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H ypnon tov YNoAoyiotmv

Avokotaockevn (reconstruction)
AUEGOC (online) | APYOTEPA. (offline)

[Ipocopoiwon (simulation)

Avoivon dedoucvov (data analysis)
Meyebn ko 1o TAEyuO (GRID)

Ynoloyiotikee avaykec kot ... GRID
ANAEC EQOPUOYEC TOL TAEYUOTOG
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AVOKOTOGKELY
oTNV TPULN

* Apyilet pe tig Beoelg
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* Aoxipaoval dapopot
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Electromagnetic Calorimeters
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Trackel
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Towers in Sampling 3
A An = 0.0245x0.05
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Boouéc AAMANAETIOPUGELS

O1 otpopec AAANAENIOPAGTC TOV GOUATIOON LE TO
VKO (Tunuo Tov aviyveuTH N 0AAO)

Nopaymyn OEVTEPEVOVTIOC CMUATIOOV

Tovtiouog

Bremstrahlung
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Atlas : Physics Sighatures and Event

Rates
O1 deopec diaotaupovovrtal 40 MHz

Oinelastic = 80 mb

2 &£ KaBe Trepaopa TTOAAEC
ouykpouaei¢ (auouaa peon Tin.
peTOC ~ 2H)

AiagpopeTiKol oToxol, 0 KaBevag He
Th OIKId TOU «UTTOYpd®n»
To Xiykg (Higgs) peoovio
YmepouppeTpia (Supersymmetry)
To ayvwaTo
O1 ouppeTpieg ota B peoovia

To kaBe kavaAl xpeialerai Tnv
TPOCOHOIWaN TOU

ATLAS Barrel Inner Detector
H—bb

Ta evdiapepovTta cuppavra sivai
KAPWITOEC OTA AXUPA OE £vd XWpI0
yioparo otapAouc (~ 1in 105- 10%)
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| ot Tpocopolwon ?

[ va oyeolacovue
TOVC OV VEVTEG

[0 Vo, ETOUAGOVUE TIG
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OLVOKOTOGKELTC
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TOV QVLYVELTN
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Pb-Fe-Si e-68 1012 GeV 100 evts

Ba

Napadsiypa

B0 Fe{23mm)-Si(C.4mm)

OUYKpPIONG =

Evis (MeV)
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OepLudoueTpo o b
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5} 7 8 = 10 11 E(dg\f)
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for e-, e+ and i E
photon 5
3/
Data from Sicapo Col. * _
NIM A332 (85-90) 1993 .
20 :—
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Y moapyel amAn Avon ?

ApKEL M HeGT TIUN TG amo0ECNC EVEPYELNG (TT.Y.) ?
[oa pepkeg amiec epevveg, Nou

[ TOAAEG (TIC TEPLOOTEPES) YPELOLETOL OAT 1 EIKOVAL

Ymopyel Kotovoun Tiumyv
ITov 0ev €val TAVTO GLUUETPIKT 1) OTTAN

O1 0VPEG TOV KATOVOU®V LUTOPOLY VO TTOEOVV LLEYAAO POLO

Me 010 GPUALO EEPETE TNV TAOE EVEPYELO?
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AvaAuon dedopevwyv
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~2 MB/event

~100 kB/event

~10 kB/event

~1 kB/event

25 AuyoucoTtou 2010

Tepapxeia Asdopevwy (Data)

RAW

ESD

AOD

TAG

OT11 KaTeypawayv ol
avixveutes (DAQ)

AvaouykpoTtnénoa
TTANpoPopIa

2 UUTTEPAC AT
yia TNV avaAuon

Classification
information

I. ATToOTOAOKNG

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
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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 o2 OV GT1IC (' 1L C5Ty-it-24



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. Arooroloxns



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 CO‘Laggﬁgfg 'nfsoém?ééon Hosting

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

Instrument

% 3 S E
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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'@ | 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-27



&

Enabling Grids for E-sciencE
Agkadeg epapoOyeES o€ OINPOPOUG TOMEIG
Quoikn YynAwv Evepyeiwv (Pilot domain)
4 mreipapara LHC, DESY, Fermilab
Bioiatpikn (Pilot domain)
BiotrAnpo@opikr] (Bioinformatics)
latpiki amreikévion (Medical imaging)
[[EWETTIOTNUES
[ew-€TTIOKOTTNON
Quaoikn ZTtepeag 'n¢ (Solid Earth Physics)
YdpoAoyia, KAipa
YT1roAoyioTikry Xnueia
Tnen (Fusion)
AoTpovoypia
KoouIKG uttéabpo PMIKPOKUPATWY
AKTIVWV-Y

[[ew@UOIKN
BlounxavikEG EQAPUOYES

EGEE-II INFSO-RI-031688

Epapuoyeg

I. Atootoraxng 28



Wide Area Network
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A

i LCG

Grid Activity

2uvexng aug¢non otn xphon Tou EGEE kai OSG mAeypatwv(grids)
All sites reporting accounting data (CERN, Tier-1, -2, -3)
> uvexng auénon xpnong m.X. 18 pnvec (wg Zem 2007) -em 5 o

ecee

Enabling Grids
for E-sciencE

Open Science Gnd

M [hcb

ap1Bpog Twv jobs kai e 3.5 0 xpovog xphong o ems
LHC Jobs Run (millions) LHC CPU Usage W atlas
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O1 puoikol TpoypapaTi{ouV

OAN 1 AVOALGT] LETPTGEMV YIVETOL LUE
VTTOAOYIGTEG

Ot pvowkotl YE ypnoipuonotovy EL01KevUEVOL
TPOYPOLLLOLTOL

MepiKot Ypapouv UeYAAEC POVTIVEC (routines/Fortran,
methods/C++)

O1 10 TOAAOL KAVOLV WKPEC POVTIVEC, Y10l TIC OUKEC
TOVC OVOLYKEG

OAo1 Ba ¥pOIGNUOTOIOV® TO ‘EPYAAEL VOL OOVV
TIC TEPIANYELC TOV UETPTGEDV
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Backup
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@  September 2007 - CPU Usage

i LCG

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

CPU Usage - September 2007

Tier-2s
45%

Tier-1s
42%

= > 80% of CPU Usage is external to CERN

last update 22/08/2012 10:34 les robertson - cern-it-33
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: LCG

A

The Worldwide LHC Computing Grid

=  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 22/08/2012 10:34 les robertson - cern-it-34



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

25 AuyouaoTou 2010 |. ATrooTOAaKNG 38



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 ]
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B ‘. 4 4 Irnfons Ex 01y ------- 1
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- - 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)

\ K\\\k&k\\k&_

\g\\&\\?\;fesa-=lll==ﬂﬂll

—

Z—

X-Ray Surveys of Asteroids
and Moons

k.—shell Time emission ensrgy (key)

1000,00§ T
10000 E
10,00 E
y ]
1oE g 1TS3.0, EGS4 -
[¢] 7
g :
S Geant4
010 -
E<> ﬂ
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 &
Effects Analysis Section
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HEP Processing stages and datasets

event filter

(selection &
econstruction
-

3 Event Summary
|

Data (ESD)
\ \X batch
; physics Rﬁﬂﬁé@

detector

processed
data

analysis

ﬂ

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

event
econstructio

simulation

event J

25 AuyoucoTtou 2010 I. ATTooToAaKNG



CERN CenTre CapaciTy Requirements Tor all

Estimated Mass Storage at CERN Estimated DISK Capacity at CERN
7000
140
6000
120 - /
100 5000 :
8 OtherQ(perlmﬁqﬁs
a 807 Other p 400 o
£ 60 - experiments } /
2 ;3000
40 - ' /
20 - LHC 2000 / L H C‘
0 T 1 T T T T T T 1000
o0} (o)) o - N ™ < L0 (o} N~ [e0] (e} (@) /
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o)} (@] o o o o o o o o o o 0 T T = T ; T T T T T T
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' C TIAINNN | QA 7MN Q 20 1Q 1) |
processing K | | 25,000 34,000
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: soo 36 48
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+ane T/N o ~~ 20 209
2,000 // LHC
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Event Data

4 - \
RAW ESD AOD |/ aon )
version@g —
Event Event //Even’r
Event / /’//;::::/ v
/ ,/‘
%/Z o Phys
Raw Rec YST | L
> . vills My Trk
Velo || Calo |Coor'd TracksH |Cand| U Y r
~ —= v_ - - V\.\\— ! -
\_ Collaboration Data VAN Private //

25 AuyouoTtou 2010
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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

46



HEP Metadata - Event Collections

‘‘‘‘‘‘‘‘‘‘‘ Run
Gun Catalogue \ -----------

PhySiCS Run____ I e o Data

21437 T Event 1

MC:B->1rTr 5 - B Event 2

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

Collection
Catalogue

B -> 1111 Candidates (Phy) [*4-... . iy
B -> J/V (ut u) Event tag ‘
Candidates - collection Gl I
Tagl |5 | 0.3 . .

\”. / N Tag 2 2 1"' 0“"' "““

TagM' 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 -
| CERN -
(Experiment Host lab) Um ,' Lab m~
J .t'eglonal g
Tier 1
(Main Lab ‘
Regional

Centres)

Tier2 i g v Ylab b~
T B
— - “Uni
Tier 3 al B Y P % Y. .....U'“
ST W T
Desktop Q: o
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

25 AuyouoTtou 2010 I. ATTooToAaKNG 50



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

25 AuyouaoTou 2010 |. ATrooTOAaKNG 51



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").

25 AuyouacTou 2010 |. ATrooTOAOKNG 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’).
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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 .
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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

25 AuyouacTou 2010 |. ATrooTOAaKNG

56



25 AuyouoTou 2010

{(1/ED)dE/dRadI)

{(1/ED)(dE/dRadl)

12

10

"c"l"|"'|"'|"'|"'|"'|

102

10

—

PbWO4 e- 5 GeV

G4-G3 comparison

4

4

6 ] 10 12
longit energy profile (% of E inc)

14

16

18 UHQSD

L= LRAI

0s

1

1.5 Z 25 3
radial energy profile (% of E inc)

I 7 V1INV INJI\NAIN Is

35

4

45 R/Ra dS

\J7



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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