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❖ Sherpa 3.0.0 released this summer 

❖ Traditionally focused on LHC 
physics  

❖ Sherpa3 contains many 
improvements for  physicse+e−
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SHERPA Framework
2410.22148

Electroweak physicsJet physics

Soft physics QED effects 

Exact NLO
calculations
• automated ME
   generation
• automated
   IR subtraction

EW virtual
approximation
• stand-in for
  complete NLO

• allows NLO QCD
  multijet merging

Soft photon
resummation
in decays
• applied to hard &
   hadron decays
• matched up to
   (N)NLO QED &
   NLO EW in W/Z/h
• Automated 
   identification
   of resonances
• γ splittings

Hard photon
production
• (N)LO multi-jet
   merging incl.
   photons

Soft photon
resummation
in production
• YFS-based 
  resummation

• matched 
  up to O(α3L3)

• QCD+QED 
  parton shower

• Electron structure
  function

NLO pQCD
calculations
• automated 
   ME generation
• automated
   IR subtraction

Parton shower
• LL algorithms
• NLL algorithm
• Higher-order
   splitting kernels

Interfaces to
Resummation
• NLL resummation
  in direct QCD
• NkLL in SCET

Matching 
& Merging
• NLO precision
• HF matching
• NNLO for
   selected procs
   

Interfaces to
1-loop EW
• OpenLoops
• Recola

Polarised
cross sections
• Lepton beams
• Intermediate
  gauge bosons

Interfaces to
1-loop pQCD
• OpenLoops
• Recola
• MCFM
• BLHA

EW Sudakov
approximation
• automated 
   NLL precision
• allows NLO QCD
   multijet merging

↑

←

Underlying
event / MPI
• Eikonal model
  (Sjöstrand/Zijl)
• Hadron profiles
• Minimum bias
• UE for γ beams  

Hadronisation
• Cluster model
• Colour 
   reconnections
• Parameter tune   Hadron decays

• 2500 channels
• neutral meson
   mixing
• spin correlations

Interface to
Lund model
• Pythia 8   

Beam
remnants
• Intrinsic kT 

  

↓
→

↗

→→

↙ ↗ ↖

https://sherpa-team.gitlab.io/

https://arxiv.org/abs/2410.22148
https://sherpa-team.gitlab.io/
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❖ Decay tables for  and  
hadrons 

❖  2.6k decay channels 

❖ accounts for , 
mixing, off-shell decays, form-
factors  

❖ “New” decay channels can be added 
dynamically 

τ 𝒪(200)

≈

D − D̄, B − B̄, Bs − B̄s
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↓
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↗

→→
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https://sherpa-team.gitlab.io/HADRONS++ module for hadron and  decaysτ

https://arxiv.org/abs/2410.22148
https://sherpa-team.gitlab.io/
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❖ QED corrections are modelled 
using Yennie-Frauschi-Suura  

❖ Soft Photons resummed to all 
orders  

❖ Hard photon emissions corrected 
for order by order 
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https://sherpa-team.gitlab.io/QED Corrections

https://arxiv.org/abs/2410.22148
https://sherpa-team.gitlab.io/
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KKMC is the MC event generator for the process

❖ New(ish) C++ version available at https://github.com/KrakowHEPSoft/KKMCee/tree/FCC_release_cpp 

❖ The physics is identical to the F77 version 

❖ YFS Resummation + Amplitude based matching (CEEX) 

❖ Interfaced with Tauola & Photos & Dizet 

❖ Hadronization can be modelled with Pythia  

❖ New Event Outputs available: HEPMC Format 
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KKMC Generator

e+e− → ff̄ + nγ

Comput.Phys.Commun. 140 (2001) 475-512)
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How to treat QED Corrections?

Collinear Resummation 
❖ Collinear logs are resummed with 
universal PDF ( ) 

❖ Recently matched to NLO 
❖ Combined with Parton Shower to 
generate photon emissions 

❖ Beyond NLO becomes tricky

PT = 0

Jadach et.al, Z.Phys.C 49 (1991) 
577-584,Europhys. Lett.17(1992) 
123–128

Soft Resummation 
❖ Soft logs resummed to infinite orde 
using the YFS theorem 

❖ Correct soft limit achieved for n 
photons 

❖ Provides a robust scheme for the 
inclusion of real and virtual 
corrections at any order. 

❖ Provides an exact treatment of multi 
photon phasespace 

S.Frixone et.al  JHEP 03 (2020) dσ(L, L̂) = αk
∞

∑
n

αn
∞

∑
i=0

∞

∑
j=0

̂σn,i,jLiL̂j

L̂ = log ( Q2

E2
γ ) L = log ( Q2

m2
e )
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YFS Theorem 

Yennie, Frautschi, and Suura 
showed how to reorder the entire 
perturbative series such that all 
IR divergences are resummed 

It also provides an analytical 
treatment of the multi-photon 
phasespace 



Alan Price

Slide Title

11

Virtual Emissions 

ℳ1
0 = αBM0

0 + M1
0

Full One-loop 
amplitude, including 
IR divergence 

IR finite contribution

Taking the soft limit 
allows us to factorise 
out amplitude 

IR divergent contribution
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Virtual Emissions 

ℳ1
0 = αBM0

0 + M1
0

Taking the soft limit 
allows us to factorise 
out amplitude 

Bij = −
i

8π3
ZiZjθiθj ∫

d4k
k2 ( 2piθi − k

k2 − 2(k ⋅ pi)θi
+

2pjθj + k
k2 + 2(k ⋅ pj)θj )

2

Universal Virtual 

Zi =  Particle Charge

θi = 1(−1) Incoming (Outgoing)
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Virtual Emissions 

ℳ0
0 = M0

0

ℳ1
0 = M1

0 + αBM0
0

ℳ2
0 = M2

0 + αBM1
0 +

(αB)2

2!
M0

0

ℳn̄γ
0 =

n̄γ

∑
r=0

Mn̄γ−r
0

(αB)r

r!

This factorization 
continues at each 
order thanks to the 
abelian nature of QED
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Virtual Emissions 

This factorization 
continues at each 
order 

We can then sum to 
infinity and due to 
the abelian nature of 
QED we can generalise 
to arbitrary real 
emissions  

∞

∑̄
nγ=0

ℳn̄γ+ 1
2 nγ

nγ

2

= e2αB
∞

∑̄
nγ

Mn̄γ+ 1
2 nγ

nγ

2

Bij = −
i

8π3
ZiZjθiθj ∫

d4k
k2 ( 2piθi − k

k2 − 2(k ⋅ pi)θi
+

2pjθj + k
k2 + 2(k ⋅ pj)θj )

2
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Real Emissions 

1
2(2π)3

∞

∑̄
nγ=0

ℳn̄γ+ 1
2

1

2

= S̃(k)
∞

∑̄
nγ=0

Mn̄γ
0

2

+
∞

∑̄
nγ=0

β̃n̄γ+1
1 (k)

S̃(k) = ∑
i,j

α
4π2

ZiZjθiθj ( pi

pi ⋅ k
−

pj

pj ⋅ k )
2

Zi =  Charge

θi = 1(−1) Incoming (Outgoing)

For real emissions, we 
consider the 
factorization at the 
amplitude squared 
level
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YFS Master Equation

( 1
2(2π)3 )

nγ ∞

∑̄
nγ=0

Mn̄γ+ 1
2 nγ

nγ

2

= β̃0

nγ

∏
i=1

[S̃(ki)] +
nγ

∑
i=1 [ β̃1(ki)

S̃(ki) ]
nγ

∏
j=1

[S̃(kj)]

+
nγ

∑
i, j = 1
i < j

[
β̃2(ki, kj)

S̃(ki)S̃(kj) ]
nγ

∏
l=1

[S̃(kl)]

+… + β̃nγ−1(k1, …, ki−1, ki+1, …, knγ
)

nγ

∑
i=1

S̃(ki) + β̃nγ
(k1, …, knγ

)

β̃nγ
=

∞

∑̄
nγ=0

β̃n̄γ+nγ
nγ

Suppress the virtual multiplicity 

Combining virtual and real emissions to all orders yields

This is essentially an all order subtraction scheme 
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YFS Master Equation

dσ =
∞

∑
nγ=0

eY(Ω)

nγ!
dΦQ [

nγ

∏
i=1

dΦγ
i S̃(ki) Θ(ki, Ω)] β̃0 +

nγ

∑
j=1

β̃1(kj)
s̃(kj)

+
nγ

∑
j, k = 1
j < k

β̃2(kj, kk)
s̃(kj)s̃(kk)

+ ⋯

Y(Ω) = ∑
i<j

ℛe Bij(Φn) + B̃ij(Φn+1)

This expression contains no approximations.It 
does require any further matching. The accuracy 

is limited by how far you can calculate the 
betas
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Hard emission corrections for  B → Xℓν
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Hard emission corrections for  B → Xℓν
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Example: e+e− → τ+τ−
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Data from BaBar Phys.Rev.D 86 (2012) 092010

https://inspirehep.net/literature/1185407
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❖ Sherpa can directly 
simulate the “signal”
process and the QCD 
background

21

Example: e+e− → Υ(4S) → BB̄
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❖ Direct production now in both 
Sherpa and KKMC with all order 
resummation of soft photons 

❖ Sherpa supplemented with Pion 
Form factor and HPV  

❖ KKMC HPV available via DIZET 
Package 

❖ Next steps: Matching the 
resummation to higher order 
corrections
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Example: e+e− → π+π−

Sherpa ISR
KKMC ISR
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❖ Soft-Photon resummation captures the bulk of the QED corrections 

❖ It can be further improved by matching to higher-order predictions 

❖ Some work still needed for non-perturbative models e.g Form-Factors 

❖ Parallel developments of Sherpa and KKMC will provide a powerful cross-check 
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Conclusions


