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http://user.web.cern.ch/user/Welcome.asp
http://user.web.cern.ch/user/Welcome.asp

* Standard EM developments are traditionally focused on

Menu
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Technical modifications
Evolution of physics models
EM standard for FCC
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Validations of EM physics
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LHC applications but by product are relevant to wide
range of different simulation tasks
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Modifications in materials for 10.3

G4NistMaterialBuilder, G4NistManager
* added a lock when build new material

* added new const methods to access existing materials and elements
inrn time in MT mode

G4MaterialPropertyTable (A.Dotti)
» fixed data race for optical physics

All asserts are substituted by G4Exception which are checked now
only if G4AVERBOSE flag is enabled

G4AtomicShell EADL (L.G.Sarmiento)

* anew alternative class which require further evalution before will be
default, data are from recent review

Fixed density effect parameterisation for compounds (M.Novak)
Added C++ keywords

V. Ivanchenko, "Standard EM"
2016, Ferrara, ltaly

21th Geant4 Workshop, 13 Sept




Modifications in EM utils

G4EmParameters

* moved all remaning parameters from G4EmProcessOptions class (this class
become obsolete);

* Changed logic — allow initialisation only from master thread and only in
Prelnit and Idle states;

* Extend default upper upper energy limit from 10 TeV to 100 TeV (FCC
simulation)

G4VEmModel

e Added a flag allowing to «lock» model parameters

e This is needed in order to configure custom set of a parameters for energy range
and/or region

G4VAtomDeexcitation

 fixed initialisation per region and data race

G4EmSaturation (Birks effect)

* make this helper class thread safe and reuse it between threads in run time
e updated Birks constants using ATLAS and CMS values

G4EmCalculator

* fixed dEdx computations for He3 and He4

C++11 keywords and constructions are added (D.Sawkey)
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Modifications in standard EM for 10.3

Data for ionisation models from ASTAR, ESTAR PSTAR, NIST DBs are
transformed from G4double to G4float
G4UniversalFluctuations (L.Urban)

* fixed assymetry in Gaussian sampling
G4UrbanMscModel (L.Urban)

* Fixed randomisation of step limit

* Applied improved lateral displacement for Opt3 and Opt4 Physics Lists only
* Fixed step limitation when gun is at geometry boundary (M.Novak)
G4GoudsmithSaundersonModel (M. Novak)

* Fixedstep limitation when gun is at geometry boundary
G4WentzelVIModel

* Added several alternative EM formfactor parameterisations
G4eSingleCoulombScatteringModel (P.G. Rancoita and M.Tacconi)
* Revised and updated

G4eBremsstrahlungRelModel (M.Novak)

* Fixed LPM constant and LPM function computation (M.Novak)
G4SeltzerBergerModel

 fixed data handling for Z > 92

Added C++ keywards and optimized constants definitions
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Modifications in other standard EM
sub-libraries

G4ePairProduction
* New process for e+e- pair production by electron or positron

Polarisation library was reviewed by D. Sawkey and an outstanding
problem was to compute mean free path for circular polarised
beam was addressed

* Was pending for a long time

TransitionRadiation processes have now correct process sub-type

G4Scintillation (P.Gumplinger)

* Itis possible to by user demind to add
G4ScintillationTrackingInformation

* Added C++ keywards and some other constructions (D.Sawkey)
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Technical modifications
PASTA
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Electromagnetic parameters

In previous versions of Geant4 EM parameters were defined

via Ul commands and C++ interface G4AEmProcessOptions

* Via this class each EM process was accessed one by one in order
to set parameter value

After Geant4 10.0 we face some limitation in MT mode and

switch to G4EmParameters class

* EM process or model at initialization read these parameters

e This class is kept for backward compatibility but will be removed later
(may be in 10.3)

* Now Ul command order become not so important as before

e Commands should be issued in Prelnit and/or Idle states from master
thread

* Information on set of parameters is available via Dump method

Now parameter configuration is working fine in general but we
may be provide too much freedom for customisation?

V. Ivanchenko, "Standard EM"
21th Geant4 Workshop, 13 Sept
2016, Ferrara, Italy




Atomic de-excitation for radioactive decay

Sinse 10.3beta EM physics and pre-compound/de-excitation allowing to change
parameters before the run
* At G4Prelnit_State any parameter may be safely changed
* At G4ldle_State change of EM parameters will have an effect only for the next run
e During the initialisation (before G4ldla_State) situation is not fully under control
e There are public interfaces allowing change EM or DeexPreco parameters «on-fly»
e This change cannot be controlled
e To reduce possible damage changes are enabled only in the master thread
Minimal constrains which we may require (from EM physics point of view):
* Any G4 process should not create new materials
e EM physics infrastructure assuming fixed list of materials

* Any process/model should not change common parameters during construction or inside
Initilise() methods

Just in release time of 10.3beta a problem of the radioactive decay appeares when the
radioactive decay enable initialisation of atomic de-excitation

* The issue has been fixed in the last moment before the beta-release

V. Ivanchenko, "Standard EM"
21th Geant4 Workshop, 13 Sept
2016, Ferrara, Italy

Without gentelmen agreements between developers we cannot
gurantee stable initialisation of hadronic and EM physics if we allow
modification of parameters via C++ interface or Ul commands




Migration to c++11 and code clean-up

We make a campain to migrate standard sub-libraries to c++11

e Use nullptr
* Use keywards: explicit, delete, override, final
* Use auto in few places
All places where const expressions are used
e «static const G4double» or «static const G4float»

* Placed locally just before places where const is used
G4VMultipleScattering — remaining code is PostStepDolt is moved to
AlognStepDolt

* The migration to msc computations was moved to AlongStep two years ago

* At PostStep only fill of G4ParticleChange remains

* By this we reduce number of calls to virtual methods at each step of charged
particle

lonisation data is moved from G4double to G4float
* They are known for an accuracy of few digit only
The results of these efforts is NULL for CPU and library size but

* The code become more uniform and transparent
* We have improved comments and removed unused variables and methods

V. Ivanchenko, "Standard EM"
2016, Ferrara, Italy

21th Geant4 Workshop, 13 Sept




EM physics configuration

Until Geant4 10.2 we had a limitation Geant4 EM physics should be
customised by a user for any special needs:

* Different models for G4Region
* Different model options for G4Region
» Standard/DNA models

This customisation can be done properly only by an expert user and
make problems even for top experts

For 10.2 we provide new Ul commands:

o /process/em/AddPAIREgion all myregion PAI

» /process/em/AddMicroElecRegion myregion

* /process/em/AddDNARegion myregion DNA_ Opt0O

For 10.3 we provide new Ul command:

e /process/em/AddEmRegion myregion G4EmStandard Opt3

This is not PhysicsList per G4Region but EM physics configuration per

G4Region

* By this new command we do not fully emulate Opt0, Optl.. But
mainly msc models and atom de-excitation

V. Ivanchenko, "Standard EM"
21th Geant4 Workshop, 13 Sept
2016, Ferrara, Italy



Evolution of physics models
MAIN FISH
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Electron scattering benchmark
(Daren Sawkey)

20

Ell es?_g4.10.0
B esZ_g4.10.1
Hl esZ_g4.10.1.patchOl1
B es?_g4.10.2
B es2_g4.10.2.patch2
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Reduced chi squared
)
|
V. Ivanchenko, "Standard EM"
21th Geant4 Workshop, 13 Sept
2016, Ferrara, Italy

iy

«© e@‘ s = R AR L I S SN\
& e ee®

For 13 and 20 MeV forward scattering all models are OK
Urban with a strong step limtation is the most accurate




ATLAS barrel type simplified

calorimeter results

e 10 GeV in Sampling Calorimeter 2.3 mm Pb/ 5.7 mm lAr
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Improved lateral displacement sampling in Urban model
significantly change calorimeter response, it become closer to GS




Resolution of simplified ATLAS HEC calorimeter
versus test beam data

e’ in Sampling Calorimeter 2.5 cm Cu/ 0.8 cm lAr, cut = 0.7 mm
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Both GS and improved Urban model underestimate resolution




ZEUS test-beam calorimeters

e 10 GeV in Pb/Scin Sampling Calorimeters
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The problem of the sampling
calorimeter response

Both Urban and GS models of multiple scattering were improved
recently and provide very good agreement versus thin target data

Default msc configuration of the Urban model with the old (less
accurate) lateral displacement sampling better agree with calorimeter
test-beam data

We commit significant efforts to understand the issue

* Code review

* A new process of e+e- pair production by electron and positron was added
New tests were added:

e ATLAS tilecal
e ALICETRD

Laszlo Urban
e proposed improvements for the fluctuation model
» study cut/step size dependence of the fluctuation model
e tried to use PAl model for calorimeter simulation

Birks and gamma-nuclear effects on the EM shower were studied
* LPM for bremsstrahlung was reviewed

Problem remains unresolved up to now
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dN/d(In k)

LPM supression fixed (M.Novak)

Eg = 8 [GeV], Target: W, 0.088 [mm] Eg =207 [GeV], Target: Ir, 0.128 [mm]
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A classical formula for LPM effect description has been restored
Shape of distribution is described now with better accuracy
We do not observe a visible effect of this fix on HEP calorimtry response



Electron scattering with Mott corrections
(P.G. Rancoita and M. Tacconi)

* They are working recent years on several aspects of Single
Event Effect simulation
A new tool was developed: screened relativistic nuclear

stopping calculator: http://www.sr-niel.org/index.php/niel-
dose-calculator-for-spectral-fluence-of-electrons-protons-ions

They pointed out that there are various parameterisations of
electromagnetic form-factors of atomic nuclei:

e Exponential - old defaults

* Gaussian

* Flat
* These options are now implemented inside WentzelVI models
of single and multiple scattering
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http://www.sr-niel.org/index.php/niel-dose-calculator-for-spectral-fluence-of-electrons-protons-ions

Effect of modification of EM form-factor
parameterisation on L3 data (parceetan

Endpoint Displacemenl of |.1' in the rQ Plane
geantd-10-02-ref-07birks1, All MSC models, ARealisticRun, Gaussian fits

Introduction of the “
Gaussian form-factor "o i
parameterisation =
improving agreement b I
data/MC :w qum%

displacement [mm]

Urban (Opt3) 6.649 + 0.079
WentzelVI Exponential 6.254 + 0.075
WentzelVI Gaussian 6.147 £ 0.073
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EM standard for FCC

DESERT




mqﬂ Electromagnetic Standard Physics Working Group meeting Mon. 15/02/2016 -
hheaha .

Needs for FCC

machine background simulation
by Helmut Burkhardt (CERN)

Future Circular Collider Stlldy, FCC http://fcc.web.cern.ch Indico / Projects / FCC

Goal

The Future Circular Collider study has an emphasis on proton-proton and electron-positron
(lepton) high-energy frontier machines. It is exploring the potential of hadron and lepton
circular colliders, performing an in-depth analysis of infrastructure and operation concepts and
considering the technology research and development programs that would be required to
build a future circular collider. A conceptual design report will be delivered before the end
of 2018, in time for the next update of the European Strategy for Particle Physics.

¢ Higher energy, luminosity - and backgrounds and radiation

o Actively studied now FCC-hh, FCC-ee, also heavy ion and eh options

e MDI machine detector interface, interaction region machine/detector design
with roots in LEP, CLIC, LHC, and contacts / collaboration Daphne, B-factories, LHeC

e FCC design heavily relying on simulation

challenges and opportunities to improve and extend on what is existing



CERN-ACC-2015-132 of 21/10/2015
Baseline Parameters .= 100 km

100 TeV c.m.s or 7 x LHC
Injection energy 3.3 TeV

Baseline, 25 ns option :
L =5e34 cm?2s! leveled
| Ldt = 250 fb! per year and IP

#bun = 10600, 1.e11 / protons per bunch
EN = 2.2 pm

Significant Synchrotron Radiation power :

2.4 MW per beam
major challenge in a superconducting ring

beam-screen, cooling, cryogenics

High luminosity IPs A, G :
f* =1.1 m, x-ing angle + 45.5 prad

'_ )\y FCC Collider, layout driven by FCC-hh (ECC))

nj  SXP o inj
1.4km ’ 1.4km

m= ArC (L=16km,R=13km)
m= Mini-arc (L=3.2km,R=13km)
m= DS (L=0.4km,R=17.3km)

== Straight

Collimation 2.8 km
Extraction 1.4 km

Collimation 2.8 km
Extraction 1.4 km

Schematic collider layout. The straight insertions are

shown in red and the arcs in black;
the anticipated space for the dispersion suppressors
is indicated in green.



FCC-hh interaction region and detector (( FCC ))

| _ W. Riegler et al.

L* distance to 1st quadrupole 40m 45m

-1
Baseline beam-pipe and detector layout defined Nousrons Fluence, or & kiminosty of 30'10™ om s, ye0

kind of ATLAS + CMS + LHCb

1e+12
Testt

with forward spectrometer il B
v 1e+09

Ml B tev08 —

. : 11 ! "

Input to energy deposition studies it P ) 1o07 g

in the forward region, absorber design ! g :w”:"
dealing with kW, MGray... radiation - il

Difficult but feasible ~ scaled LHC




N\ . ( )
@) High energy background processes, muons |y

>
What is the minimum distance and angle needed between IRs H, G,F ?
Muon background and shielding was studied extensively using Geant4 for CLIC
3TeV c.ms.,Eb=1.5TeV Belgin Pilicer (PhD), H.B. [PAC’15
Hard @ component generated by e+ annihilation with e- at rest
Vs =v (2 me Eb)=1.24 GeV at CLIC SRR ...yt
e+e- --> W+ W- G4AnnihiToMuPair Emax = 10° TeV v o ¥ : ‘
|—Xs |
e+e- --> hadrons G4eeToHadrons Emax = 10 TeV 10:_ K':(; L 13
0.,0,0 s y’s hot enough for FCC T
77“: ““\““\“‘:‘\““““““““““\“-‘ i ' "
: C N
6L i
i 107"}
5 EL | | KiAg 7 | 1 OIS | X i
- ‘ ‘ i 0.2 0.4 0.6 0.8 | 1.2
L | \M\ | il s |GOV]
: I ‘\‘H:M\} JEIHWH\:;W + ]
4L M AR i
Lo | , Jﬂt
Rhad : 3: 'ﬂl‘# _E;‘i]_aﬂﬁ# 5 A |
3 o mscu | | extend to 50 TeV for FCC Vs =7.15 GeV
, 7 - MARKL 7 above charm threshold, W’s, many more channels
'} g .
i oreven 100 TeV Vs =10.1 GeV Y’s
0 7\ | | | | | | | | |




T\ iati (¢ .))
/ ) Synchrotron radiation FEC

The challenge for FCC-ee High Energy E.M.

Eb =175 GeV v = 342466 Ecac= 893 keV Ee
Also very significant for FCC-hh

Eb= 50TeV vy= 53289 Ecac=4.3keV

1. step done - generalization of SR to all long lived charged particles, implemented with G4 10.1 Dec.’14

h 3 3
296 x107eVm

P

comparable to SuperKEKB

proton example runO1_prot.mac now included in TestEm16  ( geant4-10-02-ref-01 )

UL I N B Challenge now :

Cross section (barns/atom)

<
S

1kb

Lead (Z=82)
o -experimental Gy

pair prod.
5p-000-00—5 O
KHU.C

6giant dipole res.

Collimation / shielding of keV -- MeV photons
Medium / low energy E.M.

4

(v)

also studied by Vacuum Group, tool molflow/SynRad R. Kersevan et al.

Compton, Rayleigh, pair production

Photo effect + Fluorescence, (multiple) Auger

what about

¢ specular reflection, X-ray mirror

1bH K . T - current e.m. optical not suited for keV ?
" OcCompton S Ke - G4XrayGrazingAngleScattering by cosine, not public ?
S Y R " e v nuclear, giant-dipole/quadruple resonance
10 mb
10 eV 1 keV 1 MeV 1 GeV 100 Gev  -- G4EMDissociation is relativistic nucleus on target nucleus via virtual photon
Photon Energy not exactly what is needed here ?

ideas for collaboration/benchmarking with Labs with SR light sources



During design phase : strong need for flexible beam-line simulation for MDI, IR simulations
with flexible magnetic lattice description interfaced to GEANT4

This has led to development of various packages / wrappers around G4
Examples : G4beamline, BDSIM (used for u backgrounds for CLIC )

Currently using / developing (driven mostly by needs for FCC-ee) :
MDISim MAD-X + ROOT + GEANT4  with lattice geometry exchange via gdml

need for extensions to GEANT4, which maybe worth integrating as standard feature like :

¢ magnetic field description in gdml

e standard beam line example with quadrupole including S .R.

® transport / geometry optimized for beamlines --- long thin pipes with many elements, grazing
angles and magnetic dipole, quadruple, sextupole fields

More general comment : beamline simulations ( FCo))
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Summary and EM Validation
GRAPPA
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Summary

Progress for EM standard libraries for 10.3:

* EM physicsis c++11 aware

* We complete migration to GAEmParameters

* We have set of Ul commands to configure EM physics per region
* LPM effect for bremsstrahlung is fixed

* New process of e+e- pair production by electrons and positrons is
added

* WentzelVI model uses various form-factor parameterisations
e Upper limit is extended from 10 TeV to 100 TeV

We have list of problems which needs to be resolved

* Resolution of sampling calorimeters

* Use EM form-factors by other EM processes at high energy

* New benchmark for CMS high granular calorimeter

EM validation

* A.Bagilya developed a web application allowing easy access to EM
benchmarks:

* https://geant4-tools.web.cern.ch/geant4-tools/emtesting/

V. Ivanchenko, "Standard EM"
2016, Ferrara, Italy

21th Geant4 Workshop, 13 Sept



https://geant4-tools.web.cern.ch/geant4-tools/emtesting/
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