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The AGS at Brookhaven is the worlds most prolific producer of kaons
and low energy antiprotons during operations. With the imminent
operation of the AGS Booster which will increase intensities by an
anticipated factor of six in the next few years, it will become possible to
have purified beams of particles containing strange quarks and anti-
quarks with intensities comparable to the pion beams which have so
successfully dominated precision hadron spectroscopy in the past.

KAONS (AND ANTIPROTONS)

Presently the AGS has four electrostatically separated beams; two low energy
beams, LESB I operating below 1.1 GeV/c, LESB II with a maximum momentum of .8
GeV/c, a medium energy separated beam, MESB, which is capable of separating
kaons to 6 GeV/c and antiprotons to 9 GeV/c and the recently commissioned 2 GeV/c
Beam or TGB8 which was designed and constructed in order to permit a high
sen-sitivity search for the doubly strange dibaryon H. LESB I is presently being
rebuilt to a new design (LESBIU) using two stage separation as in the TGB. With
1013 protons per pulse on target, all or the above beams except for the MESB are
presently capable of yielding more than 10* K" for 1013 protons on target The
region above 2 GeV/c would ideally be served by a new r.f. separated beam. At
present no separated beam exists at the AGS for the momentum region above 6
GeV/c

Electrostatic separation of kaqn beams becomes impractical above 6 GeV/c
since the difference in deflection of pions and kaons is a reflection of the relative time
they inhabit the electric field region or

A8 =

where e is the electron charge, E is the transverse electric field, L is the length of the
field region, p is the momentum and $ = v/c. This expression diminishes with the
saturation of p or as 1/p3 so that a different method such as radio frequency deflec-
tion becomes necessary. In the case of short cavities, time spent in the deflecting field
effects only the total possible magnitude of the deflection whereas the differences in
the r.f. phase experienced by the various particle species determines whether their
overall deflections which are a vector sum, add constructively or cancel. A typical r.f.
separated beam in the 1960's and 70V would employ two r.f. deflecting mode cavities
separated by some tens of meters. All particles passing through the first cavity would
experience a similar range of deflections as they all approximately experience the
same range of r.f. phase in the brief time they spend in the cavity. The intercavity
distance allows the particles to enter the second cavity at different times and hence
with different phases with respect to r.f. wave according to their various velocities.

* Work performed under the auspices of the U.S. Department of Energy.
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By adjusting the phase of the second cavity relative to the first, it becomes possible to
cancel the deflection for one species of particles e.g. pions while allowing the others
to retain some of the transverse momentum imparted. In this way a long drift region
replaces the field region of an electrostatic separator where the differences in 1//3 are
exploited. This method suffers from a number of problems: high instantaneous power
in the r.f. cavities (10's of MW) has in general has limited their use to bubble chamber
beams involving short (50 jus) beam bursts, for a fixed intercavity distance cancellation
of the pion deflection can result in small deflections of wanted particles at certain
momenta so that good separation over a continuous range of momenta is not possible,
and the relatively large cost of complex high power r i . systems in addition to the
normal beam components. With the exception of a beam for the OMEGA Spec-
trometer at CERN,2 all r.f. separated beams have serviced bubble chambers and have
therefore been of small acceptance and low duty factor. In the CERN beam, the duty
factor problem was dealt with by the use of superconducting r i . cavities.

Many years ago investigators at CERN3 and Brookhaven4 independently pro-
posed a method of r.f. separation that would simultaneously reduce the high power
requirements and improve the range of separation possible with r i . deflection. The
concept involves embedding r.f. deflectors in an alternating gradient quadrupole mag-
net channel so that the beam consists largely of r.f. deflecting cavities. The cavity can
be continuous in principle or a series of cavities alternating with the quadrupole
magnets. By using more deflecting cavity length the deflecting field requirements and
hence the power are reduced. If the phase velocity of the r i . wave relative to the
velocity of a wanted particle is such that in its rest frame the particle experiences the
r i . field at a frequency corresponding to its betatron oscillation frequency a resonant
growth in the deflection amplitude becomes possible. Pions will experience a non-
resonant excitation so that the transverse momenta imparted will approximately
cancel due to the various phases sampled. A variation on this technique that provides
better separation involves allowing the traveling wave to be synchronous with the
wanted particles and switching the r.f. phase every half betatron wave length.5

Conceptual designs for beams of this type optimized for 1.5 GeV/c to 5.5 GeV/c in the
short version* and 5 Ge V/c to 15 GeV/c in a longer design7 were produced at BNL.

The anticipated K+,K*, and antiproton fluxes for the conceptual designs are
shown in Figures 1, 2, and 3 by the dashed lines superimposed on the plots of
intensities obtainable with the presently available beams. It is notable that the r.f.
purified beams are capable of delivering kaon and antiproton intensities comparable
to the high energy unseparated beams Al and Bl. Al is heavily used for spectroscopy
in conjunction with the MPS.

In 1970 the cost for the long high energy beam with conventional room tempera-
ture r i . cavities was estimated at $2J>M with approximately half the cost related to the
r i . system.7 The r i . effort also required some 25 man-years of effort. The use of
superconducting r.f. technology would undoubtedly cost even more but might be a
good investment in terms of enhanced performance and to a lesser degree power
savings.

ANTIPROTONS IN PARTICULAR

The Low Energy Antiprqton Ring (LEAR) at CERN is a unique high brightness
source of pure antiprotons with minimal momentum spread and unsurpassed duty



factor. It is however limited to momenta below 2 GeV/c and has had low priority and
hence little running time. Incompatibility between various users reduces the available
running time still further. The amiproton accumulator at Fermilab is being used for a
dedicated experiment on charmonium spectroscopy. E760 is mounted in the ac-
cumulator ring tunnel where the antiproton beam interacts with a hydrogen gas jet
target at momenta up to 7 GeV/c to form charmonium states which are observed
through their decays. The experiment is unique in its location and as a sole user of
the accumulator when running. A workshop was held at Brookhaven in 1986* at
which the possibilities for dedicated antiproton facilities at the AGS were studied. It
was concluded that long unseparated beams providing more than 107 antiprotons per
pulse with good purity because of pion decay, which would be suitable for char-
monium spectroscopy, hyperon-antihyperon formation and exotic spectroscopy could
be built for X3M-S4M in 1986 dollars. The facilities w >uld be dedicated in the sense
that beams would be too long for useful kaon transport but would otherwise be
compatible with the rest of the AGS program. This implies approximately 1014

antiprotons delivered per year which is competitive with other laboratories.

POSTSCRIPT

Some years ago T. Kalogeropoulos9 prodded the AGS committees and staff into
providing him with a slowly extracted proton beam that retained the accelerator r.f.
structure. The time structure therefore consisted of a 5 ns pulse every 200 ns for 1 to
2 seconds. This enabled him to tag antineutron interactions by the time structure of
their annihilations. If one were to rebunch the AGS internal beam at high frequency
i.e. many GHz, then any momentum analyzed secondary beam could deflect one
species of particle with a single r.f. cavity matched to the particle's phase.* ° The high
frequency of the rebunched beam would minimize accidentals normally associated
with lower frequency time structure since the average occupation number of each
secondary beam bunch would be less than one.
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Figure 1.

K + flux as a function of momentum
in various AGS beams. Fluxes ob-
tainable with the proposed r.f.
separated beams described in the
beams described in the text are
indicated by dashed lines.

Figure 2.

K" flux as a function of momentum in
various AGS beams. Fluxes obtain-
able with the proposed nf. separated
beams described in the text are
indicated by dashed lines.
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Figure 3. Antiproton flux as a function of momentum in various AGS beams.
Fluxes obtainable with the proposed r.f. separated beams described in the text are
indicated by dashed lines.


