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Introduction and Synopsis
A ainple, low cost aperture limiting device with
an absorber block has been developed and installed in
the AGS ring at Brookhven National Laboratory. The
device intercepts injection tails, transition losses,
and the inward spiraiinf beam of an aborted acceleration or extract I'-. cycle. The resultant consolidation of losses at one cint reduces activation of
components around tV<? ring and radiation exposure to
personnel.
Design Parameters

Length and Width
Hadronlc cascades resulting fron a 28 GeV beam
Impinging on a solid absorber block were simulated
using a Monte Carlo program.2 The Integrated energy
distributions for a geometry of 25 x 25 x 200 cm
copper block are shown In Figure l(a,b). This represents an upper limit since full beam dumping Is not
envisaged.
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LONGITUDINAL

The 6 function in the AGS changes rapidly
through the 10-ft. straight section in which the
scrapper is installed. The apertures of the device
uere 'calculated using the following formula:
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where a and 8 are the beam phase ellipse parameters
for the AGS and •=* is the momentum spread. Foct.he
vertical aperture there is no momentum spread to
consider. In addition, for ease of construction, the
aperture circumferences at the upstream and downstream eads were required to be the same. This allowed the use of a single properly deformed tube.
The resulting apertures are ellipses with a
horizontal axis1 of i'.9 cm and a vertical axis of 7.0
cm at the upstream end, and 12.9 cm and 5.4 cm
respecitvely at the downstream end. The downstream
aperture is actually slightly restrtictive to increase the capture efficiency of scattered particles.
These aperture calculations were checked by measuring
the beam size at the E-10 location using the lonization profile monitor. Profiles uere taken at 500
Msec and 60 msec into the cycle. The x and y beam
profiles were then scaled using the relative B functions to the E-20 position. The resulting spreads
were well within the calculated design apertures.
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Fig. 1 - Integrated energy deposition of a
28 GeV beam.
The chosen dimensions of 200 cm long and 5 cm
wide seem to provide adequate containment with some
side leakage. The latter is expected to increase
with the substitution of 60-40 solder for copper with
an effective increase of 25Z In aboorption length. A
future unit will have its lateral dimension increased
by a factor of two.
Thermal Loads
The kinetic energy in a beam of 10
protons at
28 GeV is approximately 40 kJ. This energy dumped
suddenly Into the absorber every second yields approximately 40 kilowatts. If the energy is abosrbed
as a result of an inward spirallng beam due to premature rf turn off, about 20 kW could be deposited on
average. The cooling water flow of 3 gal/min results
in a Hater temperature rise of 28°C.

Choice of Material
For efficient scattering of ..protons and containment, the absorber block material should be chosen
with a short absorption length, low mean free path
and high mean scattering angle of the Incident protons. Since the amount of deposited energy could be
considerable {20 kW), the material should have good
heat capacity and conductivity. Copper was the first
choice due to ease of machining and satisfaction of
the above requirements; however, attempts to have it
casted to a specific form failed and thus it was
rejected. Lead or a lead alloy was the second
choice. Solder (40% lead, 60J tin) was eventually
used.

=Hork dons under the auspices of the U.S. Department
off Energy.

Fig. 2 - Thermocouple locations-In the
absorber block.
Thermocouples were burled In the body of the
abosrber at various locations (Figure 2 ) . A test
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traa run by turning oiEf ehe rf, allowing the beam to
spiral' into the abosrber, and measuring the temperature rioe at various locations. By spiraling a 25
GeV/c beam repeatedly into Ehe device every 3 seconds, a casiffium temperature rise of 13°C was observed
at the 01 location. The temperature rise stabilised
after 13 pulses indicating good thermal conductivity
within the aboorber. Earlier tests with a 1 KTJ torch
directed at the inside of the beam tube wall directly
opposite a thermocouple showed a raanimum AT of 38°C
which stabilized within 1-1/2 minutes.
In conclusion, there is no problcn to date with
hot spots or cooling capacity.
Escaping Particles

tube Is first welded to aluminum and flanges which
are then welded to an open alumlunun trough, Figure
3. This forms, a container for the aaltan solder»
The 200°C melting temperature of the solder Is
well below the annealing temperature of the aluminum.
It was necessary to machine circumferential convolutions around the beam tube weld '(Figure 4) in one of
the end flanges to allow for differential expansion.
The trough which is 0.63 en thick Is welded to the
same flanges as the 0.16 cm thick besa tube. As
molten solder is poured into the trough and around
the beam tube, differential expansion takes place
between the two because of the different thermal time
constants, this expansion can be large enough to
crack the welds. The convolutions permit sufficient
motion to prevent this.

Since the abosrber block surrounds the beam
pipe, this inside aperture allows for the escape of
particleB scattered through small angles. The lower
the dump momentum, the larger the scattering angle
and the better the containment. Also, as might be
expected, the containment goes up with the distance
away from the inside aperture edge. The confinement
efficiency with grazing angle is not as straightforward; however, a CEEN study modeling a combination of
elastic, inelastic and cascade effects shows that
proper alignment is important. Skew angle studies
are now under way to minimize the radiation to the
T " region just downstream of the dump.
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Due to betatron oscillations, particles, scattering in the E-20 region should ohoa peak deflection
at 1/4 * and 3/4 A wave lengths downstream. A future
improvement might be the addition of scrapers inside
the vacuum chamber near these downstream locations to
further absorb the escaping particles, without restricting the aperture.
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Mechanical Construction
Fig. 4 - Detail of the end flange construction.
Proper selection of materials for this device is
important for several reasons. First, the thermal
coefficients of expansion of the absorber and beam
tube must be closely matched to prevent high stress
during cool down after casting. Second, the beam
tube and absorber should have high thermal conductivity to reduce local beam heating of the tube
wall. For the same reason, a relatively low "z"
material is preferable for the beam tube to reduce
localized beam energy deposition. Third, the absorber material should have a significantly lower
malting temperature than the beam tube and container
walls. Copper was initially chosen as the absorber
material with a stainless steel beam pipe. Casting
difficulties finally lead to the selection of common
60-40 solder for the absorber and aluminum (6061-T6)
for the beam tube. The 10 cm o.d. x 0.16 cm wall
beam

The copper cooling tube is pre-tlnned so that
solder to copper "wetting" takes place during the
casting operation and a good thermal contact is made.
In addition, close thermal contact is developed
between the beam tube and absorber because the solder
has a slightly higher thermal coefficient of expansion (contraction in this case) and thus grips the
beam pipe as it cools.
The entire device can be translated by * 3.8 cm
and skawed * i.4*. This is controlled remotely.
Activation and Personnel Protection
As expected, the absorber block activation
reached levels of 2.5-4 R measured at a 30 cm distance from the block. This constitutes a hazard to
personnel passing by or working in the vicinity. A
1" thick lead shroud was fabricated to cover the
scraper/dump on maintenance days. The decrease in
measured activation by an order of magnitude made it
comparable with other components in the machine.
Operating Experience and Performance
The beam scraper/dump was installed in the AGS
at the E-20 location in October, 1984. It was first
determined that the ocraper aperture as designed was
not limiting the bean intensity of the machine. The
AGS has since reached a new record intensity of 1.64
x 1 0 1 3 protons per spill with the scrapor in place.

Fig. 3 - A cross section of the scraper/dump.

Early beam orbit measurements showed the beam at
E—20 to be shifted outward instead of the reverse.
In addition, a strong ninth harmonic caused large and
unacceptable orbit shifts. This was corrected by
moving the appropriate magnets. The catcher was
moved radially outward to shadow the other apertures
in the machine and dump studies were carried out
to assess its effectiveness. The beam was aborted at
7 GeV/c and radiation loads around the ring were
measured versus scraper position. Figure 5 shows the
total integrated radiation around the machine with
the exclusion of the E-20 and F-2 monitors immediately surrounding the dump. The graph shows a drop
in the distributed radiation around the ring by a
factor of 3. In addition, periodic surveys around
the ring shoa a drop in activation of components
since the installation of the device at E-20.
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Fig. 5 - Total ring radiation Vs the scraper
radial position.
The F region receives most of the forward leakage. Figure 6 shows the radiation monitor levels in
F4 versus the scraper position as it is moved to
intercept the beam." The maximum levels are reached
when the scraper/dump shadows all other apertures in
the machine. The plateau is due to the 7 GeV beam
energy which is low enough for the absorber to eontain most of the energy.
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6 - Radiation levels Vs scraper position
in the F4 region.

DISCLAIMER
This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. Ths views
and opinions of authors expressed herein do not necessarily state or reflect ihose of the
United States Government or any agency thereof.

