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Introduction
The FRIBs (Fragmentation Radioactive Ion Beams) technique to produce in-flight “tagged” radioactive beams at LNS has proved its capability to provide useful rates. Using such beams nuclear physics experiments having international relevance have been already accomplished [1]. So far the fragmentation radioactive beams have been produced and selected by using the existing Cyclotron extraction line. Two possible upgradings of this line, to deliver higher intensities of in-flight produced RIB, were developed in the past years. The first project for such upgrading was proposed more than 15 years ago. That project was based on a high field (8 Tesla) superconducting solenoid ETNA. Due to an accident happened during the construction of this solenoid, at the constructor site, this project was stopped in the 2000. Nevertheless already in  2001, Slava Schepounov studied a new configuration of the cyclotron extraction line based on conventional quadrupoles, able to increase the acceptance of the beam lineand therefore the yield of the produced radioactive beams. According to this study the 4 quadrupoles and the two sestupole magnets, necessary for this upgrading, were bought some years ago. However, due to the priority to complete the EXCYT facility and to the strong interference with the beam delivery to users, the project has been postponed until now.
The present report resumes the expected upgrading performances in terms of yields of the selected and transmitted ions. We also estimate the expected costs, and how long  the  standard beam delivery to the users has to be suspended to perform the discussed upgrade of the cyclotron extraction line.

The extraction beam line: Present and Future

The production and the main selection of the radioactive ion beam is performed by the so called extraction line, ( see Fig.1 for the general layout and Fig.2 to look at the details).. In fig.3, the new proposed configuration of such beam line is shown. From the comparison of fig.2 and fig.3 it is quite evident that a lot of changes have to be done. Practically only the three dipole magnets will not change their positions; all the quadrupoles and all the diagnostic devices will have to be replaced. The rebuilding of the extraction beam line will produce an noticeable improvement of the acceptance of this line as summarised in Table 1. 

Table 1: acceptance in transverse space and in momentum for the existing and future FRIBs line. The acceptances of the transport lines to the old and new experimental rooms are also reported
	
	Acceptance  (x,x’) [mm.mrad]
	Acceptance  (y,y’) [mm.mrad]
	Momentum Acceptance (P/P

	Existing line
	3x3= 9( 
	2 x 7.5=15 ( 
	0.5 %

	New FRIBs line
	3x16=48 ( 
	2x30=60 ( 
	1 %

	Increasing factor
	5
	4
	2

	Old beam lines
	3x3= 9( 
	3 x 3=9 ( 
	0.5 %

	new beam lines
	10x4= 40 ( 
	5 x 4=20 ( 
	0.8 %

	FRIBs+20° line
	3x10=30 (
	2x20=40 ( 
	0.7 %


Unfortunately the theoretical improvement of a factor 40 expected on the yield delivered by the new FRIBs line is strongly limited by two problems. The first, and most serious, one being the acceptance of the beam lines after the extraction line. Indeed the old beam lines to Medea, Ciclope 
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Figure 1: Layout of the beam line complex of the LNS. The so called “extraction line”, where the Fragmention Radioactive Ion Beams (FRIBs) are produced and roughly selected is indicated.

and 0°, were designed for an emittance of 9( mm.mrad in both transverse planes and for a momentum acceptance of 0.5%. Therefore for these beam lines we don’t expect a serious advantage in the transport efficiency of the radioactive beams. Fortunately the new beam lines to the CHIMERA and MAGNEX rooms were designed for a larger beam acceptance 40( and 20( mm.mrad respectively in the radial and axial space and a momentum acceptance of 0.8%. Therefore, if we will be able to perform a good matching, between the beam emittance delivered by the extraction beam line and the acceptance of the CHIMERA and MAGNEX beam line, we should expect a maximum yield increase of a factor 15. 
For the 20° beam line, where most of the FRIBS experiments have been performed up to now, we foresee a yield increase of a factor 12. Considering other additional problems due to possible misalignments of magnetic elements it is realistic to expect for the CHIMERA and 20° beam lines an increase of the yields of a factor 10. 
There is also another possibility to increase the FRIBs yields. This is based on the reduction of the beam emittance of the FRIBs line, but without reduction of angular acceptance. To achieve this result we need to shrink as much as possible the beam size at the production target position. For this reason we have to perform a further study to find out better focussing conditions of the cyclotron beam on a spot smaller than 3 mm in diameter. If this result will be achieved we expect that the FRIBs yields should increase by a further factor 4.

On the other side, when the cyclotron beam is focused on such a small beam spot, a lot of power has to be dissipated in a small volume. This can be a serious problem for a beam power of  100 W or more even if not all the power will be dissipated in the target.  Probably a rotating production target will be necessary in this perspective. 
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Figure 2: View of the extraction beam line. The positions of all the magnetic elements, of the diagnostic and the High energy chopper are shown.

Operations and costs for the FRIBs upgrading

 The upgrade of the FRIBs line needs to use four new quadrupoles and two sextupoles. The set-up of the last quadrupoles placed after the first dipole ED1 to focus the beam in a very small spot has also to be changed.  This means that all the extraction line from the first dipole ED1 to the third dipole EAD2 (see fig.3) has to be dismounted and reassembled. Moreover also the two quadrupoles nearest to the cyclotron have to be moved by few centimetres to avoid the 5-10% beam losses due to the misalignment with the axis of the extracted beam. The High energy chopper will also be moved in a more convenient position and probably replaced with a new more performing one. The vacuum chamber of the magnetic dipole EAD1 has to be replaced with a new one. This new chamber must be cooled in order to be able to stop the primary degraded beam coming out from the production target. It will also be necessary to design this vacuum chamber with an internal removable shielding wall to be changed when the radioactivity level due to the primary stopped beam become too high. 

It is evident that during these operations it will not be possible to deliver beams to the users. To minimize the interruption of the usual beam delivering, it will be mandatory to have all devices to be mounted ready before the beginning of the operations. We evaluate that it should be feasible to start the operations in September 2010 and to deliver the beam to the user on January 2011. To achieve this goal it is mandatory to design the new support for the quadrupoles, all the devices for the new beam line, the new vacuum chamber for EAD1, the station for the new production target complete of collimators and diagnostics before December 2009. Also the orders for the new power supplies and for the construction of the new vacuum chamber and of the production target have to be done before the end of December 2009. The drift tubes and all the ancillary components have to be constructed by the LNS workshop in the period January/June 2010.

[image: image3]
Figure 3: View of the new extraction beam line. The positions of all the magnetic elements , of the diagnostic and of  the High energy chopper are shown.

We now present the list of all the operations which have to be done to upgrade the extraction beam line:
· Review of all the beam optic study already done, six months from September 2009 to February 2010;

· Design of the new supports for the Quadrupoles, September – December 2009;

· Order of four new Power supplies for  the new quadrupoles, before December 2009;

· Design of a new cooled vacuum chamber for the EAD1 dipole, complete of removable shields placed inside the vacuum chamber;

· Design of the new target station, beam collimators and diagnostic box before December 2009;

· Detailed design of the extraction beam line to fix all the diagnostic devices and to prepare all the tubes with the proper length, January-June 2010;

· Preparation of the new layout for the computer control, January-June 2010;

· Construction of the new vacuum chamber for EAD1, of all the quadrupole supports and of all the drift tubes from January to July 2010;

· Construction and delivering of the new power supplies before September 2010;

· Construction and delivering of the new target station box from January to July 2010;

· Dismounting of the magnetic quadrupoles and steerers, diagnostic devices, High Energy chopper, beam line tubes supports, power cables, signal cables, computer control cables, vacuum pumps and vacuumeters, etc… September 2010;

· Dismounting of the high energy chopper, September 2010;

· Assembling of magnetic quadrupoles sextupoles and steerers  on the new supports on September 2010;

· Dismounting and reassembling of the EAD2 dipole magnet with the new vacuum chamber September 2010;

· Mounting of magnetic quadrupoles, sextupoles, steerers and diagnostic devices on the beam line, October 2010;

· Installation of the new power supplies, October 2010;
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· Assembling and alignments of the Diagnostic devices on the beam line, October/November 2010;

· Mounting of the high energy chopper, October/November 2010;

· Installation vacuum pump, vacuum meter and vacuum tests, October/November 2010;

· Cooling and electrical connexion for the new power supplies and of all the electromagnetic devices, October/November 2010;

· Computer control connexion, October/November 2010;

· Beam Line commissioning December 2010;

Another relevant request is the opportunity to use not only some external resources (three technicians for 3-4 months) but mainly internal people working on a base of 13 hour per days 5 days per week, from 8.00 to 15.00 and from 14.00 to 21.00.

The main costs to upgrade the FRIBs line are here described:

- external manpower 3 technicians for 14 weeks (1600 h average cost 22 €/h+IVA (43 k€)

· N° 1 new vacuum chamber with cooling and shields ( 14 k€ 

· New Collimators and Diagnostic Box ( 15 k€

· N° 4 PS per Quadrupoles 26 kW 45 k€

· Supports and Stands for Quads ( 15 k€

· 2 new diagnostic boxes, ( 10 k€
· Ancillary devices ( 15 k€

· Rotating and cooled target, neutron shielding   ( 30 k€
The expected total cost being 187 k€. This amount should be available: 59 k€ on 2009 to order the power supplies and the vacuum chamber for the EAD1 dipole, 98 k€ on 2010 and 30 k€ to buy the rotating target on 2011.
Preliminary experimental tests

Two experiments DIPROTON and EXPERA, were already accomplished in 2005 by using the exotic beams provided by the FRIBs facility at LNS [1]; both of them were performed at the 20° beam line in the TRASMA scattering chamber. The reason to chose this beam line was due to the fact that this line shows the best beam transmission (90% of the total fragments delivered at the end of the FRIBs line) obtained with the present FRIBs design. Some test were done to use these beams also in other experimental rooms like CICLOPE and the new CHIMERA room [3]. 

The experience achieved so far shows that only 20% transmission efficiency can be reached in the CICLOPE beam line; this is mainly due to the low vertical acceptance of the last 4 dipoles that strongly reduces the transport of the radioactive beam but also, as discussed above, to the beam line design which was done to transport a maximum beam emittance of 9  mm.mrad in both planes (x,x’), (y,y’) with a momentum dispersion smaller than ±0.5%.

The transport of the FRIBs beams to the new experimental CHIMERA chamber is done with an efficiency of about 50%. The transport at the new CHIMERA room was performed the first time on the 2006 and a second time at the beginning of this year. Despite after the first test the vacuum chamber of two dipoles magnet (DD1 and DD5, 22.5° bending angle magnets) were replaced with two new vacuum chambers with a vertical gap roughly 30% larger of the previous, both the two test produced similar values of transport efficiencies.  

This result was surprising because the new beam line to CHIMERA room has an acceptance of about 40 (  mm.mrad in the radial space, 20 ( mm.mrad in the axial plane and a momentum acceptance of ±0.8%. Probably the low transmission efficiency is due to the effect of four collimators, having a diameter of 25 mm, which are placed along the beam line. These collimators were inserted to increase the security level of the radioprotection service. In the future these collimators will be replaced by a faraday cup able to close the whole beam line cross section when it is inside. In the meanwhile and as soon as possible it is mandatory to measure the transmission efficiency after to move out these four collimators from the beam line to verify the ability of this line to accept all beam delivered by the FRIBs line.
PRODUCED BEAMS
In table 2 some of the beams produced and transported on 20° and CHIMERA beam lines are presented in order to have an idea of the beam intensity available with present set-up and on what could be the intensities after the FRIBs upgrading. Note that the transport of 21Na and 12B was not optimized, therefore higher intensities can be obtained.  More details on the available beams and on the tagging procedures can be found in the FRIBS web site[4] and on the G.Cardella and E.Rapisarda presentations to the recent FRIBS meeting at LNS[5]. A more detailed documents is also in preparation. 
	beam
	Primary beam
	rate (Hz/enA)
	Beam line
	beam purity
	To date
Primary beam intensity

	18Ne
	20Ne 45 MeV/A
	18
	20°
	9%
	700 enA

	21Na
	20Ne 45 MeV/A
	44
	20°
	22%
	700 enA

	11Be
	13C 55 MeV/A
	20
	CHIMERA
	55%
	700 enA

	12B
	13C 55 MeV/A
	70
	CHIMERA
	85%
	700 enA
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The proposed new extraction beam line 
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