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ATLAS : 110 
CMS: 81
LHCb: 37

Papers since Aspen 2023:

ATLAS CMS LHCb
Image: Juan Aliga
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome
https://cms-results-search.web.cern.ch/
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome
https://cms-results-search.web.cern.ch/
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html


LHC Schedule
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2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 ... 2045

Run 1 Run 2 Run 3 HL-LHC

7/8 TeV
25 fb-1

13 TeV
140 fb-1

13.6 TeV
70 fb-1 so far

~260 fb-1 expected 

14 TeV
3000 fb-1

2010

Significant increases in total integrated luminosity, but only marginal increases in energy.



13.6 TeV
70 fb-1 so far

~260 fb-1 expected 

LHC Schedule
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7/8 TeV
25 fb-1
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140 fb-1

14 TeV
3000 fb-1

2010

No large increases in the center of mass energy 
and no clear signs of new physics encourages 
more meticulous and creative approaches



Overview of Recent LHC Results  
Results with the Full Run 2 dataset:
§ Measurement of rare processes Observation of four tops

§ Precision measurements 

§ Searches for more complex and unusual signatures 

§ New search techniques 

Small handful of Run 3 results:

- Measurements at 13.6 TeV & searches with new triggers - to be covered next year J 
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Rare Processes:
Observation of four top quark 
production by the ATLAS and 
CMS Experiments



Four Top Production ATLAS: Eur. Phys. J. C 83 (2023)
CMS: Phys. Lett. B 847 (2023)

§

§
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Sensitive to top Yukawa coupling
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Enhanced production for BSM models with 
heavy scalar or pseudo-scalar particles

https://arxiv.org/abs/2303.15061
https://arxiv.org/abs/2305.13439
https://arxiv.org/abs/2212.03259


Four Top Production
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High object multiplicity final state: 

• 4 b-quarks leading to jets 

• decay products of 4 W bosons 
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Same-sign and multilepton channels have highest 
sensitivities despite small branching fraction.



LHCtopWG
ATLAS+CMS Preliminary  = 13 TeV, November 2023s
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Initial Four Top Full Run 2 Results
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
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Four Top Production – Analysis Improvements

§

§
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Widespread adoption 
of many dedicated ML 
techniques. 



Four Top Production - Results
LHCtopWG
ATLAS+CMS Preliminary  = 13 TeV, November 2023s
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LHCTopWG Summary Plots
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
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More Rare Processes:
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Higgs to Z𝛾: 
Evidence at 3.4σ (1.6σ exp) 
ATLAS+CMS: Phys. Rev. Lett. 132 (2024) 021803

VH(𝑐𝑐): limits at 14.4x SM
CMS: Phys. Rev. Lett. 131 (2023) 061801
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VH(𝜏𝜏): 
Evidence at 4.2σ (3.6σ exp) 
ATLAS: https://arxiv.org/abs/2312.02394 

Hadron Spectroscopy

Many more results not highlighted here

Tri-boson production:
WZ𝛾 observation at 6.3σ (5.0σ exp) 
ATLAS: Phys. Rev. Lett. 132 (2024) 021802
W𝛾𝛾 observation at 5.6σ (5.6σ exp)
ATLAS: Phys. Lett. B 848 (2024) 138400  
WW𝛾 observation at 5.6σ (4.7σ exp) 
CMS: CERN-EP-2023-203
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Observation of 𝛾𝛾→ 𝜏𝜏
CMS (pp) CMS-PAS-SMP-23-005
ATLAS (PbPb) Phys. Rev. Lett. 131 (2023) 15180
CMS (PbPb) Phys. Rev. Lett. 131 (2023)

https://arxiv.org/abs/2309.03501
https://arxiv.org/abs/2205.05550
https://arxiv.org/abs/2312.02394
https://arxiv.org/abs/2305.16994
https://arxiv.org/abs/2308.03041
https://arxiv.org/abs/2310.05164
https://cds.cern.ch/record/2891376
https://www.arxiv.org/abs/2204.13478
151803%20https:/www.arxiv.org/abs/2206.05192


Precision 
Measurements: RK



What is RK?

Probe of charged lepton flavour violation 

New physics, such as leptoquarks could lead to 
imbalance in ratio of transitions producing a pair of 
muons vs. electrons
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What is RK?
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LHCb: Nature Physics 18, (2022) 277-282

https://www.arxiv.org/abs/2103.11769
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RK Measurements
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LHCb: Nature Physics 18, (2022) 277-282
LHCb: Phys. Rev. D 108 (2023) 032002
CMS: CERN-EP-2023-297
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Precision Measurements
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Top mass
mt = 172.52 ± 0.14 (stat) ± 0.30 (syst) GeV
ATLAS+CMS: 
ATLAS-CONF-2023-066 / CMS-PAS-TOP-22-001/
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To name a few!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-066/
https://cds.cern.ch/record/2872484/files/TOP-22-001-pas.pdf
https://arxiv.org/abs/2206.07110
https://arxiv.org/abs/2312.02789
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-004/
https://arxiv.org/abs/2109.01113


Direct Searches for New Physics
Getting creative with unconventional signatures

Image: J. Lockhart



Searches for BSM Physics
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Incredible range of models, masses and lifetimes studied to date. 
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ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS
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SSM Z ′ → ττ 2 τ − − 36.1 1709.072422.42 TeVZ′ mass
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Vector med. Z ′-2HDM (Dirac DM) 0 e, µ 2 b Yes 139 tan β=1, gZ =0.8, m(χ)=100 GeV 2108.133913.0 TeVmZ′

Pseudo-scalar med. 2HDM+a multi-channel 139 tan β=1, gχ=1, m(χ)=10 GeV ATLAS-CONF-2021-036800 GeVma

Scalar LQ 1st gen 2 e ≥2 j Yes 139 β = 1 2006.058721.8 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥2 j Yes 139 β = 1 2006.058721.7 TeVLQ mass

Scalar LQ 3rd gen 1 τ 2 b Yes 139 B(LQu
3 → bτ) = 1 2303.012941.49 TeVLQu

3
mass

Scalar LQ 3rd gen 0 e, µ ≥2 j, ≥2 b Yes 139 B(LQu
3 → tν) = 1 2004.140601.24 TeVLQu

3
mass

Scalar LQ 3rd gen ≥2 e, µ, ≥1 τ ≥1 j, ≥1 b − 139 B(LQd
3 → tτ) = 1 2101.115821.43 TeVLQd

3
mass

Scalar LQ 3rd gen 0 e, µ, ≥1 τ 0 − 2 j, 2 b Yes 139 B(LQd
3 → bν) = 1 2101.125271.26 TeVLQd

3
mass

Vector LQ mix gen multi-channel ≥1 j, ≥1 b Yes 139 B(Ũ1 → tµ) = 1, Y-M coupl. ATLAS-CONF-2022-0522.0 TeVLQV
3

mass

Vector LQ 3rd gen 2 e,µ, τ ≥1 b Yes 139 B(LQV
3 → bτ) = 1, Y-M coupl. 2303.012941.96 TeVLQV

3
mass

VLQ TT → Zt + X 2e/2µ/≥3e,µ ≥1 b, ≥1 j − 139 SU(2) doublet 2210.154131.46 TeVT mass

VLQ BB →Wt/Zb + X multi-channel 36.1 SU(2) doublet 1808.023431.34 TeVB mass
VLQ T5/3T5/3 |T5/3 →Wt + X 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 36.1 B(T5/3 →Wt)= 1, c(T5/3Wt)= 1 1807.118831.64 TeVT5/3 mass

VLQ T → Ht/Zt 1 e, µ ≥1 b, ≥3 j Yes 139 SU(2) singlet, κT = 0.5 ATLAS-CONF-2021-0401.8 TeVT mass

VLQ Y →Wb 1 e, µ ≥1 b, ≥1 j Yes 36.1 B(Y →Wb)= 1, cR (Wb)= 1 1812.073431.85 TeVY mass

VLQ B → Hb 0 e,µ ≥2b, ≥1j, ≥1J − 139 SU(2) doublet, κB= 0.3 ATLAS-CONF-2021-0182.0 TeVB mass

VLL τ′ → Zτ/Hτ multi-channel ≥1 j Yes 139 SU(2) doublet 2303.05441898 GeVτ′ mass

Excited quark q∗ → qg − 2 j − 139 only u∗ and d∗, Λ = m(q∗) 1910.084476.7 TeVq∗ mass

Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 139 1910.084473.2 TeVb∗ mass
Excited lepton τ∗ 2 τ ≥2 j − 139 Λ = 4.6 TeV 2303.094444.6 TeVτ∗ mass

Type III Seesaw 2,3,4 e, µ ≥2 j Yes 139 2202.02039910 GeVN0 mass
LRSM Majorana ν 2 µ 2 j − 36.1 m(WR ) = 4.1 TeV, gL = gR 1809.111053.2 TeVNR mass

Higgs triplet H±± →W ±W ± 2,3,4 e,µ (SS) various Yes 139 DY production 2101.11961350 GeVH±± mass
Higgs triplet H±± → ## 2,3,4 e,µ (SS) − − 139 DY production 2211.075051.08 TeVH±± mass
Multi-charged particles − − − 139 DY production, |q| = 5e ATLAS-CONF-2022-0341.59 TeVmulti-charged particle mass

Magnetic monopoles − − − 34.4 DY production, |g | = 1gD , spin 1/2 1905.101302.37 TeVmonopole mass

Mass scale [TeV]10−1 1 10

√
s = 13 TeV

partial data

√
s = 13 TeV
full data

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
Status: March 2023

ATLAS Preliminary∫
L dt = (3.6 – 139) fb−1

√
s = 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.

†Small-radius (large-radius) jets are denoted by the letter j (J).

ATL-PHYS-PUB-2023-008
CMS EXO Summary plots

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV


Dark Showers

Image C. Doglioni 
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Image: arxiv:2203.08824 

https://arxiv.org/abs/2203.08824


Dark Showers
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ATLAS Dark Jets (2023): arXiv:2311.03944 ATLAS Semi-visible jets (2024): Phys. Lett. B 848 (2024) 138324

CMS Emerging Jets (2024): arXiv:2403.01556 CMS SUEPs (2024): arXiv:2403.05311 

Dedicated triggers for Run 3 promise of more to come!

https://arxiv.org/abs/2311.03944
https://arxiv.org/abs/2305.18037
https://arxiv.org/abs/2403.01556
https://arxiv.org/abs/2403.05311


Anomaly Detection Searches with 
Unsupervised & Weakly Supervised 
Machine Learning

Doing analysis in an entirely new fashion

Image: Erik Petersen



Anomaly Detection with with 
Unsupervised Machine Learning 
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Images adapted from: A. Kahn & J. Aliga

Mostly SM training data

Rare BSM snowboarder

Common SM skier



Anomaly Detection ATLAS: Phys. Rev. D 108 (2023) 052009
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X selected based on anomaly score from VRNN, or two-pronged MVA scores 

Higgs selected based on 
boosted Hbb tagger score

https://arxiv.org/abs/2306.03637


Anomaly Detection ATLAS: Phys. Rev. Lett. 132 (2024) 081801
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• Lepton triggered events 
• Rapidity mass matrix used as input to autoencoder
• Highest local significances of 2.8σ and 2.9σ found 

for 𝑚𝑗𝜇 = 1.2 and 4.8 TeV 

https://arxiv.org/abs/2307.01612


Anomaly Detection CMS-PAS-EXO-23-026
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• Unsupervised (VAE-QR)
• Weakly supervised (CWoLa Hunting, TNT, CATHODE)
• Semi-supervised - multi-signal priors (QUAK) 

• Anomaly detection improves sensitivity of standard 
methods up to ~3-7x 

?

?

A

p

p

Jet

Jet

…

…

B 

C

https://cds.cern.ch/record/2892677


Summary 
§

§

§

§
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Thank you!
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Some Early Run 3 Results: 
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CMS Displaced Muons: 
CERN-EP-2024-025
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Combined: Observed:
)-1 13 TeV (97.6 fb

)-1 13.6 TeV (36.6 fb

DZD Z→H 
) = 10 GeV

D
m(Z

) = 0.144µµ → 
D

(ZΒ

CMS

Observed 68% quantile
Expected 95% quantile

https://arxiv.org/abs/2402.14491
https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-21/


Rate of Submitted Papers 
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Image: J. Allison

CMS Submitted Papers

https://cms-results.web.cern.ch/cms-results/public-results/publications-vs-time/



SM Cross 
Section 
Measurements
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W-mass Measurement
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Newest measurement: 

mW = 80360 ± 5(stat.) ± 15(syst.) MeV 
(consistent with the SM) 

 



Higgs to Z𝛾 ATLAS+CMS Combination
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First evidence of this decay process! 

μsig = 2.2 ± 0.6(stat.)+0.3 
-0.2 (syst.) 3.4 𝜎

SM compatibility: 1.9 𝜎 

Uncertainty dominated by statistics. 

Strong contender for Run 3 observation 
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Slides: Benedikt Maier
CERN Data Science Seminar: https://indico.cern.ch/event/1392054/

https://indico.cern.ch/event/1392054/

