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Subject: Measurement of circulating beam size with flip target

About four vyears ago, an attempt was made to measure the AGS

beam size using the flip targets. The results then seemed to give
results that were larger than were considered reasonable, and had
Some unphysical characteristics, like beam shrinkage during

acceleration that was faster than the adiabatic damping. Mow we have
the IPM which also measures the beam size, so we decided to try the
flip targets again to see how the two devices compare. Also, the IFM
should be able to shed somes light on exactly what is happening when
the target shaves the beam, so we can understand how to analyze the
target results. '

There was a feeling Four years ago that coupling between the
horizontal and wvertical planes may be responsible for some of the
difficulties. The IFM makes it possible to check this. Such a test
was attempted four years ago, by measuring the size in one plane
immediately after it had been shaved in the other plane; it was not
successful because of the clumsiness of dealing with several targets
at once. ,

The flip target studies have a practical significance. Observed
losses on apertures like the HS kicker or H20 septum are larger than
would be expected from the beam size as measured by the IPM. A model
which explains the flip target results may also explain these losses,
since the mechanism is the same, at least for hard apertures like the
kicker. '

1. Method

The vertical target at J19 was set up to flip into the beam at
nominally 150 msec after TO. The beam loss was measured by taking
L20 current transformer readings before and after the loss occurred.
The IPM also took a profile and stored it for later analysis. The
pentration of the target into the beam, and therefore the amount of
beam loss, was controlled by changing the height of the entire drive
mechanism. The target was driven into the beam far enough to cause
losses of over 80%, which is higher than had generally been done in
such tests previously.

It should be noted that the readback of the target height is
nonlinear due to a deficiency in the drive controller; the analysis
here uses a polynomial fit to a calibration done in 1981.

2. Time structure :

_ The first test looked at the time development of the loss and
beam size as the target shaves the beam. The vertical target at J19
was set up so it caused a loss of 4474 at approximately 150 msec after
T0. The IPM then measured the beam current and size at .5 msec steps
from 140 to 160 msec. The results are shown in Figure 1. Note that
"the IPM measurements are taken on successive beam pulses, so much of
the noise 1in the plots is due to pulse—to-pulse variation in the

machine.




When the target shaves the beam, the vertical size decreases, as
would be expected. The horizontal size also decreases, but not as
much as the vertical. Apparently there is coupling between the H and
V planes so that particles with large H amplitude will sometime have
a large V amplitude and be scattered out by the target. Comparing
the plots of beam size in the two planes shows that the time scale
for this coupling to take place is less than a few milliseconds,
because the time development of the loss, as measured by the decrease
in width, is the same in both planes, within the time resolution of
this method. This would be expected, since the coupling occurs at a
frequency related to the betatron frequency, which is several orders
of magnitude higher than the time scale of this measurement.

The loss in either plane takes about 5~7 msec. This is probably
just the time from when the moving target first hits the beam to when
it is fully extended.

Z. Beam size measurement

The beam size was measured by moving the target Ffurther and
further into the beam, always measuring the beam loss by L20 current
readings before arnd after the target flip time. Again, the IPM
program was also running and reading profiles for later analysis.
The measurements were taken from both the top and the bottom of the
beam, using the upper and lower arms of the target, because, although
the loss data should be symmetrical, it is not known a priori where
the center is to sufficient accuracy.

Figure 2 shows the bsam loss as a function of target position.
For comparison, the profile from the IPM is alsoc shown, both the raw
data and a gaussian fit. The abscissa for the IPM plot has been
adjusted for the ratio of the beta functions at the two instruments,
and the vertical scale normalized so the gaussian is one at  its
center. The IPM profile was taken at the same time in the beam
cycle, 150 msec, as the target loss data, so no adjustment is nesded
for beam shrinkage with energy. A

' The numbers for the data points in Figure 2 are given in Table

1. Below are the machine parameters for this data:

IPHM JOS J17

beta (x) {meters) 15.5 21.9
bata (v} {tmeters) 14.5 25.2

Xp {meters) 1.9 2.1

Beam current: ao-6 Tp
IPM size at 150 msec: _ 4.0 mm
Ratio of betas, J1?9/IPM: 1.33
IPM size moved to J19: 4.6 mm

4. Model and curve fitting

To compare and understand the data, a model is needed. The
following is a short description of a model which seems to work:; the
theoretical basis Ffor it remains to be proven. Assume the vy
{vertical) distribution is a gaussian, which is certainly a good fit
to the IPM data. Then the vy° distribution is also a gaussian, and
the vy-y’ distribution is a two—dimensional gaussian. In the
appropriate normalized coordinate system, the y—-y® distribution can
be described in terms of radius—angle wvariables, where the
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distribution is indespendent of angle and depends on radius only. The
angle can thus be integrated out, which gives a factor of r in the
remaining radial distribution.
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The K factors are the normalizations neccessary to make the integral
over all coordinates be unity. Any particle will move at a constant
radius over all angles, and the action of the target is to remove all
particles beyond a certain radius in this normalized y-y® space.
Thus the beam loss as a Ffunction of target position will be an
integral of the form

[oss = § e -(-\‘.(rv = § K; re_\ﬂ/ﬁ.o—m "
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Figure 3 is a plot of this Ffunction superimposed over the
measurad data. The curve is made two—sided by reflecting it around
r=0; the width and the y corresponding 'to r=0 are chosen to give a3
reasonable “eyeball? fit. The fit is not very good; the data points
are much stesper and the width does not agree with the IPHM.

Because the vertical shaving has an effect on  the horizontal
distribution, ‘it is clear that the horizontal coordinate ® and angle
x* must also enter the picture. Again, let the 4-dimensional phase
space x—-x’—y—-y’ be appropriately normalized and transformed to three
angle and one radial coordinates. If the angle variables are again
integrated out of the fowr-dimensional gausslan, the remaining radial
distribution has the form

fo(d= Ky e AT

which is 1like the two—dimensional case but with an r—cubed factor.
If the particle motion is such that the target shaving can be
described as the loss of all particles with r * r—target, the loss

Ffunction will be =

1055 = J‘ K \8 e‘r/avaf‘
- Clarget



This is shown in Figure 4, with the width adjusted to match the data.
The fit is much better, and the width agrees with that measured by
the IPM (4.45 vs. 4.6 mm rms).

The extension to six dimensions is obvious mathematically,
although it is unclear what the six dimensions could be physically.
Figure 3 shows the six dimensional curve, with the width adjusted to
match the data. The fit is even better, especially in the tails, but
the width is different from the IPHM measurement.

The preceeding has assumed that the distribution in each
coordinate is a gaussian, which matches the IPM profiles quite well.
But the IPM data is not sensitive far out in the tails, where the
four dimensional loss curve does not match the data. If we start
with a radial distribution with the tails suppressed compared to a
gaussian, the match with the four—-dimensional curve can be improved.
Figure &4 shows the loss curve for a radial function where the tails
are suppressed by adding an r—sixth term in the exponent. (An
r—fourth term did not work as well as this). The Ffigure also shows
the two and six dimensional curves for this same radial function.

Note that the distribution. with this non—gaussian radial
distribution can no longer be factorized into independent x, X7, vy,
and vy* distributions. Thus the projection onto the v plane, for
example, to show what the IPM would measure, must be done the hard
way, by artually doing the integrals. This is beyond the ability of
the program which is doing this analysis (Symphony, on IBM-PC) so no
such curves are shown here, but they would, obviously, be an
interesting check.

3. Horizontal beam size

When the beam is shaved vertically, its horizontal size
decreases, ‘although not ‘as much as the vertical. It would seem that
if there were eriough coupling between the two planes to make the
four—dimensional model wark, then the sizes in both planes should be
equal (corrected for beta, of course) and should remain equal after
the shaving. Figure 7 shows the beam sizes as a function of target
position, both as measured, and with the horizontal size corrected
for momentum dispersion with an assumed momentum spread of 0.174 rms.
The momentum spread can be calculated from gap volts and bunch w1dth.
but thuse were not measured during this study.

d. Conclusions and further studies

At the machine conditions during this study, there appears to be
a coupling between the horizontal and vertical planes which causes
the target loss curve to match the theory for a four—dimensional
phase space instead of two—dimensional. But the theory used for the
curve fitting in this note is vague on the details. We need a clear
understanding of how the coupling or mixing between the planes
actually occurs.

The study shuuld be repeated with an attempt to eliminate the
coupling, to see if the data will then match a two-dimensional
theory. The parameters to vary are the skew gquads and the horizontal
and vertical tune difference.

The interpretation of the horizontal beam size, as in section 5
above, requires knowing the momentum spread. The needed measurements
should be made with any further study. In addition, any theory will
probably require knowing the tunes.

The flip target data here, when interpreted with a particular




model, agrees with the IPM at these conditions of moderate intensity
and beam size. The interesting question is whether the target can be
used to help understand the IPM at conditions of high intensity and
small beam size, where space charge effects are important in the IPM.
It is clear that this requires understanding the model used to
interpret the target data. :

Figure & shows that the losses at an aperture are substantially

reduced if they follow a two—dimensional instead  of a
four—dimensional model. According to E. Bill, the operators vary
the skew quads to minimize HS losses during FEB running. A sweep

with the target may show if they have, in fact, Found conditions
which make the behavior two dimensional.



- Table 1.

Target loss fractions and IPM widths

AGSH#
958
959
P60
942
963
b6
247
948
970
971
972

974
975
974
978
979
B0
986
987
988
289
P90
991
992
993
994

995 -

1059
10460
10461
1062
1043
10464
10465
10466
1069
1070
1073
1674
1075
1077
1078

1079

1081

1082

1083
10835
1086
1087
1089
1090
1091
1092

RTJ19
584
942
937
957
912
485
441
459
410
382
381
34H0
358
335
307
304
284
257
234
233
198
202
319
508
979
&7%
717
—5%4
=373
—347
~350
—323
494
—-473
450
450
—450
450
—~425
425
—425
=399
-399
-391
-376
=376
—-347
347
—32&

=325
=296

—-294
—275

Dria,

Y (mm)
~153.32
-14.75
-14.10
—14.10
—-13.45
-12.75
-12.12
-12.07
—-10.80
—-10.08
-10.035
-?.91
-2. 45
~8.84
-8.14
-8.06
=7.54
6. 85
~&.31
-&.23
~3.E3
-5.44
-8.45
-13.35
-15.19
-17.80
-18.80
14.48
13.93
13.30
13.01
12.72
12.04
11.50
10.94
10.%4
10.24
10.24
10.33
10.3%3
10.3%
P69
.69
2.4%9

F.12

?.12
8.41
8.41
7.89
- 7.86
7.15
Z7.15
6.463

LOSS
0. 002
0.005
0.007
0.004
0.013
0.027
0.048
0.049
0.125
0.188
0.192
0.258
0.235
0.319
0.421
0.454
0.511
0. 605
0.671
0.714
0.798
0.787
0.369
0.014
0. 000
-0.002
~0. 004
0.014
0.018
0.039
0.047
0.060
0.093
0.1B0
0. 188
0.189
0.228
0. 231
0.246
0.255
0.316
0.339
0.391
0.373
0.431
0.418
0.487
0.502
0.581
0.635
0. 694
0.720
0.754

- < Eontimued)



Table |

Target loss fractions and IPM widths

1093
1094
1095
1094
1097
1098
1099
1102
1103
1104
11046

-251
—-244
—-244
—244
-Z10
)
—-399
—523
-547
-574
-573

Ccont)

6H.03
S.%20
3.90
9.920
7.4%
g8.88
?.67
12.72
13.30
13.95
13.93

0.808
0.828
0.842
0. 829
0. 658
0.400
0. 3035
. 056
0.043
0.026
0.012

4.178
4.219
4.350
4.4668
4.953
5. 000
4.747

2.1561
2.64%
2.892
3.498
3. 489
3.747
S.5974
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