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Short Recap
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• MADMAX Cryostat was delivered in week 18 and unloaded with the help of DESY´s 
transport group

• MADMAX Cryostat was inserted into SHELL lab within one day thanks to the strong support 
of DESY´s MEA5 group in week 19

• Expansion vessel was put onto the main vessel with two portal cranes and a custom lifting 
jig (lifting jig will be improved for next time)

• Final assembly (connection between expansion vessel and main vessel, closing of inner 
endcaps, thermal shield and outer endcaps) was carried out by Bilfinger team in week 20
(within 2.5 days)

• Pumping of inner and isolation vacuum reached good vacuum levels within a couple of 
days (< 10-5 mbar for inner vacuum and few 10-5 mbar for isolation vacuum)



Delivery
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Insertion
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Final Assembly
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Final Assembly
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Status of Installations
Required Infrastructure for Site Acceptance Test
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Overview Installations
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• Cryocoolers, compressors & water-cooling plant: commissioned & ready for operation
(Cryocoolers connected to compressors, compressors powered and connected to water-
cooling plant)

• Helium recovery system: commissioned & ready for operation
• Pressure relief lines (“quench lines”): pipes being welded in the workshop, components for 

supports should arrive next week, need to be installed
• Oxygen warners: available, need to be installed
• gHe exhaust line to recovery: installed, pumped & purged
• Slowcontrol system: based on Constellation framework, in operation, need to transfer to 

rack, need to integrate cryocooler compressors (if possible) 
Big THANKS to David L.-W. for getting the slowcontrol system ready!

• LHe filling line: available; LN2 filling line: currently being welded in the workshop
• Gas supply (e.g. for pump & purge): improvised, proper components should arrive soon



Cryocooler Compressors & 
Helium Recovery
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Test Cooldown with only 
Cryocoolers

Learning about the MADMAX Cryostat´s behaviour
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Cooldown Summary
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• 4 K circuit: first pumped & purged with gHe (3x), then pressurized to ~1.15 bar(a) with gHe
• Thermal Shield Circuit: first pumped & purged with gHe (3x),

then pressurized/filled to ~14.5 bar(a) with gHe
• Cryocoolers switched on one after the other on 28.05 in the morning for commissioning of 

cryocooler compressors´ cooling water supply
• When cryocooler temperatures went down, cryogenic fan was turned on (19.2k rpm) to 

start cold gHe circulation in thermal shield circuit
• Thermal shield reached nominal temperatures within a couple of days
• Inner vessel cooled only through radiation (surrounded by cold TS) and heat conductivity of 

gHe inside 4 K circuit (cold gHe circulation not possible, would require different design)
• 4 K circuit re-pressurized from time to time to increase heat conduction
• Inner Vessel reached ~145-150 K (after ~24 days) with cooling rate decreasing 

(prior to warm-up ~3 K per day)
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Warm-Up Progress

03.07.2025 MADMAX Cryostat Update

• Cryofan & cryocoolers switched off on 20.06
• Inner Vessel currently at ~220 K (after ~12 days)
• Passive warm-up rate currently: ~6 K per day
• 2nd stage of cryocooler went up to ~290 K (slower than expected)
• Thermal shield warmed quickly to ~290 K (expected due to low mass)
• During beginning of warm-up pressure in isolation vacuum spiked at ~10-3 mbar

(Turbo pump kept running and pressure went back to a few 10-6 mbar and is rising)
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Thermal Shield Circuit
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Switched on cryocoolers & (shortly after) cryogenic fan unit

After HX 1st stage cryocoolers

Thermal Shield Mirror Thermal Shield Booster

After cryogenic fan (not really visible in this plot)
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Switched off cryogenic fan unit 
& (shortly after) cryocoolers

37 days



Thermal Shield Circuit

13.06.2025 Report from 1st Test Cooldown of MC

Database crashed
(issue fixed now)

Switched on cryocoolers & (shortly after) cryogenic fan unit

After HX 1st stage cryocoolers

Thermal Shield Mirror

Thermal Shield Booster

After cryogenic fan (not really visible in this plot, similar as TS Return)

Pressure in thermal shield circuit dropped from ~14.5 bar(a) to 8.5 bar(a)
(roughly as expected)
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Thermal Shield Circuit

27.06.2025 Report from 1st Test Warm-Up of MC

Switched off cryogenic fan After HX 1st stage cryocoolers

Thermal Shield Mirror

After cryogenic fan
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Switched off cryocoolers



4 K Circuit
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2nd stage of one cryocooler
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37 days



4 K Circuit

13.06.2025 Report from 1st Test Cooldown of MC

Cryocoolers switched off for short time

Pressure in 4 K circuit dropped 
from 1.15 bar(a) to 0.15 bar(a)

Pressure in 4 K circuit dropped 
to ~1.25 bar(a)

4 K circuit repressurized with 
(warm) gHe to ~1.7 bar(a)

[gHe injected at bottom of 4 K jacket]

2nd stage of one cryocooler
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4 K Circuit

27.06.2025 Report from 1st Test Warm-Up of MC

2nd stage of one cryocooler
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Inner Vessel - Booster
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37 days



Inner Vessel - Middle
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Top

Bottom
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37 days



Inner Vessel – Foc. Mirror
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Bottom

Top
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37 days



Isolation Vacuum Pressure

27.06.2025 Report from 1st Test Warm-Up of MC 23

Switched on crycoolers Switched off crycoolers

37 days



Isolation Vacuum Pressure

27.06.2025 Report from 1st Test Warm-Up of MC 24



Isolation Vacuum Pressure

27.06.2025 Report from 1st Test Warm-Up of MC 25



Inner Vacuum Pressure

27.06.2025 Report from 1st Test Warm-Up of MC 26

Switched on crycoolers Switched off crycoolers

37 days



Lessons Learned
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• Cooling with only cryocoolers is much faster than anticipated
• Especially cooling of the thermal shield works very well even without a pre-cooled Inner 

Vessel
• It should be possible to pre-cool the MC systems with cryocoolers only

(→ No pre-cooling with gN2/LN2)
• Behaviour of isolation vacuum during cooldown and warm-up might indicate a cold leak

(→ So far isolation vacuum pressure stayed in range “safe for cold operation”)
• Re-pressurizing the 4 K circuit with warm gHe only accelerates the cooldown during the 

early phase of the cooldown



Site Acceptance Test
Tests to be performed

03.07.2025 MADMAX Cryostat Update 28



Site Acceptance Test
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1. Check transport monitors
2. Visual check for damages
3. Electrical tests 

(heaters, level gauges, cryofan, cryocoolers, vacuum pumps, temperature sensors)
4. Check documentation
5. Check transport & support structures, and protection of sealing surfaces
6. Check installation procedure & manual
7. Leak check of VCR connection between main & expansion vessel 

(sniffing, at max. operation pressure)
8. Leak check for process lines: first covering and sniffing, at max. operation pressure, 

then integral leak check after closing of IV and OV at max. operation pressure
9. Leak check of OV: pump on OV and spray He on the outside



Site Acceptance Test
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10. Leak check IV: IV at max. operation pressure, pumping on OV
11. Check cooldown procedure & manual
12. Measure cooldown time
13. Measure LN2 and LHe consumption during cooldown
14. Observe pressure during cooldown & perform leak check if something is suspicious
15. Check temperature of outer surfaces
16. Check temperature distribution inside IV
17. Check temperature stability with specified heat loads applied 

(feedthroughs, booster & RC simulated by heaters),
observe LHe level with heaters on/off

18. Check level / heater/ pressure control for pressurization of 4 K circuit to 1.42 bar(a)
19. Check performance of cryocoolers / measure heat load (if possible)



Site Acceptance Test
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20. Check performance of cryofan and define operation parameters
21. Check 50 K heat loads (if possible)
22. Check temperature stability and distribution with 10-2 mbar of gHe inside IV
23. For static heat loads: check temperature stability over 10 days (specified: max. +/- 0.2 K)
24. Check warm-up procedure
25. Measure warm-up time
26. Check sensors
27. Visual check for e.g. condensation



Rough Time Plan
Preparing & Performing the Site Acceptance Test
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Rough Time Plan
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• Week 28: Install pressure relief lines (if possible)
• 10.07 to 23.07: CK on vacation
• Week 30: Pump & purge 4 K circuit with gHe; start cryocoolers and cryogenic fan unit
• Week 30/31: Re-pressurize 4 K circuit with warm gHe frequently
• 30.07 to 02.08: CK on Wackation
• Week 32: Prepare SHELL lab for cooldown with LHe
• Week 33 & 34: Cooldown with LHe
• Week 35: Perform SAT tests (heaters, injection of gHe into inner vacuum)
• Week 35 & 36: Temperature Stability Test
• 03.09 to 07.09: CK on vacation
• Week 37 & 38: Warm-up
• Week 39: Remove cryocooler lines from MC and open endcaps (plus RC interface)
• Week 40: MC ready for installation of RC, focusing mirror, booster/spider, absorbers



ToDos
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Mandatory:
• Solve administrative issues for LHe supply
• Organize LHe logistics (delivery of LHe dewars & return of gHe in bootle packs)
• Install pressure relief lines
• Install oxygen warners
• Install power-cut failsafe on vacuum system (valves on roughing lines)

Optional / Nice-to-have:
• Integrate cryocooler compressors in slowcontrol (operation parameters)
• Install pressure sensor on 4 K circuit and integrate it in slowcontrol
• Integrate cryogenic fan unit monitoring to slowcontrol



Risks
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• Administrative issue for LHe supply cannot be solved in time → Delay cooldown
• Precooling with cryocoolers only causes too high LHe consumption
→ Switch to precooling with cold gN2

• Cold leak develops and causes rise in isolation vacuum pressure beyond range safe for 
operation → Abort cooldown

• Temperature not stable within specified margin→ Bilfinger has to fix it
• Heat loads simulated by heaters cause system to warm up→ Bilfinger has to fix it
• Pressure relief lines cannot be installed in week 28 
→ Install during precooling in week 30/31



Recommended Improvements
For a reliable operation at CERN, likely incomplete ;)
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Improvements (Wishlist)
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• Additional pressure sensor for thermal shield circuit which can be read out through the 
slowcontrol system

• Additional set of cryocooler lines for CERN 
(to avoid removing the ones now installed in SHELL)

• Additional pressure sensors for vacuum system (one Pirani for each roughing line)
• Electropneumatic gate valves plus interlock with pressure sensors for vacuum system
• Interlock for valves on roughing line to trigger closing on e.g. power cut

(currently valves would close on a power cut but open when power comes back)
• Proper ladders/scaffoldings for working on top of expansion vessel
• For CERN: proper routing of cryocooler lines on cable trays


