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I think the first three transparencies do not need any explanation. (1,2,3)

The reasons for a two staged cooling process are also quite obvious. (4,5)
The table on transparency no. 6 contains most of the parameters that are relevant for electron cooling. Here are only a few remarks: The hadron beam emittances for medium energy cooling are the initial values whereas for the high energy cooling the final i.e. equilibrium emittances are given. In principle these are the goals for medium energy cooling.

The electron parameters are values that seem to be achievable at least according to simulations. 

At the bottom the initial cooling times are compared with the initial intrabeam scattering lifetimes for the medium energy case.

I skipped transparency no. 7.

Some remarks to transparency no. 8.

We always considered a conventional cooler (DC acceleration and totally immersed in a solenoid) in the MeV regime a challenging and technologically complicated devices. 

(Just look at the FERMILAB cooler). Fortunately we do not need a continuous electron beam since the hadron beam is bunched and in addition the bunching factor is quite low.

That’s why we propose to use a bunched electron beam for cooling that is accelerated in a high frequency rf system. 

The first attempt was to design a cooler that is simple as possible that is only existing hardware should be used. The result of this study is shown on this transparency. The electron beam has sufficient beam quality for cooling but only for the prize of a relatively low electron intensity. The unavoidable high energy spread and the short bunch can be converted into a bunch of appropriate length and low energy spread with the so-called debuncher (transparency no. 9) and a simple rf cavity. This electron beam would be capable to cool heavy ions (see transparency no. 6). 

Some remarks to transparency no. 10.

If one wants make any progress one has to increase the number of the electrons per bunch. This usually causes problems at the low energy end of the linac. The way out of this problem is to put the source as well as the linac in to a solenoidal magnetic field. 

Such a linac is shown on this transparency and the simulations show that the beam quality is still o.k. although the electron current is a factor of 10 higher than in the previous case.

A new problem arises when wants to merge the electrons with the protons in the cooler section. The space charge forces of the electron beam are so strong so that the electrons need focusing (or as Skrinsky says guidance) in the cooler section. Therefore a solenoid has to be installed in the cooler section. Now it is not a simple problem to get from the solenoid of the linac to the solenoid of the cooler as is explained on the next transparency (11). 

I don’t want to explain the problem here but quote the following number that underlines somehow the significance of the problem. The the emittance ratio outside and inside the solenoid is between 250 and 300! That’s why the matching is so difficult and certainly a topic that we have to pursue further. 

How far we got with the matching is shown on transparencies (12,13). Two crucial parameters in this game are the energy spread and geometric aberrations caused by the non-linearities of the solenoids. The relative energy should be smaller than a few times 10-3 which we can only achieve for high energies for a thermionic gun (see transparency no. 8,10). Therefore we looked for an alternative gun and such an alternative could be an rf gun.

The simulation results for the rf gun are shown on transparency no. 14. One gets an energy spread that is almost a factor of ten lower than the one for the thermionic gun.

This gives us hope that we need a continuous solenoidal field only for low energies say up to 2 MeV. The problem with an rf gun might be that it cannot run at a high repition rate. To relief the repition rate of the gun one could use the electrons several times for cooling. They have to be stored in a so-called recirculator that is shown on transparency no. 15. 

I don’t want to say very much about high energy electron cooling (16,17). The problem with intrabeam scattering is quite obvious from transparency no. 18. What should be remarked is just that intrabeam scattering limits the number of electrons per bunch.

The comparison between a linac and a storage ring made on transparency no. (19) is of cause not very detailed. But I think the numbers show that a linac may be an alternative at energies up to 150 MeV electron energies. For higher energies for instance 450 MeV I think the storage ring is the right solution (compare the numbers for protons on transparency no. 6. The main reason that we choose a storage ring at 150 MeV has something to do with the fact that the physics and the technology of such a ring is known whereas in case of the linac some problems have to be solved for example the matching!

