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Precision meets sustainability at the LHC
Valentina Guglielmi

Topic: FPF

Stringent test of SM validity: stability of EW vacuum of our Universe

dN/dx → w(x) × dN/dx

dN/dx Sample 1 
Sample 2

Problem: 
Statistics (due to computational cost) of simulations 
to estimate model uncertainties limits high-precision 
measurements 

• Saving up to 75% of CPU for each model uncertainty 
(no need for multiple detector simulations) 

• 70% more statistics with the same CPU for each 
model uncertainty 

• Method already implemented in the CMS software
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1.8+ = 173.4pole
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 0.42 GeV± = 172.52 MC
tmCMS 7+8 TeV comb. 

CMS 7+8 TeV comb. stat. uncertainty

  (tot) GeV3.3  −

3.6  + = 177.0      pole
tm
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tm

 2.7   (tot) GeV± = 170.6   pole
tm

  (tot) GeV2.3  −
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tm
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1.8  + = 173.4      pole
tm

 1.43 (tot) GeV± = 172.13 pole
tm

  (tot) GeV
2.0  −

1.8  +) = 165.0      tm(tm

 4.6   (sys) GeV± 4.6   (stat) ± = 175.5   MC
tm

 0.98 (sys) GeV± 0.43 (stat) ± = 173.49 MC
tm

 1.5   (sys) GeV± 0.4   (stat) ± = 172.5   MC
tm

 0.96 (sys) GeV± 0.33 (stat) ± = 173.54 MC
tm

 0.48 (sys) GeV± 0.16 (stat) ± = 172.35 MC
tm

 0.59 (sys) GeV± 0.25 (stat) ± = 172.32 MC
tm

 1.22 (sys) GeV± 0.19 (stat) ± = 172.82 MC
tm
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tm
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tm

  (sys) GeV
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tm

 0.37 (sys) GeV± 0.04 (stat) ± = 171.77 MC
tm

 0.39 (sys) GeV± 0.14 (stat) ± = 172.52 MC
tm

 6.7   (sys) GeV± 6.0   (stat) ± = 170.9   MC
tm

 2.4   (sys) GeV± 0.4   (stat) ± = 172.6   MC
tm

 0.80 (sys) GeV± 0.24 (stat) ± = 173.06 MC
tm

  (sys) GeV
2.1  −

1.7  + 0.9   (stat)    ± = 173.9        
tm

  (sys) GeV
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1.58+ 0.20 (stat)    ± = 173.68 MC
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 0.9   (sys) GeV± 3.0   (stat) ± = 173.5   MC
tm
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 CT10⊗ 7 TeV, NNLO tInclusive t
 CT14⊗ 7+8 TeV, NNLO tInclusive t

 CT14⊗ 13 TeV, NNLO tInclusive t
 CT14⊗ 13 TeV, NNLO tInclusive t

, PDF)sα, pole
tm 13 TeV, NLO + 3D fit (tDifferential t

Dilepton 7+8 TeV, ATLAS+CMS cross section
 CT18⊗+jet 13 TeV, NLO tDifferential t

 CT14⊗ 13 TeV, NNLO tInclusive t

Dilepton 7 TeV, KINb and AMWT
Lepton+jets 7 TeV, 2D ideogram
Dilepton 7 TeV, AMWT
All-jets 7 TeV, 2D ideogram
Lepton+jets 8 TeV, Hybrid ideogram
All-jets 8 TeV, Hybrid ideogram
Dilepton 8 TeV, AMWT
Single top quark 8 TeV, Template fit

 Hybrid fitT2
bbM+blMDilepton 8 TeV, 

Lepton+jets 13 TeV, Hybrid ideogram
All-jets 13 TeV, Hybrid ideogram

 fitblmDilepton 13 TeV, 
 / 1 GeV) fittmSingle top quark 13 TeV, ln (

Lepton+jets 13 TeV, Profile likelihood
Combination 7+8 TeV

Boosted 8 TeV, C/A jet mass unfolded
Boosted 13 TeV, XCone jet mass unfolded
Boosted 13 TeV, XCone jet mass unfolded

Dilepton 7 TeV, Kinematic endpoints
1+2 leptons 8 TeV, Lepton + secondary vertex

Ψ1+2 leptons 8 TeV, Lepton + J/

Lagrangian mass extractions
Pole mass from cross section

 mass from cross sectionMS

Direct measurements
Full reconstruction

Boosted measurements

Alternative measurements
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Solution: novel ML-based reweighting (DCTR method [4])

αS(mZ) = 0.1176+0.0014
−0.0016

Strong coupling αS
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