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FORWARD

It has been agreed with INFN-LNL to construct a dedicated test facility for the experiment, 
prior to the installation at FNAL:

- To test the final cryogenic system (with a SS vacuum tank for the cryostat)
- To test the detectors in the final configuration

The site of LNL (Laboratori Nazionali di Legnaro) has been selected since a minor 
refurbishing for the scope is needed, taking advantage of the existing cryogenic laboratory 
formerly used for the test of the 22 cryostats of the local superconducting accelerator, since 
long in operation there.

The design of the test facility will follow the requirement that the maximum of the 
components will be installed at FNAL with the minimum adaptation, in order to achieve:

- highest reliability of the operation at FNAL
- saving costs
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- Existing LN2 tank outside
- Four new transfer lines (vacuum insulated) 

are being installed:
- IN/OUT for LN2/GN2
- IN/OUT for LAr/GAr
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- All final (FNAL) 
cryogenic transfer 
lines are vacuum 
insulated and welded

- The four fixed 
cryogenic transfer 
lines at LNL have 
Johnston removable 
connections.

- The height of the PS, 
which determine the 
sub-cooling 
temperature margin, 
will be 3.5 m at LNL 
and 8 m at FNAL



11/07/2024 R.Pengo, G.Piazza & the cryogenic service of LNL 8

SIMPLIFIED P&ID
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FILLING the cryostat with LAr from an outside trailer

1

1

2
3

4

5

FILLING MODE
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Normal operation

1) Centrifugal 
pump is circulating 
the LAr:
- through the 

purifier 
- to the phase 

separator (PS)

2) The GAr boil-off 
of both the 
cryostat and of the 
PS enter the re-
liquefier, where it 
is liquefied with 
the aid of LN2 at 
the pressure 
corresponding to 
LAr (ca. 2.8 bar)
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Cryogenic specifications

- Recirculation of LAr will be provided by centrifugal pumps: one at LNL, two at 
FNAL (one redundant)

- Maximum heat load 1500 Watt (800 liters LN2 for 24 hours of operation)
- Mass flow of LAr max. 20 g/s (one GRAIN volume in 20-24 hours)
- Maximum head (Delta P) necessary: 0.5 bar (3.5 m) at LNL and 1.1 bar (8 m) at 

FNAL
- Two filters needed (copper spheres): one dismountable/replaceable for 

regeneration 
- Control system according to UNICOS CERN (WINCC OA) (see scheme)



11/07/2024 R.Pengo, G.Piazza & the cryogenic service of LNL 14

Cryogenic specifications (status)

- Recirculation will be provided by centrifugal pumps (one at LNL/two at FNAL, 
one redundant)

- Maximum heat load 1500 Watt (800 liters LN2 for 24 hours of operation)=> To 
Be Confirmed

- Mass flow of LAr max. 20 g/s (one GRAIN volume in 20-24 hours)
- Maximum head (Delta P) necessary: 0.5 bar (3.5 m) at LNL and 1.1 bar (8 m) at 

FNAL=> contacts with Barber&Nichols ongoing
- Two filters needed (copper spheres): one dismountable/replaceable for 

regeneration => C. Montanari
- Control system according to UNICOS CERN (WINCC OA), the same for LNL and 

FNAL =>(see detailed scheme prepared by LNL cryogenic service, order placed)
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How the sub-cooling of LAr works
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Summary of the design status of the cryogenic components

- Inner vessel (SS): designed completed
- Vacuum tank for the test facility (SS): designed completed (see 

G.Piazza talk)
- Vacuum tank for FNAL in Carbon fiber reinforced polymers (CFRP): 

design advanced
- Centrifugal pumps for LNL (head 3.5 m): design available (B&N)
- Centrifugal pumps for FNAL  (head 8 m): new design to be agreed 

with B&N
- Phase separator: design available
- Re-condenser: design available
- Filters/purifiers: specifications available
- Control system: design ready and order placed for hardware
- Functional logics: to be prepared (UNICOS)
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Prepared by Cryogenic Service of INFN-LNL
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Prepared by Cryogenic Service of INFN-LNL
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Prepared by Cryogenic Service of INFN-LNL
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Prepared by Cryogenic Service of INFN-LNL
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Thank You
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