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SUMMARY

• The top-pair production with MiNNLOps
• The bottom-pair production: general aspects and state of 

the art
• My current work: MiNNLOps applied to the bottom pair 

production (preliminary results)



What do we mean for heavy quarks?

Typically c, b, t

… But in our analysis, just 
top and bottom will be 

considered massive
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Top-pair production at the LHC
Theoretical aspects
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Big Yukawa coupling 
with Higgs

Mt ∼ 173 GeV/c2

Top physics strongly 
related to Higgs 
physics (Higgs 

production, running…)

Top mass is big

Higgs production through 
gluon fusion

Top-pair production at the LHC
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Total cross section for tt 
production is really high

Top-pair production is a 
background for most LHC 

processes

Top-pair production at the LHC
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Top-pair production with MiNNLOps

MiNNLOps adapted to processes involving final state cartons

(13 TeV)
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Bottom-pair production at the LHC

Experimental results from:

• UA1 collaboration at CERN

• CDF and D0 collaborations at 
Fermilab Tevatron

• ALICE, ATLAS, CMS, LHCb
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Bottom-pair production at the LHC
Theoretical aspects

dσ(pp → bb + X) = ∑
i,j

∫ dx1dx2 fi(x1) fj(y2) d ̂σij(αs)
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Bottom-pair production at the LHC
Theoretical aspects

Slow convergence of 
perturbative series

σ = σ(0) αs(μ) + σ(1) α2
s (μ) + σ(2) α3

s (μ) + . . .

μ = renorm. scale mb
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Bottom-pair production at the LHC
Theoretical aspects

Slow convergence of 
perturbative series
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Bottom-pair production at the LHC
Theoretical aspects

σ = σ(0) αs(μ) + σ(1) α2
s (μ) + σ(2) α3

s (μ) + . . .Resummation of large 
logarithms can be 

performed at high Pt L = ln(pT /mb)

(Can be performed through fragmentation functions…)
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Bottom-pair production at the LHC
Theoretical aspects

Bottom-pair production can be 
exploited to constrain 
uncertainties of PDFs

Sistematics are given by:

Scale 
choice PDFs Bottom 

mass

How scale variation 
is determined (7 
points envelope)
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Bottom-pair production at the LHC
Theoretical aspects

Bottom-pair production can be 
exploited to constrain 
uncertainties of PDFs

Sistematics are given by:

Scale 
choice PDFs Bottom 

mass

BUT IF WE CONSIDER THE RATIO

R(y) =
( dσ

dy ) (13TeV)

( dσ
dy ) (7TeV)
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Bottom-pair production at the LHC
Event generator

At the moment:

POWHEG MATRIX

• Code for bottom-pair production (+ 1 jet) has been 
implemented in the POWHEG-BOX framework and 
validated against numerical results from MATRIX

• MiNLO’ and MiNNLOps methods implemented, but 
results are still preliminary

Total cross section 
at NLO for

pp → bb + jet 37.99 ± 0.58 μb 37.48 ± 0.26 μb
(Cutoff on jet transverse 
momentum and rapidity)
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Bottom-pair production at the LHC
Event generator

Fixed order results
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Bottom-pair production at the LHC
Event generator

MiNLO and MiNNLOps preliminary results


