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Summary 

The National Accelerator Laboratory (NAL) Main 
Ring Beam Loss ;LIonitor System employs - 200 inex- 
pensive liquid scmtillation detectors distributed even- 
ly around the accelerator circumference to measure 
radiation created when protons strike vacuum chamber 
walls, obstructions, magnets, etc. The detectors are 
interfaced to the computer control system through 10 
channel “sample and hold” electronics u,hich also inte- 
grate and amplify incoming pulses. Since the computer 
system can arbitrarily select the times during a mach- 
ine cycle when sampling will occur, it is possible to 
generate real time graphs of radiation loss versus 
time, radiation loss versus machine circumference, 
or a three dimensional histogram combining the two, 

I. Design Criteria 

A machine designed for very high intensities, 
5 x lOI protons per cycle in the NAL Main Ring, 
must operate with the smallest possible beam loss 
so that residual radiation levels are low enough to 
permit personnel to safely perform requisite accel- 
erator maintenance. Tolerable exposure rates for 
this purpose were taken to be 3-100 mR/hr at one 
foot after one hour of “cooling”. A study of beam loss 
mechani-jms, beam loss monitoring requirements and 
possible detectors, undertaken early in the accelera- 
tor design, resulted in the following beam loss system 
design constraints in addition to the broader, strictly 
enforced, design philosophy of simplicity, maintain- 
nbility and economy. ’ A maximum total loss of 0.141 
of full design intensity, or 5 x 10” protons per accel- 
erator cycle, was chosen au a reasonable design goal. 
It was also specified that over a short time (-lms) and 
Lit a local “point” target the losses should be kept s109 
protons . Taking these intensities at the 8 GeV inject- 
ion energy I- 1 Joule) an estimate was made of the 
required cletector sensitivity. 

T...^ +.-A,- 1 ,.~i L,Jt,s,.z of detectors -h.e;c’ coilsi dci*ad: (ai iirlik~d- 
tlon rlet!?ctor; which are inherently reliable. stable, 
rlr,,se t-i-w, acc:lratP, and r.adiation resistant, but are 
al .50 insensitive (q,- 10-11 coul. /liter - atmosphere - 
.Joule e5timate.d for Iour geometry),have slow response 
‘ime snrl requir*e cxpensi?ie elcctroni,:s. and (b) photo- 
r~~ul!ipller-;cintillators which have fast response times, 
high iensitivl’y (q- IO7 coul. /Joule), but are suscept- 
1b1~ +o radiation damage end exhib:+ large sample +:) 
.5amplc signal nmplification characteristics. Bearing 
.;i,2nificantly on the final choice 0: scintallators ~a:; 
the decision thnt this system would only be required 
to resolvf? losses at least an order of magnl+L;de above 
the more ,-Jr less evenly distributed losses due to resirl- 
u:11 gai< icattcring aroung the ring. Since the radi;tf Ion 
~~‘GiUCi’J :j,y ;I “pjir:t” ijuiiin loba :5 localized lo sbout 

one machine unit cell ( _ 200 ftdet 1, a rlpn%ity of ione de- 
tt’ctor per mini :;traight :;ectinn; that i:, at each 7 ft. 
q~ladrupole or every 100 feet, was chosen. 

\fork pcxrformed under the auspices of the L’ni’ed 
States Atf,nlic Energy Commission. 

The expected modes of operation were to observe one 
detector throughout a cycle or to scan all detec+ors 
at one sample time during the cycle. 

II. The Service Building Subsystem 

The unit building block is the service building sub- 

system dlagrammed in Fig. 1. A high degree of modu- 
larity was imposed and all twenty-four service buildings 
have nearly identical equipment. A single power supply 
(Power Designs Model 1565) rated at 0 to 2 kV, 0 - 15 
ma, powers all the detectors in parallel via a single 
KG-58 c/u high voltage distribution cable. Signals from 
each detector are brought back on individual pieces of 
RG-58 c/u to the service building beam loss monitor 
electronics. Analog outputs from the ten channels of 
this unit are scanned by a Multiplexed Analog to 
Digital Converter (MADC) under control of the Main 
Ring mini-computer via the serial data link and local 
House Logic Unit (HLU). ’ The digitized data is also 
sent back to the mini-computer via the HLU and serial 
data link. Beam Loss monitor data from all Service 
Buildings is accumulated in the mini-computer and then 
transmitted via a second data link to the reros Data 
System Sigma 3 master computer. The Sigma 3 col- 
lates, formats and present5 the data on a CRT display 
and/or a Tektronix 611 storage scope as requeste:i by 
the operator. 3 

The Detectors 

The “Paint Can” scintillation detectors wye nrigi- 
nated by the NAL Radiation Physics section. Consis- 
ting of a 931A photomultipller tube mounted on the in- 
side of the lid of a pain’ can partially filled with liquid 
scintillator, the detectors are estrcmely simple, econ- 
omical, and easy to build. Further ~implifymg modifi- 
cations were made for the Main Ring installation. An 
RCA developmental tube, type C31028, equivalent to 
their present 4552, replaced the 931-t. C3102S’s are 
all glass with no base material to dissolve in and nnss- 
ihly poison the scintillator. The>- are also cheaper ani 
physically short enough to fit in a one pint paint can 
while mounted in a tube socket - see Fig. 3. The vol-- 
age divider strmg of 11 10Ckc resistors draws - 1. ~1m.i 
at 15OOV so thnt 10 cans can be operated fi*om a ;;ingle 
HL’ supply. The divider h:as no capacifor.;: bcr0s.1 1 he 
dynode resistors, hut no +ag ha< been sncountertrrl 
since maximum noun’ ry.tes alv,,ay,-s produce less than 
0. ImA anode cul,rent. The .;node is brocght rout rlircct- 
ly to a BNC ;%i’h no load resl;itor to ,ZI-ol,!:tl, which 
allows de mcasurernent.~ +:f dark current and gain. 
Each can was filled to 75’:~ ‘Ii’ ,iolrume u-it:l ;i high5fla:;h 
point mineral-oil ba.;;e ;cintlllatoi~, “Pilof Iii”‘. 

For a slight extra cost the manufact~~rcr supy!ie,l :i 
measuremrnl of ll.imin,-ius ;;t?n.<itiv:f5- I-or e:ic11 +l.il!e. 
The var,lation in reci,ivt:d tl,bes sr+~s”lO +o 1, L(~OX/lm 
to 2!:A/lm. nt ALIT, .;t,h.;t,t:, of ten iuhe.5 v OP’C tn:rich(: j 
in ;iark c:;lrrent Linti gain to uilhin a i’actior rof 2 or le.-> 
at ?I?0 - 1100~~. For final seleci ic-,n, j;:tin.- i?‘i:L‘t’ r-lea:; - 

c:in in.;tallcr.i in ihe flunnel li.,inj: a 
source tn 2 l’isi~~l geo:r;rdtt’y. Tlie C;I in.5 
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of the matched subsets were then adjusted by varying 
the power supply voltage in each service building so 
that the overall gain variation of al1 detectors in the 
ring remained within the factor of 2. 

Electronics 

By deciding to not look at fast pulses through ser- 
vice building electronics, but to display phototube out- 
put from the 50R terminated cable directly on a oscil- 
loscope, considerable circuit simplification results. 
The electronics were designed to perform three basic 
functions: (1) act as an integrator over observation 
times <10ms, (2) act as a signal averager over periods 
> 10ms and (3) take a 100~ set sample of the processed 
signal and hold it with a droop of <1% in output voltage 
for the 100ms or so required for the minicomputer to 
respond to an interrupt and retrieve al1 data from the 
Service I3uildings. 

A block diagram of the beam loss monitor electron- 
ics can be seen in Fig. 2, and a picture of the unit in 
Fig. 3. The “Input Conditioning” circuit consists of a 
series 47 R resistor connecting the incoming RG-58 
across a 100kS2 resistor, an integrating capacitor and 
a protective zener diode, all shunted to ground, to the 
front pane1 controt switches. The dc coupling of the 
paint can’s anode output permits use of the cable shunt 
capacitance as part of the total integration capacitance. 
The amount of capacitance added to each input condi- 
tioning circuit is selected to bring the total up to that of 
thelongest cable, -550 ft., plus Znf. The series input 
47!2 resistor is then always followed by a capacitor to 
ground which ensures an ac 5OQ termination to nano- 
second phototube pulses. The gain-of -5 vol’age follow- 
er stage is a National Semiconductor LM308 with an 
ibias Of <20d. 

The Sample and Hold amplifier is a National Semi- 
conductor LFIOO23CG hybrid integrated circuit which 
could be purchased cheaply enough in quantity to make 
this form of circuit design economically feasible. The 
IO channel analog OR Input comparator shown in Fig. 2 
serves as an out-of-limits trip when excessive radiation 
is recorded on one or more input channels. A fault con- 
dition latches the Set-Reset flip flop which is intended 
to trip and Latch the Main Ring Abort System until the 
start of the next cycle when it will be cleared by a 
Main Ring Reset, the to pulse. Delays on the Beam 
Sample Pulse input were to allow this electronics to be 
used in other applications were it might be desirable 
to sample a voltage simultaneously around the ring, 
without the usual 48 +ec propagation delay. The 
Variable Gate Width Mono&able generates a 100 psec 
sampling time gate required to ensure that the sample 
and hold outputs slew to within 17~ of input voltage. 

The distribution of detectors leaves one spare analog 
channel in each Service Building available for monitor- 
ing output of the high voltage power supply. During 
maintenance the front panel control switches allow 
for a quick check of zero offset adjustments, gain 
drift, amplifier failure or XADC failure. A stroll 
around “he tunnel with a source while continuously 
monitoring pain% can amplitudes versus circumference 

Ring and, together with scintillator target flags, pro- 
vided the only beam information available during the 
summer of 1971 while tuning for a first turn around the 
Ring. A continiously updated storage scope plot of 
Beam Loss as a function of machine circumference 
was used together with small correction magnets to 
tune for minimum local beam loss. Since correlation 
between a specific correction dipole and a high loss 
peak was difficult to establish, the system diminished 
in importance as more suitable and sensitive beam 
diagnostics became available. Finally, six sample 
and hold channels at each service building were pre- 
empted for voltage to ground measurements on the hlain 
Ring power supply system. This was facilitated by a 
design feature of the electronics module: conditioning 
circuitry for all inputs is located on a separate printed 
circuit card to permit rapid modification. The recent 
acquisition of 30 additional electronics chassis, now 
called “Utility Sample and Holds”, will permit the 
reactivation of the complete beam loss monitoring 
system. Even though four detectors privide less than 
adequate coverage, they are still quite useful. Con- 
tinuousmonitoring of areas of suspected or known loss 
can be monitored via a high sample rate mode in which 
up to 300 beam sample pulses are generated over a Main 
Ring cycle or selected subportion thereof. A plot of 
loss amplitude versus time for one detector is gener- 
ated on a Tektronic 611 Storage Scope by the Sigma 3 
computer. A typical plot is shown in Fig. 4. 

IV. Conclusion 

During its variegated career the Beam Loss System 
has demonstrated the ability to locate partially collap- 
sed vacuum tubes, obstacles in the beam pipe and 
closed vacuum isolation valves. Now that the intensity 
of the accelerator has become > 10” protons per cycle, 
it is expected that the beam loss monitor system will 
play an increasingly important role in helping to tune 
the machine for minimum beam loss, and therefore, 
minimum residual radiation. 
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provides a simple, calibrated check of the entire system 4 
which takes a little over an hour. 

III. System Operation 

The beam T>oss Monitor System was one of the first 

beam diagnostics placed into operation in the NAT., Main 5. 
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Fig. 1. A Main Ring Service Building Beam Loss Monitor Subsystem configuration. Paint can 
detectors are identified by tunnel survey marks nl through n9, where n specifies service 
buildings 1 through 4 per Main Ring sector. nl detectors exist only for n = 1,2 service 
buildings. These configurations are identically repeated in Main Ring Sectors A through F. 
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Fig. 2. Beam Loss Monitor System Service Building Electronics. 
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Fig. 3. Paint can scintillation detector and Fig. 4. Computer generated plot of beam loss 
10 channel sample and hold electronics. and magnet field amplitude vers;s time. 
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