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[TAGVO TNG OMLIALOG

H xprnon Twv YnoAoyiotwv
Avokatoaokeun (reconstruction)

Aueoa (online) | apyotepa (off-line)
[Tpooopoiwan (simulation)
AvaAuon dsdopevwy (data analysis)
To mtAeypa (GRID) — kau peyebn

YTTOAOYLOTIKEG OVAYKEG, AAAEC EQOAPUOYEG
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AtoTuttwparta duoikinc / PuBuoc Zuykpouoswy

otov aviyvevtr Tov ATLAS

O1 déopec diaoTtavpwvovral 30-40 MHz ATLAS Barrel Inner Detector
KdBe 25ns aAAd pe apkeTd kevd - mx 31IMHz (2013) H—bb

Oinelastic = 81 mb

2 € KAB¢ m:paoua TTOAAATIAEG OUYKPOUOEIG j
n Héon TiuA auldvel

amné 13 1o 2015 o¢ 36 10 2018 (Run 2)

oc 65 10 2023, Kai

oto HL-LHC Ba civai 140-200 (amé6 2029) .

Alacpopsnxou oToX0!, 0 KaBévac HE Th SiKId Tou/
«uTtoypapn» - cwparidia | 7

To Xivyg (Higgs) peaévio ,J:_-?_.-"\ ““ o
Tng okoTeIvi UANG: YTepouppeTpia, afiovia:/ DN
E€WTIKA: HayvNTIKA HOVOTIOAd, KOUIPKG, =i
TTapapiaon ouppeTpiac UAnG/avTiUAnG ota B AN

Heoovia P -
KaBe kavdAi xpeidleTal TTpoGOHOIWOEIC ,

Ta evdilapépovTa yeyovoTa cival KapWiToeg otd
daxupa og Xwp16 yepdro ordPpAoug(~1 oe 10°-107)
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XPNOELC LECOL OTO TIEPAU

Kataypapn dedopevwy

Data Acquisition (DAQ)

[eplAaufavel TNV eTIAOYN CLUYKPOUGEWV
Avokotookeun (reconstruction)

Aueoa (online) — oToug UTTOAOYLOTEG OITTA
OTO TIElpaUQ

apyotepa (off-line) — cuvnBwg aAAov
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ATtioktnon Dedopevwv
= Data Acquisition (DAQ)

MeTaTponn avaloyikwv
NAEKTPOVIKWV ONUATWV OF
wneiaka dedopeva

'Evapén (Trigger) -
anogaacn via eyypaen —
Bpiokoupe evdiapepouaa
oUYKpOuOon
AF,lo)\ovnor] — nAnpouv Ta
KPITAPIA EMAOYNG ;
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H SuokoAia Tng AVOKATAOKEUNG

Sta rti n g frO m {+30 minimum bias events)

this event

Mg avti v

aPYLKN EIKOVAL
(ap1oTEPO NUIGD)

Looking for

this “signature”

Yayvooue avt
TNV TEPIANTITIKY)
EKOVOL

- Selectivity: 1 in 10"

(Like looking for a needle in 20 million haystacks)
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Koalopipetpo
KPLGTAALOY

Ol onUEPLVOL QVIXVEVTEG

[TOAAG THAHOTO

ALOPOPETIKEG AVAYKEC
Metpnon B<ong (trackers)
Metpnon evepyelag (KaAoplpeTpa
N BepULOOUETPQ)
AOYW TNG TIOAUTIAOKOTNTOC

‘OAeg oL peAeTeg xpeladovtal
UTIOAOYLOTIKO EPYOAELD

adronic LAr End Cap

d /4
crenmeers - & TOADTTAOKOG
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ArmmAouocTeupEvo Ticipapua OYE
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AvOoKOTOOKELUN
otTnV paén

* Apxicel pe T Bcoelg
dafaong Twv cwpaTdiwv
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ITeodio

B (&
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AVvOoKOTOOKEUVN
oTNV MP&aén

* Apxicel pe Tig B<oelg
Safaong Twv cwHaTdiwV
» Aokipadovtal Siapopol
ouvOLaaHOL
* Ko uTtoAoyileTal n
Slapop& peTPNONG-
npOPfAeYng
*Kat £ToL n mBavotnta
TOV KABe cLVSLACUOU
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Moayvntikod
ITeodio
B
€

AlyOp1Opoc/-ot
diltpo KdApov
(Kalman filter)
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AvOoKOTOOKELUN

, Moaoyvntiko
otnV TtP&én HV: Q{O
B
» ApxlleL pe TIG BEoELg R

dafaong Twv CWHATIOWY

» Aokipadovtal Stapopol
ouVOLOTHOL
* Ko uTtoAoyidetal n
Slapop& pETPNONG-
TPOPAEYNG
*Kat €tol n mBavotnta
TOV KGO cuVSLACUOU
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AvOoKOTOOKELUN

otV TP din Maoayvntiko

[1eo10
B
€3

*Apxicel pe TiIg Ooelq
Safaong Twv cwHaTdiwV
» Aokipadovtal Siapopol
ouvOLaaHOL
* Ko uTtoAoyileTal n
Slapop& peTPNONG-
TpOPAEYNG
*Kat £ToL n mBavotnta
TOV KABe cLVSLACUOU
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AVOKOTOOKEUN: TIPWTO

OTOTEAEC A Mayvnzid
*Apxilel pe TIg Beoelg [edio
dafaong Twv CWHATIOWY B @
» Aokipadovtal Stapopol P=11 GeV/c

ouVOLOTHOL
* Ko uTtoAoyidetal n
Slapop& pETPNONG-
TPOPAEYNG
*Kat €tol n mBavotnta
TOV KGO cuVSLACUOU

‘TeAika xouv PpeBei OAeq
Ol TPOXLEG
* | «GTO YPAYOPO» OUTEC

HE peyain oppn- ot
KUPLEG TPOXLEG

P=22 GeV/c

P=7.5 GeV/c
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ATIO HEPIKN TTIPOC ‘OAIKN’ AVAKATOOKEUN

MeTa ano auTa Ta npwTa P=1.5 GeVie_
IXVn n . L L 1744 4
[TPOCOETOUHE QVIXVEUTEC 340U
EuaioBnTouc, o€ nepiooTEPQ
owpaTiola, aAeg
aAMnNAeMIdOpAceIC N
Byaloupe nANpogopieC yia y —
Ta aAAa cwpartioia (y, n, K, \\ 5300
p,Nn,..) 3345 u
>UYKPOTOUME «OAOKANPN» 503 u

TNV €IKOVA TNG OUYKPOUONC  P=11Gevic L~

P=22 GeVI/c -
1544 u

7
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Xpnon TnG AaVvAKATOOKEUNG

RAW

ESD

AOD

|

TAG
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Ot kaTéypayayv ol O apXIKOC OYKOC TTANPOPOPIDIV
avixveuTég (DAQ)

Avacuprc?Tneaioa MpoTUTIA avayvwpIonc:
TTAnpogopia - TupmAéyparta (clusters)
- YTTOWN®IES TPOXIEG

[MAnpo@opicc «yia 1N PuUoIKA»:

2 UNTTEPAC AT Eykdpoia oppn,

yla Tnv avaAuon 2 UOXETION OCWHATIBIWY, TTIOOKEG (jets),
(KaAUTEPN) avayvwpion CwPaTIdiwy

[MAnpogopicg [MAnpoQoOpPIiEC OXETIKEG UE TN YPYOPN
Tagivopunong ETTIAOYI TWV CUYKPOUCOEWV
I. ATTOOTOAGKNG
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[Tpocopolwaon Kot AVIXVEVTEG

TL €lval N TTPOCOMOLWON
[Tl VTTAPXEL
[wg yivetal



T1 e1val n
TTpooopolwon!?

PuoIKO CUOTANOTOC
MovTEANO = €CIOWOEIC

ECeAICn ouoTNUATOC

Byalw atmroTeAeouara

Sunday, August 10, 14



[ LXTL KKVOULUE
TTPOOOUOLLWON!?

® ‘Evx smartphonen @ Air «WTOUGY

L EEOPUOYN
HIGH EPAPHOVI ® HAEKTPOVLKKX O€

¢ 'Evax auTOKilvNTO d0pLYPOPO
® BnuotodoTn ® LOTPLKO
XVLXVELTN

e KukAowoplac
TTOANC ® XKTLVORBOALX

Sunday, August 10, 14




TL elval TTpoOooOpOLWOnN;

2 OTIOXVOUUE LOVTEA Silicon
: Trackel
y Tou aviyveutn

x lewpeTpla
% YAIKO

v Twv aAAnAendpaocswv

x K&Be yvwaotou tuTou
* HAgKTpOMOYVNTIKOU
* loxyupou TTVPNVIKOU

_ 2.5 MeV e
=2 O pawvopsvov NAEKTPOVIO

Gcﬁvoko
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Towers in Sampling 3
A An = 0.0245x0.05

[Hapaoerypo
aKpPouc
YEOUETPLOG

INNIN

AN
N

sampling 2

? = 0.0245



27

29 Al

12 Qctober2330} (¢

Annecy,
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Geometry construction
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Baoikec AAMNAETILOPAOELC

OL dLapopeg AAANAENISPACEL TOU CWHATLOLOU
LE TO VALKO (THNMUO TOU QVIXVEUTH 1 GAAO)

nopaywyn OEVUTEPEVOVTOC CWHATLOLOU

loviopdg e'/

(o)
AkTIvoBoAla TIEONONC

(Bremstrahlung)

—
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Evepyocg diatoun (Cross-section)

n = particle number density

J A\ = mean free path between collisions
2r e

o = 1t(2r)? cross section

. L]

Figure 1. In a gas of particles of individual diameter 2r, =
the cross section o, for collisions is related to the particle
number density n, and mean free path between collisions
A.

I Amoatodakns Erom https://en.wikipedia.org/wiki/Cross_section_(physics)



Evepyocg diatoun (Cross-section)

b | ’ L | ] |
hoto- elec r
mﬂ\ P tric 4 F 10°
E W :
E 10% |- ':-I _ E' 10%
% 10 - Feoh ] E 102
o —— g
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: Lea
ompton gamma conversion (Lead)
https://pdg.Ibl.gov/ https://xdb.Ibl.gov/Section3/Imag

e_Sec3/Sec3135.gif
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2 KEQAOEIC NAEKTPOVIWY

figure 34.10: Quantities used to describe multiple Coulomb scattering. The particle is incident in
he plane of the figure.

From ‘““Passage of particle through
matter” - https://pdg.lbl.gov/

w
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Eval aTtAO TTOpAOELY U

Pb

Pb

N

RN

GEANT 3
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2TOV MOALPSO
TIOPAYOVTOL TIOAAX
devTEPEVOVTA
CWHATIOL

Ta TIEPLOOTEPO UEVOUV
KOVTQ,

Mepika Eg@evyouv.
To dloésidlo Tov
avOpaKa, Wg AEPLO, EXEL
LIKPN TIUKVOTNTX
Ooca cwpatidla pTavouv
N TTAPAYOVTAL, TIAVE
MOKPLX
MNapayovtal Atyotepa
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[Tl Ttpocopoilwaon 7

Mo val o8GOV IE TOUC QVIXVEUTEG
[l V& ETOLACOVE TIC HEBOOOLE OVOKATAOKELNG

[0 Vo KATOAGPOUE TO XTTOTEAECATO TOU QVLIXVEVUTH
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34



AAAEC XPNOEIC TIPOCOHOIWONG

IaTpikn

[1a 1aTpikn d1ayvwon

Padio-1aTpikn — Bepansia Pe npwTovid
MAavnTn

ANMNNAENIOpaon NAEKTPOVIWV/NPWTOVIWV E
aTuoo@aipa kai payvnTiko nedio Tne 'ne
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Positron Emission Tomography (PET)

CPPM-INZ2P3 (CNRS UMR 6550)
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PLANETOCOSMICS Geant4-application

Earth '




AvaAuon OedouHEVWYV
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210010 ETTECEpyaTiag

X Event Summary
trigger, Data (ESD)
event selection

physics

analysis ﬁﬁﬂ ﬂ
TN\ S~

Analysis Object Data (AOD)
(extracted by physics topic)

data

event
reconstruction

Qs ol& simulation ———_  physics

S g

— analysis




AvdAuon:.

'ETreiTa amoé ThV avakaTdoKEUA

XpnoigoToiei Ta 'dedopéva’ (Data) mpoiovra Tng

AVAKATAOKEUNC
Iepapxia '0cdopévwy' amd OAika (RAW), wg
ouvoTITIKG/ouuTtrEpacpaTika (AOD)

O1 ouAdEC €VOC TTEIPAPATOC XPNOIMOTTOIOUV Ta OEDOUEVA
210 CERN (8UokoAo) A oU ? .... oto TTAéyua (GRID)

Hypatia: pikpd koppdTi avdAuong meipdudTog aTo oXoAcio
Eicaywyn, Koopoc/Portal Epappoyn - A.@acouAiwtng (EBv.Kam.
TTav. ABnvag), A. AAe€omouAo¢(CERN)
http://hypatia.iasa.gr/en/index.html

http://indico.cern.ch/conferenceDisplay.py?confId=257353#2
013-07-08

29 Auy / 1 Zetrt 2023 I. ATTOOTOAGKNG 43


http://indico.cern.ch/getFile.py/access?contribId=79&resId=6&materialId=slides&confId=257353
http://portal.discoverthecosmos.eu
http://indico.cern.ch/conferenceDisplay.py?confId=257353%232013-07-08

~2 MB/event

~100 kB/event

~10 kB/event

~1 kB/event

29 Auy / 1 Zetrt 2023

Iepapxia Aedopévwy (Data)

RAW

ESD

AOD

TAG

O katéypayav ol
avixveuTég (DAQ)

Avaouykpotnbeioca
TTAnpogopia

2 uuTTEPAO AT
yia TNV avaAuon

[MAnpo@opicg
Tagivounong

I. ATTOOTOAGKNG

Detector digitisation
10° events/yr * 2 MB =2 PB/yr

Pattern recognition information:

Clusters, track candidates

Physical information:
Transverse momentum,
Association of particles, jets,
(best) id of particles,

Relevant information
for fast event selection

44



My

e Distribution of Computing Services

Summary of Con
All experiments -
From LCG TDR €June 20uo

CPU (MSPECint2000s)
Disk (PetaBytes)
Tape (PetaBytes)

K3G0g ypOvo — pE 000 avTiypaPa

To véa ocdopéva Oa

avéavovron 15 PetaBytes Fﬂapmon 100,00¢

p1veg’cores

CERN All Tier-1s  All Tier-
56 61

19

18 35

CPU

CERN
All Tier-2s
43%

All Tier-1s
39%

Tape

CERN
34%

All Tier-1s

areDMSPECING= 1

55%

last update 01/09/2023 11:28

18%
MeyadAo T0606TO TOV VTOLOYIGTMOV KL
oloKmV o€ 120 vrohoyioTiKG KEVTPQ

les robertson - cern-it-45



Auon : o MAgypa (Grid)

«  Xpnoipomoovue 1o HAEyua yio va evidcovue Tovg
VTTOAOYIGTIKOVG TOPOLE TV VOTITOVT®V OVE TOV KOGLLO

To World Wide Web napéyet amin
tpocPaon 6e TANPoPopieg mov givar
amoONKELUEVES GE TTOAAN EKATOULVPIO
OLOPOPETIKEC YEMYPAPIKES TOTOOEGTEG

The Grid sivat pto vrodoun wov
mopEYEL adldAentn tpocPaocn o€
VTTOAOYIGTIKT] 1GYV KOl YOPNTIKOTNTO
000N KELOTC OEQOUEVOV
KOTOVEUNUEVT] GE OAN TNV VENALO0

1. Arooroldxns



NMwg douAevel To MAsypa (Grid) ‘

» BaoileTtal o€ €CEIDIKEUPEVO

AOYIOMIKO, TO AeyOUEVO MECO- @ﬁi@"‘*@ - B Epapuoyn
e . Q ,\(’Q; [l = =
Aoyiouiko (middleware). A %-::_E%

UH
=

e

Uniform

Data
Communi- L
cation Unix
: services Grid and OGSA
Collaborati

ion Information Hosting
and Remote Service
Instrument

Storage i

+ H 15¢a Tou Middleware eivai va £, (@@
Bpel autépaTA TO OTOIXEID TTOU £
xpelalovral o/n epeuvnTng/
EPEUVNTPIA, KOl TO UTTOAOYIOTIKO
OUVOMIKO VIO VA TA ETTECEQPYAOTEI.

1=5

Servers

® I 1 A : A
I\/Ilddl’eware aﬁlcc’)pporra TO POPTO T SO e
o€ OIAPOPOUG TTOPOUG KAl i S o

geykaraotaoelg. Xeipieral 11iong Aiktvo
ao@AAEIa, AOYIOTIKN, ETTITIPNON

al TTOAAG GAAQ.

1. Arooroldxns



Wide Area Network

]
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=PIl

Any Tler 2 ma Brookhaven Qp

= L0

Il

Il

T2

Tier-2s and Tier-1s are
Inter-connected by, the general purpose

=5 earch networks
)

IN2P3

il Dedicated 10 GHRYE,

I tic]l pepwvork I ﬂ

ﬂ A

|

Fermilab

Nordic
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¢

les robertson - cdr@-it-48
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Enabling Grids for E-sciencE
Agkddeg eapoyYEG O€ OIAPOPOUG TOUEIG

Quoik YynAwv Evepyeiwv (Pilot domain)

Meipapara LHC, DESY, Fermilab
Bioiatpikn (Pilot domain)

BiotrAnpo@opikr] (Bioinformatics)

latpiki amreikévion (Medical imaging)
[EWETTIOTAMES

[ew-€TTIOKOTTNON
Quoiki Z1epedg NG (Solid Earth Physics)

YdpoAoyia, KAipa
YT1roAoyioTikry Xnueia
Tnen (Fusion)
AoTpovoypia

KoouIKG uttéabpo PMIKPOKUPATWY

QKTIVWV-Y
[[EW@UOIKN

BlounxavikEG EQAPUOYES

EGEE-II INFSO-RI-031688

E@appoyEg

L. Atootordxng 49



AgITOUPYIKA CUCTHHATO

Linux o€ oxed0OV OAOUC TOUC UMOAOYIOTEC

CERN Data center: 450.000 nupnvec kai
10.000 servers

XaunAOTEPO KOOTOC ava UNOoAOYIOTIKN duvaun
>Ta ypageia / laptops

MacOS via npoypaupaTioTeC — napopolo Unix
(oav T0 Linux) + Aoyiouika oav 1o ‘Office’

PC pe Windows
PC/laptops pe Linux

29 Auy / 1 Zetrt 2023 |. ATTooTOAGKNG 50



FA\WooEC MPOYPUAHHATIOHOU

C++ via Ta Kupia TUNHaTa
Ta nio noAUnAoka, 0oa kavouv rnoAuU OoUAEIa

Python — yia eAappiec ‘'Ooulelec’ N €IOIKEC
KwOIKA NMOU EVWVEI, KABOONYEI, ENIAEYEI
avaAuon dedopevwy, Babia unxavikn paenon

Java — auTtopdTiohouc, JavaSscript - 10TO

CUDA - yia npoypauuaTtiopo GPU

Julia - neIpaPATIKEC XPNOEIC

29 Auy / 1 Zetrt 2023 |. ATTooTOAGKNG 51



O1 puoiIkoi mpoypaupartiouv

'‘OAn N avaAuon LETPNOEWV YIVETOL JUE
UTTOAOYLOTECG

Ot @uoikol YE xpnolpotolouv e€ELOIKEVEVL

TIPOYPAUMOTO
MepLIKOL YPAPOUV UEYOAC KOPMUATLO 1] TIOAAEG
vrtopouTiveg (methods) ae C++, 1] AAAeC YAWOOTEG TTY
Python

OL TtEPLOCOTEPOL YPAPOLV MIKPEC Python
UTTOPOUTIVEC, VLA TIG SLKEG TOUC AVAYKEC

‘OAOL XPNOLUOTIOLOUV AOYIOULIKG ‘epyaAsia’
YL VO 00UV TIG TIEPLANWELG TWV METPNOEWV
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TEAOZ

EuxapioTw ouvadeAPouc yia CUVEIGPOPEC Kal dIopOBWOEIC
John Harvey, Witek Pokorski, Rachel Avramidou, Aeva MauAidou

29 Auy / 1 Zetrt 2023 |. ATTooTOAGKNG
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i LCG

My

The Worldwide LHC Computing 6rid

=  The LHC physics data analysis service distributed across the world

=  Status in May 2007

CERN, 11 large Tier-1 centres,
~ 140 active Tier-2 centres

Established the 10 Gigabit/sec
optical network that interlinks
CERN and the Tier-1 centres

Demonstrated data distribution
from CERN to the Tier-1 centres
at 1.3 GByte/sec - the rate that will be needed in 2008

ATLAS and CMS can each transfer 1 PetaByte of data per month
between their computing centres

Running ~2 million jobs each month across the grid

The distributed grid operation, set up during 2005, has reached maturity,
with responsibility shared across 7 sites in Europe, the US and Asia

End-user analysis tools enabling “real physicists” to profit from this
worldwide data-intensive computing environment

last update 01/09/2023 11:29 les robertson - cern-it-55



Backup

More on simulation



From:
Cosmus
Project,

AIRES
Project,
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Geant4 geometry: what it ((SEay

Describes a Detector
2 Hierarchy of volumes

2 Many volumes repeat
v Volume & sub-tree

2 Up to millions of _ |
volumes for LHC era Navigates in Detector

2 Import detectors from  * Locates a point

CAD systems 2 Computes a step
v Linear intersection
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Propagating in a field %

Charged particles follow paths that
approximate their curved trajectories
in an electromagnetic field.

It is possible to tailor

the accuracy of the splitting of the curve into
linear segments,

the accuracy in intersecting each volume
boundaries.

These can be set now to different values
for a single volume or for a hierarchy.
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Electromagnetic physics

Gammas:
Gamma-conversion, Compton scattering, Photo-electric effect

Leptons(e, u), charged hadrons, ions

Energy loss (Ionisation, Bremstrahlung) or PAI model energy loss,
Multiple scattering, Transition radiation, Synchrotron radiation,

Photons:
Cerenkov, Rayleigh, Reflection, Refraction, Absorption, Scintillation

High energy muons and lepton-hadron interactions

Alternative implementation (“low energy”)
for applications that need to go below 1 KeV
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Antiproton annihilation - CHIPS Model
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Simulation ‘packages’

Provides the means to simulate
the and
of an experiment.
As was realised by many in the past,

needed can be between
experiments (eg physics, geometry blocks) .

So it makes eminent sense to create and use a

That includes the common parts,

And enables an experiment to describe those parts
with are specific to it.
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Courtesy SOHO EIT

Induced X-ray line emission:
Indicator of target composition
(~100 um surface layer)
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HEP Processing stages and datasets

event filter

(selection &
econstruction
-

3 Event Summary
_

Data (ESD)
\ ; p?}?/gcigs m“' ﬁm

detector

processed
data

analysis ﬁﬂ QU
| U

Analysis Object Data (AOD)
ﬁﬂ ﬂ N (extracted by physics topic)
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simulationJ f@/
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physics

event
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CERN CenTre CapaciTy Requirements Tor all
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Event Data
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Complex data models
~500 structure types
References to describe

relationships between
event objects

unidirectional
Need to support
transparent navigation

Need ultimate
resolution on selected
events

need to run
specialised algorithms

work interactively

Not affordable if
uncontrolled
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HEP Metadata - Event Collections
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Detector Conditions Data

Reflects changes in I Version

state of the detector I

with time . = Time
Event Data cannot be VDET alignmen i -

HCAL calibration — >
reconstructed or coaie | i —
analyzed without it u 7/ 56 78 ¥ uowl
Tagging
Ability to extract slices : o
of data required to run version Tag1l definition
with job
Long life-time - -
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>
Time
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A Multi-Tier Computing Model
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Distributed Analysis - the real challenge

Analysis will be performed with a mix of "official” experiment
software and private user code

How can we make sure that the user code can execute and provide a
correct result wherever it "lands"?

Input datasets not necessarily known a-priori

Possibly very sparse data access pattern when only a very few
events match the query

Large number of people submitting jobs concurrently and in an
uncoordinated fashion resulting into a chaotic workload

Wide range of user expertise

Need for interactivity - requirements on system response time
rather than throughput

Ability to "suspend” an interactive session and resume it later, in
a different location

Need a continuous dialogue between developers and users
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One area: Tracking

What a simulation code needs to do for
each step of particle:
Determine the

Corresponding to the applicable physics processes
Checking if it crosses a geometrical boundary

Model the of the track,

Advancing it, potentially in an EM field,

Applying the actions of the physics processes,
which can create particles.

energy in current position ( “hit’).
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Actions during a Step

During each step

Each physics process is given the opportunity
to limit the step,
as is the geometry module (at a boundary), and
leading to the decision on this step’s length.

Physics processes are allowed to apply their
effect

If they occur along a step (‘continuous’)

If they caused the ‘hard’ event that limited the
step (‘discreet’).
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Actions during a Step (cont)

During a step (continued)

An (optional) user-written ‘action’ is called,
Which can be used eg to create histograms or

tallies.

If the current volume contains a sensitive
detector, that is addressed, allowing it eg

to recorc
to recorc

In genera

the energy deposited,
the exact position

to create a *hit’ that store all

information that is relevant for that detector .
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Actions during a Step (cont)

During a step (continued)

A parametrisation can be triggered (Geant4)
Taking over from ‘detailed’ simulation
Generating directly several hits

This application-specific operates instead of ‘normal’
physics processes until it returns control and/or
resulting particles for further ‘detailed’ simulation.
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GEANT 4

Detector simulation tool-kit for HEP
offers alternatives, allows for tailoring

Software Engineering and OO technology
provide the method for building, maintaining it.

from:
LHC
heavy ions, CP violation, cosmic rays
medical and space science applications

World-wide collaboration
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