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Abstract 

With the Booster the AGS will accelerate pro- 
;;:; to 3 x 1013 per cycle, polarized protons at 

and ions from Carbon to Cold at intensities 
from’50 to 3 x 109. A loss monitoring system is be- 
ing developed to facilitate tuning, and to reduce 
personnel radiation exposure by minimizing residual 
induced activity and by allowing remote monitoring 
of activity in the accelerator enclosure. The moni- 
toring system Imust have a large dynauic range to 
monitor high intensity beam losses and to measure 
induced activity down to the level of a a few mrad/ 
hour. Various detectors are being evaluated, in- 
cluding ion chambers, proportional counters, and 
aluminum cathode electronmultipliers. Measurements 
of the prompt ionization distribution in the median 
plane at various energies fro,0 point targets at two 
representative locations in the accelerator Lattice 
have heen completed. Details of the monitoring sys- 
tem will be presented, as well as the experimental 
measurements of the prompt radiation Eield, and a 
comparable Xonte Carlo calculation. 
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Fig. 1 Block diagram of present RLRM system. 

Introduction Measurements 

The Ring Loss Radiation Monitoring (RLRM) Sys- 
tem is used for bealn tuning and diagnostics, and to 
minimize residual activation of the accelerator 
structure for personnel dose reduction. The present 
loss threshold (I.e. , producing a digital output of 
one count) for “instantaneous” loss of full energy 
beam (28 GeV) on a point target is 5 x 10’ protons. 
The increasing importance of heavy ion and polarized 
proton oprrJtion of the KS is heralded by the con- 
struction of the Booster, scheduled for commission- 
ing in 1991. Since these new operating regimes will 
be at least three orders of magnitude lower in in- 
tensity than for proton acceleration, an upgraded 
RLRM svste‘n 2 is being developed to provide tuning 
diagnostics at increased sensitivity, and the capac- 
ity to remotely monitor activity induced in the ac- 
celerator structure down to a few nrem/hr. 

It seems evident that with the “C” shaped mag- 
nets of the AGS sensitivity will be increased by 
moving the detectors from below the magnet to the 
median plane on the open side of the “C”. We 
mounted an array of eight ion chambers on the median 
plane, on a line just outside the magnet structure, 
extending up and downstream of two flip targets. 
Bach target, 3 mm of aluminum, constituted a point- 
like source. One target, 55, was located in the 
first half of a superperiod where the flux returns 
of the “C” shaped magnets were outside (i.e., the 
open side of the magnet faced in); the second tar- 
get, .J19, was in the part of the superperiod where 
the flux return was inside. A schematic diagram of 
the experimental setup is shown in Fig. 2. The ex- 
perimental results are shown in Fig. 3. 

Present System 

The present system is comprised of 120 Argon 
in;ul.rted coaxial cable ion chambers, each 5 m long 
strung below the magnet support girder and spanning 
a pair of magnets.1 A block diagram of the system 
is shown i.n Fig. 1. Analog signals with temporal 
resolution of tens of microseconds are available 
from any four detectors via the multiplexer. Digi- 
tal signals from all the detectors are acquired in a 
selected time interval for the current acceleration 
cycle, as well as the total signal from each detec- 
tor for all of the previous machine cycle. The 
preset window data .are displayed graphically on a 
terminal of the central control computer. The tab- 
ulated digital data may also be displayed, or writ- 
ten to a file for later analysis. 
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Fig. 2 Schematic drauings of AGS Ring showing de- 
tector locations relative to flip targets. 
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Fig. 3 Prompt ionization in the median plane near jump targets at proton beam momenta oE 
1.7, 12.2, and 20.7 GeV/c. Experimental setup of detectors as in Fig. 2. Error bat-s 
represent standard deviations. 
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The data were acquired using the eight spare elec- 
tronics channels of the RLRM System. Data at each 
of three energies were acquired over a large range 
of beam losses, using the change in the circulating 
beam current transformer signal as a measure of beam 
loss. Data were accepted for analysis only in the 
range where linearity could be demonstrated for the 
ion chamber signals relative to the beam loss. 
Analysis included the standard deviation associated 
with the 5 to 30 values acquired over the linear 
range established for each data point. These stand- 
ard deviations are reflected in the error bars shown 
in the graphs of the measurement results. 

The results show that, allowing for the shield- 
ing effect of the quadrupole magnet at J5, the ioni- 
zation on the median plane is comparable on the open 
side of the magnets whether facing in or out. In 
addition, the full width at half maximum of the dis- 
tribution about .J19 is roughly equal to the magnet 
pitch. An independent measurement suggested that 
the increase in sensitivity gained by moving the 
detectors from the present location to the median 
plan adjacent to the open side of the magnet is 
about 100 fold. 

Calculations were made using the CASIYi computer 
code ' for comparison with the experimental data. 
The accelerator structure downstream of the J19 
straight section was approximated; the magnets, for 
example, were assumed to have a simple rectangular 
cross section with rectangular cutouts to provide 
the "C" shape. The calculation estilnated the energy 
density summed over regions approximating the detec- 
tor locations. Since the actual detectors were lo- 
cated somewhat closer to the equilibrium orbit than 
was assumed, the axial location of the calculated 
values was adjusted slightly. The calculated data 
were normalized to the peak value of the experimen- 
tal data. The results are seen in Fig. 4. 
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Fig. 4 CASIN :Ionte Carlo calculation (curve) of 
energy density at detector locations for 
comparison with measured data. 

Proposed System 

The detectors for the upgraded system will be 
located on the median plane on the open side of each 
magnet. The sensitivity will be three orders of 
magnitude greater than that of the present system. 

with the integrators sampled and 
milliseconds. 

reset every ten 
Integrator sampling shall also be 

available during the IO msec interval between inte- 
grator resets, to provide temporal resolution of 
1 msec. 
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Fig. Block Diagram of Upgraded System. 

The central components are a cominercially 
available 68010 based VME bus analog to digital co- 
processor board, a dual ported 4 megabyte random 
access memory, and a 68020 microprocessor to commu- 
nicate with the central control computer. The 
analog to digital board is capable of 256 input 
channels. The time to digitize a channel and store 
the result in the dual ported memory is only 6 
microseconds. 

The detectors for the original syste~n will be 
retained for use during high intensity proton opera- 
tions, and the electronics will be replaced with a 
dupli.cate of that shown for the high sensitivity 
system. 

Progress 

A number of detector types are presently being 
evaluated, including ion chambers, proportional 
counters, and aluminum cathode electronmultipliers. 
The microprocessors, analog to digital converter, 
dual ported RAM subsystem has been assembled and 
tested. Software development for the raicroproces- 
sors has started. Cabling is scheduled to be in- 
stalled in the accelerator complex this summer 
(1989), and the system will be commissioned by the 
fall of 1990. 
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A block diagram of the new system is shown in 
Fig. 5. The system will provide analog integration, 
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