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based on xkcd.com/2347/
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Pythia tunes....

(e.g. ATLAS AZ) 

Calibration/Tuning

PDFs , e.g. Boughezal, Guffanti, Petriello, Ubiali '17now also in modern PDF sets (e.g. NNPDF 4.0, MSHT 20, CT18)

7



Fixed-order expansion in αs
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Improved expansion in :αs

log( / ) ∼ 1/mZ qT αs
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Resummation at 

via small-  factorization

based on formalism of Becher, Neubert '10; Becher, Neubert, Wilhelm '11; Becher, Hager '19
implemented in CuTe-MCFM (Becher, Neumann '19)

three-loop beam functions
M.-x. Luo, T.-Z. Yang, H. X. Zhu, Y. J. Zhu '19, '20; Ebert, Mistlberger, Vita '20

Z+jet NNLO calculation (via 1-jettiness slicing)
Boughezal, Focke, Liu, Petriello; Boughezal, Campbell, Ellis, Focke, Giele, Liu, Petriello '15

N LL: Four loop rapidity anomalous dimension
Duhr, Mistlberger, Vita '22; Moult, H.X. Zhu, Y. J. Zhu '22

e.g. Four-loop collinear anomalous dimension
Agarwal, von Manteuffel, Panzer, Schabinger '21

Massive three-loop axial singlet contributions
Chen, Czakon, Niggetiedt '22  are some ingredients

α3
s

qT

d ∼ ∫ d d d ⋅ H( , , μ)⋅σij ξ1 ξ2 σ0
ij ξ1p1 ξ2p2

⋅ ∫ ( ⋅ ( , , μ) ⋅ ( , , μ)d2x⊥e−iq⊥x⊥ x2
T Q2)−F( ,μ)x⊥ Bi ξ1 x⊥ Bj ξ2 x⊥
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Fiducial results in comparison with CMS 13 TeV data
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CMS measurement: 1909.04133
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Fiducial results in comparison with CMS 13 TeV data
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Cure for Jacobian peak in lepton 
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Total fiducial cross-sections
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Substantial N4LL/N3LO effect
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Public and well supported (you tell me)!

See also 

Febres Cordero, von Manteuffel, Neumann '22

mcfm.fnal.gov

“If a theoretical calculation is done, but it can not be used by any

experimentalist, does it make a sound?”

— Joey Huston

"Computational Challenges for Multi-loop Collider Phenomenology:

A Snowmass 2021 White Paper"
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https://mcfm.fnal.gov/
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Jet-veto

e.g.  to veto  background with energetic jets

Improved expansion in : 

W +W − tt̄

αs log( / ) ∼ 1/mZ pveto
T αs
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Jet-veto resummation at 

via small-  factorization
Becher, Neubert '12; Becher, Neubert, Rothen '12; Stewart, Tackmann, Walsh, Zuberi '13

two-loop soft function
Abreu, Gaunt, Monni, Szafron '22

two-loop beam functions
Abreu, Gaunt, Monni, Rottoli, Szafron '22

collinear anomaly (approximation for three-loop so far!)
Banfi, Caola, Dreyer, Monni, Salam, Zanderighi '15

NNLO diboson calculations in MCFM, e.g. WW, WZ and ZZ
Campbell, Ellis, Seth '22

We recently implemented this in MCFM
Campbell, Ellis, Neumann, Seth '23

α2
s

pT
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Campbell, Ellis, Neumann, Seth '23

JetVHeto: Banfi, Salam, Zanderighi '05, '12; Banfi, Monni, Salam, Zanderighi '12
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arXiv:1711.03296

log( / ), = 30 GeVpveto
T mZ pveto

T
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Something heavier: 

Campbell, Ellis, Neumann, Seth '23

log( / )pveto
T mW +W −
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Conclusions and outlook

 fixed-order and -resummed  predictions for 

 for all other boson and diboson processes, , , ,

MCFM: Jet-veto resummation at  for all boson and diboson processes

            Download and documentation at 

            Any requests or questions: 

Given that DY is regaining popularity... an outlook..

W @ N LO and N LL

Inclusion of non-perturbative effects (Gaussian model, TMDs?)

Inclusion of QED effects (HORACE?)

Fully differential event(!) generator at 

qT α3
s Z

α2
s W , H γγ Zγ, Wγ

ZH, WH, ZZ, WZ, WW

α2
s

mcfm.fnal.gov

tneumann@bnl.gov

3 4

α3
s
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