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ABSTRACT 

A megachannel pulse-height analysis system using a 
PDT-8/F. computer and two moving-head disk memories has 
been developed. The system has a storage capacity of 
220 memory locations, is capable of processing HOD 
events/s, and provides on-line sorting and disk stor
age. An X- or Y-p;.ise-height spectrum in coincidence 
with one or several arbitrary pulse-height windows can 
be assembled in core for scope display and spectral 
analysis within 2 to 20 seconds. Reconstruction of a 
complete X- or Y-pulse-height spectrum requires about 
3 minutes. 

INTRODUCTION 

With the advent of Larger 'Je(Li) detectors ten years 
jgo It became possible to perform two-parameter -y-Y 
coincidence experiments u'sing two Ge(Li) detectors. 
(;<imma-gamma coincidence techniques used with Nal(Tl) 
detectors employed only 64 channels along each axis 
and, although (marginally adequate for Nal based experi
ments, were totally inadequate for Ge(Li) based experi
ments. The order-of-magnitude improvement in energy 
resolution of the Ce(.Li) detectors meant that at least 
500 channels per .ixis were required or a minimum of 
25 * 10 4 tcemory locations. Since the cost of ferrite 
core in this quantity was prohibitive ten years ago, 
alternative methods were developed. 

Two-parameter systems were developed which allowed 
the simultaneous storage of approximately twenty 512-
channel spectra.1 Variable-width digital gates were 
set on selected garr.aa-ray transitions and/or neighbor
ing Cumpton distributions. The disadvantage of this 
method is that one must pre~select the setting of the 
digital gates, and this may not be known a_ priori. 

The buffer tape systems were developed as an alter
native method. In this technique, the entire informa
tion content of each event is listed sequentially in 
a core buffer, and then periodically transferred to a 
magnetic tape. With the buffer tape approach, there 
is, in principle, no limit to the resolution that may 
be retained for each parameter and no limit to the 
number of parameters. 

Whatever method is used 10 obtain the coincidence 
data, the information normally desired is the pulse— 
height spectrum from one parameter (b«y X) in coin
cidence with an arbitrarily selected pulse height or 
pulse-height windows from the other parameter (Y). 
We will call this type of spectrum a slice of constant 
Y or a Y-slice. With the buffer-tape technique, the 
stored information oust be sorted on large computers. 
This is both expensive and tedious, especially since 
only a United number of gates per computer run of all 
coincidence tapes can be sorted. Since one good coin
cidence experiment nay require 15, or even nore, 2500-
ft-tapes, it is clear that the data analysis will not 
be rapid. 

The necessity for 'andllng ar.J changing tapes peri
odically can be elim: 3ted by sorting and storing data 
on-line with the aid a computer and magnetic disk 
memory. The inmedla).e availability of sorted data is 
advantageous in initially setting up an experiment and 
in monitoring the experiment. The principle advantage, 
however, is In the subs> uent detailed examination of 
the data. Such systems ave been developed with fixed-
head/ track disks3 and moving-head disks." These sys
tems have been based on 18-bit/word and 24-bit/word 
computers, respectively, and are capable of processing 
400 coincidence events/s with 2^° data locations. 

We have developed a megs-hannel analyzer for on-line 
sorting of coincidence datsvith on-line data storage 
taking place on a moving-he-ii disk. The basic system 
includes a 32 000, 12-bit/wr-d, PDP-8/E computer; two 
moving-head disks, one with removable cartridge; two 
Analog to Digital Converter' (ADC's); scope disflay 
with function box controls; _ ie printer; and teletype. 
The system is shown diagrammaLreally in Fig. 1, while 
Fig. 2 is a photograph of the actual system. By cou
pling dynamic allocation of disk-track buffers with a 
conpact arrangement of the more active portions of the 
data locations on disk, thd.-- system is capable of proc
essing 1100 coincidence events/s. 

DESCRIPTION' 

Disk Storage System 
The magnetic-disk cartridges are divided into 406 

tracks, each having 4096 words (12-bit), and each track 
is accessible to a movable read/write head. One disk 
P'.-ovides 2^0 locations (bins) in an XY array, each 
capable of storing 218 events, while the other drive 
provides storage for programs and data files. Because 
the time required to update a track is 90 ms, it is 
important that the disk be used efficiently for both 
the data acquisition program and the data recovery and 
display program. The relationship between the disk 
addresses and the values of the parameters, X and Y 
In coincidence, is of primary importance in determining 
how efficiently the disk is used. 

The coincidence data are stored in a 512 * 2048 
array. However, 1024-channel resolution for the 
X parameter and 2048-channel resolution for the 
Y parameter is achieved by requiring that channel ad
dresses, Xi and 1±, generated by the ADC's for an X-V 
coincidence event neet the criterion that Yj/2 + Xi 
be less than 1024. For those coincidence events having 
an X-pulse height greater than channel 511, the follow
ing algorithm is applied: XJ - 1023-Xj; Y£ « 2047-Y±. 
This transforms the data front a 1024 x 2048 array to 
a 512 * 2048 array as shown in Fig. 3. Those events 
falling in region B of Fig. 2 are scored on the disk 
in an area corresponding Co region A. With this ap
proach all locations of the 512 x 2048 array are used 
rather than only half of a. 1024 * 2048 array. 
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From e x p e r i m e n t a l e q u i p m e n t -

To ' n s n r o cii.it a l l . o a l X-Y C<J fnc Idcncc i".>nt.-* r?>;-i 
t h e above c r i t e r i o n , t h e i l -va lue of the n u c l e u s beiti;.". 
s t u d i e d must f a l l w i t h i n t h e KI2-i-ehannoI r e s o l u r ioa 
of t h e X d e t e c t o r and the ^ U S - c h i n n e ] r e s o l u t i o n of 
the Y d e t e c t o r . T h i s i s accompl isii.:d by adjust , in;: The 
a m p l i f i e r g a i n s of both d e t e c t o r s a c c o r d i n g l y . 

To Avoid t h e w o r d - a n d - a - h a 1 f m a n i p u l a t i o n impl i ed 
by an ! H - b i t d a t a c a p a c i t y per XY l o c a t i o n and , a t the 
sair.n t i m e , improve The d a t a a c q u i s i t i o n r a t i : , each 
c o i n c i d e n c e even t l o c a t i o n i s s e p a r a t e d i n t o two c a r t s . 
The l e a s t s i g n i f i c a n t 1 2 - b i t s of a d a t a l o c a t i o n r e s i d e 
on one t r a c k w h i l e the r ema in ing most s i g n i f i c a n t 

F i g u r e 2 . Pho tograph of computer sys tem diagrammed 
in 1-Ig. 1. 

M i s r-.--Ud., 
r i .-I .! d-u.i 

!.>r t li.it 
eeded to 

•.-vents a r e added to a bui 
empt it-d . into the 1 JH i r i c 
c . n t p a r t of e.nli J.it.i l.> 
raiif-.onent of the more acL 
r i . -n^ r e s u l t s in l o s s t i n 

n i l y 
ra te 

de te rmined from an XY c o i n c i d e n c e e v e n t , it i ; •>-•. .•-.-
sa rv to c o n c e r t t l r i : i n fo rma t ion !o .i d i«k t r a c k .lumber 
1';, and a l i g a t i o n in t h a t i r . u k , i',-. <»rio appro.n h 
would he to p | .ice th** J'MH- bannel Y-s;>t*c: rim tb.it i s 
in c o i n c i d e n c e w i t h " j = " < i . « . , the X - 0 s l i c e ) en 
t h e f i r s t h a l f of t r a c k number 0 . the .Niib-ch.-mnel 
Xj = I s l i c e on the second ha l f ••( t r ac t , nurcn-'r ' ) , .-( ,- . 
Fach t r a c k would then s t o r e two comple te .< s i i.•.--.. 
However, t h i s d i s k forriat has a r ia ior drawback, ri.vnclv, 
the t i n e r e q u i r e d to read a Y *;1 lec in to c o r e . In : i s -
s e n b l e a o n e - c h a n n o l - w i d e Y - S I I . T h u o CM re would r e 
q u i r e r e a d i n g a l l W . t r a c k s or .ihoc.t JO s e c o n d s . Th i s 
hecomes e x c e s s i v e when one c o n s i d e r s Lhi- problems nf 
not only a s s e m b l i n g a spec t run in c<i inc idence wi th a 
window t h a t i s s e v e r a l c h a n n e l s wid" bur al>-<> the t ime 
r e q u i r e d fo»- p r o c e s s i n g Hie background s l i c e ' ; rh.it imi-a 
be s u b t r a c t e d I rum U . The s o l u t i o n to t h c - e proliji-ms 
is .shown schema! i c a l l y in l-'i„. A. With i' i s scho~e 
tiie d a t a a r e p a r t i a l l y randomized , w h i l e m i l l a l l o w i n g 
for r e a s o n a b l e d a t a - r e c o v e r y l imes in hoih d I r o n - i o n s . 

The t a g b i t shown in f-'ij;. '. i s m 
whether a c o i n c i d e n c e if a t r u e o r r 
the eve ' i t i s a chance c o i n c i d e n c e , t 
l o c a t i o n on t h e d i s k is dec remented . 

ed t o i nd ie i tc 
event. I f 
e a p p r o p r i a t e 
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Figure 3. Diagram showing where coincidence events 
with X-pulse heights greater than "ill are stored In 
.1 SI 2 bv 2048 array. 

List Mode Processor 
A method proposed bv r-onidec and used bv Sinclair 

et al •'' !*'»i" "list mode process iinr'' the coincident 
events from clie ADC's is used with some modifications. 
The processing system uses 'he interrupt feature of 
the PDP-8/K .ilnnjl with .i so ft van? priorltv-level scheme. 

Since data transfers lo and from the disk occur 
through a 'cycle-steal inn' direct memory access mode, 
other computer operations can still take place at high 
efficiency. An entire track Is updated before noving 
Che head to the next track; however, only half a 
crack is transferred at n tine. This allows the first 
half of a track to b? updated while the second half 
is being read in, etc. The completion of reading or 
writing one half-track by the disk causes the computer 
to be interrupted and the necessary commands for the 
next disk operation are issued within 33 us. This is 
a short enough time to allow the disk to begin opera
tions on tne next half of the track without losing a 
revolution. The disk interrupt also requests the 
processor with the highest priority to assemble the 
Instructions for reading or writing the next half-track 
and to update the half-track currently in the disk 
buffer. 

Two lists, of 128 data words each, are cyclically 
opened to the ADC's via an LSI-11 nicrocompucer. The 
LS.-1I is used to determine whether che digitized 
events from the ADC's, Xi and Yj, meet the criterion 
that Yj/2 + X t is less than 1024, and, if they do, to 
transform them to Xj and Yj. Once this is completed, 
che LSI-11 interrupts the PDP-8 and passes the two data 
words, x£ and Yj, to the PDP-8. The PDP-8 converts 
these two words to a half-track address, P̂ i and an 
address on that half-track, Q i ( and stores the PQ pair 
In one ->f the lists. Uhen one list is filled, the 
other is Immediately opened to the ATtC's while the 

first is emptied by the processor that is one level 
lower in priority than the disk processor. 

At this processor level, the performance of two 
distinct functions Is required. First, the incoming 
data must be organized Into lists, each corresponding 
to a half-track on the disk, for efficient disposition. 
Second, the size of these lists must he variable co 
allow the data belonging to track T to be sav.-d until 
the disk recurns to track T. The time to update one 
track Is 90 ms. Consequently, about 23 s are required 
to comp. Lelv update the 256 tracks which contain the 
least significant portion of each data location. To 
satisfy these two requirements, two arrays are defined: 
a "fixed memory" for the first requirement, and a "free 
memory" for the second. Each of the arrays Is composed 
of groups of eight words or "octets." 

The fixed memory occupies 4096 words of core. Each 
of the octets in the fixed memorv consists of 2 control 
words and 6 data words. The free memory occupies 
12 288 words of core. Zach of the octets in the free 
memory rontains one control word and 7 data words. 

The first word of a data pair ?n the ADC list de
termines ;he octet in the fixed memory where the other 
word of the pair is to be stored. If the first control 
word of the fixed octet is a counter, then the exist
ence nf an empty data word in the fixed octet is guar
anteed. When the counter reaches 6, an empty octet 
In the free memory is found, and the first control word 
of che fixed octet becomes a pointer to the location 
of che new free octet. The second control word In che 
fixed octet points to the f*-ee octet that was last 
filled. The control word in this free octet points 
to the prior-filled free octet. In this way the octets 
in the fixed memory are assigned to consecutive half
tracks on the disk, while the free memory provides ad
ditional storage for each half-track by linking to
gether a variable number of octets by pointers. All 
of the free octet, j are linked together initially, (."hen 
one is emptied, it points to the free octet previously 
emptied. The octet just emptied becomes the first-
available empty octet (see Flp. 5). 

Overflow of the least significant part of a data 
location will occur when che number of counts in that 
location exceeds 4095. (Underflows can also occur when 
a chance coincidence is subtracted from a data location 
containing zero events.) When an overflow/underflow 
occurs, two words are stored in a list of 256 words 
along with a tag bit to indicate whether It was an 
overflow or underflow. These two words give the half
track number and the- address on that half-track where 
the overflow/underflow occurred. Once the list is 
full, the highest priority processor is switched from 
updating the least significant tracks to updating the 
12& tracks used for the most significant part of e»ch 
data location. When the list is empty, the processor 
resumes updating the lower 256 tracks as described 
above. 

|-X-pu1se ht-j 

Tag bit—I 

Word address Half-track address 

Figure 4. Disk format for serairandom dat i storage and 
optimum data readout. 
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Figure 5, A schematic showing organizat i.-n of I ixed 
and fret* memories. The Dj points re tin- octet th.it 
was last filled whilf D K points to the octet that 
is currently being filled. The i) in the I>, free 
octet indicates that it if the last la the chain. 
The first control word in a fixed octet is used 
either -is .1 pointer (PTK) or as a counter (CTR). 

Besides the two processor levels which control the 
flow of data from the ADC*s to the disk, uiere are 
lower prioritv levels which process the interrupts from 
the teletype and function box. The main purpose of 
the function box is to provide interaction with the 
scope display. The scope display program operates at 
the "background" level of the computer. While the data 
are being acquired, .1 1024-channel spectrum Is dis
played showing those events observed in the Y-detector 
that were In coincidence with event* In the X-detector. 
Either half of the .2Ojf*-channel Y-spcctrun may he dis
played by pressing a button on the function box. 

The rate at which data can be acquired is determined 
by the size of the free memory and the speed at which 
data cjn be stored on the disk. If the 16 OOD-core 
buffer space had been divided Into 384 spaces of i2-
word buffers, then the system could have processed Ubh 
events/s (i2/0.09 s ) . With the dvnamic allocation of 
track buffers this rate would have increased to 688 
events/s (b2/0.09 s ) . By dividing the data locations 
into two parts, the number of buffers needed was re
duced to 256. consequently increasing the buffer size. 
This gives the system the capaMlity of processing 1155 
events/s (104/0.09 s ) , disreg-irding the tine spent for 
overflows. If we assume 90 ms to process an overflow/ 
underflow, the maxir.uir: rate at which the system can proc
ess is 1127 events/s U04/[u.09 s * (t0<,/4096) 0.09sjj. 

Data Recovery 
Once data acquisition Is stopped, a separate program 

must be called In from the disk on the upper drive for 
examination of che coincidence data. This program can 
assemble an X(V) spectrum in core that Is in coinci
dence with up to four Y(X) spectral regions (windows). 

Th *se spectral regions may be added or subtracted, thus 
allowing anv particular gamma-ray coincidence spectrum 
to be examined with the adjacent Compton background 
region is) subtracted if desired. 

The amount of tine required to assemble a spectrum 
in core depends on the number of windows and the chan
nels per window tiiat are requested. Typically, < n as
semble a spectrun in core requires several seconds. 
A full X ( T U ' ) or YUOiS) window requires about throe 
minutes. Rapid recovery of the data in a meaning!uI 
format is highly advantageous not only in monitoring 
an experiment hut In subsequent data examinations hv 
scope displav or other read-out peripherals. AuxiMarv 
programs which perform desired peak integrations, cen-
troid calculations, or other specialized Jobs can he 
called In fiom the disk on the upper drive. 

SUMMARY 

A real-time megachannel analyzer assembled (rota a 
12 000, 12-hLt/word computer and two moving-head diskr 
ha.1 been described. By efficient use of the disk and 
hy dvnamic allocation of track storage, the systea al
lows for a considerable input-data rate with good 
energy resolution. Spectral data are immediately 
availab e for detailed examination at any time. The 
system is flexible, and increases in core size or disk 
storage space 01. easily be made. Such Increases 
would allow Increased input-data rates or larger data 
irr.ivs. 
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