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HIGHER ORDER MONTE CARLO EVENT GENERATORS

▸ Matching fixed order calculations to parton 
showers is a well-studied problem

GENEVA

Flexible resummation 
              input

Process-general 
       method

High partonic accuracy

▸ At NLO, several 
successful methods 
available - POWHEG, 
MC@NLO, KrkNLO, 
multiplicative-
accumulative…

▸ GENEVA is a method to reach NNLO+PS 
accuracy
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THE GENEVA METHOD

GENEVA Parton 
showerResummed 

@NNLL’
Fixed Order 

@NNLO
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RESOLUTION VARIABLES

Colour SingletTransverse 
momentum

Zero-
jettiness

Jet veto
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RESOLUTION VARIABLES
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GENEVA USING JET VETO RESUMMATION

▸   production an interesting case study - jet vetoes 
used in analyses to reject   background 

▸ Aim to improve description of jet-vetoed cross section 
within an NNLO+PS event generator 

▸ Combine NNLL’ resummation for   + 0 jets with NLL’ 
resummation for   + 1 jet to define events at NNLO
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FACTORISATION WITH A JET VETO FOR COLOUR SINGLET

▸ Consider colour singlet production, vetoing all jets with 
 . Resummation has been studied in both QCD 
and SCET. 

▸ Factorisation into hard, beam and soft functions

pT > pveto
T

dσ(pveto
T )

dΦ0
= H(Φ0, μ) [Ba × Bb](pveto

T , R, xa, xb, μ, ν) Sab(pveto
T , R, μ, ν)

▸ Radius of vetoed jets   

▸ Additional scale   necessary to separate soft/collinear modes 
(SCET II)

R

ν
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COMPARISON TO ATLAS/CMS

▸ Compared with ATLAS/CMS measurements
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COMPARISON TO ATLAS/CMS

▸ Vetoed cross section measurements
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RESOLUTION VARIABLES

Colour Singlet 
      + jet

Generalised 
one-jettiness

One-
jettiness

Jet veto
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RESOLUTION VARIABLES

Colour Singlet 
      + jet       ???

One-
jettiness

Jet veto
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THE N-JETTINESS OBSERVABLE

▸   implies there are exactly N pencil-like jets 

▸ Large   implies a spherical distribution of radiation

𝒯N = 0

𝒯N

𝒯N =
2
Q ∑

k

min{qa ⋅ pk, qb ⋅ pk, q1 ⋅ pk, …, qN ⋅ pk}
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▸ Only three coloured legs - colour algebra is diagonal 

▸ Ingredients for N LL all known, we use new numerical of two-
loop soft function from SoftSERVE 

▸ One-jettiness definition requires choice of frame - can evaluate 
energies in lab or in CS centre-of-mass  

3
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ONE-JETTINESS RESUMMATION FOR COLOUR SINGLET + JET

Similar factorisation to zero-jet case:

dσ resum

dΦ1d𝒯1
= ∑

ijk
∫ dtadtbdsJ Bi(ta, xa, μB) Bj(tb, xb, μB) Jk(sJ, μJ) Tr Hij(Φ1, μH) S (𝒯1 −

ta
Qa

−
tb
Qb

−
sJ

QJ
, Φ1, μS)

New jet function

0910.0467, 1302.0846, T. Jouttenus, I. Stewart, F. Tackmann, W. Waalewijn
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FIXED-ORDER VALIDATION OF ONE-JETTINESS FACTORISATION

▸ Factorisation theorem must 
reproduce result of fixed 
order in the small   
limit 

▸ Size of nonsingular 
difference has implications 
for numerical accuracy of 
slicing calculations

τ1 = 𝒯1/Q
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RESUMMED AND MATCHED ONE-JETTINESS SPECTRA

2312.06496, S. Alioli, G. Bell, G. Billis, A. Broggio, B. Dehnadi, MAL, G. Marinelli, R. Nagar, D. Napoletano, R. Rahn
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NNLO CROSS SECTIONS (VERY PRELIMINARY!)

  cutsqT   cuts𝒯0

GENEVA ~48k CPU 

NNLOJET ~80k CPU
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NNLO DIFFERENTIAL DISTRIBUTIONS (VERY PRELIMINARY!)
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CONCLUSIONS

▸ GENEVA allows matching of NNLO calculations to parton 
shower algorithms using NNLL’/N3LL resummation 

▸ Ongoing work aims to extend this to processes with jets 

▸ Main limitation is availability of suitable resummed 
calculation 

▸ Recent N3LL resummation of one-jettiness will allow an 
NNLO+PS event generator for Z/H+jet in the near future



BACKUP SLIDES
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RESUMMATION OF JET VETO LOGS FOR COLOUR SINGLET

▸ Rapidity scale   requires two-dimensional evolutionν

d
d ln μ

ln S(pcut
T , R, μ, ν) = 4Γcusp ln

μ
ν

+ γS

HμH ∼ mCS

BSμS ∼ pveto
T

μB ∼ pveto
T

μ RGE

ν RGE

νS ∼ pveto
T νB ∼ mCS

d
d ln ν

ln S(pcut
T , R, μ, ν) = γν
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SHOWERED RESULTS

▸ Numerically examine effect of shower on accuracy
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