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● Assess the Physics reach of the Energy Doubler Option with high-field 
magnets which is the natural step toward a higher energy hadron collider 

From Eckhard Elsen Intro



Expected Contributions to WG1 
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● WG1 activities includes SM&Top physics
○ Experimental analysis prospects for HL and HE
○ Theoretical predictions for HL and HE
○ Goal to prompt collaboration across experiments, and between theorists and 

experimentalists on specific topics to ensure good coverage and coherence of results
○

● Theorists will help define analysis goals and strategies, and will mostly focus on 
providing predictions for several key processes and interpretations of 
experimental inputs (e.g. PDF, EFT pseudo-data fits)

● Experimentalists are mostly focused on HL-LHC, but we expect several analyses 
will be extended to HE-LHC under the same performance assumptions as HL. 
Few new HE-only analysis are also expected



HL/HE-LHC Reference parameters for YR
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● Reference parameters
○ HL-LHC

■ √s=14 TeV, 3 ab-1 for ATLAS, CMS (LHCb up to 300 fb-1)
● for some processes we may want to show evolution of results for 

lumi above 3 ab-1

○ HE-LHC

■ √s=27 TeV, 15 ab-1

● for some processes we may want to show evolution of physics 
reach vs √s, e.g. 24-30 TeV



Organization of Workshop structure and timeline

Steering committee: Michelangelo Mangano (TH, chair), Gavin Salam (TH), 
Aleandro Nisati (ATLAS), Andrea Dainese (ALICE), Andreas Meyer (CMS) 

Working Groups:

1. SM&TOP 
2. Higgs
3. BSM
4. Flavour
5. Heavy Ion

Timeline: 

● 18-20 June 2018 - Plenary meeting @CERN (table of contents)
● September 2018: Full Draft Chapters (one per WG 150 Pages each) 
● December 2018: Submission
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HL/HE-LHC YR Organization 

6



WG1 Documentation

● TWiki pages: https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHEWG1
○ List of Contributors per section: 

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHEWG1#Draft_Table_of_Contents_of_repor 
○ Table with experimental analysis phase spaces: 

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHEWG1#Fiducial_Phase_Spaces 
■ Input to theorists to start calculations with same phase spaces as in experimental analysis
■ We invite more experimental teams to post more entries

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHEWG1
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHEWG1#Draft_Table_of_Contents_of_repor
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHEWG1#Fiducial_Phase_Spaces


Chapter draft

● Skeleton of WG1 chapter draft is already in overleaf
○ Strategy: contributors will provide convenors with LaTex text and we will integrate it in overleaf

● Target for whole chapter: ~150 pages. 
● Page allocation per section is approximate

○ Introduction - 10 pages
○ Theoretical Tools 25 pages

■ MC Generators (5 pages), High Order QCD calculations (5 pages), EW corrections (5 pages), 
PDF tools (5 pages), EFT tools (5 pages)

○ Electroweak processes - 35 pages
■ Vector boson fusion processes (5 pages), Vector Boson scattering (10 pages), Triboson 

production (5 pages), Precision EW measurements (10 pages), Forward EW physics (5 pages)
○ Strong Interactions - 26 pages 

■ Jets and photons (8 pages), Ultimate Parton Densities (10 pages), Forward and Soft QCD 
physics (8 pages)

○ Top Physics - 36 pages 
■ Top cross section (5 pages), Top properties (10 pages), Top couplings (5 pages) , Top mass (8 

pages), FCNC (8 pages)
○ Effective coupling interpretations - 10 pages



Table of contents with contributions and pages
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Table of contents with contributions and pages
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For t-channel 
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Remarks on HE-LHC and Simulation

● LHC physicists have the best know-how & simulation+analysis experiences to develop work and 
investigate physics potential of the “energy upgrade” of the LHC, HE-LHC

○ Simulation tools have been prepared for HL-LHC physics studies in Experimental TDR's for LHC 
Phase-II upgraded detectors

○ Particle-level MC studies are important: provide expected cross-section/rates of the most important 
physics objects produced at HE-LHC

● HE-LHC studies can be:
1) Integrated HE-LHC studies: HE-LHC studies can be included in HL-LHC analyses to compare the 

physics results obtained for a given physics process assuming these two colliders. Performance of 
the LHC Upgrade Detectors can be assumed for both scenarii for simplicity

2) Standalone HE-LHC studies: are also welcome, especially from theorists: here you can consider 
the performance of a generic detector at present/future hadron colliders

■ Delphes simulation package is default tool to include a generic modern hadron collider 
detector response in the simulation studies

● DELPHES configuration for a generic detector is available: this page will also contain info on general MC 
samples that may become available for HE-LHC   
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHEWG_MC

● The FCC-hh Software group is available to provide Delphes-ing of common HE samples (Michele 
Selvaggi, Clement Helsens) 
http://fcc-physics-events.web.cern.ch/fcc-physics-events/Delphesevents_helhc_v01.php 27

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHEWG_MC
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHEWG_MC
http://fcc-physics-events.web.cern.ch/fcc-physics-events/Delphesevents_helhc_v01.php


WG1 work organization strategy 
● Collection of topics from interested parties on public google doc: 

○ https://tinyurl.com/yaew28lx
○ Agendas have been filled starting from this
○ Now is the time to come up with new additions! 

● Set of intermediate working meetings split up by block of topics: 
○ Agendas: Top: https://indico.cern.ch/event/702718/m EW: 

https://indico.cern.ch/event/702716/ , QCD: https://indico.cern.ch/event/702715/, EW 
precision: https://indico.cern.ch/event/702717/
■ Helpful to meet with the interested parties and setup “focused groups” by topic that 

would comprise experimentalists and theorists 
○ Agendas: Top: https://indico.cern.ch/event/721943/, QCD: 

https://indico.cern.ch/event/721948/, EW: https://indico.cern.ch/event/721951/
■ More of a discussion about actual implementation of contente in the final report. 

● Currently preparing for the June plenary meeting:  
○ Experiments might not have new results already approved. Will think of a proper format to be 

able to discuss relevant common topics anyway. 
○ Common sessions planned with Higgs and with Flavor 
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https://indico.cern.ch/event/702718/
https://indico.cern.ch/event/702716/
https://indico.cern.ch/event/702715/
https://indico.cern.ch/event/702717/
https://indico.cern.ch/event/721943/
https://indico.cern.ch/event/721948/
https://indico.cern.ch/event/721951/


Current Activities

● February / March meetings helped list analysis topics and identify contributors
● Since then we have attempted to bring together interested parties across 

experimental and theory communities on specific topics
○ To prompt discussions on specific topics
○ Share of experience, tools, MC samples and workload among contributors
○ If you have not received e-mails from us that linked you to other collaborators, let us know! 

● Immediate goal is to advance studies as fast as possible
○ Experimental HL-LHC analyses will need collaboration approval and need to keep on 

schedule
○ Stand-alone HE-LHC studies, that do not need collaboration approval, have looser time-scale 

but should get in shape soon 
○ Theoretical calculations should become available (e.g. tables) soon to be used in experimental 

analyses 
○ Experimental systematics approach should become available soon as well
○ Plan now for inputs needed from experimental groups for pseudo-data interpretations, e.g. 

distributions and uncertainties for PDF and EFT

● Work in parallel on chapter layout and sections that discuss theoretical tools 



Conclusions

● The WG1 covers many topics also common to the rest of the overall 
HL/HE-LHC workshop: SM, QCD and Top physics

○ Will provide all the cross-sections also for HE

● The final volume will be of around 150pages which is very small for the 
amount of topics. 

○ Experimental analyses and theoretical studies will all have to appear in full detail in separate 
public documents (that would become “Volume 2) 

○ In the Volume of the WG1 there is only space for the discussion of the conclusions 
○ We would like to avoid repetition of similar results and comparison between experiments will 

be exploited if motivated

● Focus of the work is the overall physics case of the HL/HE-LHC effort. 
○ It is NOT a remake of all the analyses available now 
○ We are making an informed choice about which topic are necessary and would profit of the 

high lumi or the higher energy
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