B 842 (2023) 137963
== Monojet, 139 " (13 TeV)
ATL-PHYS-PUB-2021-020

SM

ATLAS+CMS Preliminary

— Hidden Sector (Feb 2025) 13-13.6 TeV
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= CMS Searches:

v

Prompt (with b-tag), 138 1b” (13 Tev)
JHEP 06 (2024) 097

Displaced jets, 34.7 1" (13.6 TeV)
Rept. Prog. Phys. 88 (2025) 037601
Muon System, 138 1b" (13 Tev)

Phys. Rev. D 110 (2024) 3 032007

H-» invisible, 4.9-140 1" (7-8-13 TeV)
Eur.Phys.J.C 83 (2023) 833

ATLAS searches:

Prompt (with b-tag), 36 o' (13 Tev)
JHEP 10 (2018) 031

Displaced vertices, 140 1" (13 Tev)
Phys. Rev. Lett. 133 (2024) 161803
Calorimeter, 140 1" (13 Tev)

JHEP 11 (2024) 036

Muon System (2 vtx), 138 1o' (13 Tev)
Phys. Rev. D 106 (2022) 3 032005
Muon System, 36 " (13 Tev)

Phys. Rev. D 99 (2018) 052005

H-» invisible, 4.7-132 1" (7-8-13 Tev)
Phys.Lett.B 842 (2023) 137963

CMS searches:

Prompt (with b-tag), 138 1" (13 Tev)
JHEP 06 (2024) 097

Displaced jets, 34.7 1" (13.6 TeV)
Rept. Prog. Phys. 88 (2025) 037801
Muon System, 138 1b" (13 TeV)

Phys. Rev. D 110 (2024) 3 032007

H-» invisible, 4.9-140 1" (7-8-13 TeV)
Eur.Phys.J.C 83 (2023) 833

ATLAS searches:

Prompt (with b-tag), 36 o' (13 TeV)
JHEP 10 (2018) 031

Displaced vertices, 140 " (13 TeV)
Phys. Rev. Lett. 133 (2024) 161803
Calorimeter, 140 1b" (13 Tev)

JHEP 11 {2024) 036

Muon System (2 vtx), 138 1o” (13 Tev)
Phys. Rev. D 106 (2022) 3 032005
Muon System, 36 i (13 Tev)

Phys. Rev. D 99 (2018) 052005

H-» invisible, 4.7-132 1" (7-8-13 TeV)
Phys.Lett.B 842 (2023) 137963

CMS searches:

Prompt (with b-tag), 138 1" (13 Tev)
JHEP 06 (2024) 097

Displaced jets, 34.7 1" (13.6 Tev)
Rept. Prog. Phys. 88 (2025) 037801
Muon System, 138 b (13 TeV)

Phys. Rev. D 110 (2024) 3 032007

H-» invisible, 4.9-140 " (7-8-13 Tev)
Eur.Phys.J.C 83 (2023) 833

ATLAS Ssearches:

Prompt (with b-tag), 36 1" (13 Tev)
JHEP 10 (2018) 031

Displaced vertices, 140 b (13 Tev)
Phys. Rev. Lett. 133 (2024) 161803
Calorimeter, 140 1" (13 Tev)

JHEP 11 {2024) 036

Muon System (2 vtx), 138 1" (13 Tev)
Phys. Rev. D 106 (2022) 3 032005

H-» invisible, 4.7-132 1" (7-8-13 Tev)
Phys.LettB 842 (2023) 137963
Monojet, 139 b (13 Tev)
ATL-PHYS-PUB-2021-020
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Hidden sector

CMs

—%¥— Prompt (with b-tag), 136 fo" (13 TeV)
JHEP 06 (2024) 087

--=-- Displaced jets, 34.7 1t (13.6 Tev)
Rept. Prog. Phys. 88 (2025) 037801

~—— Muon System, 138 b (13 TeV)
Phys. Rev. D 110 (2024) 3 032007

A H-invisible, 4.9-140 1" (7-8-13 TeV)

Eur.Phys.J.C 83 (2023) 833

ATLAS
~—#— Prompt (with b-tag), 36 1" (13 Tev)
JHEP 10 (2018) 031
- Displaced vertices, 140" (13 Tev)
Phys. Rev. Lett. 133 (2024) 161803
Calorimeter, 140 16" (13 Tev)
JHEP 11 (2024) 036
= Muon System (2 vtx), 133 " (13 TeV)
Phys. Rev. D 106 (2022) 3 032005
= Muon System, 38 1" (13 TeV)
Phys. Rev. D 99 (2019) 052005
®  H-invisible, 47-139 1" (7-8-13 TeV)
Phys.Lett B 842 (2023) 137963

CMS

—%— Prompt (with b-tag), 136 1" (13 TeV)
JHEP 06 (2024) 087

- ==~ Displaced jets, 34.7 1t (13.6 TeV)
Rept. Prog. Phys. 88 (2025) 037801

—— Muon System, 138 b (13 TeV)
Phys. Rev. D 110 (2024) 3 032007

A H-—invisible, 49-140 1" (7-8-13 TeV)

Eur.Phys.J.C 83 (2023) 833

ATLAS
—=— Prompt (with b-tag), 36 1" (13 Tev)
JHEP 10 (2018) 031
- Displaced vertices, 1401 (13 Tev)
Phys. Rev. Lett. 133 (2024) 161803
Calorimeter, 140" (13 Tev)
JHEP 11 (2024) 036
~—-=— Muon System (2 vtx), 139 & (13 TeV)
Phys. Rev. D 106 (2022) 3 032005
—-—— Muon System, 35 1" (13 TeV)
Phys. Rev. D 99 (2019) 052005
®  H->invisible, 47-139 1" (7-8-13 TeV)
Phys.Lett B 842 (2023) 137963

CcMS

—%— Prompt (with b-tag), 136 io' (13 Tev)
JHEP 06 (2024) 087

- ==~ Displaced jets, 34.7 1" (13.6 Tev)
Rept. Prog. Phys. 88 (2025) 037801

~—— Muon System, 138 b ' (13 TeV)
Phys. Rev. D 110 (2024) 3 032007

A H-invisible, 49-140 " (7-8-13 TeV)

Eur.Phys.J.C 83 (2023) 833

ATLAS

—&— Prompt (with b-tag), 35 " (13 Tev)
JHEP 10 (2018) 031

---- Displaced vertices, 140" (13 Tev)
Phys. Rev. Lett. 133 (2024) 161803

- Calorimeter, 140 15" (13 Tev)

JHEP 11 (2024) 036

—-=— Muon System (2 vtx), 139 & (13 TeV)
Phys. Rev. D 106 (2022) 3 032005

®  H-invisible, 47-139 1" (7-8-13 TeV)

Phys.Lett B 842 (2023) 137963
== Monojet, 139 " (13 TeV)
ATL-PHYS-PUB-2021-020
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= CMS Searches:

v

Prompt (with b-tag), 138 1b” (13 Tev)
JHEP 06 (2024) 097

Displaced jets, 34.7 1" (13.6 TeV)
Rept. Prog. Phys. 88 (2025) 037601
Muon System, 138 1b" (13 TeV)

Phys. Rev. D 110 (2024) 3 032007

H-» invisible, 4.9-140 1" (7-8-13 TeV)
Eur.Phys.J.C 83 (2023) 833

ATLAS searches:

Prompt (with b-tag), 36 o (13 Tev)
JHEP 10 (2018) 031

Displaced vertices, 140 1" (13 Tev)
Phys. Rev. Lett. 133 (2024) 161803
Calorimeter, 140 1" (13 Tev)

JHEP 11 (2024) 036

Muon System (2 vtx), 138 1o' (13 Tev)
Phys. Rev. D 106 (2022) 3 032005
Muon System, 36 " (13 Tev)

Phys. Rev. D 99 (2018) 052005

H-» invisible, 4.7-132 1" (7-8-13 Tev)
Phys.Lett.B 842 (2023) 137963

CMS searches:

Prompt (with b-tag), 138 1" (13 Tev)
JHEP 06 (2024) 097

Displaced jets, 34.7 1" (13.6 TeV)
Rept. Prog. Phys. 88 (2025) 037801
Muon System, 138 1b" (13 TeV)

Phys. Rev. D 110 (2024) 3 032007

H-» invisible, 4.9-140 1" (7-8-13 TeV)
Eur.Phys.J.C 83 (2023) 833

ATLAS searches:

Prompt (with b-tag), 36 o' (13 TeV)
JHEP 10 (2018) 031

Displaced vertices, 140 " (13 TeV)
Phys. Rev. Lett. 133 (2024) 161803
Calorimeter, 140 1b" (13 Tev)

JHEP 11 {2024) 036

Muon System (2 vtx), 138 1o” (13 Tev)
Phys. Rev. D 106 (2022) 3 032005
Muon System, 36 i (13 Tev)

Phys. Rev. D 99 (2018) 052005

H-» invisible, 4.7-132 1" (7-8-13 TeV)
Phys.Lett.B 842 (2023) 137963

CMS searches:

Prompt (with b-tag), 138 1" (13 Tev)
JHEP 06 (2024) 097

Displaced jets, 34.7 1" (13.6 Tev)
Rept. Prog. Phys. 88 (2025) 037801
Muon System, 138 b (13 TeV)

Phys. Rev. D 110 (2024) 3 032007

H-» invisible, 4.9-140 1" (7-8-13 TeV)
Eur.Phys.J.C 83 (2023) 833

ATLAS Ssearches:

Prompt (with b-tag), 36 1" (13 Tev)
JHEP 10 (2018) 031

Displaced vertices, 140 b (13 Tev)
Phys. Rev. Lett. 133 (2024) 161803
Calorimeter, 140 1" (13 Tev)

JHEP 11 {2024) 036

Muon System (2 vtx), 138 1" (13 Tev)
Phys. Rev. D 106 (2022) 3 032005

H-» invisible, 4.7-132 1" (7-8-13 Tev)
Phys.LettB 842 (2023) 137963
Monojet, 139 b (13 Tev)
ATL-PHYS-PUB-2021-020

Observed 95% CL limit on B(H—SS)
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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" ?




Project to plan

o Systematically project our
flagship results to understand
when it's time to repeat them

* do need more data ? Wait for
theory improvements ? Work on
systematics 7

 When can we make a big impact
on limits ? When could we make
a discovery ?

e Use this to inform our 5-year plan

ATLAS

CLERMONT-FERRAND

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-040/
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0.6 lllllll \\ lllllllllllll \l lllllllllll
N\ \\
= N — .
20N - ATLAS Internal
)\/® S . \\\ —
\\ : \\\
)\\\c,J : X
| So ™ o
— - \\\ :. 4 \\\
0.5 0 : e %
LA AT, TS
/\//)) N ,/ TQSOO i
i .7 ot % .

0.1}
L e Run 2 comb. (exp.) —— 3 ab', Baseline .
---- Run2T—- Wb (exp.) -~ 6 ab~', Run 2 Syst. -
I T T PLL 3 ab~', Run 2 Syst. —— 6 ab™!, Baseline _
O O 111111111111111111111111111111

1200 1400 1600 1800 2000 2200 2400 2600
Singlet mt [GeV]




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 5SSI/>3| - Observed : 50 i ATLAS EXCQSSGS.
l ombine Tea L Al
& 50 = ZPfN C ) .\/{TLAS 1 [SOft 2'—]7 [37L]’
S B © 40 4 =13 TeV, 139 fb
E | < O /" Alimisatss oL [Sleptons 2L],
40 B h - - Expected Limit (+ 1o,,)
- < 30 — — Observed Limit (+ %theory) [SBH 3'—]
i L — Obs. Limit off-shell
S0f B — Obs. Limit compressed
20 — LEP excluded .
"y 3 CMS Excesses:
o 10 [SOft 2/3'.]
E RN BRI PRI o I’:“I‘ IR B S
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

CLERMONT-FERRAND

Louie Dartmoor Corpe (Clermont-Ferrand)

m(x ) [GeV]

39



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/

Follow up on excesses

List of Excesses at the LHC

The LHC BSM WG steering committee thanks the physics group conveners from the LHC experiments who helped us |

together the following lists.

Note: this list is still work in progress. This page is only editable by the LHC BSM WG steering committee. Please cor
case a relevant LHC excess (local significance > 2.4 standard deviations) from a search for new physics is missing fr

ATLAS

Physics Final state

Group

HMBS Compressed sleptons \(\to\)
2L

HMBS Compressed EWKinos \(\to\)
2L

HMBS EWKinos \(\to\) multib

HMBS VBF Charged Higgs \(\to\) 2-
3L

HMBS Charged Higgs \(\to\) cb

HMBS VBF Diboson \(\to\) 1L2j

EXO dE/dX

EXO displaced HNLs

/ ATLAS

CLERMONT-FERRAND

Nature of excess

m(\(\mu\mu\)) 5-10 GeV 2.0
(SR2-BDTmm5+10)

mll ~ 20GeV (SR-E)

2017 in SR with MET>200

Meff>860

mH = 375GeV

mH+ =130 GeV

mT ~ 1.5TeV

mN of 5 GeV in the 2QDH
model

Local (global)
significance

[standard

deviations]

24

2.7

2.6

3.3(2.5)

2.8

3.6

3.1

Dataset

Run 2

Run 2

Run 2

Run 2

Run 2

Run 2

Run 2

Run 2

Reference

HMBS-
2024-64

SUSY-2018-

16

SUSY-2020-

16

HDBS-
2023-19

HDBS-
2019-24

HDBS-
2018-10

SUSY-2018-

42

EXOT-2022-

12

Do other
experiments
see it?

CMS

Physics
Group

B2G

HIG

B2G

HIG

B2G

B2G

https://Ihc-bsm-wg.docs.cern.ch/excesses/

Final state

V' \(\to\) V(V/H) \
(\to\) jets

X \(\to\) YH \(\to\)
4b resolved

X \(\to\) YH \(\to\)
4b boosted

X \(\to\) YH \(\to\)
(bb)(\
(\gamma\gamma\))

X \(\to\) YH \(\to\)
(\
(\gamma\gamma))
(bb)

X \(\to\) YH \(\to\)
(VV\(\to\) 4q)(bb)

Thanks Tamara!

Nature of excess

2.17and 2.9 TeV

(mX, mY) = (700 GeV, 400 GeV)

(mX, mY) = (1.6 TeV, 90 GeV)

(mX, mY) = (650 GeV, 95 GeV)

(mX, mY) = (300 GeV, 77 GeV)

(mX, mY) = (900 GeV, 80 GeV)

N ]
\ Louie Dartmoor Corpe (Clermont-Ferrand)

Local (global)
significance
[standard
deviations]
3.6 (2.3)

4.1 (2.8)

3.1(0.7)

3.8 (2.8)

3.3(0.7)

3.3(<1)

40

Dataset

Run 2

Run 2

Run 2

Run 2

Run 2

Run 2

Reference

B2G-20-009

HIG-20-012

B2G-21-003

HIG-21-011

B2G-24-001

B2G-23-007



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-2019-09/

Example of a recent 'flagship' result: =
Quantum Black Holes :

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

)

ATLAS

EXPERIMENT
Submitted to: PLB

§ 22nd April 2 026

Search for quantum black holes in lepton+jet final S
states using proton—proton collisions at £
Vs = 13.6 TeV with the ATLAS detector §
The ATLAS Collaboration «
=»Quantum Black Holes are well motivated: help solve gauge 9
hierarchy problem (why is Planck scale so far from EW scale?)
g

ATLAS

CLERMONT-FERRAND

Louie Dartmoor Corpe (Clermont-Ferrand)

Huge gain in cross section with
CoM collision energy! Clear
experimental target
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Quantum Black Holes

»Simple analysis strategy: Y .
.ReqUIre Iepton + Jet, bOth Very h|gh pT (> 130 GeV) Y [ :
. _ _ fCR
=Angular selections to reduce background, low missing | | |
energy - my [Tev]
»Most backgrounds from Monte Carlo Simulation, with g prTTTTETEEE———
normalisation from dedicated regions P Ll i d or S
] - Signal Region Bl Fakes 5
« Fakes electrons from data-driven method o Bl
. . . . . . 10° W Others =
»Check for excess in mj invariant mass distribution 7 Uncertinty :
Highest event,5.3TeV. =~ L L i
invariant mass! N -
W TR R A R (e
8 9 10 11 12 13ge
m,; [TeV] | 2
CLEAR;[NI:QRASND Louie Dartmoor Corpe (Clermont-Ferrand) 42 !;%I ,:Roé



EXPERIMENT

Run: 484754
Event: 968132624
2024-09-17 20:58:25 CEST




o Tl I l l S e
uantum bidC OI1eS S amas 0%l perimis
o 10°F % -e- Observed =
% = Vs=136TeV, 164 fb .- Expected =
o8 4oL QBH-e — g
= t2c =
N — ADD (n=6) :
107 =
10°E E
g8 85 9 95 10 105
M,, [TeV]
=No excess seen, but we are probing scalesupto » "+
. ey - ATLAS 95% CL upper limits
9.5 TeV depending on the model and channel! & 10PE _, - Observed | 2
% = Vs=13.6TeV, 164 fb ... Expected =
o & 4oL QBH-w — -
= A =
PN — ADD (n=6) :
1 E
107 T
102 I

ATLAS

CLERMONT-FERRAND

Louie Dartmoor Corpe (Clermont-Ferrand) 44 BT eRONR



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) 48
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Remember Resonances

Y
X Strategy:
----------- Look in myz invariant
mass distribution, and
search for a peak at mx
/

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%? 50%? 30%?

ATLAS

CLERMONT-FERRAND
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Remember Resonances

Y
X Strategy:
----------- Look In myzw invariant
> mass distribution, and
search for a peak at mx
W

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

85%7? 70%? 50%? 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 3-body invariant mass spectra involving any of these
objects have ever been probed for resonances by ATLAS ?

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

ATLAS

CLERMONT-FERRAND

Louie Dartmoor Corpe (Clermont-Ferrand) 54



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) 55 EXO
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The machines are
coming to steal out jobs
(kidding, but let's use
them properly)

Louie Dartmoor Corpe (Clermont-Ferrand) 56



The ATLAS and CMS Anomaly Detection Papers
ATLAS AD summary (as of Sep 2025)

/\ Vilis Cepaiitis

Semi- 5 —_'
supervised F et
O
: 7/
@
Kly % & — —
Yervised '
R
. Multi-lepton
Jnsupervised g m P N nomalies
Date on arXiv >

2020 2021 2022 2023 2024 2025

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
3 (3}
« AXOL1TLI[CDS] & |\ - & —>
° D ‘\\‘&
CICADA [CDS] ™~ Logt Datal
IS | New Physics!
S “\_._“_
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) Overview ouis Moureaux

/\ Vilis Cepaiitis Data quality monitoring Offline

Semi- « ECAL |2309.10157] « Dijet resonances [2412.03747]
supervised 2 « Study of the methods [CDS link]
%)
% 7 « H(bb) + anomalous [CDS link]
@ .
% < % Trlggers *Vé t Trigger Cut ‘3 ‘\ Trigger Cut
[ « AXOL1TL[CDS] & I\ N i I
T [ —
O ° h
E \ CICADA [CDS] \\\ Lost Data!
_ Multi-lepton T New Physics!
Jnsupervised g m ,/——ﬁ anomalies . . J
Energy [GeV] E GeV
Date on arXiv ¥ nerey(GeV
2020 2021 2022 2023 2024 L
1578072/contributions/

3136689/5565917/

https://indico.cern.ch/event/1578072/contributions/6¢
alies.pdf

attachments/3136423/5565386/ADTopicalMeetingAT
Jack's thesis is an excellent example of this type

« CMS and ATLAS have togeth of search, so | will direct you to his defence X¥:{folgl=te mostly on
hadronic final states tomorrow for more details :) ’

 But now we are breaking into
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Re-interpretation and Analysis
Preservation:

Why it matters, why we are not currently
successful, and how we can be.

Louie Dartmoor Corpe (Clermont-Ferrand) 59



An example LLP search

Hidden sector

Efficiency

0.6
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— (125, 5) GeV, c1,,, =041 m
— (125, 16) GeV, c7,,, = 0.58 m
— (125, 35) GeV, ¢1yy, = 1.31 m
— (125, 55) GeV, ¢y, = 1.05 m

95% CL upper limit on (6 / og),) X By, ..

,J""] I lf""l] T T T

S

A y — 111111 A Ao LlLlAl A A

-
-
LT LT

{s=13TeV, 139 fb"

—Obs. ---Exp.

A llllkl A Al Lliljl

10°% 107"

-
O F
|
w
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ct [m]

LHC Collisions

x10™°

0.1}

ATLAS Simulation

—

- | Total Uncertainty .Stat. Uncertainty

-

HS (mH, mS)=
(125, 5) GeV
- | (125, 16) GeV
- B (125, 35) GeV
- [ (125, 55) GeV

Search for neutral long-lived particles in p p
collisions at Vs = 13 TeV that decay into displaced

hadronic jets in the ATLAS calorimeter
https://arxiv.org/pdf/2203.01009

Low-ET & High-E~
separately

CalRatio Triggers

Preselection

On jet and event variables

Low-ET & High-Et
separately

Low-Er & High-Ex Per-Event BDT Per-Jet NN

separately Separates signal & background events + . Separates signal, QCD & BIB jets
even

variables

Event Cleaning & Low-Er & High-Er
separately

Final Selections

ABCD Method

Data-driven background estimation

Low-Er & High-Et
separately

Calculation

Signal Significance &
Limit-setting if applicable
Includes lifetime extrapolation
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Search for neutral long-lived particles in p p

D iffe re nt I ifeti m e? collisions at v/s = 13 TeV that decay into displaced

hadronic jets in the ATLAS calorimeter
https://arxiv.org/pdf/2203.01009

Hidden sector LHC Collisions

Low-ET & High-E~

CalRatio Triggers separately
p
- x10™
b § oe | ATLAS Simulation Preselection
o U . . : : Low-Et & High-ET
S ol | Total Uncertainty [l Stat. Uncertainty On jet and event variables soparately
w v [ HS(m ,m) =

0.4; (125, 5) GeV
- | (125, 16) GeV
0.3} B (125, 35) GeV
- F (125, 55) GeV

Low-Er & High-Ex Per-Event BDT Per-Jet NN

separately Separates signal & background events + . Separates signal, QCD & BIB jets
even

variables

0.1} - :
/‘1’ | Event Cleanlng & Low-Er & High-Er

separately

Final Selections

TI 1 LI 'l]ll'\ ] ]

LI |

1 :_Hﬁ_ 55 = 100% , _____ _ _ U VR ,-__ A Low-Er & High-Er ABCD Method
E "\ ‘ 4 ' Beparately Data-driven background estimation
T W /
; N NN A A : Signal Significance & Calculation
102 By 5= 1% S —— el r Limit-setting if applicable
HS (m, m) = e ——— Includes lifetime extrapolation

— (125, 5) GeV, c1,,, =041 m
— (125, 16) GeV, c7,,, = 0.58 m
— (125, 35) GeV, Cry,=1.31m  V5=13TeV, 139 fb”

95% CL upper limit on (6 / og),) X By, ..

,J""] I lf""l] T T T

10_4 — (125, 55) GeV, CTgen = 1.05m —Obs. ---Exp.
Ll ’ A L 111111 A | LJL[Al 1 P 111111 A | leljl
107° 102 10" 1 10

cz(m] 2 Dartmoor Corpe (Clermont-Ferrand) ol



Search for neutral long-lived particles in p p

D iffe re nt ki n e m ati c S? collisions at v/s = 13 TeV that decay into displaced

hadronic jets in the ATLAS calorimeter
https://arxiv.org/pdf/2203.01009

. . Low-Er & High-ET
CalRatio Triggers

Preselection

7?7 On jet and event variables Low-Er & High-Ex
separately

No way to re-interpret this | Per-Event BDT Per-Jet NN
search with pu blished separately Separates signal & background events + Separates signal, QCD & BIB jets

.. . event
efficiencies ?

Hidden sector

LHC Collisions

variables

Event Cleaning & Low-Er & High-Er
~— Final Selections separately
Low-Er & High-Er ABCD Method
separately Data-driven background estimation

Signal Significance &
Limit-setting if applicable

Calculation

Includes lifetime extrapolation
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Search for neutral long-lived particles in p p

D iffe re nt ki n e m ati c S? collisions at v/s = 13 TeV that decay into displaced

hadronic jets in the ATLAS calorimeter
https://arxiv.org/pdf/2203.01009

. . Low-Er & High-ET
CalRatio Triggers
00 Preselection
et On jet and event variables ety
separately

No way to r.e-lnterpret this e e e, SO Per-Jot NN 1
search with pUb“Shed | + Separates signal, QCD & BIB jets |

) event

efficiencies ? T s e ariaklos e ————

Event Cleaning & Low-Er & High-Er
~— Final Selections separately
Low-Er & High-Er ABCD Method
separately Data-driven background estimation

Signal Significance &
Limit-setting if applicable

Hidden sector

LHC Collisions

— - —_— —

N

Inaccessible
to theorists

Calculation

Includes lifetime extrapolation
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Search for neutral long-lived particles in pp

D iffe e nt ki nem ati C S? collisions at vs = 13 TeV that decay into displaced

hadronic jets in the ATLAS calorimeter

https://arxiv.org/pdf/2203.01009
Hidden sector

LHC Collisions

p (I) / I
y N

Low-ET & High-E~
separately

't NN
QCD & BIB jets
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Search for neutral long-lived particles in pp

D iffe e nt ki nem ati C S? collisions at vs = 13 TeV that decay into displaced

hadronic jets in the ATLAS calorimeter
https://arxiv.org/pdf/2203.01009

Hidden sector

I——

£ LHC Collisions e
S/
1 - - Low-ET & High-ET
P ) : ; | CalRatio Triggers separately
"""":, \ 1 -
R . x 250~ ATLAS Simulation o
p f ) - c
S\ £ b : Presslect
2 SM < 200 o : T = reselection
= —Low-E. selection O w .
t < ! ' e < On jet and event variables Low-Er & High-Ex
5 107 8 separately
- 150:— ;',’
oc
00| PO g ; r & High-Er Per-Event BDT Per-Jet NN
: : : . : AN | RU darately Separates signal & background events + Separates signal, QCD & BIB jets
Six-dimensional efficiency ; Al e s |2 eparates signal & background even 5 eparates signal, QC jo
1 - 50| JPERT B BERR T Y N B variables
map binned in LLP truth L R e e
kinematics, decay position oL 50 £ OO UTIONE S5 B e Event Cleaning & Low-Er & High-E;
: : separately
and decay mode — Final Selections

LLP, Bin Index

Low-Er & High-Er ABCD Method
separately Data-driven background estimation

Signal Significance &
Limit-setting if applicable

Includes lifetime extrapolation

Louie Dartmoor Corpe (Clermont-Ferrand) 65



Search for neutral long-lived particles in pp

D iffe e nt ki nem ati C S? collisions at Vs = 13 TeV that decay into displaced

hadronic jets in the ATLAS calorimeter

https://arxiv.org/pdf/2203.01009
Hidden sector

LHC Collisions

p (I) / I
y N

Low-ET & High-ET
separately

't NN
QCD & BIB jets

ilation

Louie Dartmoor Corpe (Clermont-Ferrand) 06



Efficiency

A SuMo for the displaced jets search

o SkiKitLearn RandomForest classifier (BDT).Trained on analysis signal samples using
truth-level inputs (both LLP kinematics, decay positions, daughter PDG id).

* Validated using independently generated samples.

* Available as ONNX file on analysis HEPData, already integrated in HackANalysis re-
iInterpretation tool

Easily port ONNX files to new Interpolate between mass points...
frameworks (eg HackAnalysis) Or new models with different kinematics !

x10°°

. HackAnalysis efficiencies for the W+ALP model 5‘

x-______ _ s S 6 MG5+Py8+SuMo

—  Model: ALP —— ATLAS full analysis 7 1.0+ marp=1GeV '6 : - (mH, mz,) = (250, 25) GeV ]
1.75— Selection: WALP — 1 ---  SuMo = L (my, mz) = (250, 50) GeV N

- --- MGS5 + Py8 + BDT - q mo MO Gev = )= -
1.50 — map= 10GeV 0.81 maLp — 10 GeV -== (M, mz)=(250, 100) GeV

- ——— map= 40 GeV . SuMo T -

- ALP . mo Mo, 0 Gev - (My, mz,) = (250, 125) GeV -
1.25 S 4

— N — ATLAS
1.00— = - SuMo 7 N

- 8 marLp = 40 GeV 3 - ’ \>/ ~\ -

- 'S AN LI
0.75 £ 0.4 / IR

- ! ! VDN

~ [-T-] 2 [ / I, ,l \ ‘\ .

N / / RN \
0.50 :— O 2 I’ ’I ,/I,/’ \\ \3\\

: ' [~ / / /7 \‘ \\ . 7
0.25/— 11— Model: zz, Ry ~

= - Selection: ZHS_lowET s A .

— - 7/ -~
OO P—— PPy A A | P ] e tt—— OO. ________ . - - '

PO_4 10°° 1072 107" 10° 10 102 r————.—— P - T e T ST m—
103 102 10~ 100 10! 102 103 R 10 10 10 10 10 10
cT[m]
cT [m] cT [m]
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Different kinematics?

Hidden sector

>¢ L]
‘” N, om

https://arxiv.org/abs/2502.18021
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New limits on previously
unprobed model

Louie Dartmoor Corpe (Clermont-Ferrand)

Search for neutral long-lived particles that decay
into displaced jets in the ATLAS calorimeter in

association with leptons or jets using p p collisions at

‘/5 =13 TeV https://arxiv.org/pdf/2407.09183

Low-Et & High-ET
separately

CalRatio Triggers

Preselection

On jet and event variables Low-Et & High-Er

separately

Per-Jet NN
Separates signal, QCD & BIB jets

Per-Event BDT

Separates signal & background events *
event

variables

Low-Et & High-Et
separately

Event Cleaning &

Low-Er & High-E+
separately

Final Selections

ABCD Method

Data-driven background estimation

Low-Er & High-Et
separately

Signal Significance &
Limit-setting if applicable
Includes lifetime extrapolation
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A solution to the wider re-interpretation problem

"LLP re-interpretation problem” is an almost maximally-difficult case.

The Surrogate Model method appears to work well, even with a "simple” BDT
trained on a local machine with only 10 trees, and without any calibration.

More complex ML methods may do even better!

Allows theorists to input truth-level information to evaluate full analysis selection
probability for each event.

Caveats: how to define uncertainties, bounds of applicability, safety checks, etc”?

Nevertheless, systemically training surrogate models could provide a route to
mass re-interpretability of all LHC search results, which could then be included in
downstream recasting tools (eg Rivet, MadAnalysis...)
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To finish: what have we achieved with Run 1+2 ?

ATLAS pMSSM: zj’ LSP 1
 After 15 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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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%

”
" .
-
- )
- p &
B - . {
\\” -

J/s=13TeV, 140 b~

| | | | | |

Observed 95% CL exclusion_

Expected 95% CL exclusion
(X106 and +20)

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

| |

400 500 600 700 800 900 1000 1100 1200 1300 1400

Ma [GeV]

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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What are VLQs
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VLQs

ATLAS vector-like quark searches - 95% CL exclusion

ATLAS Preliminary

Status: June 2025

vs=13TeV, 36.1 fb~! - 140 fb~!

C_I) Singlet VLQ (pair) B(VLQ - Wq)=0.5} | 1.i5 PRDI 110I (2024) 652069 1140 fb!
= Simplified VLQ (pair) B(VLQ - Wq)=1.0f 1.53 PRD 110 (2024) 052009 140 fb~!
Doublet (B Y) (single) I'g/mg =20%, B(B—-Zb)=B(B - Hb)=0.5¢ 1.8 JHEP 11 (2023) 168 1139 fb1
Singlet B (single) 'g/mg =20%, B(B—»Zb)=B(B - Hb)=0.25} 1.3 JHEP 11 (2023) 168 1139 fb~1
Singlet B (pair) B(B - Zb)=B(B - Hb)=0.25} 1.2 PLB 843 (2023) 138019 {139 fb~!
E 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—2Zb)=1.0} 1.42 PLB 843 (2023) 138019 {139 fb!
Singlet B (pair) B(B - Wt)=0.5 1.33 EPJC 83 (2023) 719 1139 fb!
Simplified B (pair) B(B - Wt)=1.0t 1.46 EPJC 83 (2023) 719 1139 fb1
Doublet (B Y) (single) My/my=20%, B(Y - Wb)=1.0t 2.27 arXiv:2506.15515 1140 fb~!
Doublet (X T) (single) I't/m+=20%, B(T - Zt)=B(T - Ht)=0.5 1.4 PRD 111 (2025) 012012 {139 fb~!
Singlet T (single) I't/mr=20%, B(T - Zt)=B(T - Ht)=0.25 2.0 PRD 111 (2025) 012012 {139 fb~!
Simplified T (pair) B(T - Ht)=1.0 1.01 PRD 98 (2018) 092005 136.1 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 fb!
Simplified T (pair) B(T»Zt)=1.0 1.6 PLB 843 (2023) 138019 {139 fb!
Singlet T (pair) B(T-» Wb)=0.5} 1.36 PLB 854 (2024) 138743 {140 fb!
Simplified T (pair) B(T - Wb)=1.0} 1.7 PLB 854 (2024) 138743 {140 fb~! ’
- . q refers to u, d, or s quark O:5 1 —_— 1:5 —_——— 2 - 2:5 —_—
Simplified SU(2) SU(2)
model singlet doublet Vector-like quark mass [TeV] S
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VLQs - the long view

EPPSU briefing book
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some stage we become syst limited and mr [TeV]

not stat limited
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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 )
2ok Vs =13 TeV, pr€(85,110] GeV GN2 43500
: (egata - 740/0) i -
5 60 :_ C-jet rejection in simulated (Pythia8) top-pair events -1 3000
LCJ - .,}. C-jet rejection in top-pair data events . "
— - kght-jet rejection in simulated (MadGraph) Z + jets events
é 50 _ ¥ light-jet rejection in Z + jets data events N 2500 ~
O L . -
2 . 6.4 i O
@ 40F Reco Software Update B 12000 &
@ - ( : QD
- - | ; ‘ q o e
[ - : <1500 +;
% 30 - Reference: DL1r e da?}_‘;’so/) I O
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ATLAS
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Year of tagger deployment

Louie Dartmoor Corpe (Clermont-Ferrand)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-07/

Nature Commun. 17 (2026) 541

https://arxiv.org/abs/2505.19689
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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

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

% o
O Lo .. ATLAS
8 E%a_, %, (s =13 TeV
g 10° Diie; s 4 » Single and Multi-Jets
Oo Nl < <. ) .
e p_ > 85 GeV » Flavour Tagging
% y*| <0.6 » Photons
10 *b%%% » Partial-Event Building
10°
« Trigger-level jets (J100), 132 fb™ —
12k © Trigger-level jets (J50), 15 fb™ Bandwidth = Rate x Event Size A. Salvador
Offline jets, 140 fb =
. : . R T T 1 = = X N
400 500 600 1000 2000
m; [GeV]
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https://arxiv.org/abs/2509.01219

