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CERN and the LHC-Grid as an example
for international research projects

Dietrich Liko
Institute for High Energy Physics
Austrian Academy of Sciences
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20 Years ago ...

Austria connects to the Internet
via CERN

Particle physicist in Austria were
happy users who could now
login remotely

Relatively small international
collaborations (few 100 persons)

Computing problem could be S A e Rl B

solved at CERN b
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CERN was already then an exciting place ...

« Evidently for particle physicist ...

« LEP projects were ongoing
« LHC was in preparation

 But also for other persons ....

« Tim Berners Lee makes an invention as
he foresees the communication problems in
the large collaborations which will
construct and operate the LHC

And he was right — without the internet and a new way of international
collaboration LHC would not be reality today ....
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Fundamental Physics Questions

« Why do particles have mass ?
« Quest for the Higgs Boson

« What is Dark Matter ?

« Astronomy has strong evidence for Dark Matter
« Today we assume that the visible matter makes only 4 % of the universe

« Where is antimatter ?
« Can CP Violation explain its evaporation ?

« Are there additional dimensions ?
« Many theories hint at hidden dimensions
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The LHC Computing Challenge

3
Signal/Noise 10" g o7
« Offline 107

Large Data Volume

« High rate * large channel number * 4
experiments

. 15 PetaByte per year
Compute Power

Events/500 MeV for 100 fb-

130 1408
High Level-1 Trigger

(1 MHz)
. Event complexity * Nr of channels * Nr e Tlioh Bandwidth

of users y (1000 Gbit/s)
ATLAS .
Worldwide analysis & funding Jons
. Only 20 % at CERN
« Analysis everywhere H_'gh na:;;;%n;::;
ALICE

Level-1 Rate (Hz)

Grid Technology is for us the solution

Event Size (byte)



WLCG Today
| Tier O; 11 Tier 1s; 61
B Tier 2 federations (121
Tier 2 sites)

vf“' Today we have 49 MoU signatories,

representing 34 countries:

Australia, Austria, Belgium, Brazil, Canada,
China, Czech Rep, Denmark, Estonia,
Finland, France, Germany, Hungary, ltaly,
India, Israel, Japan, Rep. Korea,
Netherlands, Norway, Pakistan, Poland,
Portugal, Romania, Russia, Slovenia, Spain,
Sweden, Switzerland, Taipei, Turkey, UK,
Ukraine, USA.
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WLCG Infrastructure

7 .

« CGEC

Enabling Grids
forE-sclencE

A map of the worldwide LCG infrastructure operated by EGEE and C
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In Austria: Tier-2 for LHC

e Clusters in Vienna
and Innsbruck

e More then 1000
cores

 More then 500 TB

e Supported by the
BMWEF as part of the
AustrianGrid project

BMW_F

Bundesministerium fir Wissenschaft und Forschung
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Jobload to analy the data

No. Jobs/month

* More then 650k Batch
jobs per day

* Will be a million
soon

00000000 - CPU hours/month for WLCG - all
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— current status
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Data transfers

agate Data Movement Frg29-/12/-08 To 03/Q1/10 (leekly)
vouggse Data Transfer Frol

* Tested to 1 Petabyte
per week

N y

4007

Aggregate Data Hov {Bytes)

Start Day of the Heek {(dd/nn} GRIOYIEW

Averaged Throughput from 00 Hrs on 30/03/10 to 14 Hrs on 08/04/10
4 ¥0-wise Data Transfer From CERN-PROD To All T1 Sites
real life data (1 D

At CERN a high load
of the Storage
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In Vienna

* No access to resources at CERN
* \We can copy data from Tier-1 centers

* \We can run our jobs on our and on the other
Tier-2 centers

* A network with high capacity is essential for our
work
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Monitoring of transfer quality

* Regular testing
of connections

» Usually the link
IS not the
problem ...

T1_CH_CERN_Buffer ﬂ I ﬂ | I
T1_DE_KIT_Buffer | | |
T1_ES_PIC_Buffer |

CMS PhEDEX - Transfer Quality
96 Hours from 2010 06-05 00:00 to 2010-06-09 00:00 UTC

12:00 00:00

\‘ !Ii:' I

12:00 00:00
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First physics at CERN
e [ Wt /‘z

LHC in Operation at 7 TeV

Fill: 1005 E: 3500 GeV 30-03-2010 14:37:02

PROTON PHYSICS: STABLE BEAMS

3500 GeV I{B1): 1.54e+10

1.33e+10

Comments 30-03-2010 14:35:55 : BIS status and SMP flags

B1 B2
More than 1h of stable beams! Link Status of Beam Permits | trus | true |
Global Beam Permit | true W true |
Satup Baam | true W true |
Mo black holes TS =8
e (e P true |

Beam Presence
Moveable Devices Allowed In

- P Pa——

High - Energy Collisions at 7 TeV
LHC @ CERN
30.03.2010
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In Austria

* Video allows us top
participate directly

 Also data available on
the same day in
Vienna
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Videomeetings

« 3000 Video meetings
per month

e LHC Controlroom in the
Parlament

Bsterreichische Akademie
der Wissenschaften

LHC: Number of Meetings per month




SHEPHY

o Insfitite of High Energu Phusics .

First publications

2% s dependence
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e First publication in February

« A whole new set of
publications in preparation
for the summer

T

—
2
>
@
Q
=
-~
o
-~

107 10° 10°
\s [GeV]

First CMS Paper on pp data
http://arxiv.org/abs/1002.0621 . The Austrian phyS|C|St can

Accepted Feb 7 for publication in the Journal of High Energy Physics (JHEP)
participate in the quest due

to the grid + Networking
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Future of the LCG grid

« Sustainability

« End of EGEE project
e Creation of National Grid Initiatives

e Technological

« Reduction of Data storage sites

— Closer to HPC community
« Workload Management

— Cloudservices seem much simpler
« We have a AA infrastructure based on x509

— Not mainstream
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LHC is not alone

« HEP has been a leader in needing and
building global collaborations in order to
achieve its goals

It Is no longer unique - many other
sciences now have similar needs

 Life sciences, astrophysics, ESFRI
projects

» Anticipate huge data volumes
 Need global collaborations
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International Projects
geldge

 |In the last years EGEE Project Enabling Grids
: : for E-sciencE
e Austrian Grid

. EGI G

+ PRACE (HPC)

e |tis currently under discussion how to organize and
finance Austrian participation in such activities

« Evidently the availability of the networking is the basis
of such projects ...
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- » The LHC has finally started its operation

- » The LHC grid is supporting the computing

operation on a global scale

> Physicist are happily working on their analysis

> High capacity networking allows the Austrian physicist to pa
n that quest

L WY
i\
V\ \ un middleware serwces we have our own certificates

I5Access to the international computing projects is an
important issue for Austrian Scientists
2 Evidently funding is an issue ....

>Networking is an integral part of the discussion
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