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Abstract

With the Booster the ACS will accelerate pro-

» • • • • • . . . .

1013 per cycle, polarized proton* attons to 3 x
10 l z, and lone froa Carbon to Cold at intensities
froa SO to 3 x 10 9. A lost monitoring system is be-
ing developed Co facilitate tuning, and to reduce
personnel radiation oxpoauro by minimizing rosidunl
Induced activity and by allowing remote monitoring
Of •etlvity in the accelerator enclosure. The Moni-
toring system must have n large dynamic range to
monitor high Intensity beam losses and Co measure
induced activity down to the level of a a few arad/
hour* Various detectors are being evaluated, In-
cluding Ion chambers, proportional counters, and
aluainua cathode electronmulclpllers. Measurements
of the proapt ioniiation distribution in the median
plane at various energies from point targets nt two
representative locations In the accelerator lattice
have been completed. Details of the monitoring sys-
tem will be presented, as well an the experimental
aeasureaents of the proapt radiation field, and a
comparable Monte Carlo calculation.

Introduction

The Ring Loss Radiation Monitoring (RLRM) Sys-
tea is used for beaa tuning snd diagnostics, and to
alnlalie residual activation of the accelerator
structure for personnel dose reduction. The present
loss threshold (i.e., producing a digital output of
ono count) Cor "limcniicnnuou*" ions of full onergy
beta (28 GeV) on a point target It S x 10 s protons.
The increasing importance of heavy ion and polarized
proton operation of the ACS 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 Cor proton acceleration, .in upgraded
RLRM system 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 mrem/hr.

Present System

The present system is comprised of 120 Argon
insulated coaxial cable Ion chambers, each S a long
strung below the aagnet support girder and spanning
a pair of magnets.1 A block dlagraa of the system
is shown In K If*. I. Ann log signal* with Lempornl
resolution of tens of microseconds are available
froa any four detectors via the multiplexer. Digi-
tal olgnnls from all the iloLoclorn nro mv|iilru<l In u
ttelttCliid tlmu tntorvul fur lliu ciirrunl 110:0 lurnL Ion
cycle, as well as the total slgnsl from ench detec-
tor for all of the previous machine cycle. The
prpin.'t window dur.n nro displayed grnphlcnl ly on n
terminal of the central control computer. The tab-
ulated digital data may alno be displayed, or writ-
ten to a file for later nnaly»i».

•Work performedunder the auspices of the U.S.
Department of Energy.
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Fig. 1 Block diagram of present RLRM system.

Measurements

It secas evident that with the "C" shaped aag-
neta of the AGS sensitivity will be increased by
aoving the detectors froa below the aagnct 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 nnd ilownntroam of two flip targets.
Each target, 3 mm of aluminum, constituted a point-
like source. One target, J5, was located in the
first half of a superperiod where the flux returns
of the "C" shaped maynets were outside (I.e., the
open side of the magnet faced in); the second car-
get, J19, was in the part of the superperiod where
cliu flux return W.IH inside. A schematic diagram of
the experimental setup Is shown in Fig. 2. The ex-
perimental results arc shown in Pig.. 3.
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FIR. 2 Schematic drnwtn^g of ACS Ring showing de-
tector locations relative to flip targets.
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Fig. 3 Prompt ionizaelon in the median plane nuar jump targets at proton boan momenta of
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The data were acquired using the eight, sparu elec-

tronics ch.inncln of tin1 RI.RM .Syiili'iii. Dnl-i ;if <>.-irli

of throe energies were acquired over j l.irgo r<n>i;e

of beuin looses, using the change In clio circulating

beam current transformer sti»ntiI .IH ;I mcanurc of beam

loss. Data were accepted Cor jnuily.ds only in tlie

range wher« linearity could be demonstrated for the
Ion chamber signals relative to Che 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 ln the error bars shown
ln the graphs of the measurement results.

The results show that, allowing for the shield-
Ing effect of the qu.idrupole mngnat .it .15, the lonl-
zatlon on the median plane Is comparable on the open
side of the magnets whether facing in or out. In
addition, the full width ot half max I mum of the dis-
tribution about .J 19 Is roughly equal to the magnet
pitch. An independent measurement suggested that
the Incri.'.inu In HiMisltlvlty Kilned by moving tlio
detectors from the prevent location co the median
plan adjacent to the open side of the magnet Is
about 100 fold.

Calculations ware made using the CASIM computer
cod»2 for comparison with the oxptrlment.nl data.
The accelerator structure downstreaa of the J19
straight section was approximated; the magnets, for
•xample, were assumed to have a simple rectangular
cross section with rectangular cutouts to provide
the "C" shape. The calculation estimated the energy
density summed over region* 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 s-llghtly. The calculated data
were normalized to the peak value of the experimen-
tal data. The results are seen in Fin. 4i
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located on the median plane on the open side of each
Magnet. The sensitivity will be three orders of
magnitude greater than thnt of the present system.
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Fig. 5 Block Diagram of Upgraded System.

The central components are u commercially
available 68010 based VME bus analog to digital co-
processor board, a dual ported 4 megabyte random
access memory, and a 6BQ20 microprocessor to commu-
nicate with the central control computer. The
analog to digital board is capable of 256 input
channels. The time to digitize n channel and store
the result In the dual ported memory Is only 6
microseconds.

The detectors for the original system will be
retained for use during high Intensity proton opera-
tions, and the electronics will be replaced with a
duplicate of that shown for the high sensitivity

Progress

A number of detector types are presently being
evaluated, Including Ion chambers, proportional
counters, and aluminum cathode electronmultlpliern.
The nlcroprocosaors, analog to digital convortor,
dunl ported RAM subsystem haH bton nasemblad and
teuted. Software development for the microproces-
sors has started. Cabling is scheduled to be in-
stalled In the accelerator complex this summer
( r " l ' J ) , . I M . I L i n t u y r i L m.i w i l l I n ) i : i > m m l u u l i u i m l b y i. lit>

fall of 1990.
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A block diagram of :ne new system Is shown in
Fl(j. "5. Tlic iiyiituin w i l l p r o v l d u n n n l O K I n t i - i i r m I n n ,



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 use-
fulness of any information, apparatus, product, or process disclosed, or represents
that iu use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply iu endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


