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Multiparton interactions
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Multiparton interactions (MPIs)

• Integrated cross section for QCD 2 → 2

processes

σint(pT,min) =

∫ √s/2

pT,min

dpT
dσ2→2

dp2T

• σint exceeds σtot when p2T small

⇒Multiple partonic interactions per event

• Partonic cross section diverges at pT → 0

⇒ Introduce a screening parameter pT0

dσ2→2

dp2T
∝

αs(p2T)

p4T
→

αs(p2T0 + p2T)

(p2T0 + p2T)
2

• Energy-dependent parametrization:
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Multiparton interactions (MPIs)

• Now a finite QCD cross section

σint(pT,0) =
∫ √s/2

0
dpT

dσ2→2(pT,0)

dp2T

σnd(
√
s) is the non-diffractive cross section

• Number of interactions: ⟨n⟩ = σint(pT,0)/σnd

1. Sample n independent interactions

2. Order interactions in pT
• Energy conservation by rescaling PDFs 0 2 4 6 8 10
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• Sudakov factor to account for the pT-ordering

PMPI(pT) =
1

σnd(
√
s)
dσ2→2(pT,0)

dp2T
exp

[
−
∫ pT,max

pT
dp′2T

1

σnd(
√
s)
dσ2→2(pT,0)

dp′2T

]
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Soft QCD processes
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Particle production in minimum bias collisions

What is minimum bias (MB)?

MB ⇡ “all events, with no bias from restricted trigger conditions”
�tot =
�elastic + �single�di↵ractive + �double�di↵ractive + · · · + �non�di↵ractive

Schematically:

Reality: can only observe events with particles in central detector:
no universally accepted, detector-independent definition
�min�bias ⇡ �non�di↵ractive + �double�di↵ractive ⇡ 2/3 ⇥ �tot

Torbjörn Sjöstrand PPP 6: Multiparton interactions and MB/UE slide 3/56

[figure by T. Sjöstrand]

• Diffractive processes relevant at large rapidities

• Non-diffractive at mid-rapidities

Soft-QCD non-diffractive processes

• Need to sample QCD processes without any phase-space cuts

• Standard cross section diverges when pT → 0

⇒ Use the regulated cross sections from theMPI framework

• Contain the sameQCD sub-processes as hardQCD event class

⇒Could also be used for jet production (with inifinte statistics)
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Exercise III: Charged-particle multiplicities

CMS analysis: CMS_2011_S8884919

• Number of charged particles in p+p

collisions at 7 TeV

• Non-single-diffractive (NSD) events

Exercise IIIa:

• Go to Pythia onlinemanual

https://pythia.org//latest-

manual/Welcome.html

• Find how to enable processes for the

NSD trigger (Process Selection -> Soft

QCDProcesses)

• Make a .cmnd file and runwith
pythia8-main93
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Exercise III: Charged-particle multiplicities

Exercise IIIb:

1. Vary prefT,0 parameter

MultipartonInteractions:
pT0Ref = 2.28

• Runwith pythia8-main93

2. Turn offMPIs completely with

PartonLevel:MPI=off

• Runwith pythia8-main93

• Compare results
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Parton showers
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Final state radiation

• Splitting probabilities fromDGLAP

dPa→bc =
dQ2

Q2

αs

2π
Pa→bc(z)dz

• Iterative structure, emissions ordered inQ2

• Use Sudakov factor to account for the ordering

(A parton can only branch if it had not already

branched)

dPa→bc =
dQ2

Q2

αs

2π
Pa→bc(z)dz exp

−∑
b,c

∫ Q2
max

Q2

dQ′2

Q′2

∫
dz′

αs

2π
Pa→bc(z

′)


• Several options for the ordering variable, different phase-spacemapping

⇒ Pythia uses pT = z(1− z)Q2
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Initial state radiation

• Start from a highly-virtual parton participating

to the hard scattering

• Backwards evolution, trace back splittings that

have occurred before the hard interactions

(∼ undoDGLAP evolution of the PDFs)

• Need to consider conditional probability for

the splitting

dPa←b =
dfb
fb

=
x′fa(x′,Q2)

xfb(x,Q2)

dQ2

Q2

αs

2π
Pa→bc(z)dz (x′ = x/z)

• Similarly need a Sudakov factor to account for the non-emission probability

• Evolution variable in Pythia: pT = (1− z)Q2
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Parton-level evolution

Common evolution scale (pT) for FSR, ISR andMPIs

• Probability for something to happen at given pT

dP
dpT

=

(
dPMPI

dpT
+

∑ dPISR

dpT
+

∑ dPFSR

dpT

)
× exp

[
−
∫ pmax

T

pT

dp′T

(
dPMPI

dp′T
+

∑ dPISR

dp′T
+

∑ dPFSR

dp′T

)]

where exp[. . .] is a Sudakov factor (probability

that nothing else has happened before pT)

Simultaneous partonic evolution

1. Start the evolution from the hard-process scale

2. Sample pT for eachPi, pick onewith highest pT

3. Continue until pTmin ∼ ΛQCD reached
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Figure 1: Schematic figure illustrating one incoming hadron in an event with a hard inter-
action occurring at p⊥1 and three further interactions at successively lower p⊥ scales, each
associated with (the potentiality of) initial-state radiation, and further with the possibility
of two interacting partons (2 and 3 here) having a common ancestor in the parton showers.
Full lines represent quarks and spirals gluons. The vertical p⊥ scale is chosen for clarity
rather than realism; most of the activity is concentrated to small p⊥ values.

‘one-parton-inclusive’ pdf’s should be applicable; when averaging over all configurations of
softer partons, the standard QCD phenomenology should be obtained for the ones partic-
ipating in the hardest interaction, this being the way the standard parton densities have
been measured. Thus it makes sense to order and study the interactions in a sequence of
falling ‘hardness’, for which we shall here take p⊥ as our measure, i.e. we consider the inter-
actions in a sequence p⊥1 > p⊥2 > p⊥3 > p⊥4. The normal parton densities can then be used
for the scattering at p⊥1, and correlation effects, known or estimated, can be introduced in
the choice of ‘subsequent’ lower-p⊥ scatterings.

In ref. [1] we developed a new and sophisticated model to take into account such corre-
lations in momentum and flavour. In particular, contrary to the earlier model described in

2

[T. Sjöstrand, P. Skands:

EPJC 39 (2005) 129-154]
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Parton shower options in Pythia: The Simple Shower

The default parton shower implementation

[T. Sjöstrand, P. Skands, EPJC 39 (2005) 129-154]

• The only one available until 8.3 release

• Improved Leading-Log (LL) approximation

• Recoil distributed to the whole final state

• Applicable to photoproduction

DipoleRecoil variant
[B. Cabouat, T. Sjöstrand, EPJC 78 (2018 no.3, 226)]

• Restrict recoil to the emitting dipole instead of

the whole final state

• Can be applied processes like DIS or

Vector-Boson fusion

8/32

Many ways to skin a cat...
DGLAP

emitter

recoilers

e.g. PYTHIA simple shower, HERWIG q̃
recoil independent of colour partners
coherent upon angular ordering
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Parton shower options in Pythia: Vincia and Dire

Vincia antenna shower PartonShowers:model = 2
[H. Brooks, C. T. Preuss, P. Skands, JHEP 07 (2020) 032]

• QCD, QED, EW, interleavedwithMPIs

• Interleaved resonance decays

• Iterated LOmatrix-element corrections

• Efficient multi-jet merging with sectors

Dire in Pythia PartonShowers:model = 3
[S. Höche, S. Prestel, EPJC 75 (2015) no.9, 461]

• QCD, QED,∼ EWand dark photons

• Correct soft-gluon interference at lowest order

• Inclusive NLO corrections to collinear splittings

• Recoil given to the non-emitting side of the dipole
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Exercise IV: Z-boson pT

ATLAS analysis: ATLAS_2011_S9131140

• Transversemomentum of Z-boson

⇒ LO calculation: pZT = 0

• Reconstructed from lepton pair

Exercise IVa:

1. Enable Z production and turn off ISR

WeakSingleBoson:ffbar2gmZ = on
PartonLevel:ISR=off

• Run and compare to data

2. Turn ISR on

• Compare to data and result with ISR
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[ATLAS: PLB 705 (2011) 415-434]
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Exercise IV: Z-boson pT

Exercise IVb:

• Generate eventsO(10k) with all three

parton-showermodels,

Default (Simple), Vincia andDire

PartonShowers:model=1,2,3

• Run and compare to data

14



Exercise IV: Z-boson pT

Exercise IVb:

• Generate eventsO(10k) with all three

parton-showermodels,

Default (Simple), Vincia andDire

PartonShowers:model=1,2,3

• Run and compare to data

b

b
b

b
b

b
b

b
b

b
b

b
b

b
b

b

b

b

b

b Data

Default

Vincia

Dire

10−6

10−5

10−4

10−3

10−2

10−1

Z p⊥ reconstructed from bare muons

1
/

σ
d

σ
/

d
p
⊥

[G
eV

−
1
]

b b b b b b b b b b b b b b b b b b b

1 10 1 10 2
0.5
0.6
0.7
0.8
0.9

1
1.1
1.2
1.3
1.4

p⊥(µµ) [GeV]

M
C

/
D

a
ta

[ATLAS: PLB 705 (2011) 415-434]

Results with 100k events
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Bonus exercise

Number ofMPIs

• Study the onlinemanual how to

extract number ofMPIs from the

event information

• Calculate the average number ofMPIs

in non-diffractive (min. bias) events

and in events with a Z boson

⇒ Are these the same?
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• Pedestal effect: Harder processes

with smaller impact parameter

⇒MoreMPIs and larger ⟨nch⟩
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