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e Present the control
LHC machine

e Give an overview of thé LHC Controls
Infrastructure

@ Propose links to further ICALEPCS’07
presentations
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Relativity

e “When you sit with a nice girl for two-hours, yoL
think it's only a mlnutef-* ut when you sit on a hot
stove for a minute, you tl _,-
That's relativity” | vert Einstein

e Hence the title “LLHC controls “shortly” before
peam injection” for us means:

m a few months before LHC Beam Commissioning
m 9 months after start of LHC Hardware Commissioning
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e | HC controls infrastructure: =

" e Technical Solutions to the LHC challenées
e Results

e Summary
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The LHC Controls In T

e Based on the classical 3-tier mbd“eli

The CERN accelerator complex:
» The LHC Controls injectors and transfer
Infrastructure is a neyw - 4
software and hardware
architecture built with
the experience of
controlling the CERN
injector chain
» Level of effort; 300 my, IREEEE Nt

21 MSFR Bk = AT
lons \
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The 3-tier LHC Controls Infr_:_as

GENERAL
PURPOSE
NETWORK

OPERATOR FIXED OPERATOR
CONSOLES DISPLAYS CONSOLES

TCPAP communcabion Senices

FILE SERVER APPLICATION SERVER
LE SERVERS LICATION SERVERS SCADA SERVERS

CPAP communication Senices
TIMING GENERATION

RT Lynw/OS WORLDFIP * ? * *
T

VME FRONT ENDS Front Ends PLCS

TCRARP comaunicalion Sennces
+' ' 1 % . |
T

BEAM POSITION MONITORS, QUENCH PROTECTION AGENTS,
BEAM LOSS MONITORS, POWER CONVERTERS FUNCTIONS
BEAM INTERLOCKS, GENERATORS. CRYD TEMPERATURE
RF SYSTEMS, ETC. SENSORS

ACTUATORS AND SENSORS
CRYOGENICS, VACUUM, ETC

LHC MACHINE
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The Res ourcé Tier

o VME crates dealing with high
performance acquisitions and real-
time processing

m e.g. the LHC beam instrumentation
and the LHC beam interlock systems
use VME front-ends

» PC based gateways interfacing systems where a large quantity of

identical equipment is controlled through fieldbuses
» e.g. LHC power converters and LHC Quench Protection System
»  Programmable Logic Controllers (PLCs) driving various sorts of
industrials actuators and sensors for systems
» e.g. LHC Cryogenics systems or the LHC vacuum system.
»  Supported FieldBuses for local connections
» e.9. Mil1553, WorldFIP, Profibus
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The Middle Tier

=

e Application servers hosting the software
required to operate the LHC beams and
running the Supervisory Control and
Data Acquisition (SCADA) systems

— HP ProLiant dual CPU with 3Gbyte RAM
running LINUX

— Dual hot pluggabie RAID-1 system disks
— Redundant dual hot piuggable power
suppiies.

e Data servers containing the LHC layout and the controls configuration
as well as all the machine settings needed to operate the machine or to
diagnose machine behaviors.

» File servers containing the operational applications

e Central timing which provides the cycling information of the whole
complex of machines involved in the production of the LHC beam and
the timestamp reference
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e At the control room level, consoles
running the Graphical User Interfaces
(GUI) will allow machine operators to
control and optimize the LHC beams
and to supervise the state of key
industrial systems.

e Dedicated fixed displays will also provide real-time summaries of key
machine parameters

e Operational consoles specifications :
m PCs with 2 Gbyte RAM running either LINUX or WINDOWS
m One PC, one keyboard, one mouse, and up to 3 screens

m Console capable of running any type of GUI software for LHC (and PS
and SPS) such as JAVA, WEB, SCADA or X-MOTIF.
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Communica i

g

ol ol =0

Trusted Application
Gateways

]

— " Office development PC

CERN Firewall CERN Public Galeways
Connection to Internet (LXPLUS, CERNTS)

=
( INTERNET

=1 Home or remo
- lome or remo
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ommumca TOIE_
T

“Trusted Application
Gateways

]

— " Office development PC

@ General Purp0$e __CERN Firewal CERN Pufg_.c:i;::—,.,ﬂ-s
Network (GPN) Lol =y
m For office, mail e -

www, development

WA e el ( INTERNET i
= No formal connection e .

r QStr ]Ctiﬁns J Home or remote PC
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® G eneral Purp ose _ CERNFirewall CERN P%TE’-E?‘:M:?E
Nemgrk (GPN) Lonnectiaon o inlemet \ a3, L a)

m For office, mail,
www, development

m No formal connection
restrictions

e Technical Network (TN)

m For operational equipment
m Formal connection and access restrictions
m Limited services available
(e.g. no mail server, no external web browsing)
m Authorization based on MAC addresses
m Network monitored by CERN IT Department
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e |LHC controls infrastructure

" e Technical Solutions to the LHC challenées
e Results

e Summary

15 Oct 2007 ICALEPCS'OY - P.Charrue - CERN i}









1

|

u“v

.l"

f;*'b A é
hu_r-

The energy of one shot (5 kg) at 800 km/hour corresponds to the energy
stored in one bunch at 7 TeV.

There are 2808 bunches.

Factor 200 compared to HERA, TEVATRON and SPS. ™ R —




Energy stored 1n th

AirBus A380

T " AT an £ = S VUNIT
corresponds to the energy sto A*”M
LHC magnet system* "

Kinetic Energy
- One bunch out of 2608 carries the equivalent of a !
travelling at 800 km/h*

« 1 small aircraft carrier of 104 tons going 30 km/h
« 450 automobiles of 2 tons going 100 km/h**

Thermal Energy™**
* melt 500 kg of copper
* raise 1 cubic meter of water 85°C: *

Chemical Energy™*
* 80 kg of TNT

*Riidiger Schmidt MAC 9 December 2005
**Mike Harrison HCP2006







The LHC Challenges (3/3

LHC cryogenics overview

Surface

Underground

Ring

3.3 km

Long Straight Section

'\_,56 \ / {SS
Alcove Alcove

| Std. cell 107 m |
-4 -

IP

_[‘J,-- C L T T 1T 1T 1 | Magrlels

—— A ] s | ICI“Dl ) f |_
LHC tunnel (27 km) > . QRL (Transfer line)

",

Service Module

The LHC is the first superconducting accelerator built at CERN

m 4 |large scale cryoplants with 1.8 K refrigeration capability




~ @ Technical Solutios to the LHC challenges
e Results

e Summary

15 Oct 2007 ICALEPCS'OY - P.Charrue - CERN 245



Technical solutions (1/3)*

WPPB38

e Network secuntK’I(CNIC -.-rn_:-.d«:;_;,. nt acce
control (RBAC, Machine ( al Settings)

® S?ecmc tools for the monltorln_ ] of the contro
Infrastructure
m LASER: general alarm system
= TIM: monitoring of technical infrastructure

= DIAMON (in development): monitoring and
diagnostics of controls infrastructure

e Post mortem data storage and analysisjIZ3=¢)
e Logging system
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TPPA04

Security : RBAC l - TPPA12 ™

WPPB08 «

e Implement a ‘role-based’ 2 ws* 0€q iR ent
In the communication infrastruc
e Depending on WiHICH action is m:
Is making the call, from WHERE the call IS

Issued and WHEN it 1Is executed, the access
will be granted or denied

e This allows for filtering, for control and for
traceability on the settings modifications to the
equipment
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Technical solutions ( 2/3)

e Integrated suite oy
applications LSA (L e-;..; Softwar
Application)

WOPAO4|
e FESA framework for front-end computers

- @ UNICOS framework for industrial controls
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WOPAO3
' RPPBO05

J IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII .
® Laye red ; LSA Client API

LSA CORE

(Settings, Trim, Trim History, Generation,

® Distributed ; Optics, Exploitation, Fidel) é
sapc || DataAccess Object (DAO)
I arcowwnon | spingioec |

CORBA lIOP
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UNICOS Framework

SCADA Data Servers Local & Central

Control Rooms

Ethernet (TN)

Protected

{ _____________________________________

15 Oct 2007

Arcas :). |||i:. ;‘ .

PLCs
UNICOS

Profibus DP

H i |Il}!: i RadTol electronics | ‘ |
o | —
. B R KR

------------------------------------- LHC Tunnel (3.3 Km)
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Technical solutions (3/3 r“”

e Specific hardware develo pments ( ig|
levels) for machine prot clior [~

e | HC Software Interlocks Sysjgm e
e Fully integrated asset, layout, conflgur"?"-
database system RPPAO3

WPPBO02

e Extension to the Injector timing system Jies
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e LHC controls infrastructure

e Technical Solutions to the LHC challenges
e Results

e Summary
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LHC sector 7-8 : Successful cooldown

* The Cryogenics
controls system
has been a great
aid to the
operations to
achieve this first
cooldown
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m well working logging system
m SPS at 450 GeV (some 10413 protons)

21000

1072504 18300 102504 19:00 1052504 20000 10725/04 21:00 1072504 22:00 102504 23:00 1052604 0:00

Conclusion : MSE current appears to be ~2.5% low at extraction
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Tracking between the three main circuits of sector 78
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Tracking between the three main circuits of sector 78
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LHC Hardware Co
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Hardware Comir
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Hardware Comn

e Hew Sequencer v2 Workbench {operaior: dan)
Fle Sequence Yiew Aulhentication
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V_MEAS (floatal) > 0.0 04108238
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General Schedule up to date — 03 August 2007

; | 12 23 34 45 56 6" g 81
| | L a l : : ! —_ i 4 Mar.
\ | | I el 1 |1 1 |- ] =
e W W . rE S Apr.| . == E— = 3 | = - Apr.
" i ] ' ' i == =4 = T
F—1 1 i
i | =
! I
=

o LHC Transfer LinesiSietes = ut_N__%

the coming weeks BE

e LHC Hardware Commissioning in the coming
months, with massive parallelism early 2008

e First LHC beam commissioning for summer
2008
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e LHC controls infrastructure

~ o Controls Answers to the challenges
e Results

e Summary
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Summary

e \We have addressed the LH
appropriate solutions have b

e The LHC infrastructure has been d almost
completely on previous milestones ( LEIR, TI2/€
Transfer Lines, CNGS, SPS, LHC WC)

m we are confident that we can meet the LHC challenges

e Part of the enormous human resource effort invested

for LHC comes from international collaborations

s Their contribution is highly appreciated
m Looking forward to more fruitful collaborations

e \We have scheduled our efforts for the 450 GeV
engineering run in November 2007

= We are now ready and eager to see beam in the LHC
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