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[TAavo TNG OUIAIOC

H xpnon Twv YNoAoyioTwyv

Avakataokeun (reconstruction)
Apeowc (online) p apyotepa (off-line)

[Mpoocopoiwon (simulation)

AvaAuon dedopevwy (data analysis)

Meyebn kail o GRID
YnoAoyioTikeG avaykeg Kal ... GRID

OuolwTNTEC ME OAAEC “epapuoyec”
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O Emitaxuvrnec LHC

O emrayvving Ba mwapayel 40 eKoTOULPIO GUYKPOVCELS
cOUATIONWV (events) Kade 0EVLTEPOLENTO GTO KEVTPO KaOE TOV
aVLYVELTN KOOE TEPAUOTOC




a ocdopeva
(data) Tou LHC

Ta nkam;povu(a Kot ot online VTOAOY1GTEC OLOAEYOLY
uapucag EKATOVTOOEC «KaAM» events kabe
OEVTEPOAETTO.

{+30 minimum bias events) \

1 Peta = 1,000 Tera
= 1,000,000 Giga

5 PetaBytes to ypovo
Y10, TOL TECGEPQ TELPOULLOTOL uo@



AvVOKATAOKEUN



Atlas : Physics Sighatures and Event
Rates

O1 deopeg diaoTavpovovTdi He
puBpo 40 MHz

Oinelastic = 80 mb

2 &€ KaBe Tepaopa TOAAEC
OUYKPOUGEIG

10° ouykpouaeIC To JEUTEPOAETITO QueTime™ and 3
AiapopeTikol oToxo!, 0 KaBevag e e necdedioses s piere
Th OIKId TOU «UTTOYPApN»

To Xiykg (Higgs) peoovio

YmepouppeTpia (Supersymmetry)

To ayvwaTo

O1 ouppeTpiec ota B peoovia
Ta evliapepovta cuppavra sivai

KAPYITOEC OTA AXuUpd Oc evd XwWpIo
yiopaTto otaPpiouc (~ 1in 10°-10°7)
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T1 €lval n avokaTaokeun?

O1 JETPNOEIC EIVAI OQV EVAC
YPIPOG
T1 TPOXIEC TIC TTPOKAAECAV?
KaBe perpnon Beong Bonbacl
Ytrapxouv opws 100-adec wg
XINIQOEC UETPNOEIG
H avakaraokeun TTPETTEI va

Bpel TN Auon!
—EPOVTAC KAAQ TO payvNTIKO
TedIO

BpIOKOUUE TTOIEC JETPNOTEIC AVOIKOUV
O€ TTOIEC TPOXIEC
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AVOKATOOKEUN
oTNV TTPOEN

* Apxilel pe TIG Beoelg
dlaBaong TWV CWHATIOIWY

27 louviou 2008
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AVOKATOOKEUN
oTNV TTPOEN

* Apxilel pe TIG BeoeIg
dlafpacng Twv CWPATIOIWVY
» AwkipgadovTal dlapopol
ouvdlaool
* KaI uttoAoyideTal n
dlapopa PETPNONG-
TTpOoBAEWNg
*Kai €101 TIBavoTtnTa TOU
KaBe ocuvdlaouou

27 louviou 2008
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Mayvntuko
IIedo
B

&

AXlyopiOuot
duitpo Kaipoav
(Kalman filter)



AVOKOTOOKEUN:

OTTOTEAEO A

» AwkiyalovTtal d1apopol
ouvolao ol
* Kal uttoAoyIeTal N
dlaPopa NETPNONG-
TTPORBAEYNG
*Kal €101 mBavoTtnta Tou
KaBg ouvdlaouou

*TeAIka exouv BpeBel OAeC
Ol TPOXIEG
° ] «OTA YPNYOPO» QUTEG
ME MEYOAN OpuN- Ol
KUPIEC TPOXIEC

27 louviou 2008

|. ATTooToAOKNG

Mayvntuko

P=11 GeV/c

P=7.5 GeV/c

P=22 GeV/c
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[Tpocouoiwaon Kal AVIXVEUTEC

T1 eival n TTpocopolwon
[10TI UTTOPXEN
[Tw¢ yiveTal



O1 oNUEPIVOI AVIXVEUTEC

[ToAAa TUNuaTa
AIQQOPETIKEG AVAYKEG i -
MeTtpnon Beong (Tpakep - trackers) %fi"
MeTpnon evepyelag (BepUIdOUETPA) f‘iw
Aoyw TNG TTOAU-TTAOKOTNTAG

Ol TTI0 TTOAAEC MEAETEC
xpelalovTtal TTOAAA UTTOAOYICTIKA
EPYaAEIa

Ay

= '\.\\ e
'i"\&'\\.\\ \
A

*‘z

A\
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46 m

O1 avixveutec Tou ATAAZ

g ——
Electromagnetic Calorimelers
End Cap Toroid

Muon chambers
Solenoid
Forward Calorimeters

TR | 22m

T
B

i TJ s Fa "
;. & T
- i 'g“? %ﬁi%:\gﬁ
Sor e
e

=] e 2
F: =
[ T
; "

f i
i {
i
i

Shielding

inner Deteclor:

Barrel Toroid
Pixel TRT & SCT
Hadronic Calorimelers



T1 eival Trpooopuoion?

s PTiaxvouue povreAa Silicon
Tracker

~ITou avixveutn
XlewpueTrpia

XIYNKa I I
~ITwv aAAnAenidpacewyv

*IKaBg yvwoTou TUTTOU
* HAekTpOMQAYVNTIKOU
* YOoxnpou TTupnVvikou

. 2.5 MeV e
Ocuvoro — 2 O pawvopzvov NAEKTPOVIO
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[ EWUETPIA EVOC AVIXVEUTN




O ATAAX: TepOGTIOC KOl TOAVTAGKHEE "

Hadronic Tile

Calorimeters

Forward LAr
Calorimeters

Hadronic LAr End Cap To ‘OcpourdooueToa’
Calorimeters pu “ p
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Towersin Sampling 3
ApAn = 0.0245=0.05

DA
i

1NN, -
g/,g/ﬁ' ¥ Sampling 2
' *ﬂ'EP:D_DMS

\‘_‘ ‘-‘--

Srip rowers 1 Sampling 1



Bao OIKEC A AAANAETTI Q EIC

O1 dla@opec aAAnAenidpaong Tou CwHATIOIOU PE
TO UAIKO (TNpa Tou avixveut n aAAo)

napaywyrn OEUTEPEUOVTOC OCWHATIOIOU

e —

lovTIONOG
— (o)

Bremstrahlung

— =

27 louviou 2008 I. ATTooTOAOKNG 18



Eva atrAo TTapadeiyua

2.TO0 JOAUBOO
TTapayovTal o TTOAAQ
OEUTEPEUOVTA

owpaTidla,
aAAa Ogv TTaVE Pakpla

To dloceidio Tou
__— avOpaka, oav agplo, EXEI

LIHKON TTUKVOTNTO
rﬁll\rlll Ilvl\'vllllvl

- Oca ocwuaTidia GTavouV N

Pb Pb \ TTAPAYWVTAI, TTAVE MAKPIO

[MapayovTal Aiyotepa

GEANT 3
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27 lo

, Annecy, 12 Qctober2330 {

CALOR2(HK}

an

0—

. Kordas “(Geant4 for the ATLAS EM cal



—

[ 1aTI TTPOCOUOIWCN ?

10 va oxedIao0UUE
TOUG QVIXVEUTEC

[0 va ETOINACOUUE
TIC uEBOOOUC
QVOKOTAOKEUNC

[0 va KaTaAaBou-ue
TOV QVIXVEUTN

27 louviou 2008 |. ATTooToAOKNG 21



YTrapxel atrAn Auon ?

APKEI N JEON TIMN TNG aTTOBEONC EVEPYEIQC (TT.X.)
?
[0 pEPIKEC ATTAEC epeuveg, Nal

['1a TTOAAEG (TIC TTEPIOOTEPEG) XpPEIaleTal OAN N EIKOVA

YTrapxel Karavoun TINwV
[Mou dev €val TTAVTA CUPUJETPIKN N ATTAN
Ol OUPEG TWV KATAVOUWY PTTOPOUV VA TTAICOUV JEYAAO POAO

Me TTO10 OQAAUQ CEPETE TNV TADE EVEPYEIQ?
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AvoAuon O0EO0UEVWV

27 louviou 2008 |. ATTooToAOKNG
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Iepapxeta Aedopevwy (Data)

~2 MB/event RAW Om kateypayav ol Detector digitisation
avixveuteg (DAQ) 10° events/yr * 2 MB =2 PB/yr

AvaouykpoTnBnoa Pattern recognition inf tion:
~100 kB/event gnituon Intormation:
=El TTAnpogopIa Clusters, track candidates
l Physical information:
_ 2 UNTTEPAC AT Transverse momentum,
10 kBlevent AOD yla TV avaAuon Association of particles, jets,

(best) id of particles,

Classification Relevant information
~1 kB/event TAG information for fast event selection

27 louviou 2008March 13 |. ATrootohakngGGF10 / PNPA — RG Workshop - J
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O1 guaoikol TIpoypapuaTi(ouy

OAN n avaAuon YETPNOEWV YIVETAI UE
UTTOAOYIOTEC

O1 puaoikol YE xpnoluoTtroiouv €I0IKEUUEVO

TTPOYyPANPATA
MEDIKOI YPOPOUV HEYAAEG POUTIVEG
(routines/Fortran, methods/C++)

O1 110 TTOAAOI KOVOUV HIKPEC POUTIVEG, YIA TIC
OIKEC TOUC OVAYKEC
OAol Ba xpolionuoTtroiouw Ta ‘€pyaA&gia’ va
2710 M TIC TTEPIANYEIGTINJIETPNTEWV 25



Data Handling and
’ Computation for
Physices. Analysis

event /
summary
data

Avaivon

detector DuiTpo yeEYOVOTMYV

(owaocvioyn &
OVOKOTOGKEDT))

AvVoKOTOGKELN
(reconstruction)

processed
data

ogdopeva
(Raw data)

‘Batch’

event
reprocessing

analysis objects
(extracted by physics topic)

event
simulation }p (.)GOM Ol.O)GTl
simulation

interactive
ph)’SicS




compurting
Characteristics

Independent events (collisions of
particles)

trivial (read: pleasant) parallel processing

Bulk of the data is read-only

versions rather than updates

Meta-data in databases, but physics
data in “flat” files

Compute power measured in
rather than SPECf D)




The Computing
Environment

XpNOIJOMOIOUKE TOUC
UNOAOYIOTEC YIa TO
OUVOAIKO OUVAMIKO TOUC

OxI TOUG Mo YPNYopPouGq
>uvnBeic — ‘tn¢c ayopac’

High-throughput
computing
(based on reliable
commodity” technology)
Around 7500 (dual-socket
Xeon) PCs with “Scientific
Linux”

Now typically also “dual-
core”

Quad-core expected for
next acquisition

General Overview 28
8 May 07



Data Organisation

MC Data Comparison Real Data

A

Particles

GenParticles

\

MCParticles

s

ProtoParticles

Tracks

MCHits

3

Clusters

Information

MCDeposits
%

Digits
(Raw data)
Processing

MCDigits
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Backup

More on simulation



Geant4 geometry. what It (

Describes a Detector
¢ Hierarchy of volumes

¢ Many volumes repeat
“IVolume & sub-tree

42 Up to millions of _ |

volumes for LHC era Navigates in Detector

¢ Import detectors from #t Locates a point

CAD systems 45 Computes a step
Linear intersection

27 louviou 2008 I. ATTooTOAOKNG 31



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.

27 louviou 2008 I. ATTooTOAOKNG 32



Electromagnetic physics

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

Leptons(e, W), 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

27 louviou 2008 I. ATTooTOAOKNG 33



M

Shower
profile

1 GeV
electron

in H20
G4,
Data

Good
agreement
seen with
the data
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Antiproton annihilation - CHIPS Model

Antiproton annihilation on 233U nucleus

| T | | | |

protons ——
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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.

27 louviou 2008 I. ATTooTOAOKNG 36



Courtesy SOHO EIT

Induced X-ray line emission:

indicator of target composition

(~100 um surface layer)

\\\\\\i\:\g%esa-=lll==ﬁﬂll

27 louviou 2008

1E SR = 0

X-Ray Surveys of Asteroids

and Moons

F—shell Tine emission ensrgy (kel)

100000 © 7 7

100.00

10.00

0.10

0.0

ITS3.0, EGS4 -
Geant4 _

U

C, N, O line emissions included

20 40 60 80 160

ESA Space Environment &
Effects Analysis Section

|. ATTooToAOKNG
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(14N, ) dNidy

-2
107 E

High Energy K,pi on Al, Au

[ f ajall posifives
10 g

-4 -2 a 2 4
Rapidity »
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HEP Processing stages and datasets

event filter
(selection &

/ econstruction|

<_3 Event Summary
ﬁ Data (ESD)

\\ batch
J physics mjﬁ ﬂﬂi@

processed
data

analysis

}7

Analysis Object Data (AOD)
Hﬁ ﬂ N (extracted by physics topic)

event
econstructio

event }

individuar B
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CERN Centre Capacity Requirements for all

Estimated Mass Storage at CERN Estimated DISK Capacity at CERN
7000
140
6000 /
120 -
100 - 5000 | )
o Other experimprits
> 80- Other S 4000 AW
S 60 experiments i /
& 5 3000
40 ~ - /
LHC 2000 >
20 l..}-1 (:1
0 T T T T T T T T T T T 1000 -
[e0] (@] o — AN (a0} < (o} © N [e0] (@] o
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(o] (o] o o o o o o o o o o o 0 - - T ; T T T T T T T
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1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year
year
/] 2 /] (] !
. Estimated CPU Capacity at CERN
disk Pt 50 6.7

tape media Pt , 36 48
tape I/0 Gl o Othere@friu’é 3.9 3.9
V4

2,000 | L H C

1,000
]
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0 T 1 1 1 1 = T
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

year
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Event Data

/
RAW ESD AOD A AOD \\\
’ee—
Event Event | S
Event ,/ /:Z;::// v
\ — Phys
Raw Rec Phys L
> . vills My Trk
Velo || Calo |||ICoord||TracksH |Cand| I Y !
S — v— 7 V\_\\‘“_—/ -
\_ Collaboration Data VAN Pr'iva’re/

27 louviou 2008March 13
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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

heed to run
specialised algorithms

work interactively

Not affordable if
uncontrolled

41



HEP Metadata - Event Collections

/Run Cataloque

Physics : Run
21437
MC:B->1rm

MC: B -> J/W (u* )

Collection
Cataloque

3
.y

Candidates

\E

~/

27 louviou 2008March 13

L 4
L 4
vy

B -> 111 Candidates (Phy) [
B->JA (U )

Yy

v,y

Event 1

Event 2

collec]

lag 1

lag 2

Tag M

fion
5 0.3
2 1.2
8 3.7
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Detector Conditions Data

A
Reflects changes in Version
state of the detector
with time 2 . Time
Event Data cannot be Hggfg;};;ggg% o
reconstructed or ECAL températare ) /-
analyzed without it N 7 516 78 19 ot
Versioning ,/ata Item 7 Time=1
Tagging
Ability to extract slices :
of da‘rya required to run Version Tag1 definition
with job
Long life-time = ~
———@ | —@——1—o
>
Time
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A Multi-Tier Computing Model

Tier O ) -
(Experiment Host lab) 4

/

K .reglonal g .

Um a
Lab a 6 =

Tler'3 Tier: 1 ’Uni- n
Lol ‘ T 2
Desk ML;b b l?r'

(Main
Regional
Centres)

Tier2

Lab c
Uﬂl phxsics group
Tier 3 ol (B|” |y H é;! Y......Uni b
Desktop Q{%@
Manager View User View
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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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Visualization

Much functionality is
implemented

Several drivers:

OpenGL, VRML, Open Inventor s
Opacs, DAWN renderer (G4)

Also choice of User Interfaces iligs
Terminal (text) or

GUI: Momo (G4), OPACS

Editors for geometry, EM physics
code generation

27 louviou 2008 I. ATTooTOAOKNG 46



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 record the energy deposited,
to record the exact position

in general 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 WA

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

27 louviou 2008 |. ATTooToAOKNG
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FbWO4 e- 5 GeV G4-G3 comparison

12

10

{(1/E0}{dE/dRadl)
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Z “ 6 ] 10 12 14 16 18
longit energy profile (% of E inc)
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L5
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—
|
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Sampling
calorimeter

Sampling
calorimeter
visible energy

tests

all EM processes
for e-, e+ and

photon

Data from Sicapo Col.
NIM A332 (85-90) 1993

27 louviou 2008

Evis {MeV)

Evis (MeV)

BS
g0 [
55 E
sa F
a
a
as |
a0 |

z5 L

45 f
40 E
35 f—
30 f
75 b

20 |

Pb-Fe-Si e-68 1012 GeV 100 evis

Fe{23mm)-Si(0.4mm)

B 7 5] g 10 11 E(G]EE'V)

Pe{13mm)—Fe(10mm)—Si(0.4mm)
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Multiple scattering model

A new model for multiple scattering based on the
Lewis theory is implemented
since public B release in 1998.

It randomizes momentum direction and
displacement of a track.

Step length, time of flight, and energy loss along the
step are affected, and

It does not constrain the step length.
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Multiple

scattering

Examples of
comparisons:

15.7 MeV e-

on 19 mg/cm2
gold foil (8 um)
figure

6.56 MeV proton

on 93 microns Si

/0 GeV/c proto

27 louviou 2008

15.7 MeV e-, 18.66 mg/cm2 gold

10 15 z0
angle distribution at exitidzg)

z;1r1g|le(degﬁEI
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Energy deposit of 1 MeV e— in 0.530 mm 5i
=]
1 =
& GEANT4 cut=0.01 mm
GEANTS cut=0.01 mm i
5 L
10 ° B exp.data
=3 f
10 — :
’1[1_4 Al | | 1 1 | 1 1 | 1 1 | 1 !
-0 G2 0.4 0.6 0.8 1
27 lov E(MeV)




