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OverviewOverviewOverviewOverview

Part 1: Part 1: (Stefan)(Stefan)

The gas project in numbersThe gas project in numbersg p jg p j
Which gases do LHC detectors need + Why?Which gases do LHC detectors need + Why?

P t 2P t 2Part 2:  Part 2:  (Fred + Patrick)(Fred + Patrick)

Type of gas systemsType of gas systems
electrical approachelectrical approach
Gas modules explainedGas modules explainedGas modules explainedGas modules explained
Control interfaceControl interface
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Part 1:  LHC Gas SystemsPart 1:  LHC Gas Systemsyy
The LHC gas system project team:The LHC gas system project team:g y p jg y p j

88--9 CERN stuff + 1 fellow9 CERN stuff + 1 fellow
~3 FSU~3 FSU~3 FSU~3 FSU
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Some numbersSome numbersSome numbersSome numbers

Constructed ~ Constructed ~ 230230 gas racksgas racks
+ ~+ ~ 44 electrical control racks44 electrical control racks+ ~ + ~ 44 electrical control racks44 electrical control racks

operateoperate 2424 gas systemsgas systems
had we to take 1m per rack, 
we would get to the
entrance of CERNpp g yg y

in 5 LHC experiments  in 5 LHC experiments  
(+1 inherited gas system, (+1 inherited gas system, 
TRT forward cooling)TRT forward cooling)

~270m
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Chamber typesChamber types

ALICE ATLAS CMS LHCbchamber type ALICE ATLAS 
LUCID

CMS
TOTEM

LHCb
Trigger TOF, MTR TGC, RPC RPC

Tracking TPC, MCH, 
PMD,
TRD(1/2)

MDT, CSC, 
TRT(1/2)

DT, CSC, 
T1, T2

Muon, OT

Light
detection HMPID*, 

TRD(1/2)
TRT(1/2)

production LUCID RICH1production LUCID RICH1, 
RICH2

Cooling TRT CO2 
forwardforward

Inertion N2 + CO2 
purge

N2 
Flushing

* light is converted to electrons via light sensitive cathode 
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Trigger chambersTrigger chambersgggg
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Gas
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Gas
Electron

---------------------------------- ---------------------------------- ----------------------------------

~mm

G d i LHCGas used in LHC
detectors:
• C2H2F4
• SF6

ll t t f t

• SF6
• i-C4H10
• CH4
• C2H6 • small structure = fast

• highly quenching gas = quickly ready for new particles 
• C2H6
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Tracking (drift) chambersTracking (drift) chambers
Gas
Electron (- charge)

MWPC 
Multi Wire Proportional Chamber

(+  charge )~ cm to meter
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• large structure = slow
• precise drift properties = very accurate track reconstruction

Distance =  Drift-velocity * time
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Light production: Cherenkov effectLight production: Cherenkov effectLight production: Cherenkov effectLight production: Cherenkov effect
Charged particlea charged particle with a speed

larger than the speed of light

Mirror

larger than the speed of light
in the medium emits Cherenkov 
photons under the angle θ

Cherenkov photons
θ

Cherenkov angle:

θ
c

cos    = θ ____
n . v

n... refractive index

Photon detector
v... velocity of particle
c... speed of light
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Transition radiationTransition radiationTransition radiationTransition radiation

Photons with 
keV energieskeV energies

• High Z material needed to detect photons:   Xenon, Krypton
• only particle with highly relativistic speeds emit transition radiation 

Electron identifier! because electrons are always relativistic due to their y
small mass. 
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Chamber Gasses for LHC gas detectorsChamber Gasses for LHC gas detectors

chamber type

Trigger C2H2F4, i-C4H10, n-C5H12, SF6, CO2

Tracking Ar, Ne, Xe, CO2, N2, O2, CF4, CH4

detection Xenon
Light

Xenon
production C4F10, CF4, CO2

Cooling CO2Cooling CO2

Inertion N2, CO2

•flammable gasses
•noble gasses

• expensive gasses
• outrageously expensive gas
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end of Part 1.....end of Part 1.....
Questions ?Questions ?Questions ?Questions ?



GAS GROUPGAS GROUP



Gas systemGas system
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PHPH -- DTDT -- DIDIPH  PH  -- DTDT -- DIDI

Conception and fabricationConception and fabrication
OfOf

24 gas s stems24 gas s stems24 gas systems24 gas systems
for thefor the

5 experiments5 experiments5 experiments5 experiments
of theof the

LHCLHCLHC LHC 
Atlas, Alice, CMS, TOTEM, LHCbAtlas, Alice, CMS, TOTEM, LHCb



3 types of gas systemyp g y

Single pass

Close loop system

A mixture of the two types



SINGLE PASS SYSTEMSINGLE PASS SYSTEM
Gas system schematics

Mixer

A l i 61
to chambers

Analysis

62

Exhaust 
Throw ventilation



CLOSE LOOP SYSTEMCLOSE LOOP SYSTEM
Gas system schematics

Mixer
Closed gas is exhausted     (open loop) 
Open   gas is re-circulated (closed loop)

Exhaust

Analysis
61

62
63

64

to chambers

Purifier Analysis
(temp) 64

65
66

67
68

69

Purifier

69
70

Buffer Pump 



MIXTURE OF THE TWO TYPESMIXTURE OF THE TWO TYPES
Gas system schematics

Liquid
Buffer Mixer

61
62

63
64

to chambers

Exhaust
Gas Recuperation 64

65
66

67
68

Recuperation
(-40°C)

Pump Purifier





ATLAS  RPCControl rack

Power supply
24Vdc 100A

Protection
Distribution 
24Vdc 100A

PLC Control

Mixer

Exhaust

Humidifier

Purifier Exhaust

Mixer

Purifier

Purifier Humidifier

Exhaust



44 Control racks
240 / 400 Vac 

Distribution and 
current protection

Switch

30 mA Protection of 
persons and property

230 MCBS Smissline

BUS BARS ABB SmisslineBUS BARS ABB Smissline
4 bars of potency

3 Ph + N
A dAnd

2 Bars aux



Safety Very low tension

280 MCBS 
24 Vdc 150A
ESS20ESS20
Version CERN

400 Fuses 
18 Vdc 
ELMB

2U 88mm
27 circuits



Control Chassis

Ethernet TCP/IP

24 Web-Mas 28 PLC

Profibus DPCanbus

24 Web Mas 28 PLC

Profibus DP / PA



200 racks gas 200 racks and 200 Chassis
Ex

Exia
Ex m

Ex e

100 DMFC100 DMFC
Digital Mass Flow 

Control

Exia

Zone 2Zone 2
ATEX

Ex
600 Pressure
Transmitters



Mixer



Mixer
MixtureMixture

1 gas
2 gas
3 gas

Ar
N2

CF4

CH4

IC4H10

SF63 gas
4 gas 

CF4

CO2

C2H2F4

SF6

Xe
Ne

Evaporation
1 liquid

C HC5H12

C4F10

H2O  eau ! Oups 40g/h

Flow
100 l/h
17 m3/h

Pressure
50 mbar
2.1 bar



Distribution



73 distributions racks in LHC 

1 rack 1 channel TPC - RICHS

Pressure 1mbar     Flow 11m3/h

1 rack 108 channels

Pressure 1mbar     Flow 11m /h

1 rack 108 channels

Pressure 1mbar     Flow 16m3/h

Flow cells Flows 1.5l/h  600l/h

988 Cells  max per system



WebMas - ELMB Flow
Measurement Systemgas Measurement System

CAN Bus (CANOpen)

Pt100

ATLAS 1190 
cel 

Ethernet 
(TCP/IP 
Modbus)

WebMas 
(Selectron 
CPU 852)

ALICE  310 cel.
CMS 1744 cel. 
TOTEM 80 cel
LHCb 456 l Modbus) CPU 852)LHCb 456 cel

3780 flow cells
188 ELMB 

cards
120 supplies 

cards 20 WebMas 73 racks



Pump



PUMP Rack

3 Types
Membranes pump
Pistons pump  (without grease)
Turbo pump



MEMBRANE PUMPMEMBRANE PUMP

80%     Membranes pump

Pressure  -100 mbar / +2 Bar

Flow 9m3/h 16 m3/hFlow        9m3/h - 16 m3/h



TURBO PUMP
Pressure  1.9 bar / +2.15 Bar

Flow 230 m3/hFlow        230 m /h

Rotation Speed 50000 tr/min



PISTONS PUMP

Pressure  0 bar  / +7 bar

Flow         16 m3/h



PURIFIER

Traps     H2O  +  O2

l l ( Å) d bMolecular sieve  (5Å) adsorbing water vapor  
Cupper adsorbing oxygen 
Ni adsorbing oxygen (water vapor)

20ºC     300ºC



TOOLS via PVSS
Gas system

G.C.S.
G C t l S tGaz Control System



TOOLS  for  GCS



GCS



GCS



CMS 
ATLAS S
TGC 

ATLAS 
TGC 



ANALYSIS


