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Given what is clasimed to & reasonably accurate technique
for «calculating the pbar yield, it is useful to ask for
comparisons with the data available from the Tecent
commissioning yun. The simplest comparison to make is that
of the yield. The number of pbars circulating in the
Debuncher was measured many times; the total number of
secondaries at IC728 in AP-2 was also measured many timesc.
The rvatio of pbars to total flux at IC728 was measured once
{Bk. I, P 166); this number was P /total = 0.032.
Typically, the ratio of secondaries at IC728 to protons on
target was about 0. 0012 (this was about the same number,
independent of whether the lens was operated at &00 or 1000
T/m. ) Thus, at IC728 we have

Nr/NP_~{.ﬂxto—3x3.2m51.:3.5’uo’y‘— 3% ppwm

The expected momentum aperture of AP-2 is . 048X8. 9=. 427
GeV/c, so the yield is 38/.427 = 85 ppm/CeV/c. The errors
in this number can come from (a) errors in the 75 /total
Tatio, (b) errors in the IC728 #flux (probably small) and (c)
errors in the momentum acceptance of AP-2. The momentum
dispersion of the left bend was measured to be close to the
design value but the aperture limits in this Tegion are
unclear. We take the total error in the yield to be + 20%
(very optimistic).

In the Debuncher, we measured 5. 3x10%#6 pbars
circulating in &P/P = 4.5%, for 10##12 protons, so the yield
is N=83xi10%)10't | o¥sx 8 9 = 12 ppm/GeV/c. Errors are probably
* 40% here, again optimistically.

During the run, we typically operated with a smaller
proton beam spot size than the design (because the per pulse

intensity was lower than the design). Typically, Lo was
.34 mm. The effect of abberations (see Tef. 1, Addendum C)
adds about .26 mm in quadrature, giving o, about .42 mm.

We ran with a target length of 7.2 cm. Fig. 1a shows the
yield vs emittance for various gradients, and the points
corresponding to AP-2 and the Debuncher. Note that, as
observed, there should be very little difference between the
yields at 600 T/m and 1000 T/m lens gradients for small
emittances. The straightforward interpretation of these
data are: the effective acceptance of the pbar collection
and transport system up to IC728 in AP-2 is 13 + 2 pi
mm-mrad (it 1is supposed to be 55 pi horizontally and 30 pi
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vertically). The effective acceptance of the cystem
including the Debuncher i 5 1 pi mm—mrad (it ic supposed
to be 20 pid.

Of course, the actual flux measured at IC728 1s mostly

pions. Hence it would be interesting to estimate the pion
yield from the target and compare with the IC728 flux. The
procedure wused to do this is outlined in Appendix I. It is

interesting that the results of this estimate give a ratio
m /P of about 18, whereas we measured 23 (Bk. I, p.
166), which is within 30%. The measured pion yield at 1728
is estimated as follows: from Bk. I, p. 166, M~ /€™ is
about 2.93, and W~/ P is 23, so M~ /total = .722. Using
total/protons = O0.0012, WVP = 867 ppm. For Oplp = 4. 5%,
the pion yield is 2030 ppm/GeV/c at IC7&8. Using the decay
factor of 443 (see Appendix I), this is 4582 ppm/GeV/c at
the target. Figure 1b shows the predictions and data for
pions; the effective emittance at IC728 1is 16 + 1 pi
mm-mrad, essentially in agreement with the pbar data.

Both with the 1lens at 600 T/m and at 1000 T/m,
measurements were made of the variation in yield with lens
gradient, for a fixed target distance. These data, together
with the appropriate calculations, are shown in fig. 2.
The agreement is reasonable; the small shift observed may be
due simply to a 5% error in calibration of the lens gradient
vSs. lens voltage. The fact that the data are above the
curve for low gradients in the 1000 T/m target position case
may be due to background (i.e., secondaries not produced in
the target). The data also contains substantial electron
contamination (25%).

With the lens at 600 T/m, we measured the variation in
the yield vs. proton beam spot size. These data are shown
(together with the prediction) in fig. 3. The error bars
are supposed to reflect relative errors only and are derived
from pulse—~to-pulse variations. The agreement is again
reasonable. The effective spot sizes for the data include
the effects of the abberations mentioned above.

With the lens at 1000 T/m, we measured the variation in
the yield vs. target length. This is shown, together with
the calculation, in fig. 4, The normalization of the data
is arbitrary. The agreement in shape 1is seen to be
reasonable. Also with the lens at 1000 T/m, we measured the
variation of the yield wvs. lens vertical position. The
relationship between & shift of the lens axis and a shift of
the proton beam spot on target is derived in Appendix 2: the

- result is SXiens = 1.148X4arq. In fig. 5. we show the data

for the yield variation with lens motion. and the prediction
for the yield variation with target motion. The
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normalization of the data curve 18 again arbitrary. The
data curve is somewhat broader than the predictions; again,
this may be related to the electiron contamination, which is
presumably a more diffuse source than the hadrons

With the lens at 600 T/m, the dependence of the yield on

lens timing was explored. This dependence is due to a3
change in the 1lent gradient oand @& change in the lens
aberrations. Acs  explained in rvef. 1, Addendum C, the

deviation of the lens field from linearity can be <crudely
modeled as an effective increase in the proton beam spot

size on the target. Fig. 6 shows the rms aberration vs
phase (from ref. 1, Addendum C), the measured variation of
the yield vs phase, and a8 crude prediction, based on the
ctalculated yield variation with On (proton beam spot size),
adding the aberration effect (CMM,QO } in quadrature. The
effect of the variation in gradient (alsc shown in fig. &)
has not been included. As the fig. shows., there 1s

surprisingly good agreement with the prediction, both in the
optimum phase and in the variation of the yield with phase
The asymmetty in the comparison of the yield varistion about
the optimum is presumably related to the fact that the
gradient falls off quickly for 1large phases but Tises
slightly for small phases.

All the comparisons in figs. 2 to &6 would obviously be
better if made using pbars circulating in the Debuncher.
This data should be taken during the next TUnN.

Additionally., the planned Cerenkov counter at IC728, which
can separate out the electrons., pions and pbars., can be uced
to sharpen the comparisons.

The major piece of information fram this analysis comes
fram the data shown in figs. la and 1b. If the
"straightforward" interpretation mentioned above is correct,
then there 1is a8 major aperture Testriction in AP-2 before
I1C728. The acceptance should be well in excess of 20 pi,
but 1looks 1like about 15 pi. Alternatively, our assumption
about the momentum acceptance of AP-2 could be in error; if
it is wmuch smaller than we expect, then the yield could be
correct and the AP-2 acceptance large. However, this is
unlikely: we measure 4. 5% momentum spread in the Debuncher.
Moreover, for a large acceptance, we would have expected &
more drvamatic dependence of the yield on lens gradient (see
figs 1a and 1b), which was not observed.

The other implication of this data is the following. It
we believe that the Debuncher acceptance is really about 1C
pi, then we would expect a yield of about 55 ppm/GeV/c (from
fig. ia), not 12 ppms/GeV/c. The loss of & factor of 55712

N 4. 6 must be either in AP-2 downstream of IC728, in the
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Debuncher ingjection channel, ov in the ia1rot few turne of
the Debuncher, due to a mismatch a3t injection, This
mismatch would have to correspond to an emittence dilution
of about 5 factor of 2 in each plane

These considerations can be summsrized in a revised
"missing factor" table for the systiem from the target to
circulating beam in the Debuncher:

STAGE Desien YIELD MERSuRED YIELD MISSING FACTER
(Pom [6evic) (opmfgevfe) COMULAT IV E INDWIO Uk L
!w(v Jo fr mm -mro o
TARGET, LENS (.S (r)
AP-2 4o Tc12¥ 130 gs S
DEBuNCHER (2
CIRCULATING 130 12 10.8 74 )
Beamn

(1) This factor it what we 8re missing tc get 20 pi  to
IC728. In fact, since AP-2 should be able to tranemit 55 pi1
horizontally and 30 pi vertically, we should expect a
considerably larger number (like 260 ppm/GeV/c) at 1C728;
hence the missing factor relative to the design is more like
3.

(2) This factor of 7. &2 presumabliny ie  compriced of a
factor of about 1 & fFrom the dirference 1n dcceptance
between the 1% pi at IC728 and the 10 pi in the Debuncher;
and a factor of 4.6 due to beam loss asfter IC728 and
emittance dilution in the Debuncher.
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