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Introduction 

• High-Luminosity LHC and High-Energy LHC 
- CERN is preparing a Yellow Report for the end of 2018 as input to the European Strategy for Particle Physics  
- Assessment of the physics reach of the upgraded detectors with 3 ab-1 

- Assessment the physics reach of the energy doubler  

• HL/HE-LHC reference parameters   
- HL-LHC: √s = 14 TeV, 3 ab-1 
- HE-LHC: √s = 27 TeV, 15 ab-1 

•YR organisation and timeline 
- 5 WG (chapters): SM&TOP, Higgs, BSM, Flavour, 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 13 TeV - 30 fb-1 13/14 TeV - 3000 fb-1

tt ̄ 30 Mevts 3 Gevts
tt ̄(fiducial) 1.55 Mevts 155 Mevts

tt ̄with Mtt ̄> 1 TeV (fiducial) 30 kevts 3 Mevts
tt ̄with Mtt ̄> 2 TeV (fiducial) 480 evts 48 kevts

t-channel 6 Mevts 600 Mevts
Wt-channel 2 Mevts 200 Mevts
s-channel 300 kevts 30 Mevts

ttV 30 kevts 3 Mevts
tZ 3 kevts 300 kevts
tH 300 evts 30 kevts
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Organisation
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WG1 Chapter draft

• studies are currently on-going 
- joint theory and experimental efforts 
- no public results yet 
- see plans at the May 2nd WG1 meeting   

https://indico.cern.ch/event/721943/
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t t̅ cross section 
• theory studies 

- provide numbers/distributions at 14 TeV  
- 27 TeV t t̅ cross section 4x larger than at 14 TeV 

- working on soft gluon resummation and EW corrections  

• experimental plans  
- 1D-2D distributions with higher acceptance  
- understand pile-up 
- how to scale systematic uncertainties ? 
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Single top 

• theory studies 
- Cross-sections and differential distributions for HE  
- Tails of distribution at HL/HE, EW corrections ? 
- Channel separation (t,s,Wt), potential issues with HL precision 
- Modeling, 4FNS/5FNS, NNLOPS 

• experimental plans  
- t-channel differential measurement (larger acceptance, HL-LHC result 

sensitivity to EFT and PDF) 
- s-channel measurement (HL-LHC as a benchmark, HE-LHC: High-q2 analysis, 

limits on Wtb couplings) 
- tZq measurement (inclusive and differential HL-LHC results) 
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4 top cross section 

• theory studies 
- provide complete NLO predictions 
- four tops as a probe to new physics: 

- Constraining qqtt operators in the EFT 
- Constraining top quark flavor violation and dipole moments  

through three and four-top quark productions at the LHC 
- Higgs width and top quark Yukawa coupling  

• experimental plans  
- inclusive and differential results in the multilepton channel  

- fast simulation analysis or extrapolation   
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top couplings 
• theory studies 

- Provide benchmark EFT cross-sections for HE-LHC  
- Investigate EFT effects in distributions for rare processes 
- Combine LHC13 predictions with HL-LHC projections to extract 

potential sensitivities  

• experimental plans  
- ttV and ttγ  

- unfolded to particle level (ttZ pt(Z), ttW asymmetry, 
differential ttγ) 

- obtain projections of EFT sensitivity for HL-LHC scenario 
- Wtb: global fit using t t̅ and single top distributions
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top mass

• theory studies 
- interpretation of direct measurements 

-  When using a LO Monte Carlo, do we extract a LO mass (i.e. do we 
expect corrections of order αsmt at NLO level?) 

-  Is there a way to relate the Monte Carlo parameter to a well defined 
field theoretical mass definition? (Pole mass, MS mass, MSr mass, etc.)  

- How do we quantify the related uncertainties?  

- alternative measurements 
- Currently have large errors. Are there error sources that can be 

reduced with High Luminosity? 
- Are there theoretical hard limits on precision?  

• experimental plans  
- CMS already have extrapolation studies 
- ATLAS is working on the sensitivity to the mass from J/ψ (statistical error 

should go to ~150 MeV) 
- main question: how to scale the systematic uncertainties 
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top FCNC

snowmass, arXiv:13011.2028

•  theory studies 
- description of the theoretical framework and the EFT interpretation  
- description of the simulation  

• experimental plans  
- focus on tZq, tHq, tqg and tqγ 
- some previous results already exist    

ATL-PHYS-PUB-2016-019 CMS PAS FTR-16-006

current HL-LHC 
projectionst ⟶ Zq t ⟶ qγ
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dead cone and angular variables

• theory studies 
- dead cone:  

- Fundamental predication of radiation in gauge invariant QFTs 
- introduction and motivation in arXiv:1606.03449 

- spin correlation:  
- differential measurements would benefit from HL-LHC statistics 

- charge asymmetry:  
- high mtt̅ bins would benefit from HL-LHC statistics 

• experimental plans  
- dead cone:  

- never been measured yet  
- assess sensitivity using boosted and resolved cases in the lepton+jets 

channel  
- spin correlation: 

- explore the reach in mtt̅ and the possibility of going double differential  
- EFT interpretation  

- charge asymmetry: 
- explore high boost and high rapidity regions
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Conclusion

• Large effort currently on-going to assess the HL-LHC and HE-LHC physics reach  
- top physics gives interesting opportunity within the overall physics reach 

- precision top pair and single top production  
- rare process: 4tops, ttV, high-q2 s-channel 
- top couplings 
- top angular properties  
- FCNC 

•  new ideas ?     
- the step from Run 2 to HL/HE-LHC for top physics could be as large as the one from Tevatron to LHC 

•  join the next HL/HE-LHC plenary workshop at CERN 
- 18-20 June 2018 

https://indico.cern.ch/event/686494/

