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INTRODUCTION

In March 1973, I gave a talk at the National Accelerator Con-
ference entitled "Acceleration of Polarized Protons in the ZGS".1 I
outlined our plans and status and then, as now at BNL, the only
polarized protons at the accelerator were in the experimenters'
polarized targets. By Hay 1974, however, I was able to present to
the 9th International Accelerator Conference a description of the
operation of "The High Energy Polarized Beam at the ZGS".2 Today, I
will give the plans and status of the AGS polarized beam and, hope-
fully, about a year from now we will have a polarized beam at the
AGS and that by the time this symposium meets again, we will be
presenting new physics results with as many surprises as there were
at the ZGS.

DESIGN GOALS AND TUNE-UP STRATEGY '

We are hopeful that we will be able to accelerate over 10 1 0

polarized protons per pulse wicti a polarization higher than 60% to
an energy of 26 GeV.3 The intensity primarily depends on the source
output, but the other two goals depend on how well one can maintain
beam polarization during the acceleration process.

There are basically two types of depolarizing resonances, one
a so-called "intrinsic resonance" which is due to the natural
periodicity of the accelerator and two, an "imperfection resonance"
which is due to misalignments which lead to closed vertical orbit
distortions. These are characterized by

GY • kP ± v intrinsic
and GY - k imperfection
where G - g/2 - 1 anamoloua magnetic moment

k - integer
P - periodlcty of the accelerator (- 12 in AGS)
v - vertical machine tune (number of betatron oscilla-

tions per revolution)
Y " relativlstic energy factor

Discussion and derivation have appeared many times before1* so we
won't say anymore here other than that the intrinsic resonance can
be corrected for by a fast vertical tune shift (v ) and the imper-
fection resonance by a radial magnetic field at the proper harmonic.
If the resonances are very strong, it is also possible to pass
through the resonances naturally with an 180° spin flip. For the
AGS, we are planning to pass through the resonances using fast
pulsed quadrupoles for tune shifts and 96 dipoles to correct for
vertical orbit distortions.

The magnitude of this job can be seen in Figure 1, which shows
the AGS resonances.5 The x's are the Intrinsic resonances and the

a

#31

-a

fel-

c
f-

I U
en c

g Oil
x: o K

Work performed under the auspices of the U.S. D.O.E.

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED



lines represent the imperfection resonances. Despite the fact that
there are over SO resonances, correction for 25 of then should give*_
a reasonable polarization. Eight others contribute a total of 5%
aad the remaining 21 only 7X depolarization. There were about the .
same number of resonances that were corrected in the ZGS, so that
this appears to be a reasonable situation. However, the AGS reson-
ances are stronger and we have to Apply larger corrections. Figure
2 shows some typical corrections in tune-energy space. The reson-
ance line is crossed in less than 1 turn (~ 2 iisec) and the tune
remains a fixed distance from the resonance as the correction pulse
decays at a rate comparable to the change of energy during the norm-
al acceleration cycle (~ 3 msec). For the strongest resonances we
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Fig. 1 - AGS Resonances
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Fig. 2 - Correction Pulse

would like to make tune changes of the order of 0.25 to 0.30. With
the AGS nominal tune of 8.75, we would normally hit integer or half-
integer resonances at v - 9.0 and 8.5. In order to avoid this, we
plan to use the slower AGS tune shifting quadrupoles to give us more
"headroom". As shown in Figure 3, we turn on a slow quad pulse so
that the basic AGS tune is shifted by about 0.1 in the opposite
direction to the fast tune shift. The slow quad can be turned off
fast and is approximately off by the time the fast pulse is off and
the AGS tune is back to its nominal value. We also plan to pulse the
ring sextupoles during this time in order to flatten the vertical
tune profile and keep the total tune shift constant as a function of
radius. We are also prepared to usa a compensating horizontal (v )
shift during the correction time should this prove necessary.

For the imperfection resonances we will generate a harmonic
correction at the appropriate energy using 96 dipole magnets. The
strengths of these resonances were calculated assuming an SMS magnet
misalignment of 0.1 ma which is generated by orbit distortions of
the order of a few mm (observed in the AGS). The dipole fields have
been designed to correct up to 3.3 times this error at 25 GeV. This
factor increases at lower energies. The alignment of the AGS to the
order of 1 mm should then be adequate. Survey of the AGS was re-
cently completed and the closure of the survey in going around the



ring was of the order of 1/4 mm. Alignment of the AGS to chis coi-
erance is well within our ability to correct.

We are planning on a tune-up strategy that breaks up naturally*"
into several regions* From the resonance nap, the position of the
strong resonances breaks up the space into 5 parts:

injection to 6 GeV/c
6 GeV/c to 12 GeV/c
12 GeV/c to 15 GeV/c
15 GeV/c to 22 GeV/c
22 GeV/c to 26 GeV/c

Both for ease of operation and to save power costs, we plan to
operate the AGS only to the peak field necesary to correct each
region. In each interval, we would insert an internal polarimeter
target, measure the polarization, and correct the resonances. This
scenario, of course, assumes that the calculations are close to
reality. The procedure and even what resonances we correct may
indeed change when we start taking measurements. In fact, with the
very strong intrinsic resonances, the sort of expected "classic"
picture of tuning through the resonace that we had at the ZGS1* nay
not appear. . We may have partial or total spin flip which will show
us different patterns and may require some change in method. In any
event, once we solve the problem at 6 GeV/c, we should have the
pattern for the rest of the AGS cycle since resonances of all the
expected types appear in this interval.

At some point in this procedure we will extract the beam and
get an absolute measurement of the polarization, in a high energy
polarimeter in the D line. Whenever we extract on a long flat-top,
we will have to vary the flat-top field to make sure that we do not
sit on a high order resonance for an appreciable time. At the ZGS6

we found that depolarizations as large as 30Z per second occurred
from higher order resonances such as Gy - 4 - v + vx. Figure 4
shows two resonances occurring near the operating point on a 1
second FT.
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Fig. 3 - Slow Quad Effect
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STATUS

Front End
The front end includes the polarized proton source, the RFQ

preaccelerator, and the LEBT (low energy beam transport) which takes



the beam from the RFQ to the 200 MeV linac. The llnac and HEBT
(high energy beam transport) are unchanged from normal operation
with the exception of some low level diagnostics and a 200 MeV -<.
polarimeter.

The source contains a conventional atomic beam stage producing
polarized H° via the Zeeman effect, coupled to a colliding Cs beam
so that B*+ + Cs° - E"+ + Ca+. At present, the source is being
tested at BNL. Some difficulties have appeared In the Cs gun sec-
tion but we anticipate that we will demonstrate, the production of
polarized H~ within the next couple of months. Further work on
reliability and maximization of tf" output will continue with the aim
of producing 5-10 uA cf polarized H~ within the next year.

The Radio Frequency Quadrupole (RFQ) llnac will be used instead
of a conventional Cockcroft-Walton to accelerate the H~ from 20 keV
to 760 keV. The RFQ structure is a new concept in linear accelera-
tor technology .that provides both an accelerating field and a quad-
rupole focussing field. Calculations and measurements have shown
that the basic concepts are valid and the construction of a practi-
cal structure is feasible. Our mechanical design has been completed
and construction has started* Low field tests will start In a
couple of months. The high power RF source is presently being as-
sembled and will be available in the summer of 1983 and final tests
completed in a few months after that.

FOlarimeters
200 MeV Polarlmeter
This polarimeter is being-^constructed by Rice University and

will be used to continuously monitor the H~ beam polarization before
injection into the AGS. It uses a PC 1 2 reaction to provide a IX
absolute measurement of the beaa polarization. The complete as-
sembly is. scheduled to be tested at the Indiana cyclotron Shis fall
and will be installed in the'HEBT line as soon as possible* Figure
5 shows a plan view of the target box and spectrometer.

Internal Polarimeter
This polarimeter' will be used to measure beam polarization

during the acceleration cycle. A 0.003" nylon fiber target will be
swung into the circulating beam at a rate of about 1 M/sec before
and after resonaces to allow us to correct the depolarization at
each resonance. This will analyze PP elastic scattering from the
10Z Hj in the nylon. The fiber on a spool containing about a KM of
nylon will also move at a velocity of about 1 M/sec so that heating
and radiation damage will be at reasonable levels. The sampling
time will range from a few msec to 50 msec where the 50 msec will
occur on a- mini-flat-top. This longer time may be necessary so that
the instantaneous rates in our counters are manageable. We have
produced such flat-tops and have run the RF.at a few hundred volts
during this time so that a good duty cycle spill is available.
Figure 7 shows that beam debunching occurs at a low level RF voltage
and yet we still can maintain beam control. This polarioeter is
being constructed by the University of Michigan and is expected to
be ready for test in December. The target and vacuum box will be
Installed in the G10 straight section as soon as possible after
testing. Measurements will then be made to determine emittance



growth and to study systematic errors. Figure 6 shows an elevation
view of the target.

High Energy Polarlmeter.' -*-
This polariraeter will measure the polarization in the ACS ex-

tracted bean in the D line and will provide an absolute calibration
for the internal polarluieter. It measures P-P elastic scattering to
the right and to the left from a liquid hydrogen target. It con-
tains two indentical forward arms and two identical recoil arms.
Figare 8 shows 1/2 the spectrometer with the right scattering for-
ward arm and the left scattering recoil arm.. There is a small
steering magnet and & vertical bending magnet in the recoil arm.
This vertical bend gets rid of kinematic focussing effect and Im-
proves the measurement accuracy with a large solid angle. The 10
magnets are being isntalled now and we plan to tune up and remove
biases during the slow beam running of E-748 this winter.
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Fig. 8 - High Energy. Polarimeter

Resonance Jumping Devices
Quadrupoles

These have been described previously3 so we will only mention
that a 2 usec 2500 ampere fast pulse with a 3 msec decay time is
produced for the strongest intrinsic resonance. The 12 quadrupoles
were constructed by the University of Michigan and are presently
being Installed in the AGS ring. Three are now in the ring.



We use ceramic vacuum chambers with the Inner surface alumlnlzed.
The aluminum coating will have approximately 97% transmission for
the quadrupole pulse (f ** 125 KHz) and a 99% attenuation for ac- -«-
celerated beam (f » 4 MHz) Interaction with the ferrlte. We antici-
pate that all the quadruples will be Installed before next spring.
Tests of each assembly for vacuum, and electrical Integrity are made.
A 20 kV, 2500 amp pulse with the 2 usec rise tine and a decay to 400
amp3 in 3 msec and zero in 10 msec is applied for several hours to
the evacuated assembly before Installation. . .

The power supplies have been designed and major components are on
hand or on order (high voltags power supplies, thyratrons,' igni-
trons, etc*) These components will be located outside the ring in
12 equipment houses, one at each ACS superperiod.

Multipole System
As mentioned previously, we will use existing ring quadrupoles

and sextupoles for slow tune manipulation before the resonance jump-
ing fast pulse is applied. Figure 9 shows the applicaton- of 5 +
pulses and 2 - pulses into the vertial sextupole chain. Circuits
for the horizontal and vertical quadrupoles have been constructed
and tested. These will be activated and tests will be made during
the next ACS operating period. Some tests have already been made.
For example, Figure 10 shows the tune flattening wl£h the sextu-
poles. We have also determined that the stop-band for the v • 9.0
integer rsonance is about 0.1 so that if we want tune shifts of the
order of 0.25 - 0.30. we will definitely have to have the "headroom"
provided by the slow multipole system.
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Fig. 10 - Tune Flattening

Dlpoles
The AGS ring contains 8 dipoles in each of the 12 superperiods

to correct vertical orbit distortions. These are now used early in
the 'acceleration cycle. New power supplies and controls are now
under construction to increase the available correction by about a
factor of four and to provide pulsed operation capability. Present-
ly the system primarily i s needed to correct a. 9th harmonic and a



few adjacent areas to the needed accuracy for normal operations.
For the imperfection resonances we will need to generate harmonics
away from the 9th and the amplitude may be significantly larger than,
normal. Some tests have been made on generating higher harmonics
and indicate that the present current defining algorithm will have
to be refined to reduce "cross-talk". For example, we find that
generating a 15 harmonic also excites a 9th harmonic since the
present algorithm produces additional terras such as 24k ± n where k
is an integer and n the desired harnoraic. Further tests are planned
during the next period of AGS running. This will be done with the
present system. It is expected that the new power supplies and
controls will be tested and integrated with their control systems
within the next year.

Controls
Instrumentation and control of polarized proton operation will

he accomplished using a distributed processor mixture of micro,
mini, and main frame computers interconnected via a broadband CSMA
data highway. Local intelligence, commonality of user software and
distributed processing will serve to deliver a highly reliable and
powerful control computer system. The system is expected to be
operational by June 1983.
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