Note on the beam parameters at the CBM Target.
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The most important numbers for the description of the behaviour of the beam at the CBM Target are the horizontal and the vertical beam emittances.

While the vertical emittance is not affected by the process of slow extraction, the horizontal emittance will usually become smaller as the extracted particles are so to say "peeled off" the circulating beam. (Under adverse conditions the horizontal emittance could also become larger, but such scenarios are neglected here.)

The dependence of the horizontal emittance e.g. on the extraction time is not yet available. Therefore the calculations are based on the emittances as will be found in the SIS300 ring at the corresponding energies.

The transverse emittances scale like 
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 being the magnetic rigidity and usually given in units [Tm]. 
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 is the momentum of the particle and 
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 is its charge. This scaling law is valid as long as no nonlinear or coupling effects deteriorate the phase space. We assume that this will be the case in the FAIR accelerator chain. We also assume that the influence of a thin stripper foil on the beam emittance is negligible.

The emittance in the SIS300 ring at extraction energy can be calculated in the following way:

The beam is injected into SIS118 invariably at 11.4MeV/u. At this energy the transverse phase space is filled to its limits of 150mm*mrad horizontal and 50mm*mrad vertical, which is the geometrical acceptance of SIS18 and also does not change.

 The kinetic energy 11.4MeV/u corresponds to different magnetic rigidities for different ion species. They are related to one another by the formula:
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where 
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 is the atomic mass number and 
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 is the charge of the ion. 300 is speed of light in units [Mm/s] The number 1860 is the (rounded) double of the atomic mass unit  931.494MeV and 
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 must be inserted in units [MeV/u].

For example for U73+ we have 
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 = 238, 
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 = 73 and find at injection into SIS18
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For U92+ the magnetic rigidity at injection into SIS18 would be correspondingly smaller by the factor 73/92 = 1.259Tm. As we assume that the stripper foil does not change the emittance, for the calculation it is inessential whether the stripping takes place at the beginning of the accelerator chain or somewhere in between. When U92+ is used at the target we can assume that the phase space was filled with U92+ at 1.259Tm.

At extraction the magnetic rigidity is larger and consequently the emittance smaller by adiabatic damping. 

E.g. at U92+ at 33.8GeV/u has a magnetic rigidity of
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. This is the maximum SIS300 can provide. At that Energy the emittances will have shrunk to 150*1.587/299.375mm*mrad = 0.795mm*mrad horizontal and 0.265mm*mrad vertical.

The lower side of the energy range is reached at 64Tm magnetic rigidity, which is the lowest nominal extraction rigidity. At that rigidity U92+ with 6.6GeV/u can be extracted:
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, and the emittances will be 150*1.587/64.435mm*mrad = 3.69mm*mrad horizontal and 1.23mm*mrad vertical.

Most probably only fully stripped particles will be extracted from SIS300. In this case the largest emittance obviously will be found for ions with the largest ratio 
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, as for these particles the acceleration span from injection rigidity to the minimal extraction rigidity is smallest. Therefore all particles with a lower 
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 ratio than bare Uranium will have smaller emittances than 3.69mm*mrad horizontal and 1.23mm*mrad vertical at extraction.

The achievable beam spot size at the CBM target depends on the emittance of the beam. The open aperture of the focusing quadrupoles in front of the CBM/HADES-Targets is 80mm radius. But not the whole aperture can be filled with beam, as otherwise particles scratching the beam pipe in the quadrupoles will lead to  background at the target. We assume that 70% of the open aperture can safely be filled with beam (i.e. the geometrical acceptance is twice the emittance of the beam). Under this condition the target focusing looks essentially the same for all beams (see Figure 1). 
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Figure 1: Proposed beam envelopes for the target focusing onto the CBM Target. The emittances shown are 1.845mm*mrad horizontal and 0.615mm*mrad vertical.

The beam phase space at the target for three different emittances is shown in Figure 2. The beam divergence is constant at roughly 2mrad in both planes, while the beam width changes proportional to the emittance. 

[image: image17.wmf]-2.00

x[mm]

2.00

-

0

.

0

0

4

0

0

x

’

[

r

a

d

]

0

.

0

0

4

0

0

-2.00

y[mm]

2.00

-

0

.

0

0

4

0

0

y

’

[

r

a

d

]

0

.

0

0

4

0

0


Figure 2: Beam phase space at the CBM Target (left plot: horizontal, right plot: vertical) for three different beam emittances. blue: 3.69mm*mrad horizontal, 1.23mm*mrad vertical, red: 1.845mm*mrad horizontal, 0.615mm*mrad vertical, green: 0.92mm*mrad horizontal, 0.31mm*mrad vertical.

Preparation of beams with significantly larger angular divergences is not possible because of the background problem and because of the focusing system to target distance. Preparation of beams with smaller angular divergence is certainly possible but will lead to larger beam widths at the target.
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