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H xpnon Twv YNOAOYLOTWV

AvoKaTookeun (reconstruction)
Apeowc (online) n apyoTepa (off-line)

[Mpoocopolwaon (simulation)

AvaAvon dedopevwy (data analysis)
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AVOIKXTXXOKELN
oTNV TTpXEN

* ApxLTel pe TIC Beaelg
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Mayvntiko
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P=22 GeV/c

P="7.5 GeV/c



Atlas : Physics Signatures and Event
Rates

ATLAS Barrel Inner Detector
H—bb

O1 deopec dlaoTaupovovTdl He
puBpuo 40 MHz

Ojnelastic = 80 mb

2 ¢ KaBe mepaopa TOAAEC

OUYKPOUOEIC

10° ouykpouaeIC To BEUTEPOAETITO
AiapopeTikol oToxol, 0 kaBevac e
Th dIKId TOU «UTToypd®n»

To Xiykg (Higgs) ueoovio AL

Ymepouppetpia (Supersymmetry) A

To ayvwaTo o

O1 ouppeTpiec ota B peoovia
Ta evdiapepovTa cupupavra ivai

KAp@ITOEC OTA AXUpd O€ £vd XWpI0
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TL ELVOL N TTPOCOMOLWON
[LXTL DTTXPXEL
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OL ONUEPLVOL XVLXVEVTEC

[TOAAX TUNMXTX

ALXPOPETLKEC XVAYKEC

MeTpnon Beong (Tpokep -
trackers)

MeTpNON EVEPYELXC
(OepULOOUETPX)

AOYW TNC TTOAL-
TIAOKOTNTOC

Ol TTLO TTOAANEC UEAETEC
XPELXTOVTOL TTOAAX
DTTOAOYLOTLKX EPYKAELX
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O1 avixveutec Tou ATAAZ =

o 46m
Muon chambers m—
Electromagnetic Calorimeters
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Shielding

Pixel, TRT & SCT
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TL eLvL TtpooopoLlon?

OTLXXVOUVHE LOVTEAX Silicon
Tou XVLXVELTN Tracker

[EWUETPLX
YALKX
Twv XAANNAENLOPARTEWV

KxBOe yvwoTou TuTToU
HAEKTPOUXYVNTLKOU
Yoxnpou TTUPNVLKOU

—y 2.5MeV e
GUVOAO O pawopevov NAEKTPOVIO

0]
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[EWUETPLX EVOC XVLXVELTN




O ATAAX: 1€paoTIOC Kol TOAVTAD K e

Hadronic Tile
Calorimeters

Forward LAr
Calorimeters

Hadronic LAr End Cap Ta. COSPMlBOHSTPOC,

Calorimeters 14



Towers in Sampling 3
ApxAN = 0.0245>0.05

/L ﬁ\/; ' .
WO rOG s S
P e

r

‘p: 0_0245




BxoLlkec ANNNAETTLOPXOELC

OL dLapopec ’xAANAENLdOpaONC TOV
CWHOTLOLOV HE TO LALKO (THNHX TOU

QVLXVEUTH N GANO) Aﬁ\%
NXPXYWYN OEVTEPEVLOVTOC TWHATLOLOV _
e

lovTLopOC ,

Bremstrahlung O
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[LXTL TTpOCOpOLWON ?

[l V& OXEOLXOOVLJE
TOUC XVLXVEUTEC

[LX VX ETOLUXXOOLE
TLC peBodouc
XVOKXTXOKELNC

[l V& KKTOAKBOUL-
HE TOV XVLXVEUTH
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YTTXPXEL XTTAN Avon ?

ApPKEL N HEON TLUN TNC XTTOBEONC EVEPYELXC
(TT.X.) ?
X HEPLKEC XTTAEC epevveC, Na

[l TTOAAEC (TLC TTEPLOOTEPEC) XPELXTETAL OAN N
ELKOVKX

YTTXPXEL KATXVOUN TLHWV
[Mov eV ELVAL TTKVTX CUHHETPLKN N KTTAN

Ol OUPEC TWV KATAVOHWYV UTTOPOLV VX TTXLEOLV HEYKAO
pOAO

MeE TTOLO OPOAPX EEPETE TNV THOE EVEPYELK?
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AvaAuon dsdouevwyv
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Tepapxeta Aedopevwy (Data)

OT1 KaTeypaywayv ol

~2 MB/event
avixveuteg (DAQ)
AvaouykpoTtnénoa
~100 kB/event TTANPOPOpIa
2 UJTTEPOO AT

~10 kB/event
yia TNV avaAuon

Classification

~1 kB/event information

Detector digitisation
109 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
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L]
iwe Distribution of Comnutina Services

Ta veo ogooueva Oa
Summary of Con neyaiovoov 15 PetaBytes 'ng iy IO
vpnves’cores

All experiments -
KUOE YPOVO — NE OVO UVTLYPUOU,
From LCG TDR € June 2Uuo P H Tpao
CERN

All Tier-1s  All Tier-
56 61

CPU (MSPECint2000s)

Disk (PetaBytes) 19
Tape (PetaBytes) 18 35 D
~——
CPU Disk Tape
CERN
18%
P O
43%

MSPECint = 106

MeYor0 TOGMGTO TOV VTOAOYLGTOV KOL
OLOKMV VUL OL0.OEOOUEV y
o€ 120 vTOAOYIOTIKO KEVTPO.



Auon : To MAeypa (Grid)

«  Xpnoponoovue to ITAeyua vo evidGovue Touc
VTTOAOYIGTIKOVG TOPOLE TMV VOTITOVTMV AVA TOV KOGLLO

To World Wide Web mapéyet anin
npocPoaon oe TANpoYopiec mov gival
amoONKEVUEVEG GE TOALG EKATOLUVPLO,
OLOLPOPETIKEC YEOYPUPIKES TOTOOETTES

The Grid ewvou po vrodoun mTov
TOPEYEL AOLAAEITTN TPOGPaGT GE
VTTOAOYIGTIKN 16XV KOl YOPNTIKOTNTO
ao0NKEVLGNC OEOOUEV®V
KOTOVEUNUEVT) GE OAN TNV VENAL0

CERN — November 2006




NMwg douAgun 10 MNMAeypa (Grid) ‘

 Baagiletal o€ €IOIKEUPEVO
AOYIOUIKO, TO AEYOUEVO MECO- S Epappoyn
Aoyiopiko (middleware). /
 H10ea Tou Middleware €ival va

Bpel auTOouATA TA OTOIXEIA TTOU -
XpeladeTal o/n EpEUVNTNG, KAl TO W e«
UTTOAOYIOTIKO OUVOMIKO va T
ETTECEPYOAOTEL

« Middleware ecicopoTrel 10 T SONTISM g
(POPTIO O€ DIAPOPOUS TTOPOUG outcres s oy o

KAl EyKATOOTAOEIC. XeEIpICETAl AvkTio
ETTIONG AC@AAEIN, AOYIOTIKN,

TTITNPENCN KAl TTOAAQ OAAQ.

CERN — November 2006




G

Enabling Grids for E-sciencE
MNMepiooTepeg atro 20 eQaApPHOYES O 7 TOMEIG

duoikn YynAwv Evepyelwyv (Pilot domain)

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

BiotrAnpo@opikr (Bioinformatics)

latpikn ateikévion (Medical imaging)
[ewemmioTNUES

[eW-ETTIOKOTTNON
duoikn Zrepeag 'nc? (Solid Earth Physics)

YdpoAoyia

KAipa
YTroAoyIoTIK XnuEia
Fusion

AoTpovouia
Cosmic microwave background
Gamma ray astronomy
[[ew@uOIKN
Industrial applications
EGEE-II INFSO-RI-031688

Epapuoyeg
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iLCG. Grid Activity

=  Continuing increase in usage of the EGEE and OSG grids
=  All sites reporting accounting data (CERN, Tier-1, -2, -3)

= TIncrease in past 17 months - 5 X number of jobs M |hcb
- 3.5 X cpu usage mcms

LHC Jobs Run (millions) LHC CPU Usage W atlas

4 (M SI2K-days) alice

400

100K jobs/day —>| =

Enabling Grids
for E-sciencE — | - T
T T Y B - B O T T T T T S S - B B e T T S L L SO L
S P TS9P OSSOSO oS R A O A — A = A O =TT~ i )
T T - L T S N - - L T T
2 ® S 2 S 0 2 % 9 8 0 8 &m® 5 2 S O Qg:::wao@ew:sﬁg:::m
</> TERTELR@EaRREEWERT ER <SS Iwo0zeSwusETsS "0
Open Science Grid 28 les.robertson@cern.ch



O1 puoikol TTpoypapaTi{ouV

OAN N XVXALON PETPNOEWV YLVETXL PE
DTTOAOYLOTEC

OL puvoikol YE xpnotlpoTtroLrovv
ELOLKEVHEVH TTPOYPOXHHATX

MepLKOL YPX@POULV HEYXAEC POUTLVEC
(routines/Fortran, methods/C++)

OL TTLO TTOAAOL KXVOULV ULKPEC POUTLVEC, YLK
TLC OLKEC TOUC XVXYKEC
OAoOL Ox XpOLONUOTTOLOLW TX ‘EPYRAELX’
VX OOULV TLC TTEPLANYPELC TWV PETPNOEWV
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@  September 2007 - CPU Usage

: LCG

RN CERN, Tier-1s, Tier-2s

CPU Usage - September 2007

Tier-2s
45%

Tier-1s
42%

= >80% of CPU Usage is external to CERN

N/
last update 7/10/08 23:46
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;ic; LCG depends on two major science
" grid infrastructures ...

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

o CGCC

Enabling Grids
forE-sciencE

=

A map of the worldwide LCG infrastructure operated by EGEE and OSG.



iw; The Worldwide LHC Computing Grid

The LHC physics data analysis servire distributed across the world
= CERN, 11 large Tier-1 centres,
~ 140 active Tier-2 centres

Status in May 2007

= 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 7/10/08 23:46



last update 7/10/08 23:46

Data Organisation

MC Data Comparison Real Data

A GenParticles Particles
MCParticles
g ProtoParticles
ks
g MCHits Tracks
S
=
Clusters
MCDigits Digits
(Raw data)
Processing

| ATRSBTBNEKIFEGGF10 /

IDNIDDA DM \A Al Al A

X/
3



Backup

More on simulation



Geant4 geometry: what it ¢

Describes a Detector
! Hierarchy of volumes

¥ Many volumes repeat
I Volume & sub-tree

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

I Import detectors from * Locates a point
CAD systems 1 Computes a step
! Linear intersection

27 louviou 2008 |. ATTooTOAOKNG 36



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 |. ATTooTOAQKNG 37




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 |. ATTooTOAQKNG 38



Shower .

profile = -

1 GeV il - e I

electron R | g

in H20
G4,

Data _ ol I
G3 o :":_ . T |

Good Pty
agreement - S

seen with ; o T

the data
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Antiproton annihilation - CHIPS Model

Antiproton annihilation on 38U nucleus

[e) | | I I | I | I I I | I | I I I | I | I I
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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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X-Ray Surveys of Asteroids
and Moons

1000.00F " T L B B
- 100.00F
:Cj 1000
¢ MOE S ITS3.0, EGS4 -
Courtesy SOHO EIT _ <><> ]
- N Geant4 I
: .. i i 1
Induced X-ray line emission: Mog” Ik
indicator of target composition o C, N, O line emissions included
0.01L ] T T S T N NS TR S AR S
(~100 wm surface layer) : 2 i 0 w0
Z

-esa

=m_lsE=SEI
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ESA Space Environment &
Effects Analysis Section
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High Energy K,pi on Al, Au

Au1q)

(1/N,) dNKy

LERELELALLL |

2
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Rapidity y
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event filter
detector (selection &

econstruction
-n: /-
- B>

processed
data

HEP Processing stages and datasets
o Event Summary

- “
Data (ESD)
- II N
data
batch ﬁm
physics
\ event anaIyS|s Bﬁﬂ ﬂw
econstructio

AnaIyS|s Object Data (AOD)
ﬁﬂ ﬂ N (extracted by physics topic)

event 7
simulation
D * |nd|V|duaI T ﬁﬂ!ﬁ ﬁﬁﬁ ‘ \j Z N
o physics ] K A ﬂﬂ
o analysis !'., A Q ﬁh Q
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CERN Centre Capacity Requirements for all

Estimated Mass Storage at CERN Estimated DISK Capacity at CERN
7000
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120 - /
w 100 - 00 Ot .
) therxperimgnits
il
a 80 Other y 40
© B . >
E 60 experiments : 3000
40 r /
LHC 2000
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0 \ T =7 [ B \ T T T T 1000
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ape — Other experin%
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1,000
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Event Data

Complex data models
~500 structure types

4 RAW ESD AOD ) // \\\ References to describe
| __AOD relationships between
U T event objects
Ep— T - Event unidirectional
ven ven — Need to support
Event transparent navigation
’S-_Z./ Phys Need ultimate
Raw resolution on selected
v events
Wcj’%alo A{\/yTrk need to run
e S ' |- ) specialised algorithms
i : - / work interactivel
\_ Collaboration Data J Private vely
N / Not affordable if
uncontrolled
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HEP Metadata - Event Collections

/Run Catalogue e
Physics : Run A
21437  Event 1
MC:B->T LI Event 2
MC: B -> J/¥ (u* ) e | v.¥...
e, EVENEN. T

Collection

Catalogue | |
> '
s 1 )
Candidates "L
| Tag1 |5 | 0.3 ] .o
\ Tag2 |2 | 1.2 1 .-
TagM 8 @ 3.°
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Detector Conditions Data

A
Reflects changes in Version
state of the detector
with time . i Time
Event Data cannot be VDETaliguaent =] = 7
c alibrationé > Z 7 ’ >
reconstructed or e | =9
analyzed without it ioe 7/ b5 7K © 1l
Tagging
Ability to extract slices :
of data required to run Version Tag1 definition
with job
Long life-time J ———
— @ —@——F——o
>
Time
27 louviou 2008March 13 I. AtootoAakngGGF10 / PNPA — RG Workshop —J
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A Multi-Tier Computing Model

Tier O
(Experiment Host lab)

(Main
Regional
Centres)

Tier2

_———————
- ~
- ~o

Tler"3 . Tle.

Tier 3 o Y
Desktop U =
Manager View User View
27 louviou 2008March 13 I. ATrooToAakngGGF10 / PNPA — RG Workshop —J 49

2004 Harvey

// ‘f'eglonﬂl ' ni a \\\
Lab @ B



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

27 louviou 2008March 13 I. AtootoAakngGGF10 / PNPA — RG Workshop —J 50
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Visualization

Much functionality is
implemented

Several drivers:

OpenGL, VRML, Open Inventor4
Opacs, DAWN renderer (G4)

Also choice of User Interfacesg

Terminal (text) or

GUI: Momo (G4), OPACS

Editors for geometry, EM physics
code generation

27 louviou 2008 |. ATTooTOAQKNG 51



S

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’).

One area: Tracking

27 louviou 2008 |. ATTooTOAQKNG 52



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’).

27 louviou 2008 |. ATTooTOAQKNG 53



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 .

27 louviou 2008 |. ATTooTOAQKNG 54



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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PoWO4 e- 5 GeV G4-G3 comparison
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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
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Multiple scattering model

A new model for multiple scattering based on the
Lewis theory is implemented

since public p 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

»

15.7 MeV e- | 18.66 mg/cm2 gold

scattering .- S
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figure ]
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