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The beginning
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Original goal was to find a procedure to set scale in an unbiased and 
à-priori way in NLO calculations involving many scales (in essence 
extending the CKKW procedure to NLO)

Cortona, 2012

Hamilton, Nason, GZ ‘ JHEP 10 (2012) 155



MiNLO: W+jets
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Results for W+2jets with original MiNLO turned on versus ATLAS 
data for 0,1... 5 jets

Note: predictions are NLO accurate only in the 2-jet bin but one 
and zero-jet bin are described very well. 

Does MiNLO catch the bulk of the NLO corrections … ? 

NLO LO parton shower???
Campbell et al. 1303.5447



MiNLO’

5

Insight from resummation was crucial to address the question 

NNLLΣ qT resummation (e.g. for Higgs) at fi


Integrating in qT one gets

the formula is NLO accurate for Higgs production if O(αs) corrections 
to the coeffi

Now, one can take the derivative explicitly and see which terms 
are needed to maintain NLO accuracy after integration over qT
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MiNLO’
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The Sudakov form factor for Higgs production has the form 
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MiNLO’
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i.e. each log “counts” as a square-root of 1/αs after integration over 
the transverse momentum, when the Sudakov weight is present 
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MiNLO’
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Taking the derivative one gets

After integration with the Sudakov weight, the counting is set by
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To claim NLO accuracy one needs to include B2 in the Sudakov 
(neglected terms must be O(αs2) and not O(αs3/2)



MiNLO’
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Conclusion:  


☛ The original MiNLO procedure is not NLO accurate for                                  
fdsinclusive quantities, in that it neglects O(𝛼

☛ achieve NLO accuracy from HJ also for inclusive H by 

✔  including the B2 term in the Sudakov form factors 

✔  taking the scale in the coupling in the real and virtual equal to 
xxxthe Higgs transverse momentum (eff

Provided this is done, the HJ-MiNLO describes both H and 
H+jet at NLO, i.e. merging of H and H+jet is achieved without any 
merging scale

Hamilton, Nason, GZ JHEP 05 (2013) 082



NNLOPS
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It was soon realised that, since MiNLO’ is NLO accurate for X+jet, an 
à-posteriori reweighing of MiNLO’ results with the ratio of NNLO/
MiNLO’ result, differential in the Born kinematics of X, leads to 
NNLOPS accurare results for X (X=H, W, Z …) 

Thus, reweighing HJ-MINLO results with this factor one obtains 
NNLO+PS accuracy, without spoiling the NLO accuracy of HJ  
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E.g. for Higgs production 

Hamilton, Nason, GZ JHEP 05 (2013) 082



NNLOPS
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Sample NNLOPS results for Higgs: 

NNLOPS method pushed numerically to the boundaries with Drell Yan, 
HW and WW, because of high dimensionality of Born phase space 

Hamilton, Nason, GZ  JHEP 10 (2013) 222



NNLOPS timeline 
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MiNNLOPS
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MiNNLOPS extends the original MiNLO idea by including directly 
all terms required to achieve NNLO accuracy. Key ingredient is a 
NNLO matched resummed prediction.  

Starting point: 

Which can be written as 

With 



MiNNLOPS
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Writing 

Factoring out the Sudakov form factor  

With  

Expanding, 
Extra terms 
in MiNNLO

MiNLO’



NNLO+PS timeline 
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MiNNLOPS: Z +photon
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Lombardi, Wiesemann, GZ JHEP 06 (2021) 095 



MiNNLOPS: Z +photon
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Lombardi, Wiesemann, GZ Phys.Lett.B 824 (2022)

Important probe of BSM: 

• Anomalous triple gauge couplings

• Background to mono-photon 

Dark Matter searches (Z →	νν)



MiNNLOPS: WW
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Lombardi, Wiesemann, GZ JHEP 11 (2021) 230

• Largest of diboson processes 

• Access to anomalous triple gauge 

couplings

• No full event reconstruction due to 

neutrinos →	high-precision theory 
required 


• Jet-veto required →		theoretical 
modelling important



MiNNLOPS: ZZ
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Buonocore, Koole, Lombardi, 
Rottoli, Wiesemann, GZ 

JHEP 11 (2022) 072

• Smallest cross-section of diboson 
processes 


• Access to anomalous triple gauge 
couplings


• Important for constraining Higgs 
width and couplings



MiNNLOPS: WZ
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Lindert, Lombardi, Wiesemann, Zanoli, GZ JHEP 11 (2022) 036

• Including approximate EW corrections using different schemes

• Default scheme: 

In progress: a priori combination of QCD and EW corrections 

Lombardi, Pelliccioli, Wiesemann, Zanoli, GZ  in progress



MiNNLOPS: ZH with H →	bb  
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Zanoli, Chiesa, Re, Wiesemann, GZ JHEP 11 (2022) 072

• Needed for precision in the 
Higgs sector 


• One of the main production 
channels + largest branching 
fraction in decay 


• NNLO+PS accuracy in 
production of decay 



ZH with SMEFT H →	bb  
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https://twitter.com/AlessandroStru4/status/1662008330439606272



ZH with SMEFT H →	bb  

23Haisch, Scott, Wiesemann, Zanoli, GZ JHEP 07 (2022) 054

⇒ very interesting

 and distinctive 
shape differences 



MiNNLOPS: top-pairs 
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Mazzitelli, Monni, Nason, Re, Wiesemann, GZ Phys.Rev.Lett. 127 (2021) 6; JHEP 04 (2022) 079  

• Breakthrough: first application beyond 
colour singlet: top-pair production


• Extremely relevant for phenomenology: 
40% of LHC analyses use tt predictions 

_



MiNNLOPS: top-pairs 
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Including tree-level decays of top quarks 

Mazzitelli, Monni, Nason, Re, Wiesemann, GZ Phys.Rev.Lett. 127 (2021) 6; JHEP 04 (2022) 079  

• Breakthrough: first application beyond 
colour singlet: top-pair production


• Extremely relevant for phenomenology: 
40% of LHC analyses use tt predictions 



MiNNLOPS: B-hadrons
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Mazzitelli, Ratti, Wiesemann, GZ  2302.01645  



Ongoing

27



MiNNLOPS: bjets 
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Mazzitelli, Ratti, Wiesemann, GZ in preparation  

Preliminary

• Comparison with b-jets 
measured at CMS


• Issue of b-jet definition must 
be further investigated 

Extension to cc also in progress 
_



MiNNLOPS: bjets 
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Mazzitelli, Ratti, Wiesemann, GZ in preparation  

Preliminary

• Comparison with b-jets 
measured at CMS


• Issue of b-jet definition must 
be further investigated 

Extension to cc also in progress 
_

Preliminary



MiNNLOPS: using τ0 

30Ebert, Rottoli, Wiesemann, GZ, Zanoli  in preparation  

• Resummation for τ1 useful to formulate a MiNNLOPS for X+1 jet  


• First step: formate a τ0-MiNNLOPS for Higgs and Drell Yan 

Preliminary results for Drell-Yan:

(worse agreement for Higgs production) 

Preliminary

Preliminary



MiNNLOPS: ttH 
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Mazzitelli, Wiesemann in preparation  

Recent approx. NNLO calculation of ttH can be used to build a 
MiNNLOPS ttH generator 

Preliminary results:

Preliminary

Preliminary

Preliminary

Catani et al 2210.04846 



MiNNLOPS: ggH in FT 
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Czakon, Harlander, Nieggetiedt, Wiesemann in preparation  

Recent progress in NNLO calculation in full theory (i.e. beyond large 
mt) paves the easy for a MiNNLOPS generator for ggH in full theory 

Czakon, Harlander, Klappert, Nieggetiedt ’20  

Heavy Top Loop (HTL) vs Full Theory (FT) results 

Also in progress MiNNLOPS for bb → H production 
Biello, Sankar, Wiesemann, GZ in preparation  



Conclusions
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Considerable process in MiNNLOPS in the last years: 

• Colour singlet processes done in MiNNLOPS (2→1 and 2→2) 

• MiNNLOPS for Heavy-flavour QQ also available

• Public codes available in the POWHEG BOX, or upon request 

Future: many extensions ongoing/planned

• QCD MiNNLOPS × MiNLO EW

• X+jet (HJ, ZJ, …) 

• 2→3 colour singlet  

• QQ+X (ttH, bbH, ttZ, ttZ, bbZ, …) 

• MiNNLOPS for VBF processes

_

_


