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Introduction

In February of 1986, the AGS polarized beam reached a momentum of 22 GeV/c
with approximately 45Z polarization and an intensity of 1-2 x 1010 polarized
protons per pulse at a repetition rate of 2.4 seconds. In order to achieve
this, one had to overcome the effects of some 40 depolarizing resonances. In
our first commissioning run1 we had reached 16.5 GeV/c using, with suitable
modification, the conventional techniques first used at the Argonne ZGS.3'1*
This worked well until we discovered the necessity of correcting an imperfec-
tion resonance using a "beat" harmonic instead of the direct harmonic*»2

For our 1986 run, we were therefore ready for further application of this tech-
nique and it was indeed extremely useful in our achieving a 22 GeV/c polarized
beam.

Conventional Corrections

The horizontal fields due to the normal focusing in the accelerator cause
the "intrinsic resonance" depolarization. This condition is characterized by
GT • nP ± v where G is the proton anomalous magnetic moment, v the vertical
betatron tune (8.75 in the AGS), P the periodicty of the AGS (12), and n an
integer. The depolarization produced by this type of resonance can be minimi-
zed by a fast shift of the vertical tune from the nominal value and then a slow
return to the nominal.

Five such resonances were crossed in achieving 22 GeV/c. These were GY •=
0 + v 12 + v , 36 - v , 24 + v , and 48 - v . Fig. 1 shows a typical correc-
tion.7 y y y y

The fast quads were set with a
reasonable tune shift Av * 0.15 and the
turn on time of the quadrupole was varied
starting before the resonance and ending
after the resonance. The turn-on time
is given in Gauss clock counts (a mag-
netic field generated number) which is
proportional to the momentum of the beam.
As we see in Fig. 1, pulsing before
(33200 - 33250) and after (33550 on) has
no effect and the perturbation of the
resonance occurs between 33200 and 33525.
From 33275 -33375 we see the effect of the
slow decay part of the correction pulse
enhancing the resonance and reducing the
surviving polarization. As we go later,
the fast part of the pulse affects the
response and by fast passage through it,
eliminates the depolarization (33400 -
33500).
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Fig. 1. Intrinsic resonance
correction.
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Misalignments of the accelerator main magnets of the order of tenths of mm
or less also lead to horizontal field components which can depolarize the
beam. Here the resonance condition is given by GY = n and the fields of the
96 correction dipoles are energized with the appropriate harmonic correction

at the energy where the resonance occurs (E = —g * - ) . Since the vertical orbit
distortions of harmonic number n is driven by Imperfection fields of harmonic
n, we must correct by cancelling the n harmonic of the horizontal Imperfec-
tion field. Since there are two parameters, namely, amplitude and phase, we
apply orthogonal corrections of sin n6 and cos n9 in an iterative process.
This then assures us that our correction vector has the correct amplitude and
phase to minimize the alignment error. Typical behavior is shown In Fig. 2.
With this sin correction at an arbitrary value, the cos correction was deter-
mined. One then set the cos correction at the peak and ran the sin correc-
tion. The abcissa are arbitrary units of dipole magnet correction currents.
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Fig. 2. Sine and cosine harmonic corrections
for GY " 9 imperfection resonance.

Not all responses are the same,1'2 but depend on the degree of misalign-
ment of any given harmonic and on the sensitivity of the accelerator lattice to
horizontal field components. This technique worked well up to 14 GeV/c where
we first met with the "beat" correction necessity at GY - 27. We will
describe, in the next section, both this phenomena and the modifications that
were made in the fast tune jump technique in order to achieve larger tune jumps
and smaller beam emittance growth.

The New Phenomena and Modified Techniques

One modified technique was used in conjunction with the fast tune shift to
jump the intrinsic resonances. For the strongest resonances, we made tune
shifts of Av " 0.30 and with the nominal AGS tune of 8.75, we would normally



hit integer or half-integer tune resonances at v = 9.0 and 8.5. In order to
avoid this, we used an existing set of 12 slow quadrupoles in the AGS ring to
change the tune in the opposite direction to the fast pulse. The slow quad
shifts the AGS tune by about 0.1 and we can for example then go from 8.85 to
8.55 with a Av « 0.3 and not hit any stopband. This technique, even when ap-
plied to smaller tune shifts, minimized the emittance growth that occurs when-
ever the fast quads are pulsed and their use improved the extraction efficiency
as well as the polarization.

A new phenomena which had not previously been recognized was the loss of
polarization in the region of GY " 27 and GY "• 36 - v although each had ap-
parently been corrected. We found that by separating these resonances by
moving the tune from its nominal 8.7 to almost 8.5, we could reduce the
polarization loss but not completely remove it (Fig. 3). Retiming GY " 27 more
thoroughly and retuning GY = 28 might have helped, but this was not done. It
is not clear whether this is an inter-
ference of the intrinsic and imperfec-
tion resonance or if it is due to the
fact that the correction of one reso-
nance weakens the effect of the cor-
rection of the other.

The remaining topics to consider
are the behavior of the imperfection
resonances and the "beat correction".
But, before discussing "beats", we
present another as yet not understood
result. The AGS has a superperiodicity
of 12 and we have some missing dipole
correction magnets in the lattice. Be-
cause of the location of these missing
dipoles, we expect that the ratio of
the strengths of the cosine to sine cor-
rection to be 2 for the n x 12 harmonics.
We find that for GY - 12 and 36 that,
within experimental errors, this is true.
However, as shown in the following table,
this is not true for GY - 24.
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Fig. 3. Polarization versus lab
momentum.

GY - 12
Cosine
Sine
Ratio

GY - 24
SS

105
0.82

GY - 36
1.46
8G

1.83

The "beat resonances" are due to a beat between an integer multiple of the
periodicity nP and an imperfection driven betatron oscillation of periodicity
k, so that these will occur at GY • nP ± k and are strongest near the strongest
intrinsic resonances (GY • 0 + v, GY • 36 ± v). The machine response to cor-
recting a GY • n resonance by correcting with harmonic k rather than n is
strongest when k Is close to the natural tune of the machine v - 8.75. Thus, k
• 7, 8, 9, 10, etc., have a larger response than other integers further away



from v. For GY • n - 27, we found very little correction using the 27th har-
monic, but using the k - 9th harmonic (GY
100% correction as shown in Fig. 4.

During the 1985 run, we applied a
number of possible magnetic harmonics
in order to correct particular reso-
nances. A model proposed by K.M.
Terwilliger2 of the bsat mechanism
was extended to all values of nP and
the model predictions can be compared
to experiment. Fig. 5 shows the com-
parison in terms of the ratio

RWHM Direct Correction

nP - k = 36 - 9 » 27) we found a

FWHM "Beat" Correction

for GY >, 20. For those GY where R < 1,
the direct correction (i.e., the nth cor-
rection for GY » n is better). For
R > 1, the beat correction (i.e., the
kth harmonic for GY - nP ± k) is better.
We see in Fig. 5 that the experimental
results for nP » 12, 24, 36, 60 agree
very well with the model predictions.
This has a real significance for going
to higher energy since the beat harmonics
require less excitation than the direct
correction and we will not need to obtain
higher current power supplies for the
correction dipcles.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


