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[TAavo TNG OUIAIOC

H xpnon Twv YNoAoyioTwy

Avakataokeun (reconstruction)
Aueowc (online)  apyotepa (off-line)

[Mpocopoiwon (simulation)

AvaAuon dedouevwy (data analysis)

Meyebn kai To GRID
YNoAoyIoTIKEG avayKeg Kal ... GRID

OpoiwTnTeC PE aAAEC “epapuoyec”
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AVUOKOTOOKEUN

Mia ypnyopn €icaywyn



TI1 €1VAl N OVAKATOOKEUN?
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H avakataoKkeun TTPETTEl VA T
Bpel TN Auon! e N f-'
Z£POVTAC KAAO TO PAYVNTIKO . I o, _,"-;'r?;‘ '
e6I0 L o .
BPIOKOUE TTOIEC UETPNOEIC AVOIKOUV R T " : .
O€ TTOIEG TPOXIEG ~ ."""1'----5,_---'-:'.'--. -
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AVOKATOOKEUN
oTnV TTPASN

* ApxiCel ue TIG BeoeIg
dlafaong Twv CWHATIOIWY

Mayvntiko
ITedwo

B(®
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AVOKOTOOKEUN
oTnV TTPASN

* ApxiCel e TIG Beoelg
dlaBaong Twv CwPaTIdIWV
* Awkipadlovtal diagopol
ouvOlao ol
* KaI uttoAoyideTal n
dla@opa NETPNONG-
TTPOBAEWNg
*Kai €Tol mlavoTtnTta Tou
KaBe ocuvdlaouou

Mayvntiko
ITeowo
B
€

AlyopiBuot
dultpo KoApov
(Kalman filter)
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AVOKOTOOKEUN:

ATTOTEAEC A Mayvntwo
. [1eo0

B(®
» AwkipyadovTai dl1a@opol P= 11 GeV/c

guvolaool

* Kal uttoAoyIZETal N
dlagopa PETPNONG-
TTPOBAEYWNG

*Kal €101 TIiBavoTtnTa Tou
KaBg ouvOlaouou

*TeAIka exouv BpeBel oAeC
Ol TPOXIEG
* ] «OTA YPNYOPA» AUTEG
ME MEYOAN OpuN- Ol
KUPIEG TPOXIEG

P=22 GeV/c

P=7.5 GeV/c
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Atlas : Physics Sighatures and Event
Rates

ATLAS Barrel Inner Detector
H—bb

O1 deopec Oa diaoTaupovovTal pe
puBpuo 40 MHz

Oinelastic = 80 mb

2 € kKaBe mepaopa TOAAEC
ouykpouaei¢ (Heon Tipn ~ 25)

10° ouykpouaoeIC TO BEUTEPOAETITO
AiapopeTikol aToxol, o kaBevac e
Tn dIKIA TOU «UTTOYPAPN»
To Xiykg (Higgs) peoovio
YmepouppeTpia (Supersymmetry)
To ayvwaTo
O1 ouppeTpiec ota B peoovia
Ta evdiapepovTta cuppavra sivai

KAPWITOEC OTA AXUpd g€ £va XWpIO0
vioparto atapAouc (~ 1in 102 - 107)
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[Tpocouoiwaon Kal AVIXVEUTEC

T1 eival n TTpoocouoIwonN
[1aTI UTTOPXEI
[Twc¢ yiveTal



O1 oNUEPIVOI AVIXVEUTEC

sET1ToAAa TUNHOTO
I AIO@POPETIKEC AVAYKEC
*IMetpnon Beong (Tpakep - trackers) “é
XIMeTpnaon evepyelag (BepuIGOETPQ) "i’
£ Aoyw TNG TTOAU-TTAOKOTNTAG

~lo1 TT10 TTOAAEC HEAETEC
xpeladovTtal TTOAAQ UTTOAOYIOTIKO
EPYAAEIQ

\'{\ .

N ‘k‘&\

\
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O1 avixveuteg Tou ATAAZ =Y

e 46m
=

Muon chambers
Electromagnetic Calorimeters
End Cap Toroid

Solenoid
Forward Calorimeters

el . _;

{
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& R et 2 S ot
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—— - = .—._>,' ¥ \
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4 | Fa ! 9 ﬁ ==

3 EEE s :
II %}I l-l i l‘: ______ e 2 D
S i ‘
— b | 22 ’
i ,lh‘ | _.— ==iss B 3 _b _

| i fOa ] g Y — ¥
o CoA A NN R /| N v ‘.

Inner Delector:
Shielding

Barrel Toroid
Pixel TRT& SCT
Hadronic Calorimelers



T1 eival Trpooopoion?

dTiaxvoupue povTeAQ Silicon
Tou avixveuTtn Tracke

[ewpeTPIO
YAIKa
Twv aAANAenIOpaCEWY

KaBg yvwaoTou TUTTOU
HAekTpouayvnTIKOU
Yoxnpou TTupnVvikou

_ 2.5 MeV e
GUVOAO 20
(POLVOLLEVOD NAEKTPOVIO

0]

26 AuyouaoTou 2011 |. ATtootoAakng CERN (John.Apostolakis 12



O ATAAX: 1epaoTIOC KO TOAVTAGKGC "

Hadronic Tile

.........
b A
.....

. = W
---
_______

-

Forward LAr
Calorimeters

Hadronic LAr End Cap To ‘OSPHISOHSTPQ’

Calorimeters




Baoikec AANNAETTIOPATEIC

O1 d1a@opec aAAnAenidpaong Tou CwWHATIOIOU PE
TO UAIKO (THNMO TOU aviXVEUTH N aAAo)

napaywyn OEUTEPEUOVTOC CWHATIOIOU

e'/

lovTIONOG
(o)

Bremstrahlung

—
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Eva atrAo TTapadeiyua

2.T0 JOAUdO
TTapayovTal TTIo TTOAAQ
OEUTEPEUOVTA

owuaTIdlq,
aAAa Ogv TTAVE PAKPIA

To dloceldio Tou
__— QavOpaka, oav agplo, EXE

UIKpN TTUKVOTNTA
Oca cwuaTidia eTavouV N

Pb Pb \ TTOPAYWVTAI, TTAVE JAKPIA

[MapayovTal AiyoTepa

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

NN/
NN
A

? = 0.0245

sampling 2




17

26 Al

(4

12 Qctober2d0Q

. Kordas “Geant4 for the ATLAS EM calo” — CALOR2000, Annecy,



['1aT1 TTpOCOuOIWON ?

10 va oXeOIO0O0UUE
TOUG QVIXVEUTEC

[10 va ETOINACOUUE
TIC nEBodOUC
QVOKOATOOKEUNG

[0 va kaTaAaBou-ue
TOV QVIXVEUTN
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YTrapxel attAn Auon ?

ApPKEI N JEON TIUN TNG aTTO0BEONC EvEPYEIAC (TT.X.)
?
[0 HEPIKEC ATTAEC €peuveg, Nal

['1a TTOAAEG (TIC TTEPICOTEPEC) XPEIAlETAI OAN N EIKOVA

YTTapxel KATAVOUN TIMWYV
[Tou dev €Ival TTAVTA CUUMETPIKN N ATTAN
Ol OUPEG TWV KATAVOUWY PTTOPOUV VA TTAICOUV PMEYAAO POAO

Me TTOI0 OQPOAPQ CEPETE TNV TADE EVEPYEIA?
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AvaAuon dedopevwyv
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~2 MB/event

~100 kB/event

~10 kB/event

~1 kB/event

26 AuyouoTou 2011

Tepapxeia Asdopevwy (Data)

RAW

ESD

AOD

TAG

OT11 KaTeypawayv ol
avixveutes (DAQ)

AvaouykpoTtnénoa
TTANpoPopIa

2 UUTTEPAC AT
yia TNV avaAuon

Classification
information

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

I. ATtootoAakng CERN (John.Apostolakis@cern.ch)



it 6. Distribution of Computing Services
i Ta vea ocoopeva O 100.00¢
Summary of Con  peyoiwovovy 15 PetaBytes U O
“ropnveg’cores

All experiments -
KoOE YpOVO — LE OVO UVTLYPOUOU.
From LCG TDR € June 20uo AP H Tpoe

CERN All Tier-1s  All Tier-

56

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

61

CPU Disk Tape

CERN CERN
18%

All Tier-2s ’
43%

All Tier-1s
39%

CERN
34%

All Tier-1s

mreMSPECINt™= 1

55%

MeYyoAio TOGMGTO TOV VTOAOYIGTMV KoL y

OLOKMV E£1VOL OLAOEOOLEVU
la e 120 Do) 0V GT1IC (11 C5Ty-it-22



Auon : To MNMAgypa (Grid)

«  Xpnoiponotovue 1o IAeyua va evidcsooue Tovo
VTTOAOYIGTIKOVG TOPOLE TV VOTITOVT®V OVE TOV KOGLLO

To World Wide Web napéyet amin
tpocPaocn 6e TANpoPopieg mov eival
amoONKEVUEVEG GE TOALG EKATOULVPLOL
OLOLPOPETIKEC YEOYPUPIKES TOTOOEGTEG

The Grid swvat pio vrodoun wov
mopEyeL adldAeintn tpocPaocn e
VTTOAOYIGTIKT] 1GYV KOl YOPNTIKOTNTO
amoBnKeLONG OEOOUEV®V
KOTOVEUNUEVT] GE OAN TNV VPNALO0

1. Arootoroxng CERN (John.Apostolakis@cern.ch)



NMwg douAegun 1o MNMAeypa (Grid)

* Baoiletal o€ €I0IKEUPEVO

Yy &
AOYIOUIKO, TO AEYOUEVO HETO- S ; _=§§| Epappoyn
. Q \('Q; _: = —=
Aoyiouiko (middleware). v B ==
« H1dca Tou Middleware sival va £, £ === Untorn
:OE@ e Communi- @ Access
Bpel auTOUATA TA OTOIXEIO TTOU S .
Authorization %ﬂg’g‘éﬁgfg 'nfsoém?ééon Hosting

xpelaleTal o/n epeuvnTnNG, Kai 10
UTTOAOYIOTIKO OUVAMIKO VO TO

Instrument

h 8 0
Storage Servers el

ETTECEPYOAOTEL
. "sensor"
® - >
Middleware e€loopoTrel TO T SONT/SN e
(POPTIO OE DIAPOPOUC TTOPOUG i S R

KAl EYKATAOTAOEIC. XeIpiCeTal AvkTio
ETTIONG AC@AAEIN, AOYIOTIKN,

TITNPNON Kal TTOAAQ aAAQ.
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e E@appoyeg

Enabling Grids for E-sciencE
MNMeplooTepeg atro 20 epapuoOyEeG O€ 7 TOMEIG

Quoikn YynAwv Evepyeiwv (Pilot domain)

4 LHC experiments, DESY, Fermilab
Bioiatpikn (Pilot domain)

BiotrAnpo@opikr] (Bioinformatics)

latpiki amreikévion (Medical imaging)
[‘ewemmoTNUES

[ew-€TTIOKOTTNON
Quoikn 2tepeag 'NG? (Solid Earth Physics)

YdpoAoyia

KAipa
YT1roAoyioTikry Xnueia
Fusion

AoTpovoypia
Cosmic microwave background
Gamma ray astronomy
[[ewUOIKN
Industrial applications

DR < >
o -~ — ; B
- . -
e A0 NGRS
e T~ - s

EGEE-I1 INFSO-RI-031688 I. Anostolakng CERN (John.Apostolakis@cern.ch) 25




Wide Area Network

sl

S LU

Il

T2

L

T

N,

Any Tier'z rnaroohaven O
access data a
any Tier-1

S (LU

U]

Il

T2

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

= earch networks
N

IN2P3

r Dedicated 10 G8 U
ticql pepworl I J
ASCC

|

Fermilab

GridKa

b

| I

< Il

L
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O1 puoikol TpoypapaTi{ouV

OAN n avaAuon JETPNOEWV YIVETQI ME
UTTOAOYIOTEC

O1 puaoikol YE xpnoiJoTtrolouy €I0IKEUMEVA

TTpoypapuaTa
MEQIKOI yPAQOUV HEYOAES POUTIVEG
(routines/Fortran, methods/C++)

O1 1110 TTOAAOI KAVOUV UIKPEG POUTIVEG, YIA TIC
OIKEC TOUC AVAYKEC

OAol Ba xpoionuoTrolouw Ta ‘epyaAsla’ va
OOUV TIC TTEPIANWEIC TWV JETPNOEWV
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Backup

el
e



'@ | CG depends on two major science
- grid infrastructures ...

EGEE - Enabling Grids for E-Science
OSG - US Open Science 6Grid

.’ .:
Y R
: o .

o CGCLC

Enabling Grids
for.E-sciencE

A map of the worldwide LCG infrastructure operated by EGEE and OSG.
les robertson - cern-it-29
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Data Organisation

Information

MC Data Comparison Real Data

GenParticles Particles
. MCParticles
> ProtoParticles
\
MCHits Tracks
MCDeposits Clusters

NS

MCDigits

Digits
(Raw data)

Processing

N A REANVFOLAM L AT D NI
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Backup

More on simulation



Geant4 geometry: what it ((GESES=

Describes a Detector
¢t Hierarchy of volumes

#£ Many volumes repeat
~IVolume & sub-tree

#2 Up to millions of _ |

volumes for LHC era Navigates in Detector

£ Import detectors from #t Locates a point

CAD systems #£ Computes a step
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

238

Antiproton annihilation on “°“U nucleus
_2 B S& I I | T T I | I I I | I I I | I:ll . Ip rOtcl}nS | I I I ]
10 ¢ gneunon 0e nNeufrons  eemmeaas =
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B ‘. 4 4 Irnfons Ex 01y ------- 1
-ar ¢  kaons (x 100) e T
10 E¢ * ﬂmns (x 100) =imimum =
- - v He3(x01) - £
' - & He4 {:-:DDD’]} .............. ]
O 40 ]
I E
= SRR ... 0 O P i
g o oF ]
<
If‘l-.l - .
= -6 ]
O 10 ¢ =
S f
W r -
310 3 E
% - ) 7
-ar e R .
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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)

s

\

ix\\&\g‘_jesa-=lll==ﬁﬂll

—

Z—

X-Ray Surveys of Asteroids
and Moons

k.—shell Time emission ensrgy (key)

100&005 T
10000 E
10,00 E
) ]
1oE g 1TS3.0, EGS4 -
[¢] 7
g :
S Geant4 ]
010 .
- 4 §
o C, N, O line emissions included
<
0.01 | PR I T S T (S S S NN S S S A S '

20 40 ili] 80 160

ESA Space Environment &
=F==i20 Effects Analysis Section
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HEP Processing stages and datasets

event filter
(selection &
econstruction]|

detector

processed
data

¥

3 Event Summary
|

Data (ESD)
\X batch
physics Mﬂﬁé@

event analysis
econstructio ”

-

Analysis Object Data (AOD)
ﬂ I (extracted by physics topic)
LR

event
simulation

§ =
. individual

physics
analysis
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CERN CenTre CapaciTy Requirements Tor all

Estimated Mass Storage at CERN

Estimated DISK Capacity at CERN

processing K777
diSk Pé 6,000

Estimated CPU Capacity at CERN

tape media  PE

4,000

+Ann T/N |

Otherexperiq}en/ts
e

K SI195

2,000

/ LHC

1,000

/

0

/ — ,
T T T Moor: S IaW
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Event Data

4 N O
RAW ESD AOD / AOD \\
version@g 3
Event Event //Even’r
Event / /’//;::::/ v
\ _ﬁ‘/::éé’/" Phys
Raw Rec Phys BB
\ & ‘//’ M T k
Velo || Calo |Coor'd Tracks| Canc‘iN = y 4

- _- So_ - /

-
~— Y. — —.° 2@ == 5
~
/’ S /’ 5‘—.—”

N—

Collaboration Data AN Priva’re/
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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

42



HEP Metadata - Event Collections

Gun Cataloque

Physics : Run
21437
MC:B->1mTr

MC: B ->J/¥W (u* )

Collection

Catalogue

I
5
Yy

B -> 1t Candidates (Phy) [*f-....
B ->JAY (u* )

Candidates

\E

=~
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1 Tag 1

Run
Data

Event 1

Event 2

Event
1 collec]

Tag 2

Tag M

tag

on
o | 0.3
2 1.2
8 3.1
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Detector Conditions Data

A
Reflects changes in Version
state of the detector ‘
with time —1 Time
Event Data cannot be VDET aliguiest E ]

HCAL calibration >
reconstructed or ccar e | E==.
analyzed without it i ts// 6516 718 © 1ol
Ver‘sioning ata Item Time=T
Tagging
Ability to extract slices : o
of data required to run version Tag1 definition
with job
Long life-time = ~

———@ | —@——o
>
Time
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A Multi-Tier Computing Model
Tier O

(Experiment Host lab)

(Main
Regional
Centres)

_———————
- - o

Unl >' Lab M.

.t'eglonal g \" .
ni a
LaM‘b@ "“
Tier"3 Tier 1 nl:n
Desktop ‘m “\ * l? r2
° - :\
Tier2 ST"Te !_ab"b ab @ ,
ﬂ\ Bl "Unl - phxsfcs gt‘oup
i 3 i BT g . T
L : S~ __--"
| “gr =
Desktop O -
Manager View
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User View
I. ATtootoAakng CERN (John.Apostolakis@cern.ch)
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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 Inventorg
Opacs, DAWN renderer (G4)

Also choice of User Interfaces g
Terminal (text) or

GUI: Momo (G4), OPACS

Editors for geometry, EM physics
code generation
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i@
One area: Tracking @\\!2/1

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, t
to recorc

nat is addressed, allowing it eg
the energy deposited,

to recorc
in general

the exact position
to create a ‘hit’ that store all

information that is relevant for that detector .

26 AuyouaoTou 2011
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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 Q-

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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FoWO4 e- 5 GeV G4-G3 comparison
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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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