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Introduction (1)Introduction (1)

►► The cryogenic system for a superconducting magnet can be The cryogenic system for a superconducting magnet can be 
divided into:divided into:

InternalInternal cryocryo = cooling system of coils, thermal shields, = cooling system of coils, thermal shields, 
feedthroughfeedthrough;;
ProximityProximity cryocryo = all auxiliary equipment necessary for magnet = all auxiliary equipment necessary for magnet 
operation (e.g. current leads, liquid He pumps, distribution valoperation (e.g. current leads, liquid He pumps, distribution valves, ves, 
buffer buffer dewardewar, etc.);, etc.);
ExternalExternal cryocryo = = heliumhelium refrigeratorsrefrigerators / / liquefiersliquefiers producingproducing heliumhelium
fromfrom 300K to 4.5 K.300K to 4.5 K.

►► Cryogenic tasks:Cryogenic tasks:
Magnets Magnets coolcool--downdown;;
MagnetsMagnets steadysteady--statestate operationoperation atat 4.5 K4.5 K ((withwith currentcurrent rampingramping
upup/down);/down);
Thermal Thermal recoveryrecovery afterafter a a fastfast dump.dump.
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Introduction (2)Introduction (2)
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Introduction (3)Introduction (3)

►► WhyWhy 2 2 heliumhelium fridgesfridges andand notnot onlyonly 1 (1 (likelike for CMS) ?for CMS) ?
Main Main RefrigeratorRefrigerator (Air Liquide) (Air Liquide) waswas existingexisting atat SM18 SM18 andand
couldcould bebe rere--usedused for ATLAS;for ATLAS;
But But insufficientinsufficient to to copecope withwith thethe bigbig thermalthermal--shieldshield loadsloads
betweenbetween 40 K 40 K andand 80 K  80 K  andand withwith magnetsmagnets coolcool--downdown timetime;;

=> => wewe boughtbought a new a new fridgefridge solelysolely dedicateddedicated to to copecope withwith thethe
coolcool--downdown ((withwith thethe help help ofof LNLN22) ) andand withwith thermal thermal shieldsshields..

►► AdvantagesAdvantages ofof thisthis splittedsplitted solution:solution:
Important Important costcost reductionreduction ((wewe boughtbought onlyonly 1 1 refrigeratorrefrigerator););
TheThe new new oneone has been has been specifiedspecified to have a to have a simplersimpler processprocess
thanthan thethe existingexisting oneone => => higherhigher reliabilityreliability;;
DuringDuring winterwinter shutshut--downdown, , thethe new new ShieldShield RefrigeratorRefrigerator cancan
have a maintenance have a maintenance timetime twicetwice shortershorter thanthan thethe Main Main 
RefrigeratorRefrigerator andand keepkeep ATLAS ATLAS shieldsshields temperaturestemperatures < 80 K.< 80 K.
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ExternalExternal & & ProximityProximity CryoCryo (1)(1)

►► ShieldShield RefrigeratorRefrigerator (Linde):(Linde):
FunctionalitiesFunctionalities::

• Cool-down from 300 K -> 100 K of all magnets (660 tons);
60 kW power required for 1 month => boosted by use of LN2;

• Then, maintain thermal shields between 40 K and 80 K;
20 kW power required without LN2 (i.e. only with turbines).

ComponentsComponents::
• 2 identical screw compressors: mass flow = 2 x 160 = 320 g/s;

• In normal shield cooling, 2nd compressor in stand-by for 
redundancy;

• Cold box with 2 turbines in series + LN2 precooler.
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ExternalExternal & & ProximityProximity CryoCryo (2)(2)
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ExternalExternal & & ProximityProximity CryoCryo (3)(3)

►► Main Main RefrigeratorRefrigerator (Air Liquide):(Air Liquide):
FunctionalitiesFunctionalities::

• Cool-down from 100 K -> 4.5 K of all magnets (660 tons);

• Then, maintain the cold masses at 4.5 K and supply 11.2 g/s
of liquid Helium for the current leads cooling;
Equivalent power of 6 kW @ 4.5 K.

ComponentsComponents::
• 5 screw compressors: 4 boosters + 1 high-stage for a

total mass flow = 500 g/s;

• Cold box with 3 turbines: 2 in series + 1 supercritical.
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ExternalExternal & & ProximityProximity CryoCryo (4)(4)
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ExternalExternal & & ProximityProximity CryoCryo (5)(5)

►► 2 types of 2 types of coolingcooling principleprinciple for the for the toroidstoroids and for and for 
the the solenoidsolenoid => 2 => 2 independantindependant ProximityProximity CryogenicsCryogenics

1 1 centrifugalcentrifugal pumppump providingproviding 1.2 kg/s (1.2 kg/s (≈≈ 10 L/s) 10 L/s) ofof heliumhelium
forcedforced--flowflow to to keepkeep the the toroidstoroids atat 4.5 K;4.5 K;
SupercriticalSupercritical heliumhelium flow flow providedprovided directlydirectly by the by the fridgefridge atat
2.6 bar for the 2.6 bar for the solenoidsolenoid havinghaving a simple a simple cylindricalcylindrical shapeshape. . 
((coolingcooling in thermosiphon mode in thermosiphon mode isis alsoalso possible).possible).

►► ProximityProximity cryogenicscryogenics for for thethe toroidstoroids (RAL (RAL collaborcollabor.).)
ConsistsConsists of: distribution valve box of: distribution valve box withwith itsits phasephase--separatorseparator, , 
a a currentcurrent leadlead cryostat, a cryostat, a pumppump cryostat (cryostat (withwith 2 2 pumpspumps) ) andand
a 11a 11’’000 L buffer Dewar;000 L buffer Dewar;
EachEach pumppump providesprovides a mass flow of 1.2 kg/s a mass flow of 1.2 kg/s withwith a pressure a pressure 
headhead of 400 mbar.of 400 mbar.
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ExternalExternal & & ProximityProximity CryoCryo (6)(6)

►► ProximityProximity cryogenicscryogenics for the for the solenoidsolenoid (KEK)(KEK)
ConsistsConsists of: control Dewar of: control Dewar housinghousing the 8 kA the 8 kA currentcurrent leadsleads
and a valve unit and a valve unit withwith the instrumentation & control valves;the instrumentation & control valves;

Control Dewar Control Dewar isis placedplaced in in thethe caverncavern atat the top of ATLAS the top of ATLAS 
detector (13 m detector (13 m fromfrom the central axis);the central axis);

CompleteComplete system system successfullysuccessfully testedtested in Point 1 in May 2006in Point 1 in May 2006..
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Distribution
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Next steps for the He cryogenicsNext steps for the He cryogenics

►► CoolCool--downdown ofof thethe Barrel Barrel ToroidToroid andand thethe SolenoidSolenoid (July 2006);(July 2006);

►► Replacement Replacement ofof somesome faultyfaulty electricalelectrical heatersheaters insideinside SR cold SR cold 
box box afterafter BT test (BT test (autumnautumn 2006);2006);

►► Possible Possible upgrade upgrade ofof Air Liquide turbinesAir Liquide turbines afterafter BT test; BT test; 

►► Test Test atat 4.5K 4.5K ofof EndEnd--CapCap ‘‘AA’’ alonealone in Point 1 (in Point 1 (DecemberDecember 2006) 2006) 
afterafter surfacesurface--test test atat 80 K in West Area;80 K in West Area;

►► Test Test atat 4.5K 4.5K ofof EndEnd--CapCap ‘‘CC’’ alonealone in Point 1 (March 2007) in Point 1 (March 2007) afterafter
surfacesurface--test test atat 80 K in West Area;80 K in West Area;

►► FirstFirst coolcool--downdown of the of the completecomplete ATLAS ATLAS detectordetector in Point 1 in Point 1 
duringduring MayMay--JuneJune 2007. 2007. 


