Panda.Solenoid@Juelich

Technical limit assessments.

The first question arising about installing the panda Solenoid at Jülich is about the maximum reachable useful field in case of solenoid installation without the return yoke.

The results of the magnetic field computations for the panda Coil without return Yoke are quite surprising and encouraging (see Bersani Stockholm 33º Panda Collaboration Meeting)

1)  The maximum safe current, defined as the current producing on the coil winding mechanical stresses equal to the one experienced in the full magnet is 80% of the full operating current.

2)  The peak central filed at this current is 1.44T

3)  The Field Homogeneity ~ 2.5-3%

4)  The radial Field integrals ~ 3mm.

Anyhow, the stray field at one meter from the coil is still ~ .2-.3 Tesla preventing the use of any mechanical pump and posing serious safety and hazard problems for the access to the experimental area when the coil is turned on.

Needed infrastructures.
To run the coil (even at lower field) we need a sizeable refrigeration plant. 

Supposing to run the magnet at half the nominal field (1T), the needed refrigerating reduction power is due only to the cryogenic power-leads consumption reduction: this doesn’t mean that, since we expect a reduction of a factor of two of the Ohm losses in the current leads, we expect the same reduction on the refrigeration needs on this subsystem. Remembering that the steady state consumption of cryogenic current leads is ~ 60% at zero current (see AMI current leads specs at www.americanmagnetics.com/currentleads.php) and grows linearly with the current, the total consumption of the current leads at half field will be ~ 14l/hour of liquid helium.
All the losses due to the radiation on the coil and shields and to the conduction in the coil suspensions and the cryogenic chimney stay unchanged.
The total cryogenic budget to run the panda Solenoid at Jülich is resumed in the following (see for detail 30º Panda Collaboration Meeting Jülich, Panda cryogenic setup, Renzo Parodi):
·  14 l/hour of liquid helium for the Current Leads, returned as He gas at STP (300K, 1013mb)

·  2 g/sec saturated LHe at 4.5K for the coil refrigeration to compensate for the 2 g/sec vaporized helium at 4.5K, returned to the control Dewar in the cryogenic chimney on top of the magnet (these 2 g/sec include a safety margin factor 2 on operation and on the eddy current losses at the magnet charge/discharge time of 2000 sec).
·  0.7 g/sec helium gas at 4.5K from the control Dewar flowing in the intermediate radiation shields (kept around 50 K) returned (after regeneration to allow a safe operation of CV6) as He gas STP (300K, 1013mb). 

The residual 1.3g/ sec of 4.5 He Gas (sent back from the control Dewar to the buffer Dewar) are used to shield the transfer lines from the control Dewar (on the magnet) to the buffer Dewar.
The total consumption is 14 litres of liquid helium and 2g/sec helium at 4.5 K. This is a sizeable quantity of helium, to feed for the operation of the coil. This could be a problem for the Jülich cryogenic infrastructure to be thoroughly investigated.

A possible way to circumvent this problem is to install also the refrigerator, already planned for the installation of PANDA in the HESR hall at FAIR. In this way also the “final” refrigeration scheme of Panda can be tested, and possible weak points in the refrigeration scheme found and fixed. To do that, we need to get from the funding agencies also the ~ 1MEuro needed for the refrigerator procurement. The total investment cost (coil and refrigerator) will be (4.5+1) MEuro will be completely recovered at the installation at FAIR moving all the equipment in the final Panda hall.

Infrastructures needed at JFZ not to be reused at the final installation

1) Coil support system (and magnetic shielding if needed for safety reasons): at HESR the coil is inserted in the return yoke doing both functions

2) Cryogenic lines for the magnet (tailored on the installation in the hall, should very difficult to reuse)
3) Helium gas piping to and from the helium recovery storage (to be decided on the basis of the choice of the refrigeration system)

4) Helium gas storage (checking the possibility of using the JFZ existing infrastructures)

5) Utilities (refrigeration water and electric lines) needed by the panda helium refrigerator (if this option is mandatory)

