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Needs to improve the Fermilab Pbar Source for the Tevatron Upgrade
and discrepancies [1,2] in predictions of the antiproton yields have
forced us to develop the production model based on the modern data
and to incorporate this model to the current version of MARS10 code ([3].
The inclusive scheme of this code with the use of statistical weights
allows the production of antiprotons to be enhanced within the phase
-space region of interest, which is extremely effective for optimization
of Pbar Source parameters and for developing of such an idea as a
beam sweeping system [4].

Antiproton production model included in the modified version of our
Monte Carlo program MARS10M for the inclusive simulation of hadronic
cascades, as for other particles throughout the program, is based on
a factorization approach for hadron-nucleus differential cross-section,
described in [5-8]. To describe antiproton inclusive spectra in
pp—collisions a phenomenological model [9] has been used modified in
the low-Pt region (Pt < 0.2 GeV/c). The antiproton production in
pion-nucleon interactions is described in the frame of our simple
phenomenological model based on the modern data [8]. In describing of
the antiproton production cross-sections ratio in hadron-nucleus and
hadron—-nucleon collisions the ideas of soft hadronization of color
strings [10] and all the present experimental data have been used [8].

Some comparisons of our model with experimental data are presented
in Figs.1-7 in the wide intervals of initial momenta, antiproton
kinematical variables and nuclei. In all the cases the agreement is
pretty good what gives us an assurance in the consequent studies
carried out for the Fermilab Pbar Source. The results of such study
are presented below.

The following standard Fermilab parameters have been used:
proton energy 120 GeV, antiproton momentum 8.9 GeV/c, longitudinal
momentum acceptance +/- 2%, target length 7 cm for copper and
5 cm for tungsten, Li lens length 15 cm, Li lens distance to focal
plane 14.45 cm, Li lens radius 1 cm (mostly). Other parameters -
acceptance and beam spot size - were subject to study for both targets
and additionaly for the CERN case iridium target. In all cases

sigma=sigmax=sigmay — R.M.S. beam spot size in mm,
A = Ax = Ay - acceptance of Pbar Source in pi mm mrad.

Fig.8 shows antiproton momentum spectra in 120 GeV proton-tungsten
collision integrated over two angular intervals as predicted by our
model, by phenomenological model {11], which was the base for the Pbar
Design Report, and by the multi-chain fragmentation model [12]. The
disagrement of factor of 2 or 3 was mentioned first in [1,2]. This
difference results in overestimation of antiproton yields in the
Design Report (see again [1,2]): Fig.9 confirms this for tungsten target.

Antiproton yield of copper target is shown in Fig.10 for three
beam sizes. Having a strong dependence on the last one at small
acceptances, yield is the only weak function of sigma at the_ large A.
At A = 20 pi mm mrad pbar yield of tungsten target is about 30%
higher compare to the copper one. Fig.ll shows the dependence of yield
on the maximum angular divergence of antiprotons downstream of the



copper and tungsten targets. As in [13] the graph was produced by
fixing the value of theta and varying the maximum displacement of

the constant area ellipse until a maximum yield was obtained. For two
acceptances shown the yield grows fastly up to teta=30 mrad and is
constant after teta=45 mrad which exactly correspondes to the lens
parameters (R=1 cm etc.). Therefore all other data in this paper

are presented for teta=45 mrad. Following [13] the maximum antiproton
yield into the Source is obtained by matching the machine acceptance
through the injection line and collector lens to an ellipse at the end
of the target which contains the maximum number of pbars.

The antiproton yield versus the proton beam spot size is presented
in Figs.12-13 for both targets and for various acceptances. Note rather
weak dependence in the considered range of sigmas. Calculated
fraction of antiprotons originating from secondary interactions in
copper and tungsten targets is shown to be a growing function of
an acceptance (Fig.14).

As has been shown in [2] the maximum energy deposition Em in typical
targets for antiproton production scales as

Em (GeV/g) = C/sigma**n,

where sigma is R.M.S. beam spot size in mm, C and n are energy— and
material-dependent parameters. Correspondingly, the tolerable number
of protons in the fast beam pulse on target can be determined as

Q * 10*x+*10
Np (ppp) = - = B * gigma**n,
1.6 * Em

where Q in J/g is melting or shock wave limit for the target material.

Calculating with current version of MARS10M energy deposition
distributions in targets one can get the data presented in Figs. 15-16.
Resulting parameters of the correspondent fits for the Fermilab Pbar
Source proton momentum po = 120 GeV/c are given in Table 1 for three
targets.

Table 1. Fit parameters.

Target material Cu W Ir (*)
Length (mm) 70. 50. 55.
Diameter (mm) 10. 10. 3.

C .135 .625 .70

n 1.35 1.0 1.0

0 (J/9) 460 200 360

B, 10**12 21.3 2.0 3.2

*) CERN sort of target, surrounded by graphite.

Table 2 collects the calculated data for various targets on
the antiproton yield for 20 pi mm mrad acceptance, maximum tolerable
numbers of protons on the targets and resulting number of antiprotons
in the 1 cm radius Li-lens for such a spill. The corresponding maximum
number of antiprotons collected per second is presented in Fig.17.
One can see how preferable is copper target for the Fermilab case.
Another important conclusion - the increasing with the beam size
antiproton rate — is resulted from very different dependences on the
beam size: weak for the yield (Figs.12-13) and very strong for the
maximum energy deposition (Fig.15). There is no indication on the
possible profit of the beam sweeping system for the Pbar Source
parameters.



Taking into account the CERN's numbers for antiproton loss in the lens,
in titanium windows, beam-gas scattering in injection line etc.
one should multiply the data of Fig.1l7 by factor 0.6 to get the real
antiproton collection rate in the Fermilab Pbar Source.

Table 2. Pbar yield, max. proton beam intensity and pbar coilection
rate for 20 pi mm mrad acceptance.

R.M.S. beam spot size, sigmax=sigmay (mm)

Value Target -
0.05 0.10 0.22 0.30 0.38
Yield, _ Cu 2.97 2.87 2.57 2.18 1.94
(10E-5 p/proton) W 4.14 3.90 3.40 2.89 2.50
Ir 4.35 4,33 3.80 3.25 2.84
Max. no. of Cu 0.37 0.95 2.76 4.19 5.77
protons, W 0.10 0.20 0.44 0.60 0.76
(10E12 ppp) Ir 0.16 0.32 0.71 0.96 1.22
Pbars collected, Cu 1.10 2.73 7.09 9.13 11.2
(10E7 pbars/pulse) W 0.41 0.78 1.50 1.73 1.90
Ir 0.70 1.38 2.70 3.12 3.46
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