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The Basics: event classes
‘Minimum bias’ collision and underlying event

Minimum bias = experimental statement
Models = zero bias? i.e. inclusive sample of all inelastic

(non-diffractive?) events
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The Basics: event classes
‘Soft inclusive’ events and the underlying event

How similar are they?
Fluctuations and correlations play crucial role
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Fluctuations and correlations

log σ

pt

Steep distribution )
small sideways shift =
large vertical

Rare fluctuations can
have a huge influence

1/ptn → nth moment

) corrections depend
on physics process
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The Basics: Multiparton Interaction Model
For small pt min and high energy inclusive parton—parton

cross section is larger than total proton—proton cross
section.
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The Basics: Multiparton Interaction Model
For small pt min and high energy inclusive parton—parton

cross section is larger than total proton—proton cross
section.

More than one parton—parton scatter per proton—proton

Need a model of spatial distribution within proton
Perturbation theory gives you n-scatter distributions
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Matter Distributions

• Usually assume x and b factorize (→ see later)

• and n-parton distributions are independent (→ see soon)

⇒ scatters Poissonian at fixed impact parameter
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→ Non-Poissonian Distribution
~ Geometric Distribution

and b-space correlations

(saturates at pt~10 GeV)
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Energy Conservation
Narrows distribution.

Ask for infinite number
of scatters.  How many
do you get?
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Flavour conservation

• Primary interactions “use up” valence partons
• additional scatters are sea quarks and gluons
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Colour correlations
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Colour correlations

Can have a big
influence on final
states

→ see later
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The Herwig++ Model (formerly known as Jimmy+Ivan)

• Take eikonal+partonic scattering seriously

• given form of matter distribution ⇒ size and ¾inc

• too restrictive ⇒

• ⇒ two free parameters

Bähr, Butterworth & MHS, JHEP 0901:067, 2009
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Final state implementation

• Pure independent perturbative scatters above PTMIN

• Gluonic scattering below PTMIN with total σsoft,inc
and Gaussian distribution in pt

• dσ/dpt continuous at PTMIN

pt

→ possibility that entire
process could be described
perturbatively?
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Colour reconnection model

• Röhr, Siodmok and Gieseke have implemented
a new model based on momentum structure

• Refit LEP-I and LEP-II data
• Conclusion: hadronization parameters correlated

with reconnection probability, but good fit can be
obtained for any value of preco
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Parameter tuning

• Procedure:
– fix parton shower and hadronization parameters to

LEP data, as a function of colour reconnection preco

– choose a total cross section and elastic slope
parameter ⇒ Asoft,inc(b) and σtot,inc

– fit Ahard,inc(b), pt,min (⇒ σhard,inc and σsoft,inc) and preco to
minimum bias and underlying event data
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Underlying event at 900 GeV
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Underlying event at 1800 GeV
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Underlying event at 7000 GeV



SM@LHC Mike Seymour

Tuning conclusion

• Not possible to fit with energy-independent
parameters

• Possible to fit with energy-dependent pt,min and
all else energy-independent

• e.g.

2.803.091800
2.172.34  900

3.364.027000
2.923.312760

PTMIN=PTMIN=and √s=
0.9 GeV21.1 GeV2For µ2=

Prediction/
Recommendation
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Tuning conclusion

• Not possible to fit with energy-independent
parameters

• Possible to fit with energy-dependent pt,min and
all else energy-independent

• e.g.
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Tuning conclusion

• Public version: 2.5.0, released 8th Feb 2011
– does not come with latest tuned values

• check
http://projects.hepforge.org/herwig/trac/wiki/MB_UE_tunes
for updates
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x-dependent matter distributions

• Most existing models use factorization of x and b
– or (Herwig++) crude separation into hard and soft

components (simple hot-spot model)
• R.Corke and T.Sjöstrand, arXiv:1101.5953

consider Gaussian matter distribution with width
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x-dependent matter distributions

• Most existing models use factorization of x and b
– or (Herwig++) crude separation into hard and soft

components (simple hot-spot model)
• R.Corke and T.Sjöstrand, arXiv:1101.5953

consider Gaussian matter distribution with width

• for a1≈0.15, matter distribution can be E-indep
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x-dependent matter distributions
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x-dependent matter distributions

• (My) conclusion: for soft inclusive and jet
underlying event data compatible with data but
not required, but sheds interesting light on
energy dependence

• Interesting correlation with hardness of hard
scatter, e.g. less underlying event in 1 TeV Z’
events than in Z events
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Conclusions
• Despite ~25 year history, multi-parton interaction

models are still in their infancy
• LHC experiments’

– step up in energy
– high efficiency, purity and phase space coverage
– emphasis on physical definition of observables

have given us a huge amount of useful data
• existing models describe data well with tuning
• need more understanding of correlations/corners

of phase space/relations between different
model components
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Conclusions

• don’t forget that jet corrections depend on
correlations and high moments of distributions
and are physics-process dependent



Backup slides
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‘Interesting features’ of Herwig++ #1

• The additional scatters are not pt ordered, so it
can occasionally happen that a high pt jet comes
from a low pt primary scattering event
– this is a disaster if you generate weighted primary

scatters or mix event samples with different pt ranges
– it is safe to remove such events from your sample

• provided they are a small fraction of the eikonal cross section
• i.e. provided it is an underlying event not part of a soft

inclusive sample
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‘Interesting features’ of Herwig++ #2

• Soft inclusive event generation is built on top of
the underlying event machinery: a fictional
(totally ineffective) hard process is needed
– unfortunately ThePEG does not know about this and

reports the cross section of the fictional process as
the total cross section

• needs to be fixed! But in the meantime, extract the correct
cross section from the log file!
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‘Interesting features’ of Herwig++ #3

• Double- (or more) scattering is built in - just
select a list of the hard processes you want to
include in each event
– unfortunately ThePEG does not know about this and

reports the cross section of the first process as the
total cross section

• needs to be fixed! But in the meantime, extract the correct
cross section from the log file!


