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O tlineOutline

• Spiral2 cryogenic installation
Cryogenic design• Cryogenic design

• Control system
• Preliminary cryogenic tests
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SPIRAL2 Accelerator

• Some characteristics :
E =40Mev, I=5mA, Particles: Protons-Deuterons, Total length: 65 m (without HE lines), 12 
QWR (12 cryomodules), 14 QWR (7 cryomodules), Room Temperature Q-poles, 30 Solid 
State RF amplifiers (10 & 20 KW)
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Cryogenic installation flow y g
scheme
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Cryogenic Planty g
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LINAC Transfer Line

Total Length : 65m
Length : 2m

Cryomodule A
Number : 12
CEA SACLAY

Cryomodule B
Number : 7
IPN ORSAY Beam direction 
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Cryogenic DesignC yoge c es g

Cryomodule cooling system

Liquid helium line 4.3K (in red)
Depending of the working mode, FCV1 
or FCV2 control the cryomodule liquid 

Gas helium line (in green)
The return gas goes back to the

y
filling.

Thermal shield circuit 60K (in blue)

The return gas goes back to the 
liquefier through FCV5

( )
Cryomodule inlet through FCV10 with 
control of outlet temperature. 
Gas outlet through FV11
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Control system

Working modes

Cooldown
Used to control the cooling of the 
system from room temperature to

Normal operation
When the system is in cryogenic stable

system from room temperature to 
cryogenic stable temperature.

Stand by mode
To keep the cavities below 50K with a limited 

When the system is in cryogenic stable 
operation with or without RF power.

Heating
To reheat the system to room temperature

p
helium consumption.

Security mode
When something goes wrong the system switch 
to this mode
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Cryogenic safetyCryogenic safety

Safety components
All cold circuits are protected by 2 p y
components :

» One relief valve
» One burst disk» One burst disk

Nominal 
Pressure

Relief valve

Pressure

BursBurst Disk

4.3K circuit 1.02 bara 0.49 barg 0.75 barg
60K circuit 15 bara 17 barg 19 barg

Mehdi SOULI, 22th-26th September 2008Cryogenics Operations 2008, CERN, 
Geneva, Switzerland

9

Vacuum vacuum 0.3 barg



Th l l dThermal loads

Element (Number)
T= 4.3 K (W) T=60K

(W)Element (Number) (W)
Static Dynamic

Cryomodules A (12), Cavity (12), Coupler (12) 7 10 40

Cryomodules B (8), Cavity (16), Coupler(16) 11 20 60

Valve boxes (20) 7 - 20

Transfer lines (1) 15 - 60

Liquefier specifications

Loads (W)Loads (W)

4.3K4.3K 60K60K

Linac 643 1500

LHE (High Energy Line) 80 300LHE (High Energy Line) 80 300

Total 723 1800

Liquefier request 1000 2400
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C omod le B tests at IPN ORSAYCryomodule B tests at IPN ORSAY 
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Sensors

Sensors Use Number

TemperatureTemperature
platinium process 14

cernox process 8
platinium measure 11

cernox measure 13cernox measure 13
Carbon measure 14

Pressure
fluid process 2fluid process 2

Vacuum process 5

Level
continous process 2continous process 2

position process 2

Flow measure 2
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Cryogenic tests

Valve Box

Connecting box

CryomoduleCryomodule
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Thermal shield cooldown

Bottom

Thermal shield cooldown

Top

Bottom 
temperature

Top 
temperature

Side 1 
t mp r tur

Side 2 
t t

Inlet temperature

temperature temperature

Cooldown duration : 9 Hours
Time (h:min)

Cooldown duration : 9 Hours
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Helium cooldownHelium cooldown

Cavity top 
temperature

Cavity inlet 
temperature

Cavity median 
temperature

Valve box inlet 
temperature

Helium level

temperature

Cooldown duration : 4 hours
Time (h:min)

Helium consumption : 500 liters
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Cryomodule helium filling

Helium dewar pressure (mbar)

Cryomodule level (%)

Helium flow (m3/h)
Dewar level (%)

Cryomodule level (%)

Cryomodule helium bath  pressure (mbar)y p ( )
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Cryomodule helium stop filling

Cryomodule level (%)

Normal mode stable flow (m3/h)

Cryomodule consumption (m3/h)

Cavity temperature (K)

Time (h:min)
Stop filling
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4 3K R lt4.3K Results

Measured helium flowMeasured helium flow

25 m3/h in stable conditions without RF power

Component Calculated 
values

Measured 
values

Difference

Cryomodule 10 W 13 W 3 W
Valve Box 5 W
Connecting box 3 W 12 W 2 Wg
Single line 2 W

Total 20 W 25 W 5 W

Modification to improve the static losses :

• Cryomodule

V l b• Valve box
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Stand-by mode testStand by mode test

Temperature around Cavity (K)Temperature around Cavity (K)

Cycle period : 3h Time (h:min)

Mean helium consumption : 6.5 L/h
Mehdi SOULI, 22th-26th September 2008Cryogenics Operations 2008, CERN, 

Geneva, Switzerland
19



Heating over night

Cavity Temperatures (K)

Helium flow (m3/h)

Time (h:min)
Start cooling
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Thanks for your attentionk f y
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