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Conseil Européen pour la Recherche Nucléaire
World largest Particle Physics Laboratory (1954)

Yearly Budget Personnel
~1100 MCHF (~ 9goo MEUR)

2300  Staff

Experiments financed 730 Fellows &

externally. Associates

200 Students

11000 Users from
500 universities

2000 External
companies

21 Member Countries

Austria, Belgium, Bulgaria, Check Republic, Denmark, EU, USA, Russia, India, Japan, Turkey, UNESCO

Finland, France, Germany, Greece, ltalia, Israel, Hungary,
Holland, Norway, Poland, Portugal, Slovakia, Spain,
Sweden, Switzerland, UK. Romania and Serbia
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The Mission of CERN

= Push forward the frontiers of knowledge

e.g. the secrets of the Big Bang ...what was the matter

like within the first moments of the Universe’s
existence?

= Develop new technologies for accelerators
and detectors

Information technology - the Web and the GRID
Medicine - diagnosis and therapy

" Train the scientists and the engineers of
tomorrow

= Unite people from different countries and
cultures
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Understand the very first moments of our Universe after the
Big Bang

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation

Fluctuations

LHC

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years
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Complete the Standard Model
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The Primordial State _ ZiRmafletec ;
of Matter ¢ ;

The Higgs Boson

Matter-Antimatter
Asymmetry

Dark Matter
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The “Tools” of CERN

1. Accelerators: Machines capable
of accelerating particles to high
energies and make them collision.
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2. Detectors: Huge instruments
which record the traces of the
particules

3. Computers: Store, distribute and
analyze huge amounts of data
produced by the detectors
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Basic elements in an
accelerator

RADIOFREQUENCY CAVITY

\I\\ / )

WARRN

EEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEE



The CERN Accelerator Complex
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LHC accelerator

World Largest accelerator

27km length
100m underground

Thousands of
Superconducting
magnets

(1.8 x 109 km of
superconducting
filaments)

Ultra vacuum:
10x less the moon
vacuum

(1013 atm)

Coldest placein
Universe:

-271°C




The LHC Major Projects

bl

Magnets and magnet componen g,

Superconductors
Electrotechnical equipment
Power converters
Cryogenics

* 4+ % 0 ) &

Vacuum
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LHC Detectors
Huge and sophisticated

100m underground lj P N
s » /'/’:;I/ Q'.‘»v‘.- ' \ ’

science cathedrals

600 millions of

detected collisions/s |
by cents of millions of v
Sensors.

Thousands of
collaborators.
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Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000




Nobel Prize for F.Engler & P.Higgs
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L HC data

100 interesting collisions/second

1 Mbyte of data/collision ‘ -
Storage speed 30Km
of 0.1 Gbytes/sec Goncorde

15 Km

e 10%° stored collisions/year A f”’ R——

by experiment - -, 1year LHCdata
~20Km

15 Petabytes/year of new data

Mt Blanc

* CERN computing center: 4.8 km

&

*More than 5ooo PCs.

eStore capacity over 4-5 PB

i Only a fraction of the needed storage capacity!
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Enabling Grids e _
for E-sciencE 250 sites
48 countries
50,000 CPUs
13 PetaBytes
>5000 USers

>140,000 jobs/day

Archeology
Astronomy
Astrophysics
Civil protection
Chemistry |
Earth Science
Finances
Fusion
Geophysics
High Energy Physics
Multimedia
Materials
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Hi-tech

but also conventional industrial installations

Cooling plants (raw, demineralised water, C;Fg, CsF,,) 150
Pipelines 800 km
Hydrants 800 points
Cooling towers (450 MW) 22

Chilled water plants 6-12 °C (73 MW) 35

Water network with three pumping stations 5400 m3/h

Equivalent to a small town of 45°000

iInhabitants
10% of the water needs of Geneva

@
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Hi-tech

but also conventional industrial installations

Heating, ventilation and air conditioning

Compressed air

km m3/h

Eurotunne 50 540000
I

LHC 27 290000

1’500 units
from 2’000 to 120°'000 m3/h each

14 stations
200 km network
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Hi-tech
but also conventional industrial installations
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Hi-tech but also not so conventional industrial installations :
The Cryogenics

50% of the world’s helium Pt5
liguefaction capacity
g/ Cessy

Echenevax

Point 4

1’800 superconducting
magnets

Crozet

1 ColegxfBoagsy Pt 3

Pt1.8 Pt 1
O Cryogenic plant

@
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Hi-tech but also not so conventional industrial installations :

The Cryogenics

It takes one month to
cool down an LHC

LHC Warm-UP 2013

Few perturbations (EL, CV, controls),

— 35
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Industrial components

« SUPERVISION, Visualization and programmir
+ WInCC OA (PVSS) SCADA (standard)
* Legacy systems: PCVue32, FactoryLink, WinCC

S

UPERVISION

° Labview i
« CONTROL ‘
- SIEMENS, Schneider (standards) gﬁ LT FEW
- NI CompactRIO, PXI "
« Industrial PCs: SIEMENS IPC, Kontron WoarldFiP
* FIELD LAYER =y
* Industrial instrumentation: Sensors, actuators -
_ _ ) o nationat ~ CoDeSys
- Industrial dedicated actuators: Profibus PA positioners INSTROMENTS
* Home made electronics: ELMB, Electronic Signal Conditioners (CRYO) SIEMENS
« COMMUNICATIONS
- Fieldbuses: Profibus, WorldFIP, CAN (standard) REOGEL Sﬁ‘ﬁiﬁtﬁﬂ
- Ethernet based: Profinet, Ethernet/IP JEu
- Home made: White rabbit BE8880 Byss)
— EiroForum
CE/RW ’ f\)./ ‘ ?ﬂ EEEEE (Hamburg), E. Blanco, CERN 22
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Industrial Partneship

cnneaiae VNATIONAI.

AElectric INSTRUMENTS
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Central Support
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Homogeneous Architecture

Services (

: Office computers —
— |
g wrs oA
| - | cernts
S

Single sign-on :
-

WTS or
App gateway

(Monitoring)

DIM/CMW (@7

| | Fieldbus_
ﬁ gé LL SengsLors
Actuators
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LOW PLCs diversity

Siemens PLC
15%
/1990\
1000
Hm SIEMENS PLCs
800 - B Schneider PL 70%
600 -
400 -
Schneider PLC
200 - 22%

O —
Accelerator :

Experimental areas

15%
mS7-200
@S7-300
mS7/-400

B Premium

B Quantum
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Convergence toward WIinCC OA

« ~800 active developers worldwide (1300 ever)
« 130 institutes in 30 countries
110 CERN internal courses

ALICE 100 3
ATLAS 130 12
CMS 90 10
LHCDb 160 10 100
Accelerator 120 10
Complex

...and many smaller systems: Radiation Monitoring, Magnet
Test, etc

EEEEEEEEEEEEEEEEEEEEEEE
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Common Supervision Framework

Application Specific Layer

UNICOS Framework
-

JCOP Framework

Simatic WinCC Open Architecture

Dedicated <«
Cat Servers OPC DA/UA
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EEEEEEEEEEEEEEEEEEEEEEE



LHC :
FESEST 5 | obiect Time
= ~ ™ W RPC: INFRASTRUCTURE 20100812 09:36:1 2]
W RPC: RPC LWL1 2010.05.12 09:36:1 2]

INFRASTRUCTURE RPC Overview 15 AMBH 212010

Sect.5

shift Histograms

Expert Pane!

Sect.16 Sect.A0
| DBk € 0 G

RPC Low Voltage — —Rpc High Voltage—— —Infrastructure

Sect.15 Sect. M

Sect.14 Sect12
Sect13

10:13:08 - RPC FSM Lo for host: ATLRPCSCS: ..

Clearalarms
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UNICOS : to Cover all control layers

« UNICOS is a framework to create control applications

UNICOS CPC: A basic package (Continuous Process Control) to develop
integrated

process control applications.

UCPC Application
package packages
(Cryogenics, (CIET, SURVEY,
Gas,
Ventilation)

ndustrial PC
(FESA)

o o

AAAAAAAAAAAAA
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Objects & Layers Integration

Supervision Layer
OWS

g [l |
Status | Trends | piag | Info
Status Operation Modes Alarms

Pas [
UUUUU il L Start Interlock 5
Limit On 90% | Manual [
Stop Interlack ]
Limit Gff 10% | Forced w
Alarm blat dck -
Local -
Fallsate On/Opened [
Ranges Requests Warnings
Auto T | o crror [~
Range Max. 100% | Merual  [HEEEEEENE] | 1O Simulted -
Range Min 0% | Active (Y | Manusl <= Auto I
ON[™ Digtal Output [~ OFF | Postian Warming -
On /Open | Off | Close | Set Value | Inc.. | Dec. | Limits |
Auto Mode | Manual Mode | Forced Mode | Ack. Alarm | Deselect |

Control Layer

Schneider
i} EIr!*ctri-::

SIEMENS

Field Layer

In the Supervision layer the object presents the relevant
information to the operator and allow manual commands

Human
' / Requests
Information, |
display

Operator

Auto. Requests

N

SCADA
Object

SCADA Object | | HMI

Parameters

Manual Request

Obje(f status

Manual Request

Object logic

Parameters
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Measurement framework

LabVIEW library

C/C++
shared
lib

LabVIEW
Server

SDDS CMW JAPC ODBC
PLC RBAC Oracle
RBAC
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ﬂ: B g | e
a
eted GUI Configuration Documentation
Application files
templates Training

JLECRCRCRE R

LabVIEW
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