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Precision Physics: why?
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The SM is a beautiful theory… but it’s not complete! 

It has been thoroughly tested at the Large Hadron Collider, 
but no new physics signal has been observed so far. 
Precise predictions are needed for detecting small 
deviations from the SM. 

Theory needs to match at least the experimental precision. 

Precise predictions are mandatory! 

The Standard Model
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Impressive experimental accuracy

Most measurements have few % error 
bars. 

Improvements in detectors + increased 
luminosity (Hi-Lumi) → the 
experimental accuracy will become 
even better!
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Event Generators
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p p

Young Scientist Workshop 2022



Event Generators
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Hard Scattering

p p̂σ = ̂σLO(1 + αsδNLO + α2
s δNNLO + 𝒪(α3

s ))

  LO   → (100 %)  
 NLO  → (10 %)  
NNLO → (1 %) 

𝒪
𝒪
𝒪
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Hard Scattering

p p̂σ = ̂σLO(1 + αsδNLO + α2
s δNNLO + 𝒪(α3

s ))

  LO   → (100 %)  
 NLO  → (10 %)  
NNLO → (1 %) 

𝒪
𝒪
𝒪

Parton Shower (PS)

Description of soft and 
collinear emissions from 
the high-energy limit 
down to the QCD cutoff. 
Accuracy is low, usually 
only LL.

Young Scientist Workshop 2022



Event Generators
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Hard Scattering

p p̂σ = ̂σLO(1 + αsδNLO + α2
s δNNLO + 𝒪(α3

s ))

  LO   → (100 %)  
 NLO  → (10 %)  
NNLO → (1 %) 

𝒪
𝒪
𝒪

Parton Shower (PS)

Hadronization + decay

Tuned to phenomenological 
models.
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Description of soft and 
collinear emissions from 
the high-energy limit 
down to the QCD cutoff. 
Accuracy is low, usually 
only LL.



NNLO+PS
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Hard Scattering Parton Shower (PS)

Combination:  
NNLO+PS
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Correct Real Emission Approx Real Emission



MiNNLOPS
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dσ
dΦFdpT

=
d

dpT {e−S̃(pT)ℒ(pT)} + Rf(pT) = e−S̃(pT)[D(pT) +
Rf(pT)
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  No computationally intense reweighting. 

  No unphysical merging scale. 

  LL accuracy of the shower preserved       
(MiNNLOPS is based on the POWHEG 
framework). 

  Numerically efficient.

F F+J F+JJ 

F@MiNNLOPS NNLO NLO LO

[Monni, Nason, Re, Wiesemann, Zanderighi ’19] 

Master Formula (  function in POWHEG):B̄



Higgstrahlung with H→bb decay
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One of the main production channels. 
Largest branching fraction in decay ( 60%). 
Needed for precision measurements in the Higgs sector. 
Separate study of production and decay.

≈

NNLO+PS accuracy in both  
production and decay



Generation of events
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PRODUCTION:  

DECAY: 
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PRODUCTION:  

DECAY: 

Higg
s

Higg
s + 

Deca
y 

Prod
ucts



Higgstrahlung with H→bb decay
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FULL EVENT:

Higg
s

H De
cay 

Prod
ucts

We can now interface the full event with the shower and obtain a realistic result!



Results: cross sections
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[2112.04168]

[Yellow Report (YR) 1610.07922]



Results: cross sections
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[Yellow Report (YR) 1610.07922] Included at LO only!

[2112.04168]



Results: comparison with data
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[2112.04168]σ[fb] pp→VH, V→leptons, H→bb@LHC 13 TeV

V=W V=Z

ATLAS
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Results: fiducial distributions

Silvia Zanoli 16Young Scientist Workshop 2022

[2112.04168]
dσ/dmbb [fb/GeV] pp→W+H→e+νebb@LHC 13 TeV
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WZ production
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Interesting for testing the gauge structure of the 
EW sector. 
Background in many BSM studies. 
Different possibilities when matching QCD and EW 
corrections and QCD and QED showers.

NNLO+PS QCD accuracy 
+ 

NLO+PS EW accuracy



Validation
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NNLO  
QCD:  

NLO 
EW: 

dσ/dpT, W [fb] pp�ZW+�e+ e- µ+νµ@LHC 13 TeV
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Results: fiducial distributions
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Conclusions
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NNLO+PS predictions are strongly needed for a realistic description of LHC events. 
MiNNLOPS is a powerful tool for reaching this accuracy.  
I showed and discussed results for Higgstrahlung with H→bb decay, which is needed for 
precision measurements in the Higgs sector. 
I showed and discussed results for WZ production, which is needed for testing the gauge 
structure of the EW sector.

Thank you for your attention!


