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ABSTRACT

An electronic data-acquistion system is used with a nuclear physics
experiment of such complexity that data processing required a high-speed
computer. The sYstem acquires data from 168 signal channels of scintilla-
tion counters and four channels of chronotron circuits. It has the capacity
to store 10 events during the 0.l-sec-long Bevatron beam pulse. The stor-
age time for the information from each event, consisting of 168 bits from
the counters plus 12 bits from the chronotrons, is 40 psec. In the interval
between beam pulses, the stored information is punched onto paper tape in
a form suitable for computer input.

This report describes the over-all characteristics and operation of the
system. The specific parts of the system and techniques for serﬁi—autofnatic

testing are given in the companion reports.
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AN ELECTRONIC DATA- ACQUIS‘I’ION SYSTEM |
"FOR USE WITH A COMPLEX NUCLEAR PHYSICS EXPERIMENT

Stanley C. Baker, ¥ Frederick A, Kirsten,
Dick A. Mack, and Clyde Wiegand

Lawrence Radiation Laboratory
University of California

Berkeley, California

December 1, 1960

I. INTRODUCTION

Several high-energy physics experiments have recently been proposed
which would require the acquis;tion and-processing of data in amounts that
are very large compared to previously peffbrmed counter experiments.
The electronic data-processing techniques now available make experiments
of this type entirely feasible. This report describes a vdata-acquistion sys -
tem which has been used in a scattering experiment of such complexity that
previously used methods of data handling were quite inadequate.

The rate at which humans can process data is vastly lower than that of
electronic apparatus. The design philosophy we follo(zved,'therefore, was to
use electronic data channels wherever the rate of data flow would be slowed
by the use of any human operations such as recording, selection, or inter-
pretation of data. In the system describedherein, 'this required an all-

electronic channel from the phototube through the output of the computer.:

“This work was done under the auspices of the U.S. Atomic Energy

Commission.

TPresent address: School of Science and Engineering, University of

California, lLalJolla, California.
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The personnel involved were thereby freed of the tédious tasks, and, aside

' could devote their

from supervising th"(;, oi)eratibn of the ele'bctvx-'on‘ic "slav‘é, '
time to studying the results of the experiments.

This new system perforfned steveré)l fun;:tions: It pal;tially analyzed the
data to select potentially use.ful nuclear events; it‘ "de -randomized" the
useful data by storing the information from randomly occurring events in
an orderly fashion; and it prepared a papér-tape record of the data in a format
suitable for entry into an IBM-704 computell", The results of the experiment
were known as soon as the computer had processed the tape.

- We believe that the elgc,tronic complexity and "untouched-by—hgman—
hands' aspect of the data processing is,r‘lovevl.er%ough and of;sufficient interest
to warrant the ‘detailed dqls,l(;ription of the system given in this and five other
reports. 2-6 This report reviews the general aspects of electronic instru-
mentat;iqn, Discussions of some specific components of the system are

given in the other reports,

II. DESCRIPTION OF THE EXPERIMENT

The purpose-of the experiment was to make measurements on pion-pion
scattering. A beam of 1 to 2 Bev./c 7 mesons from the 'Bevatfon was
focused upon a liquid-hydrogen:target. About one in 106 of the pions in the
beam collided with a proton in such a way as to p.ro'duce.la second pion and
a low-energy neutron. These three particles emerged from the target and
were detectea by a large array of scintillators. The array was composed
of 84 separate elements fitted together to form a T steradian section of
a sphere 5 ft in radius centered upon the 'téfget. The array intgr}cepted_all

particles emitted in the angular interval from 4 to 60 deg with respect to
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the beam. One 6810A or 7046 multiplier phototube was coupled to each
scintillator element. Thus the coordinates of the three particles were
roughly measured by noting which of the 84 phototubes generated an output.
The energy of the neutron was determined by measuring the time difference
between the occurrence of the prompt-pion phototube‘ signals and the later
neutron éignal. With this information, the computer made calculations
regarding the kinematics of the event, separating the physically possible

events from the false "events'' composed of background signals.

II1. ELECTRONICS

The electronic system can be described logically and functionally as
being composed of four sections:

1. The "fast-logic" system separated the signals of the potentially
useful events from the background.

2. The coordinate and time-separation detecto;- measured the
space and velocity coordinates of the particles in the potentially useful
events. |

3. The "buffer store'' stored the selected events and at a later
time punched them on to paper tape. This‘ section included the control
circuitry.

4. Auxiliary equipment, including an individual-event visual
monitoring system and test circuitry, afforded examination and testing of
the operation of the system.

Sections 1 and 2 are fnade up, in general, of standard pieces of count-
ing equipment of wide applicability but arranged info a system especially

tailored for this experiment. Section 3, the buffer store, is designed to
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be useful in many other experiments in its present form. The over-all
block diagram is shown in Fig. 1.

An important and difficult aspect of the electronic instrumentation was
the selection of potentially useful events (hereafter called simply events)
from the background of unwanted interactions. The events are potentially
useful until-accepted or rejected by the computer. The planning of this
part of the system requires a certain amount of judgment. Making the
selection too restrictive may result in an undesirably small percentage
of useful events in the data. This is expensive in.data.storage. capacity
and in computer time to select them from the background.

For this experiment an event was defined as one in which at least two
pion-like phototube pulses and one neutron-like pulse were de£ected, the
pions being required to be in separate quadrants of the dish. Pion-like |
pulses were those that had the proper amplitude and were originated by
the photube 5 nsec after a beam particle interacted‘ in the target (prompt
pulse). A neutron-like pulse was one that had the proper amplitude and
occurred from 11 to 43 nsec following the two (or more) pion pulses. The
pion-like pulses and the neutron-like pulses are hereinafter referred to as
m pulses and N pulses, respectively.

The selection of events was performed by the fast-logic portion of the
system. It completed the logical operations involved in the selection in
about 200 nsec, and signaied the following circuitry when an event was
detected. Figure 2 is a simplified block diagram emphasizing this portion
of the system.

- As shown in the block diagram, the 21 phototube dynode signals from
each of four quadrants of the dish-{a,p,y, and 0) were summed in a 21-

fold mixer to obtain four composite quadrant signals. The four quadrant
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signals were fed to 6 two-fold co;lncidence circuits to form all possible
combinations of signals from two quadrants, An output from any one of
the six coincidence circuits indicated that particles had simultaneously
entered two quadrants of the dish. The six outputs were mixed and applied
in coincidence with a signal from a counter telescope in the beam. There
was a beam-telescope signal whenever a beam particle was deflected by
the hydrogen target. iAn output-from the Z coincidence circuit indicated
that the requirement of two pion pulses had been met.

To determine if a neutron-like pulse was present at the proper time,
the output of the Z coincidence circuit was used to open four gates simul-
taneously. The open time of each gate was fixed by a delay line to be 50 nsec
following a '"'trigate' (GATE TRIgger) command. It will be noted that the
same pion signals that originated the trigate also arrived at the inputs of

the gate circuits, However, as indicated on the block diagram, the transit-

“time of the signal from the phototube dynodes to the trigate input is T nsec,

whereas the transit time from phototube to gate input is only (T-11) nsecs.
Thus, provided the pion signal lasts fpr less than 11 nsec, only the N sig-
nals (if any) plus inevitable background pulses would pass through the gates.
The gate outputs are labelled N (a), N (B), etc. They are summed in a
mixer circuit and the summation applied to a fifth gate as another trigate.
The signal input to this gate is the X coincidence output. The butput of
this circuit--the ''m - gate' signal--thus appears only if both the w and N
signals occur with the proper time relationship.

The coordinates of the particles of an event, i.e., the code number of
the scintillator through which it passed, are determined and temporarily

stored by 168 coincidence -discriminator circuits.



2l2- ~ UCRL-9271

.The anode of each of.t‘ﬁe 84 phofotube s is connected to the inputs of two
cbincidence—discriminator circuits. - The purpose of ¢ne is to detect =
signals,.the other, N signals. Therefore, one set of 84 coincidence-"
dis_cr,i_minatorﬂcirc'ui‘ts recei,ves‘a‘s a second input the w gate signal generated
by the fast-logic section. The otheriset gets the N gate. When an event
occurs, the 84 = coincid_ence—disc,fiminator circuits '_search for a w signal,
and 11 nsec later .the 84 N circuits search for an N signal. ‘-Any coincidence-

discriminator that receives a sufficiently large input from a phototube in

coincidence with its gate.sets a flip-flop circuit, .which retains the information.

untilwit can be stored in the buffer store.

The time se‘p‘arat‘:i_‘or_) of the- m and N Asignals 1is measured by four
'chrpnotrop cif;uits, one fo-r_ _ea.c;h. quadrant of the "dish. nd It was feared
that the baC‘lﬁngound signal from .combinir_l.g;8.4 phofotubes into one chronof-ro‘n
input would giQe tool_highj an’accid,ental‘vra‘t.e.. By employing four chronotrons,
the computer could dis,_card' N signals coming from the W-rong_.quadrant.

~The chroﬁotrpn inputs f'r_o"mv the fast-logic block consist of the four

neutrvgn_—q;ladr_apt signals--N (a), N (B), (Na), N(0)--and one (common) .
signal. _For_‘an .eve‘ntd of tfhe proper type, only one quadrant signal was
generated, :andx ’cﬂh‘eT chronotron .m'eas-ured_the_tirr_)e difference between this
quadr}ant signaliand the w signal when commanded to do so by the search
command.

As shown 1nF1g 1,’ ‘the input,of.the fast-logic block markedv "enable w
-and N gates alnd search command'' enables or inhibits the .generation of w
and N gates and a _s‘eg'rch;commancvlv according to its voltage. Thus the
control block can'icontr_oil._.the acceptance of events for storage. Specifically,
the gates are disabled bet'ween Bg\{atron beam times, and also during the |

time an event is being stored.

S
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The interrélation of the other blocks on the diagram can be understood
better by following the sequence of operation after an event. First, the
'fast—logic block will have detected the occurrence of event. It will generate
a 20-nsec w gate pulse immediately followed by an N gate pulse of the
same length. These gates are timed to arrive at the coinqidence-discriminator
circuits at the same time as the ™ and N signals from the phototube anodes
respectively. Note that the m and N coincidence discriminators receive.
the same signals from the phototubes; they rely on the timing of the gates to
separate the m's from the N's. Those coincidence discriminator circuits
that have received phototube signals whileithe gates are present will have
triggered their discriminators and set their flip-flops. The flip-flops then
perform a temporary storing action until the event can be placed in the core
st‘orage._

Simultaneously, signals are applied to the chrobnotron inputs. Since the
velocity of both n's is very close to that of light, they strike the counters
simultaneously, and their occurrence can be heralded by a single pulse--the
"7 signal.' From ll to 43 nsec later, a pulse arrives on one of the quad-
rant N-signal lines corresponding to the quadrant of the phototube array in
which the neutron landed. The chronotron measures the fime difference
and sorts it into one of seven serial 'timme boxes, ' the narrowest being
about 3 and the widest about 7 nsec. The output of the chronotron is
digitized into a 3-bit binary code for each of the four channels. The code
for the appropriate quadrant contains the number of the "timé box' that
corresponds to the particular event. The codes for the other three quad-
rants contain all zeros. As with the discriminators, the values. of the

codes are temporarily stored by flip-flops.
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‘The ’o‘cc@f‘_r'ence‘ of the 7 and N ga-te'slﬁ"ziil.sof s<en.dsf»a'.n "évérit-ha's' -
occurr..ed" pul.ise to the control circuits. Thi's:piﬂée in turn disables the = o
fast gateé so fﬂat no more events can bé~ .aCcéptéd until storage .of the present
event is completev.‘ The control c"irc:tv‘.l.its'initiate the routine necessary to
recbrd'in the core storage .the{"1'6‘8" bifs of coordinate and 12 Bit's of 'chrdnotron
infofm.ation.f The stor:dgé }Srdcess:takes 40 psec. The control circuité then
reset t.he temporafy,-storége f'l'ip-fl'ops in both the discriminators and the
.Chronotronsgb and .then agéin enable the m -and N 'géteé to start the search
for the next event. Thi:s. pi‘bcess will be retpeate& either until the core store
has reached. its.c.:épacity.'of 10 events or until terminated by the end of the
Bevétron’b‘eam tirf)e. |

Following ti'xe end of thé accélei‘ator be‘.arn time, the control block sig-
nals the buffer store to read out the stqred information including the Bev-
atrc;nlpulse number, 'ontoz'the papei' tap-e; The punching process occupies
most of the 5?411./-4‘. ‘sec between beam pulses.

Aé d"esérvibed above, !the’galfe -.forming' circuitry in éhe fast-circuitry
block was desi‘gned'to select for storirig oﬁly those groups of éignals that
had some of the chara;éter'istic‘s of the events that we wished to récord.. It
vs-/aS elxpecfed_t}lla;t'- abo.ut one beam hpai'ticle in :106 would form a desiréd event;
thus tl;e s;elec'fioh prdblét;n was"quite ‘severe. Dﬁringvthe course of the ex-
perimént 1twas fbuﬁd tlhat, ow{ng to this 'hiv'gth baékground rate, an undesirably
large p‘r‘oIl)ortvi'on of ”'_eve;r.fr,ifQ' thatj ‘pavt‘s sed pI:e'iifninary exarrﬁnatioris by the
”fasti—l.é)gi.c” 01rcu1try wére o.b';r;iousl-y' not of the desired type. Some of these y
contained rr;any.r mg’re ‘t‘hanv'thé 'é'wov‘fr 'Isign'als and one N sigﬁa'i of the inter-
action iof interest. These 1;1101'.1v'u.'séfu1' events consumed core storage capacity
'

needed for potentially useful events.’ Therefore, a ""throw-away'

‘e

inspection,

block was added. Its function was to take a second look at the event whils
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it was in the temporaty flip-flop storage before being placed in the cores.

If the event had certain characteristics that obviously made it useless (e.g.

chronotron signals in more than one quadrant), the throw-away block would .

signal this informationto the control circuits, thereby inhibiting the ''store’
command, and causing the temporary storage flip-flops to be reset and
allowing the m and N gates to be generated once more. The throw-away
cycle consumed 10 psec.

During an experiment, and especially during the tune-up phase, it is
convenient to have displays of the information being gathered or processed
by the system. These should be arranged so that the diéplayed information
is quickly absorbed by the observer. . Easily recognized patterns are im-
portant. In this system, a panel with 180 miniature light bu:l_bs was used
for this purpose. The panel contained one bulb for each of the 168 discrim-
inators and 12 bulbs for the chronotrons.. As shown in Fig. 3, the bulbs
for the discriminators wefe laid out in the same patterns as the actual
scintillator elements.. Appropriate circuits were »em;i)loyed to cause the’
light panel to display the information stored for only the first event of each
Bevatron pulse,6 i.e., to indicate which of the coinéidénce disériminators
and chronotrons r'ecerived pulses during the first event. A glance at the
panel immediately indicated the geometrical and time relationship of the
particles in that event. The light display panel was also useful in testing
the system. : |

With systefns of this complexity involving hundreds of individual
circuits and thous_ands of transistors, means must be provide for quick and
easy checking of the operation. In the present sys;tem, this was carried
out in several ways. On the circuit level, test jigs were made for several

of the standard circuit boards, which were used in large numbers. In

1
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these jigs, simulated operating signals were applied to check the performance
of the circuits. As an example of system-level checks, a test pulser applied
simulated phototube pulses simultaneously to either half (84) of t‘he 168
coincidence-discriminator circuits. Together with the light display, this
pulser afforded a quick check of the range of sensitivities of the discriminators
of these circuits. The results of this test could also be punched out on the
paper tape and automatiéally checked to insure that all coincidence discrim-
inators had the same sensitivity within #10% and that the buffer store and
paper -tape puncﬁ were operating correctly. An automatic system for
checking the timing accuracy of the chronotrons was also used. It displayed
in a single pattern on a cathode-ray-tube screen the complete time charac-
acteristics of all four chronotrolnse These tests are described in more

detail in the companion papers.

IV. GENERAL

The physical characteristics of part of the system are visible in Fig. 4.
Standard 19-in. -width relay racks were used, and they were numbered 1
through 6 frém left to right. . Rack 1 contained part of the fast-logic circuitry.
Rack 2 and the upper half of Rack 3 contained the 168 coincidence-discrim-

inator circuits. The lower half of Rack 3 contained circuits that couple the

outputs of the coincidence circuits to both the buffer store and the light

panel. Rack 4 contained the buffer store. The light read-out panel was
at the top of Ra;ck 5, with the control and test circuitry below; Rack 6
contained ‘thé power supplies.

In general the circuits used in the system were built in a modular style.
This modular feature is visible in Fig. 5, which shows samples of two

groups of transistor printed-circuit boards. FEach board contained several
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Fig. 4. View of part of the fast-logic circuits, with the coincidence -discriminator
units, buffer store, test and control circuits, and power supplies.
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~identical circuits. The bbards‘were contained in bins having a.capacity of -
14 boards each., The three bins visible in the photograph_contained 52 boards
‘of two typeé of circuits. Several identical cirk:ﬁits were gfoﬁped on eaclr; !
printed board Whgﬁever possible in,.this SQ‘St?méf f"It“"'\'yé.s &égié.liy=‘i1>ossib1e to &
rectify the effects of trouble on a ﬁaiticul:;r bpa?d byreplacmg it with a

"was greatly reduced in this way.

pretesteci spare board. "S.ystem v"dbwn-.time'
vApproximate ly four -thousaﬁd' tr.ansistors' were uséd_ in thls system. The
operational time to date has bee‘n,tbo-shoijt"'to obtain goodhgures for the
reliability of the transistors and ci‘rucits'.."'_I'-li"t)vi&)e'vé.f,. s1ncet}1eusual circuit
defects were remedied, the reéult»s have. \beéh‘g.ratify'i;l'g. As ah,;example,

the buffer store, which uses about’ 2000 transistors, operated(24j'h:r a day

for 1 month without a circuit or transistor failure.

¥
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