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Abstract

The Brookhaven AGS third integer resonant extraction
system allows the AGS to provide high quality, high inten-
sity 25.5 GeV/c proton beams simultaneously to four target
stations and as many as 8 experiments. With the increas-
ing intensities (over 7×1013 protons/pulse) and associated
longer spill periods (2.4 to 3 seconds long), we continue to
run with low losses and high quality low modulation con-
tinuous current beams. We have an active program of high
energy physics experiments, including the high precision
measurement of the muons magnetic moment [1] and the
discovery of the rare Kaon decay, K+ → π + νν̄ [2] This
program is continuing into the future with the rare symme-
try violating process experiments [3] currently being de-
signed to operate at the AGS. In this paper we will present
results from operation of high intensity slow extraction, the
problems we encounter, and our solutions to those prob-
lems.

INTRODUCTION

The Brookhaven AGS Resonant extraction system and
the beam transport and switchyard systems were designed
in the pre-AGS Booster era [5, 6, 7], when the kinetic en-
ergy of the injected beam was 200 MeV (50 MeV even
further back in time). In the post-Booster era, this energy
is now approximately 1.6 GeV. For these two energies the
ratio of βγ is approximately 3.5. Therefore the maximum
possible beam emittance is over 3.5 times larger for post-
Booster high intensity beams. Even though the emittance
is larger, through careful measurements and simulations we
have been able to find optics solutions that allow clean ex-
traction and transport of these high intensity beams.

In addition to the larger beams, other factors have
changed significantly since the design of the AGS SEB sys-
tems. The AGS now uses fast quadrupole magnets to jump
the gamma transition point during acceleration. For mini-
mal beam losses to occur during the γtr jump the momen-
tum spread of the beam has to be minimized. This puts
constraints on how large the longitudinal emittance can be.
This is due to the highly distorted dispersion function cre-
ated by the fast quadrupoles, which defines the momentum
aperture [8].

Our experiences with extracting high intensity protons
has been discussed previously in [4]. In this report we will
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provide an update on our experiences since that report.

SEB HIGH INTENSITY PERFORMANCE

Basic performance parameters are summarized in ta-
ble 1.

Table 1: AGS SEB Performance Parameters

Parameter Value Units
Momentum 25.5 GeV/c
Peak Intensity 71.5 1012 proton/pulse
Extract. Eff. 96-98 %
Transport Eff. 90-95 %
Rep. Period 4-8 second
Flattop Length 2-6 second
Spill Length 1.8-5.8 second
Working Point 8.67/8.76 Tune (νx, νy)
Chromaticity -2.3/0.2 Chrom. (ξx, ξy)

Beam Loss Issues

The primary beam loss issues in the past had not been
in the extraction process itself, but in the transport of the
extracted beam to target stations. Through emittance mea-
surements and simulations we were able to reduce beam
losses in the primary transport to very tolerable levels.
Back in the extraction systems we find the extraction ef-
ficiency drops at the highest intensities. Figure 1 shows the
extraction inefficiency as a function of internal beam inten-
sity. At around 5 × 1013 the inefficiency makes a sudden
jump up from just under 2 % to about 2.5 %. We operate
the AGS with the vertical chromaticity positive above γtr

but we are unable to operate the horizontal chromaticity
positive since the current set of sextupoles are not strong
enough. We have no direct evidence that the effect is a
consequence of operating with a negative horizontal chro-
maticity. Since the increased beam loss is modest (0.5 %)
we tolerate it. There is some cause for concern, though,
since we are working towards even higher intensities in the
future and at 1 × 1014 this loss becomes significant.

Spill Structure

In the FY98/99 SEB run we ran into a new problem;
significant spill structure not associated with power supply
ripple. In the FY02 run we observed this effect again. This
spill structure was analyzed and found to be random kilo-
hertz oscillations. We found no correlations between these
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Figure 1: Extracted beam inefficiency vs internal beam in-
tensity

oscillations and power supply ripples. The power supply
ripple only accounted for about 20 % of the spill structure.
At high intensity the spill was 100 % modulated (intensity
dependent). Recall that the spill structure is a consequence
of variations in velocities in tune space:

S(t) =
dN

dQ
· Q̇0(1 +

Q̇v

Q̇0

) (1)

dN
dQ is the distribution of particles in tune space. Q̇0 is

the rate at which this distribution is pushed into the reso-
nance. Q̇v is the variations in the rate due to power supply
ripple. When there is very little power supply ripple, the re-
maining structure is a consequence of the rate at which the
beam is moved into resonance and the distribution of the
particles in tune space. The random kilohertz structure ap-
pears to be a direct reflection of the distribution of particles
in tune, or more properly, momentum space. Our solution
to this problem is to use a 93 MHz RF (VHF) cavity during
extraction, placing the 93 MHz buckets between the beam
and the resonance, such that the particles are forced be-
tween the RF buckets before going into non-linear resonant
growth. Since we have a slight negative Ḃ during extrac-
tion the RF buckets will have only a small space between
which the beam could pass, breaking up any structure that
exists in the beam. This potentially puts 93 MHz structure
on the spill, which was not a problem for the experimenters
using the beam. Figure 2 shows the beam spill with and
without the VHF cavity on during extraction and at differ-
ent intensities. Although the VHF cavity cures the effect,
it is nevertheless unexplained. This phenomena is explored
further in [10].

Electrostatic Septum Dark Current

One significant problem which effects our operation is
the increasing dark current of the electrostatic septum over
the period of a run. Figure 3 shows the septum power sup-
ply current as a function of integrated beam intensity during
a portion of a physics run. Once the device is drawing the
higher currents, it remains drawing those currents indefi-
nitely. To return it to the lowest current levels has required
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Figure 2: Extracted beam spill as a function of internal
beam intensity with and without VHF on

the device to be brought back up to air and cleaned. At-
tempts to condition the device at higher voltages have not
succeeded. This dark current effect has been observed in
both our new foil septum and in the older wire septum. A
detailed description of the new foil septum is found in [12].
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Figure 3: Electrostatic septum power supply current vs in-
tegrated beam intensity. Data labels indicate the high volt-
age as measured at the time.
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CONCLUSIONS

The AGS SEB system is able to supply high quality,
high intensity proton beams for multiple simultaneous ex-
periments. We are able to contend with instabilities that
arise from the high current accelerated beams, as well
as unexpected effects, such as spill structure uncorrelated
with power supply ripple. For the AGS the VHF cavity
has proven to be invaluable for diluting longitudinal phase
space and now for smoothing spill structure.
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