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1) How do we look for
 microscopic                                   

   physics                           in a 
giant                                  collider

M. Gouzevitch: iRPC front-end board readout electronics. RPC202402/10/2024



LHC



Collisions



Collisions again



Particles identification
Particle Flow paper

https://cds.cern.ch/record/2270046


Higgs boson example
 4 July 2012: Higgs boson discovery by 

ATLAS – CMS from LHC 
 Nobel prize to theorist who have predicted 

Higgs mechanism and Higgs boson 
(Englert-Higgs, Brout died before) in 2013.
(Peter Higgs died in 2024)



Higgs boson example



Higgs boson example



Homework



Homework



Homework



What do we have now?



What do we don’t know?



What do we don’t know: dark matter – dark energy



What do we don’t know: inflation, 
matter antimatter asymmetry



LHC time travel machine



LHC energy 
domain



ATLAS / CMS looks at high energy phenomena



ATLAS / CMS looks at high energy phenomena
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2) Heavy and stable :

quest of next 15 years





What are the next 15 years at LHC?

Nearly no energy increas at HL-LHC 



What are the next 15 years at LHC?



What would be an HL-LHC detector



- High precision timing detectors : Timing layer between tracker and calorimeter
- High precision timing for Muon chambers : 1.5 – 0.5 ns time resolution
- New tracker with high rate fast transmission 

What would be an HL-LHC detector



ATLAS / CMS actual dark matter search: missing energy



ATLAS / CMS actual dark matter search



Can we do better



Timing  and distance is the new frontier



Timing  and distance is the new frontier



Timing  and distance is the new frontier



Timing  and distance is the new frontier



Timing  and distance is the new frontier



How can you look for long living particle at LHC

R-hadron : 
Have a 
colored 
charge  





A bit of homework: what is Beta



A bit of homework: what is Beta



How can you look for HSCP



RPC chambers: high precision timing at HL-LHC for TOF
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- Very fast detector : time resolution 0.5 – 1.5 ns depending on the type

Threshold

TLRTHR



How can we see slow HSCP

CMS trigger system today 

- LHC collisions : every 25 ns (bunch 
crossing - BX)

- 40 MHz collisions
- L1 super-fact trigger : 100 kHz can 

be selected to be analysed by 
computer (High Level Trigger)

- 1000 events can be written on tape

HSCP : breaks this paradigm. We 
need to identify Multi-BX events



How can we see slow HSCP



A bit of homework: tdelay



A bit of homework: tdelay



How can we see slow HSCP



In Conclusion

Timing upgrade of the LHC detectors for HL-LHC phase opens a new Era in search for Long 
Lived particle which were in the blind spot till now.

You can join CMS collaboration and in particular RPC/Muon detector and contribute as 
senior scientist, PhD or Master to this adventure and may be discover the dark side of the 
Universe that we failed to tackle till now...
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