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Abstract
This proposal find its basis on R&D activities presently ongoing in INFN aimed to develop the design and the technologies needed for the construction of SIS300 synchrotron of the FAIR facility at GSI. This synchrotron includes 60 superconducting dipoles (4.5 T magnetic field) with magnetic length up to 7.757 m . The coils have two main features: they are curved (the corresponding sagitta is 112.8 mm), and they are fast ramped: 1T/s, which is very high for a superconducting magnet. Both these characteristics demand a difficult and challenging R&D, aimed at the development of the required low loss conductor, a robust design with respect to fatigue issues and a suitable winding technology. The Italian National Institute of Nuclear Physics (INFN) is performing a preliminary R&D with the aim to have a complete cold mass short model of dipole ready for the end 2009 and to be tested during 2010 for checking the possibility to operate dipole magnets in severe ac conditions. This is the first step of a long process leading to the development of real magnets suitable for operation in accelerators. The second fundamental step (aim of this proposal) is the development of a magnet optimized for the SIS300 operations. This objective requires a deep study of the effects on field harmonics and consequently a design optimization 
Present STATUS AND PERSPECTIVES
[image: image1.png]R&D activities are ongoing at INFN aimed at developing the high field rapidly-cycling super-conducting dipoles needed for the SIS300. The present lattice design includes 48 long dipoles with magnetic length 7.757 m (sagitta 112.8 mm) and 12 short dipoles with magnetic length 3.94 m (sagitta 28.2 mm). Besides the curved layout, these coils have the characteristic to be fast cycled. Both these aspects demand for a challenging R&D, aimed at the development of a low loss conductor, a robust design with respect to fatigue issues and a suitable winding technology.
The Italian National Institute of Nuclear Physics (INFN) proposed to investigate the possibility to perform these R&D activities in the framework of a project called DISCORAP (DIpoli SuperCOnduttori RApidamente Pulsati), according to a specific INFN-FAIR Memorandum of Understanding signed by both institutions in December 2006.
As first step some coil winding models with a curved mandrel were built to assess the constructive feasibility of the curved coil. In parallel design activities were performed. A Technical Design Report was issued reflecting the conclusions of these design activities and winding model activities. 

The second step consisted in the construction of the cold mass and is close to be concluded. The aim was to have a complete cold mass model of the short dipole ready by the end of 2009. With respect to the previsions, the construction activities have a little delay. According to the last planning, the cold mass will be finished within April 2010. After a preliminary test of the cold mass in a vertical cryostat, it will be integrated in a horizontal cryostat for a test campaign at GSI (third step).
Once completed this R&D phase, the next activities should be devoted to the development of further models and real prototype magnets preliminary to a pre-series production.  With this proposal we cover the first step aimed to the construction and test of a second short dipole cold mass more optimized for SIS300 operations, as explained in next section.
DEvelopment oF a Second model Of short dipole
·    Main points of the R&D program
The model under construction is primarily aimed to develop the constructive methods and, to this aim, it is important to check the functionality of the magnet in terms of achievement of the nominal current, training, quenching behavior and ac losses. 
In this step of the project, we should aim to test different options, always retaining the basic design choices, and to acquire more manufacturing experience. In the future, these results will lay the basis of an optimization process which should eventually lead to the final, accelerator quality, design.

We believe that the following design topics deserve further testing: i) Magnetic design; ii) Conductor performance; iii) Alternative insulation schemes for the superconductor.
1) Magnetic Design
In the design phase we took great care of the field quality and consequently the magnetic, thermal and mechanical designs were performed with the objective to have a magnet with geometrical integrated harmonics (including thermal and mechanical effects) within about ten units in 10-4 and harmonics due to permanent currents and to dynamic effects within 1 unit in 10-4.
At the beginning of 2010 we will have available the first collared coil and soon after the coil integrated into the iron yoke and finally the complete cold mass. The field quality measurement can be done on these structures obtaining the basic information regarding the geometrical integrated harmonics including the mechanical effects. With this information we could start soon design activities aimed to re-design the coil lay-out with the aim to reduce the geometrical harmonics of one order of magnitude, so moving towards the requirements of the SIS300.
2) Superconductor functionality & performances

In the spring of 2010 also new lengths of superconducting cable will be available with more advanced characteristics, in terms of losses in AC regime. These cables can be used for the construction of an optimized coil. Their superior performances come at the expense of wire stability, and it is important to verify whether and to what extent the magnet functionality is affected.
3) Insulation scheme
The kapton insulation represents a relevant barrier to the heat exchange, which reduces by at least 10 %  the temperature margin of the magnet. Any increase of the thermal exchange with the cooling helium would be beneficial for the magnet performances. Studies aiming to develop an insulation scheme with higher thermal conductance, by means of “open channels” structure, have been recently performed by a group at CERN. We could consider the exploitation of a similar solution also in the case of supercritical helium.
These goals justify the construction of a second, more optimized model magnet, even before the results of the tests at LASA (end 2010) and the final test at GSI (Spring 2011),  are available, As a further advantage, this program allows to continue the industrial developments without stopping the connections with industry, which could hardly re-start after one year break. 

According to this R&D program the collars and the yoke will be not changed. Changes with respect the coil under construction will affect for sure the coil (as before explained), some materials (the blocks will be done of G11 more resistant to radiations), probably the axial pre-stress on the coil, the external shell (thinner than present one).
The entire tool used for the construction of the coil under construction will be used, but the collaring press. This tool is property of CERN, who need the press be at CERN after March 2010. A new press, more sized for SIS300 dipoles, is needed. The procurement of this press, which is needed for any developments were done, can take one year and should start as soon as possible.

·    Planning
This development can be done as follows:
1) January 2010. Start the procurement of the press

2) January to April 2010: Field quality measurements on present model dipole under construction
3) March 2010 start of the re-design of the coil (Number of sectors, turns lay-out and coil ends). Deadline September 2010. 
4) June 2010. New lengths of low loss conductors available
5) December 2010. Winding of two poles, after waiting for the new coil wedges and end spacers.
6) March 2011. Collaring of the coil, after arrival and test of the collaring press.
7) April 2011. Integration into the iron yoke

8) June 2011. Completion of the magnet
9) October 2011. Test at LASA 

10) December 2011. Magnet sent to GSI

·    Envisaged costs
The total cost of this program is 1.6 M€ according the following breakdown: 
i) Collaring press




600 k€
ii) Winding of the optimized coil

100 k€

iii) Construction of the cold mass

550 k€

iv) Test of the cold mass at LASA

80k€

v) Mounting and transportations

20 k€

vi) Travels, consumable and software 

of the INFN groups (10 FTE along

2 years)





250 k€

To be noted that a large part of this cost is caused by the collaring press. This tool shall be able t be used not only for the short magnet but also for the long magnet. So it shall be 10 m long and able to give up to 600 t/m of pressure in a bore of 550 mm. Any other short magnets to be constructed in the future will not have this cost component. 
�


FIG.� SEQ FIG. \* ARABIC �1�: Actual GSI laboratories and the new facility FAIR with the two large synchrotrons. (GSI courtesy).
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