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OUTLINE
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• What is double parton scattering? Why is it interesting?

• Modern QCD description of DPS.

• Existing Monte Carlo models of DPS and the pocket formula.

• A new MC model of DPS based on the modern QCD 

description: dShower.

• Part I: The DPS shower [Cabouat, JG, Ostrolenk JHEP 11 (2019) 061] 

• Part II: Combining DPS and SPS in the shower
[Cabouat, JG, arXiv:2007.xxxx] 



DOUBLE PARTON SCATTERING: BASICS

Certain sets of scattering 

products can be formed either 

from one hard collision (SPS), or 

two separate hard collisions 

(double parton scattering, DPS):

In terms of the total cross section for the production of AB, the 

DPS mechanism is power suppressed: 

A

B

A

B

Τ𝜎𝐷𝑃𝑆 𝜎𝑆𝑃𝑆 ∼ ΤΛ𝑄𝐶𝐷
2 𝑄2

SPS DPS
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Parton density functions (PDFs) Double parton densities (DPDs)



WHY STUDY DPS?

DPS can be a significant background 

to processes suppressed by 

small/multiple coupling constants…

…or in certain phase space 

regions
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WHY STUDY DPS?
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DPS tells us new information on 

hadron structure:
𝒌𝑇

𝒃𝑇

𝑥𝑝

𝒌1𝑇

𝑥1𝑝

(TMDs)

(GPDs)

𝑥2𝑝

𝒌2𝑇

DPDs/

DTMDs

SPS

DPS

𝒚

DPS importance increases with 

collider energy:
collider 𝑠

𝑝 𝐷𝑃𝑆

parton 𝑥

Łuszczak, Maciuła, Szczurek, Phys. Rev. D79, 094034 (2012)



CROSS SECTION FOR DPS

A

B

𝜎𝐷𝑃𝑆
(𝐴,𝐵)

= න𝐹𝑖𝑘 𝑥1, 𝑥2, 𝒚 𝐹𝑗𝑙 𝑥′1, 𝑥′2, 𝒚 ො𝜎𝑖𝑗
𝐴 ො𝜎𝑘𝑙

𝐵 𝑑𝑥𝑖𝑑𝑥′𝑖𝑑
2𝒚

Double parton distributions (DPDs)

𝒚

Paver, Treleani, Nuovo Cim. A70 (1982) 215

Mekhfi, Phys.Rev. D32 (1985) 2371

Diehl, Ostermeier, Schafer, JHEP 1203 (2012) 089

Parton model calculation:

6

KEY ASPECT: appearance of transverse parton 

separation in formula! 



QCD EVOLUTION EFFECTS IN DPS

Consider “zooming out” from the hard processes. What can occur?

Now add QCD effects. 

7

From proton 1

From proton 2



QCD EVOLUTION EFFECTS IN DPS

Emission from single leg. Familiar 

from single scattering.

8

From proton 1

From proton 2

Consider “zooming out” from the hard processes. What can occur?

Now add QCD effects. 



QCD EVOLUTION EFFECTS IN DPS

Emission from single leg. Familiar 

from single scattering.

‘1→2 splitting’. New effect!

Perturbative splitting kernel

Single PDF

Dimensionful 
part

Diehl, Ostermeier and Schäfer (JHEP 1203 (2012))

Perturbative 

calculation 

at small 𝒚
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From proton 1

From proton 2

From proton 2

From proton 1

Consider “zooming out” from the hard processes. What can occur?

Now add QCD effects. 



Perturbative splitting can occur in 

both protons (1v1 graph) – gives 

power divergent contribution to DPS 

cross section!

DOUBLE COUNTING PROBLEMS
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Proton 1

Proton 2



Perturbative splitting can occur in 

both protons (1v1 graph) – gives 

power divergent contribution to DPS 

cross section!

This is related to the fact that this graph can also be regarded as an SPS 

loop correction

Power 
divergence!

DOUBLE COUNTING PROBLEMS
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Diehl, Ostermeier

and Schafer (JHEP 

1203 (2012)), 

Manohar, Waalewijn

Phys.Lett. 713 (2012) 

196, JG and Stirling, 

JHEP 1106 048 

(2011), Blok et al. 

Eur.Phys.J. C72 

(2012) 1963

Ryskin, Snigirev, 

Phys.Rev.D83:114047

,2011, Cacciari, 

Salam, Sapeta JHEP 

1004 (2010) 065

Short-distance part

Part absorbed into 

parton densities

Proton 1

Proton 2



Also have graphs with 

perturbative 1→2 splitting in one 

proton only (2v1 graph).

This has a log 

divergence:

Logarithmic 
divergence

Related to the fact that this graph can also be thought of as an NLO 

correction to collision of one parton with two

DOUBLE COUNTING PROBLEMS
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Blok et al., Eur. 

Phys. J. C72 (2012) 

1963

Ryskin, Snigirev, 

Phys. Rev. 

D83:114047,2011, 

JG, JHEP 1301 

(2013) 042

Proton 1

Proton 2



DPS WITHOUT DOUBLE COUNTING
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𝜎𝐷𝑃𝑆
(𝐴,𝐵)

= න𝑑𝑥𝑖𝑑𝑥′𝑖𝑑
2𝒚 Φ2 𝑦𝜈 𝐹𝑖𝑘 𝑥1, 𝑥2, 𝒚, 𝜇𝐴, 𝜇𝐵 𝐹𝑗𝑙 𝑥′1, 𝑥′2, 𝒚, 𝜇𝐴, 𝜇𝐵

× ො𝜎𝑖𝑗
𝐴 ො𝜎𝑘𝑙

𝐵

Step 1: insert cut-off function into DPS cross section formula

𝜈−1
𝑦

How to overcome these double counting issues? Consistent solution: 

Diehl, JG, Schoenwald, JHEP 06 (2017) 083.

Removed divergence. Double counting up to scale 𝜈.

Choose 𝜈~𝑄 in practice. 

𝑖 𝑘 𝑖 𝑘



DPS WITHOUT DOUBLE COUNTING

𝜎𝑡𝑜𝑡 = 𝜎𝐷𝑃𝑆 + 𝜎𝑆𝑃𝑆 − 𝜎𝑠𝑢𝑏

Step 2: For total cross section for production of AB, include a 

subtraction term to remove double counting. 
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𝜎𝑠𝑢𝑏: DPS cross section but with:

𝐹𝑖𝑗 𝑥1, 𝑥2, 𝑦, 𝜇
2 →

1

𝜋𝑦2
𝑓𝑘 𝑥1 + 𝑥2, 𝜇

2

𝑥1 + 𝑥2

𝛼𝑠 𝜇2

2𝜋
𝑃𝑘→𝑖𝑗

𝑥1
𝑥1 + 𝑥2

i.e. combining the approximations used to compute double 

splitting piece in two approaches. 



HOW THE SUBTRACTION WORKS

For small 𝒚 (of order Τ1 𝑄) the dominant contribution to 𝜎𝐷𝑃𝑆 comes 

from the (fixed order) perturbative expression⇒ 𝜎𝐷𝑃𝑆 ≈ 𝜎𝑠𝑢𝑏
& 𝜎𝑡𝑜𝑡 ≈ 𝜎𝑆𝑃𝑆 ✓

𝜎𝑡𝑜𝑡 = 𝜎𝐷𝑃𝑆 + 𝜎𝑆𝑃𝑆 − 𝜎𝑠𝑢𝑏

Dependence on 𝜈 cancels order-by-order between 𝜎𝐷𝑃𝑆 & 𝜎𝑠𝑢𝑏

For large 𝒚 (much larger than Τ1 𝑄) the 

dominant contribution to 𝜎𝑆𝑃𝑆 is the 

region of the 'double splitting' loop 

where DPS approximations are valid

⇒ 𝜎𝑆𝑃𝑆 ≈ 𝜎𝑠𝑢𝑏
& 𝜎𝑡𝑜𝑡 ≈ 𝜎𝐷𝑃𝑆 ✓

15



DPS ‘POCKET FORMULA’

Commonly used phenomenological approach:

𝑑2𝒃𝑓𝑖 𝑥1, 𝒃 𝑓𝑗 𝑥2, 𝒃 + 𝒚

16

𝐹𝑖𝑗 𝑥1, 𝑥2, 𝒚

𝑓𝑖 𝑥1 𝑓𝑗 𝑥2 𝐺 𝒚 𝜎𝐷
(𝐴,𝐵)

=
𝜎𝑆
(𝐴)
𝜎𝑆
(𝐵)

𝜎eff

“Pocket formula”

𝜎𝐷𝑃𝑆
(𝐴,𝐵)

= න𝐹𝑖𝑘 𝑥1, 𝑥2, 𝒚 𝐹𝑗𝑙 𝑥′1, 𝑥′2, 𝒚 ො𝜎𝑖𝑗
𝐴 ො𝜎𝑘𝑙

𝐵 𝑑𝑥𝑖𝑑𝑥′𝑖𝑑
2𝒚

Pocket formula doesn’t account for correlations between partons, 1→2 

splitting effects, parton number and momentum conservation…



EXISTING MC APPROACHES TO DPS
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Monte Carlo simulations of DPS (& general MPI) based on pocket 

formula approach – inherit same deficiencies 

Although: Pythia MPI model has adjustments to take account of parton number and 
momentum conservation

Monte Carlo tools: critical in 

experimental extractions of DPS 

& comparisons to data. 

‘Template’ fits in extractions:

𝑝𝑇
𝑙1 , 𝑝𝑇

𝑙2 , 𝑝𝑇
𝑚𝑖𝑠𝑠, 𝜂1𝜂2, 𝜂1 + 𝜂2 ,

𝑚𝑇(𝑙1,𝑝𝑇
𝑚𝑖𝑠𝑠), 𝑚𝑇(𝑙1,𝑙2), Δ𝜙(𝑙1,𝑙2) , 

Δ𝜙(𝑙2,𝑝𝑇
𝑚𝑖𝑠𝑠) , Δ𝜙(𝑙𝑙,𝑙2) , 𝑚𝑇2

𝑙𝑙

11 variables in CMS same-sign 𝑊𝑊:

Eur. Phys. J. C 80 (2020) 41
DPS

ATLAS W+ 𝑗𝑗

Sjöstrand, van Zijl, Phys.Rev. D36 (1987) 2019,

Sjöstrand, Skands, JHEP 0403 (2004) 053

Eur.Phys.J. C39 (2005) 129-154

Phys.Rev. D56 

(1997) 3811-

3832



A NEW DPS SHOWER
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GOAL: Build Monte Carlo simulation of DPS based on proper QCD 

theoretical description. 

Part I: MC description of DPS part: 

• With account of y dependence
• Including 1→2 splitting effects

• With possibility to incorporate 

parton correlations

𝑖 𝑘 𝑖 𝑘

𝑦 𝑦

𝜇𝑦 ∼ 1/𝑦

Part II: Combination of DPS and SPS in MC 

without double counting

• Implement double counting formula at 

differential level, with shower for all terms

[Cabouat, JG, Ostrolenk JHEP 11 (2019) 061] 

𝜎𝑡𝑜𝑡 = 𝜎𝐷𝑃𝑆 + 𝜎𝑆𝑃𝑆 − 𝜎𝑠𝑢𝑏

[Cabouat, JG, arXiv:2007.xxxx] 

From part 1



STEP I: THE DPS SHOWER
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DSHOWER ALGORITHM

20

(1) Select 𝑥𝑖 of initiating partons and 𝑦 using DPS formula:

Some external DPD set

Cut-off of DPS for y 

values ≲ 1/𝜈 ∼ 1/𝑄



DPDS FOR DSHOWER
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Use of any DPDs possible 

provided they satisfy:

𝜇𝑦 ∼ 1/𝑦

(2) (Homogeneous) 

Double DGLAP evolution

(3) Splitting DPDs initialised by 
perturbative 1→2 expression at scale 
𝜇𝑦 ∼ 1/𝑦 & small 𝑦, dominate at small 𝑦

(4) Approximately obey number and momentum sum rules

(1) Two components: ‘INTRINSIC’ ‘SPLITTING’

JG, Stirling, JHEP 1003 (2010) 005, 

Blok, Dokshitzer, Frankfurt, Strikman, Eur.Phys.J. C74 (2014) 2926,

Ceccopieri, Phys.Lett. B734 (2014) 79-85, 

Diehl, Plößl, Schäfer, Eur.Phys.J. C79 (2019) no.3, 253



DSHOWER ALGORITHM
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(2) Generate QCD emissions, going backwards from hard process

Probability that partons 𝑖𝑗 survive from 𝑄ℎ to 𝑄, and then at 𝑄 there is an 

emission from one leg:

‘Sudakov

factor’ 

Emission 

probability

Use ‘competing veto algorithm’ to decide which leg emits

Emission from leg 1

Emission from leg 2

In shower must select an evolution variable. We make the same 

choice as Herwig: 

For ISR: 𝑄2 = 𝑞𝐼𝑆𝑅
2 = −

𝑝𝑖
2 −𝑚𝑖

2

1 − 𝑧
≈ 𝐸𝑘

2𝜃𝑗
2 Angular ordering

𝑘
𝑗

𝑖



DSHOWER ALGORITHM
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(3) At scale 𝜇𝑦~1/𝑦, decide whether to merge partons 𝑖 and 𝑗. Merging 

is done with a probability given by:

𝑝𝑀𝑟𝑔 = 𝐹𝑖𝑗
𝑠𝑝𝑙

𝑥1, 𝑥2, 𝑦, 𝜇𝑦
2 /𝐹𝑖𝑗

𝑡𝑜𝑡 𝑥1, 𝑥2, 𝑦, 𝜇𝑦
2

Total DPD

𝐹𝑖𝑗
𝑠𝑝𝑙

𝑥1, 𝑥2, 𝑦, 𝜇𝑦
2 =

1

𝜋𝑦2

𝑓𝑘 𝑥1+𝑥2,𝜇𝑦
2

𝑥1+𝑥2

𝛼𝑠 𝜇𝑦
2

2𝜋
𝑃𝑘→𝑖𝑗

𝑥1

𝑥1+𝑥2
×large 𝒚 suppression

If no merging: continue with two parton branching algorithm from (2), 

using only ‘intrinsic’ DPDs.

If merging: shower single parton a la Herwig.



MERGING: SCHEMATIC PICTURE
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Partons overlap → can merge



KINEMATICS: NO MERGING
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Ƹ𝑠𝐴, 𝑌𝐴

Ƹ𝑠𝐵 , 𝑌𝐵

Generate hard 

process using DPS 𝜎

Add shower, 

kinematics of hard 

processes altered

Boost initiator partons

to restore Ƹ𝑠𝐴, 𝑌𝐴, Ƹ𝑠𝐵 , 𝑌𝐵

No merging:

Works as 4 variables (boosts) and 4 constraints! What about if there is a 
merging? 2/3 initiator partons → overconstrained system!



KINEMATICS: MERGING
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Ƹ𝑠𝐴, 𝑌𝐴

Ƹ𝑠𝐵 , 𝑌𝐵

Generate hard 

process using DPS 𝜎
At 𝜇𝑦, decided 

merging will happen

With merging:

Boost initiator partons

to restore Ƹ𝑠𝐴, 𝑌𝐴, Ƹ𝑠𝐵 , 𝑌𝐵

Merge.

Define new hard system.

Ƹ𝑠′, 𝑌′

Continue shower
Boost initiator partons

to restore Ƹ𝑠′, 𝑌′



KINEMATICS: MERGING
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Transverse momentum of the partons in the merging? 

Old version:

Set partons along beamline

Scale 𝜇𝑦, merging 

to occur

Longitudinal boosts Merge with no 𝑝𝑇

New version:

𝒌𝑇
′

−𝒌𝑇
′

𝒌𝑇

−𝒌𝑇

Partons given 𝑝𝑇~𝜇𝑦 (and 

virtuality). Same LC fractions.
Boost. Virtualities chosen → sum 

on either side on-shell LC mtm

Not very realistic. Expect merging partons to have 𝑝𝑇~𝜇𝑦… 

[Cabouat, JG, Ostrolenk JHEP 11 (2019) 061] 

[Cabouat, JG, arXiv:2007.xxxx] 



𝑝𝑝 → 𝑊+𝑊+ → 𝑒+𝜈𝑒𝜇
+𝜈𝜇

SOME FIRST NUMERICS

28

First process studied: same-sign WW

Study only DPS contribution.

Overlap issues between DPS and SPS 

not so relevant for this process, as no 

“direct” splitting process yielding 

𝑊+𝑊+

𝜎𝑡𝑜𝑡 = 𝜎𝐷𝑃𝑆 + 𝜎𝑆𝑃𝑆 − 𝜎𝑠𝑢𝑏 𝒪 𝛼𝑠
4



DPDs from JHEP 1706 (2017) 083 (Diehl, JG, Schönwald):

SOME FIRST NUMERICS

29

with modifications to very approximately take account of 
number sum rule constraints [𝑢𝑢 → 𝑢𝑢 − 1

2
𝑢𝑣𝑢𝑣, 𝑑𝑑 → 𝑑𝑑 − 𝑑𝑣𝑑𝑣 in 

intrinsic]
Only 3 flavours (u, d, s) in this study. 



VALIDATION OF DSHOWER
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dShower preserves invariant 

mass spectrum of 𝑊s

Rapidity 

distributions of 

leptons and 𝑊s

preserved

DPS cross 

section 

formula



RESULTS: ASYMMETRY
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Includes 1→2 splittings
+ valence number 
effects

No parton-parton 
correlations

Simple valence 
number effects

JG, Kom, Kulesza, Stirling, Eur. Phys. J. C69 

(2010) 53-65, 2010

Key indicator of correlations - 𝒜 ≠ 0 implies 

parton correlations

CMS studies indicate 𝒜 ≃ 0.1 will be 

measurable at hi-lumi LHC. CMS-TDR-016



RESULTS: WW TRANSVERSE MOMENTUM 
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WW 𝑝𝑇 spectrum: dShower result skewed towards larger 𝑝𝑇

𝐹𝑔 𝑞
𝑥1
𝑥 , 𝑥2, 𝒚, 𝑞

2

𝐹𝑞 𝑞 𝑥1, 𝑥2, 𝒚, 𝑞
2

𝛼𝑠
2𝜋

𝑃𝑔→𝑞 𝑧

At small 𝑝𝑇, Sudakov factor is 

crucial (need to veto emissions 

between 𝑝𝑇 and 𝑄)

More enhanced by 

1 → 2 splitting

At large 𝑝𝑇, emission probability 

is crucial (need high scale 

emission giving 𝑞 𝑞).



STEP II: COMBINING SPS AND 
DPS IN THE SHOWER

33



THE APPROACH
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𝑑𝜎𝐴+𝐵
𝑡𝑜𝑡

𝑑𝑂
= 𝑺1 𝑡1 ⊗

𝑑𝜎𝐴+𝐵
𝑆𝑃𝑆

𝑑𝑂
−
𝑑𝜎 𝐴,𝐵

𝑠𝑢𝑏

𝑑𝑂
+ න𝑑2𝒚 𝑺2 𝑡2 ⊗

𝑑𝜎 𝐴,𝐵
𝐷𝑃𝑆

𝑑𝑂𝑑2𝒚

General approach quite similar to that for matching NLO 

computations to parton showers Frixione, Webber, JHEP 06 (2002) 029,

Frixione, Nason, Oleari, JHEP 11 (2007) 070,
Nason, JHEP 11 (2004) 040,…

Shower cross section differential in some observable 𝑂 computed as:

Single parton shower Double parton shower

From Part IUsual SPS shower

Hard cross section in this term is DPS shower expanded to 𝒪 𝛼𝑠
2 , 

keeping only merging terms in each proton, integrated over 𝑦



IMPLEMENTATION
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𝑑𝜎𝐴+𝐵
𝑡𝑜𝑡

𝑑𝑂
= 𝑺1 𝑡1 ⊗

𝑑𝜎𝐴+𝐵
𝑆𝑃𝑆

𝑑𝑂
−
𝑑𝜎 𝐴,𝐵

𝑠𝑢𝑏

𝑑𝑂
+ න𝑑2𝒚 𝑺2 𝑡2 ⊗

𝑑𝜎 𝐴,𝐵
𝐷𝑃𝑆

𝑑𝑂𝑑2𝒚

How do we implement this in practice?

SPS-type events (‘type 1’) DPS-type events (‘type 2’)

Phase space for two pieces is different. 

Consider e.g. on-shell diboson production (𝑍𝑍)

Φ1 = 𝑌1, 𝑌2, 𝑝𝑇 Φ2 = 𝑌1, 𝑌2, 𝑦



IMPLEMENTATION
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For each event type, define weight: 𝑤 Φ𝑖 =
1

ℎ Φ𝑖

𝑑𝜎𝑖
𝑑Φ𝑖

Dimension = 𝜎

නℎ Φ𝑖 𝑑Φ𝑖 = 1𝑀𝑖 = max
Φ𝑖

𝑤 Φ𝑖

Choose event type

𝑝𝑖 =
𝑀𝑖

𝑀1 +𝑀2

Choose phase space 

point using ℎ Φ𝑖

Accept point with 

probability 𝑤 Φ𝑖 /𝑀𝑖

Shower 

with 𝑺𝒊Reject

Accept



IMPLEMENTATION
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For each event type, define weight: 𝑤 Φ𝑖 =
1

ℎ Φ𝑖

𝑑𝜎𝑖
𝑑Φ𝑖

Dimension = 𝜎

නℎ Φ𝑖 𝑑Φ𝑖 = 1𝑀𝑖 = max
Φ𝑖

𝑤 Φ𝑖

Choose event type

𝑝𝑖 =
𝑀𝑖

𝑀1 +𝑀2

Choose phase space 

point using ℎ Φ𝑖

Accept point with 

probability 𝑤 Φ𝑖 /𝑀𝑖

Shower 

with 𝑺𝒊Reject

Accept

𝑀𝑖 cancels ℎ Φ𝑖 cancels
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𝑑𝜎𝐴+𝐵
𝑡𝑜𝑡

𝑑𝑂
= 𝑺1 𝑡1 ⊗

𝑑𝜎𝐴+𝐵
𝑆𝑃𝑆

𝑑𝑂
−
𝑑𝜎 𝐴,𝐵

𝑠𝑢𝑏

𝑑𝑂
+න𝑑2𝒚 𝑺2 𝑡2 ⊗

𝑑𝜎 𝐴,𝐵
𝐷𝑃𝑆

𝑑𝑂𝑑2𝒚

If sub kinematics correctly reproduces double splitting kinematics of 

DPS term → DPS & sub cancel at small 𝑦, give 𝑑𝜎𝐴+𝐵
𝑆𝑃𝑆/𝑑𝑂

Want sub and SPS loop-induced term to cancel at large 𝑦 (also 

differential in 𝑂). But we don’t have SPS differential in 𝑦.

One thing we can look at is 𝑝𝑇 of Z bosons – small 𝑝𝑇 behaviour 

dominated by large 𝑦!
JG, Stirling, 

JHEP 06 (2011) 048
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Want sub and SPS to coincide as closely as possible at small 𝑝𝑇 -

constrains splitting 𝑝𝑇 kinematics in sub & DPS terms.

We use Gaussian 𝑔 𝒌𝑇 , 𝑦 :

𝑔 𝒌𝑇 , 𝑦 =
𝛽

𝜋
𝑦2𝑒𝑥𝑝 −𝛽𝑦2𝑘𝑇

2

𝛽 = 2 seems to work best, we 

investigate effects of other 

choices of 𝛽

𝒌𝑇

−𝒌𝑇

𝒌𝑇 distributed 

according to 𝑔 𝒌𝑇 , 𝑦
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SPS is loop induced only, divided by 10

No subtraction:

Subtraction included:



DIFFERENT 𝛽 VALUES
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Many 

distributions: ~ 

no difference

Can see some 

small differences 

focussing on 

region where 𝑝𝑇s 

of both bosons are 

small



DISTINGUISHING SPS AND DPS IN ZZ
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“Toy” study: SPS is loop induced only, divided by 10 (& 3 quark flavours)

Small 𝑝𝑇 of bosons, 

small invariant 

mass of pair

Small(ish) angle 

between bosons, large 

rapidity separation



SUMMARY
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• dShower is a new Monte Carlo shower for DPS that includes 𝒚
dependence and the effects of 1 → 2 splittings in a consistent way.

• Guided by DPDs → correlations encoded by these DPDs are fed 

into the shower. Any DPDs can be used, subject to a few 

sensible constraints.

• Angular ordered shower, as for Herwig.

• Mechanism for incorporating both SPS and DPS in the shower 

without double counting has been developed. 

• More developments coming.
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Merging method works nicely when colourless particles produced, & 

these decay into further colourless particles, e.g. 𝑝𝑝 → 𝑍𝑍 → 4𝑙

𝑙+

𝑙− 𝑙+

𝑙−

Keep momentum of these 

together, boost system in all 

further steps. Preserves invariant 

mass!

Some potential issues if final states coloured & emit FSR:

After adding FSR shower, boost jets. Here 

preserves Ƹ𝑠′ and not Ƹ𝑠𝐴, Ƹ𝑠𝐵.



COLOUR WITH MERGING
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Shower uses large 𝑁𝑐 approximation. Each new emission →

new colour. Independent showers before merging.

Mergings require some colour reshuffling. We impose minimal colour 

disruption. 

This must 

be ҧ𝑝

Change 𝑏 → 𝑔?

Change ҧ𝑔 → ത𝑏?

Not so important for parton-level simulation, but could be important 

when we add hadronisation


