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The Standard Model of Particle Physics
http://www.ph.ed.ac.uk/higgs/searches

A renormalizable Quantum Field Theory, 
built on the powerful principle of gauge theories, 

with great predictive power


“It works” 

as shown, eg. by the results from the first decade 
of the LHC
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Stefano’s and collaborators 
work ubiquitous in this plot… 

(most of the predictions at 
NNLO accuracy…)

https://indico.cern.ch/event/1441575/
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Again, the amazing precision and accuracy 
achieved “already” at this stage is also thanks 
to Stefano’s (and collaborators) work

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/
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The Higgs boson: a fundamentally new tool and future “precision probe“

Nature 607 (2022) 60 

CERN-EP-2024-160
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Again, the amazing precision and accuracy 
achieved “already” at this stage is also thanks 
to Stefano’s (and collaborators) work

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18/
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Enormous „clean up“ of Beyond-SM model/parameter space: 
an achievement probably not valued enough

See talks by  Livia Soffi and Marumi Kado, ICHEP 2024
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”good old” LEP times
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Physics at LEP

LEP                                             e+e-
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~17 million Z decays

Z mass: relative precision of 0.02 per-mille 
“Height” of the Z resonance :  ~ 1 per-mille
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http://arxiv.org/abs/hep-ex/0509008


Sensitivity to quantum loops, thanks to precision and accuracy
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Proof of principle

“prediction” of the top quark mass and comparison to the direct measurement    from arXiv:hep-ex/0509008 

   Z      Z   
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http://arxiv.org/abs/hep-ex/0509008


And then the “Higgs prediction”….
Vary a few input parameters, including MH, in a global fit to:  
Z-pole data, direct measurements of mW, ΓW, mtop and the hadr. vac. pol.

Number of standard deviations
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LEP: Also a wonderful tool for precision QCD studies…
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The path from NLO to NLO+NLL
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Resummation matched to NLO, typical results 
αs(MZ) ≈ 0.120 ± 0.005
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The path from NLO to NLO+NLL, and the dawn of the NNLO era 
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much less scatter at NNLO,  reduced pert. uncertainty : 0.003

Th. Gehrmann, A. Gehrmann-DeRidder, G. Heinrich, N. Glover, H. Stenzel, GD, JHEP 2008, 040, arXiv:0712.0327
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LHC times…
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Besides incl. cross sections/couplings,  
new physics could also  
modify the differential cross sections

https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf 
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Besides incl. cross sections/couplings,  
new physics could also  
modify the differential cross sections

RAW

Cut Based

ML

Thanks to Machine Learning tools:  
improvements in resolution  increases S/sqrt(B),                
that can be directly translated to a luminosity gain:  

• improve the resolution by 20% 
• equivalent to a gain in sensitivity of 10% 
• equivalent to a gain in luminosity of 20%  

i.e. equivalent to running the LHC for 20% longer time

Courtesy: M. Donega

https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf 

https://cds.cern.ch/record/2905139/files/HIG-23-013-pas.pdf
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The Higgs boson is used as a „search tool“, already now
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-013/index.html 

Example from CMS PAS HIG-23-013

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-013/index.html
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Consensus (?) regarding a  
e+e- Higgs factory as next step, beyond HL-LHC 

In any case: We are in an  
exploratory phase! 

Actually, this is the “normal” case…
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Note: 
• only CERN machines shown here 
• length and angle of arrows only indicative
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The imminent future, HL-LHC: Failure is not an option….
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Marumi Kado, ICHEP 2024

Current challenge: in parallel data taking, data analyses and upgrades
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3000 fb-1

350 fb-1

(160M H + 120k HH )

The imminent future, HL-LHC: Latest schedule update

HIG-20-011

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-011/index.html
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If you are in an exploratory regime….

or	 	 	 	 	 	 ? 

The full FCC programme (ee then hh, and more 
than one experiment) is the most versatile toolbox 
among all options on the table!
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https://home.cern/science/accelerators/future-circular-collider
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The FCC programme https://home.cern/science/accelerators/future-circular-collider 
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Rende Steernberg, ICHEP 2024

https://home.cern/science/accelerators/future-circular-collider


Prof. Dr. Günther Dissertori  |

FCC: promises and challenges

9.1.25 39

Some examples taken from 
Blondel & Janot, https://inspirehep.net/literature/1870513 

https://inspirehep.net/literature/1870513


Prof. Dr. Günther Dissertori  |

FCC: promises and challenges

9.1.25 39

Some examples taken from 
Blondel & Janot, https://inspirehep.net/literature/1870513 

https://inspirehep.net/literature/1870513


Prof. Dr. Günther Dissertori  |

FCC: promises and challenges

9.1.25 39

Some examples taken from 
Blondel & Janot, https://inspirehep.net/literature/1870513 

https://inspirehep.net/literature/1870513


Prof. Dr. Günther Dissertori  |

FCC: promises and challenges

9.1.25 39

Some examples taken from 
Blondel & Janot, https://inspirehep.net/literature/1870513 

Call for new generation(s) of brave 
theorists to tackle the new challenges…

https://inspirehep.net/literature/1870513
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− Make sure that we will be able to (still) attract the brightest young minds,  

especially in a (hopefully not too long) transition phase
− Make sure that the (still) existing technical know-how (accelerators, detectors) is  

efficiently transferred to the next generations; mind the long time scales 

• Make sure that, besides such a (timely) flagship project, there remains an  
attractive portfolio of other projects at CERN (like in the past).
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https://home.cern/news/news/knowledge-sharing/updating-european-strategy-particle-physics 

A remark regarding the upcoming European Strategy exercise: 
 
There is only one question to be answered: do you envision a bright future for CERN? 
No need to repeat the entire discussions of the last time – the physics situation is clear, 
basically no change since last time. Fight the entropy.

https://home.cern/news/news/knowledge-sharing/updating-european-strategy-particle-physics
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Thank you for the invitation!


