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This brief review is to give you a suscary of both the current AGS

capabilities and several possible improvements which either have been under-

way for awhile or are still at the stage of contemplation. Your comments,

suggestions, especially concrete proposals for experiments^ are very much

welcomed.

I. The Status of the AGS

Listed below are some basic parameters of the AGS. They will be useful

for later discussions.

Fixed Parameters

Circumference

max

Pmin

p max

p ram

807.1 m

22.86 m

10.16 m

2.26 m

1.47 m

Harmonic Number

T
injection

E
transition

Bunch Separation

y **
X
u «

12

200 MeV

8.5 GeV

67.26 m

8.66

8.70

Paramaters before Extraction

extraction

Intensity

Revolution period

Bunch Length

Bunch Separation

Cycle Time

FEB

SEB

29

1

2

35

190

1.3

2.4

.4 GeV

x 10 1 3 pp

.694 Usec

nsec

nsec

~ 1.6 sec

sec

Monentua Spread

Normalized Emittance

x

Bean Size at 3
ave

i x )
ave

180 Hz

±1.5 x 10~3

ave

50 x 10"6ra-rad

50 x 10"6ia-rad

1.6 cm

1 cm

•Research carried out under the auspices of the United States Department
of Energy under Contract No. EY-76-C-02-0016.

OI- THIS D0CUA1EN* IS ttti *



Over the past few years, on the average, we run the machine for experi-

ments for about 30 weeks per year. The ratio between slow beam and fast

beam is about two to one. If we assume that the machine does accelerate
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1.0 x 10 ppp for every second for thirty weeks, then the total number of

protons accelerated would be 882 x 10 . We call this number the unitarity

limit for best possible AGS operation. Shown in Fig. 1 is the statistics

of the total number of protons accelerated in years from 1974 to 1978.

The dashed curve is the unitarity limit with average accumulation, while

the solid curve is the limit assuming the first ten weeks are for FEB and

the next 20 weeks are for SEB.

From this chart, two trends are obvious. First, we are improving

from year to year. Second, we are approaching the unitarity limit.

Figure 2 is the layout of the experimental beam lines. The only

thing different from what you have seen before is that there will be a

new beaa line and a new target station called D station in the slow extrac-

tion channel. For those who are interested in the existing beam lines, I

refer you to a report by Dr. G. Bunce of EP&S Division where you can find

the latest information on the intensity of protons on targets and the energies

and flux of secondary particles.

II. Component Oriented Improvements

There are several motive forces pushing the AGS to be a better machine.
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First, the AGS intensity has reached 1 x 10 ppp; therefore, the reduction

. of radiation exposure on components and personnel is a predominant concern

of our Department. Secondly, the reliability and flexibility of the machine.

Thirdly, as you all know, the AGS is going to be used as an injector for the

future ISABELLE. ISABELtE injection will require control of the machine to

much higher precision (at least one order of magnitude) than what we can do

now. Finally, the ever changing picture in high energy physics and the con-

stantly varying demands from the users will require new modes of AGS

operation.

To meet these goals, a comprehensive review of AGS improvements has

been underway. In this section I will list some of the component oriented

improvements to be implemented within the next five years. In the next

section, some of the project oriented improvements will be discussed in more

detail.



We intend to replace or introduce, the following items as necessary:

1. Replacement of the ring vacuum chambers.

2. Improvements of the vacuum system.

3. Spare motor/generator set.

4. Emergency power supply.

5. Ring aperture increase.

6. Consolidation of control rooms and control system improvement.

7. New gauss clock.

8. 30 GeV beam dump in the ring.

9. Improve beam spill feedback.

10. Wide-band pick-up electrode.

11. Transverse emittance monitor.

12. Yfc -jump system.

Here we do not have time to go through all of them, but I will talk

about the item No. 7 as an example. For those who are interested in the

rationale of any of the improvements, a complete report by Dr. Y. Y. Lee"

is available.

Let us look at item No. 7. The accelerated proton momentum is a

crucial parameter for experiments. It is especially important for the

momentum phase space stacking of ISABELLE injection which requires a

momentum stability of better than 1 x 10" . To know the energy, we have

to know the magnetic field in the ring. Presently, the magnetic field

indicator in the AGS (called the gauss clock) is an integrator for the

field in the backleg winding of one of the main magnets. The system is

adequate for present AGS operation, but it does not take into account the

residual field nor the leakage field at saturation. The new system should

measure the field inside the main magnet gap in order to achieve the re-

quired precision.

III. Project Oriented Improvements

1. AGS slow extraction and switchyard improvement project.

The present slow extraction system includes four sextupole magnets,

a thin septum magnet at F5, and an ejector magnet at F10. To improve

upon the extraction efficiency, an electrostatic wire septum will be

installed in the ring in the H20 straight section. Another major project



is the complete reconstruction of the first 200 ft of the switchyard. In

so doing, we can raise the overall delivery efficiency from an average of

70% to better than 90%. The benefits are obvious:

1) reduction in the personnel burden of potentially lethal radiation caused

by proton losses on extraction and splitting septa; 2) better reliability

resulting from reduced component radiation damage; 3) increase in protons
i • • . . . . .

delivered that can be used to serve the nev; D target station; and 4) significant

improvement in the reliability and flexibility of adjusting the beam split-

ting ratios through improved beam transport hardware and instrumentation.

The project has been going on for more than a year and now most of the

components are ready to be installed in position. We have scheduled a three

month shutdown of the AGS from March to June of 1979 for the reconstruction.

Following several study and testing sessions during FEB operation, the new

SEB system will be started in early November of 1979. Now we are eagerly

soliciting proposals for the D line.

2. AGS-ISABELLE beam transfer task force.

In the proposed colliding beam facility, ISABELLE, the AGS will be used

as an injector. In the presently envisaged scheme, the ISABELLE will take

five pulses consecutively from the AGS, with precise match of position,

energy, and other optical characteristics. This requires a fast kicker

capable of rising to its full strength in 150 nsec and staying constant

within 1% variation for at least 3 Jisec. To reduce the bad field effects

in the ring and the momentum dispersion in the external bean line, we pro-

pose to move the fast kicker as close to the H10 ejector as possible.

A good fast extraction system will not only serve the ISABELLE injection

but will also benefit the on-going neutrino program, tremendously in having a

well-kept rf structure and completely matched dispersion function in the

U-line. This certainly will increase the overall delivery efficiency to

99% and, in the meantime, will eliminate the annoying problem of background.

With an almost ideal one-turn fast extracted beam, an extensive beam

parameter measurement program will be carried out to determine the beam

qualities for ISABELLE. Another major work in this area is the low-level rf

system for the synchronous transfer in the longitudinal phase space from

the AGS to ISABELLE. A new scheme capable of holding the proton energy to
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better than one part in 10 has to be implemented to meet the requirements

for ISABELLE.

3. • H injection and Linac diagnostics.

Presently we accelerate H in the 200 MeV proton linear accelerator

and inject them into the AGS. The beam coming out of the Linac is smaller

than the available AGS aperture; therefore multiturn injection is possible.

But Liouville's Theorem puts a practical limit on how many turns can be

injected into a synchrotron with an H ion source.

With the pioneering development of H ion sources at BNL and successful

application of H injection at ZGS and FNAL, the II i.njection has now come

+
of age. The injected H beam can pass through the existing H beam transport

line without restriction, and a carbon stripping foil will strip the electrons

from H~ converting them into H . Free from the restriction of the number of

turns of injection, we can reduce the H intensity in the Linac by a factor

of thres,' thus increasing the lifetime of the Linac rf system.

The injection process is comparatively simpler and more reliable than

H multiturn injection. A brighter low-intensity beam is obtainable and is

suitable for ISABELLE injection. An improvement in AGS intensity is pos-

sible but not certain.

The final intensity from the AGS depends on many factors, such as:

space charge limit of AGS at injection; low field correction during early

•acceleration; transition losses; and, finally, the capability of the rf

system. Without a detailed analysis, the performance expectation is hard

to estimate beforehand.

IV. Feasibility Studies

From time to time, there are suggestions to run the AGS in different

ways. Here I will mention some of the new ideas talked about. If there

is interesting physics and strong users1 support, we can make them operational.

1. Polarized Proton Acceleration.

A one month study by joint effort from ZGS, University of Michigan, and

BNL has been carried out on this subject. Tomorrow-afternoon we will have

intensive discussion on every aspect of it.



2. Heavy Ion Acceleration.

Dr. A. Maschke will give a report on this subject; therefore, I will

skip it.

3. Deuteron Acceleration.

It is obvious that a high energy deuteron beam can provide a unique

T = 0, J = 1 projectile for experiment, and by stripping off the proton

it will produce a monoenergetic neutron beam at 14 GeV/c. With a deuteron

ion source, we can accelerate the deuteron in the proton Linac by using the

4TT mode instead of 2TT mode. Acceleration in the AGS is straightforward3

except that now the rf frequency swing is much larger. An appropriate harmonic

number jumping scheme has to be implemented to overcome this problem. How-

ever, the most difficult problem comes from the fact that the 4n mode ac-

celeration in the proton Linac is only feasible up to 50 HeV of deuteron

energy. Therefore, to accelerate the deuteron beam in the AGS, we are

forced to do a major modification in the present 200 MeV proton Linac.

In 1977, CERN PS accelerated deuterons to 26.6 GeV/c at an intensity

of 6.7 x 10 dpp, and subsequently stored 9.1 Amp in ISR. We should be

able to get comparable intensity up to 30 GeV/c.

4. Bunched Slow Extraction.

Presently, the slow extracted beam from the AGS is debunched. For

some experiments it is desirable to keep the rf structure intact. In 1974,

Drs. A. Fainberg and T. Kalogeropoulos from Syracuse University requested

bunched slow extracted beam to do time-of-flight measurement for anti-

neutrons. They observed that the bunch width in the slow extracted beam

was 3 ~ 5 nsec instead of 35 nsec of the internal beam. The bunch sep-

aration is 219 ~ 221 nsec instead of 190 nsec.

If there is any interest to run the SEB in this fashion, we can do it

again.

In fact, the AGS is more flexible than^one might think. Just to give

some examples, in the last fiscal year for Expt. #772 in search for the

exotic six quark states, we provided a slow extracted bean at 5 GeV/c with

7 sec spill. Another example is Expt. #704/706 for the search of "Neutrino

Oscillation"; we ran the AGS fast extraction at 1.5 GeV/c. To be able to

use the existing extraction and transport apparatus, we had to do multi-

turn extraction - a major modification to conventional operation.

Thus if you have interesting physics to do or novel ideas to try,

please come and talk to us. Maybe we can help.
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fig. 1 • Total number of protons accelerated from fiscal year 1974 to 1978



AGS EAST EXPERIMENTAL AREA

PROPOSED EXPERIMENTAL ARRANGEMENT

Fig. 2 Layout of the external beam lines of AGS


