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CMS & ATLAS at the Large Hadron Collider

• Higgs discovery        completed the Standard 
Model (SM) ➝ what lies beyond the SM (BSM)?

• Showing some highlights from recent Run 2 and 
Run 3 LHC direct searches for BSM physics
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Run 3
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LHC: 385 fb-1
CMS: 355 fb-1
ATLAS: 353 fb-1

total Lint

https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/PublicPlots/2024/DataSummary/figs/intlumivstimeRun3.png
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Probe BSM physics with direct searches and measurements

Inspired by ATLAS
Exotics, SUSY,
extended Higgs
physics reports

Monica Dunford ICHEP24 talk

cr
os

s 
se

ct
io

n 
[p

b]

[2]

[2]

[1] Electroweak (Paulo Azzuri)
[2] Higgs (Hanna Arnold)

[1]

[1]

[1]

[2]

[1,2]

[1] SUSY and additional Higgses (Samuel Bein)
[2] Long-lived particles (Lisa Benato)
[3] LLPs / dark sectors (Daniele Trocino) [1]

[2,3]

additional Blois24 plenary talks:

*this talk

*
*

*

*

*

*

https://arxiv.org/abs/2403.09292
https://arxiv.org/abs/2403.02455
https://arxiv.org/abs/2405.04914
https://indico.cern.ch/event/1291157/contributions/5957999/
https://indico.cern.ch/event/1335188/contributions/6137399/
https://indico.cern.ch/event/1335188/contributions/6137389/
https://indico.cern.ch/event/1335188/contributions/6137400/
https://indico.cern.ch/event/1335188/contributions/6137468/
https://indico.cern.ch/event/1335188/contributions/6137403/
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Search for Bosons Decaying to Top Quark Pairs“toponium”
HIG-22-013

see dedicated talks by:
Sam Baxter, Higgs Hunting 2024

Laurids Jeppe, TOP 2024

ℒ! =

ℒ" =

• Search for extended Higgs sector (2HDM) 
introducing a scalar / pseudo-scalar 
Higgs boson decaying to top quark pairs

• At threshold, non-perturbative QCD effects 
become important, including a possible 𝑡 ̅𝑡 
bound state 

• Model effect as pseudo-scalar with m𝜂t = 343 
GeV, 𝜎𝜂t = 6.3 pb [PRD 104 (2021) 3, 034023]

• Search in 3 channels:
• 1ℓ (e/𝜇), ≥2 b-jets, 3j / ≥4j

• Exploit 

• 2ℓ (ee/𝜇𝜇/e𝜇), ≥1 b-jet, ≥2j
• Exploit chel and chan spin

correlation variables 
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t(angle btw leptonic top and 𝑡 ̅𝑡 ) +
2

signal model includes
interference effects

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf
https://indico.ijclab.in2p3.fr/event/10259/contributions/35240/attachments/23869/34653/Higgs_Hunting_Samuel_Baxter_v8.pdf
https://indico.cern.ch/event/1368706/contributions/6012506/
https://doi.org/10.1103/PhysRevD.104.034023


2ℓ Results*
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data vs. background:

ratio of data to 
background:

pre-fit

post-fit
including H / A signal

toponium
HIG-22-013

bins of chel and chan

post-fit
including 𝜂t signal

similar excesses observed in 1ℓ (backup)

𝑚!!̅ [GeV]

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf


2ℓ Results*

Oct 21, 2024 Rencontres de Blois 6

𝑚!!̅ [GeV]

toponium
HIG-22-013

data vs. background:

ratio of data to 
background:

pre-fit

post-fit
including H / A signal

post-fit
including 𝜂t signal

𝑚""̅ [GeV]
600       1200

𝜂t
H / A

>5σ excess
near 𝑚''̅	~	2𝑚' threshold

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf


2ℓ Results*
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toponium
HIG-22-013

bins of chel and chan chanchel

A (365 GeV, 2%)
gA = 0.75 ± 0.03
H (365 GeV, 2%)
gH = 0.0 ± 0.27

𝜎 = 7.1 ± 0.7 pb
𝜇 = 1.11 ± 0.12

data vs. background:

ratio of data to 
background:

pre-fit

post-fit
including H / A signal

post-fit
including 𝜂t signal

𝑚!!̅ [GeV] compatible with ηt from a simplified 
model of non-relativistic QCD 

pseudo-scalar 
favored over
scalar

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf
https://doi.org/10.1103/PhysRevD.104.034023
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2HDM Constraints

CMSPreliminary 138 fb°1 (13 TeV)

no 𝒕𝒕̅ bound states

toponium
HIG-22-013

CMSPreliminary 138 fb°1 (13 TeV)

with 𝒕𝒕̅ bound states

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf
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Discussion and Summary“toponium”
HIG-22-013

• Summary of CMS observations
– A full Run 2 CMS search for a (pseudo-)scalar boson 

has been performed in the 2ℓ and ℓ+jets final states of
𝑡 ̅𝑡 using 𝑚""̅ and angular and spin observables 

– A >5σ local excess at low 𝒎𝒕𝒕̅ has been observed,
which fits better the pseudoscalar than scalar hypotheses 

• Excess also fits best to a model of the 𝒕𝒕̅ bound state 𝜼𝒕, 
with a fitted cross section of 7.1 ± 0.7 pb

• Stringent limits have been set on the scalar and 
pseudoscalar signal models, with a floating normalization

• Summary of ATLAS observations
– No excess observed in similar kinematic region at low 𝒎𝒕𝒕̅

• Optimized for higher H/A masses

• Search probes down to 𝑚""̅ > 320 GeV but
limits are set only for 𝑚""̅ > 400 GeV region

• Slightly different background modeling
(e.g. ATLAS mtop = 173.3 GeV vs. CMS mtop = 172.5 GeV)

Sam Baxter
Higgs Hunting 2024

JHEP 08 (2024) 013

ATLAS

𝑚""̅ [GeV]

see CERN HEP seminar 
from Benjamin Fuks

and potential 2HDM 
explanation from Lu et al.

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf
https://indico.ijclab.in2p3.fr/event/10259/contributions/35240/attachments/23869/34653/Higgs_Hunting_Samuel_Baxter_v8.pdf
https://link.springer.com/article/10.1007/JHEP08(2024)013
https://cernbox.cern.ch/pdf-viewer/public/ikN6TL8B1i3Yqjf/toponium_ijs.pdf?contextRouteName=files-public-link&contextRouteParams.driveAliasAndItem=public%2FikN6TL8B1i3Yqjf&items-per-page=100
https://arxiv.org/pdf/2410.08609
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symmetry between E and B in vacuum

∇ # 𝐸 =
𝜌
𝜀!

1
𝑐"
𝑑𝐸
𝑑𝑡

− ∇×𝐵 = −𝜇!𝐽

∇ # 𝐵 = 𝜇!𝜌#

𝑑𝐵
𝑑𝑡

+ ∇×𝐸 = −𝜇!𝐽#

0

00

0

Gauss’s Law for E Gauss’s Law for B

Ampere’s Law Faraday’s Law

magnetic
monopoles
2408.11035

Maxwell’s Laws in Vacuum

https://arxiv.org/abs/2408.11035
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symmetry is broken by electric charge and current

∇ # 𝐸 =
𝜌
𝜀!

∇ # 𝐵 = 𝜇!𝜌#0

Gauss’s Law for E Gauss’s Law for B

0

Ampere’s Law Faraday’s Law

1
𝑐"
𝑑𝐸
𝑑𝑡

− ∇×𝐵 = −𝜇!𝐽
𝑑𝐵
𝑑𝑡

+ ∇×𝐸 = −𝜇!𝐽#0

Adding Electric Charge & Current
magnetic
monopoles
2408.11035

0

https://arxiv.org/abs/2408.11035


∇ # 𝐸 =
𝜌
𝜀!
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∇ # 𝐵 = 𝜇!𝜌#

Gauss’s Law for E Gauss’s Law for B

Ampere’s Law Faraday’s Law

1
𝑐"
𝑑𝐸
𝑑𝑡

− ∇×𝐵 = −𝜇!𝐽
𝑑𝐵
𝑑𝑡

+ ∇×𝐸 = −𝜇!𝐽#

Adding Magnetic Charge & Current (?)
magnetic
monopoles
2408.11035

• Symmetry could be restored by magnetic charges and 
currents ⟶ not forbidden by classical E&M

• Dirac 1931: magnetic monopoles are consistent with
quantum mechanics iff their charge is quantized:
• Force between 2 magnetic monopoles is 4700 times

larger than Coulomb force between 2 electrons!  

https://arxiv.org/abs/2408.11035
https://royalsocietypublishing.org/doi/10.1098/rspa.1931.0130


The Valentine’s Day Monopole
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Search for more 
monopoles in ATLAS!

Cabrera
PRL 48 1378 1982

Cabrera and Trower

Roses are red, violets are blue,
It’s time for monopole number 2!
- Steven Weinberg
  Valentine’s Day 1983

• Search for magnetic monopoles passing 
through a loop with 8 turns

• Valentine’s Day 1982: Blas Cabrera 
observed an event with precisely the right 
magnitude of flux expected for a monopole!

event magnitude [ ∆𝜙 /𝜙! ]

flu
x 

[𝜙
%]

ev
en

ts
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0
0       2       4        6       8

calibrated magnitude 
for one Dirac charge

Lab occupied
Lab unoccupied

Feb 14, 1982

3          6           9          12        15         18        21         24   

super-
conducting
shield

super-
conducting
loop

monopole

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.48.1378
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.48.1378
https://link.springer.com/article/10.1007/BF01889481


Magnetic Monopole Search Strategy

• Magnetic monopoles are produced
by EM interactions ⟶ enhanced by
𝑍4 = 824 ~ 45 million in Pb-Pb collisions

• Central collisions (small impact 
parameter, b) are dominated by strong 
processes ⟶ search in
ultra-peripheral collisions (UPC)
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magnetic
monopoles
2408.11035

b

𝛾

https://arxiv.org/abs/2408.11035


• 𝐹#$ = 0	 → no bending
in the 𝑟 − 𝜙 plane
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magnetic
monopoles
2408.11035

• 𝐹⃑ = 𝑞&𝐵𝑧̂ → parabolic 𝑟 − 𝑧 
trajectory (like a projectile)

• Strong bending ➝ main
focus on pixel activity𝐹⃑ = 𝑞) 𝐵 −

1
𝑐*
𝑣⃑×𝐸 = 𝑞)𝐵

𝑟𝑧 view𝑟𝜙 view

transition radiation tracker

strips

pixels𝐵

𝐵 pT = 20 GeV

𝐹⃑

𝐹⃑

Magnetic Monopoles in ATLAS

~1 m

https://arxiv.org/abs/2408.11035


Magnetic Monopole Selections
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magnetic
monopoles
2408.11035

Performance of the ATLAS ZDC

• Large activity in pixels / IBL 

• Significant activity in far-forward 
Zero Degree Calorimeter (ZDC) 
due to spectator neutrons

• Define signal region with high 
“transverse thrust” T > 0.95:

ZDC ZDC

https://arxiv.org/abs/2408.11035
https://cds.cern.ch/record/1628749/files/ATL-FWD-PROC-2013-001.pdf
https://www.sciencedirect.com/science/article/pii/S0168900209019044
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• No excess observed in signal region
• Exclude monopoles below 120 GeV in FPA model and 

improve σUL from prior MoEDAL constraints by up to ~100×

magnetic
monopoles
2408.11035

Magnetic Monopole Results

3 events
4±4 expected

transverse thrust T monopole mass [GeV]

https://arxiv.org/abs/1902.04388
https://www.nature.com/articles/s41586-021-04298-1
https://arxiv.org/abs/2408.11035
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HNL
2408.0500 Heavy Neutral Leptons Search

• Neutrino masses could be 
explained by Type 1 Seesaw with
3 Heavy Neutral Lepton (HNL) 
Majorana neutrinos, which violate 
lepton conservation ( ∆𝐿 = 2 )

• Perform first search for
15-75 GeV HNLs in 𝒕𝒕̅ events 

• Require semi-leptonic decays 
yielding a pair of same-charge 
same-flavor leptons

• Enhance sensitivity with multi-
variate Boosted Decision Tree

• No excess in either flavor channel
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Data µ dec tt
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V EW Top other
Htt Uncertainty
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High mass BDT output High mass BDT output

https://arxiv.org/pdf/2408.05000
https://doi.org/10.1143/PTP.64.1103


Oct 21, 2024 Rencontres de Blois 19

HNL
2408.0500 Constraints on Heavy Neutral Leptons
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95% CL limits
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95% CL limits
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 channelµµ
95% CL limits

• Benchmark model has single 
HNL candidate 𝑁 coupling either 
to 𝜈", 𝜈#, or 𝜈$ via mixing matrix:

𝝂𝒆 𝜈4 𝜈5

• Set constraints on squared couplings 
𝑉ℓ,)

* for 15 < mN < 75 GeV

https://arxiv.org/pdf/2408.05000
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ttH/A
2408.17164 tt(H/A) ⟶tttt Search 

• SM Higgs is a complex doublet
⟶ 4 d.o.f. ⟶ 3 d.o.f. are “eaten” by
W+, W-, and Z0 ⟶ 1 physical Higgs

• Many BSM scenarios introduce
2nd Higgs doublet ⟶ 8 d.o.f.
⟶ 3 d.o.f. are “eaten” by W+, W-, and Z0

⟶ 4 extra physical Higgs bosons:
• 2 neutral: H, A ß search for these
• 2 charged: H+ H-

• Results exclude
tan b < 1.7 (mH/A = 400 GeV),
tan b < 0.7 (mH/A = 1000 GeV)
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https://arxiv.org/abs/2408.17164


Vector-Like Leptons with Taus

• Search for vector-like leptons (VLL) 
decaying to leptoquark (U1) and 3rd gen 
quarks (4321 model) decaying to tau leptons

• Enhance sensitivity with multi-variate Neural 
Network discriminant

• No excess → exclude mVLL < 910 GeV
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VLL with 𝜏
ATLAS-CONF-2024-008
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https://cds.cern.ch/record/2904563
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Displaced Leptons
• First ATLAS 13.6 TeV BSM search!

• New Large Radius Tracking triggers 
enhance sensitivity to low pT leptons
– First constraints on a compressed dark

sector Higgs portal model! [1,2]

• New e/𝛾 Boosted Decision Tree enhances 
sensitivity to long-lived selectrons
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displaced leptons
CERN-EP-2024-257

Displaced-Tracks-Run3

selectron mass [GeV]

see more in Ian’s BSM parallel talk Wed evening! 
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[1] Filimonova and Westhoff
[2] Blekman, Desai, Filimonova, Sahasransu, Westhoff

[1] Long live the Higgs portal!
 

theoretically-preferred
compressed region [2]

long-lived GMSB selectrons
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https://atlas.cern/Updates/Briefing/Displaced-Tracks-Run3
https://indico.cern.ch/event/1335188/contributions/6177598/
https://link.springer.com/article/10.1007/JHEP02(2019)140
https://link.springer.com/article/10.1007/JHEP11(2020)112
https://link.springer.com/article/10.1007/JHEP02(2019)140


Review of VLQ / VLL / HNL Searches
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VLQ / VLL / HNL
2405.17605

• Comprehensive program of searches in wide variety of signatures 
provides stringent constraints on several scenarios!

Heavy neutral leptonsVector-like leptonsVector-like quarks

https://arxiv.org/abs/2405.17605


ISR photon + boosted dijet Search
• Search for low-mass boosted

hadronically-decaying resonances
• Trigger on photon due to high hadronic rates
• Search for bumps in the fat jet invariant mass 

distribution tagging 2-pronged jet substructure
• Set constraints on Z’ couplings for 20-200 GeV 

→ first ATLAS sensitivity to mZ’ < 100 GeV!
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ISR dijet
2408.00049

mJ [GeV]

https://arxiv.org/abs/2408.00049


Kaluza Klein Gluon Resonances

• Search for KK gluon resonance gKK decaying 
to gluon + radion R, R decays 2 X	𝑊 → 𝑞;𝑞′

• Define signal regions based on ratio of masses 
of dijet (R) / trijet (gKK) and ParticleNet tagger 
score based on particle clouds

• Search for signal in trijet mass mjjj* 

• No excess → probe gKK masses up to 3.5 TeV
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gKK
CMS-PAS-B2G-23-004
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http://dx.doi.org/10.1103/PhysRevD.101.056019
http://cds.cern.ch/record/2900735?ln=en


Heavy Resonances ➝ top + gluon

• Search for pair production of new heavy resonances 
decaying to top + gluon in 1ℓ final state

• Select events with e/μ + jets + Etmiss and search for 
excess at high scalar sum of transverse momentum (ST)

• No excess → exclude t* masses up to
1050 GeV (s = 1/2) and 1700 GeV for (s = 3/2) 
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t*t* → tg tg (1ℓ)
CMS-PAS-B2G-22-005

𝐬 = 𝟏/𝟐 𝐬 = 𝟑/𝟐

https://cds.cern.ch/record/2905021


Data Parking & Scouting
• Event rate stored for offline analysis is limited by offline 

reconstruction and data storage constraints
• 2 methods circumvent constraints to allow for reduced thresholds

• Data scouting: no offline reco, store High-Level Trigger objects (since Run 2)
• Data parking: delay offline reco (developed substantially for Run 3)
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Parking / scouting
2403.16134

vertexed dimuons
Run 2 parked data

mjj for VBF H ⟶ invisible 
Run 3 simulation

https://arxiv.org/abs/2403.16134


Recent ATLAS Exotics Results
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Subgroup Search Reference
UEH magnetic monopoles 2408.11035 briefing
UEH displaced jets 2407.09183
UEH lepton jets 2407.09168
HQT VLQ T/Y➝Wb 2409.20273
HQT tt H/A ➝ tttt 2408.17164
HQT / TOPQ Heavy neutrinos search in 𝑡 ̅𝑡 2408.05000 
HQT VLQ combination 2408.08789
LPX vector-like leptons CONF-2024-08
JDM mono S(bb) 2407.10549
JDM boosted ISR dijet 2408.00049

ExoticsPublicResults
UEH = Unconventional Signatures & Exotic Higgs
HQT = Heavy Quarks, Top and Composite Higgs
LPX = Leptons, Z’, W’, and LFV
JDM = Jets and Dark Matter

Sam

Lisa

Adrian

https://arxiv.org/abs/2408.11035
https://atlas.cern/Updates/Briefing/Monopoles-First-Run3
https://arxiv.org/abs/2407.09183
https://arxiv.org/abs/2407.09168
https://arxiv.org/abs/2409.20273
https://arxiv.org/abs/2408.17164
https://arxiv.org/abs/2408.05000
https://arxiv.org/abs/2408.08789
https://cds.cern.ch/record/2900101
https://arxiv.org/abs/2407.10549
https://arxiv.org/abs/2408.00049
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3685&pid=29450
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3685&pid=29605
https://indico.cern.ch/event/1335188/contributions/6177597/


Recent CMS B2G / SUS / EXO Results
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Group Search Reference

B2G Higgs bosons from heavy resonances 2403.16926 

B2G t*t* → tg tg (1ℓ) B2G-22-005

B2G gKK ➝ g R, R➝WW B2G-23-004

B2G A ➝ ZH ➝ ℓℓ ttbar (0ℓ) B2G-23-006

B2G Zʼ ➝ Z(ℓℓ)H(qq / cc) B2G-23-008

SUS phenomenological MSSM SUS-24-004

SUS H➝a1a1➝4τ / 2τ2μ SUS-24-002

EXO Review of dark sectors 2405.13778

EXO Long-lived vector-like leptons EXO-23-015

EXO Displaced jets 2409.10806

EXO Data parking / scouting 2403.16134

EXO Long-lived dimuons JHEP 05 (2024) 047

EXO Vector-like quarks & leptons and heavy neutral leptons 2405.17605

B2G = Searches for BSM particles decaying
to top quarks and Higgs and Gauge bosons
SUS = Searches for new physics in final states with 
Unbalanced pT and Standard objects
EXO = Searches for Exotica

Daniele

Sam

Lisa

Lisa

Sam

Sam
Sam

Daniele

https://arxiv.org/abs/2403.16926
https://cds.cern.ch/record/2905021
http://cds.cern.ch/record/2900735?ln=en
https://cds.cern.ch/record/2892681?ln=en
https://cds.cern.ch/record/2893109?ln=en
https://cds.cern.ch/record/2906621
https://cds.cern.ch/record/2911497
https://arxiv.org/abs/2405.13778
https://cds.cern.ch/record/2905042
https://arxiv.org/abs/2409.10806
https://arxiv.org/abs/2403.16134
https://link.springer.com/article/10.1007/JHEP05(2024)047
https://arxiv.org/abs/2405.17605
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3685&pid=29450
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3685&pid=29450
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3685&pid=29605
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3685&pid=29605
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3685&pid=29450
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3685&pid=29450
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3685&pid=29450
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3685&pid=29450
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1864
“Maxwell’s” Laws



A Lesson From History (?)
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1900
wrapping up?

1864
“Maxwell’s” Laws

“There is nothing new to be discovered in physics now.
All that remains is more and more precise measurement.”
                                    

- Lord William Thomson Kelvin



A Lesson From History (?)
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19051900
wrapping up?

1864
“Maxwell’s” Laws spacetime is relative!!!

×



A Lesson From History (?)
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19051864
“Maxwell’s” Laws spacetime is relative!!!

take curl of both sides

vector
identity = r/e0 =  0 in vacuum

let there be light !

1900
wrapping up?

×

https://proofwiki.org/wiki/Curl_of_Curl_is_Gradient_of_Divergence_minus_Laplacian


A Lesson From History (?)
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19051864
“Maxwell’s” Laws spacetime is relative!!!

take curl of both sides

vector
identity = r/e0 =  0 in vacuum

let there be light ! … propagating at a fixed constant speed!!!

the seeds of relativity were 
contained in Maxwell’s Laws 
from half a century earlier!

1900
wrapping up?

×

https://proofwiki.org/wiki/Curl_of_Curl_is_Gradient_of_Divergence_minus_Laplacian


Oct 21, 2024 35

19051887
spacetime is relative!!!

(Hitoshi Murayama)

what might we be missing?

Fin
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Additional Material
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HIG-22-013

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf


Results (ℓ, ≥4j channel)
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𝑚!!̅ [GeV]

data vs. background:

data / background:
pre-fit

post-fit
including A/H signal

toponium
HIG-22-013

≡ angle btw leptonic top (p=0 frame) and 𝑡 ̅𝑡 system (lab) bins of
high S / B low S / B

post-fit
including 𝜂t signal
𝜎 = 7.1 ± 0.7 pb
𝜇 = 1.11 ± 0.12

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf
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data vs. background:

data / background:
pre-fit

post-fit
including A/H signal

post-fit
including 𝜂t signal
𝜎 = 7.1 ± 0.7 pb
𝜇 = 1.11 ± 0.12

≡ angle btw leptonic top (p=0 frame) and 𝑡 ̅𝑡 system (lab) bins of
high S / B low S / B

“toponium”
HIG-22-013 Results (ℓ, 3j channel)

𝑚!!̅ [GeV]

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf


Constraints
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CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

H coupling vs. mass A coupling vs. mass

“toponium”
HIG-22-013

• Including ηt  in the background, set 95% CL limits on coupling of further 365-1000 
GeV (pseudo-)scalar bosons to top quarks with relative widths of 0.5−25% 

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf
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ATLAS 2HDM Constraintstoponium
HIG-22-013

EXOT-2020-25

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-25/fig_15b.png
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Interpretations

CMS
Preliminary

138 fb�1 (13 TeV) CMS
Preliminary

138 fb�1 (13 TeV)

CMS
Preliminary

138 fb�1 (13 TeV) CMS
Preliminary

138 fb�1 (13 TeV)

CMS
Preliminary

138 fb°1 (13 TeV)

5𝜎 
5𝜎 

“toponium”
HIG-22-013

https://cds.cern.ch/record/2911775/files/HIG-22-013-pas.pdf
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https://arxiv.org/pdf/2410.08609

https://arxiv.org/pdf/2410.08609
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“The search for magnetic monopoles”
Physics Today, Vol 69 Issue 10, 2016

magnetic
monopoles
2408.11035

Science and US Politics

https://pubs.aip.org/physicstoday/article/69/10/40/415321/The-search-for-magnetic-monopolesThe-discovery-of
https://arxiv.org/abs/2408.11035
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Dirac 1931
Quantization of magnetic charge https://royalsocietypublishing.org/doi/10.1098/rspa.1931.0130

https://royalsocietypublishing.org/doi/10.1098/rspa.1931.0130

