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Standard EM package

» Naturally continue Geant3' ENM physics

» Include a complete set of models for
simulation of electromagnetic processes in

the energy range from 1

» Includes optical photens
transport

>
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Major developments in 2003/2004

» Physics model improvements:

Hadron Ienization was updated

NEW Ien ienization: & multiple Scatteilng
Muon processes were updated

Updated cross section for Compton effect
Revised PAI models

» Evolution in optical photons simulation
>
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» Based on Lewis theory.
PR 78 (1950) 526

p Allewsras simallrandarge
Steps ol particies

» [akes inte acecount
scattering on electrons and
on nuclel

p Provides simulation of
physicalllengti ofi track

» Provides simulation of
transverse displacement
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Multiple scattering moedell of L.Urlban

backseattering coeff. of e+ as a function of energy{Au) Lateral straggling of 2.5 MeV p beam after mylar foils

i dam line — fit to exp. data points
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Geant4/Geant3/Data comparisons

thetaO MC/data for 158.6 MeV p in Pb, as a function of thickness thetaO MC/data for 158.6 MeV p in Pb, as a function of thickness

GEANTS3 % . Y GEANT3
G4 6.2refO1 + new msc

Highland formula . B (G4 6.2refO1 + new msc

A Highland formula
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PAIl model evolution

> 2 mOdeIS |n G4 62: 0.93 Ar +0.07 CH,, 1L5cm (20°C, 2 atm)
G4PAIMoedel
G4PAIPhotonModel

» lonization In very thin
absorbers

» Based on Sandia tables
of photo-albsorption

g

PAI mode: 10* events
PAI with photons: 10* events
GEANT4 standard: 10* events
experiment: pion, p =3 GeV/c

Arbitrary Units
(0]
3

3

g
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PAI model evolution

» Any cut can be used e 85m (2°C, 1atm)

> PAI mode: 10* events
PAI with photons: 10* events

GEANT4 standard: 10* events

experiment: € , E,;, = 318 MeV

Arbitrary Units

g

» TRD detectors
Simulation

» NIM A453 (2000) 597

» PL B525 (2002) 225
» Space and medical

100 120

applications Energy Loss(kev)
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Muoen energy: 1oss

» Continuous energy loss In
Geant4:
» Contribution from processes:
» lonization
» Bremsstrahlung
» Production of e*er

» T[.,— Cut energy

» Transfers above T, are
sampled

ionisation

Radiative corrections; to
jonization at E = 1 GeV.

Impreve: precision of deulkie
dififereniial Cross) SEction ol pail
preduction (191ases reduced
from 30% tO 5%) Muon energy E, GeV

<dE/dx>, MeVcm’/g
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New High energy EM' processes

EM background due to
high energy EM
Interaction with media:

Y — W (6~27)

S W ()

et > ntw (6—2)
Visible at LEP and High
at SLC

Of concern for linear
colliders

positron annihilation cross sections
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Background for linear collider

Geant4 run corresponding to .
700 10% e+, e of 250 GeV on 1% carbon 80 decay angle in Lab
=~ my [/ me = 4.8 mrad

Entries/bin

10? e+ of 250 GeV on 1Xg carbon

R
et incident et incident

60335 annihilations ete- — ptp-

e aad '

CLIC wunnel, ¥ = 3.8 m. 30 cm concrete walls

inside tunnel: magnets

ete- — utu-
e- incident

1010 e / bunch
After collimator — 103 ptu-
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Design Iteration in Standard EM
package

» Standard EM package was one ofi physics package
working from 15t Geant4 release

» Created using Geant3 expertise

» Used practically in all Geant4 applications

» Used in production for BaBar for many years
>

> I 200355 the package Were: riedesigned

>
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Requirements to model design
of standard EM package

v

» The same user Interface as before should be
avallable

» High energy and low energy models should work
together for any particle

» lonization and Bremsstrahlung should be decoupled

» Different physical models for different regions and
energy ranges

» Different models of energy loss fluctuations for
different particles

p lntegral appreachas an altermative
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Design and implementation
(releasediint G426:0)

»
4
-
-
-

| 3-{ o

>

» Physics Is decoupled from » Fine steps (—20)
management Implementation at 2003

» Number of static objects » About 15 different tests
very limited Were running after each

» No repeated software iteration

» Old interfaces are kept » Tests against results with

: old standard processes
» Old messenger Is used and/or data
>

v
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Integral approach

Electron Step Limit in Tron

» ENVIFCIESS SECHIONS SHreRgly,
GEPEndr e ENErgY.

» Precision ofi interaction
probability depends on step
Size and energy change

» Integral approach:
Interaction probability Is
sampled using| integral
method (MC'91 Proceedings)
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Performance comparisen 5.2/6.2
.

» Initialization time smaller
Py 2 times or more
» 15s for 43 materials (HARP) A,
» Size of EM tables smaller * =07 mm
Py 2 times or more -

» CPU per event less at least
by 10%

30 GeV electrons
Sampling Calorimeter

CPU{slelectron)

B - G462p01

>

» - G452p02

i

log 10(cutimm)
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Sampling calorimetry

ATLAS HEC structure Is
used as a reference

Seme instability observed
IN6.0 > 6.1 — 6.2
transitions

Fixes in integral mode

Fixes in multiple scattering
model
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PhysicsList for EM use-cases

Eiiist release G4 6,2

Use modular structure with different
builders:

QED (y, e, €)

Muoens (i, L)

Hadrons/ions

Decay.

Step Limiter ' 30 w0 50

Hl gh ener gy gamma energy (Mel)

Limited hadron physics
Builders for G4 6.2 and G4 5.2
No precompiled library

Are tested inside EM examples

vy

Number of bremsstrahlung gammas per e-
50MeV beam on 3mm Be target

SR T .

(standard - lowenergy)/standard

vVvyywyy

30
gamma energy (Mel)
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Acceptance suite for Standard EM

package
» [0 Insure stability of » Control on summary.
results with time AUMmMbers:
» To control Average energy
performance depusitior

» Is based on extended Shower shape

electromagnetic Scattering angles
examples » [ests on cross sections

and dE/dx

» Comparison of
histograms (in: project)

>
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Conclusions and plans

» Standard EM package have been redesigned
» Physics was extended and improved
» Performance was impreved

_
» Achieve stability eff simulation: off sampling| calorimeters e level
0.1% (ATLAS reguirement)
» Comparisons/validation
_

» Physics medel onrlevel of theery/expenment for alll precesses
» High energy extensions

» EUCRER PErfermance Inprevement

» Complete automatic acceptance suite
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