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1. Method

The extracted beam size, as a Function of intensity, was
measured in the U line at the SEM at  USs. HWith the besta
functions available from a previous measurement {1}, this gives
the emittance as a AFfunction of intensity. At the same

intensities, the internal beam was measured with the IPM at

several times (200, 4900, 500, and &50 mssc. after t#) during the
acceleration cvcle.

fiz the study began, the AG5 was operating FEBE at an
intensity of 15 TP. With the normal settings of UB1 and U2, the
spot size at  the SEM was wide enough to give good profiles with
no channels overflowing their 2047 count limit. Similarly. the
IPM gave good profiles with 1 msec integrating time -~ +he
shortest available at late times during the AGS cycle — and the

residual pressure at E-10 of 4x10-7. No gas was added at the
IPM. '

The intensity was reduced and a set of measurements taken at
approximately 1 TP steps from 15 TP down to 2 TP. The intensity
was reduced by using the LOWBM ORTHO file which reduced the linac
pulse width (LNPW} and made the appropriate readjustments to
injection bump timing (INBSF) and iniection peaker fine control
{DIFPK). It should be noted that the beam size at  reduced
intensity may depend on how the intensity was reduced. Thus
these measurements may not reflect what the size would be if the
intensity were reduced some other way, or, in particular, if the
machine were running at reduced intensity due to some problem.

At each intensity, a data file with 10 profiles was taken
with the S5EM, and alsc with the IPM at four times during the
acceleration. Each profile also has a reading of a current
transformer (L20 for the IPM and UX01S for the SEM). Thess files
were then analysed offline to get the beam sires, shown in
Figures 1 and 2 as a function of intensity, for the SEM and one
set of IPM data. The horizontal IPM data for 500 and 650 msec is
not usable, because two malfunctioning channels in the IPM came
on one edge of the profiles and distorted them; at the other
times the radius was different and the profile wider so the
distortion was not serious. The IPM sizes have been corrected
for space charge effects, but that “correction’ is apparently not
correct, as will be discussed beslow.

The tables below show the momenta for the four IPM and one
FEB sample times, and the beta and dispersion functions at the



two devices. The functions at the SEM were obtained assuming the
H1Z wvalues from ref. 1. '

Beta and dispersion functions (meters}

ver beta hor heta hor x=p
IPH 16.5 . 16.5 1.20

=& SEM 28.8 15.4 , 0.5&6

Time, gauss clock, and momentum

time g-c. momantum betagamma
IPHM : 200 7280 Z.74 3.98
IFM {400 - 29005 14.72 15. 47
IPM 500 389724 12.77 21.07
IFM LS50 52807 26.76 28.52
FEEB extraction &%4 54328 28.57 30,45
With these wvalues, ‘the vertical aemittances can be
calculated:
2
€ = 7y /fy

and to compare the values at .dif{erent momenta, they can be
normalized:

é.y,uorm. = €y (ZY

where ,é and ¥ are the relativistic parameters ({ /33’ = piSmd.
These normalized emittances are shown in Figures 3 and 4 for the
data of Figures 1 and 2.

For *the horizontal emittance, the beam size should be
corrected for the effect of momentum spread and dispersion to get
the effect of the betatron oscillations only. Since they are
uncorrelated, it is best to subtract them in quadrature:

% | 2% a z
o;s,bek‘km * O-);,meqsuecd - (—,? 'XI’)

There is a problem because the momentum spread was not
measured — that requires measuring, on an oscilloscope, the bunch
width at each data point, and that was not  done. The
longitudinal emittance is expected to range from 1 to 4 eV-sec
{ref 2), giving an “"res" momentum spread (dp/p)} of .044% +to
-088%4. For comparison, Weng (3} uses dp/p = +.124 for 994 of the
beam, which corresponds, assuming a gaussian, o +.039%4 rms.
Figures 3 and 4 show the normalized horizontal emittance, with
corrections for O, .044%, and .088%4 momentum spread. The larger
momentum spread would be expected after transition at all but the



vEry 10w intensities. MNote that the momentum spresd uncertainty
is less serious for the S8EM  than for the IPM  becsuse the ratio
ﬁ/xf’z is more favorable by mors than a factor of three.

The emittances calculated and plotted here are reos valuss
{(i.e., one sigma wvalues), and must be multiplied by a factor to
compare with some other oeasures. For sxample, for 2.5 sigma
emittance, multiply by 2.59¥2.9 = &4.25, and Ffor 99% emittance
{assuming & gaussian distribution), multiply by —-2¥In(l-.992} =
?.2.

2. Comparison of IPM and SEM data.

Figure 5 shows all five sets of vertical data on one graph.
The normalized emittance from the IPM appears too high at high
intensities, since the emittance should not decrease at
extraction {(losses were low). The IPM sizes have been corrected
for space charge effects using parameters determined from a
Monte-Carlo simulation of the ion collection in the IPM. Results
using these parameters agresed gualitatively but not
gquantitatively with an experiment changing the IPM high voltage.
The  results of this study are further evidence that thess
parameters lead to an undercorrection for the space charge
effect, and in Ffact the data herse should allow a  better
determination of these parameters, by assuming that there is no
change in normalized emittance between &350 msec and extraction at
424 msec. The amount of correction made with the present
parameters can be seen by comparing Figure 5 with Figure &, wherse
no space charge correction has been made.

The horizontal IPM data have, in addition to any space
charge problems, a strong dependence on the momentum spread, and
thus a meaningful determination of the betatron size requires a
good measure of the momentum spread.

F. Conclusions.

Figure 7 shows the emittance as a function of intensity,
where the intensity has been controlled in a particular way. The
smooth curves are drawn to take into account the estimated
momentum spread of the beam.

Using the IPM to get an absolute emittance has two problems.
First, the space charge distortion of the profiles is large and
not vyet completely corrected for. Second, in the horizontal
plane, the effect of momentum spread on the beam size is large,
s0 better measures of dp/p are needed.
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Figure Captions:

Measured beam size of the extracted beam vs. beam current,
at the U346 SEM in the U line. '

Measured beam size with the IPM at 400 msec after To.

Normalized rms emittance for the data of figures 1 and 2.
The horizontal is shown for three values of dp/p.

Comparison of vertical emittance from the SEM and IFM data.
The IPM is apparently not completely corrected for space
charge distortion, as the emittance inside the 4GS should
not be larger than that outside.

Same plot as Ffigure 5, but with no space charge correction
applied to the IPM data. Comparing with figure 5 shows the
magnitude of the space charge correction as presently done.

Normalized rms emittance as measured in the U line. The
curves are drawn by hand, and, for the horizontal, take into
account the estimated momentum spread of the beam.
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FIGURE 2
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Emittance of Extracted Beam (Nor‘mdl’iied) .
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‘FIGURE 4
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IPM Emittance at 400 msec (Normalized)
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FIGURE 5
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Vertical Emittance
compare SEM and IPM
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Vertical Emittance

 compare SEM and IPM (no correction)
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