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Outline & introduction
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- main theory focus here: EW/QCD corrections matched to PS, no polarized bosons so far 
→ 2 papers/codes out: [Hoppe et al. ‘23 / Pelliccioli,Zanderighi ‘23]

- I won’t discuss PS uncertainties and recent work on NLL showers
- this talk and codes: “VV” stands for “4 leptons”

● (N)NLO+PS with POWHEG: theory
- EW corrections
- diboson production: what is available

● Tutorial:
- how the POWHEG BOX code works
- how to run it
- live demo



Part 1: theory
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The POWHEG method in a nutshell (I)
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The POWHEG method in a nutshell (II)

5



The POWHEG BOX framework
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POWHEG BOX RES: resonances

                                 mapping does not preserve virtuality 
      ⇒ R/B can become large also far from collinear singularity

“Resonant-aware” NLO+PS methods [Ježo,Nason ‘15 / Frederix et al. ‘16]

- project full MEs onto “resonance histories”: 

- each term (Born- and real-like) is attributed to an unique resonance history
- virtuality-preserving mappings
- POWHEG radiation can be assigned a resonance → (up to) 1 emission per resonance

● NW limit spoiled
● BW shape distorted

7

[Ježo,Nason ‘15]



POWHEG BOX RES: NLOQCD + NLOEW + PS
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● NLOEW+PS not conceptually solved in full generality
- bottleneck: processes with “QCD/EW interference” at LO
- possible for some processes, e.g. DY, dibosons

Exact matching of EW corrections for n- and n+1-body contributions

 



NNLO+PS



NNLO+PS: MiNNLO PS (I)
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NNLO+PS: MiNNLO PS (II)
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Diboson production in POWHEG-BOX: overview
Dibosons

- NLOQCD + PS (WW/WZ/ZZ) [V2]

- NLOQCD + PS (WW/WZ, anomalous couplings) [V2]

- gg → VV + PS NLOQCD + PS [RES]

- NLOQCD + NLOEW + PS (WW/WZ/ZZ) [RES]

- NNLOQCD + PS (WW/WZ/ZZ/Zγ) [RES]

- with nNNLO (ZZ) [RES]

- with NLOEW (WZ) [RES]

- NLOQCD + PS (polarized bosons) (WW/WZ/ZZ) [RES]

Vector-boson scattering

- NLOQCD + PS ({WW/ZZ} + 2jets, EW production) [V2]

- NLOEW + PS (same sign WW + 2jets, VBS) [RES]

→ Authors and codes: see powhegbox.mib.infn.it



Diboson production in POWHEG-BOX: EW+QCD
[Chiesa,ER,Oleari ‘20]



Diboson production in POWHEG-BOX: NNLO QCD

 Zγ   [Lombardi et al. ‘20]

WW [Lombardi et al. ‘20]

ZZ   [Buonocore et al. ‘21]

WZ  [Lindert et al. ‘22]

γγ   [Gavardi et al. ‘22]



Polarized diboson

[Pelliccioli,Zanderighi ‘23]
+ talk J.Linder (yesterday)



Conclusions

● Diboson production in POWHEG: different generators, different accuracy

● Up to NNLOQCD / NLOEW available

● Polarized bosons: NLOQCD

● Accuracy of parton showers not discussed at all

- LL → NLL accuracy of parton showers  [talk by M. Van Beekveld @ MBI]
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Part 2: tutorial
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Technical details: general remarks (I)
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Technical details: general remarks (II)
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POWHEG-BOX-V2 / POWHEG-BOX-RES: very similar flags
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Technical details (I - workflow)
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Technical details (II - other settings)
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Technical details (III - other settings)
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Technical details (parallelization)
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Now the real tutorial…
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1) run interactively the HJ code (fast)

2) look at WW: LO/NLOQCD/NLOQCD+NLOEW:
→ NLOQCD with polarized bosons works the same way, publis soon



Technical details (final checks during/after parallel runs)
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Technical details (final checks during/after parallel runs)
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Now the real tutorial…
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1) run interactively the HJ code (fast)

2) look at WW: LO/NLOQCD/NLOQCD+NLOEW:
→ NLOQCD with polarized bosons works the same way, public soon



WW@{LO+PS}
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- Download [Recola2 needed + lhapdf (+fastjet)]

POWHEG: https://powhegbox.mib.infn.it/
# svn checkout --username anonymous --password anonymous svn://powhegbox.mib.infn.it/trunk/POWHEG-BOX-RES
# svn checkout --username anonymous --password anonymous svn://powhegbox.mib.infn.it/trunk/User-Processes-RES/VV_dec_ew

Recola: https://recola.gitlab.io/recola2/installation.html

http://powhegbox.mib.infn.it/trunk/POWHEG-BOX-RES
http://powhegbox.mib.infn.it/trunk/User-Processes-RES/VV_dec_ew


WW@{LO+PS}
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- Install [Recola2 needed + lhapdf (+fastjet)]: 
in the VV_dec_ew directory, edit the Makefile:

##############################################                                                                                                                                                                     
# >>> tutorial                                                                                                                                                                                                     
# Recola                                                                                                                                                                                             
RECOLALOCATION=/home/ere/path_to_recola2
RECOLAMODULEDIR = $(RECOLALOCATION)/include
RECOLALIB += -Wl,-rpath,$(RECOLALOCATION)/lib -L$(RECOLALOCATION)/lib -lrecola
RECFLAGS=-I$(RECOLAMODULEDIR)
###############################################    
…..
####################################                                                                                                                                                                               
# >>> tutorial                                                                                                                                                                                                     
HEPMCLOCATION=/home/ere/path_to_HEPMC3/hepmc3-install
LIBSHEPMC += -L$(HEPMCLOCATION)/lib -lHepMC
#####################################                                                                                                                                                                              
……
###############################################                                                                                                                                                                    
# >>> tutorial                                                                                                                                                                                                     
PYTHIA8LOCATION=/home/ere/path_to_pythia                                                                                                                                                         
FJCXXFLAGS+=-I$(PYTHIA8LOCATION)/include 
LIBPYTHIA8=-L$(PYTHIA8LOCATION)/lib -lpythia8 -lstdc++ -ldl
################################################   



WW@{LO+PS}
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- Input card:
bornonly 1 ! for LO+PS

!Single vector boson production parameters

procVV 1 ! 1=WW,2=ZZ,3=ZW,4=ZW
idvecbos 24 !W+=+24, W-=-24. Used only for procVV=3,4
decayV1 1 ! 1=electrons/nu e, 2=muons/nu mu, 3=taus/nu tau.
decayV2 2 ! 1=electrons/nu e, 2=muons/nu mu, 3=taus/nu tau.

ncall1 20000  ! number of calls for initializing the integration grid
itmx1   1      ! number of iterations for initializing the integration grid
ncall2 20000  ! number of calls for computing the integral and finding upper 
bound
itmx2    1     ! number of iterations for computing the integral and…
nubound 10000 ! number of bbarra calls to setup norm of upper bounding… 
numevts 10000 ! number of events (for each random number seed)



WW@{LO+PS}
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- run (small cluster, here (LO+PS) using simply 128 CPU)
- will generate 1.3M unweighted partonic events (LHE files)
- will go step-by-step, but automatic scripts exist



WW@{NLO QCD+NLO EW+PS}: hard events
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- stage 4: “partonic” (LHE) event files: pwgevents-*.lhe
→ can contain multiple radiation [allrad flag]

- for polarized bosons: only QCD radiation
 

← QCD
← QED
← QED

← QCD



running the parton shower
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- one QCD emission [standard]: 
run pT-ordered parton shower, vetoing emissions harder than the 1st one

- QCD+QED emissions: 
veto shower for each resonance (requires dedicated interface + use of Pythia facilities)

- stage 4: “partonic” (LHE) event files: pwgevents-*.lhe
→ can contain multiple radiation

- Loop over events in pwgevents-*.lhe
- Store partonic information (momenta, scales, …)
- Feed partonic event to Pythia
- Pythia: generate parton shower, vetoing radiation

- Interface shipped in process directory: main-PYTHIA*-lhef
- For NLO QCD, interface is very standard



WW QCD+EW: run time [unweighted events]
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QCD
- 2 nodes x 128 CPU
- st1-st2-st3 → 3h
- st4: 10K events → 20min
- 5M events in ½ day
- VV polarized @ NLO+PS: this 

accuracy
- NLO scale uncertainty through 

reweighting

   QCD+EW
- 3-4 nodes x 128 CPU
- st1-st2-st3 → 1/2 day
- st4: 2K events → ~8h
- 1.5M events in 1.5 day
- 1-loop correction “slow”
- Possible to make it faster through 

“reweighting” (let us know if 
needed)

LHE → PS: quick [MPI off]

LO: quick



WW QCD+EW: plots
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Thank you for your attention!



Backup slides
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NLOEW+PS: bottlenecks
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[slide from M. Chiesa]



NLOEW+PS: bottlenecks
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[slide from M. Chiesa]



Resonant-aware NLO+PS: details I
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Resonant-aware NLO+PS: details II

42


