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ABSTRACT MASTER
This paper reports on the properties of the existing low energy

separated kaon beams at the Brookhaven AGS, and the preliminary plans to
construct an improved kaon beam line with a high resolution spectrometer
for this facility.

INTRODUCTION

Let m.e begin with an illustration, I was told a number of years ago
that in a certain community two dairies were competing for the rather
limited business in the area. Each dairy, in selling its product, tried
to project an image that would favorably impress its potential customers.
One advertiesed "milk from contented cows". This sounded so reasonable
and appealing that everyone became convinced "milk from contented cows"
was the superior product. However, the other dairy was rescued, in a
moment of inspiration, by advertising "Our cows are not contented-they
are always striving to do better'"

In recalling this story I am reminded that there are those who say
"why consider a kaon factory now?", in other words "Why can't you be con-
tent with the physics provided by the present machines?" The answer, of
course, is nuclear physics cannot be so confined if it is to survive.
New ideas must be persued with vigor and determination.

I leave for others at this conference the task, if it really needs
to be done, of convincing you that the kaon is one of the exciting nu-
clear probes of the future, I will here describe the present plans to
provide an improved kaon beam line for nuclear research at the Brookhaven
Alternating Gradient Synchrotron (AGS). I must first tell you that these
plans are extremely tentative at the present time and though I take full
responsibility for any inaccuracies in reporting them to you, the plans
are being developed by a number of physicists. There are two existing
low momentum kaon beam lines at the AGS. You should note that they are
not only transport kaons but antiprotons as well. In fact the newest
of. the beam lines, LESB II, has been used exclusively for p experiments.
After describing these beam lines I will outline in general terms the
plan to develop an improved beam line and spectrometer system for nuclear
experiments at the AGS. I will conclude with a few summarizing remarks
and personal comments,

EXISTING BEAM LINES AT THE BROOKHAVEN AGS

The Alternating Gradient ̂ Synchrotron (AGS) at the Brookhaven Nation-
al Laboratory accelerates protons to 28.5 GeV/c with a spill every 2.4
seconds. The. length of the spill can be varied to some extent, but in
general it is about one second in length. Proton intensities incident
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Figure 1) Particle production for
kaons and antiprotons as a function
of a primary beam momentum.

on a production target range from
2xlO12 to about 4xlO12 per spill.
The present kaon production target
is a platinum plate with an effec-
tive length of about 3,5 inches.

The cross sections for par-
ticle production as a function of
?.ncident proton momentum1 *2 are
shown in Figure 1). The main
feature of the kaon production
curves is a rapid rise with a
"knee" below 10 GeV/c. However at

Koons/sr-G«v/c-imerociinfl Proton 30 GeV/c the kaon production cross
1 GeV/c productd at 5 d«g . . - _ . ,

section is about 3 times the pro-
duction cross section just above
the knee. This is not an insig-
nificant factor for present ex-
periments using the existing beam
intensities. Designs for kaon
factories have generally selected
a primary beam momentum just above
the ''knee" of the production curve
(-10 GeV/c).3 As can be seen from

~Figure 1), this momentum is some-
what too low for p production and
it also gives away some intensity
if compared to the number of kaons
that could be produced with higher
beam momentum. However the over-
riding consideration for a kaon
factory is the cost, to build the
acceleration ring, compared to the
cost of increasing the intensity •
of the primary beam.

At the AGS, the beam line
that has been used for the kaon
experiments reported at this work-
shop is the Low Energy Separated
Beam I (LESB I),1* The beam line
is shown in Figure 2.5, It is 15.24
meters in length and transports
particles up to 1 GeV/c in momentum
with a variable momentum bite. Ty-
pical values of Ap/p are ±1.5%.
The ir/k ratio is about 10 if the
electrostatic mass separator is
properly tuned, Actually, this
ratio is almost a universal con-
stant for all existing separated
beam lines, Kaon intensities of
about 2x10"* into an area of 1 cm
by 10 cm have been obtained at the
focal postion, about lm downstreaa
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Figure 2) LESB I Beam
Line

an angular bite A? equal
meter is relatively flat

from the output quadrupole. As is obvious, all
bends in the transport system are'horizontal,
and the mass separation is vertical. The pro-
duction angle is 10° with an acceptance of
2.65 msr. The production target is 3.5" of Pt.

The spectrometer constructed at the end of
this line was built of standard beam transport
magnets, with field clamps added to improve the
fringe field characteristics. It is shown in
Figure 3), The power supplies are regulated by
Hall probes to 1 part in lof-. The spectrometer
is of the energy loss type with a dispersed fo-
cus at target. A series of multiwire propor-
tional detectors are used to define the particle
trajectories. The analyzing portion of the
spectrometer has an acceptance of 12 msr, with
to 5°, The momentum acceptance of the spectro—
over a region with a momentum bite of Ap'/p = 6%.

CHP4
01

r

Figure 3) Brookhayen Kaon Spectrometer
In the notation S represents Scintillators,
P-wireplanes, C ~ Cerenkov detectors, DC- j
drift chambers, Q'-quadrupole magnetsf !'
and D-diapole magnets, . i .

Kaons are identified by a differential Cerenkov detector, CK, and
time of flight. Time resolution of about 500 psec FWHM has been achieved
over both the front and rear elements of the spectrometer system. Back-
ground from K decays near the target is reduced by a liquid hydrogen
Cerenkov detector, CH. Figure 4) shows the energy loss resolution of
the spectrometer, analyzing the kaon beam with no target in place. Best
resolution is achieved by restricting the solid angle acceptance. Full
acceptance gives a resolution of about 1.4 MeV/c FWHM and shows that the
higher order corrections to the transport problem are not yet understood.
This has not been a limiting factor at the present time because the
resolution has been determined by target thickness. Work is continuing
in trying to understand the spectrometer, however.

The spectrometer described above has been used for hypernuclear
Studies with the (K~,7r~) reaction, and kaon elastic scattering. Future
experiments will continue the investigations using a series of target
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Figure 4) Energy loss reso-
lution of the Spectrometer
for straight through beam.
The histogram is for the full
solid angle, the dashed line
is for a restricted solid
angle.
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A new low energy separated beam

(LESB II) was designed to provide an in-
creased flux of k's and p's.6 It is shown
in Figure 5). It features two separators
and optic corrections to the beam trans-
port using a sector magnet with curved,
pole edges for the front dipole and a ':
sextupole between the separators. The I
length of the beam line is about 15.25 m.
The production angle is 5° and the solid
angle acceptance 12.9 msr. Mainly because
of the larger solid angle the line is ex-
pected to have about 6 times the intensity
of LESB II. In addition the improved
optics and dual separation of the beam was
expected to provide an improved ir/k ""tio.
The beam line has both a dispersed and a
recombined focus after the last,quadrupole.
The momentum resolution in the dispersed
beam is poor although the momentum dis-
persion is Ap/p = .5%. To date the line
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has only been used for p experiments and
no serious attempt to determine the k flux has been made. The measured
number of p's compares favorably with the predicted intensity (1.5xl03p

/1012 protons), but a much greater pion con-
tamination than was anticipated was observed.
Vertical images at the mass slit are consistent
with the beam Monte Carlo calculations without
optic corrections. This would indicate
that the k flux should be near the calculated
value of 2xl05sec~1 but the ir/k ratio will
probably be much larger than predicted. It is
not clear why the background pions are so
intense. However, it does seem clear that
before this line can be used for kaon physics
this problem must be carefully studied and
the problems eliminated.

Some consideration is being given to mov-
ing the existing spectrometer on LESB I to

LESB II, Advantages would be increased flux and possiblytlarger angular
coverage. However the increased flux on LESB II is accomplished by an .
increased beam line acceptance so that a spectrometer on this beam line
needs to be carefully matched to the beam line acceptance to take ad-
vantage of the higher intensities. Table I compares and summarizes some
of the characteristics of these two lines.

NEW BEAM LINE/SPECTROMETER AT THE.AGS

There have been a number of informal discussions, and one workshop
meeting7 to plan a new beam line-spectrometer system for nuclear physics
at the AGS, The need for a new system is based mainly on intensity.

Figure 5)
Line

LESB II Beam



TABLE I. ...Comparison of the LESB I and LESB II Beam'Lines

LESB I LESS II

AflAp
P
Ap
P
A9
A6v

Length

Decay
Factor
K~/1012p

10.6 mr%

+

2
+

+

0.02

,65 msr
11 mr

60 mr

600"
1524 cm

0,

8
4
2.

.079

x 104

x 10
,2 x 101*

77.2

± 0,1

12,9
± 15

mr%

33

msr
mr

± 215 mr

600"
1524 cm

0.079 @ 800 MeV/c

4.7 x 105 @ 800 MeV/c
2.4 x 10 5 @ 700 MeV/c
1.3 x 105 Q 600 MeV/c

Optical calculations and measured angular distributions show that
positive kaon elastic cross sections in regions where interesting
nuclear physics should occur are about lub/sr or less.8 The (K~,TT~)
reaction to a number of important hypernuclear levels is also about this
order of magnitude.9 Several other reactions such as (K~,K+) have much
lower cross sections (-lnbarn).1" With present beam intensities (~2xlOV
spill) count rates are about 3 per ybarn-sr-hr using reasonable target
thicknesses.

TABLE II. Tentative Design Goals for a new Beam Line
Spectrometer for Kaon-Nuclear Studies at the AGS

BEAM LINE

Channel Length - 8-10 m
Momentum Bite - Ap/p-4%

Flux - K+@800 MeV/c-106

w/k ratio -10 or better

Beam size - (3x10)cm

Range - 500-800 MeV/c

SPECTROMETER

Angular Resolution - .25°-.5°
Energy Resolution-Ap/p=7xlO~1*

(200 kev @
800 MeV/c)

Momentum Bite - Ap/p=6%
(AE 3S=MeV with
a 30" focal
Plane-lmra
resolution)

Solid Angle - 30 msr
Momentum - <800 MeV/c
Angular Coverage - 0°-140°

To develop the field of kaon and hypernuclear physics a beam of at
least a factor of 10 in intensity is needed. Given the primary current
capabilities of the present machines this can best be achieved by short-
ening the beam transport length, and to a lesser extent by increasing



the acceptance of the transport and spectrometer system. A short beam
line is also advantageous because kaons with lower momenta (300 - 600
meV/c) seem to hold the most promise for nuclear physics research.8

It is probably necessary to use the beam line itself as the dis^-
persing system for the energy loss spectrometer. One might consider
placing counters of some type in the beam line to determine the particle
trajectories, but more than likely the intensity will be too high for
reliable operation. Therefore the beam line needs to be carefully de-
signed to provide proper dispersion at the target, and it should be
matched to a large solid angle spectrometer.

Tentative design goals for the new system are outlined in Table II.
Preliminary design work has begun and a second working group meeting
will be scheduled this fall. Provided funding can be obtained the new
system might be operational by 1984 or 1985 which also matches the pro-
posed construction shutdown and startup dates for ISABELL. As can be
observed from the figure the beam line spectrometer system requirements
are modest and are well within present technical capabilities.

CONCLUSIONS

Kaon physics is in a position similar to that of pion physics about
15 years ago. Beams are not sufficiently intense or pure to allow de-
tailed work in nuclear structure. What can be done is a series of ex-
periments observing strongly excited states or reactions with larger
cross sections, looking for rather large effects. Statistics will be a
major limitation in the extraction of useful information.

With the existing beams cross sections on the order of a yb/sr or so
can be measured, and perhaps some coincidence experiments such as (K; K',
y) may be attempted, but these will be difficult and will not yield in-
formation of high quality. What can be done is to provide the justifica-
tion for a major construction program to provide more intense sources of
K mesons. Hopefully this program can be initiated in the not too distant
future.
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