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Minutes of "Super-FRS: Multiplet Design Meeting", 22nd January 2009
Welcome (Hans-Dieter Krämer, GSI)
Configuration of the multiplets of the Super-FRS (Hanno Leibrock, GSI)
Design ideas for a cos(2theta) magnets (CEA, Saclay) presented by H. Leibrock, GSI
A new conceptual design with cold iron and reduced current has been made. The maximum current is now 834 A instead of 2200 A. 

Only a 2d design exists but no 3d design up to now.

Field quality is optimized for 10T/m, but b6 reaches up to 76 for currents between 0 – 450 A.

The new design uses an indirect cooling scheme => Long cool down, instability, thermal gradients.
Coils shape the field in a cosine 2theta magnet, so persistent current in the conductor is a problem at low field (field quality).

Additional R&D time is required

Design review of Super-FRS type3 superferric quadrupole (Iker Rodriguez, CIEMAT)

Two similar superferric design options with 300 A and 450 A have been presented. 

Modified Kalimov/Toshiba design with less iron but more maximum ampere turns than in the Kalimov/Toshiba design.
Good field quality reached with big holes. All field quality requirements reached up to 8 T/m also in 3d.

Ordered wound layered coil is necessary. Then in case of a quench layer to layer voltage is low. Pancake coil (race track coil) like in the quadrupole triplets at RIKEN.

The yoke is laminated.

Similar working magnets exist at RIKEN and MSU.

Tolerance of coil position and coil dimensions must be checked.

Leakage flux should be checked. 

Conceptual Design Study of a Superconducting Quadrupole for FAIR Multiplets (Pavel Vobly, BINP)

The design is a special cosine theta design with a maximum current of 800 A.
Warm iron. Cold mass is just 1.0 ton/m for a long quadrupole.

Fast cool down is possible.

Good field quality in all range of magnetic field is reached theoretically.
Additional power converters and current leads are necessary (maximum 50 A) for field correction.

Quench heater is necessary.

Additional R&D time required

3D Properties of cos-theta Quadrupol in Comparison to Superferric Quadrupole (Alexander Kalimov, StPSTU)

Advantage of cosine theta magnet: 
· No saturation so high field quality is in principle reachable

· Combined sextupole/quadrupole magnets in one yoke are possible. 

· No correction coils necessary.

· Smaller outer dimensions and weight in comparison to superferric magnets.

Advantages of superferric magnets:

· Simple coil (cheaper coil). 

· Allowed tolerances of coil position and winding are much higher.

· Shorter fringing fields.

Experiences with the Superconducting Triplets of BigRIPS (Toshi Kubo, RIKEN)

Good experience with superferric quadrupole triplets.

Regulation for pressure vessel makes things more complicated and expensive.

Cryocooler are also good. 
100 k€ for the two cryocoolers for the shield and 4K.

Superferric quadrupoles and multipoles at the NSCL (Albert Zeller, NSCL/MSI).

Good experience with superferric magnets (quadrupole triplets and dipoles).

New developing of radiation resistant magnets with CICC with inorganic insulation. 

Super-FRS Lattice with Cos  multipoles (John Winfield, GSI)
John Winfield presented a proposal of another Super-FRS lattice in case of cosine theta solution with combined quadrupoles/sextupoles. In this case the number of stand alone sextupoles is decreased. But the total number of sextupoles is still the same. 

Technical Frame Conditions and Interfaces (Hanno Leibrock, GSI)
Frame conditions for Interfaces for cryogenics, vacuum connections, alignment and a comparison of the influence of the three different designs on current leads, power converter and cabling have been shown. 

Result of the comparison: a low current option is in favour
Quench detection for Multiplets (Eric Floch, GSI)
Superconducting bus bars should be avoided. 

The radiation tolerances of HTS current leads are limited.

HTS current leads need quench protection.

Discussion about the using of dump resistors. 

Discussion about advantages and disadvantages of the different design proposals. (All participants)

Table 1 represents the result of the discussion between all participants.

Table 1: Comparison between the design studies. 
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