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Deliverables

Deliverables in this magnet package are (all internal to cryomodule): (1) the superconductive quadrupoles (the doublet) and corrector magnets in a cryovessel, (2) the current leads, (3) the instrumentation needed for temperature monitoring and quench protection, (4) interface flanges with feed-throughs.
Layout

The proposed magnet package layout is shown in Fig. 1
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Figure 1: A draft sketch of the magnet package layout in a Type-4 cryomodule.
The magnet package consists of the following components:
1. Two quadrupole magnets, powered independently, forming a doublet with opposite but generally unequal magnetic fields.  The doublet shall operate at 2 K LHe.  The doublet will provide electron beam focusing in both vertical and horizontal planes.  The beam energy may vary from 100 MeV to 1.5 GeV.  Each quadrupole shall have the integrated maximum strength (QdL) of ±3Tesla.  Distance along the beam line between physical centers of each quad shall be 0.3 meters.  The integrated dipole field on beam axis for the doublet operating at max (but opposite) field should not exceed 0.01 T-m.  This determines the quadrupole axis alignment tolerance.  The doublet good-field area diameter is 10 mm with integrated homogeneity of 0.1%
2. Two pairs of superconducting dipole coils operating at 2K LHe.  May be located between the quadrupoles or be part of quadrupole windings.  They provide horizontal and vertical correction dipole fields of 0.01 T-m (integral max strength) each, mostly to compensate quads being off-axis. The corrector good-field area diameter is 10 mm with the integrated magnetic field homogeneity of 5%. 
3. The magnet package should be effectively shielded to reduce the fringing field in the SCRF cavity area (20 cm from the cryovessel on axis) to 1 µT during cooling down and 10 µT during operation. 
4. The magnet package shall be quench protected.  For this reason, voltage taps shall be installed on each coil for quench detection.
5. A helium vessel with an integral beam pipe.  The beam pipe shall be SS316L and have the ID of 76.2 mm (3"). It shall be electro-polished and cleaned to UHV specifications.  The vessel beam pipe flanges shall be connected to cavity bellows on one side and to the cold BPM on the other. 
6. Eight conductively cooled current leads shall power the coils. The conductively cooled current leads can be intercepted at 5 -8K and/or 40-80K temperature levels.
7. The 2K pool-boiled superfluid helium will be used to cool the magnet package.  The helium vessel and its interface to the cryomodule two-phase line (Line G) should allow for pool-boil cooling of the magnet package under steady state operating conditions. 
8. The existing cryomodule cooldown/warm-up scheme will be used for cooling-down/warming –up the magnet package and its current leads. The magnet package cooldown/warm-up requirements should impose no addition cryomodule cooldown/warm-up constraints.
9. The magnet package will conform to the FESHM chapter 5031 with the Maximum Allowable Working Pressure (MAWP) greater than 4 bars. The interface between the helium vessel and the Line G should be sufficiently large to allow for the magnet package protection from pressurization above MAWP under any credible fault conditions.
Power supply
The quadrupole and corrector coils shall be powered by 8 current leads capable of carrying 100A.  We are proposing to use Main Injector Corrector power supplies to power these coils.  These are bi-polar +/- 65A supplies with a quench detection/protection capability.  The operating range for all coils will be +/- 50A .
Thermal loads

The heat load at 2K from the coil package shall not exceed 0.2 W.

The heat load at 4K shall not exceed 6W.
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