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 Memory consumption Vegas

Full decomposition of the integration volume [0,1]d into n 
sub-intervalls for each variable would mean:

one double per cell n=10,d=10

 this is not done for obvious reasons

Due to factorization assumption:

variables are binned independent from each other: w[n][d]

n=10,d=10
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 Memory consumption vegas

Code from the stone age…

3x4KByte (d=10),
would even fit 
into first level
cache of modern
CPU’s
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 Contents
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 The problem:

central value uncertainty
num. intgration

shift towards µ =2m,m/2

Top-quark pair production with an additional jet at the Tevatron

minimum
pt of additional jet

Cross sections

 total cross sections including cuts and observables

 total cross sections are difficult to measure not 
necessarily the best to test theory
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 The problem

Distributions

LHCTevatron

 more sensitive probe of theory
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 The problem

We want to calculate

without cuts simple for n=2,3

For n=3 with cuts i.e. Durham-Jetalgorithm, already non-trivial
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 The problem

In addition we also want to calculate distributions

Hopeless to solve this integral analytically apart from
rather simple cases

 use Monte Carlo integration

 we need to identify the integration variables

additional argument for MC:

can easily deal with non-continous or otherwise strange integrands
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 Hadron colliders

If hadronic collisions are studied we have in addition two
integrations over the momentum fractions of the incoming
partons:

 just two additional integration variables, 
MC integration does not care!
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 Integration variables: simple cases

2-particle final state:

Azimuthal and polar angle of one particle,
everything else is fixed by momentum conservation

In most cases the matrix elements do not depend
on φ,  integrate out, only one integration variable

3-particle final state

Two angles to describe the orientation of the
event plane,            energies of two outgoing particles 

 integration boundaries straight forward

 integration boundaries not so straight forward anymore
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 Integration boundaries

massive
case

massless
case

 for the massive case complicated boundaries

[Flesch]
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 Integration variables: simple cases

4 parton final space:

 need phase space boundaries,
and jacobian

 rather involved phase space boundaries,

 search for general approach based on MC methods
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 Phase space integration

If we want to use a simple Monte Carlo integrator we need:

satisfying “on-shell”-condition and momentum conservation 

In addition we need the jacobian/weight of the transformation:



  

14

Peter Uwer                                     Monte Carlo Methods in High Energy Physics IV                         CALC2009 -  July 10 – 20, Dubna

Democratic approach to phase space

RAMBO = RA(NDOM) M(OMENTA) B(EAUTIFULLY) O(RGANIZED)  

[Ellis (SD), Kleiss, Stirling]

Scetch of the derivation:

Consider:

Replace qi by (use delta-functions!):

 Integration over b and x can done

with

Only mass-shell condition,
no momentum conservation
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Democratic approach to phase space

The remaining integral in p gives the ordinary phase 
space measure:

Algorithm:

1. Generate the qi

2. Calculate the pi from the qi

constant determined from integral over b,x

works with minor modification also for massive momenta
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 RAMBO

[Kleiss, Ellis, Stirling]

from
CERNLIB (?)
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 RAMBO

Comments:

● Events have uniform weight in phase space

● Useful for testing purposes

● For real integration not that useful:

̶ more integration variables than actually needed 

̶ Due to complicated mapping vegas unable to optimize 

● Useful in constructing multi channel generators
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 Sequential splitting

R2R2 R2 R2 R2

Phase space can be factorized:

[Byckling, Kajantie]



  

19

Peter Uwer                                     Monte Carlo Methods in High Energy Physics IV                         CALC2009 -  July 10 – 20, Dubna

 Sequential splitting

The momenta are generated in the respective rest frames

R2R2 R2 R2 R2

[Byckling, Kajantie]

Apply boosts to all the momenta to transform them
into the same (overall) rest frame (iterative procedure)
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 Sequential splitting

Comments:

● Some freedom in ordering

● Can also be used for direct integration

● Seems to work better than Rambo when combined with Vegas

● Can be adopted to generate soft/collinear configurations

● Possible to combine different orderings
Test of soft/collinear limits 
of scattering amplitudes

Note: There is no “one size fits all” general 
solution to phase integration

RAMBO and sequential splitting should be taken as a starting
point, very useful to get a “first” program
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 Multi-channel

In typical phase space integrals there are usually more 
problematic variables than integration variables

 not possible to be good in all problematic variables !

 multi-channel methods

Define different mappings optimized for specific configurations

Sample/integrate using a weighted sum over the individual
mappings

 sampling by composition



  

22

Peter Uwer                                     Monte Carlo Methods in High Energy Physics IV                         CALC2009 -  July 10 – 20, Dubna

 Multi-channel

Taken to the extreme:

Generate one mapping for each Feynman integral

Combine all channels as it was done for the 
probability distributions (sampling by composition)

Individual channels can be constructed using
sequential splitting, RAMBO

[?]
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 Sarge

In the case of QCD tree-amplitudes where the pole structure
is pretty well understood there exist dedicated algorithms

 Sarge, an algorithm for generating  QCD-antennas
[Hameren, Kleiss, Draggiotis]

Note:
In next-to-leading order calculations the situation

is different:

We integrate

 behaviour of the combination very different
 compared to un-subtracted matrix elements

[see Kouhei Hasegawa’s talk]

 no general technique
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 Distributions

Monte Carlo integrator provides weight and configuration

Possible to calculate (discrete) distributions = histograms
at the same time

MC
integrator



Can also be understood as integrating a vector

modern MC integration packages are usually prepared for that, see i.e. Cuba by Thomas Hahn
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 Steps towards a full Monte Carlo

Goal: Want to have full simulation as close as possible to nature

i.e. want to have hadronic events which are 
distributed as  in nature

 we need so called un-weighted events in difference
from weighted ones

in ideal simulation no difference between real
and simulated events

 optimal to test the experimental analysis

Create as many MC events as you expect to observe

If affordable (CPU time!):
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From weighted to un-weighted events

For un-weighted events distribution should be according to 
underlying theory, i.e. matrix elements, parton distribution, …

Events generated in MC integration are weighted:

If the maximum weight wm is known we can “un-weight” events:

1. For each event generate uniform random number r between 0 and wm
2. If w(p1,…) < r  reject the event otherwise keep the event
3. Give any surviving event the weight 1 

 hit and miss algorithm

(as far as efficiency is concerned only useful if processing takes much longer then generating)
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  Event generators

Very important tool in today's experimental analysis

 everybody should have a rough idea what goes in there

 what we might see at the LHC
 Higgs event

[Gieseke]

how we understand it
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 Event generators – a closer look

[Gieseke]
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 Event generators – a closer look

Parton shower

[Gieseke]
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Event generators – a closer look

Hadronisation

[Gieseke]
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 Event generators – a closer look

underlying event

[Gieseke]
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Hadronic cross sections

partonic
cross section

[Gieseke]

Complex simulation  Herwig, Pythia
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 Literature
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The End
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