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Describing the landscape 
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Somehow impossible to ignore the vast span of 
things that we haven’t seen so far …

I’ll do my best to not repeat Mika's Talk from April but the 
landscape hasn’t changed (too much) since then

Describing the landscape 

https://indico.cern.ch/event/1145735/contributions/4812702/attachments/2430527/4161866/Birmingham_ECR_Future_Colliders_Vesterinen.pdf
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I’ll cover a few interesting features (bumps or 
deviations) … 

... And i’ll do my best to not repeat Mika's Talk from April - but 
the landscape hasn’t changed (too much) since then

Describing the landscape 

https://indico.cern.ch/event/1145735/contributions/4812702/attachments/2430527/4161866/Birmingham_ECR_Future_Colliders_Vesterinen.pdf


Interesting Bumps
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XàH(γγ)Y(bb) Excess for mX=650 GeV, 
mY=90 GeV à 3.8σ local (2.6σ global*)
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Related Bumps?
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HIG-21-001: Search for A/Hàττ

100 GeV: 3.1σ (local) 
/ 2.7σ (global) 

1.2 TeV: 2.8σ (local)
/ 2.4σ (global)

PLB 793 (2019) 320: Search 
for low mass hàγγ
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HIG-20-016: Search for high mass HàWW
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What’s up with 650 & 90 GeV?

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-001/index.html
https://www.sciencedirect.com/science/article/pii/S0370269319302904?via%3Dihub
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/index.html


3rd Gen LQ bumps
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Speaking of anomalies
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S. Schmitt – ICHEP22 G. Ciezarek - LHC Seminar Oct 22



Setting the scale of NP? 
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One of the most striking results 
in our field is in the muon 
anomalous magnetic moment

“…in order to resolve the new physics origin of the SMEFT 
operators behind ∆aµ one would need to probe high-energy 
scales up to the PeV”

“.. simplified models […] still imply new on-shell 
states below 200 TeV”

From perturbative unitarity constraints on NP interpretations 
of g-2 results (Phys. Rev. D 104, 055035 (2021) )

FN
A

L new
s page

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.055035
https://news.fnal.gov/2021/04/first-results-from-fermilabs-muon-g-2-experiment-strengthen-evidence-of-new-physics/


CERN Courier May/June 2022

Not everything is said and 
done yet
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W mass
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LHCB-FIGURE-2022-003

R. Tenchini – ICHEP 2022

Understanding our precision W-mass 
measurements together will take more 
data and more time (exp-vs-exp & exp-
vs-theory)

CMS point 
still absent :/

?
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Higgs Physics 
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e,u,d…?

Extended 
Higgs?

H?

10 years of Higgs boson measurements 
still leave room for new physics!

Measuring self-coupling to 50% would be 
interesting for understanding early-universe 
evolution (Phys. Rev. D 97, 075008 (2018)) 

https://www.nature.com/
https://www.nature.com/


We’ve barely begun with the LHC
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After Run-3 of the LHC, the next phase is the 
high-luminosity (HL)-LHC 
~20x the data we have today!

We are here

36fb-1 174fb-1 300fb-1 3000fb-1

LHC HL-LHC

(most of) you will be leading us by here

CMS/ATLAS 
~total data 

set size

Expect  > 160M H-bosons / 120k HH pairs Per-expt
by the end of the HL-LHC !
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After Run-3 of the LHC, the next phase is the 
high-luminosity (HL)-LHC 
~20x the data we have today!

We are here

36fb-1 174fb-1 300fb-1 3000fb-1

LHC HL-LHC

(most of) you will be leading us by here

CMS/ATLAS 
~total data 

set size

Expect  > 160M H-bosons / 120k HH pairs Per-expt
by the end of the HL-LHC !
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html


Precision Measurements for Discovery
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Examples from the past have taught us that precision measurements can lead to revolutionary discoveries…  

Uranus discovery 
“as a planet” (1781) 

Neptune discovered with 1!"
of predicted position (1846)

Measurements of Mercury’s orbit reveals 
43 arcseconds/century anomaly 

à new planet (or body) predicted (1859) 

Precise measurements of position 
revealed deviations from expected orbit 

à new planet predicted (1845/46) 

Slide shamelessly stolen from excellent Jesse Liu (Cambridge) seminar

Le Verrier, Galle, d'Arrest 1846Herschel 1781

?



Precision Measurements for Discovery

17Nicholas Wardle

…History has a habit of repeating itself 🤞…

Examples from the past have taught us that precision measurements can lead to revolutionary discoveries…  

Uranus discovery 
“as a planet” (1781) 

Neptune discovered with 1!"
of predicted position (1846)

Measurements of Mercury’s orbit reveals 
43 arcseconds/century anomaly 

à new planet (or body) predicted (1859) 

Precise measurements of position 
revealed deviations from expected orbit 

à new planet predicted (1845/46) 

General relativity solves 
anomaly and changes view 

of space & time (1915)

Slide shamelessly stolen from excellent Jesse Liu (Cambridge) seminar

Le Verrier, Galle, d'Arrest 1846Herschel 1781



FCC reach (there’s more than just Higgs but…)
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JHEP 139 (2020)

Many potential options but all lead to high 
precision ( O(%) level) characterization of 
the Higgs boson couplings Higgs boson self-coupling requires 

high energy (O(100)TeV) machine 
for % level measurement

HECR

https://link.springer.com/article/10.1007/JHEP01(2020)139


No Summary – time for discussion!  
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Backup Slides
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Reactor Anomaly (STEREO) 
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P. Del Amo Sanchez – ICHEP22

RAA : Reactor Antineutrino 
Anomaly (deficit in anti-neutrino 
flux from reactor)



Spectroscopy
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Many “new” states observed at the LHC & e+e- colliders



Spectroscopy 
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R. Tenchini–
ICH

EP 2022



LFU test at TeV scale
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CMS-EXO-19-019

arXiv:2103.12003

Ration of searches for high mass dilepton 
resonances à Tests of LFU at the TeV scale 

“combined preference for the new physics 
hypothesis of 4.5σ”

https://arxiv.org/abs/2103.12003


ATLAS 1st Gen LQ 
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ATLAS-EXOT-2018-16



Further 600-something evidence?
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https://arxiv.org/abs/2111.08962 (acc by IJMP A) 

According to their estimate, 2.5σ local, 1.4σ global, 
from ATLAS H→ZZ search for MX = 660-680 GeV 

Maurizio Consoli & Leonardo Cosmai

prediction

ATLAS search in 
HàZZà4l/2l2ν
Eur. Phys. J. C 81 (2021) 332

ATLAS Χàγγ Phys. Lett. B 822 (2021) 136651

3.29σ (1.36σ) local (global)
@684 GeV

https://arxiv.org/abs/2111.08962
https://www.sciencedirect.com/science/article/pii/S0370269321005918?via=ihub


Further 90-something evidence? 
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ATLAS-CONF-2018-025

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-025/


Higgs boson couplings beyond the HL-LHC 
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JHEP 139 (2020)

The long road ahead for the Higgs has many potential options but all 
lead to high precision ( ~% level) characterization of the 
Higgs boson couplings 

Higgs boson self-coupling requires 
high energy machine for % level 

H

https://link.springer.com/article/10.1007/JHEP01(2020)139

