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Coherence In tt̄ Decay
Plot antenna function in top centre of mass frame (b along z):
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Antenna function is consistent with Altarelli-Parisi splitting
function in (quasi-)collinear direction, coherence results in a
suppression in the backwards direction.
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Antenna function ➔ b-quark DGLAP splitting function in forwards 
(collienar) direction; coherence results in a suppression in the 

backwards (wide-angle) direction ➤ narrower b-jets
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Figure 1: Illustration of the recursive resonance treatment in a top-decay system.

non-interleaved treatments, these scales set the upper kinematic limits for the showers that take
place inside each of the resonance-decay systems. These showers do not involve recoils to any
partons outside of the respective resonance-decay system, hence they preserve the total invariant
mass of it and thereby also the shape of its Breit-Wigner distribution. The new aspect is the
introduction of the scales Q

2
t!bW

and Q
2
W!qq̄0 , which are of order the corresponding widths,

below which each of the resonance-decay systems are merged into their production system(s).
Extending eq. (1) to include interleaved resonance decays, it becomes:
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where it is understood that the ISR+FSR term includes a sum over QED and QCD radiators,
and similarly the RES term includes a sum over decayers.

Di↵erent from conventional interleaved parton-shower and MPI kernels, we do not include
the term dP

RES
/dQ

2 in the Sudakov factor. This is because the probability density expressed
by the Breit-Wigner distribution is already unitary and contains its own infinite-order resum-
mation. In other words: if a resonance is produced, its decay happens once, and once only; there
is no need for a Sudakov-style resummation of it. Due to the interleaving with in particular the
EW shower, there is, however, a finite probability (given by the EW Sudakov factor) that the
resonance will undergo one or more EW branchings before it gets a chance to decay. We return
to this in sec. 3.
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The MC “truth” top-quark mass distribution in PYTHIA
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๏

First step:  ➜ factorise production and decay(s)  (“pole approximation”)


•+ Breit-Wigner improved pole approximation ➤ tops with BW mass distribution 

๏ (skewed by PDF effects: more incoming partons at lower invariant masses.)

๏ NB: if your hard tops are coming from elsewhere (MG5, PowHeg, …) this distribution may be different

Γt

mt
≪ 1

⊗ ⊗

⊗…
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Radiative Corrections
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๏Bremsstrahlung

•Colour flow determines coherent (soft-eikonal) radiation patterns


๏➜ VINCIA shower model

•Top decay: unique coherent “resonance-final” antenna patterns and recoils 
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Radiative Corrections
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๏PYTHIA’s default showers are anchored in collinear (DGLAP) limits 

•➤ Separate initial-state, final-state, and resonance-decay showers. 


๏➤ Coherence for soft radiation across these boundaries is not automatic 

•No notion of resonance-final recoils; must use final-final ones instead. 

•
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Coherence in Top Decay
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๏First emission: not much difference

•Phase space: limit set by mt - mW in both cases

•Recoils: Vincia RF recoils to    Pythia FF recoils to  = same.

•RF pattern suppressed at wide angles compared to DGLAP (but Pythia has MEC)

t − b = W ↔ W
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Coherence in Top Decay: 2nd emission
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๏Second emission: big differences

•Not controlled by PowHeg, nor by Pythia’s MECs. 

•Not as important as 1st. Still highly significant if goal is per-mille precision on mt

VINCIA RF

 RF antenna:

Phase space & recoils set by:




Collective recoil

tg

t − g = b + W

 dipole treated as :

Phase space & recoils set by 


Affects  fragmentation

g − t g − b
b

b

PYTHIA 
recoilToColoured = on


(Default)



RecoilToTop
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๏PYTHIA allows two different coherence/recoil options

•+ recently made a dedicated UserHook “recoilToTop” for use with recToCol = off

•Theoretically the least bad option (in absence of RF)? Needs validations & feedback.

PYTHIA 
recoilToColoured = on

PYTHIA 
recoilToColoured = off

 dipole treated as :

Phase space & recoils set by 


b fragmentation more “normal"?

g − t g − W
W

Coherence in Top Decay
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Radiative Corrections: Finite-Width Effects 
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๏Finite-width effects

•Physically, short-lived fluctuations do not have time to form long-wavelength emissions

•In parton showers, this is reflected in the principle of strong ordering

•However, resonance decays are normally treated sequentially, factorised.


๏ No strong ordering. 


๏Expect initial-final interference effects at scales below Γt

⊗
RF colour flow
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Proposal: insert off-shell resonance propagators into 
the shower evolution according to strong ordering. 

Uniquely treated in VINCIA via “interleaved resonance decays”

Small modifications to resonance shape



Interleaved evolution with resonance decays
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Figure 1: Illustration of the recursive resonance treatment in a top-decay system.

non-interleaved treatments, these scales set the upper kinematic limits for the showers that take
place inside each of the resonance-decay systems. These showers do not involve recoils to any
partons outside of the respective resonance-decay system, hence they preserve the total invariant
mass of it and thereby also the shape of its Breit-Wigner distribution. The new aspect is the
introduction of the scales Q

2
t!bW

and Q
2
W!qq̄0 , which are of order the corresponding widths,

below which each of the resonance-decay systems are merged into their production system(s).
Extending eq. (1) to include interleaved resonance decays, it becomes:
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where it is understood that the ISR+FSR term includes a sum over QED and QCD radiators,
and similarly the RES term includes a sum over decayers.

Di↵erent from conventional interleaved parton-shower and MPI kernels, we do not include
the term dP

RES
/dQ

2 in the Sudakov factor. This is because the probability density expressed
by the Breit-Wigner distribution is already unitary and contains its own infinite-order resum-
mation. In other words: if a resonance is produced, its decay happens once, and once only; there
is no need for a Sudakov-style resummation of it. Due to the interleaving with in particular the
EW shower, there is, however, a finite probability (given by the EW Sudakov factor) that the
resonance will undergo one or more EW branchings before it gets a chance to decay. We return
to this in sec. 3.
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Some consequences

10

0 5 10

3−10

2−10

1−10

1

10ξ
dN

/d Top-Quark Radiators

Vincia
(Parton Level)

Sequential

0ΓInterleaved, 
Interleaved, P(m)

 = 500 GeVs, t t→ee Pythia 8.306

0 5 10

3−10

2−10

1−10

1

10ξ
dN

/d Top-Decay Resonance Showers

Vincia
(Parton Level)

Sequential

0ΓInterleaved, 
Interleaved, P(m)

0 5 10
ξ

3−10

2−10

1−10

1

10ξ
dN

/d Non-Top Radiators

Vincia
(Parton Level)

Sequential

0ΓInterleaved, 
Interleaved, P(m)

0 5 10

3−10

2−10

1−10

1

10ξ
dN

/d /GeV)FSR

T
 = 2Ln(Qξ

Vincia
(Parton Level)

Sequential

0ΓInterleaved, 
Interleaved, P(m)

 = 500 GeVs, t t→ee Pythia 8.306

0 5 10
ξ

0.8

0.9

1

1.1

1.2

R
at

io

Figure 3: Vincia FSR branchings as functions of ⇠ = ln p
2
?, for (left) each of the three radiation

classes described in the text, and (right) the spectrum summed over all three components.
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Summary
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Mass effects   

          

Finite-Width 
effects (Γt, ΓW) 

   


~ 🚫 ✔ ~ 🚫 1

(✔) (✔) ✔ (✔) 🚫 → 1 🚫 → 2

pp → tt̄ shower t → bW shower

Best is recoilToTop?

Coherent Initial-Final and Resonance-Final antennae

+ global (coherent) resonance-final recoils.             


 (IF and FF recoils still local → ongoing work.)

BW + Interleaved Decays.      
(Still missing a formal proof)

BW + Sequential Decays → use PowHeg 1st order MECs for  & t → bWg W → qq̄g

Under development.

MECs up to  & t → bWgg W → qq̄gg

Under development. 
Can also use PowHeg

Via iterated MECs

Massive eikonals & exact 
massive antenna phase spaces

for b (and t)
Coherence


Approximate dipole treatment

Matrix-Element Corrections

VINCIA

pp → tt̄ shower t → bW( → qq̄) showers


