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TRADING MOMENTUM AGAINST BETATRON ACCEPTANCE 
FOR AN UPGRADED ANTIPROTON COLLECTOR

C.D. Johnson

1 INTRODUCTION

In Long Term Note 7 E. Jones and R. Sherwood propose to improve the antiproton yield in 
the AA by increasing the efficiency of p collection into the existing transverse acceptance. 
Gains of up to a factor 3 are theoretically attainable, although the practical difficulties 
are considerable. To go beyond this factor we have to contemplate enlarging, either directly 
or indirectly, the longitudinal and/or transverse machine acceptances. This note looks at 
the basic limitations of the gains to be had from these changes.

2. LONGITUDINAL AND TRANSVERSE MOMENTUM DEPENDENCE OF p PRODUCTION DENSITY

J.-Allaby1) has reviewed the experimental data on antiproton production from p-p and
p-N collisions. His summaries of the relevent data from Amaldi et al.2) and Eichten et al.3) 
are reproduced in figures 1 and 2.

In fig. 1 the p production density, W(p,θ) at 4 GeV/c from 24 GeV/c p-N collisions (Be, 
Cu and Pb) are plotted as a function of the total transverse energy E , which is related to 
transverse momentum, pT, by :

(1)

where mp is the antiproton rest mass (0.938 GeV).

The relation :

(2)

provides a good fit to the data for production from lead, whereas the copper data is better 
represented by :

(3)

The ratios W(p,θ)/W(p,0) for lead and copper are plotted in figures 3 and 4 respectively 
as functions of the laboratory production angle, 0. Also shown are the differential yields 
dNp/dθ. The vertical scales in this scale are arbitrary. The maxima occur between 120 and 
140 mrad.
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Returning to fig. 2, we have the production density at 9 = 0°, W(p,0), plotted versus 
antiproton longitudinal lab. momentum, PLAB. The p-p data at low momenta are calculated by 
kinematic reflection from the measured values at 3.3 GeV/c and above. The p-N data above 
3.5 GeV/c are from Eichten et al. Those at low momenta are from the preliminary results of
an experiment by Amman et al.4) . The data are consistent with the assumption that the momentum
dependence of p production from p-N collisions has the same form as for the p-p process. The 
overall yields are lower due to p reabsorption in the target nuclei.

3. TARGET YIELDS

3.1. Transverse momentum dependence

To illustrate a couple of points relating to the dependence of antiproton yield on 
transverse acceptance it is necessary to consider the effects of target geometry. As an 
example I take a copper target 110 mm long, the length of the present production target. 
The 26 GeV/c proton beam is assumed to have a Gaussian density distribution with 2a = 1.2 mm. 
The yield from this target has been computed using a combined Monte Carlo and numerical in­
tegration method. The absorption lengths for 26 GeV/c protons and 3.5 GeV/c antiprotons in 
copper are taken to be 139 mm5) and 128 mm6) respectively.

Fig. 5 shows the computed integrated antiproton yield versus θ2 when the target has a 
diameter of 3 mm (curve 5). Also plotted are various limiting cases : curve 1 - constant 
W(p,θ) and no p reabsorption, curve 2 - constant W(p,θ) and thick target (all p’s exit through 
end of target), curve 3 - W(p,θ) as in fig. 4 but no p reabsorption, and curve 4 - W(p,θ) as 
in fig. 4 but thick target. Note that the integrated yield from the 3 mm diameter target is 
quite close to the thick target approximation with constant W(p,θ) i.e. the yield is roughly 
proportional to θ2 out to θ = 150 mrad. This is due to the compensation of the fall-off in 
W(p,θ) by an increase in the number of p’s escaping from the side of the target at larger 
production angles.

However, this does not mean that the antiproton yield will also be proportional to the 
square of the acceptance since these geometric factors also contribute to a dilution of 
transverse phase space density, which only non-linear or special focusing devices, as 
discussed in Note 7, can compensate.

In cylindrical coordinates the transverse phase plane referred to the downstream end of

Fig. 6
the target is the familiar "butterfly" shown in 
fig. 6. In the central heavily shaded region the 
phase space density, determined largely by the 
proton beam size and distribution, is proportional 
to 9. At large 9 the population of phase space is 
diluted by the effect of target length and the 
phase space density becomes approximately uniform. 
Thus, whereas initially the increase in yield 
with aperture at small apertures follows a qua­
dratic dependence the trend is towards a linear 
relationship at larger apertures. This can be

p(θ) = particle density
l = target length
d = beam size

(uniform)
k = constant
For lθ » d
p(θ) k/l = const.
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offset a little by varying the matching parameters with aperture, but some device such as 
the focusing target is needed to maintain the quadratic dependence.

3.2. Longitudinal momentum dependence

In the lab. system the formula for the yield of antiprotons per interaction into the 
solid angle AQ and momentum bite Ap is :

(4)

In terms of momentum acceptance, Ap/p, this becomes :

(5)

Because of the kinematic term, p2/2E, in equation 4 the yield per interaction from the 
AA target peaks at a little over 4 GeV/c, whereas the yield into fixed Ap/p is at a maximum 
between 5 and 6 GeV/c. These relationships are plotted in fig. 7.

W(p,O) is flat around 3.5 GeV/c. W(p,O) * p2/2E varies by about 10% over a 10% range in 
momentum around 3.5 GeV/c. For a fixed momentum acceptance the yield increases with antiproton 
momentum mainly because of the increased momentum bite. The behaviour of yield into fixed 
Ap/p around the value p = 3.5 GeV/c is shown in fig. 8. A gain in yield of 5% per 0.1 GeV/c 
increase in p momentum is predicted.

4. CONCLUSIONS

An upgraded antiproton collector can be expected to give an increase in yield propor­
tional to its momentum acceptance and a little extra could be gained by operating at a higher 
p momentum.

The benefits from increased transverse acceptance are more difficult to assess and are 
influenced more by target geometry than the fall-off in production density with angle. We 
should not expect much more than a linear gain in p yield with aperture (AK * AV)1/2.

Something better than a linear lens system downstream from the target is required.

5. RADIATION ASPECTS OF IMPROVED PERFORMANCES

Any transport line from target to collector accepting a given Ap/p will transmit with 
reduced acceptance particles outside the desired momentum bite. Increasing the transverse 
acceptance will make this situation worse and in general increase the radiation problem. 
Enlarging the momentum acceptance will for the most part mean taking in particles which would 
otherwise be lost outside the target area. As the majority of particles involved are π- these 
will decay within the machine instead of being lost by interactions at the various aperture 
limits. This will tend to reduce the radiation shielding problem.
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