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MC methods often used to "mimic” data in e.g. particle
physics, a two-step process: simulation of interaction,

"event generator”, & simulation of detector response,
"detector simulation”.

MC event generator:

simple example:

ee ® mm

generate gand f:
f(cosq; A ) 1 (1+2 A cOSG +00S°q)

9(f)=1/2p

In reality interactions implemented into program packages
(that take into account hadronisation, intial & final state radiation...)

MC detector simulation (e.qg. GEANT4):
takes as input the particle momenta from event generator

simulate detector response: multiple Coulumb scattering
(generate scattering angle), particle decays (generate lifetime),
lonization energy loss (generate energy loss), electromagnetic/
hadronic showers, generation of the detector signal, ...

output = simulated raw data ® input to the reconstruction.

Use:
Predict what you should see at "detector level’ given a certain
hypothesis at "generator level”. Compare this with real data.

Estimate various "efficiencies” = # events found / # events generated

Optimisation of experimental design & study of physics reach.
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e.g. angular. Deals essentially with
electroweak or beyond SM decays.

(T. Sjostrand)
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e.g. PYTHIA includes following Standard Model processes:
» Hard QCD processes e.g. qg ® qg

» Soft QCD processes: diffractive and elastic scattering +
minimum bias events.

« Heavy flavour production: both open & hidden e.g. gg ® tt

&gg® Jy g.
 Prompt photon production, e.g. qg® gg

* Photon induced processes, e.g. @ ® qq
» Deep inelastic scattering, e.g. gl ® ql
« W/Z production: such as e'e ® g-/Z° or qq ® W*W-
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Software standards

Particle data group particle codes

(T. Sjobstrand)

HEPEVT event record (being replaced by HEPMC in C++)

Rel ativistic kinematics 2005
MC methods & event generators

Kenneth Osterberg

1V/20




HELSINGIN YLIOPISTO

HELSINGFORS UNIVERSITET

UNIVERSITY OF HELSINKI Cross sections

[
(T. Sjostrand)

Relativistic kinematics 2005 N

MC methods & event generators Kenneth Osterberg IV/21




HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

Limitations of matrix element

(T. Sjostrand)

Rel ativistic kinematics 2005
MC methods & event generators

Kenneth Osterberg

IV/22




HELSINGIN YLIOPISTO
% HELSINGFORS UNIVERSITET _
UNIVERSITY OF HELSINKI NeXt'tO'Ieadmg order

Two possible methods to get a finite answer exists: Phase
space slicing (introducing arbitrary cutoff d « 1) or subtraction.
NLO will provide a more accurate integrated cross section

BUT neither approach uses only positive definite quantities
AND provides no obvious event generator implementation
AND gives no trivial connection to physical events.
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X =2E, /By, P X *+X,+X =2

(i.e. in the g-g collinear limit)

N, = number
of quark
flavours
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Emission scale: &,(p7) =a.(z(1- 2)nr)

Shower evolution cut-off at some lower scale from
which the hadronisation takes over. The soft and
collinear cut-off mass m, = min(m;) » 1 GeV usually.
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Do not doublecount!! Q? > Q,? Q.2 Q% Q2%

The 2 ® 2 scattering = short distance interaction i.e. high Q2.
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Backwards evolution
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Initial & final state radiation
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Matrix Element & Parton Shower merging
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Hadronization
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Not MC, not for arbitrary quantity
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