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Proface

The international symposia on the interaction of fast neutrons with nuclei
which are organized every year by the Department of Physics of the Technical
University in Lresden are dedicated altermately to experimental and
theoretical problems of neutron phyiscs, to measuring systems and to special
aspects of charged-particle reactions. The n"“ International Symposium
concentrated on application of computers and on experimental techniques in
nuclear physics.

Just because of the ranid development ol microelectronics the possibilities
of on-line data acquisition and data processing were remarkably expanded in
last years. Therefore no wonder that most contributions on conferences and
symposia witrh nuclear instrumentation toplcs are dealing with corputer-aidad
measuring sy:tems or algorithms. This situation is quite different to
conferences which were held ten or twenty years ago and on which special
problems of analog circuits or nanosecond pulse techniques prevailed in the
cuvatributions.

ke more than 30 contributions on the ]C[th Symposium can be arranged into
{kree 3Iroups:

], Hardware and software of computer-aided devices and applicationg
in nuclear physics experiments.

z. Autrmated measurements and methods of control.
3. Special problems of construction and control of neutron

generators and accelerators.

The organizing committee desires that the publication of most of the
presented papers are useful for further work in the interesting field of
nuclear instrumentation.

V. Moiling
P. Eckstein
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TRENDS IN COMPUTER-CONTROLLED DATA ACOUISITION AND EVALUATION SYSTEMS

Evald Benes
Institute of General Physics, University of Technologv Vienna

ABSTRACT
The implications of the rapid advances in microelectronic technologies on mea-
suring systems are described from the experimental physicists point of view.
The consequences on aporobriate sensor features are stated and avnroaches to
modular design as well as standardized data wavs are described by comparison of
the following most common used systems: CAMAC, IEC-Bus (IEEE 488), de facto
standardized microorocessor busses and plug in cards (Q-Bus, Multibus, etc.),
and local networks (Ethernet, Omninet, etc.). A comparison is also made between
data storage media like magnetic tape and cartridge, flooony and hard disk as
well as the expected introduction of the ontical disk technolocy. Finally there
are three examnles of comouter controlled physical exmeriments together with
their oroblem adapted data acquisition and evaluation systems introduced.

1. Introduction

The ranid growth of the functional density in LSI-devices has caused a reversal
in the order of the highest over all cost contribu=ion

from CPU - memory -- nerivhery to perinhery - memcry - CPU

Especially the introduction of CPUs on a single chir and the monotonous decrea-
se in the cost per bit of semiconductor memorv together with faster memorv ac-
cess and lower power requirements revolutioned the hardware and software for
computer aided measuring and evaluaticn systems. Even small measuring devices
are increasingly eguinped with microonrocessors and sonhisticated operating pro-
grams (1). These powerful so called "smart instruments" reduce besides the ex-
ternal control functions the data to be handled.

The possibility of splitting the data processing into a local nreprocessing and
a centralized off line endrnrocessing is of great immortance for cost reduction,
reliability enhancement, local transmarency, as well as immediate local failure
detection and trouble shooting. Because of the local linearizat.on possiktility,
integrating of measurinqg values can be done locally, for instance. The same
holds for measuring values deduced from more than one measurand. Hdence inteqgra-
tion of the orimary measurands before the calculation of interes;.ing {deduced)
secondary measurands is in general mathematically not allowed, a fully trali-
zed system rmust transmit a much higher cuantity of data to tre central e u-
ation station. The distribution of intelligence, which was made obossible by the
microprocessor revolution, allows an immediate significant data reduction.

In the following chapters the trends caused by these nmerfactly changed nossibi-

lities are discussed in general and :llustrated by some examples.

2. From the nhysical measurand to the measuring value

The influences of microelectronics advances to the design of transducers for di-
rect data acquisition may be seen mainly in a change in the nr ority order of
preferred sensur characteristics. High reoroducability and small hystersis for



instance are much more important than linearity, since the later one can be rea-
+hed by use of the arithmetic abilities cf a =icroprocesscer. The linearisaticas
of platinum resistarce and thermocouple thermometers for instance are done in
state of the art microprocessor-controlled data loggers by software employing
for the least significant bits a vroper coirection table stored in a AOM. The
stored values are directly accessed using some of the amost significant bits of
the value to be linearized as ROM address.

A sensor with a aicroorocessor-adapted output-signal should deliver either an
analogue voltage representing the measured value or a pulsed voltage with the
pulsefrequency resp. count representing the measured value. The projection of the
measurand to a corresponding frequencv means in general a much higher dynamic
range than a projection to an aralogue voltage, since in the case of the analogue
voltage the relation between measuring range and resolution is at least limited
by the analogue to digital conversion (ADC). E. g. using a 12 bit ADC the dynamic
range is limited to one in 4096, while this figure is limited in the case that a
frequency is representing the measuring value only by the physical properties of
the sensor respectively the measuring time.

In the case of low pulse rates the pulse outputs may be dirsctly conrected to
input port lines of a microccmputer which determines the pulse rate by checking
the input line status (high or low) periodically with a maximum sampling rate
higher than the pulse rate to be measured and a~cumulating the indicated ‘-hanges
by software counters (2). This is especiaily for nultiole pulse rate measurements
a very cost effective concepnt, since for 8 pulse rates only one 8 bit input port
is needed. In the case of a hardware implementation of the counters one yields

a very line intensive solution, e. g. in the case of counters with € BCD digits
one has to read in for each counter 192 lines which means 24 8 bit input ports.

Often the interesting (secondary) measurand cannot he acquisited by a single sen-
sor, but it must be deduced from some other (primary; measurands. Heat flow for
instance is estimated by multiplication of the flow rate with the difference bet-
ween inlet and outlet temperature, the mass density and the specific heat capa-
city of the heat transfer medium. This simple example aguin illustrates the be-
nefits of distributed intelligence, since a local microprocessor is able to cal-
culate immediately the only interesting secondary measuring value. It may even
taken into account the temperature dependence of the specific heat capacity and
that of the mass density stored in local ROM, thus reducing the data to be car-
ried on the earliest stage possible.

3. Mcdular design and approaches to standardized data ways

1968/72 CAMAC began as a tool for the nuclear field, whe- e rather large central
computers were used, and has had widespread applications over the past decade.
Because of the compatibility-advantages of standardized interface moduler it al-

so became importance in medical research, physical and chemical laboratory automa-
tion, astronomical studies and industrial process control, among many other appli-

cations. For many reas 1 CAMAT (3) is hardly adaptable to the rolling microcomputer
revolution. Especially the separate 24 read and 24 write lines, which are even for
minicomputers a little too many, and the mechanical card format and direct connec-
tor lay-out do 1ot allow a cost effective automation of scaller experiments.



In contrast to CAMAC the IEC-Bus (also known as GPIB "General Purpose Interface
Bus®™) (4) is a standard which accounts for the distributed intelligence of
"smart instruments®” within a measuring system. The IEC-Bus allows the direct
communication between addressed devices and the controller function may be pas-
sed from one device to another.
The most imporcant interface functions besides the CONTROLLER are the TALKER and
LISTENER which perform the dixect data transmission and acception.
The IEC-Bus consists of 16 lines. Eight of the lines (DIO1-8) are used to trans-
mit data in a general meaning, ac there are data, addresses, commands. The
transmission is performed in a bit narallel, byte serial form, asynchronously
and bidireciionally. The remaining eight lines are bus control lines, five of
them are bus management lines, three of them (handshake lines) control the asyn-
chronous data byte transfer. The three wire handshake procedure is the most
interesvi..1g feature of this bus system. It enables the simultaneous communica-
tion between more than twc devices (e. g. one talker and several listeners) with
very differing response times.
The arguments for the stated alliance between the IEC~Bus and the rolling micro-
computer innovation are:
- system inherent distributed intelligence
- asynchronous partnershin

allows easy communication between smart instruments with different micropro-

cessor-clock-~rates
- 8 Bit data path width

this is the ideal lenqgth for the common character-oriented communication
There are several consecutive steps necessary to establish a connection. After
the connection is established, the data rate is up to 1 megabvte per second.
Although the system is rather suited for block transfer than for raoid changing
data ways it is relatively fast responding to perinherial interrunt requests
(serial or parallel poll).
The most exciting feature of the IEC-Bus stardard is the formal description of
the interface functions which is based on the asynchronous state machine (5).

The implementer 18 encouraged to translate this symbolic reoresentation into 2
representation with logical (and ohysical) c-mponents according to an optimum
performance to cost ratio. Thus the fact, that a state machine is in a certain
state may be represented by a certain output code of a set of flip floos, or by
a microorocessor that is in a certain routine, etc. Hence tlie IEC~Bus standard
does not suggest any s:.-.ial implementation and is no drag for a rapid technolo-
gy innovation. Besides CAMAC and IEC-Bus the microorocessor busses and plug in
cards of some manufacturers are widely used, second sourced, and have become de
facto standards for the modular design of computer controlled measuring systems. .
The most common used are the Q-Bus (LSI-11 Bus) from DEC (Digital Equipment Cor-
poration) which uses the same 16 lines both for addresses and data and the Mul-
tibus from Intel. An extended version of tiz later one has a good chance to be-
come an IEEE standard (6).

US-ERDA-NIM and ESONE are developning the Fast-Bus in ECL-technology for very
fast measuring and control systems.

Microprocessor based measuring systems offer very cost effective oroblem solu-
tions. Typical for such systems is a clear separation of the data-acguisition



(and precomputation) under real time control ¢f the microprocessor system and an
off line data (end-)evaluation. In this case one expensive powerful periphery
like linerzinter, graphic display, plotter and magnetic tape station can be used
for many experiments. For that it is not necessary to move the periphery from

one experiment to the next, it is easier to carry the data stored on magnetic
tape cassett or floppy disks. Another possibility for enabling inexpensive
CPUs to share expensive peripheral equipment as well as data and software packa-
ges are the recently introduced local network architectures.

Terminals, files and I/O-devices can communicate with one another by a fully
crerial data transmission.

The nost interesting examples for local networks are the "Ethernet" from Intel-
Rank Xerox-DEC and the Omninet from Corvus Systems, which connects many nopular
personal computers and minicomputers, from the Apple II to the LSI-11 (7).

While the Ethernet physical link is a 50 ohm coaxial cable of up to 500 m length
and the data rate is 10 megabits per second, the Omninet is using a simple twis-
ted pair cable and the data rate is 1 megabit per second.

Both local networks employ a layered arcinitecture accerding to the forthcoming
ISO and American National Institute Reference Model of Open Systems Interconnec-
tion.

The Omninet interface is called "transporter” and allows the connection of up to
64 computers or peripheral devices. The transporter implements the first four
layers, or levels (physical, data link, network and transport layer). To reduce
the burden on the host, the transporter employs a single chip microcomputer which
performs many high-~level network tasks that are often the responsibility of the
host computer in other networks.

At our Institute a very simple, but sufficient type of a local network {(8) has
been installed already several years ago. It is based on the fact that all the
microcomputers and peripheral devices at the Institute have either a RS 232 se-
rial connection or a 20 mA current loop connection. After interfacing the current
loops to the RS 232 standard it was possible to couple 10 microprocessor-peri-
pheral pairs and also pairs of microprocessors on a connection bcard at the phy-
sical link level.

Comparing the speed of the described systems, one should discriminate between
data rate (block transfer between a given data source and destination) and action
rate (transfer of single data between rapidly changing data sources and destina-
tions).

In these terms a fully serial system offers a high data rate while a parallel bus
system allows a higher action rate and a low reaction time to service request.

In this sense is the IEC-Bus a very good compromise which is fitting to a great
number of measuring tasks.

4. Data storage media

4.1, Main or working memory

The rapid advances in semiconductor technology have caused semiconductor storage
to displace core-memory as a conseguence of faster memory access, lower power re-
quirements and significantly lower cost per bit reached by semiconductor-technolo-
gy bas~d RAM (Random Access Memory) and ROM (Read Only Memory). The static (s)RAM
is an extremely fast component, but it requires more power and there is about



three times more chip-space required for an sRAM than it is necessary for a dy-
namic (d)RAM. Hence the integration-densities achieveable with sRAMs will remain
a step behind. Already in 1982 it can be expected, that on a per-bit basis at
least in the USA the selling rate of 64 k dRAMs will be dominant over that of
the 16 k dRAMs, which presently capture the substantially highest share of the
mix on the market.

Further advances in RAM technology estimated by leading manufacturers will in-
clude single-voltage 16 k dRAMs, 16 k CMOS and 16 k static RAMs. Continued use
of core will be limited to applications requiring a nonvolatile memory.

ROMs are not only nonvolatile, but offer higher speeds ard densities. ROMs gene-
rally contain fixed programs for the control of systems~hardware or in addi-
tion programs and utilities such as e. g. BASIC interpreters. Using ROM as a
software-storage medium eliminates the transfer time from disk or tape to RAM.
However, ROMs consume available memory-adress space permanently, thus decreasing
the freely usable main memory. EPROMs can be reprogrammed as needed, but the
cost is relatively high.

4.2. Mass storage

For not randomly accessable mass storage of data magnetic tape or tape cassettes
are used, where access-time is a minor demand (e.g. program back up and long
time data storage), and magnetic disks, where fast accessability is advantegous
or necessary. There has been several efforts on standardization of magnetic

tape cassettes.While in Western Europe the ECMA 34 (9) magnetic tape cassette
storing 32 bp mm (phase encoded) is wide spread used, in the USA the 3M cassette
used e. g. in Hewlett Packard desk top calculators has become a de facto stan-
dard.

In the field of disk storage are two different technologies in strong competi-
tion: "Floppy" or flexible disks, where the magnetic medium is coated on a Mylar
plastic foil, and the magnetic head is in close contact to the magnetized film,
and hard disks, where the magnetic head is slightly distanced from the film sur-
face.

Floppy disk technology features a very low cost exchangeable data carrier medium
which allows a low cost off line mass data and programm conservation. On the
other hand, the technology-inherent mechanical abrasion problem, which reduces
the reliability significantly, is a disadvantage in applications where the data
access frequency is high (e. g. operating system software).

Hard disks originally used only for large computers, has suffered from the intro-
duction of the so called Winchester technology, which is the code name under
which it was developed at IBM, The technology has since been adopted by many ma-
nufacturers and is characterized by a rail like surface of the head confronting
the disk in a distance of half a micrometer. The flow of air under the outside
rails generates an aerodynamic force that stabilizes the critical gap between

the disk surface and the flexible supported head. Small versions (8-inch with up
to 40 Mbytes and 5,25-inch with up to 12 Mbytes storage capacity) of these Win-
chester fixed-medium hard disks were perhaps the most heavily promoted computer
peripheral devices in the last year and are rolling now in large volume produc-
tion. The 5,29%-inch version is available for USg 1.000,-- and less. The disadvan-



tage of the mostly not exchangable disk storage medium is solved usually by a
magnetic tape cassatte back up equipment with fitting high storage capacity.

Three further technology improvements can be foreseen (10): The use of magnetic
metal films instead of iron oxide, the use of thin film heads and the recording
of data in regions of magnetization orientied perpendicular to the plane of the
disk, instead of horizontally, the current practice.

Optical disk technology might attain the greatest storage density. It promises
to increase the capacity of disks a hundred fold and to reduce the cost of data
storage correspondingly. But many issues remains to be resolved that will effect
the integration of the optical technology into computer systems.

5. Examples for problem solutions with state of the art computer-controlled data
acquisition systems

Since these examples from our Institute were already published in detail else-
where, in the following the kind of experiment and the computer-relevant equip-
ment is listed only:

- Doppler shift laser spectrometer for measurement of the velocity distribution
in neutral atomic beams using the Q-Bus cards LSI11 -CPU + 20 k RAM, Multi-
plexer ADC ,and two DACs, 2 serial and 1 parallel I/O-Interfaces (11)

- Scanning laser beam apparatus for the measurement of mechanical vibration
amplitudes of piezoelectric crisStals, microphone membranes, ultrasonic trans-
ducers, etc., employing IEC-Bus controlled measuring devices and an LSI11-23
microcomputer with 128 kByte main memory and a quadruple floppy disk station
(12)

-~ Stanardized data acquisition system HELIO-DATA based on the Intel BO85 CPU
and Multibus-cards (13, 14)
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ZIN MODULARES, AUTONOLES MIKRORECHNERSYSTEH IM CAMAC-STANDARD UND
TYPISCHE EINSATZBEISPIELZ IM LABORATORIUM FUR HOHE ENERGIEN DES
VIK DUBNA

L. Rettelbusch, T. Nemes, H. Rapp

Zusammenfaaaugg

Im ILHE des VIK Dubna wurden mikroprozessorgesteuerte und mikro-
programnierbare CALAC-Moduln entwickelt, welche mit entsprechen-
den Speichereinheiten, Interface-lloduln ur? peripheren Geriten

ausgeristet, sowohl als lMikrorechnerentwicklungsasysteme als auch

i%a Prozeflsteuereinheiten im CAMNAC-Standard eingesetzt werden
Onnen.

Im Vortrag werden typische problemangepaite Hardware- und Soft-
warekonfigurationen vorgestellt und diskutiert. Zin Beispiel da-
von ist in der Arbeit enthalten.

1. Zinleitung

Der ge enwirtige Entwicklungsstand der Halbleitertechnik erlaubt
die Schaffung kleiner, billizer aber leistungsfdhiser Zechenmit-
tel, welche insbesondere in Verbindung mit Standardinterface-
Systemen breit gefédchert einsetzbar sind und vielfZltize Steue-
rungs- und Rechenaufgaben losen konnen., Solche Systeme sind in
der Regel sowohl in der Hardware alg auch in Software modular
aufgebaut und lassen sich unterschiedlichen Aufgabenstellungen
optimal anpassen.

Zu den likrorechnerentwicklungen im CALIAC-Standard 2z&dhlt auch das
im LHE des VIK Dubna ausgearbeitete System LIISKA /1/2/3/4/. Die
gystemeigenen Blucke sind auf der Basis der in der UdSSR zur Ver-
flizuns stehenden liikroprozessorbausteine realisiert. Die vorlie=-
gende Arbeit enthédlt eine Zusammenstellung der wichtigsten Sy-
stemkomponenten von MISKA., Aus den Einsatzbeispielen wurde ein
kleines autonomes System ausgewdhlt und etwas niher betrachtet.

2e Beschreibung des Systems MISKA

Die Hardwarekonzeption des autonomen HMikrorechnersystems MISKA

igt aus Bild 1 zu ersehen., Zum System gehoren folgende Bldcke:

= Autonomer Crate-Kontroller auf der Tasis deS/AP K530-IK80
(1 8080)
Der autonome Kontroller nutzt den CAMAC~-Datenweg zeitmultiplex
als Mikrorechner=BUS w e auch als CAMAC=lMagistrale., Das CAIIAC-
Interface des Kontrollers erfiillt die Standards ZUR 4100 und
6500, Pilr den Anschlu8 von Steuerkonsolen oder zur langsamen
Dateniibertragung ist ein Serialkanal nach CCITT V. 24 enthal-
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ten. Die Unterbrechungssteuerung nutzt 8 Unterbrechungsebenen,
davon sind 4 durch das Betriebssystem belegt. Das Zusammenwirken
mit anderen kontrollern wird iliber eine entsprechende HOLD-Steue~
run; orgsnisiert.
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Bild 1 Blockschaltbild des Systems MISKA

-~ 4-kByte statische Speicher, 16- und 43-kByte dynamische Spei-
cher auf der Basis der 3austeine X565-RU1, RU2, RU3,

= Branch-Driver-Block nach Standard ZUR 4600, kombiniert mit
einem DIlA-Kontroller flir die Ausfiihrung schneller CAMAC~Be~
fehlafolgen und Blockiibertragungen im Repeat-Mode., Der D}A-Kon-
troller hat vollen Zugriff zum lilkrorechnerspeicher.,

- Kanalinterface fiir den AnschluB des Systems an ZSZi-Kanidle auf
der Basis eines mikroprogrammierbaren Automaten, der die Aus-
tauschbeziehungzen mit dem Zser-Kanal selbsténdig orgzanisiert.

- Interfacebldcke fiir den AnschluB8 von Massenspeichern

- CANAC-Interfacceinheiten fiir den AnschluB von Lochbandtechnik,
Schwarzweifl= und Farbfernsehempféngern, Konsolen, Druckern,
Keyboards, Koppeleinheiten usw,

- Universell einsetzbarec CAlIAC-Interface auf der Basis des [Mi-
kroprozessors 18085 mit den typischen lMerkmalen eines T,-A.,=-
Rechners. Dieser Block kann auch als Mikrorechner mit peri=-
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pheren Einheiten selbstdndig arbeiten. Der transparente Puffer-
speicher fiir den Datenaustsusch umfaBt 16 kByte.

Zur Software des Systems LIISKA gehdren allgemeine Programm-Moduln,
wie sie in 8080-Entwicklungssystemen zu finden sind und auch eine
Reihe nutzbarer einsatzspezifischer Programme, die einem Nutzer
die Anpassung des Likrorechners als CAMAC-Steuerungs- und Rechen-
system erleichtern soll., Die Struktur der Software ist im Bild 2

gezeigt,
Monitor - MISKA
Texteditor Inter, P’E{;‘S"T Sﬁg‘}“he
Macro-Assembler In !erpgtre;’;-’,Spmche
Fest-und Gleitkommaq-
BASIC Arithrmetik
] ) Treibermoduln for
Arithmetik Bildschirmeinheitert
PROM-Programmer Testprogrammsat z
Aufgobenbezogene
Emulator gaProgramr%eé
Allgemeine Programme Einsatzspezifi-che Programme

Bild 2 Softwaremoduln des Systems LIISKA

Je nach Zinsatz und Ausbaustufe ist auch die Softwarekonfigura=-
tion auswidhlbar. Als Standardschnittstelle flir die Programme sind
die onitorschnittstellen des Entwicklungssystems MDS-300 defi-
niert, Damit ist eine groS8e Zahl von Programmen anderer 8080/
8085-Systeme nutzbar, Insbesondere die systemeigenen Interpreter
haben sich infolge der relativ leichten Programmierbarkeit in
Steuerungssystemen, wo Echtzeitanforderungen keine wesentliche
Rolle spielen, auBerordentlich bewidhrt.
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3« Anwendungsbeispiele
Das Mikrorechnersystem MISKA ist vorgesehen und eingesetzt:

-~ zum Datensammelr und Datenverdichten in Experimenten der Hoch~
energiephysik,

- zur Lisung von Uberwachungsaufzaben im Experimentierbereich,

- zur Steuerung und Uberwachunz von Basiseinrichtunzen,

- als Rationalisierunés- und Priifmittel bei der Herstellung von
Leiterplatten,

- als Terminalstetion oder Vermittlungsrechnmer in Mehrrechner-
konfigurationen

Sntsprechend der zu ldsenden Aufgabenstellungen werden die zum
I'ikrorechner gehorenden loduln mit CALIAC-Bldcken aus dem vorhan-
denen Angebot ergdnzt. Solche Zinsatzfédlle sind zum Beispiel in
den Arbeiten /2/3/4/5/6/7/ beschrieben worden.

Als ein typisches Anwendungsbeispiel fiir ein autonomes Rechen-
gystem wird im folzenden die lMionitorierung des inneren Strahls
am Synchrophasotron des VIK Dubna nzaher beschrieben.

PFiir die Operatoren am Synchrophasotron ist die Kenntnis des
Stranlintengitdtsverlaufs und die Intensititsverteilung in der
3eschleuni erkammer wichtigz, um in der Anlaufphase und wiahrend
des Betriebes optimale Arbeitsparameter einzustellen. Zur [ies-
sunz dieser GroBen wurden 24 Indiketoren radial im Beschleuni=-
gerring angeordnet /8/3/. Die von ihnen abgegebene Impulsrate
igt ein llaf fiir die Intensitét am MeBort. Zine mdgliche geome-
trische Intensitdtsverteilung zu einem bestimmten Zeitpunkt ist
im Bild 3 dargestellt worden.
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Bild 3 Radiale Intensitdtsverteilungz im Beschleunigerring

Um dem Operator leicht verstandliche und gut zu ilbersehende
Strahlparameter anzubieten, wurden die Gesamtintensitat, der
Schwerpunkt des Strahls und die Halbwertsbreite fiir jeden Ab-
tastpunkt ermittelt und als Zeitverlauf auf Speicheroszillo-
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graphen dargestellt. Die Abtastrate mu8, um den Proze8 mdglichst
unverfdlscht wiederzugeben, den Bedingungen des Abtasttheorems
geniigen., Der Rechner erfiilllt diese Zchtzeitanforderungen, wenn er
in eizem Abtastzyklus die angebotenen Daten in gewilnschter Weise

verarbeiten kann.

Es werden folgende Rechnungen ausgefiihrt:

24
1. Intensitdt I = zi Ii
i=1

24
2. Schwerpunkt S = 1. :E Ii- Ri
I ja1

3. Halbwertsbreite & AR = Ro(Inax/2)- Ru(Inax/2)

Flir die Losung des Problems wurde die folgende Struktur ausge-
wahlt (Bild 4):
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Bild 4 Autonomes System zur lionitorierung der Stranlintensitat
am 3ynchrophasotron des VIK

Un die ichtzeivanforderungen zu erfiillen, wurde ein speziell zu-

geschnittenes Anwenderprogramm ausgearbeitet. Der Operator fiihrt

nur wenize Bedienungsfunktionen aus. Fiir den organisatorischen

Ablauf wurden die freien Unterbrechungsmdglichkeiten des autono~

men Kontrollers genutzt,

TASK 1: Initialisierung des Systems und Abwicklung eines Eingabe-
dialogs zur Pestlegung einer Abtastzeit (Tn 2 Tnmin)
TASK 2: Initialisierung des Systeme und Arbeit mit der festen Ab-

tastzeit Tnmin
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TASK 3: Start eines MeBzyklus mit den vereinbarten Abtastzeiten
durch den Impuls "Beschleunigungsbeginn®
TASK 4: Aufruf eine® Systemtestprogramms mit Dialogen zur Ein-
stellung der Empfindlichkeit der Einrichtungen und zur
Punktionsiiberwachung der Blbcke. Das Testprogramm enthilt
Z.B. einen programmierte~ Handkontroller.

EZinschlieBlich eines kleinen Betriebssystems "Monitor" war filr
Daten und Programm ein Speicherumfang von 8 kByte erforderlich
(4k-FROK, 4k-RAMN).

Die minimal mdgliche Abtastzeit des Systems ist festgelegt durch
die Abfragezeit der Zdhler und die Verarbeitungszeit der Informa-
tionen (T1) und die Abfragezeit der 2Zahler (72).

Tnmin = T1 + T2

Bei Arbeit mit minimaler Abtastzeit ist die Zdhlerarbeitszelt
(T3) T3 = T1, bei gewdhlter grcoBerer Abtastzeit T3> T1., Die mig-
lichen Verhidltnisse sind im Bild 5 angedeutet.
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Bild 5 Zeitdiagramm der Abtastung der MeSwerte

Das reale System gestattete eine minimale Abtastzykluszeit von
Tnmin = 3 ms, d.h. es werden etwa 330 Abtastungen/s realisiert.
Uber eine GesamtmeBzeit von 5 s innerhalb eines Beschleunigungs-
zyklus von 3 s Dauer werden ungefidhr 1650 MeBpunkte gesammelt.
Die Zusammenstellung eines solchen kleinen autonomen Rechen-
gystems einschliefllich der Programmierung erfordert unterden Be-
dingunsen des VIK Dubna etwa 4 Personen . lonate.

Plir den Operator ergeben sich die Oszillogramme fiir den Intensi-
tdtsverlauf und die Verteilung in einer im Bild 6 dargestellten
Porm,.

4, Zusammenfassung

Das vorher beschriebene Beispiel ist eine typische Anwendung fir
wISKA als autonomes System unter Echtzeitanforderungen. Insbe-
gsondere zur Bildung von CAMAC-Befehlen sind im programmierten
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Bild 6 Prinzipverlauf der MeBergebnisse iiber der Zeit

Betrieb groBere Zeitaufwendungen erforderlich. Im Zusammenwirken
mit dem DIA-Kontroller des Systems kinnen diese langsamen Teile
mit maximaler CAMAC-Geschwindigkeit ausgefiihrt werden, so daB
sich dieser Nachteil weitgehend ausgleicht. Die Beschleunigungs-
zeiten am Synchrophasotron (0,5 s Experimentierzeit und 9 s Zy-
kluszeit) erlauben aber durchaus den Zinsatz kleiner autonomer
Systeme in anspruchsvollen Experimenten. In jedem Falle ist es
aber sinnvoll, eine Experimentetestung vorzunehmen und dem liikro-

rechner im laufenden Experiment Aufgaben eines Endprozessors zu-
zuordnen.

Mit dem Mikrorechnersystem MISKA steht im LHE- des VIK Dubna ein
kleines aber leistungsfdhiges Steuerungs- und Rechensystem zur
Verfligung, welches in der ProzeBdatenerfassung und -verarbeitung
eingetzbar ist und das seinen Leistungsumfang auch in verschiede-
nen anderen Anwendungen nachgewiesen hat.
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MULTICHANNEL ANALYSER IM CANAC USING

XFKI INTELLIGENT CRATE CONTROLLER
A. Paal, K. Sepsy, S. Szalai™

Institute i Nuclear Research of the
Hungarian Academy of Sciences, Debrecen ;
®Central Institute for Physics, Pudapest

Abstract

A multichannel analyser in CAMAC instrumentation standard is described for
nuclear physics experiments. It is based on an Intelligent Crate Controller
(ICC) with ga Intel 8080 microprocessor. For the acquisition of experimental
data we designed a fast "front-emd®™ preprocessing system which consists of a
nuclear analog to digital converter (o.DC) and a dedicated memory connected by a
dedicated bus, The microprocessor does not play any role in the data storage
process which has direct access to the memory.

Introduction

In the Institute of Nuclear Research at Debrecen a Cyclotron Laboratory will be
operational m the middle of 80%s first of all for nuclear physics experiments.
Its data acquisition and evaluation system will consist of a host computer and
some autonomous subsystems in CAMAC, The subsystem will be practically a flexi-
ble multichannel analvser with collecting data from nuclear ADCs displaying one
or more spectra and having the possibility of preprocessing. In this work the
present state of the CAMAC subsystem and its software is described.

Hardware design

At the cyclotron the event rate projections and the resultant data acquisition
requirements for a number of proposed experiments need a special solution for
the data handling system., The projected data throughput requirement for the .
"front-end” processing multichan .2l analyser ranges from 5 to 10 times that
obtainable with conventional CAMAC/minicomputer implemented systems 1},

One of the available solutions to she requirements is using distributed in -
telligence and dedicated memory moduls with CAMAC Dataway independent memory
access, Our system has a minimal configuration consisting of a crate controller,
a memory modul, and ADC, a data memory, a display unit, a scaler-timer and
peripherial devices (Fig.l). We use a 12 bit ADC type CAM 4.,04-1, Its <con =~
version gain, digital back biis and the resolution can be changed with the

help of CAMAC instructions. Parallel information from ADC is fed to a 4096 word
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x 24 bit data store which has a dedicated bus for CAMAC Dataway independent
memory access, Using this front panel data »us up to four memcry modules can be
coupled together forming a 16384 word memory unit, From the Dataway and also
from the external data bus the content of any arbitrary store cell can be cead,
over written, incremented, decremented or modified in an extermal modul de=
pending on the state of control register bits by CAMAC instructions, Using the
other bits of the control register the data memory can be segmented as many as
16 memory groups, Thesz instructions are generated by the Intellige:t Crate
Controller (ICC) develop-d by KFKI 2}, This ICC modul comprises an Intel 8080
microprocessor besides executing its instruction set controls the Dataway both
in CAMAC and Intel mode sharing the same physical lines. A serial port is also
built into it to connect a teletype. The ICC has no memory, but there are
different types of memory modules using the Dataway as an Intel tus, Our system
has 60 kByte PAM and 4 kByte ROM memory modul. For the presentation of the
measured data, displaying of a single or two simultaneous spectra - for both
X axes 256 picture elements - and of certain additional information as data of
calibration, measuring parameters, calculated data, etc. a TV raster is used
together with a TV-Display Driver module developed in KFKI, The driver having
its own memory is controlled by its own dedicated processor. For this reason
the ICC is not burdened with the task of continuously refreshing the alpha-
numerics and spectral data., The interactive evaluation of spectra is possible
with the help of markers and brighter, intensified points used to mark a given

region of the spectra,

The clock and live time generated by a Scaler=-Timer CAMAC modul are also dis-
played on the TVYe-monitor,

Software

The intelligent data acquisition system is supported with a disc operating
system 3). This provides for disc management and program construction, storage,
editing, assembling, and debugging. As a high level language BASIC interpreter
is used 4).

As the ICC’s processor is not burdened with the data collection and the task of
continuously refreshing CRT display, it leaves more time for 8080 to perform
the following tasks,

1. To entry the parameters of the CAMAC modules and a given measurement by
means of display and keyboard, A menu driven dialogue ~an modify the ADC con-
version gain and resolutinn, the assignment of a memory sector to the collected

spectra, and different time preset modes, display format etc.

2, The display task provides a flexibile access to data for display and manipu=
lation by means of the TTY keyboard, One or two graphs of spectra can be dis-
played, There are dual blinking cursors on the graph, The cursor position and
count are continually updated on the screen, With the help of the keyboard the
cursors can be moved, and the vertical display format can be adjusted in binary
steps, Multiple Regions of Interest (ROI) can be defined by the cursors. Tu a
high resolution spectra for detailed examination it is possible to expand it

on the upper graph (Fig.2), Bidirectional movement of this window is also



provided along the total apectra. The display program permits both logarithmic
and square root vertical scaling in addition to linear one,

3. The MCA software has a 1st order calibration of the horizontal axis. There

are possibilities to determine peak centroid location and net area computing
with linear background subtraction. For these calculations peaks must be selected
by ROI=-s, For further analysis fraotional spectrum stripping, spectrum normali-
zation and 5 point amoothing can be executed,

4, In the MCA software a disc I/0 program is included to save and reatore
complete data files for 2gicr review and sunalysis, The data files also contain
all setup parameters assigned to measurements.

We have CAMAC=BASIC interpreter as a high level language. The rumnmetime of
programs written in BASIC in some ocases are too slow., For this iseason programs
related to data aoquisition and display functions are written in 8080’ assembly
language, They can be embedded in CAMAC=BASIC using them as c~1l-21¢ subroutinss,

REFERENCES

1} A.J. De Raaf: Nuol., Instx, and Meth. 163 (1979) 313
2) ICC User’s Manual

3} DOS=80 Operating System Vol. I-IX.

4) CAMAC=BASIC interpreter for ICC

"y 1cc DATA MEMORY
CAM, 1351 CAM. 2.20-2
OUAL FLOPPY FloePy DisC ADC
Disc INTERFACE
i CAM, 1.95-41 CaM, 4,06~
i
«
-
«
e SCALER/ TIMER |
CAM. 5.02
MEMORY DISPLAY ORIVER r_ - ToR
CAM, 1S-26 CAM. 310-1

Pie.l MCA Hardware configuration
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CAMAC~-EODULE "MERORY™ FOR US& IN NUCLEAR PHYSICS MBASURBLENTS

F. Gleisberg, F. Bormana!), F. wWeidhase2)

Mechunische Universitat Dresden, Sektion rinysik, GDR - 8027 Dresden

1) now VEB Elektromik Gera
2) now VIK Dubna CCP

Tae menmory 1540 is an universal CivAC module of single width _1 . It was
developed for use in nuclesar physics measurcments essentially. dowever, it

is possible to apply tne memory 1540 otherwise for the purpose of storiag

a multitude of data in a short time as well as recording an experinentally
determined spectroscopical distribution. In connection with an analoguz-to-
digital converter (ADC) or a time-to-diszital coaverter (TiC), the module
reoresents a nulti-channel analyzer, i.e. witnout orgamnization vy a comnuter.

The live ropresentation of the spectrum during the accumulation is feasible
by ar internal disvlay driver. The storage capacity amounts to 4 k or 16
words. Thuis depends on the memory circuit used. The block diagram of tae
nodule is shown in fig. 1. The memory array includes 24 dyramic rdi-circuits
with 4 k x 1 bit or 16 k x 1 bit organization. The control unit of the module
1540 arranges the timing as well as the multinlexing of the data and address
bus, supervises the refresh and controls the increment logic.

The data register buffers the input or output data and increments the data
word of a selected address in the analyzer mode. The address register bufiers
the input data (cnannel number) in the analyzer mode or the actual address

in tae block-transfer mode. The display driver realizes the represzataiion
of the memory contents by an usual oscilloscope and organizes the rerfresn or
the dyunamic RAli-circults. The data word which is stored uader the address
appointed by the refresh register, is loaded in the display register. Dased
on it a digital-to-analorue converter generates a sirnal for tne vertical
deflexion of the oscilloscope. Tiue horizoatal detlexion and the blanking of
tne clectron beam i3 arranged by the display driver, too.

The represented memory area comprises 1024 words. It is selectable from the
ccmplete address ronge. A second arsa can be superposed Cor comparison.

The scale factor is adjustable logarithmicly in rour steps.

The memory module can operate in six modes which are adjustable by a taree~
bit word in the control register:

1+ Block=transfer dataway imput; 24 bit words are transiered from ti:e ClL.AC-
dataway into the menmory module.

2« Block=transfer dataway outout: 24 bit words are readed out from tne nemory
across the CALAC~dataway.
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3Je Block-transfer front-panel ipput:24 bit words are written into the nmerory
across the fronti-panel comnector.

4, Block-transfer front-panel output: 24 bit words are readed out froa tne
memory across tne front-panel conoector.

5« Analyzer mode front-panel input-12 or 14 bit datawords are transfered
irom the front-pancl cocnector into tne address rezicter. The data vord
wnich corresponds to this address will be incre.ented in the datz resizter
and filed again on the same address.

6. Analyzer uode dataway input: 12 or 14 pit words are transiered acrocs the
CAl:AC-dataway into tne address register. Tuereupon, tie adesuate data
word in the menory will incremented.

In the modes 1 - 4 the storage addres: is incremented autowatically ailter
each read or write cycle. The rirst address or a meuo.y area unac to be
appointed by a Ci LC-comard.

Independend of the opcration mode, the representation of & selected :emory
area is possible at an oscilloscope. The supernosed reprcsentation of two
memory areas can be set by a rourth coatrol-word obit.

In thae following some poscivilities i'or the use of tne cemory wodule 1540 are
presented:

1. Application of the memory in connection with ac ADC or a TDC as a fast
nulti-chnannel analyzer (fige. <). Pulse rates up to 600 kiiz are convertaole
by the direct front-panel connection of tne ADC with the menory module.
Thne spectrum can directly represented at an oscilloscope. A reference
spectrun can ve superposed at request. This gives the possibility to
observe the increasing spectrum and to a ~ualitative supervisioun.

2e Application of the memory module as a multi-channel analyzer im conneciion
with the CAiAC-dataway. In this mode, it is possible to check the data
from the ADC or TDC by a computer before the composition of the spectrua.

Pig. 2: #ulticnannel analyzer
configuration

[QETEXTOR] |
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3. Zvent storege
Tne data words received from an ADC are stored in the memory successively.
It is possible to connect two 12 bit ADC's across the frout-panel connec-
tor and to store complementary events on the same memory location
(fig. 3). For this purpose a second haudshake input on the front-panel
connector is available. It is AiD - comnected with the first one.

4, Gemory nodiule 1540 used as a buifer store for the seriell Link module
1470 2° (iig. 4). In this mode, the menory can receive or transmit data
across the Link module without srandiing by the computer in this time.

k ]
Zl e cc
3 B COMPUTER
E E * .
!_ ICC
Fig. 33 Nwo-dinmensional event Fig. 4: emory 1540 as a bufier
storage store of the Linik 1470

References:

/ 1/ F. Bormanns Diplowarbeit, TU Dresden, Sektion Physik 1981

/ 2/ . Jeidbase, ). Borkenbagen, &, Faulstich, S. Hiemann: Anwendungs-
moglichiceiten und <onzeption des seriellen Link-lioduls 1471,
Preprint TU Dresdem, 05-28-73, 1978
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REAL~TIME CDL - THE CONCEPT OF A FROGRALMING LANGUAGE FOR FROCESS CONTROL
M. Pischer, Technische Universitédt Dresden

Abstract

In this short report is giving a survey of the real-time version of the
language cdl (compiler deseription language), especially its multitesking-
concept. Above all the principles of the construction and the implementation
on the computer system K 1600 are discussed. This cdl-version can be used

in co-operation with the operating system MOOS 1600.

1. Introduction

The real-time version of cdl is a language for the programming of process-
control problems.

Also in this field, the time is over for the use of problem-oriented high-level
programming languages. All in the world are existirg meny kinds of real-time
languages for process-control.

The realizing of this languages is done above all in two ways:

1) Into a problem-oriented language or into a subset of this one can insert
supervisor calls of a giving real-time operating system. In this way it
is not necessary to alter the compiier for this language.

But the arising result is not homogenous. In the most cases, it is not
possible, to check the use of the additional languege constructs during
the compile-time.

2) From a model of the control mechanism one can derive the multitasking
operations. This operations are to completed with an algorithmic kernel
of a giving laenguage or with new constructs.

In this way it is possible, to reach a homogenous result. It is necessary,
to produce a new compiler, but this compiler can make a very extensive
compile-time checking.

The second way is connected with more expense, but the result is favourable.

2. The Realizetion

The second method is the foundation for the development of a language, in that
the efficiency of an assembling language is connected with the advantages of
problem-oriented languages.

Solving the problem in this way, it is necessary to realize three steps:

1) The range of tasks of the real-time programming fixes a lot of demands.
These demands result in a problem-oriented model.

2) The implementation of the language bases on a concret operating system
(MOOS 1600). This system conteins meny possibilities for a multitasking.
These possibilities result in a system-orier.ted model.

3) Now the demands of the problem-oriented model and the possibilities of the
system-oriented model result in a compromise-model. This model determines
the volume of the new real-tiie language.
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To realize the first step, it was favourable, to inspect some existing
languages with respect to their multitasking organizations. The result is a
multitasking model, represented like a graph. The graph-nodes are representing
the task states, the edges are showing the ways between the nodes with the
necessary operations.

Fig. 1 showes the graph of the problem-oriented model and was build in
connection to a lot of existing lengusages, for instance Process-FORTRaN, PE4RL,
ADA, PROGREBSS.

The implementation should be performed on the computer system K 1600. The
underlying operating system MCOS 1600 is denoted as a multiprogramming real-
time system. The graph in fig. 2 showes the model of the task menagement of
the system.

The compromise between the second and the first model results in the next
graph (fig. 3).

Now, this task management rust be embedded in an existing programming language,
in continue to the second way. Such a language is the progremming languege cdl.
Cdl takes place between an assembly program language and an problem-oriented
programc.ing language. Cdl is a so called semantic-opened language. That means,
the user can produce his own semantic rules. In this way the languege h&s been
expanded by the real-time constructs. The result is real-time cdl.

A cut-out of the syntactical rules of real-time cdl illustrates the method:
TASKANWEISUNG ::= TASKOPERATOR  SYNCHRONISIERMITTEL

TASKOPERATOR  ::=  SCHEDULE, ACTIVATE + INTERNER NAME
S'SPEND
CONTINUE + INTERNER NAME
DELAY PENDING + MAGNITUDE + UNIT
DELAY TILL + HOUR + MINUTE
TERMINATE + INTERNER NAME
PREVENT + INTERNER NAME

SCHEDULE ::= ZEITDAUERSCHEDULE  ZE1TPUNKTSCHEDULE

SYNCHRONISIERMITTEL ::= SET + EVENT RESET + EVENT waIT + EVENT
SEND + BUFFER + LENGTd + INTERNcR NaME
RECEIVE + BUFFER + LENGTH + INTEINER NAME
BeGIN REGION + INTERNER NAME
END REGION + INTERNER NAME

Additionally it is importend to say, that some syntactical checks are possible
during the compile-time. Thaet is, for instance, the correctly use of the
critical region (the complete setting of the brackets BEGIN and END, the
examination of possible deadlocks).

The connection to the peripheral process units is dependent on the concrete
configuration, The reelizing in real-time c¢dl is to do in the same way as
shown for the real-time constructs. But this is the users matter and depending
on the interface of the peripheral units.
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Fig. 1 The problem-oriented wodel

«+.' represents routines of the underlying operating system



29

Fig. 2a The system-oriented model
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The model of real-time cdl
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PROGRAMMING SYS™EMS POR CAMAC CONTROL AT T:IE dPS 4944 MICROCOMPUTER

J, P6thig
Technische Universitit Dresden, Sektion Physik

The microprocessorsystem MPS 4944 /1/, developed at the Central Inatituse
for Nuclear Research Rossendorf, is a modular system. Therefore several
stages of configuration can exist.

Por example, three types of processor-cards can be used. The in-built
processors are intel I 8008, intel 8080 and Zilog 2-80 or the equivalent
GDR-produced types.

Bxcept the needed cards to complement the computer (peripheral drivers,
memory cards, dlaplay of busline-signals) there can be installed several
cards to couple the process to the computer (ADC, DAC, MUX, timer). But
in nuclear physics measurements other modules (fast counters, amplifiers,
fast analysers) are needed too. This wider spectrum of devices is given
by CAMAC in the most cases. That's why this system was to be couoled to the
microcomputer MPS 4944.

The basing device of this coupling is a special crate controller, the
manual and external controllable crate controller type 3312 /2/. Thims
crate controller unites the tasks of some several modules like manual
controller, single-crate controller, dataway display, svitch register and
minimal controller for the Auxilliary Controller Bus,

The possibility of external control is of special interest. The coupling
goes via a8 16-bit-wide parallel input-output-register, supervised by
handshake signals. Basing on this simple type of datatransfer the controller
can be couoled not only to the MPS 4944 but also to other computers,

A coupling to computers of the PDP-11-family or SKR-System (system of small
computers in the socialist countries) had been tested in October 1981 in

the Joint Institute of Nuclear Research Dubna.

Now some worde about software at the system MPS 4944-CAMAC. To support
programming a special program has been develooed, the so-called CAMAC-
Monitor /3/. The most important task of this monitor is to serve the user
writing programs in mechine language., Therefore the monitor fulfils two
tasks.

i) tramslation of the uger's CAMAC-data needed for program
(CAMAC-commands, write-data, starting points of LAM-handling)

11) execution of the CAMAC-instruction, testing the answer of the
modules and eventual start of a reacton-subroutine.

The first task is done before starting the user's program. To input data,
a dialog between user and machine ,ocezs, The input data were translated
by the machine into the needsd form and stored into tables, supervised
by pointers.
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The second task is fulfilled while the user's progrea is running. This
CAMAC-lNMonitor had given a great help when programs were written in macanine
language. But using higher languages, already assembly language, some
difficulties began to rise.

Therfore an enlargement of the basis-assembler has been developed /4/.

By the help of pseudo-mnewonics the user can work out his program in assembly
language without knowledge of details of the coupling between microcomputer
and crate controller, Also be need not translate data *‘nto the right form
before using the assembler. To define date for the CAMAC-instructions
several modes are possible: immediate, directly addregsed or indirectly
addressed.

Bxamoles for orogramming the CAMAC-instrution N(10) A(O) P(16), 3 byte write
data W(15), are given in tabd. 1.

instruction and data immediate
instruction directly addressed
instruction and data directly addr.
instruction and data indir. addr.

CAMA 10,0,16,3,15

CamA  (CINST),3,15

CAMA  (CINST),3,(CWDAT)
CAMA  ((CIPNT)),3,((CWwPNT))

. Wt we we

CINST: CDEP 10,0,16
CADAT: DA 15

j1):] 0
CIPNT: DA CINST
CWPNT: DA CWDAT

declaration of the instruction
declaration of the write data

instruction-nointer
write data-pointer

Table 1: Examples for GAMAC-programaing

All these defining modes for commands and data are combinable, so that
programming can be very effective and flexible.

Using this system, some programs were written. A program to control a neutron
scattering experiment and data preprocessing is presented in another paper
of this symposium /5/.
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/1/ -: MPS 4344, Pirmenschrift ZfK Rossendorf, 1978

/2/ P8thig,J.; Weidhase,P,: Proceedings Geussig 1980, p. 179
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/5/ P8thig,J.s Microcomputer controlled set-up for the measurement
of differential neutron scattering cross section
Proceedings Rathen 1981
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VOMEPHTEXLHO- BHUMCAWTENBHHR KOMIARKC ARl SKCIIEPYMENTOB HA
LMKROTPOHE

A.A.Buxorpanos, B.B.[lapamonos, B.A.Comomves, A.l'.Tpynos,A.A.lserxos

HamepureapHo-suumcanreabHuit xommuexc (MBK) npescramaser coGoft asroMaTH3Npo-
BAHHYD CNCTEMY JUIA HAYWUMMX KCCAS[OBaMNE, MPOBOANMMX HA OMEXOTpOMe HucrmryTa
arommoft sweprum me.4.B.Kypuarosa. Ero fynxmpumem asxrerca c6op n aHaama sxcnepn-
MOHTAIMHMX NAHHMX B peaxbHoM MAacwrale spemeHN, Wx ofpafsTxa B mpouecce X MO OKOH-
qanun uamepennit., MBK coaman Ha ocHose asyx OBM EC-IOIO u anmaparypu B crampapre
KAMAK,
HBK nan sxcnepummenros Ha IMEXOTpoMe Oua paspaforaH B COOTBETCTBHM C Tpefo-
BAHNAMM 3ANLAAHNPOBAHHMX MCCAEMOBAHRRA, & TAKEe C YYETOM €ro NCNOAL3OBAHHA 6e3 Cy-
MeCTBEHMHMX N3MeHeHMi MpM pacENpEeHNN AMANa3’oHA 3ajad.

Oco6oe BHMMAMNME OMAO YREXEHO MOBHmMEHMD 3PPexTHBHOCTH pPErNCTpamuM, ONTHMANL-
HOMY NMCTIOXb30BAHND OMEpaTNBHOR NMaMATH, CH34aHMD anmapara p3amMonelcrsus ¢ JBM,
YAOOHOTD 19 yTIpBBAEHMA SXCMEPMMEHTOM, HArSANHOrO NPefCTABACHHA NAHHHX ¥ CoBMeme-
yima  ON - LINE n OFF-LINE o6paGorxn mammux.

YnpomeHHas CTPYRTYpHad CXeMa KoMILiIexca NpeiacTasaeHa Ha puc.l.
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Ero ocHoBy cocraBaswr gse JBM EC-IOI0 m annaparypa B crampapre KAMAK. Kaxnan us
JBM uMeeT onepaTHBHYD namMaTbh emxocTbd 64 K Galtr (npemearHyn mzs 9BM aroro tuna),
IBa HAKOMKTENA Ha MOCTOAMHOM MAIHMTHOM gmcxe (HMJ) mo 800 K Gaflr xaxgu#, OuCTpy®
nevars (ALJlY) GapaGasHoro Twna u MaTpNuHoe nevarammee ycrpolicreo (MIY), axpasur-
Ho-IwppoBHe auciien, neppocranmuo. Onma u3 OBM yxomnmexToBaHa TpeMs HAKOMMTENAMM
Ha maruntHoRt xenre (HMI). Jlad CBA3M C 3KCNS)AMEHTAXbHEM OBOPYAOBAHMEM B COCTAB
JBM sxonsr ycrpoficrsa conpaxenms MmHoroxpefirmux cucrem KAMAK.

OpraHK3agMOHHO KOMIEEKC COCTONT W3 [BYX NMApARAEAbHO pafoTADRUX UIMSPNTEAb-
HHX CHCTEM C BO3M~¥.'9CTbD MOLKADUEHNA K Hid nepmpepuMHHX UIMEPNTENbHMX CTAHUMA.
Taxas crpyxrypa o6-crneumsaer HNpoBEgeHME TEKYRUX IKCIZpAMSHTOB HA YCKODMTENEe W
J9/THX KCTOUHMKAX WOHM3MPYDEMX K3XydeHuil, a Taxxe MOArOTOBKY M OTAALXY annapary-
pi ¥ MPOrpaMM OYEpEeRHMX 9KCEPMMEHTOB.

Bropas 3BM mcmoabayerca Taxxe nis o6paGoTKM AAHHHX B pexuse OFF - LINE

Mexny OBM B3eseHa NBYXCTOPOHHAA CBA3b I10 KAHAXAM MDAMOT > ICCTYNA K NMaMATH,
49TO JaeT BO3M~xHOCTb Gosee apdexkTusHo wcnoabaoparh BHemHA: y>Tpoficrsa IBM (8
vacrHocrn, HWI) u ofecneummaer Heobxommmoe pesepBupoBaHMe 0GOPYAOBAHMA NMpPH AOATO-
BPEMEHHHX 3KCIEepUMEeHTaX.

Ina orc6paxeHHA ORHOMEDHHX Wi JBYMEDHHX CMEeRTpOB, & TAKX: 1A WX pPa3MeTKM
npuMeHseTca c:ienuanbHo paspabBoraHHuft rpapwdecxuit pucnxeR Ha Gase yeeTHoro rese-
MPUEMHUKA

UneHrudurauma 3apAXeHHHX YacTHL] OCYMECTBAACTCA LMPPOBHM CnocoG6OM IMyTeM HM3-
MEPeHKS Y, :fixhX 13725 2d2pruy | AE) Ha MoMmaauum B MpocTpeAbHOM AeTeKrope M
aHeprun wacrau (E) B gerexrope noaHoro norxomennma.

HeftrpoHu ® "’-xnanru UIEHTHPUOUPYDTCA NO dopMe WMIYALCOB CLUHTUANALMOH-
HHX CYETYMKOB,

YnpaBnaeH4e OXCIEPUMEHTOM OCYMECTBAAETCA C oneparopckoft xaasuarTypu. OcHom-me
KoMaZH YPABAEHHA ABJAADTCA OQHOCHMBONbHEMM,

llpv DoCTATOWHO Pa3BUTOH 3l DATSAbHOR cucreme, BKivwanmeR B cefa Goabmoe
uncno pyHxumoHanbHux 6xaoxoe KAMAK, o6nuHo Bo3HMKADT onpejeseHHwe Heyno6cTBa u3-3a
Heo6X0MMOCTH MHOTOKPATHOr'O 381aHA1 MHOTMX fapaserpoB ammaparyph KAMAK. 3to oco-
62HHO TTPOABAAETCA B HAUANDHOR OTAANOU-cfl CTANUM SKCEpMMEHTA, KOrja Heo6XOoIuMO
YacTO MEHATL YCNOBHA M pexiMy M3MEePeHul.

B name#t cucreme npuHaAT TabauyHHi cnoco6 3anaHma napamerpos Gxoxop HAMAK, B
COOTBETCTBUM C NOAHOR cxemoff ®xCrepuMeHTa ONMMCHBADTCA BCe GAOKM M 3alloAHAeTCA
rabnuya. B rabnuuy 3aHocarca umeHa 6roxoB, Homepa kpeflros, ajgpeca, cyGanpeca,
YMCNO YPOBHER KBAHTOBAHKA, €N.c”Tb CUETHHX OJOKOB M Ap.uHbopMauma.

B oneparopckux npi#xasax  MA BHMOMHEHMA PA3HHX PEXUMOB M3MepeHHMR 3ananTcs
TOJAbKO MMEHa OCHOBHHX 6aoxoB. OcTaibHne AaHHHE NPOrpaMMu NMoaywanT W3 Tabauu.

Ham uuxzoTpoH npaxrudecku BO Bcex pafouux pexumax yckopeHus padoraer B
MMIyAbCHOM pexuMe, Yacrora caefoBaHuA mMnynbcoB uasmeHgerca or 50 mo 300 T,
ckBaxHocTh o O mo 10.

Henoabaya uMIyAbCHMA pemMM, C MOMOmMbD BCIOMOTATENbHOr'o KOHTpoarepa u Gydep-
HOR namaTu, pacnozoxeHHnx B xpefire KAMAK, ynanoch B 3HauwreabHOR creneHu Cox-
PATHTL MEPTBOE BPEMA CHCTEMM.

Konrponsep aanyckaerca OT Hayaja MMIyaAbca LMKJAOTPOHA K OXOKMpPYeTCA Mocxe
ero OKOHYaHuA. B TeyeHMe WMIYABCHOrO MydYKka KOMTPOAXEp ocymecTBAseT c6Op M Hakon-
neHne B GypeproR maMmATHM faMHMX, noxyuaesmux or npeo6pasosareneff mo Mx 3anpocas.

Mlocxe omoHuanua $asn HAKOTMACHMA MAM MO 3anoaHeHun OydepHoRt namsru, sanyc-
xaerca nporpasua npiema naxHMx 8 OBM u3 OydepHoR nammru u ux o6paGorxu.
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Taxum oGpasom, o6paforxa pammux Ha OBM Momer ocymecTBARTLCA B TEuEeHMEe BCETO
SKCNEPAMEHTA 38 NCKADNEHMEM BpeMeHM, HeoOXOZMMOro RRA NMpMeMa JaHHMX NS GydpepHoft
NaMATH.

Ha puc.2 npwrenersi xpmpue >PPexTMBHOCTM perncrpanum 6e3 NPNBASKK K WMIYAb-
caM UMKAOTPOMA M NCIOXL3OBAKMA WIMEPNTEABHOro Konrpoamepa (xpmsuwe 1,2,3), a
TaKEe C NCHOXb3IOBaNMEM 3TOr0 Merogsa (xpwewe 4,5,6).

Kpxsue coorBercTBYNT TpeM BapMAHTAM aHAXNSA: - ofgHomepHoMmy (I,4), nBymep-
HoogHoMepHoMy (2,5) M aByMepHo-gmByMepso-onHoMepHoMy (3,6).

Kax BugHO M3 pHCyHra, NpuMeHeHMe MeTofia pasfexeHMs QyHXUMHR HAKOMXEHMA M

0o6padoTkR NO3BONMAO YBEeANUNTh 3PPexTHBHOCTL PErnMcrTpanms nNpméansnreabHo B 4 pasa
B npegeaax mpomycxmofl crmocobnoceu JBM.

TM - MEPTBOE BPEMS CWCTEMDI
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Puc.2. KoMBbiE IOPEKTUBHOCTH PETUCTPAUUH AAQ PAIAHYHDIX
PEXXUMOB W3MEPEHMA.
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[TPOTPAMMHOE OBECIIEMEHME HIMEPWTEXLHO-BUMWACIHTEIBLHOMO KOMIIEKCA IR
OKCIIEPMMEHTOB HA L[MKEOTPOHE

A.A.Brnorpanon,B.B.llapasonos,B.A.Coxosres,A.I'. Tpyros A. A.liserxon

[lporpaamrioe oGecnewenne K3MEpRTEAPHO-BMURCAXTEAbMOro komnxexca (MBK) nam
SRCMEPHMEHTOB, NPOBOMMMGIX HA IMKAOTPOHe Hucewryra arommofi sxveprnm me. H.B.Kypua-
TOBA, COCTONT M3 CMeunaxbHo paspaforanHoff epxmoll cwcremu nporpams "ASYS  *
pacunranHoR Ha padoTy coBMecTHO ¢ gmckopoRl daimosoR onepanmontuofi cucremolh peasb-
noro spemenn JBM EC-I0I0. [lporpamsas "ASYS " oecneumman? NMOAroTOBRY, ynpasxe-
HNE N MpoBEegeHNE M3MepenMfl, COXpAHeHMe N BOCHPOMIBEJeMNe JNAHHMX, YNpaBEeHWe rpa-
duaeckmu ancnxees,

Mlporpasontoe obecnevenne MBK punosimer caepywame ywxmen:

-pacnpegexenne oneparmpHof NaMATK, HeoSxommMoR axs paGoTH NMporpaMM K HAKOM-

XCHNA JaHMuX;
~HCMOAHEHHE KOMAMJ, 3AEABAEMMX C YIpaBianmefl KIABMATYDH WAN OT ANNaparypu
KAMAK ;

-o0cxyxusanue sanpocos KAMAK;

-ynpaBsxenxe annaparypofl HAMAK;

-c6op, Hakomaewwe m ON - LINE 06padoTXa SKCNEPMMEHTANbHHX RAHHEX ;

-ofecnedeHne ONEpATHBHOTO NMpPEACTABAEHNA AAHMMX HA 3KpaHAX ANCNAEEB C LEAbD

KOHTPOAA 38 XOJOM IKCNEpHMZHTA;

-cepBuMCHOE OGCAYXMBaHME ;

-ofecneveHne BaauMopeRcTBuA BCEX NMporpaMM.

OrawuurenpHue 0COGeHHOCTH:

I. MHoroypoBHesas opraMuasyma, No3BOAADMAA YIPOCTMTb M YCKOPHTbL 00patorxy
3anpocoB or annapatryps KAMAX u ynpasasoiumeRR xaasmaryp. B xavecrse ynpasasomed
KAGBMATyDH MCIOAB3YETCA KAABMATYPA OMEpaToOpcKOro BHCMAER.

2. [sHaMmwuecxas 3arpysxa ofmefl BHCOKONPMOPHTETHON 30HH OMEPATHBHON NMAMATH
NOCAeNOBATENLHO BHIICAHAEMMMM NpPOTPAMMEMM, KOTOPHE BM3HBADTCA C KAGBMATYPH onepa-
TOPCKOr'0 ZMCNAEA WAM MO TPeGOBAHMD MpOrpaMM, HAXORAGMXCA HA PASHNX YPOBHAX, HTO
NO3BOAART MHOrOKPATHO MCNOXL3OBATbH ITY 30HY W AAeT BO3NOKHOCTH OCBOSOLATH 2HAUM-
TeAbHYY) YACTb OnepaTUBHOR NaMATH nogm Sydep AAHHEX.

3. HenoavaosaHus ofmeR 30HM JAHHHX C LeAbD YNPOUEHMA OOMEHA NAHHMMYA MEeXny
NpOrpaMMaMiK, PAS TADRMMM HA DAZHMX YPOBHAX NMPEPHBAHNA AW B pasHoe BpeMs.

4. Mpocro2 pacuupeHwe BO3MOXHOCTER CHCTEMM XAX B HACTH BS32,]2HMA HOBHX peXK-
MOB W3MepeHMRR, Tax M ROMOAHWTEALHOrO CEpBHCA.

5. Bce nporpasu HanmcaHmu Ma A3nKe Accemdnena.

Cxena pacrnpeseAeHNA MaMATH W OpraH43auyds TporpamsMoro oGecneuenus MBX noxa-
3aHa Ha puc.]. Onepanmonwas cucTema saumuaer 37% onepatusH A MAMATH, MPOTPAMMH
ASYS - 7%, non saHHMe orsogwrcs 56% wam oxoxo ISK npu obmem o6néme 32K cxos,

Mlporpasoas cmcremu  ASYS pacrnonaranTca 8 BHCOKONPMOPMTEeTHOR 30He
naMark ( PG ) Ha MATK YPOBHAX NPHOPHTETA, HE JaHATHY oT:pauuonHol cucremoft.

Mporpammi ASYS

Mporparma RESDNT AveeT meCTb pexumoB paGorts (xoaA pemuMa paGoTu XpaHwT-
CA CPefM CMCTEeMHMX NepeMeHHNX B 30He ZC )@

~pexmM 3arpy3XM MPOTPaMG M MOACISANHIMMA WX K YPOBHD 1DGPMBANMA;

-pexuM NpMeMa OT3ETOB B AiaNOre OneparTopa C CHCTeMOR  ASYS H
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Puc. 1. PACHPEAEAEHWE TAMATH M OPTAHU3ALUS
APOrPAMMHOTO OBECNEUEHME WBK .

-pexMM BHYTPMIIDOrpAMMHEX KOMAHT ;

~TPM pexuMA MDMENA KOMAMI YNPABAGHHA ASYS
Komanau ympasxenusa cucrenmoft paspeseHd Ha TpM QYHKIMOHANBHEX IPYTLIH:

I. Konanau ynpasgeHua aKCHEpHMEHTOM.

2. Komawau ynpasaeHma rpapwueckud amcrLices.

3. Kowanry ynpasxenna Qufimamm,

[pynma xoMasg ynpasieMms M3MEPEHMAMM MO CBOEMY COA2DYAMMD Moxe? OMTHL yc-
AOBHO pasfiefieHa Ha MOArPYNNM:

KOMAHN TMOANOTOBKYA X H3IMEDEHMAM,

KOMAHIN HENOCPeACTBEHHOr0 YNPaBACHHA W3MEPEHMAMM,

KOMaHIM, BHANBANTAC NMPEACTABACHMA RAHMNX,

KOMarfs COXPBHEHMA M BOCHD3/3BCHEHHA OAHHMX.

Mporpasd HENOCP=HCTBRHHOrO YNPABACHHA MIMEDEHMAMH AADT BCSMOKHOCTD MOLro-
TopuTh Oxoxy KAMAK x npueMy maH-Mx, ux4444778aT, ¢ padoTy, 3pt)2TIAHABAMBATD W
3amyCKaTh BHOBb M3MEPEnKA, 3ABEPHATD MX M, NMDH HEOOX:AVMOCTM, 3AHYA:ITE IMHA?
xenacMoik ofaacrn.

llporpasad npeAcTaBAeHHA LABHHMX MO3BOAANT ONEpATOPY BWBOAMTH DE3yAbTaTH H3-
uepennit Ha gucrren u ALY u npeacraBaATy MX Kax B uwppOBOM, Tax ¥ B rpaudecxoM
(omHOMepHMe M aByMepHue rpapwkn) BUAAX.
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llporpasai coxpaHeHns N BOCHPON3IBEAGHNA ZAHHMX OGECNEUNBADT 3&INCH HA ANCK
pesyabraros nsMepennmil Buecre CO CAOBECHMM Kommonrapwem (”nacnoprom™) B muge
daliza, a raxme Nx QTeHEE N BOCHPONSDENEHEE,

llporpaass ynpeszenns rpadwaecxm ANCREGeM NOSBOAADT N3MEHATH Macwral n
HauARMiMR XanaR HAGADACHRN, QNCEO MASADRACMMX KAHAXOB N MPEROCTABASDT XpYyTNe yC-
Xyrm.

liporpaes: ynpaszenns jafizamn nanT BOSMORHOCTE MPOCMATDNBATH cnuckm daixos
Ha gmcxe m Maruwrnofl xewre n nepenmcusars fafiau ¢ gmcxa Ha AeNTy N o6parHO.

Hswepwreapisse nporpamass padoranr na 20-u yposne npmopwrera. Onm oGecneun-
papr c60p, COPTNPOBKY N HAKOILIGHRG RAHHMX, HOXYUACISX OF QYHMXUNOMARLMEX WSMEDN-
TeApHUX GROKOB THRA axaxoro-umpposux npeoGpasosarvexest (AIfl) wam Gydepwoff namsrx
KAMRK.

Hsxepurexsaie NPOrpaMMSl NMPEACCTARIADT BO3MOXHOCTS NOABIOBATEXD NMPOBOANTM
ONHOMEDHME, ABYMEpHME, MHOTOMEDHME X KOMONHNDOBAHMME NIMEDEHNA C BOCHMBD Me3asn-
CIOGIME MAN XOPDEANDOBAMIMMN NSMEDNTEAMGMMN KAHANAMN,
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MICROELECTRONICS AND ITS EFFECT ON NUCLEAR ELECTRONICS DEVELOPMENT

W. Heiling
Technical University Dresden, Department of Physics, Drezsden, GDR

Introduction

Hicroelectronics technology allows production of coiplete circuits like
logical gates, counters, memories, amplifiers, or analog-to digital conver-
ters as nonolitnic integrated circuits or as nybrid circuits. In the latter
case, several chips are assembled on a substrate which contaims e.g. thick-
film circuitry to realize the conduction paths. The significant techrlo-
gical progress in large-scale integration obvious in last years exnibits new
possivilities to design more powerful measuring devices which include digital
data acquisition and data yrocessing. The application of microprocessors and
nicrocouputers offered nigher precision of neasurenents, automation and
control of the measuring system and, last not least, real-time data pro-
cessing at such a level, which could not obtained without these LSI circuits.

Due to the microelectronics remarkable improvements of the parameters of
nuclear radiation detectors and nuclear electronics instrumentation would be
expected. In tne following review this expectation as well as some selected
examples of microelectronics application are discussed restricting in this
report to low- and medium-energy nuclear physics instrumentation and neglec-
ting ithe fascinating control and data acquisition systems in high~energy
physics experiments.

Some tendencies in nuclear electronics

Tre parameters of nuclear electronics circuits are essentially influenced

oy the property of nuclear particle detectors and radiation sources like
accelerators and neutron sources. Tney also depend on the level of electronic
components /1, 2/.

During last 50 years the resolving time of pulse counters decreased from some
aundreds of milliseconds given by mecnanical counters to better than 10 or
20 ns, if up-to-date i3I TTL or ECL logical circuits are applied (fig. 1),
@ef;e Cai’AC fast scalers with 150 iliz scaling frequency are &railable in most
nuclear physics laboratories. The time resolution dependency on time period
shows asymptotic tendency, the limit value of which is determined by the
counting resolution nf fast scintillation and semiconductor detectors. Con-
cluding from fiz. 1 remarkable improvement of counter time resolution by use
of new microelectronic components may be stimulated provided that better
partirle detectors with smaller resolving time are introduced in nuclear
paysics research. At present there is no notice for faster radiation detec-
tors in low~ and mediux~energy nuclear physics.
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The resolving time of coincidence arrangements exhibits an asymptotic tendency
which is characterized by two separate branches (fig. 2).

820 1940 1960 19800 YEAR Fig. 2:
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Time resolution is defined by half-width of coincidence curve measured with

a coincidence circuit or with a time~to-amplitude converter. In last decades
due to the essential improvement of scintillators and fast photomultipliers
and, after 1965, due to the development of high resolution semiconductor
detectors and sophistical timing methods, time resolution of coincidence
arrangements attained the range of 0.1 to 10 ns, depending on parameters like
energy value, energy range, detector size, and others. On the other hand, the
electronic resolution of coincidence arrangements, defined by the nalf-width
of coincidence curve measured with generator pulses which have no risetime
and amplitude jitter, is much smaller. Tnere is no serious difiiculty to dis-
crininate generator pulses with transit time differences of smaller than 1 ps.
summarizing all the contributions to coincidence resolution time, the essen~
tial improvement of radiation detector resolution is the maid point to open
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the subnanosecond and picosecond range in nuclear spectroscopy and other
investigations. PFurther development of coincidence circuits and time analyzers,
Sege Uy use of imtegrated circuils, is able tc improve stability linearity,
timing and data processing capabilities, but cannot reduce the resolution

time by one order of magnitude or more if actual radiation detectors are used.

The maximum event rate in high-resolution nuclear spectroscopy measurements
(fig. 3) is of great interest when measurements with short-living auclides or
during short beam periods at particle accelerators are carried out.

1920 1940 1960 1980 YEAR Fig. 3:
Maxinum event rate in

spectroscopic amplifiers
vs., time period

EVENT RATE,
IN SEC

In nigh-resolution spectroscopic amplifiers the energy resolution must not be
reduced with increacing event rate. The pulse shaping network is adapted to
the best possible signal-~to-noise ratio. Furtnermore, the amplifier must be
insensitive against background pulses which can be higher than the measured
signals and which disturb low-energy spectroscopy. In addition to tais, im-
portant parameters like gain and zero level stability, linearity, pile-up
rejoction, and selection of shaping time constants should be mentioned. In
last decade nign~resolution Ge(li) and S5i{Li) detectors stimulated the deve-
lopment of high-performance nuclear spectroscopic amplifiers which camn process
data rate up to 105 s-1 without considerable reduction of energy resolution.
Of course, realization of these expensive amplifiers was supported by appli-
cation of integrated circuits. On the other hand, simple amplifiers to inter-~
face detectors and date acqulsition devices are advantageously based on
conmercially produced operational amplifiers and other analogue integrated
circuits. Similar to figs. 1 and 2 an essential improvement of maximum event
rate is necessary only if detectors with higher energy resolution and witn
optimum pulse lengths, which are considerably smaller than 1 /us, are availa-
ble. At present, such essential improvements of detector parameters are out of
sight.

The number of channels in onme- and multiparameter data acquisition shows no
asymptotic tendency (fiz. 4) in contrary to figs. 1 to 3. Due to the inherent
energy resolution of scintillation and semiconductor detectors, accumulation
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Fig. 4:
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of an energy spectrua requires multichannel analyzers with 256 or up to

4000 charrels. Such analyzers realized as stand-alonme devices or based on
snall counuters represent part of standard nuclear laboratory equipment.

But most nuclear physics exmerinents reguire siznultanous time-correlated data
accuisition, that means recording of pulses emittied by nore than one detector.
in such naltiparameter measurements the number of necessary channels is given
oy the proauct of channel numobers of all the separate parameters. By this way,
coincidence neasurements of two semiconductor detectors both with resolution
of 1000 cnannels and wita a third paraneter coded wita 256 channels, e.;.
represeuting the time difference of the coincident events, would demand more
than 108 channels. This nuge channel nuaber caanot ve realized as randou
access tnree-~dimensional memory matrix, ami if this would ove vossitle data
processing of such great data fields would release new difficulties. To solve
all ine serious problens aentioned above application of mini~ ani micro-
cormputers equinped witn powerful peripheral memories and input/output devices
is recommended.

ssgentially three methods are used:

- 3Successive measurement of preselected parts of the whole multivarameter
spectrum allowing data accunulation in a random access menory,and in more
powerful systems, in combination with a magnetic disk. By this way, a
448 000 channel analyzer was successfully proved / 3 /.

- Zvent-by-event storage using magnetic tape. Tanis allows storaze of all
events, but requires time-consuming data accunulation after {inishing
the measurement.

-~ To reduce channel number, data processing of each arriving event before
storing by utilization of mathematical relationship of parareters, e.3.
for each event calculation of mass number from measured energy and time-
of-flight values ard accumulation of spectra in dependence on mass number.

With increasing power of mini- and micro~computers and with their extended
availability in nuclear physics laboratories data acruisition is more and
more improved. Therefore, at present no asymptotic behaviour in fig, 4 can
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be noticed.

Summerizing tne diagrams figs. 1 to 4 the most important infiuence of micro-
electronics on nuclear physics instrimentation should be directed to data
acquisition, data processing and application of programmed algorithms to con-
trol the experimental arrangement and to obtain more precise measuring
results. Nevertheless, microelectronic components should also be able to
improve some parameters of counters, time analyzers, amplifiers or other
circuits, if new detectors with better resolution are available in future.

Computer-aided measuring systems

In the sixties, "classical" minicomputers like FDP-8 opened the field of com-~
puter-aided instrumentation. This required the development of suitable inter-
face units and stimulated the definition of standardized instrumentation
systems. By this way, in 1969 the ESONE committee defined the modular instru-
mentation system CAlLAC, which found application in most nuclear physics
laboratories round over the world. CAMAC is also used in other fields of
experimental research and partially in industrial control. The structure of
CAMAC modules as well as the operation of the various CAMAC dataways are well-
known, e. g. /4/.

CAMAC offers excellent supposition to control data transfer and data pro-
cessing in experimental arrangements by computers of different configuration:

- BExternal mini- or micro-computer which is coupled to the CAiiAC crate
using crate controller.

- Intellisent crate controller with built-in microcomputer to controll all
the modules of the crate.

- Use of several micrccomputer-equipped controllers in a crate coupled by
means of the auxiliary controller bus, and application of modules whnich
contain microcomputers programmed to control special peripheral devices.

The last mentioned configuration is referred to the distributed data proces-
sing in measuring systems. Applying powerful microelectronic components
remarkable progress in distributed deta processing should be expected, that
means increasing processing capability for experimental data, higher reliabi-
lity, higner precision of measured results, and better efficiency of software
development and modification combined with better clearness of the progranm-
ming system.

Among other application, distributed data processing is able to support
multiparameter measurements with high channel numbers and with high level of
real-time data processing. The modular experiment multiparameter pulse height
instrumentation system MEMPHIS (fig. 5) makes use of a modified CA.AC dataway,
the so=-called COMPEX mode /5/. Up to 16 ADC's can be applied, each of them is
connected with a 8 K x 24 bit RAM and with different analog and digitel pro-
cessing modules. The word length of the multiparameter events which are
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Pig., 5: Structure of modular experiment multiparameter pulse height
instrumentation system MEMPHIS,
CAC COMPEX auxiliary controller, DIF display interface,
CT coordinate transformation unit, ¥ “-parameter window
unit, 2 P 2-parameter window unit, INP input unit,
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transferred to the minicomputer is up to 128 bit. In fig. 6 a million channel
analyzer'tiADALE" is represented /6/. In comparison with fig. 5 this system is
characterized by use of several microprocessors which operate on data of the
connected AD-converters. The parallel data processing allows event rates of up
to 5.10% 5~7 and exnibits more than 106 words of memory.

Contrary to the high~power systems in figs. 5 and 6 more simple data acquisi-
tion arrangement can be realized by use of CAMAC modules 1ike AD-converter,
memory modules and controller with built-in microcomputer, e. g. system
AliCA-80 /7/. The multichannel spectroscopy system 1450 /8/ includes microcom~
puter to control alphanumeric display, input and output functions (real-time
background subtraction, plotting et al.) and special processing (data smooth-
ing, integration of peak areas, and others).

One of the most important demands in nuclear reactor imstrumentation is the
highest possible level of reliability. This is > 3ferred to the long-term
operation of detectors and electronic processing units as well as to the
interpretation of interrupt signals which are caused by dangerous states or
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by incorrect operation of instruments, Using redundant instrumentation, e. g.
two—of-three type redundancy check, and by use of correlation between signal
sources a better decision between really dangerous states and random defects
of measuring techniques can be obtained. In fig. 7 the structure of such a

Fig. 7
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microcomputer-based, "n-line decision aid in nuclear reactor instrumentation
is shown /9/. In this o> in similar cases applicaticn of microcomputers gives
Lisher reliability and security provided that the system-dependent correla-
tions of sensor signals, basing on mathematical models, are taken into



consideration. Microcomputers are able to do the necessary on-line
calculations.

Special applications of microelectronic components

Inprovenents of details of nuclear electronics devices are possible oy use of
nicroelectronic components. But the comparatively low nuaber of suc: devices
winich are aprlied in nuclear piysics researca do not justify the procuctioa
of customer-designed integrated circuits, with excepticn of special anmvlifier
and shaping circuits for multiwire proportional caasbers in high-enargy
physics. On the other hand, by application of bare integrated chips mounted
immediately on the backside of the sensitive detector voluse to do pulse
anplification and pulse shaping, compact radiation detectors with hizh output
signals can be produced (fig. 8).

Fis. 8:
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Another ezample of apniication of amplifier chips is represented in f£ij. &
/10/. This circuit uses chips assenbled as nyorid ciruit. In a special

Fig. 9:
rast timirg anplili=pr
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version the gain is 2 to 15 with risetize € 200 ps offering e. g. the appli-
cation in subnanosecond lifetime measurements with laser excitation.
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The use of data processing elements in portable devices, e. g. dosimeters or
analyzers, should give better performance. In fig. 10 the principle of a
radiation detector equipped with processor, display and keybeard is represen-
ted. In this a single-chip microcomputer, e. g. Zilog Z8, has several

DETECTOR Fig. 10:
— // Principle scheme of a micro-~
s computer-equipped portable
/// ANALOG radiation detect-r
"/ 4+ AND DIG. |-{DISP
PROCESS.

POWER KEYBOARD

advantages: internal program and data memory, more than 20 proszrammable
ioput/cutput lines and an internal counter, which can accumulate the number
of detector signals. Furtner, with suitable sofiware numerical processing of
recorded data rate is possible. In a portable gold analyzer (fig. 11) tne
internal electronic components calculate contents of gold in the mine wall
and indicate their value on the display /11/.

Fig., 11
Portable zold analyzer, with
hign-purity Ge detector

HP Ge-D.

DISPLAY

MINE
WALL

To solve extensive aritimetical operations on a microcomputer, e.;. decomvo-
sition of spectra, {loating point arithmetic prozrams, mathematical functions
and other programs are required. Therefore, at first sight coupling of micro-
processor and calculator chip seems to be of some advantage. According to
fig. 12 an interface performs the input/sutput requirements of the calculator
chip and contains buffers rfor input and output data /12/. From experience it
can be concluded that this method gives a higher calculation rate and lower
microcomputer program memory provi.ded that the calculator chip is able to do
more complicate calculations, e. . exponential and trigonometric funetionms,
or that the numerical calculator chip is especially adapted to the micro-
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computer data bus. By this way, the arithmetic processor An9511A is equipped
with 8 bit parallel data input/output lines and with a signal "end of
operation" which announces the end of calculation /13/.

Fig. 12:

Principle of interface to
CLOCK connect microprocessor and
calculator chip, D1 .o .D,] 1
digit input/output,

Z-80 P1 INTERFACE
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8255 CONTROL output, KN, KO input
5151 control
MICROCOMP.
BUS

In nuclear physics instrumentation, analogue and digital processing of
detector signals is of esseatial importance. Furthermore, other parameters
like magnetic lens current, vacuum, beam current or deflection voltage are
given contrary to the detector signals by slowly changing currents and
voltages. This situation can be compared to supervision of producing devices
where temperature, pressure or mass flow must be measured and converted into
digital values. Automation of nuclear physics experiments, therefore,

requires control of the whole arrangement in closed-loop mode, The single-
chip microcormputer 8022 /14/ includes an 8 bit analog-digital converter

(fig. 13) and exhibits interesting possivilities to do supervis®on and control,

Fig. 13:
r__l Structure of the 8 bit zingle-
cLek 2';%35 &Rms chip microcomputer
INT. BUS
8 BIT
cru I
TIMER 10 8BIT
8 B1T~|COUNTER ADC
8022 f - g
26 1/0 LINES ANALOG
INPUTS

voen using the analog inputs of the 8022 computer. Unfortunately, the memory
is mask-programmed, therefore, the application is restricted on large numbers
of devices or on standard problems,
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A new tendency in data processing circuits is shown by the signal processor
2920 /14,/. This circuit is designed to take samples of analogue signal with
maximum sample rate of 13 kHz and to process numericelly these samples
without additional circuits (fig. 14).

r g Mg, 14:
SIGNAL : S/H H‘Dchm HM}‘EEH‘ Sampling of analog signals
- 520 and data processing using
the signal processor 2920,
} ANALOG SIGNAL 1924 24 BIT S/H sample-and-hold unit,
SAMPLES ATU arithmetic-logic unit,
RAM [JALU DMUX daemultiplexer
'-;A—t;. —= TIME MU %l I
N "
4 INPUTS 8 QUTPUTS

At present there are not known any appliancies of this 2920 processor in
nuclear electronics instrumentation, but this processor should allow simple
correlation analysis of special radiation detector signals.

Couclusions

The application of modern microelectronic components is able to expand the
parameter values of nuclear electronics iastruments, especially the number of
channels in multichannel analyzers, data processing using the principle of
distributed data processing, and data processing in portable devices. In
these fields great progress can be expected in next years. The instrumentation
system CALAC exhibits good posibilities of introducing microcomputers to
control devices and to process data.

Typical nuclear electronics de -ices llke pulse counters, amplifiers,coinci-
dence units or time analyzers are modified in some details of circuitry, but
not in essential properties when e. g. fast ECL gates are used. Further it
must be teken into consideration that microcomputer techniques has developed
special components and methods which obtain increasing impcrtance in the broad
field of nuclear electronics. This is referred to memory chips in analyzers
and buffer memories, to microprocessors and programmable input/output ports
and to the change of long-distance parallel data transfer to serial data
transfer basing on UART and USART chips. This change 1s supported by
expanding local data processing which reduces data rate transferred from data
source to the processing computer.
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AUTOMATION OF EXPERIMENTS BY MEANS OF CAMAC EQUIPMENT 1IN THE FIELD
OF NUCLEAR SPECTROSCOPY

W.D. Fromm
Central Institute for Nuclear Research, Rossendorf, GIR

Abstract

Different methods for automatic controcl nf the experimental apparatus by means
of CAMAC equipment are presented. Stabilization procedures are essential for
long exposure times where weak effects are searched which may be dlurred by
electronio drift or systematic change of the experimental conditions. Examples
for the stabilizaticn of energy spectra, RF-) time distributions and the
plunger-target distance are given. The comparison of related spectra recorded
in angular distribution, polarization or Dopplershift attenuation measurements
can be relieved putting the detector on a stepmotor controlled turn-tadble thus
equalizing the degrading effects with repetitive short expositions for all
speotra.

Int >oduction

I would like to present 4 selected experimental arrangements which are in
regular use in nuclear spectroscopy investigations at the Rossendorf cyclotron.
The experimental information which has to be extracted@ from ,-ray measurements
is contalned in transition energies and intensities as well as in the time of
the registration moment. There is a lot of different experimental methods which
have to be applied in order to determine the level ordering :nd their charac-
teristios (spin, parity, transition probzbility eto.). In this talk we cover
from the variety of experimental arrangements and dedicated on-line programs
only those, where the stabllity and reproducibility of the spectra is guaranteed
applying CAMAC-modules for steering and control of the in-beam experiment. As
a matter of fact the most 1mportant physical information is often connected
with weak transitions near the detection 1limit. Therefore, beneath excellent
energy— and time resolution long exposure times are needed to reach sufficient
gtatistics. Only a very stable apparatus will not degrade the quality of the
spectra and allow the experimentalist to extract all of the physical informa-
tion which may be contalned in the measurement.

The CAMAC system in use for this purpose is based on a parallel branch driven
by a ROBOTRON KRS 4201 minicomputer (16 bit, 32K core memory). The programs

are executed under control ot a fast real-time system which serves only the
standard periphery (1]. The CAMAC apparatus is controlled by means of a common
handler which resides in memory. The application programs are written in
agsembler language. Information on the different programs for data reglstration
and evaluation can be found in [2].

Energy Stabilization

There are different methods in use to stabilize the energetic response ot a
spectrometer. Some Multichannel Analyzers include a precision pulse generator
whioh pulses are fed through the preamplifier. A routing signal prevents the



registration of the stadilising pulse within the spectrum but triggers an
electronic circuit which changes the conversion ratio in dependency of the
recorded pulse height. The problem here lies in the limited stadility of the
pulser itself which furthermore is difficult to measure because of the unknown
stability of the analyser itself. Anotber drawback of the pulser method is that
only changes of the amplification can bs corrected.

The use of internal reference peaks of natural origin and some analyzing program
is another posasibility for the stabilization of the apparatus. Since the ener-
getic definition of a )-ray is orders of msgnitude better than the experimental
resolution his stadbility can be thought as unlimited. Fig. 1 shows a schematio
example of the internal stabilisation method.
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Schematic diagram of energy stabilization

Two peaks from the spectrum are seleoted, one in the low-enargy portion and
the othor at the high—enargy end of the spestrum. The proper cholce of two
well-defined peaks is ths task of the experimenting physicist. The spectrum is
oontinuously updated with pulse heights from the Analog-to-Digital (onverter
(ADC) using the DMA-cbannel of the computer. At the start of tne stabllisation
procedure the exact positions of the selected referenoe peaks F1 and P2 are
determired from the center of gravity of the channels around the peak maximum
with the background subtracted. Two arrays are filled with the channel content
of the two regions of interest. The stabilisation program is restarted by the
Teal-time system after a choosen time (typical oouples of minutes) and deter-
mines the new positions of the two peaks Fi' and P2' from the differential
speotra constructed from the actual channel contents minus ths stored ones.
Afterwards the stored arrays are updated with the actual contents.

A peak drift AP can be caused by a ohangs of the system gaim AV or/and a drift
of the blas levei AS

APL » Pi' - P1 =AS + AV.P1 .,
It ‘s easily seen that in the case of an identipsal drift of the two peaks only
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the blas level has changed. In the case of an energy-proportional drift only
the amplifioation gain in the spectroscopio tract (preamplifier, amplifier, ADC)
is unstable. With the two values for AP the drift in terms of gain and bias
ochange can be computed:
AP2 — AP1 Apt - P2 -~ P4 -AP2

v = - T AS = P2 - P
The drift oan be oompensated if .n ADC is used which allows control of conver-
alon gain and blas level by means of an external applied reference voltuge.
Table 1 shows the influence of correotion voltages for the two ADC types used
for spectra stavbllization in our ladboratory.

ADC-type Producer Voltage Gain ohange Level change
CAMA.04-1 [4] KFKI Budapest 9V 1.5 % direct

Table 1 ADC~-types used for spectra stabilization

Tdinme Stabilization

The beam of a classical cyolotron is bunched as a consequence of the accelera—
tion process. This fact allows for an easy meazurement of time distributions in
the time interval between the particle bdbunches which in the case of the Rossen-
dorf cyclotron is 90 ns long. The Time-to-Amplitude-Converter (TAC) 1is started
by a 8ignal derived from the RF-voltage of the accelerator and stopped by a
-ray reglstered by the Ge-detector. Fig. 2 shows an example of such a time
distridution.

logN D, TAC oc
°9 TIME DISTRIBUTION ons- P9 24 P
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Schematio diagrar. of time atabilization

The possidle timse-resciution 1s determined by the timing characteristios of the
deteotor, the width of the bunch and the stability of the timing electronics.
In a series of measurements we have observed fluotuations of the position of
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the prompt peak in the order of 2 to 4 channels over the time period of a day.
This time shift corresponds to 1...2 ns and deteriorates the significance of
the data for the determination of short halflives « 1 ns. Since the shifts show
no correlation with the room temperature they may be caused by load instabili-
ties or phase changes between the RF-signal and the particle bunch induced by
the tuning of the acceleratcr. Therefore, a method for time stabilization was
implemented.

Again a program 1s started by the real-time system of the on-line computer in
regular intervals. The center of gravity of the prompt part of the time distribu-
tion is determined and compared with the reference value which is fixed at the
first start of the control program. The positional difference 1s transformed
into a DAC-setting. The correotion voltage in the range of 5 V is supplied to
the CAM4.17-2 [5] TAC which changes his bias level in the range of 10 %
correspondingly. If there 1s no stabilizable TAC avallable, the stabilization
van be performed via the conneoted ADC or by switching a CAMAC-controlled delay
line [6] in the start- or stop-channel. The latter methcd allows only for
relatively rough steps of 0.5 ns.

Plunger Stabilisgsation

Very short lifetimes in the picosecond region can be measured with the plunger
method. The exoited nuclel recolling into vacuum decay either in flight with
tne emission of a Doppler-shifted )-radiation or at rest on the stopper foll
(plunger). The measurement of the ratio of the shifted against the unshifted
component of the peak at different target-plunger distances allows the determi-
nation of the lifetime for the transition under study. For very short lifetimes
the measurement of this ratio at distances < 50 ,um 1s very important. Because
of the thinness of the target foil (uniform recoil velocity) and the large
target-detector distance (definite geometry) the maximal possible operational
beam current has to be applied. The thermal load on the target and plunger
folls caases deformations which can modify the distance which was initially
fixed by means of the micrometer screw.

Therefore, the target-plunge: dlstance has to be contimuously monitored. This 1is
performed by the measurement of the capitance between these foils with pulses
from a precision pulser. The distance can be con*rolled by means of a CAMAC
stepmotor driver [7] which is coupled to the micrometer screw. Fig. 3 shows

the equipment which is used for the stablilization of the plunger distance.
Before a measurement with the plunger can be performed the parallelism of
tarzet and plunger foll has to be adjusted. Only parallel alignment of the
folls allows the measurement at distances of few /uh.The practical closest
distance is determined with optical and electrical (polnt of contact) means by
the experimenting physicist. Then the control is switched over to the plunger
program, At first the dependence of the capitance from the distance is measured
within the first 50/um. The pulses are ted through the caplitance of the follcs
(max. 100 pF), are amplified and digitalized. The LAM-signal of the AIC 1s
served by an interrupt handler which accumulates 32 values before calling the
control program which after reglistration of one value commands the stepmotor

to increase the dictance by 0,5 ,um, After the measurement of 100 capitance
values the inverse function which 1s proportional to the distance 1s computed.
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Schematic diagram of plunger stabilization

Both functions are showr on the display unit (see Fig. 3 part A). The zero
orossing point 1s computed by linear regression and is as the linearity of the
curve itself a good indicator for the parallelism of the foills reached.
Eventually the adjustment of the folls has to be repeated.

The physical measurements are performed at certain distances. In order to stabl-
1lize the distance the program has to determine the dependency of the change of
the pulse height from the number of motor steps at the selected distance. A base
width of 40 steps (3 1/um) was choosen. While the )-spectra are registered the
stabilizing pulses are recorded in a special memory region which can be shown
on display (see Fig. 3 part B). The width of the resulting pulser peak is a
measure of the stability reached. Any necessary correction o® the distance with
the stepmotor 1s protocolled on display. Precautions have been ilmplemented to
exclude uncontrolled movement in cases such as loss of pulses or foil break-
down. The significance of the recorded data especlally for distances ¢f50/um
was greatly improved due to the automation of the plunger measurements.

Automation of postition-dependent met hod s

Some methods applied in nuclear spectroscopy make use of a somparison of spectra
recorded at different positions or orientatinns of the y-ray detectox with
respect to the particle beam. In Fig. 4 the geometrical arrangements for angular
distribution, polarization and Doppler-shift attenuation (D3A) measurements are
summarized. The physical interest lies in the determination of intensity dif-
ferences for the transitions recorded at different positions. These differences
are in general small, e.g. in polarization measurements, where the orlentation
of a planar detector 1s changed from orthogonal to parallel, the line inten-
sities differ even in favorable cases by no more than ) . Long measuring times
are needed to get sufficlent statistics in order to determine the peak area with
a precision better than 1 %. As @ oonsequence the measurements at the selected
positions are performed with large time distances from each other (4...12 b).



(A)  ANGULAR DISTRIBUTION

'&'f-y BEAN

DETECTOR

(8) POLARISATION

TARGET
BEAM

.
O ¥ Pamaitr
OCYECTON —
IRIENTATION,

ORTHO -
GONAL

(C) DOPPLER-SHIFT ATTENUATION

DETECTOR TARGET

Fal BEAM
0 U age

Filz. 4

Detector geonetries used for angular
distridbution, polarization and DSA-
measurements

Thus systematic deviations of the
experimental conditions caused by
target activation, variation of
the beam size or drifts of the
electronic apparatus seriously
disturb tlLe measurements. Because
of thelr principal origin the
disturbing effects cannot be
excluded completely. Therefore, we
tried to equalize these aystematic
factors for all the spectra which
belong to one measurement. The
detector was placed on a stepmotor
driven turn-tadble. Instead of oce
very long measurement many short
measuring cycles are performed so
that the systematic deviations
change all the spectra in the same
way. The programs control the
movement of the turn-table by a
CAMAC controlled stepmotor driver
[7] which exhibits a dynamical
regime, where the motor speed
between start and stop is ramped up
and down. In this manner for the
heavy, liquid nitrogen filled
detect.r dewar a positioning speed
of 180 degrees/minute was poasible.
The positional accuracy is very
high (240 steps per degree), for

reasons of oontrol two teedback-pulses per degree are provided.

The data-taking task is given to different programs. The angular distribution
measurements are performed by program WINK which can register up to 15 spectra
of 4096 channels each for the different angles on disk. The program 1s activated
by the real-time system in intervals of 10 minrtes typical. The actual measure-
went is stopped and the spectrum is written to the disk. Then the next position
i1s read from the table and the detector is positioned. The positioning 1s per-
formed by the stepmotor driver alone. While this is 1n progress the new spectrum
with the intezral intensity recorded so far 1s read from the disk. At the end
0% the poaitioning the stepmotor driver raises a LAM-signal. The number of
feedback pulses was counted by a scaler and 1s now compared with the turning

anzle. If the detector was properly positioned the new measurement is started.

Otherwise, an alarm message is typed. The table of the angles to be measured
can be ordered in such a manner, that the switching trom one position to the
other can be performed in a short time (< 30 sec).

Polarization~ and DSA-measurements are performed by means of program POLA. The
two spectra of up to 8192 channels each are constructed in the memory of the
on-line computer., Every 20 to 30 minutes the position resp. orientation of the

detector 13 changed,
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The CAMAC-controlled turn-table 1s now in regular use for all types of position=
dependent experiments. The uniformity of the data was substantially improved.
After some careful initial adjustments the measurement 1s executed auto-
matigoally by the on~line computer. In one special experiment turn—table movement
and plunger stabilisation were working together.
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MINICONPUTER-COUPLED TWO-DIMENSIONAL (TOF,PRE)-IEASUR“MENT POR THE
DETERMINATION OF PISSION NEUTRON SPECTRA UP TO VERY HIGH EMISSION ENERGIES

W. Grimm, H. Mirten, D. Seeliger and B. Stobinski
Technical University Dresden, GDR

Por the aim of the determination of fission neutron spectra up to extremely
high emission energies, i.e. at very low emission croms sections, a high-
sensitive neutron spectrometer, which works two-dimensionally to measure the
neutron time of flight (TOF) and the acintillator proton recoil energy (PRE)
simultaneously, is coupled to the minicomputer KRS 4200 via the standard
interface SI 1.2 and CAMAC. A PORTRAN-4000/4200 program system including
CAKAC and display application subroutines enables the control of the multi-
channel analyger for data acquisition as well as the transfer, check,
correction and the final analysis of the measured spectra.

The apnlication of a minicomputer, which is coupled to the experimental
arrangement via the instrumentation system CAMAC, in connection with the use
of a high-level language, which includes the possibility of direct operation
of the CALIAC devices, enables an efficient organisation of experiments. The
enlargement of the computer storage capacity by external magnetic memories
makes it posaible to work with great data blocks, which are produced in multi-
parameter measurements mainly. In the present paper an on-line exvneriment

for the high-sensitive determination of fiesion neutron spectra up to very
high emission energies by the two-dimensional measurement of neutron TOP

and PRE is described emphasizing the developed program system.

1. Experimental arrangement and on-line coupling to the minicomputer

As represented in ref. 1 in more detail, the high sensitivity of the neutron
spectrometer is based - besides the use of a high-efficient neutron detector
with a voluminous NE-213 scintillator ~ on the heavy shielding and the
electronic n/lyu-discrimination to reduce the experiment-specific resp. the
cosmic background as well as on the two-dimensional (TOF,PRE)-measurement.
In thie way, one is able to select the optimum (regarding background
conditions) PRE range for a given TOF channel resp, channel range. Obviously
this procedure is a problem of data analysis.

Two analogous-to~-digital converters, which recieve the time-to-analogous
converter output and the PRE gpectroscopic pulse respectively, work in
coincidence with the neutron identifying output signal of the electronic
particle discrimination system. The derived 12 bit sum words (64 x h4) are
atored in an intermediate memory of 4 K capacity, which represents - in
connection with a diaplay unit « a multi-channel analyser. 7t is controllable
via its SI 1,2 interface unit. Its coupling to the minicomputer is realized
via CAMAC., The basic arrangement consiste of a 24 bit data input device with
a SI 1,2 input unit /2/ and a anecial control module, which converts CANAC
commands for the control of the analyser and the answer signals respectively.

The FORTRAN 4000/4200 progremming language /3/ including CAMAC and display
apnlication subroutines enables a comfortable working out and modification of
computer programs. To realize an extengive flexibility without excessive
programming effort a nrogram complex was developed, whose parts may be
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connected according to the specific aim of the experiment.

O ZON

2, Program system for carrying out of measurements inciuding data check and
correction

Using the program STAN, which arranges eligible CAMAC commande, the analyser
for data acquisition is controllable. During a complex experiment single 4 X
spectra are transferred into a defined intermediaste file of the magnetic drum
store (READ). Vigsual inepections of the spectra are possible at the analyser
display unit during the measuring run, at the minicomputer display unit during
the data transfer from the analyser to the minicomputer as well as by the use
of the programs DISP 1 (display representation of one eligible line or column)
and DISP 2 (cyclic display representation of the spectrum lines).

Possibilities of exact check of the single sovectra are the determination of
TOP peak nositions (SPUN) and edge positions of single pulse height spectra
(23UK). Both programs are applicated for an eligible region of the (TOP,FRE)-
plane. They are the basis of coordinate calibration also.

Possible timing drifts of the spectrometer are corrected by the spectrum
shifting nrogram KVER, which allows the corrc:tion by any real value. After
this procedure, if it was necessary, the 4 K spectrum of the single measure-
ment is added to the corresponding sum spectrum (with reference to the
meagsurements with or without sample; ADDI). The two-dimensional measurement

of TOP and PRE enables the immediate correction of the pulee height dependent
timing, which may appear in spite of advanced timing methods in the case of the
registration of large PRF ranges especially (pulse height channel dependent
spectrum shifting; £ZYK).

For the purpose of the calibration and inspection it ie necessary to calculate
one-dimensional spéectra for aneligible channel or channel range of the other
coordinate in each case. Por a given TOP channel the PRE spectrum extends to
a maximum value PREM, which is equal to the neutron energy (fig. 2). The PRE
edge position (point of inflexion) corresponds to PREM but a systematic
deviation because of the distortion of the PRE response function by multiple
detection processes. This effect was studied using the :fonte Carlo code

NEUCEP /4/ resulting s defined correction orocedure /5/. Partially the cali-
bration of the two coordinates is possible by the uee of peak or edge positions
of the actually measured spectra. Thie also concerns the PRE calibration by
the determination of PRE edge positione of continuous neutron spectra ne a
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functior of neutron TOP resp. neutron energy due to the energy separation by
TOF measurement. This method requires sufficientiy good statistics and channel
resolution.

Purther prozrams were elaborated for paper-tape input/output (RLSD, WDLS),
for the subtraction of spectra (SUBT), for clearage of storage files (CLRD)
and for a gpecial spectrum output via serial plotter (AUSG).

The run of several programs (READ, RISD, ADDI, KVER, SUBT, SPUN) is observable
on the disolay unit. All essential computer operations are recorded by a
second serial plotter.

3. Data analysis prograns

Generally the background is a function of TOP, i.e., 1t is time-correlated.
This effect doeen”t anpear at sufficiently high PRE, llence, one has to
consider different measuring concepts., The following analysis nrogram
variante were developed:

CALC: Veasurement of apectra with and without sample; determination of the
effect TOP spectrum by subtraction of these spectra considering a
normalization constant (according to the monitor count rates).

CABA: Sole measurement of the apectrum with sample; determination of the
background from a defined region of the (TOP,PRE)-plane, where no effect
could appear for physical reasons.

CEFP: Comparison of the experimentally determined spectrum of a standard
source (Cf-252) with the corresponding standard spectrum (NBS evaluation

/6/); determination of the dctector efficiency presuming the well-known
standard.

After the determination of the effect TOP spectrum for the desired PRE range
the calculation of the energy spectrum is carried out in the usual way.
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The detector efficiency was calculated by the use of the NEUCEFP code
accepting the light output data of Verbinski et al. /7/. The obtained data
were joined as an efficiency matrix depending on neutron energy and PRE
threchold, Measuring the Cf-252(sf) neutron spectrum we were able to confirm
the calculated efficiency data up to 10 MeV neutron energy absolutely within
an error of about 5 %.

The analysis is carried out cyclicly in connection with the variation of the
PRE range. Hence, the user can obtain the neutron energy spectrum with a
minimum of uncertainty in a relatively wide emission energy region.

Using the program LINR a fit of the experimentally determined energy spectrum
to the !Maxwellian distribution is posasible. The output of the analysis
results is realize? via serial plotter including graphical representations.

Supplementary programs have been worked out for the correction of two
annoying effects, which occur in the high-energetic part of measured TOP
spectra especially:

- the fclding of the TOF distribution by the time resolution function of the
experimental arrangement (PALT),

- the displacement of the energy value, which corresponde to the determined
N(E) of a TOP channel, from that of the chennel centre in the caee of &
large TOP channel width and strongly changing spectrum gradient (KORR),

Both programs are also available for the study of the mentioned effects as a
function of equipment and spectrum parameters in order to consider them in
experiment conception.

4, Concluding remarks

The described on-line experiment aimed at the determination of fissicn
neutron emission spectra in a wide energy range represents a versatile-
applicable system, It is easily enlargable with regard to storage dividing,
storage capacity and CAMAC application. The working out of programs is
comfortable bascause of the application of a high-level language and the
direct user-minicomputer dialogue during the program test (compiler program
FOR4).

The described arrangement is used to measure fission neutron spectra up to
about 30 MeV emission energy /8/.
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MINICOMPUTER CONTROLLED SEP-UP FOR THE PRECISE MEASUREMENTS
OF FISIION CROSS SECTIONS

R. Arlt, W. Grimm, M, Josch, W. Meiling, G. Musiol, H.-G. Ortlepp,
Ge. Pausch and W. Wagner
Technical University Dresden, Department of Physics, Dresden, GDR

The paper gives a view of the ucxdware and software design of a set-up for
the precise measurements of f£ission cross sections.

1. Introduction

The cross section of neutron induced fission is one of the most important
parameters in nuclear energy and technology. For instance, this value deter-
mines the neutron flux in a reactor, which is necessary to induce the
required fission event rate for emergy production or for breeding of fissile
materials. The knowledge of fission cross sections is especially important
for such nuclides which appear in reactor fuel cycle, like 235~-Uranium end
239-Flutonium.

The required accuracy in the inclidence energy range which is of interest has
t0 be better than 2 percent, in some cases an accuracy of 1 percent is
required.

2. Physical method of the measurements

A deuteron beam of an accelerator hits a target where neutrons and associated
particles are produced by the T(d,n)Hs"* reaction for 74.7 MeV neutrons or
D(d,n)He3‘ree.ction for 2.6 MeV neutrons and 8.4 MeV neutrons. By counting

the associated particles within a cone defined by a diaphragm the rate of
fast neutrons emitted in an associated neutron cone is determined. The target
with the fissile layer is mounted inside a fission chamber and must completely
cover the cone of the associated neutrons. Counting tae associated particles
and the fission events simultaneously and knowing the number of fissionable
nuclei in the target, the cross section is determined abaolutely.

A fast coincidence set~up strongly increases the accuracy of the measurement
because it eliminates the non-time-correlated background fission events.
Besides, several spectra have to be collected for checking and correction

purposes.

. Measur equipment

The block diagram of the equipment for the determination of cross sections
at 14.7 MeV neutrons incidence enmergy /1/ is 1llustrated in fig., 1. Using
several detectors and conventional electronics, counting rates like ol-rate,
fission rate and some monitor rates are determined (fission chamber FC,
timing filter amplifier FA, constant fraction trigger CFT, photomultiplier
FEU, constant level discriminator CLD, time-~to-pulse height converter TAC
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and others). The minicomputer coupled CAMAC equipment which is used in the
measurement is shown in the field framed by a dashed line. Two analogous-to-
digitel converters ADC are used for spectroscopy of tne registered events.

By means ¢f the coincidence signal (line number 3) whick is produced by a
pulse shaper S, delay unit D and fast coincidence *Co, the converted pulses
are signed. By rewriting the pulses the minicomputer discriminates coincident
events and random events. The diffevent counting rates are recorded employing
s8ix counters C1..+C6.

By use of a multiplexer MATRIX the computer program determines the allocation
of the digital measuring signals to different CAMAC modules in dependence on
the actual task, i. e. using generator GEN pulses to check the functlon of a
special electronic unit.
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Fig. 1: Block diagram of the electronical equipment for measurements
of fission cross sections with 14.7 MeV incidence energy

4, Measuring programm

The principle of the flow diagram of the automated measuring process is
characterized in fig. 2. The measuriag process is subdivided into single
measurements, a couple of them is bound to so-called series of single
measurements. At the beginning of each series a test measurement is carried
out. To do this the well-defined pulses of a generator are given to the
counters. The analogous-digital converters measure cneck spectra. The results
of this test measurement are printed out ziving protocol.
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After this, single measurements are followed. Each single measurement is
finished by the print-out of measured values, like the counting rates
and print-out of calculated values, for example the fission cross section

of this run.

At the end of the series a final test moasurement is dorne only to check
the counters. After the end of each serles the results of all single measure~
ments of the series are summarized and printed out in the protocol.

F

{test measurement—1]

[ single measureuent]
e

analysis of the single

measurement and
output by printer

~ no
end of series” =

[test measurement:é]
 {

snalysis of all the
single measurements of
the series and output
of the summarized data
by printer

end of the 1o

last series.?

analysis of all the
single measurements
and output of the
sumarized data by
rrinter

D

Fis. 23
Simplified flow diagrem
of the measuring progran

Furthermore, the program includes & command
system to interrupt and to control the
measuring process by the physicist.

By means of some commands, the physicist is
able to break the measuring process for
modifying the further measuring strategy

or to stop the whole experiment. The
commands exclude any destruction of the
measured data. That is very important, if
the measuring process is already run for
many days and the operator gives an in-
correct command or data inmput. Also there
are many facilities to save the messured
data after disturbaunces of the minicomputer,
the CAMAC hardwara or others.

The first measurements for the precise
determination of the fission cross section
were done in 1977 using this measuring
programu,

Concluding from the increasing reguiremsnts
at the physical metkod, the software systen
must be lmproved and revised sevsral times.
The last revisicn was done in 1481. ‘The last
versicn Of the measuring program reguires
all the memory of the KRS 4200 minicomputer.
It is written in the problem and real-time
oriented CAMAC 4200 language /2/.

5s Results

In the last years the fimsion cross seation
measurements were carried out at 2.56 MeV,
8.4 eV apnd 14,7 MeV by using the se&ua
CAMAC imstrumemtation and measuring program,
Reaults are published in /3/. Thesa valuea
have been meas:red many times showing a
good agraement, for instance, the obtained
accuracy of the values of 235~Uranium us

1.1 percent at 14,7 MeV and 1.5 perceat a{ 2.6 MeV.
In this year, the fission cross rectlion measureusents were carried oul at
(8440 ¢ 0.15) MeV neutron lucidsnce energy. The fission criss section valu»
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of 237-Neptunium obtained in these measurements is (2.151 + 0.45) barms.
The values of corrections and measurament errors are given in table 1.

Correction | Error
(in %) (in %)

Coincidence statistics 1,42
Chamber efficiency:
Extrapolation to zero 1,95 0,50
fregment absorption 2,20 0,40
Ass.part. detection: -3
Statistics 10
o —background 3,09 0,85
neutron scattering 0,23 0,12
Target:
Areal density 0,90
Layer nonuniformity 0,50
virtual thickuaess 0,10 0,05
Random coincidences 3,GC0 3425
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X-RKY SPECTROMETER WITH MICROPROCESSOR
George Horkay dr, and Joseph MolnAr

Institute of Nuclear Research of the

Hungarian Academy of Sciences, Debrecen

Abstract

The X-Ray Fluorescence Analysis /XRFA/ is a widespread method analysing chemical
elements, For evaluation of the spectrum and the quantitative analysis a minicom-
puter and for data acquisition a multichannel analyser are generally used, Our
purpose was to solve the data acquisition and processing with a milicrocomputer
containing an analog to digital converter., This dedicated-eqipment is quite
inexpensive, easy to use and the concentration of the chemical elements in
percentage is shown immediately. Changing the program /that is EPROM chips/ this
microcomputer system can be easily modified for analysis of different specimens
in perfectly different branches of science,

Introduction

The XRFA is a widely accepted technique enabling the buik composition of a wide
range of materials to be determined in a non-destructive manner., The principle
of the analysis is wellknown [1]. Some kinds of excitation /radicactive source,
X-ray, accelerated particle/ can remove electrons from the inner shells and
vacancies brought about can be filled in frum higher shells., The energy differen-
ce between shells will be radiated in form of so-called characteristic X~ray,
characteristic for the chemical element, The energy of characteristic X-ray
depends on the atomic number /Z/, and its intensity is connected with the
quantity of excited atoms that is with the concentration. So quantitative analy-

sis can be performed too.

Depending on the energy the characteristic X-ray photon getting into a semicon-
ductor detector produces more or less electron~ion pairs collected by a charge-
-sensitive preamplifier., The preamplifier is followed by an analog signal
Processor, Its task is to produce a signal proportional to the energy absorbed
in the detector, According to our experiences the task is mostly the quantitative
analysis of a few chemical elements in industry, agriculture, medicine, arche-
ology, metallurgy etc, For this aim a multichannel analyser together with a mini-

cvmmiter is very complicated, expensive and requires well educated persons.

Appeararnce of micruproceseors gave a good ovpportunity to apply a microcomputer
containing an analng to digital converter after the analog processor, The
handling of this dediceted-equipment becomes very simple and requires no

oxpertress and the result that is the concentration in percentage i1s shown directly.



Quantitative XRFA
In the quantitative analysis one of the most significant problems is that the
connection between the intensity of characteristic X-ray and the concesxration
of the chemical element is not a linear function,

One of the most significant difficulties in the quantitative analysis is the
matrix effect,

The matrix effect means that in the case of a given concentratioa the intensity
measured depends on the quantity and atomioc number of the other chemical
olements in the specimen,

Another source of error in quantitative analysis may be the interference of the
speciral lines, For getiing the intensity of a given chemical element it is
necessary tg consider the interference with empiric overlapping factors by means
of the spectrum of known standardspecimens,

Finally knsowing the intensities the concentration of chemical elements in the

specimen can be determined,

Instrument hardware and software

The data scquisition and the calculation of concentration are solved by a micro-
computer based on INTEL S080A microprocessor, Fig, 1 shows the scheme of the
data processing system consisting of the main units:

- logical unit,

- central processor unit /CPU/

- analog to digital converter /ADC/
- memory unit

-~ display control unit

- I/0 interface, perirheries.

The connection wit.. the analog signal processor is maintained by the logical
unit, The logical unit gi~ves the measuring time and interrupts the CPU when
the measuring time is up and gates the interrupt-requests of the peripheral

devices,

The CPU has a usual structure: it contains a microprocessor and an additional
clock generator and driver /8224/, the system controller and bus driver /8228/
and the priority interrupt control unit /8214+8212/,

The analog signal processor produces a pulse proportional to the energy of
characteristic X~ray photon in accordance with the chemical elements of the
specimen, This analog pulse gets on the analog to digital converter /Type: Burr=
~Brown ADC 84KG-12 for 12 bits with 10 Vs conversion speed/ together with a lo=
gical signal of convert command, The ADC is connected with the CPU through a
programmable peripheral interface /8255A/ as a memory mapped 1I/0, The converted
value is handled as a memory address., So the characteristic X-ray photons of
given energy are collected on this and the neighbouring memory locations by inore-
ment of the mewmory location, If a convert command does not arrive the CPU is in
wait state and returns to the program loop of data acquisition when a conversion
is ready, The time neocesszary for digital processing an analog pulse and inorement
of the memory loocation is 2) /us.
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The mewmory unit consist of two parts:

- operating program is placed in 16 kbyte PROM memory area built from
2716 chips,

= 2 kbyte RAM memory /Type: TMS 4045/ serves for data acquisition
addressea by the ADC, 2 kbyte for storage of intermediate results and
for stack, 3} kbyte for alphanumeric and graph disply refereshing memory.

The display control system is a selfrefreshing type which can solve the screen
refresh autonomously, The alphamumeric control unit can display 64x32 ASCII
characters or quasi-graphic symbols, The graph display control unit can draw
histogram in 512 channels., The channels can be marked by changing intensity or
blanking.

The peripheries of the equipment are as follows:

- TV monitor is used for interactive measurement

« Line printer /Type: EPSON AN-101F for 21 columns/ sdaves for protocol,

- Hexadecimal keyboard /Type: TKI T 6084-F/ is used for input of commands
and data of spectrum,

- These inputs and errors took place during the process are checked by
8 LED disilays /Type: TIL 311/.

The main source program was written in the INTEL 8080 assembly language and we
used a cross-assembler operating on PDP 11/40 minicomputer to get the machine
codes, For checking and debugging the object program a CAMAC intelligent crate
controller system produced by KFKI /Type: CAM 1,15~1/ was used.

The main pro_vram must solve the evaluation of characteristic X-ray spectrum and
must give the concentration of chemical elements in percentage from the counts
of pulses coming into the energy windows, The parts of the main program are as
follows:

- an interactive program to control the measurement in form of a dialogue
through the TV monitor

- data acquisition program serving the ADC,

- speetrum display routine for 512 chanels

- a program surveing the peaks of the spectrum, giving the area /inten-
sity/ under the peak,

= display and printer routines to protocol the results

- floating point arithmetical routines

Up to now there are a general purpose program for measurement of intensities of
spectral lines, a program for determination Ca~content of hair and for decision
of concentration of golden and brass specimens,

Conclusion

The expensive systems oconsisting of multichannel analyser and minicomputer can
be perfectly replaced by a data acquisition and processing system with micro-
processor reviewed for given work, The dedicated~equipment can be suitable
without any modification of hardware for analysis of most various kinds of
specimens, The task is in this ocase to develop the software., In such away this
dadiocated-equipment involves the opportunity of general purpose data processing
XRFA too,
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A TIME OF FLIGHT SPECTROMETER FOR GAMMA CORRELATED NEUTRON SPECTRUM MEASUREMENTS
IN /n,n’8/ REACTIONS

B,V.Cewkin, A,A,Lychagin, V,S.Nesterenko, N.N,Shadin, A.I.Gonchar, A.I.Mironov,
S.E.Suhin, Institute of Physics and Power Engineering. Obninsk, USSR and
T.Sztaricskai, G.Ch.Pet§, Institute of experimental Physics, Debrecen, Hungary

A neutron time of flight spectrometer based on a pulsed neutron generator
have been combined with a Ge/Li/ spectrometer for the study of /n,n’¥/ reaction
at 14 MeV, The spectrometer renders the simultaneous measurements of neutron
time of flight spectrum /without gamma coincidence/, prompt gamma rays energy
spectrum /without neutron coincidence/ and the time of flight spectrum of neut-
rons coinciding with two different energy intervalls of the prompt gamma rays
from the same sample, The spectrometer used a computer as a data collecting and
evaluating device
Introduction

The combination of a neutron time of flight spectrometer with a gamma spec-
trometer gives possibility for the detailed study of interactions of fast ne-
utrons with nuclei. More experiments were carried out with gamma correlated ne-
utron spectrometer for the study of /n,n’/ gamma reactions mechanism [1,27 and
with neutron correlated gamma spectrometer for the study of the gamma oultipli-
city of excited nuclei [3] .

An accurate study of /n,n'd/ reaction can be achived by the combination of a
nanosecond pulsed neutron generator, a neutron time of flight spectrometer and
a Ge/Li/ spectrometer with accurate timing. The experimental setup described
below was based on the IPFE’s KG-0,3 neutron generator [’4] and has been develop-
ed in a cooperation with the IEP in Debrecen,

The e rimental setu

The lay out and a simplified block diagram of the spectrometer is shown on
Fig.1.

Figure 1.

The experimental setup
of the spectrometer ba-
sed on the KG-0,3 neut-
ron generator,

The main parameters of the spectrometer:

= ¥idth of the neutron pulses: 4 nseo
« Repetion rate of neutron pulses: 2,5 MHs
= Average target current: 2.3 uA
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~ Traget holder: 18 mm of diameter, 250 mm of length stainless steel tube with
0.2 mm thickmess. A version was described in [6] ,

-~ Energy range for neutron detection: 0.3 - 8 MeV

~ Energy range for gamma detection: 0,150 - 4 MeV

~ Neutron detector:4" diameter, 2" height NE 218 with XP2041 PM tube, gamma
compensation circuit described in [5] , time resolution:1.5
nsec in the mentioned energy range with CFT, efficiency at
2 MeV: 42 &

Gamma detector: 35 c# Ge/Li/, energy resolution: 4.5 keV at 3500 pps/1.33
MeV/, time resolution: 8 nsec at 8500 pps for the 847 keV
line of 5656 with ARC timing

- Monitors: M-1 : BF3 based long counter

M-2 : 70 mm diameter, 50 mm height stilben with
FEU - 30 PM tube

The function and the block diagram of the spectrometer

The spectrometer is suitable for the collection of events:

I. group: TOF spectrum of secondary neutrons without gamma coincidences
/0~511 ch/

III. group: TOF spectrum of secondary neutrons coinciding with gammas under
the photopeak /Ey,/

IV, group: TOF spectrum of secondary neutrons coinciding with gammas in the
background region above the photopeak /E¢Y2/

V. group: energy spectrum of prompt gammas not coinciding with neutrons

The distribution of the groups in the analyzer is shown on Fig. 2.

T Figure 2.
The distribution of

] "7, il

"/\4L ./”‘i /:L channels in the spec-
Ay trometer

o 52 o 8% 2 wn

1 i m v v

! I

L——— X —-L——— v —L z J

The block diagram of the spectrometer is shown on the Fig.3. The primary
neutrons and the elastiC ones are rejected by the RC rejection circuit, The
neutron-gamma coincidence is detected by the COM commutator circuit.

The COM delivers output 1 if the gamma and neutron are coinciding. The spec-
ial "OR” unit gives one output pulse if the gamma is in the E/a'l/ energy range
and two if the gamma energy corresponds to E/gz/. The COM and the "OR" circuits
control the digital offset in the addrees counter by the X, Y and Z lines. The
energy signals from Ge/Li/ are analyzed by the ADC, the time of flight signals
from the neutron detector are measured by t—sA~9T and T-s»N converter, The adqg-
ress counter and the monitors are coupled by DMA to the MINSK-220 computer in
the Computer center of IPPE. The standard programs for measurements and data
evaluation are stored in the main computer.
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Figure 3.

The block diagram
of the gamma cor-
related neutron
spectrometer

MINSK-22D
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A CONCEPTION FPOR THE CONTROL OF A SPECTROMETER IN DUBNA POR POLARIZED NEUTRONS
BY ¥UANS OF A SYSTRY OF MINY, AWD WICRO, COMPUTERS

#. Schwenkner
Technische Hochschule NMagdeburg, Sektior NMathematik und Physik

Abstract

Computer techmology and in recent times most of all microcomputer technology
have revolutionized measuring techniques aslso in nuclear physics. In the
present paper, a conception that enables a control sffected completely by
computers is explained. This control is realized on & spectrome‘er for pola-
rized neutrons.

Punctions of the control

The measuring sequence on a spectrometer is to be automated with regard to an
effective utilization of the measuring time on a reactor and for radiological
protection. To this end, a system of micro, and mini, computers is available.
The control and monitoring of the sequence of all the operations is dore by the
microcomputer. The following parts of the spectrometer are controlled by it:

-~ three axis of the magnet goniometer,
spectrometer arm with the analyzer,
detector amm,
collimators.
On the whole, the comception is extendable up to 16 components to be moved
three of which can be moved simultaneously.
Two CAMAC crate controllers take control of the other specirometer functions.
These include:

~ survey of the magnetic field strength of the sample magnetic field,

- temperature control of the sample cryostat,

- control of the vacuum in the neutron guides,

- release of the time-dependent triggering of the spin flippers with

varying magnetic field strength,

-~ registration of the time-of-flight spectrum,

- securing the data and

- representation of spectrums on a graphic display.

Hierarchy

The sequence of all movements is surveyed by 2 microcomputer. The main part of
this computer is the Robotron CPU K2521 /1/ with the microprocessor U 880. As
far as storage capacity is concerned, it has a 9 Kbyte EPROM and a 3 Kbyte RAM.
A control desk on the front side enables the performance of all movements in th=
off-line mode. In the on-line mode, the orders and data come from a crate
controller. This controller KKMP-7207-~2 has been developed in the JINR Dubna
/2/. Using an adaptor circuit board, one can replace the microprocessor, which
is equivalent to the Intel 8080, by a U 880 type microprocessor. This leads to
a reduction of the expense for the software development., Moreover, its wider
range of capabilities can be fully utilized, apart from the interrupt treat-
ment. This crate controller ie also the guide computer for the spectrometer.
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It permiis the contrcl of only one crate. That is why there is a second con-
troller of the same kind for the other crate. They are connected by link
module of the ZfK Rossendorf. In the data transmission a conception similar
to the PDV bus is used. The experimentator has small computers of the PDP
11/20 and PDP 11/70 types at hand for the evaluation of the stored deta in
the remote measuring central station. The arrangement and connection of the
microcomputers used on the spectrometer is shown in Fig. 1
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Fig. 1: Arrangement of the microcomputers
on the spectrometer

control computer for the sequence of movements
Control desk
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Fig. 2: Control elements on the front panel

Pig. 2 enows the position of the control, and indication, elements on the front
panels

- indication of the axis to be moved,

- indication of the present position of the adjusted axis,

- preselector switches for the axis and the iniended position,
7 push~button keys for the functions Start, Stop, Forward, Backwaxd,
General Stop, Run-Back and Reset,
-~ programme selector switches Manual, Automatic, Supervised, and Moni.or.

The control operations are recognized and carried out partly by interrupt
(Scart, Stop, General Stop), partly by polling (rest).
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Operational sequence
The Start key sets that axis in motion that had been selacted by means of
the preselector switches. On your pressing the key, the intended position is
read in anl the control programme is activated. Stop enables an untimely
stoppage of the selected axis. All the motions are discontinued by the General
Stop key. The functions Forward and Backward are only activated as long as the
respective keys are pressed. A remote control for them ig prepared. Faulty
operations and haerdware defects that are recognized by the software are
indicated as error.numbers on the display.

Software

The arithmetic moduls for the :alculation of all control media and position
values are at hand. They enable the performance of the fundamental calculation
operations, the BCD-to- dual code conversion and vice versa. These moduls use
integ.rs with a word lengths of 16 bit. Standard routines have been altered
such that they calculate the sngular positions in the range between 360 and
~-360 at an accuracy of 5 decimal digits. This ensures an accuracy of 1/100
degree on the part of the software.

For the control of the motors, programme moduls have been developed that can
controi up to three axis in the time-sharing mode. There are subroutines for
each phase of the motion sequence that is shown in Pig. 3:

: .
3
—_
Poshtigning phese
11
Taartiny Pogiion e Intonded
poton position Fig. 3: Phases of the motion sequence

~CTVT activates the axis in the queue,

START switches the required operating voltages on and checks their indication,

ACCRT controls the motors during the acceleration period,

I'OVE controls the motors during uniform motion,

3RAKE supervises the motion during bra'‘nug,

POSTN takes contiol of the unilateral pusitioning,

.TOP switches the operating voltages off and does the cancellation in the
queue.

very programme is active for no longer than 20 ms. It is started every 25 ms
by an interrupt from a CT7., A modulo=4 counter connects step by step an index
register to the following group of axis., The fourth interrupt is provided for
a time-out function.

For testing the programmes during the development period and later on without
additional development systems, a monitor is included in the programme system.
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It can be switched on by means of a rotary switch on the eonsole. The monitor
is a —educed version of the SM-88 type monitor /3/.
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MICROCOMPUTER CONTROLLED SET-UP POR THE MEASUPEMENT OF DIFPERENTIAL
NEUTRON SCATTERING CROSS-SECTIONS

J. Potnig
Technische Universitdt Dresdeh, Sektion Physik

In this paper a set-up for the measurement of differenia’ ueutron scattering
cross-sections is diecribed. Usir~ microcomy ters for control und ‘ata pre-
processing and a minicomputer for at.ta endprlacessing, thias is an example

for specialization of the comr{inx -otential, the 2o -<al.sd distributed
intelligenz,

A picture of the apparalias is shown 1ir fig. 1.

LINK

Fig,1: Feasuring apparatus

The neutrons n, zZenerated 'y the 7(d,njHe reaction, catch a ring-shaped
sample S, The detector * yeceives only such neutrons n', scattered in a
well defined nngleq’. This angle is determined by the geometry target T/
sample S/cGetector D, It can be varied changing the distance L between sample
and detector, A shadow bar hinder the neutrons trom a direct flight to the
detector. By %ie help of a sovecial sample-changins equipment it is possible
to meusure s« erul samoles under same conditions.
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The spectroscopy is basea on the tims-of-flight-method. Star. pulss is given
from devices following the detector. Gated ty a n/¥ -discriminstion, stop
pulse comes from a pic-up system &t the gtnerator. Some sther detectorms

are to monitor the associatieu particles, slow and fast neutrons.

To minimize drift basing errors & time-of-flight gpsctrum at one augle
position ia determined as the sum cf some sinzle apectra, measured for short
time.

Before suming the single spectrum to the sum, it is inspected by the micro-
computer.and if necessary sorrected.

The data endprocessing is done by a KRS 420C miniccmputer.

Another microcomputer, SDK-80, is used %o -nutrol the neutron gener=tor /1/.
The c.upling betwesn the computers goee via CAMAC-CAMAC-datalink models,

All operations to control measurements and data preprocessing are superviged
by the MPS 4944 /2/. The operator has the possibility to make a dialog with
the computer to input the process parameters.

The program is written in assembly language, using the TAMAC-enlargement

of the assembler /3/.

To realize arithmetical comoutatious a powerful flosting pcin* arithmetic

i3 used,

Pirst test were done, but long time measurements will be startel .n next
future. About the results will be spoken at one of the next symposie.

References:

/1, Gleisberg,P. et al.: Proceedings GauBig 1380, 167

/2/ - : NPS 4944, Pirmenschrift 2ZfX Rossendorf, 1973

/3/ Psthig, J.: Programming systems for CAMAC control at the M¥S 4944
Microcomputer, Proceedings Rathen 1981



30

NRUTRON SOURCES
M.Drosg, Inet.Exp.Phys., Uriv.Vienna, A-1090 Wien, AUSTRIA

A overview of currently employed neutron sources and potential new neutron sourc:s
is given. Special emphasis is laid on monoenergetic sources on one hand and on high
intense neutron syurces on the other hand. The advantade of accelerating the hz2avy
reactiog partnel 1n mogoenergetic sourles is stressed, as is the case for tho
TH(t,n) 3He and the ﬂ( Li,n) 'Be reactions. In addition, the potential of the
H(t,n)“He reaction as a Aigh intense neutron sourse. especially Zor radiation
therapy gurposes is demonstrated. In addition it is showm that both the 3JH{d,n)4%de
and the “H(t,n) reactions are pot=ntial high intense whitz neutrc¢n sources approa-
ching che excellent target power-per-neutron ratings of spallation sources at much
lowe: energies and consequently vith much less penetrating background radiation.
¥inally, new evidence supporting the evaluated daifferential cross sections orf the
H(d,n) 4He reaction for deuteron nergies up to ‘1 MeV is presented and the status
of the differential cross sections of the 2H(d,n)3He and the 3H(p,n)IHe reactions
is discussed.

1. IntroducCtion

Next year (1982) it will be 50 years that neutron sources are at the disposal of
physicists. Durinrg ti.»Se years many practical applications have ariscn. Conse-
quent .y many types of ne.’ron sources have Leen and are being developed to comply
with these specific needs. The primary application of neutron sources is now re-
lated to energy generatics; with emphasis on the provision of physical parameters
for the utilization of fission- and fusion energy systems. Also important are neu-
tron sources for medical ise, i.e. for cancer therapy anl bio-research in general.
The other applications, like isotope production, activation analysis, neutron radio-
graphy, neutron Qosimetry, geological explorations and many more have already a
rather long tradition which redulted in several special types of neutron sources
tailored to *he specific needs. Also basic research ranging from condensed matter
studies a-. very low ener3ies to the very high energy neutrons for elementary par-
ticle interactions asks for specific neutron sources and their continual improve-

ment,

Of courcz, the present paper cannot cover all types of neutron sources extensively.
hfter 2 short overview of the more important sources it will discuss aspects of
high inteanse neutron sources with applications in condensed-matter studies and
cancer therapy. The emphasis lies on properties of monoenergetic neutron sources.
Thege sources together with reactors and white sources from electron linacs pro-
vide about 90% of the neutron data.

2. Overview

Neutron sources can be classified in several different ways. Tulsed sources are ver)
important because of the straightforward neutron energy determination by the time-
of~-flight method. With steady state (or continuous) sources the detection of a pramt
associated particle igs necessary to allow the application of the time-of-flight
method.

In most cases the starting point in choosing a neutron source would he the newntron
energv. Of the more than 14 decades of neutron energies presently accessible (from
ultra cold to very high energy neutrons) about 9 decades have general importance
(thermal to fast neutrons and somewhat beyond).
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The next consideration would be the intensity. In several cases it is the limiting
factor in performing an experiment. In other cases the available intensities are
higher than the detection system can handle.

Finally the spectral distribution of the neutrons is important. Same experiments.

like the measurement of neutron emission spectra after neutron bambardment requir:
clean monoenergetic neutron sources. Other measurements, like total cross section

measurements, can be done more efficient with a broad distribution of neutron ener
gies f.e. with white neytron sources.

Usually one is not free to choose the reaction type that would produce the neu-
trons to the above specifications. One has to choose among the possibilities at
the home installation. Therefore, in many cases the ready availability of a source
overrides drawbacks in other areas.

Thus the frame of the present overview is given by the technical realization of

the neutron sources.
2.1. Radiocactive neutron sources

Radioactive neutron sources are small, cheap and readily availakle. However, the
intensity is usual! - small, the gamma background serious and the radiocactivity a
health hazard. The isotropic emissi~n of the neutrons makes them suitable for
standard fields. They are used as neutror standards, as calibration sources (esp.
for dosimetry purposes) and in several special applications (e.g. geclogical ex-
ploration).

2.1.1. Photoneutron Sources
Photoneutrons from 98e and ZH are monoenergetic if suitable gamma sources are
used, 2‘Na (half life 15 hours) gives 967 keV neutrons with Be and 263 keV neu-
trons with 2H. '2%sb (half 1ife 60 days) gives 23 keV neutrons with Be. Sources
between 1 keV and 2.5 MeV are known but not a'l of them can easily be used. Aside
from short half lives of the gamma scurces which necegssitate a connection to a re-

search reactor for producing them, neutron tails ir the spectra give problems.
2,3)

1,2)

2.1.,2. 'a,n) Sources
Neutrons are generated by the (a,n) react:on from a variety of light isotopes bet-
ween 7Li and 19?. The most common reaction is, however, 9Be {a,n) with a Q-value
of 5.7 Mev. Nowadays, the alphas are from the decay of transuranium isotopes
(mainly 239Pu and 2‘”Ml) rather than from Ra. There is a wide neutron energy
distribution extending to energies up to 12 MeV.

2.1.3. Spontaneous-Fission Sources

Among the several isotopes with spontaneous fission which are readily available
and which have a suitable half 1ife and a high enough neutron yield only 2520¢
(with a half life of 2.6 years) has gained importance. 252Cf ic a fission re-
ference source with a well established neutron energy spectrum between 0.1 and
10 MeV. Its shape is well described by a Maxwellian distribution with T = 1.42
MeV 5). Therefore this source is used for instrument calibration and efficiency
determinations.



2.2. Reactor-Based Neutron Sources

The fission reactor is still a main neutron source. Most of the nuclear industry
is based on it. About one quarter of the neutron data ars taken with a reactor as
a source.

High fiuxes are needed when monoenergetic neutron beams are isolated from the wide
energy distribuvtion of reactor neutrons. Aside from Bragg scattering at low ener-
gies 6) and fast choppers the neutron window filter allows the selection of di-

stinct neutron energies. The 6 presently used energies could be increased to about
20 energies between 30 eV and 2.3 MeV. Several of these energies are difficult to
access by other means. Filtered beams are very stable and reproducible sources of
neutrons with usually good signal-to-background ratio for the monoenergetic line.

For more details see the literature '~ 2).

2.3. Accelerator-Based Neutron Sourceas

One advantage over the reactor-based sources is a c-mparatively simple incerpo-
ration of a pulsed beam structure enabling neutron time-of-flight measuring tech-
niques. In the cassz of white neutron spectra similar filtering technique as with

reactors can be applied 7

tc single out reutrons of juet one energy. Because this
is done only in special applications, filters are usually not a permanent instal-

lation like the reactor-based fil:ered beams,

White sources are well suited for total cross section measurements and are optimun
for high resolution neutron resonance spectroscopy. White neutron spectra are ge-
nerated by charged particle reactions below aboui 200 MeV, by spallation processes
triggered by protons of about .o9 eV and by photoneutrons from bremsstrahlung.

On the other hand there are neutron producirg two-body reactions which give mono-

energetic neutrons between 2 keV (from the 51V(p,n)51Crreaﬂjon 10, and 23 Mev

(from the 2Hlt,n)“He reaction H)). Abcve that energy no instrineically monoener-

getic neutron source is known. To find the optimum moncenergetic neutron source

reaction for a given problem the following source properties must be considered:

a) neutron yield at the maximum allowed energy luss in the target and the maxi-
mum beam current provided by the accelerator or permissible by the power rating
of the target

b) additional energy spread due to angular and energy straggling of the beam in
the target (and its windous) and due to geometrical factors

c) signal~to-background-ratio or possibility *o correct for the background

d) apparent energy spread due to transit time of charged particle beam in targct.

In many cases, however, the practicability of a source at a given facility will be
decisive. Fig.1 compares the neutron yield fcr neutron production up tc 20 Mev
with a 100 keV energy spread for 7Li(p,n)7be and 1H(7Li,n)78e with Q = ~1.644 MeV,
for 3H(p,n)3He and 1H(t,n)3He with Q = ~0.764 MeV and for 2H(:!,n)3He with

Q = 3.269 MeV, The reaccions 3H(d,n)4He and ZH(t,n)4He with Q = 17.590 MeV are not
included because their yield is so small that, except for the 14§ MeV resonance,
where it reaches 107 n/(sr-uC', the curve is below the lower frame line. The 0°

cross sections for these reactions are shown in Fig.3 of Ref.11.


http://Ref.11
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The contribution of straggling to the
energy spread depends on vz and the tar-

get time spread depends on v of the projec- 2 ——rTrre Ty
tile particle. Therefore, if the total neu- ‘Hit.n) He

tron energy spread is compared, a smaller 1 :'H(WJ.nTBe p
cross section can provide the same effec- ::: IH.(P.n) He
tive yield as was shown for the produc- 05} 'Ll(p.n)'Be .
tion of 8 MeV neutrons by the 3I»l(p,n)3lle g;: lH(d.ﬂ) He t-H :

reaction when compared with the 2l'l(d,rx):;l'le

o
X
w
3
reaction 2}, .'Q_ azr
However, in many cases a yood signal- -
to-background ratio 1is more important 3 n?;t
than a high yield. For each reaction there % oo
is only a limited range over which the > g:
source is truly monoenergetic. Between O om}
8 and 14 MeV only the 1H(t,n)3ﬂe re- g ooz}
action is intrinsically monoenergetic. lil
Therefore it is the only reaction that > b
can beused in this energy range to nooaf
measure double differential ncutron g%
emission spectra of materials asso- 03 0S
ciated with fusion plasma contain-
ment ) . The reduction of background
grom thaje target structure (for the Fig.1. Comparison of primary neutron
H{p,n) "He reaction) was discussed pre- yields at zero degree for a neu-

viously 14) . tron energy spread of 0.1 MeV.

Another difference in background behaviour stems from the reaction kinematics in

the laboratory system. Three distinctly different emission characteristics can be

recognized:

a) neutron emission both isotropic in energy and intensity (e.g. 14 MeV neutrons
from the 3H(d,n)‘ﬂe reaction)

b) forward peaking of both energy and intensity (e.g. 2H(d,n)3He reaction at high-
er energies)

c) containmer.t of neutrons in a forward cone (whenever projectile is hsavier than
target, e.g. 'H(t,n} He °) Ya(’Li,n) e 19)).

In the case of the usual zero-degree position of the sample, case a) is obviously

the worst case. All of the room is iliuminated evenly with neutrons of similar

and

energy so that energy discrimination is of little help. Cage b) is already much
better. Neutrons emitted under back-angles have less energy and their intensity is
smaller. Conseguently room backqround can be suppressed more easily. Case c) is
the optimum, The restriction of neutrons into a forward cone makes even shadow
bars for scattering anglazs outside the neutron cone unnecessary. Besides, the room
background will be minimum.

The hydrogen-based reactions allow absolute neutron flux determination or flux mo-
nitoring by means of the associated rarticle method 17,18) . Por 7L1 (p,n)7Be the
agsociated gamma ray technigue 19) can be applied for the same purpose.
2.3.1. The Pour Important Monoenergetic Neutron Sources

The 3H(d,n)‘:le. 3H(p,ﬂ):;l-le, 2l-l(d,n):;He and 71.1 (p,n)78e reactions are the most used
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monoenerdgetic neutron sources. Their status and that of other monoenergetic sour-

11,20)

ces was reviewed only recently . Therefore only an updating is necessary.

3H[g,n!3ne. The (10+4)% lower solution (as comrared to the Liskien evaluation 21’)
for the zero-degree excitation function at the resonance near 3 MeV 22) is suppor-
ted by an R-matrix analysis 23). However, the overall agreement in the shape is
still not satisfactory. Part of the problem is the strong energy dependence of the
cross section which requires very accurate energy determinations. The discr:pancy
between the total n-?'ﬂe cross section and the sum of the elastic and the 3llz(n.P):’ll
cross sections in the several MeV range is still not settled.

2H(d,n!3ae. Incomplete differential cross sections for energies up to 40 MeV 24)

have been included into the evaluation 25). The good agreement of the integrated
data with a previous prediction by extrapolating own data 26) is shown ‘n Fig.2.
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Pig.2. Integrated cross section of the Fig.3. Bnergy dependence of the 0o° and

reaction 2H(d,n)3He. The line is the 180 gross sictions of the
the prediction of Ref.26, the data reaction “H(d,n) *He. The dashed
are from Ref.24. curves are from liskien (Ref.21).

3Hgd‘nz4ue. Three excitation functions of the reaction 3H(d,a)n at 18.0°, 27.3°
and 37.0° between 4 and 11 MeV 2N coincide above 7 MeV (where own data had been
available) witn the predictions of the previous evaluation 28). Below 7 MeV the
evaluation was slightly revised by including the new data and it was extended
down to 3 MeV 29). This good agreement shows that the Liskien evaluation of this
reaction 21 is obsolete at higher energies because it differs up to 20 % (at
6.5 Mev and 180°) as shown in Fig.3.

ZLLQ&angg; New integrated cross section data show for energies up to 200 MeV
a simple energy dependence of the form OT(B) = exp(-1.05 1ln Ep + 6.77) with Ep
in MeV and o in mb. A similar relation applies for the total n-‘He cross section
31). Another simple energy dependence is that of the total

2H(d,n)3ne cross section 26).

30)

as was shown before

The availability of bunched heavy ion sources suggests the exchange of the target
and projectile and to produce neutrons via the 1H(’Li,n)7ae reaction 16). Neutrons
are emitted into a forward cone only,giving all the advantages discussed above.
The "monoenergetic range” is from 1.44 to 3.84 MeV, up to 8.18 MeV there will be
additional ncutrons from the excitation of the 0.429 MeV state in 7!0. Although
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the o° yield of this reaction is quite favourable (see Fig.1) the presence of the
1300 c.m. neutron Jroup at c° compl! cates the gituation. First measurements of
this reaction have been reported 32)
2.3.2. White neutron sources

Photo Reaction<. The typical installation

MeV electrons with a heavy target (e.g. Ta, W, U) in which bremsstrahlung is ge-
34)

3% is an electron linac for 50 to 150

nerated releasing photoneutrons (and fission neutrons) from the target. Recently
a cheap low-energy version was prcposed with electrons of less than 12 MeV. A com-
bination of Ta for the (ev7,y) process with Be or 2H for the (y,n) process would
give neutrons with En< 4 MeV. vThere would be no high energy background, the in-
duced radiocactivity would be small. The machine, its installation (less shizlding),
its operation and maintenance would be relatively cheap. With the same power dis-
sipation in the target the n2utron intensity would be about the same as in the
bigger machines. However, the necessity of a long target (about 30 cm) reduces the

source brightness and increases the time spread 35).

Spallation. Protons with energy of about 109 eV produce in a heavy target (Pb,U)
neutrons, charged and neutral pions, v-rays, spallation products, fission etc.
These high energetic primary products produce secondary ones and a cascade deve-

36) are generated. Most

lops. Up to about 30 neutrons per incident 800 MeV proton
of them have an energy of less than 1 MeV. For spallation sources the target
power per neutron is minimum. Therefore they can be used for high flux sourxces.
However, the high energy particles produce rather severe high energy background
of all kinds.

Charged Particle Reactions. With smaller accelerators nuclear reactions of pro-

tons or deuterons can be used for efficient neutron production. Be 37-39 ~nd
Li 39'40)are favourites as target materials. Protons on Be have been suggesteu for
cancer ﬂruapy37land the Fusion Material Irradjiation Test (FMIT)} facility in Richland,

Washington is based on deuterons on Li 40).

2.4. Nuclear Explosions

The extremely high neutron flux after underground nuclear explosions allows mea-
surements and technigues not feasible with other sources. At a capture probability
close to one multiple neutron capture becomes quite likely allowing the production
of heavy isotopes. In addition, cross section measurements with minute amounts of
sample material, of rapidly decaying radioactive material and in the presence of
high radioactive background are feasible. The occasions to use such a source are
fortunately scarce and consequently these sources have no general importance.

3. High Intense Sources with Triton Beams

The use of triton beams on hydrogen does not only give low background due to the
forward cone as discussed in 2.3.1., but also a high yield of basically MONO-
ENERGETIC neutrons up to neutron energies of 17.5 MeV. By optimum choice of the
target thickness and by dumping the triton beam in a well shielded beam dump it
is therefore possible to avoid, in principle, the production of neutrons below
a certain energy as is needed in cancer therapy 41). It was shown 15) that with

a beam of 1.2 MeV tritons on hydrogen and a neutron cut-off at 10 MeV (i.e. with
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a mean neutron energy of 12 MeV) the target power per neutron is about a factor
of 70 less than for the 3E(d,n)‘ﬂe with the same high encrgy neutrcn dcse at 1 m.
The (white) Li(p,n) source which was also proposed to be used in cancer therapy37)
has the same favourable power per neutron dose rating. However, the average neu-
tron energy is lower (9.6 MeV), there is no low energy cut-off and there is neu-
tron background at back angles.

Table 1. Dissipated Target Power per Table 1 campares target power per neu-

Neutron tron ratings of various reactions. Usu-~

(6]
Reaction Incoming Power per PFPor 0 n- ally, the r dissipated in the target

Type Energy Neutron Production
{(MeV) (GeV/n) (GeV.sxr/n) is the ultimate limit for high intense

3H (d,n) ‘He 0.2 ca. S ca. 40 neutron sources. Therefore, this rating

e -Ta 140 3 is a basic property of a reaction to be
9Be {d,n) 15 1.2 used for a high intense neutron source.
Li(d,n) 35 1 New in this list is the inclusion of the
1H(t,n)3ﬂe 15 0.8 <o.8a) reactions using triton beams. Whereas
2H(t,n) 16b) 0.3c) 0.5 1lil(t,n,):,!ie gives a high monoenergetic
3ll(t;,n) >34 ? ? yield in the forward direction, the
fission - 0.2 2H(t,n) and 3H(t,n) reactions have high
p-U 1000 0.05 break-up yields, i.e. a wide energy
p-Pb 1000 0.02 distribution of neutrons. Own data are
a) for E¢ = 26 MeV, no break-up available for the neutron yield from the

b) target 6 MeV thick
c) estimate from incomplete angular 3
distribution are available for the t-"H reaction. It

t—2!! reaction, but no cross section data

takes 33.928 MeV for the complete breakup into 2 protons and 4 neutrons, i.e. two
thirds of the nucleons are neutrons. Considering the improvement by going fram
t-’ﬂ to t-zﬂ, a similar or even a more nronounced step could occur from t-zi! to
t-3H. This would take the reaction 3H(t,n) close to 100 MeV/n for the target ener-
gy per neutron. The obvious advantage is the lack of very high energy background.

The practicability of this source or its inpracticability is still to Lo shown.

4. Conclusion

The additional evidence by the associated particle data 27) verifies the latest
evaluation of the 3H(d.n)‘lle reaction 29) well within its total uncertainties of
about 2% 28). Por the differential cross sections of 2H(d,n) 3He the situation has
been even better for some time already 28). So accurate reference cross sections

are available covering neutron energies between 2 MeV and about 35 MeV which can

‘2). Por the 3l'l(p,n)Jl'ie reaction inconsist-

22)

be used e.g, for detector calibratiocns
encies of the order of 4% exist for proton energies below 10 MeV

The use of triton beams wjth hydrogen targets promises high neutron yields with
low power dissipation in the target. Clean high energy neutrons to be used in can-
cer therapy (or radiation damage studies) are available from the t-’H reaction.
Intense white neutron spectra which could be moderated and used in condensed
matter studies are available from the t-zn (ané the t-JH) reaction. The lack of
very high energy background components and the adequacy of a rather small acceler-
ator makes these reactions attractive when compared with the spallation process.
However, the technical realization of high intense triton-beam-based neutron sour-
ces will not be straightforward, neither is it for high intense spallation sources.
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THE PNG-300 NANCSECOND PULSED GENERATOR

L Vasvédry, T Sztericskei, G Pet8j Institute of Experimentel Physics, Debrecen
B.V.Devkin,

Institute of Physics and Power Engineering, Obninsk,

A nanosecond pulsed neutron generator with klystron bunching system has been
constructed, The width of the neutronpulses is sbout 2ns with a repetition of
400 ns. The compression factor of the klystron bunching system is about 10, The
average neutron yield is 109 n/s. The neutron generator has been constucted for

the study of gamma transition in higher excited states in the interactions of
fast neutrons with nuclei.

Introduction

The accurate prompt gamma rays spectrometry can give data to the study of
the interaction of fast neutrons with nuclei., The use of a pulsed neutron sou-
rce for prompt gamma anslysis increases the peak to’'background ratio and decr-
eases the gamma detectors load, The use of a nanosecond pulsed neutron source
allows & combination of e neutron time of flight spectrometer with gamma det-
ector for more complex investigation too. A report on the construction of the
nanosecond pulsed neutron generator has been given earlier 1>, The realisa-
tion of this project was helped by the Institute of Physics and Power Enginee-
ring, Obninsk,

The pulsed ion source

The short pulse duration and high ion current are basic requirements in the
case of different pulsing methods. After comparing the different systems, the
klystron bunching method was chosen 2)» . Though the velocity modulation
after acceleration would produce shorter pulaes, but because the lack space in
our Institute this method would make the scattering free arrangement much more
less perfect,

The RF ion source consists of a 45 MHz push-pull oscillator constructed of
two GI6B metal-ceramic electron tubes, The output power of the high frequency
oscillator is about 200 W. The extraction electrode is protected by the usual
quartz cup. The ges consuption of the ion source is regulated by a mechanicel
leak, The ion current of the source is higher then 1 mA,

The deuteriumbeam from the ion source is focused by a simple electrostatic
immersion lens, Because the ground potential of the second part of the immer-
sion lens, the base plate and the first part of the lens is connected to the
variable focusing voltage of 0-30 kV, The extraction voltage, adjustable up
to 6 kv, is added to the focusing voltage, The distance beiween the ion source
and the bunching system is about 60 cm, so an additional focusing lens became to
be neceseary, This einzel-lens consisting of three digphragmaat about 20 kv,
creates a D' beam of 2-3 mm of diemeter on the first diaphragm of the bunching
system and does not charge the energy of the beanm,

The first two deflector electrode in the bunching system corrects the beam
position in the system by DC voltages. The D* beam is chopped by sinusoidal
10 MHz signals with an amplitude of 400-800 V by the second deflector electrode
pair. Changing the amplitude of the chopping signal, pulses of 20-30 ns dura-
tion cen be obtained, When the energy of the entering beam is 20 keV and the
frequency of the velocity modulation is 20 MHz, the distance between the two
gaps of the klystron is about 35 mm., After entering the acceleration tube, the
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beam is accelerated on u lenght of 80 ca, and it resches *he tritium target, Supp-~
osing an sccelerating voltage of 200 kV, the amplitude of velocity signal is
about 1500 Volts.

Applying a selector signal of 50ns width an amplitude of 300 V on the third
pairs of deflector plates, the sequence of the neutron pulses can be changed

3>.
The electronic control units

The pulsed ion source is controlled by several units, These units are:

1/ The X-tal controlled base oscillator genersting both the 10 MHz end 20 MHz
signals as well as triggers the selector amplifier, The ~.:ase of the trigger sign-
als can be shifted independently from the 20 MHz signals.

2/ Preasmplifiers., They gain the signals, coming from the base os-illator to a
suitable level for the operation of the power amplifiers.

3/ Power asmplifiers,
-A push-pull 10 MHz amplifier consistsof twy PL 500 electron tubes provid-
ing symmetricesl signals,
-A 20 MHz power amplifier, with asyametrical output, consists of a GU-50
electron tube.
-The selector amplifier, consisting of a triggered blocking oscillator with
an E236L electron tube.

The acceleration tube and target holder

The acceleration tube are constructed in a homogeneous field metal-glass bond,
including 16 scceleration electrodes, The voltage of the electrodes is supplied
by & resistor series wich are embeded in epoxy resin., The totel resistance of
these resistors are 300 Mohm.

The target holder has bsen constructed using a mininuﬁ? The solid terget its-
elf has an sluminium backing. Becsuse of the small current, the thermal dissipat-
ion 1is not larye, therefore the target cooling is made by forced air,

Because the target is placed on high voltage, the target current is connected
to a current to frequency converter, An optical ieolstion 1. used et the terget
current measurement, The anslogue signals of the pick-up electrode are feeded by
sinilar way to the ground potencial, The pick-up signals visualization is made
by a 200 MHz oscilloscope,

High voltage power suppl

The AC voltage for tha 150 kv high voltage transformer is stsbilised by a 5
kw AC regulator. The primary voltage of the high voltage transformer is varis-
ble by a motor driven variac. The high voltege power supply consists of a volt-
age doubler with selenium rectifiers, The 70-300 kV output of the power supply
is breskdown protected by an 200 kohm high voltage resistor,

Vacuum system

The vacuum system of the generetor consiets of a 1000 1/s diffueion pump, e
mechanicel duplex pump /20000 l/h,/, a 1ligquid nitrogen trap end soms additional
components, The ion source ie placed on the lower end of the vacuum manifold,
the acceleration tube with the bunching system etands on the upper end of it,
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Remote control, control desk

The generator is remcta controlled by the control desk., The ion source, the
bunching system and the acceleration voltage can be contolled and most of their
parameter can be tested from the control desk., The high voltage part of the neu-
tron generator: the high voltage power supply, acceleration tube, target are
shielded by thin aluminium sheets in a distance of 1,70 m end the high voltage
is interrupted by the opening of the door in the shield,

The setting in to operation, the adjustablement of the optimal paraemeters
has been done by @ 70 x 50 mnz stilben, FEU-30 PM neutron cdatector based TOF
spectrometer, The start pulses used in the TAC are originaced from the bas.
oscillator. The minimum neutron pulse width obteined by generator is about
1,5-2 ns,

A block diagrem of the generator is shown in Fig, 1,
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Fig.l. The principal block diagram of the PNG-300 neutron generctor
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COMPUTER CONTROLLED POWER SWITCH MODULES POR SMALL ACCELERATORS

F. Gleisberg, G. Jacob1)
Technische Universitdt Dresden, Sektion Physik, GDR - 8027 Dresden

1) now Zentrum fiir Forschung und Technik der Mikroelektronik, Dresden

Opne of the most important problems to realise an automatical comtrol of an
accelerator by a mini- or microcomputer is the development of final control
elements and transducers. Other problems are t' * realising of the interface
and the programming of control- and optimization routines [1] . The different
current- and voltage supply units depict the msjor part of all the final
control elements at a cascade generator. A computer control of the control
elements must be possible. A part of these power supplies are located at
high voltage potential. Hence additional demands are following:

- adjustability by a computer

- high stability of the output voltage or the output current

- low noise of the output voltage

- great contro’ range

- high efficiency

-~ small dimensions

- potential difference of 300 - 500 kV must bte bridged between
computer and power supply unit.

A cascade generator with a high frequency ion source is represented on
figure 1.

Sonde 4..Bkv

Sender 1..2kV
| Meizung
WF -lonenqualle Gosventit
Beschisuni .-
ctrecke e I I'— Koskede 1350... 300kV

Umienkmegnet @

—

Torget X

Fig. 1i1Cascade generator with high frequency
ion source
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Power supply units of 10 kV, 2 k¥, 20 V and 2 V are necessary ou the high
voltage potential., Then the main accelerating voltage follows. Less it has
to be adjusted as to be stabilized and supervised. The different low voltage
power supply units are on earth potential to supply the deflecting magnet
and the quadrupole lens doublett. Instead of the high frequency iun source
a duoplasmatron ion source must be applied to generate a beam current
greater ten milliampers.

On figure 2 a duoplasmatron ion source with extracting and focusing electrode
is shown. A gmeat number of power supply units are necessary on high voltage
potential: 50 kV; 40 kV; 200 V/10 A; 50 V; 3 V.

Rekivelyss
Sesventid

Anotu il b
novInA souv/sten. | { 10Mv/10ma

Fig. 2: Duoplasmatron ion source
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Fig. 33 Data transaigsion across high
potential difference
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The demands to the space saving construction and the high efficiency are
principle fuvlfilled by switch made power supplies. Commercial devices
fulfilling the demanded voltage, power parameters and needed control range
were not available. Therefore speclal developments were necessary.
Additional units were also developed for the data transmission crossing
the high potential difference. In figure 3 an example is represented.

The data word from the computer 1s converted into frequency by a digital
to frequency converter. Py the generated frequency a light emitting diode
is driven. The light pulses are given into a light transmitting cuble.

At the other end of the cuble an optical receiver is placed on high voltage
potential and a converter transforms the frequemcy into a voltage.

For the electronical control of a power supyly an analogue input is
sufficient in the simplest case. Ihe output signal is proportional of a
fixed input voltage.

A digital input iato tne power supply is favourable for the ri<ing of the
precision, above all in the direct neighbourhood of the accelerator, where
great parasitic voltages are generated.

An input for optical signal fulfils on the power supply unit all the demands
to the highest freedom from interference and the greatest potential
difference.

The message of each adjusted actual value must be effected to the computer
for control, supervision and record. A directly display of the actual value
is fevourable for the operator. Therefore warious outputs are possible. They
are in this succession:

- analogue output in the low voltage range O - 5 V or
0 -~ 10 V proportional to the actual value

- digital output

- frequency output

- optical output.

The power supply units for the cascade generator can be decided into two
groups in proportion to the demanded output voltage:

1, low voltage < 2kv
2. high voltege > 2 kV.

The known circuit technique of the switch mode power supplies can be applied
for the first group of the power supply units, For the voltage range over

2 kV we must carry out special developments [2] . Through new circuit
techniques could be attalned the following parameters:

Output voltage 1 = 10 kV variable
Input voltage 220 v, 50 Hz
Output power 100 w (300 W)
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Btficiency >70 %

Stability of the

output voltage 1 %00

Roise of the

output voltage 1 %00

Volume of the

power supply unit 120:215:22011113

_BGS plug in unit)

This power supply units are produced vresently in small series. Tha
technique of solution allows a relatiw free moveament variation of the
output parameter adequate to the demands. A parallel or series connection
of some power supplies 1is possible to increase the output power.

In present works are running to develop power supply units to attain an
output voltage of 50 kV and an output power more than 1 kW.
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A PERSONAL COMPUTER BASED ION BEAM SHAPE MEASURING SET-UP

T. Sztaricskei, L.Nyitrei and I.Berkes
Ins:.iute of Experimental Physics, Koesuth University, Debrecen, Hungsry
A personal comsputer bssed ion beam measuring set-up using an 8x8 electrocu:
ion current probe has been developed, The messured cucrrent data are multiplex-
ed on the data bus of a < 80 besed ABC-80 personal coamputer, The use of the

computer makes possibls essy evaluation of current data for the determination
of ion opticel paremeters in s duoplasmatron einzel-lens ion source system,

Introduction

The coemonly used moving electrode ion bssm monitors of the accelerator
technique[1,2] give a low sccuracy measuring possibility for the investigation
of the shape at low energy high current ion beams, The beam profile indicators
with metrix geometry [3,4] make possible the more sccurate messurements but the
opticel evaluation is too difficult [5], The uniformity investigstions {6,7]
on large volume magnutic multipole ion sources, based or matrix arranged probes
analogue multiplexer and analogue or/and digitsl storage oscilloscopes, make
possibility for the visualisation of besm shape of the sources, The use of dig-
ital storage oscilloscope [8] in at the uniformity measurements makes easier
the eveluation of the data and the determingcion of the Leam shape using & comp~
atible computer,

The matrix electrodes ion beam probe

The constructed metrix electrodes ion beam probe serves for the study of spas
tial distribution of ion beesms in a low energy accelerator under construction,
In order to obtain the necessary dats for a directly observable map, an 8x8
electrodes matrix probe was used, The probe consists of titanium diaphregm and
suppressor electrode with matrix arranged holes on them end in an insulator
spaced current probes which terminate the ion beam generated in the ion source.
The probe separstion is 5 mm, To obtain the needed information along the beam,
the probe can.be moved in 8 range of 50 cm slong the geometrical axis of the
beanm,

The currents of the impigning ien beam on the probes sre analogue multiplex-
ed on the input of the ADC, A Systrom-Donner model 7205 digital multimeter hes
been used as ADC, The BCD outputs of the multimeter are coupled on the data bus
of the ABC-80 personal computer, The measured current data have been stored in
the 128 Byte POKE field of the ABC-80,

The neaaurihg systenm

The block diegram of the system is shown in Fig,l, It corsists oV the multi-
electrode beam probe, an 64 input analogue multiplexer, the DMM as ADC, an inte
erface coupling the measured data on the pereonal computer and the ABC-80 its-
elf,

The ABC-80, produced in & LUXOR-BRG cooperation, in a basic arrangement has
a TV receiver as display and a twin cesette system for data storage. The A3C-8C
is 8 Z-80 bseed system with 16 kByte of ROM /BASIC interpreter, programs tor
grephical display, ect,/, 16 kByte of RAM and an 128 Byte extra memory /POKC
for the direct deta storage not cleared with the RAM (9],
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Fig, 1, The block diagram of the ion beam shape measuring st-up.

The use of the model 7205 DMM as ADC makes the measurenent a little bit
slow, The measuring cycle of the DMM is about 0,25 s ElO] ., 80 the measurement
of the current distribution in the beam takes about 16 seconds. Using the DMM,
an electrode by electrode direct menual measurement on the beam is possible,The
analogue multiplexer ghows the position of the megsured electrode ir the
matrix,

The syncronisation of the ABC-80 with the DM is made by the interface, The
interface controle the operation of the ABC~80 by the RDY /Z-80‘s .IAIT/ input
and couples the DM1’s BCD output lines to the pareallel data input, The pulse
from the INP/O/ output of the ABC-80 generates a transfer commend in the int=
erface for the OMM output and the DM PRINT COMMAND gives the handshake pulse
at the end of the D! measuring cycle at the given electrode, The handsheke
pulse switches the analogue multiplexer on the next electrode and activates by
the ABC-80 by the RDY, The ABC 80 reads in the current from the electrode and
generates the next INP/O/ signal, After the 64 cycles the ABC-80 closes the
date ous and allows to read the evaluation programmes from the casette,

The used programaes

The used progranmmes [ll] viere written in BASIC, More short progremmes have been
developed for the measurements and data evaluation, The mostly used programmes
are:
1,/ "GRAFI": a programme for graphical display of the position of electrodes
on the TV screen
2,/ "MICRO-1": Data collection programme
3,/ "MICRO-2": Dats evaluation programme for the
- Dieplay of current data on the electrodes position

« Determination of: Ima I

x* “min’ Iaveraga' I/1-9‘1/

I1I in

- Determination of the electrodes location for Imin max

ten ranges
- Display of electrode position in the above ranges /visuslizat-
ion of the beam shape/
Some new programmes are under developement for the fast determination of
bean divergence, emittance velues on the basis of the measured current deta and
the operztion parameters of the DP~30 ion source einzel-lens system [12] .
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CHCTEMA YUPARARHEA C PACIPENENRHHOd HTEANEKTY. ~EHOCTHD (cyrH)

8. Xuxwars, P. ¢maae
llearpaxpuyit NHCTRTY? AAEDHMX mccHoxomaxmit AH TAP, Poccenmopd

I. Beeaenxeo

Paspnrae rexumxw Quamueckoro SxcOepRMeHTa NpeABABAAer NOBHMNEHHME TPeCOBAHEA K
craCuAR3aINE ycuoBuk SKCHEPNMONTA, ORHEM N3 KOPOPUX ABASETCH Bexrop nyuxa, llo
37oft NpiUYNEE BO3HNEREA 3aXaYa M0 CO3ZAHND CECTOMH JupapEeHNA, KOTOP2aR EOHTPOXN-
PYET BeChb nponecc, BAYNEANMNACH OT PemEMR YCEXODEHNA N KOEGaDmMECH uRtepnpera~
nuellt Pu3aNvecEKNX De3yABTarTOB.

Taxan cucress yupamaenss /I/ AoxXHa WMe?h: ORAAflH-CBASH C Goasmoit IBM ama o6-
PaCOTKN (N3NUECENX AQHHEHX M CHCTEMY C pacnpeaexneHroff MHTEANEXTYANBHOCTED. -
GeKTNBHOC?S MOZOGHOR CHCTOMH 3aPHCET TaREEe OT popus csiax YENOBEK - IBM, mo-
TOpai ROXZHA YYNTHBATEH NCEXOAOMNYECKNE ACNeKti. Hmme mpezcramxenmsn peayxnrars,
NOXyUCHRNE HAMN NPM PeNCHNN yxa3aanol npodaems,

2. Cacrema ynpasxenms
CymecrBennuMu npeamymecrBauy CYPH smaspres:

= DO3MOXHOCTH N3MEHCHNA CTPYKTYPH B mponecce pasoTH;

= YBGNNYCHHAA BUYNCANTENBHAA MONHOCTD #, KAaK CHOACTBNE, NGBHNEEHAA Gucrpora
peaxnur Ha COCHTNA B CHCTEME;

= BO3MOXKHOCTH GBTOMATHIOCKOR ARATHOCTHER;

= NOBHEEHHA HaZeXHOC?h W3-38 ABTOHOMWOR PAGOTH OTAGNBHMX NOACECTEM B cayvae
BHXOZA8 3 CTpPOA HAE O0PKA3a OZAO) M3 HEX,

Puc, I
Cucrena ynpamaemmn o pacnpexezemsoft ERTORAOKRTYAISBOCTID



99

B samscamoces or mpoduas pesacwoll 3aRaME B OTACEMEMX BOACECTCMAX ECEOIRIYETCH
JB¥ pasasymoro mma. Codanieamse rpeGosamnmil B0 CPANZAPTESQIEEN N MOXYAMNOCTN EpE
COSRARNN CHRCTGN’ DeaRNIYPYCE npsmcmenmos crampapra KAMAK,

Cuemmpaxa - 329N aPTOMATESAINN B8 JCKOPETCISX TPo(yeT TPE TEEA CHORBAALENX CEC-
reMnux moAyael:

- JRM ceasamd memxy coboll wepes LINK - woxysm KAMAK /2/, maxoxsmmecf » xpefird
KAMAK xaxzoR JBM, rax KX MOKCEMAIGEO0C PACCYOSENG MOXAY TOYKAMN CBE3E OXNN
xanoxerp. Unpopsanms 9epes LINK - mOAYER NEpeRACTCR NOCACRAOBATOAREO0 CO CXO—
pocrsn 2.10° Galir/cex,

- Jxn ynpamieENR yAaneEmnm xpefiramm or JBM 3 IrEX xpeliTax ECHOABIYETCE ChO-
gmansauit xpelir-xorrpornep /3/, npmies cmass JBM ¢ yAanemmay xpeliTom DPOX3BO-
ANTCS Yepes LINK - MOAYAN. Korrpoazep yAaxemsoro xpelira mozer padorars COB-
NM6CTHO ¢ mErexxexryansma KAMAK woxyasm B X2HBOM XpoliTe C BOMNONLE BCLONO-
rareassofl marncrpaan (ACB - marmcrpaxs)

- Jaanennue Epeftyn MOrYy? BaXOANTCH NOA BANDABSHEEM 3 EECROALKO COT KNEOBOABT.
[oaroMy » ZNENAX CBR3E C HEME CTOAT ONTOANOXTPOHEMG® PA3BN3xm /4/, CEOPOCTR
IEePeASNN 96PO3 KOTOPHS COCTARRACT IO5 Gaftr/cex.

3. Ceaop YRNOBEX - JBM

dpdexruproc?s B3ammoReicTBER wexosexa ¢ 3BM omnpexeasercd crenemsd KX saEMEOR

npacnocoGaesHoCTN APYT K APYTY, KOTOpAs, B CBOD O4YePeAb, 3aBNCET O faKEX Ka-

9ecTP YeAOBeKa, KaK ONWT, BOCHPANNUNPOCTH N T.0., T.6. B KOHOUROM Cuére 0T m—
3N0AOPNYECENX BoaMoxBocTell yemonexa /5/. lipomecc NpECNOCOGNGHNA NPON3XOANT My-—
TeN .OCACAOBATEABHOTO COrAACOBARNA Tpedomammil co cTropoHM dexosexa x or JBiM.

[IpamencEme Amcmuefdinoll rexHm-
EN IPEBOANT B RaHBHOM CAyUSE &
zenaesony appexry., OdpaCaru-
paesan NEpopManma pa3dusaercs
$yHERUNOBANEHO R BHCBEUNBAETCA
oneparyopy » BHAe CTATHUSCROr0
H3o0paxeHNs, 9?0 NO3BOAAEY
YAOOHO MOAB30BATHCA 3Toft WEjOP-
sanmefR,

Orra3d B padore ySTAHOBKH B~
3WBADT CTPECCOBOE COCTOAHKE
oneparopa, ANR yueHbEMCHHS KO-~
TOPOTO H MOAT7YEHUT UeAecool-
pAa3HOR peaxmu® oneparopa cuc-
TeMa aBTOMBTNYCCHEHN Neperaer
onepaTopy yRasaHNA M COBErTM,
lo BaceMy onwry npmcnocofxe-
BNe oneparopa K IBM nMpoECxo, 2 ¢ ~-ABENM TPYAOMe IJTY NPOULGAYPY MOXBO OGXEruE?h
C nowomM® RHAABHAyaRbNON PTBOPYScKON AGATEALHOCTN,

Puc, 2
HaoOpazenRe Ha Aucmaee



4, Onepanmmonnan cuorewa Axa CYPH

Oneparnmonnas cucrema xng CYPH ZoazxHA yAOBROTBODATH CACAYDMMME CYWECTBOHHHMH
KDETEpHAMAS

- xaxgag JBM Zoaxea yueTh padoTarh ABTOHOMHO;

- Bce JBM B cucreMe NOAXKHN OHTH PABAONPABHH.

Hanwgre yrasaHHMX BuEe KDETOPHOB HCKEDYAOT UEGHTPAABHYD OMOPANMOHHYD CHCTEMY.
OnepanmoHHas cHcroMa Ans Kaxpod OBM momer OHTH KK craHAaapraana (npuodperennas

BuecTe ¢ 9BM), TAR M HANNCAHEAR CAMHMN MOXB30BareNAum /6/. llepexavam# uepes
sMoxyn® LIFK ynpaBnfder LINZ-hendler, Ozue us BapuanToB LINK-handler's yexxy

9Bl TPAi I MURpomponeccopod MPB - 4944 HaXOARTCA B BHACTOANEe BPEMR B JKCIIya-
ramn /7/.
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MAHAMMA3ALMA TOKOBWX NOTEPH B TPAKTE SIEKTPOHHOIO ilMKAN:POHA
3. Xuxwaus, B.D. lunnewanu, I'. N
llenrpanbHult WHCTNTY? ARepHMX MccaeZopamuit AH TP, Poccenmopd

1. Bsezenme

B Bacrofmee Bpeud SHAUMTENSHO YBEJIMURNMCH MOMHOCTH ¥ CIORHOCTH BCEBOBMOKHHX
NPOMHINIEHHHX M HAYYRHX JCTHOBOK. Bclencrame 3roro aBromMatM3anHs TAKEX yCTaHO-
BOK C npuBneyermeM JBM NpUBOAAT K CHOAYDMMAM Pe3yABTATAM: onepaTop YCTAHOBKA 0OC—
BoOOXAEETCA 0T 3HAYMTENBHOR BONH QM3HUECKOH M yucCTBemHOM Harpyaxu, Y4T0 NO3BoO-
afer eMy Gonee rAyGOKO BHUKATD B MPOLECCH, NPOMCXOAALEE B yCTAHOBKE, NOBHUAR
TEM caMHM cBOO KBanupuxaumn /I.2/,

B nanHo# paCore onuCHBAETCA NMPEMEHEHHE ANTODUTMA NOCAEAOBATENHHOMN ONTHAMUBALME
ANA MRHAMH3ALMM NOTEPD M YNpaBNEEMA TOKOM HyYKa B TDaKTe MHECKLUM ¥ B Nponecce
yCropeHua Ha 3MEeKTPOHHON MOZeNu u30oxpoHHOre uMKnOTpoHa JAN OUAM /3,4/.

2, lipusuun neicTBUn

CTpyKTypHas CXeMa CHCTeMH ONTUMM3ALMM H YNDABJEHHA TOKOM MyYKa UMKAOTPOHA NO-
kasaHa Ha puc. I, U8 cxemu BuAHO, uTo IBM EC-IOIO yyacTmyeT B BupDagOTKe ynpap-
aAvmEro Bo3AeHCTREA W, ,
KOTOpOe 4epe3 Deryaarop
Ry BauAer Ha ynpaBaADOmUe
napaMeTpPH Xy .

CTOY l PyTE]
smfm Ta | ponycupvrownn roanr f" -
HOB

b )
¥
3
L e~
v

Ax5 1‘.
[ g *, “(
| Puc, I
Rs Ry °
_ - CrpyxTypRAA CxeMa
Qe R{: perynupyeumse aneumenrH
Wy e " W, : ynpamaamgee BO3AeHCT-
dewo ;x—hgo Wao e *° Bue
| W(p ¢ BaAaHHAR BeNUYKHE
W

: W, ¢ H3MGHEHHe B 3afaH-
w 74 £ 00 HYD BeNHYKHY

X4 ¢ perynupyemue napa-
MeTpy

Yo~ 3aJiaHyafl BeNMYMHA WIS COOTBETCTBYNMEro napaserpa, cayxamang AnA yCT&HOBKH
HAYaJNBHOT'O PEeXUMA Pal0TH YCKODUTENAR M Wi -~ HIMEeHeHue 3a7aHHON PENMAYMHN,

B nauHo# padoTe ANA ONTHMM3ALMM MCIONBSYOTCA TONBKO MATH MAPAMETPOB LUKAOTPOHA
(1= 1,2,3,4) u &1a ynpaanenua oAMe ( 1= 5), ocranbHue napaMeTpH OCTANTCA He=
nauerHuMu, llepemensne 1= I 70 5 He 3aBNCAT APYr OT APYyra.
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3. Omucanxe aaropETMa

Cxema ANrOpNTMA N300pAaReHA HA pHC. 2. Ha cxeme MOZEO BHASTH NPOTEKEHEE OpPONEC-
ca CTaOMANSAINN TOKa OyUKa HA BEANUNHE I° Opa ero KoneGaHNAX BO BpPeMeHM. Buzmo,
YTO0 SIrOPNTM HMeET TPX PA3RNVHHX EAI& Nponecca, BRANUGENG UNTAHNR N rpyfad nox-

CTepe

Jeranosna or OBM LI T

Buapweune nuraxus ¥ rpydan noxcTpoixa YOKa fnywxa
BpyNEyD

Beeaenne » 3B xoncranr nponecca onTEMNIAlNN

Haxepenue m 3anoMmHanNe 3HAYEHNA TuKa Ny< a NOCKE
rpyodot nacrpollxm (3azansce auaverme) 1 = Io

Umrkx onTuMmagmmm NO Bcew YeTwDEM Napauerpes

IKCNEPEMEHTANBHOE ONpeAENeHNe KOHCTAHT MOZEAN
npouecca ynpasaenma

Hamepenne Texymero 3naueHMA TOKA nyuxa 1
Nposepka |1 -1, | <o

Koppexuun seauamms 1 x anavenuo I, ¢ nowomsn U,
Buzaqs Ha neuars TOxyamx 3nsyesnd nepauerpon

AHaana BuAavYM H. Nevars

+ Mponepra |1 - 1| < B

Puc, 2

Cxema anropurua

Mposepxe |1 -1,/ <

Koppexun pesninis 1 x 3savewwo I c nowomsp U,

cTpoitka ToXa nmyuka Bpyuny® (I = Io), U¥KA ONTUMHIANME NO BCEM UeTHPeM napame-
TPaM 4 KOPPOKIMA Beauyuiy I X 3HAYGHHD Io'

Ina onruMEsanuy OO OAHOMY A3 NapaMeTPOB HCHONB3OBANACH ABA METOAS:

~ ZABUEGHME K ONTHMYMy C MOCTOAWHHM marod. LBUEOHMe K ONTHMYMy W3 HauanbHO# TOU-
k# no ymxmuv Kauecrsa I = £(x,) mpomcxoaur ¢ nocrosHHHM marow. Hanpasnemue
ZBHEGHAA K ONTHAMYMY ONPOAGAAGTCA C MOMOWBD MPOCHOro mATa}

- BTOPOH MOTOA NpeACTARIAST COGO# KOMOMBEAUMD IPafiMeHTHOr'0 METOAS M METOAa "80-
N0T0T0 cCeveHuR”,
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HaMeHOEEe® TORA NyuKa OT KAXAOr0 HB Y6-

NIL/| THpeX NApaMerpoB 34 OANE LNKE ONTHMN-

o8y _ Iz __ ________.x BGNNN NOKA3aHO HA pEC. 3.
g »

Il -
orf-—-%
064 Puc, 3

T ? I 3 ;*4*=i H3MeHOEN® TOEA NYUXa B NPONECCO ONTN-

MMSaLHN

Craduasanis TOKS Nyuxa ¢ NOMOXBD JBM, padoravmeif IO 3aMRHYTOMy LMEAY PEryaupo-
BaHEA, OCTABNAGT ONEPaTopy B OCHOBHOM QYHROMH EOHTPOAA M HEOGXOZARMOCTH BMONA=~
TEICTBA B OTAGNBHWX CHYYAAX. Buzaua MEQOpMALNME O MapaMeTpax YCKODHTEXs BA AHC—
nnel B npouecce pacors 3BM mpoacxoxamT HeNpPepHBHO. Ecim xe 3ra 3HZaya mpexpa-
maercd, TO 2T0 03HAYAST, Ur0 IBM mMpoLIT BMOEATENHCTBA ONEpaTopa M coodmaeT

eMy nmoczezsnn REQOpMAOMD, H8 KOTOPOR NPON3ORAE nepexaya yNPABIGHEA ONeparopy.

ANropuTM, ONACAHHHA BhEe, POANMBOBAH HA fA3HRe accemtaepa 9BM EC-IOIO, OGzem
nauATH, 3aHUMEGEMHI NAKeTOM NMpOrpaMM, & 6 KOGafi?.

4, 00cyzsneHHe pe3ynnraroB

- B nponecce padoTH C CHCTOMOH ONTMMAABHOM EACTPOUKH NMydRa OHAO YCTAROBIGHO,
qr0 ONTHMYM OTHCKMBAETCA 34 YHCAO LMRAOB ONTHMH3aLMu He Oonee Tpex.

- BenIHYWHA ORTHMyMA, HaxoZuMad ¢ NoMomsd SBM, Ouna Ha 5 - IS$ Bume BeamUHHH
ONTHMyMa, HAXOAWMOTO ONEpPATOPOM NPR PyYHOH! HacTpoixe.

- 06a BHODAHHMX METOAS ONTHMMBALKH AOCTATOYHO HAAERHO PadoTaid, NpPHYeM BpeMA
MOMCKA ONTUMYMS NPH KCHONB3OBAEKM NEPBOrO METONA OHAO HECKOABKO GoApNe, 6N
NP4 UCMONB30BAHHE BTOPOTO MOTOAS.

Iureparypa
/1/ Hacker, W.; VEB Deutscher Verlag der Wissenschaftem, Berlin 1980, 8. 21,

/2/ Savalova, N.D. et al.; Sowj. i/lssenschaft, gesellschaft., Beitrige,
Nr. 3 (1972), S. 258,

/3/ Anocos, B,H, u zp.; OuAl, P9-80-624, AyOua, 1980,
/4/ Auacos, B.H. u Ap.; npenpuur OUAAl, B nevarm,
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AUTOMATIC ENBRGY VARIATION IN NUCLEAR PHYSICS EXPERIMENTS USING A COMPUTER
SYSTEM VITH DISTRIBUTED INTELLIGENCE

R. Fuelle, B, Harimenn, 3. Hiekmann and G, Pietzech

Academy of Sciences of the GDR,Central Inetitute of Nuclear Research Ro:een-
orf

1. Etroduction

In the investigation of nuclesr reactions at sccelerators the conditions of
the messurements sre mainly estatlished by the parameters of the beam of
accelerated particles, Therefore it is desirable to involve the control of
beam paremeters ir the gutomation of these experiments, This should allow to
incresse the reliability of the experimental results and to free the
paysicist and the operator from a lot of manipulations, Furthermore we intend
to give the operator & powerful tool for wetching over the accelerator sn for
controlling it. A

A8 a first stage we have realized the computer-aided sutomatic energy veriation
for the measurement of excitation functione at the Rossendorf tandem
accelerator EGP-10=1,

2+ The Accelerator and Computer Systems

We have asolved this problem by meane of a computer syatem with distributed
intelligence, Pig. 1 shows schematically the structure of the accelerator end
of the computer system,

ISsion source, A=tandem ac~
celerator, BTwbeam transport
syotem, AM=manalyzer magnet,
Cmscontrol of the magnet, NMR=
nuclear resonsnce magnetometer,
FMsfrequency measuring device,
Mastep motor, D(I)wdigital
input, E'I(Is-multiplexor for
analog input, ADCsanalog digi-
tal converter, MUX(¥)smultiple-
xor for the atei motor /1/,
RG(I)=input register, lelink
module/2/, COmcate controller,
DMA=direct memory access, DPUwm
displey unit, SWP=sum - word
formation, MTU=magnetic tape
unit, Dsdick, TP=teletype, LP=
lineprinter, I/0=input and
output for paper tape.

Digitat Signols

Pig. 1 Accelerator and computer systems

The microcomputer acquisitees information about the mean operating parsmeters
of the sccelerator (A), of the ion source (IS) and of iace beam transport
system left {BTL) and right (BTR) respectively. After processing the date the
microcomputer presents they on & displey, connected with the microcomputer
vies @ DMA-channel. As process peripherials we are using a CAMAC-instrumente-
tion, Its configurstion ie shown in fig, 1,



105

For the autamatic energy variation we utilize the already existent control
circuite of the magnetic field stabilisetion based on s EMR-magnetoneter.

The microcomputer cortrols the desired wvalue of the frequency in the etabili-
sation circuit and thus the desired value of the magnetic field by adjusting
the input voltage of a capacity diode, An other circuit controls the high
voltage i1sing thé magnetic field as gn energy reference.

The microcomputer is cnupled with & minicomputer TPA1 by means of CAMAG-link
modules type 1470, which allow to realize a fast bidirectional information
exchange, independently of the computer type /2/. The mii..computer performs
the acquisition and preprocessing of physical data. Por the fast data inpu:

it is attached with @ specisl dasts chennel and & 36 L.. sum=word formation
unit,

3¢ The Algorithm of the Energy Veriation

A8 shown in fig, 2 the miorocomputer performs the acquisition and presentation
of accelerator operating data as a background task. On a requeat of the
miaicomputer TPAL it interrupta this task
MINICOMPUTER MICROCOMPUTER and preperes the reception of the next
frequency value to be adjusted, After
sﬁﬂg,, getting the new desired value the micro-
RATING DATA
‘ -d , computer adjuste it and sends the actual

DESINED FREQUE INTERRUPT frequency velue to the minicomputer, Afte:
T0 THE MCROCOMP CONTROL
T receiving this value the measurement and
¢eT Desto the acquisition of physical data are
WG N BXEC fPegupscy | started again,
ey
3:’;‘.'::‘::..3: The desired frequency values are to put in
s by the physicist before each measurement

1

RECEIVING ACTUAL

or before the stcrt of a series of
FREQUENCY

measurements similar to an ALGOIL~foXr-
statement, containing the values of the
start and end frequency as well as of the
frequency step.

Pig. 2 aAlgorithm of the energy variation
4, The Communication between the Computers

The CAMAC=-link modules used for the information exchange between the
computers ellow to transmit deta with & maximum speed of 10” data words

(16 bit) per mecond, The data are transmitted in blocks of 256 bytes at most,
The block-transmission is controlled by s hand-sheke exchanging control datea
(label, block length) and interrupt aignals (S1=sLAN 2, S2sLAM 3) as shown in
fig, 3 for the faultless case of the dets transfer,

The trensmitting computer initisligzes the datas exchange by sending S1 as a
request signel, After oonfirming the readiness by the receiving computer a
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label is transmitted, which contains
the information about (nwabers of) the
sending and the receiving tasks. If the

TRANSMITTING RECEIVI Y N
COMPUTER . momanon  RECEIING the lebel has been accepted by replaying
REQUEST FOR with the signal S2, the len;th of the
—_—1 =
DATA TRANSFER " reouesT comimmanion data block (nuuber of bytes in the block)
-—s7— : ;
Iaansassion N is told. After confirming it by the re=-
s } ceiver, the blockirensmission is
asSioN OF ':::: 4:%;55% executed. The tranamitiing computer tells
¥ the end of the block transmission by
xnsszm's:;so —_— sending the signal S2. After the data
I ‘_SZ ¥ P{BLOCK COMPLETE ? . )
N0 08 THE BLOCK we M } block has been received completely and
TRANSMISSION —sszzl‘-: P{g': ‘;’.‘é:ﬁ'ﬂ&‘#%‘ssd if the transfer has been carried out
?:?5:‘:3“&" or il THE WANDLER faultlessly the date transmission is
L
w Pinished and acknowledged by a signal S2.
= In the other case the tranofer ic to be
repeated.

Pig. 3 Hand-sheke in the data transmission by the link modules

5« The Programs

The ener;;y variation has been reglized by a minimum of prograrming expense.
In the microcomputer two programse are implemented, one for the acquisition
snd graphical representation of accelerator operating data and an other one
for the energy veriation., The tasks are synchronized by & simple control
progran comprising an interrupt handler and a link handler,

The minicomputer pyogram for the energy variation is Jiplenented as a niodule.
It can be set into any experiment progrem, if certain conventlons concerning
the ooftware interfaces arc regarded. The program module performes the
following processes:

= input of the frequency veolues, communication with the user,
- preparation of the date for the microcomputer,

= control of ihe data transmission,

- storing of the actual computer parameters and

- automatic roll-in of the next program,.

The module is running under the TPAL disk monitor system, which supporis Llue
comnunication with the other experiment progrem modules via a special date
Tield and the program roll=in and roll=out.

6o Application gnd Purther Development

The equipmente and the programs for the energy varistion lLiave been success-
fully appllcateo in the measurement of excitation functions for ihe reaction

Ti (p, P’ )’8N1. Two series of measurements with 200 values have been
performed.,
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At prescnt an advanced version of the link handler, which is running under
tiic control oif a realiime system (RTSi), igs beeiny worked out and tected.
The new program version permite to put in the desired energy values and
carries out ihe convertion into the correspending frequency values.

RReierences

/1/ li. Borkenhagen, Report ZfK=-443 (1980),109
/2/ P. vcidhase et al., TU Information, 0U)=28-78, Lresden, 1978
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MULTI-TRLESCOPE SYSTEM POR INVBSTIGATTNG THE (N, P) REACTTONS
A.Korman, B.Marjanski, J.Rondio -
Institute of Nuclear Research, Warsaw (Poland)

The eight-telescope system for measuring the energy and angular distribution of
rotons from the (n,p) reactions in the energy range 2.5 - 20 MeV was descridbed.
e system was tested using 19 MeV neutrons.

1. Introduction
The present paper describes an eight-telescope aystem for investigating neu-
tron induced reactions.When constructing the telescope special attention was

paid to the possibility of measuring tks protons in the energy range up to
20 MeV.

2. General

The operation of each telescope is based on tripple coincidences between
proportional counters PC1, PC2 and one silicon detector SD.

NEUTRONS '\

se

Fig.1. Multitelescope chamber:

T-target, PCl-"target" proportional counters,
PC2 - é%-proportional copnters,
SD - sfiicon detectors ércountera)

The PC1 counter is common for a group of four telescopes and eends the message
that the particle is emitted from the target. The PC2 counters serve as gi%
counters. -Iithium-drifted silicon detectors SD are used as E counters. The
whole chamber is filled with pure 002 under the pressure of 80 mm Hg.

Having such an equipment one can measure simultaneously eight ensrgy spectra
at eight different angles-four at forward and four at backward anglee. The an-
gular distance between the neighbouring telescopes in each of the group of four
telescopes, is 10° 80 1t 1I$p0l!1ble to measure angular distribution in the ran-
ge 10°-160° with a 10%step, at two expsrimental positions of the chamber. The
associated electronics is based upon 8 standard slow-fast coincidence system.
Two=dimensional analysis was used to identify the charged particles.

3. Time resolution of the telescope

Special attention was paid to establishing the optimum time resolution of
the telescope. The time relations were measured between any pair of the coun-
ters using a time-to-amplitir-de converter.

For this purpose protons from the reactions 120(3ﬂa,p)"l and 2D(3Hu.p)‘ﬂe
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were used.
The energies of those protons were: 2.6, 4.3 and 6.3 and 16 MeV, respecti-
vely. The time distridution between SD and PC2 is shown in Pig.2.
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Fig.2. Time distribution between SE (rC2)ana
E (SD) counjgrs,mea d for jrotons
from the <C(’He,p) 'N and “H (°He, p)
reactions. The pulces from the 3D
counter were fed to the start 1nput
of the T.A.C.

The peaks in the spectrum correspond to protons of the given energy. The time
distribution for thoee counters is contained within the time interval of

120 nsec. For SD~-PC1 and PC1-PC2 that interval is alike and equala 70 nsec.
Thus the special tripple coincidence unit was designed with different coinci-
dence resolving times, for different paire of inputs: and so 140 nsec between
pulses from proportional counters and 220 nsec between pulses from proportio-
nalcounters and Si (Li) detectors.

The efficiency of the coincidence unit was thoroughly tested. The proton
spectrum was measured for the (Bﬂe,p) reaction on natural boron: the spectrum
was simultaneously gated in two ways. In the first case the spectrum was gated
by the tripple coincidence unit of the telescope and in the second one by dou-
ble coincidences between the B and AE pulses where the resolving time wae
much larger (2 usec\ o The latter spectrum was used instead of the simple pro-
ton spectrum to eliminate the background. By cowparing these two spectra we
found that the coincidence efficiency is better than 99% for the whole meassu~
red energy spectrum. The proton spectrum used covers the energy range of
2.5 to 20 MeV,

4. Test of the telescope in two-dimensional analysis

The final test of the eight-telescope system was performed using 19 MeV
neutrons from the 3'1‘ (d,nVHo reaction induced by 2.5 MeV deuterons from the
Van de Cradff accelerator. The two dimensional spectrum shown in Pig.) was
obtained by bombarding a deuterated polyethylene target with 19 MeV neutrons.
Theres are two eesparate hyperbolas for the recoil protons and deuterons.

As it 1s seen, two-dimensional enalysis enables separation of particles of
different kinds. Random coincidence events are clustered in the corner of the
picture. The telescope system, designed for investigation of the energy and
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angular distributions of protons from the (n,p) reactions, can be used, after

slight adjusiment, to investigate other charged particles from neutron induced
reactions.

Fig.}. Two-dimensional spectrum of
the recoil protons and
deuterons from the deuterated
polyethylene target irradia-
ted with 19 MeV neutrons.
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HoBHe MmeTo HA3MCDEeHRA K CHAA B NO3MMEeTDRE Hel HHHX-T' -1

B, [épmens, I'.llperm, I'. DTpoitGerns
(Texnwaecrnit yrmBepcETeT Ipesnena, Cexmmi dmsmwm) n

I. Beezenme

Henosp3yeMue 1O CAX OpD MEeTONH NO3MMETPHE B HelAX pamnammoRHoll Ge3onacHOCTH
OCHOBHBANTCA B GOJBLNWHCTBE CJAy9YaeB Ha NMPHMEHEHNH SKTHBHDYDEEX 30HIOB, Tpe-
KOBHX JI€TEKTOPOB M KDEMHMEBHX IHMONOB LA W3MEDPeHMS HelATPOHOB MJM HAa NpRAMe-
HeHER MJICHOYHHX JETERTOPOB M MOAEM3ANMORHHX RaMep KOHIEeRCATOPHOIr'O THNA IAA
A3MEPeHns TaMMa-U3JIyueHns,

B HeitTpoRHOR NO3EMeTDHE HMCHOOJL3YDTCA KDOME TOT'O JIOAMETDH aNb6el0 HA OCHOBE
TEepMOJIOMAHECIIEHTHHX HJM TPEKROBHX IeTEKTOPOB.

Bce 3TH MeTOIH EMepT B Conbme? mum MeRbmel cTenenm Goanmme ﬂenocrarxh; cocTo-
flie, HaNpAMeD, B BHpPaXeHAOR 3aBECHMOCTHE OT 3HEPTHM E HANpaBlieHns NMORA3AHAA
IeTeKTopa, B HEJOCTATOYHOM [EANAa3OHe M3MePEHHEA WM B Memammell YyBCTBATENb-
HOCTH DO CPABHERWD C IPYTAME BHIaMM R3dy4dermA.lloaToMy HeoOxommMue mpemBapw-
TeJbAHEe OCPaCOTKE mepeJ] MpOBENleANMEM OLEHKA, HANpWMep, TpaBfieRHe TPEeROBHX
IEeTeKTOPOB MM TeIIoBad AIM ONTHYECRAA CTHMYJANAA JOMIFECHeHTHHX IeTeKTOpOB,
MOryT OHTE OTpHDATeNbHHMA, [aNbHeltmee pa3BATHe NO3XMeTpPHE OyIeT PA3BRBATHCA,
CJlefoBaTeNbHO, MO NIBYM HANMDABJIEHAAM: C ONHOR CTODOHH, padoTanT Hal yJayYme-—
HWENM Z3BECTHHX METONOB B3MepeBMs, ¢ IpyroA CTOPOHH, NpelllpHHEMANTCHA TaKkxke
donbmme yCAMA B pa3padoTRe HOBHX METONOB M3MeDeHR! HM3aydueHm#t, B ocoleR-
HOCTE H& OCHOBe TBEpIOTEeNbHHX NeTeKTopoB. OCHOBOR A STOro ABIACTCH MCMOJb—
30BaHMe HOBHX pAIEANMPOHHHX 3fieRTOB B TBEepHMX Tejiax, KOTOPHE BEeLYT K MAKpO-
CROOWYECKN N3MEepLeMHM W3MeHeHAAM KadeCTB IeTeKTODOB.

2. Iameperne HeATDOHOB C IOMOWBD TOHKONAEHOYHHX ROHISHCATODOB

Ina maMepeREA HefATPOHOB MHOroOCemMaDMEMH ABJANTCA TOHRONJEHOYHHE ROKIEHCATODH.
ORM COCTOAT B3 CTPYRTYpH [0S , mampmMep, 5i=-iC,='l | ¥ gorTopum BO BpemA
OoGNydeHRA MojaeTcA RanpsAxeHne mpméa. 30 ... 120 B. B TexmAuyeckoM VHMBEpCHTeTe
B lpe3nene Hawyansk paspadoTKy TaKuX IeTEeKTOPoB, Ha pHCYHRe I nmorasano NMpRAIM-
naateHoe ycTpocTBO IeTEeKTOpOB.,

4 Si0,;

Prc, I CxeMa TOHROMJAEHOYHOrO KOHIEHCATODA NJA MaMePeHHs HeNTpPOHOB

R 4G e, 5 OINT.eNiule 1D
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CyocTpaT COCTORT N3 n —-KDEeMHRA, HA ROTOPOM N3-32 TEMXOBOrO OKNCNEHEA OHX
BHPadoTaR CXoR m3onATopa m3 10, ToxmwroR B 60 ... 100 Ew. Jlefcreynami B
Ra9eCTBE NPOTEBONONONHOTO SAEKTPOa anmmENeBuRt caoll HamuAderTcs N EMeeT
roxmmuy apuéx. 50 mM. Han aroR .Co-cTpyRTYpOR pacnoraraeTcs pammatToOp N3
IeRAmeTOCA BemecTsa, Hanmpmwep, ypam_a. [Ipw Bo3pelictBEw RefTpOROB B pamma-
TOpe BHPAOATHBADTCHA OCKOJKE AeJeHNA, UDOHEKaIEme B cxoR w3oasropa. Ha oc-
HOBe CENBHOTO BO3ReNCTBEA ROHNSAINN R BHNGNCHHHX BCAeNC BEE STOTO JOCETeXeR
3apafla MPOMCXOMNT CANbHOE NORANbHOE CHENCHEe MPOOAROR HANPAXERHOCTH NOMA,
KCIH 3AERTPONAME BO BpeMsd OCAVYEHNA CO3NAeTCA HaUPSEEHNe, TO B MecTax
TPOCETOB OCROXROB NeNeHES NDONCXORAT NCKPOBHE IPOOGON.

hi
]

> —

-y Y Y L

PEC. 2 Xap&RTEPECTHRA MPOCOA TOHROIAEHOYHOro KOHZEeHcaTopa Oe3 (1) m c
ooxydenveu (2)

I prCYRRe 2 W30CpaxmeHa XapakTEePECTRRA MNOOCOA TOHRONAEHOYHOr'O ROHIEeHcaropa,
O0JIVIEHHOT'O OCRONRAMA MNeJeRHs ypPaHOBOTO parmaropa. !pE NpeBHEe _RHH MDOCHBROTrO
HaATPAXEHASA MPONCXOEAT Mpodou M Ge3 OONYYeHHA, ROJAYECTBO KOTODHX OYEeRh CRABHO
VBeJMUWBAETCA C BO3pACTAHMEM HaNpsAxeHMd. TaR KAK ONHARO FRIYIAPOBAHHHE DafMa-
orelt MOOOY HACTYNANT NpPH HUIKWX HANMPAREHEAX, BO3MOKHO ORAO3RAYHOE pas’fesieHne
oT *ora, Ha pHCYHRe 3 W3o0paxeRa KpHBas KAMMGPOBKE TAROTO TONKOIJIEHOYHOTO
KOHIleRCATODA, T.e., 3&8PETHCTPAPOBAHHOE KOJAYECTBO NCKPOBHX MD0oGOER HA 3aMelndrn-
onit 3JIeMEeHT IDR ofpelefieH'IOM HANPAREHHH B 38BACAMOCTE OT NAOTHOCTE ReRTpPOH-
HOTO NMOTORA, /3veneHHA MPOR3BOIRIMCE B He#TDOHHOM Mofe Y4e6HOT'O pearTopa B
T_exHnueckoM yHHBepcETeTe B [peanene.

PR W ——
s
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0 2 4 6 Bl v

Puc. 3 TpanywpoBourag KnEBas TOHKOMJIEHOYHOTO KOHAEHCATOPA "JR W3MEDEHN!
AeflrpoHoB
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Baaronaps w3meHeERD cpoficTB pammaropa nos&u NI3MEeNYNEBOCT: B OTHONEHES Dpe-
TECTPEPYEMOrO 3HEPreTEVeCKOro Xusnasona mefrpowoB N REOCXOXAEMNOIO NEANA3O0HA
R3MepeHns. JTOT MEeTOX NMPETOREeH OCOGEeHNHO “AX PerNCTPAINE BUCOKEX NXOTEOCTefR
notoxa RefitpoHoB. [IpE KAKAOM ECKPOBOM MDOGOe ECHApAETCH HA COOTBETCTBYINEM
mecTe ANMEHENeBHl TPOTENBONORORRNA 3XeETPOA, TEX YTO KOANYECTBO WCOAVEHHMX
SIIMEHEEBHX 30H SBAAETCH NMPMAM NFHTerpalbidlM KXpurepsies rRelrposroro humsnca
i RefrporEOf mO3W.

PrcvroR 4 NORA3HPACT MEKPOCHEMOR TAFRX 308 RCnspemms. Tax max nem
BEDEEHEO HETYRCTBETENbHEE MO OTHOWEHND K I'aMa-N3XYYeHED, OHN OC AR
asapufinoffl 203EMeTDEN B cxemaERMX HeflTpOHRNO-Taasa-noxsx. Bxarogaps xowOmma-
INE MHOTEX NETeKTOPOB C DASINYNOR YYBCTBRTEABHOCTHD N SHEprermueckcl 3aBE-

CAMOCTHD MOXKHO PEeaXN30BaTh Npu Hazrexamell muxposesexrpourodl onmerxe Tpedye-
MHe no3mMeTpWYecKEe CBoRCTBA.-

Pac. 4 MEKpOCHEMKA NCIAPCHAHNX AMNRNEBHX 308

3. HamepenrEe rama-u eHNA C I D axe THMX JleTeXTODOB

09eRp MHOTOOOCRAXMMME ABJAADTCA TAKEE METONH DAINAINOHRHOTO ONpeleaeHmA, OC-
HOBNBaN@MECs HA W3IMEHEHHWE ~OCTOARNA 3apANA SAEXTPETOB, (PHTONHNMN LTA

3TOrO ABMANTCA, HAMDAMED, TEPMOJNERTDPeTH ¢ Xopomefl mponosxmremrsoff cTadmAb-
HOCTHD B TeUEeHNe MHOTNX JeT N NOBEPIROCTROR NAOTHOCTHED 3apANa OT 10‘9 Io
10‘8 C/atz. [TpR WCOOXH3IOBAHNR DOLOOAMX SMEXTDETOB MOENO pPeatm3oBaTh RORDEry-
PaOEm LA ONMpeNeNeHRs] ramMa-m3NyueHNs, ROTOPHe OCHOBARW HA MPARMENE HOAN-
3aKOHANX KaMmep.

BupaGoraRANe DR DAXNANMORHOM BO3leACTENE B Oo0neMe BO3NyXa HAN JJXEKTPETaVH
RORH MepeMemantcA COOTBETCTBEHRO NX 3HAKY K IIOBEPXHOCTH 3/EKTPETOB W ROMIEH-
CAPYDT 98CTh NOBEPXROCTHOTO 3apAma. H: ieHeHNe MOBEPXROCTHOTO 3apANA MOLie-
XAT R3MePEHND ¥ NMPOMOPOMOHENLHO TaMMa-fio3e B IWAfalOHe MHOTWX TOPARKOB Be-
JVIAH, JYBCTBRATEABHOCT: HERTPOHOB TAKAX AMERTDETHHX WOHW3ANWORHHX KAMED
9pe3BUYARAO HA3KA, TaR 9TO OHN XOPOBO MOLXORAT OCOOEHHO LAA IramMma-RO3MMETPNE
B CMEEDaHAHX HeRTPOHHO-TamMMa-[10AAX.

Taxze # M0 2TOMy BOOPOCY B TeXHAUECKOM JHWBepcuTeTe Ipe3fileHa GWIR HaYaTH
NepBHe ACCAEMOBAHAA. JMeXTPEeTH BHPAtaTHRAPTCA BCAELCTBNE HArNeBaHmA Tefwioro-
BHX OMCKOB ITPE OMHOBPEMEeHHOM BO3fefiCTBNR CRABHOrO AJAeXTPHYECROTO MOAR.
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Prcy"OR 5 MORa3HBaeT HEOOXOMMMHR "Jf 9TOro BpeMeHHOf XOX TemMmepaTyYpH ¥ Ha-
TPAREHHOCTE SJEKTPAYECROTO Moxfd. TeMmeparypa CHavala NOBHEAETCH apseftno Io
260°C. SBareM BRMMAeTCA 3MERTpEUECKOe moxe B 72 KB/cM, mpEYeM Temneparypa

coxpanferTcA Ang 60 mmE nocToREHOR. OxiaxnerEe MDOW3BOIRTCA TAKEE NOX neficr-

BHeM SJeRTPHYeCKOro 1oJsA, OpEYeM BHBeDEeHHHEe NHNONA B SJeRTpeTax ®3aMOpaxsE-
papTcA®.

T

Pec. 5 Xon TemmeparTypH X noJjd NpH
CO3NARWE TEPMOBNEKTDETOB

1, ty

Ilns W3MepeREA MOBEPXHOCTHON 3apAfNNE m3obpaxenHad Ha PECYRre € cxema.

bepanai arextpog

T ¢

——————

PRSI m,,,l
| & - - |

* L3
_;_ MZAWS 9/MmxTPOg

Prc. 6 YerpoficTBO 1A RAMEPEHRR MOBEPXHOCTHOR 3apANKN

PrcyHOR 7 NMORA3WBAST KPHBYD RAJHODOBKE JIERTDETHHX NETEKTOpOB, KOTODHE O
odrydenu Co-60 ramma-uanydeHEeN B YCAOBHAX Ha OTKPHTOM BO3Lyxe. Ha 3roro BH-
Texae?, YTO M3MEDATH MOXHO Ype3BHYaflHO HW3KHe ramma-g03d, TaK 9TO 3TOT METOX
YOPOWO MpErofieH NI HOPMAJNRHOT'O PYTHHOrO KOATPOJAA JHN, moobeccRORaNbHO NOA~
BepEeHRKX OGNyYeR®n, JO3MMETPH MOTYT OHTD W3TOTOBJERH B dopme cymecTBYLIMX
yEe 70 CHX NOD OOHYHMX O3mMeTpoB-xapannameft, Tlo cpaBReRND C 3THME XapMaH-
HEMR HORW3ANMMOHHHME KaMepaMR 3/eCh EMeéeTCA B OCOOGHHOCTE OMHO MPeAMYymMECTBO
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xopom elf ymTentHOR ycToRUEBOCTR, TAK KAK B TeUEHWE OUEHh JIOATOTO BDEMEHN
NpaKTHYeCKE He HACTYnaeT HERAROIO caMopaspAna.

15 3
07 Cien?|
®eo. r
1wk :
¢ |
1
|
i |
I
I T R R TRy qls
Oy
Pec. 7 KamopoBouHas KpEBAA SJEKTPETHOT'O NeTeKTOpa IAA U3MEepeHRs ramMa-
A3AYICHER
4. Busomy

HaspanHHe MOMMEPH NOKA3HBADT, 4TO GJAArONapd BCHONL3OBARAD HOBHX 9WPeRTOB B
TBEPIHX TeJiaX BO3MOXHA PA3PACOTEA MeTONOB DAIMANMORHOIO ONpeNefleRns, NpH
ROTOPHX MOXHO H30eXATH PAsJMYHHX HEJOCTATROB CYHECTRYOMKX 10 C¥X NOP MeTONOB
maMepeRAnA, HacKRoMpRO BoOGmE CymecTBVET NMPEMMYmMECTBO 3TAX METONOB MO CpaBHe-
HAD C yXe MMeXxuMMHCS METONAME B DYTHHOR H aBapmitHO? NOSHMETDHR B CMEMAHHHX
Ae'TPOHHO-TaMMa-NoNAX MORAaxyT lLanbHelmme HCeaeNOBAHRAA,
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UBYYEHHE PEARUMM (n,n’y) WA AZPAX 23°tH
NPY SHEPTMM HEATPOHOB 3 38

N.B.BamioB, b.A.CuMCopckun, A.A.Duaaresxon, B.M.HHpseB

PapneBufl HRCTHTYT WM. 3.l .Xaonusa, Jenuurpas, CCCP

AvKoTalUd

UsSueperd cnexXTpH Y-U3Qy4ueHuws, BO3HUKADMEr'O0 npy HEyNnpyroM DACCEsHWM HEAT-
POHOB AZDaME h. NoaydeHn napiHaibHHe ce4YyeHHs Heynpyroro paccesnus aaa I9
ypoBHeR. [IpE BHYHCHAEHHY CEYEHMA YUTEHA 3AcCEeAIEeMOCTh YDOBHER Y-mepexonaxu 43
BHBEXEXANKX COCTOAHUA.

Beenenue

Peakuus (n,1’y) WEPOKO MCNOAb3YeTCA AN onpeneaeHusd CEYEHHWH BO3CyMneHUs
HeRATPORANH AUCKDETHHX COCTOAHMA sAiAep. Ha OCHOBE 8HAAM3a 3THX AAHHHX K N8HHLX,
NOAYYGHHHX K3 NPpAMHX HEATDOHHHX H3MEpEeHud, B NOCJAERHME r'onH OHIO NOKA3aHO, 4YTO
Npu Heynpyrosm pacCesHEME ReATPOHOB C JHepryped 2 - 3 MaB BKAAJ NDAMHX npoueccoB
B BO3CyXAeHHe HH3KOAEXAMHX COCTOAHMA MOEET OKA3AThCSl CyMECTBEHHEM. JTH pesyib-
TATH NOAyYeHH, B OCHOBHOM, Zas AEPOPMAPOBAHHHX AXED DERKO3IEMEAbHOA OCIACTH.
OGzacTb AedopMMPOBEHHHX AKTHHKAOB 3KCNEPUMEHTANBHO UCCAENOBAHA 3HAUUTENBHO Chu-
fee. [0 COBpeMeHHHM MPEACTABAEHHAM HA BeIMYMHY CEHEHMA Heynpyroro paccesanus
HeATPOHOB Ha AEIAHHXCA ALPAX OKA3HBAeT BAWAHWE KaK fopua siapa /I/, Tak W KOH-
KypDeHImd CO CTODOHH NPOLECCOB LEACHWA K MCHYCKAHMA Y-KBBHTOB /2/. 3aMeTHoe
BOSZGRCTBKE, KOTOPOE OKA3HBAET Heynpyroe paccedsHué Ha JOPMUDOBAHHC HERTDOHHOIO
CNeKTpA B PEAKTOpPAX HA OHCTpHY HeATPOHAX, O0yCNOBHIO M NpPaKTHYECKYyD norped-
HOCTb B H3MEPEHHUH CCYCHHA Dpeaxiluu.

I

H3uepenus

/3MepeHuA npoBOAKAMCH HA HEHTPOHHOM rexeparope HI'-400, KoTOpHRA BHpadaTH-
Bal UNOYIBCH AAATEABHOCTHD 3 -~ 5 HC HAa NOJOBHEE BHCOTH C YACTOTOH 1OBTOPEHUA
I Ur'u. Peomerpus IKCHEPHMEHTA npuBeneHa Ha pHc. I. ACATPOHH, yCKODEHHHE A0
aHepruM 320 k3B, ¢ noMombD peakuwn (d + D) B "TOACTOR" neATEPOTHTAHOBOR MHme-
H¥ CeHEepUpPoBaNK® MOTOK HEATDPOHOB.
Ha paccToAH¥M 4 - 5 cM OT Mume-
HY TNoMeNanuch uccaenyeMse odpas-
U4, M3TOTOBAEHHHE B BALe MeTal-
IRYECKAX LMAHMHAPOB NUBMETPOM
2,2 CM ¥ BHCOTOR 2,7 cM, )-u3ny-
yeune permcrpuposasoch Ge(Li)

IeTeKTOp

NOXHITANCH + CBQ ' YRy LE€TeKTOPOM, KOTODHA OHJX 3aKANYEH
75 B 38MHTY W3 CBHHIA H BOAODPOAOCO-
~~ 1epxamnX MaTepHaloB ¢ R0CABKAMK

6opa H pacnosaralcs Ha pPACCTOAHHH

65 cu or oGpasua Nox yraom 125°
MOHHTOD 5, K HanpaBieHuD NAanaDmero [OTOKA

HeATpoHoB. CyRecTBeHHoe, doxee
4YeM Ha 1Ba MOPAAKA, CHHXEHHE pe-

Pue. J. CxeMa aKcnepuMeHTa
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racrpauuu $OHOBOro WSIYUGHKA ROCTHIA-

™ N A i
Ty Y X0C* NONOAb3OBAHNEM TOXHWXM BDOMOHH
f opoasra. Ha puc.2 DPMBEAGHO pacmpexere-
&~ 7.5 : | HHE BO BDEMEHH EMIyIbCOB Ge(Li) AeTeK-
S ,r TOpA.
> ,5 Ceuenud BO3CYENEHHA NMUCKPETHHX
85l o | Y-1WHR] B COEKTPE ONpEREAAEOCH OTHOCH-
&’ h— p——" TEABHO CEeYeHus BO3CYXAeHMA y-mepexona
= :# 846,8 xaB B “°Fe COraacHO PEKOMGHAALIUAM
) ) s | f} Y paGots /3/. MOTOK HEMTPOHOB B CEDPHAX
g ’ it ;t MOHMTODMPOBAXCA C MOMOMBD CLEHTHAM: LU~
g ,,,»fi byl OHHOI'C CYETYMKA, NpPH ITOM TAKKE MO Bpe-
o e :L”t:~u., MeLH npodera BHOWDAAMCH EMOYABCH B CO-

200 >0 300 OTBETCTBYDEEM BpeMeHHoM "oxue".

HOMED Rexana HaaMdpoBKa CHEKTPOMETDR 110 JHEPrum
¥ 3ddexTHBHOCTH OoCyNecTBAAJACH C NOMO-
HbD HCTOYHHKA Ra u odpasuoBEX CTAH-
AaPTHHX y-ucrouynnkoB OCI'M, koropue HA

Puc. 2. 3peMeHHOZ CMEKTD MMMYJABCOB
GeLi) metexropa. linpmna
"okHa" 20 HC.
Bpenss KAEXROPOBOK [ONEEAAHCh HA MECTO
paccegBareas,

[lonpaBky H& ocaABGAGHWE NMOTOKA HEATPDOHOB W Y-KBAHTOB B 00pasle PACCYUATHBa-
AuCh MO NpOrpaMMe, ucnoabaypmeR Mmeron MoAre~Kapao /4/. [lpw onpezefeHms NpocT-
pPAHCTBEHHO-3HEPreTHYSCKOI'0 pacupenenenuss HERTDOHOB YYHTHBAIRCH UINEHEHHE DHEp—
PH4 1eATPOHOB NPH TOPMOXEHMH B MUMEHHW, 3ABUCUMOCTD 3IHEPrHH HEATDOHOB OT yria
BhZeTa M3 MHUEHH, HETOYEUHOCTh HCTOYHAKA HERATDOHOB, & TAKNE DEawllud AECNEHAS,
3aXpaTa, YNpyroro m Heynpyroro paccesfus, nposcxoasmse B odpasune. KoppexkrHocTh
BBOLMMHX MONPaBOK MpPOBEPAAACH B 2KCNEDUMEHTAX, B KOTODHX H& MECTO LMAMHZDA no-
Memanach NAACTHLHKAE W3 TOPO Xe MaTepuana roXmyuod I,5 MM, moBepHyTad NoA YraoM
45° X wanpaBaeHED myuKxa HERATPOHOB.

PesyibraTy H_OCCYXLEHNE

MozyyenHue y-cnexTm odpadaruBazuch sa 3BM no nporpauue IIPOCIEKT /5/. B
peayabrare OnAW onpeneseHH JHEPr#y M ceueHusa BoadyxpaeHud 90 Y-nepexomnos, MHO-
rHe H3 KoTopuX OHAM OCHAPYXEHH Bnepshie. Bce Hauboaee MHTEHCHBHHE Y-N6DPEXORH
XOPOmO PA3IMECTHANCH MEXAY NPHHATHMH YPOBHAMM 2%, /6/. kaa dozee moanoR pac-
uudPOBKM CnexTpa HAME HCMNOALINBANECH TAKNE NAHHHE O CXEeMeé Dacnajsa Hs pador
/7 -9/.

[Jocie BBeLEeHWs NONPABOK HA BHYTPOHHDN KOHBEPCHD CHAM NOAYYGHN MAPUHAAbHHE
ceveHua Heynpyroro paccesHud HeATpoHOB Aad CoAbMMHCTBA YDoBHOR oT 333 no
1183 xa8. 3TH AAHEHE CONEPXATCA B NEpBO# KOXOHKe TACAMIH. A&1 yDOoBHeR, 3ace-
IADMEXCA ¥ PAa3pANADAUXCA YETKO BUACAAOMEMM WHTCHCHBHHMHM Y-N6pPeXofaMi, Norpes-
HOCTh ApENCTABAGHHNX NAHHHX cocTaBader 8 - I12%. B doxee CAOEKHHX cayyasX aace-
JeHus ¥ pacnana COCTORHRMM norpewsocTh Boapacraer Ao 20 - 40%.

B #ucindmee Bpeuss HET ONYOAUKOBAHHHX IAHHNX O NADPKHAALHHX CEYEHHAX Heyn-
pyroro pacces’Hda HeHTpPOHOP Zad GOABMMHCTBA yDoBHef Th np¥ 3HEPrH¥ HERTPOHOB
Bime 2 MaBd. Haudoxee Zafexo no aHePruy NPOABMHYAMCH B padore /7/, rae WCNoAb-
sosanach (N,"Y) meToRHKA. B 2T0R pacdore OHN0 OCHAPYNEHO, YTO AN MHOTHX ypPOB-
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Heu 3xcneprMeHTarbHHEe De3yXBTATH XODOWO COrmacyDTCA C pe3yALTaTaMd CTATHCTH-
YeCKHX pacyeroB B NPHNOpOroBofl o01aCTH, HO C YBEIWYEHNEM DHEPrsW HEiTDOHOB
3KCNepuNEeHTaNbHHE CEYeHus CnazaoT ropazno MenleHHee pacyeTHHX, Ha 3aTom ocHo-
BAHHWM uBTOPH padoTd /7/ BHUCKA3HUADT MDERIIOAOKEHHE O BO3MOMHOM BKIALE MPAMHX
apoLeccoB.

[lonyuyeHHHEe HAMM ZaHHHE, APHDEACHHHE B NMEpPBOM KOAOHKE TACA4LH, YLROBAETBO-
PHTEUBHO COrAACYNTCA C NPOIKCTPANOAKPOLAHHHMYM pE3yabTaTaMu pacdoTu /7/ # B
HeCKOIbKO DA3 NpeBuuabT pe3yAbTaTH PacyeToB, WCNOAb3YDWHX (OpMAAW3MN ABYy3epa-
femGaxa. ORHAKO NpeMze YeM NEePeAONHTb K OOCYXZEHHD POXM NPAMHX NPOLECCOB,
HEoSXOLUMO YUeCTh €me ONHY BO3MOMHOCTb BO3HUKHOBEHWA oUHADyMEeHHHX 3¢¢eKTOoB.

jaHANE O CEYEeHWsAX HEYNpyroro paccesHu#d HEATPOHOB B HaweW padoTe, Kak H
B padore /7/, noay4YeHu KOCBEHHO, C MCNONb3OBAHWEM CXeX pacNalna BO3GYKILEHHUX
COCTOfHUK, KOTODHE, OUYEBUNNO, HENOAHH NpPU 3IHEprudAx Bo3CyaReHuA BHue I,2 Mag,
3 TBKHX YCAOBUAX onpenciieMuii ypouedh MOXeT 3acemiThCi HEeYUTCHHHWMH )-nepexo-
RaMH M3 HEM3IBECTHHX BHHEACKAuUA COCTOAHMHA, YTO B KOHEYHOM uTOore UyueT npuBO-
AUTh K 38BHWEHHD MCAYUEHHNX CEYGHHM. jieRCTBATENBHO, NPU BOICYXNEHuH A2
2 - 2,5 Nag, xoropoe ¢ HAaudosbmesl BEPOATHOCTEN BO3IHWKAECT NpPH HEynpyrom pac-
CefAHuy HEHTPOHOB C 3Hepruer 3 Hod, CpenHEe DPACC TOAHME MEXLY YpPOBHAMA, COrJAC-
HO CTATHCTHYECKHM OLEHKAM, ROAXHO COCTABIATD npuNepHo I K3B. JTO NPAKTUYECKH
HCKINYGET BO3MOXKHOCTh CTPOrOT0 yCTAROBIGHHA CXEMM DAcNalf BHCOKOACKAMKX CO-

y CTOSHHMN .
Tasarua CeueHud BN CyELEHHA ypOBHER a32Th
0p¥ HeynpyroM pacCesHmy HELTPOHOB Jad pacyera 3aceiseMOCTH Hu3-

c aHeprues 3 Mag. KOAEXAWEX YPOBHEA Y-nepexonaNu

@@ CBepxy B Hacroﬂmeﬁ paOO're HCcnonbao-
JHeDrus |CAHK H Ceuenne (M0)

BaNOCh IpennoAoKe€H4e, YTO BO3IUyKLE-

y{ggggu 4ETHOCTD 1 - Hie ANDA CHUMAETCH NOCIEA0BATEbHH~
= MH UMKIAMH HCOYCKBHWA y~KBGHTOB,
333,2 6* 240(120) I20C120) | npyyen Ha xaxmow oTane pacnpezene-
556,8 g* I3(14) -1i(I5) | yye [-NEDEXONOB MEMAY YDOBHAMH M0L-
14,4 I I8IC16) 46(29) | ypHmeTCA CTATHCTHYECKHM 3BKOHAM.
30,4 ¢ 0F 23(4) -24C11) | yro npeanosoxende 8 ycrosuAx cYEHb
Th,1 2: } 195(18) -25(36) | 00ABWOro Y¥cAa BO3PY4NAEMHA COCTO-
74,8 3* AHWA NpencTaBAAETCA BHOAHE OnpaB-
85,2 2 I7ICI7) 60(28) | zanmum. o Bropox croxdue TAGEHIM
829,6 3: 130C15) 84(25) | npupenens napuuafbHue ceuewns Heyn-
873,0 4 22(4) -49(I5) | pyroro paccensus HERTPOHOB, NOAY-
883,8 57 99(12) “4(I6) | yewn.e mocae BHUUTAHES PACHMTAHHHX
890,11 (4) 99(21) 80(25) | saceanemocren ypoBHen y-nepexonan.
960,2 (“2 46(10) -14(16) Kak BHZHO M3 TAaCAMUH, BO3CYM-
1042,7 7 12(4) -5(6) AeHYE MHOWX HU3KOAEMAUMX YpOBHEH
1072,9 2* 66(9) 87 MOXHO LETHKOM NPUIHCATH 3ACENEHHD
1077,5 Ir 60(9) 0CL5) HX Y-NEpexonaMd M3 BEWEAEHAMMX COC-
1078,7 | (0%) 23(4) 16) TOAHUA, JTO CBHAETEABCTBYET B NOAb~
1105,7 3" 87(12) 36(16) | ay voro, Yro NpAMOH MeXaHW3N BO3CYX~
22,8 | (@ 82(11) 30CI5) | gemms cocrosmmM B agpax CO°Th,
1143,3 | (2) 41(6) -8(12) | mo-suamMoxy, cymecTBem AMEL AT HHa-
‘géfﬁ?.5 ) 67(8) 26CI1) | mux ypousen porauuoxson moaoc, no-

- B ckaokax ykasahe norpemtocTs (Mg CTPOGHHOM HA OCHOBHOM COCTOAHWH ALPA.
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B saxzpuenze aBTOPH XOTSAX O BMpASETh OXaroaapiaocrb CexesHemy b.K.,
TaBpuzopy G.ll. x bexsnnny D.H. sa odecneveHse HeoOXOAUMOro POXEMA DAGOTH YCKO-
pureas, Epmaxopy A.B. x Xomaeny A.H. 38 nomoRb B padore, 8 TaKke Kosyammy 3J.M.
B Tyrsdy I'.A., NpEHEMABANM YYACTNE B HAYAXBHHX CTAANAX IKCNGPNNGHTE.
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ALPHA PARTICLE EMISSION FROM THE INTERACTION OF FAST KFEUTRONS WITH ND-143
NUCLEUS

W.Augustyniak, L.Glowacka, M.Jaskdla, J.Tuxliicwicz, D.Zerlo, Le van Khoi
Iinstitute of Nuclear Research, Warsaw, Poland

J.Dalmas

CEN Bordesaux-Gradignan, Prance

14303 (noec) T10Gs riaction induceq by fast nentrons. The energy and angaler dis
tributions o€ alpha ;artielee ggitted ?: this :22:£ioneh:3:r%20n mezggﬁegrat N
neutron energies equal to 12, 14 and 18 MeV. The energy spectra of alpha par-
ticles have been analyzed in terms of Hauser-Feshbach and quasi-free scattering
models. The results suggest the presence ot direct effects.

Neutrons of energies 12.3, 14.1 and 18,2 MeV were produced in the 3H(d,n)
4He reaction with deuterons accelerated to 2 MeV in a Van de Graaff accelera-
tor. The neutron energy spread due to the deiteron energy lose in the tritium
target and the geometrical conditions, calculated by Monte-Carlo method,was °0
keV (Fn = 12.3 MeV), 120 keV (En = 14.1 MeV) and 160 keV (En = 18.2 NeV). The
neutron flux was determined by counting the protons recoiled from thin poly-
ethylene foil in a CeJ (Tl) scintillation counter.

The inveatigated targets were made of Nd 0 (neodymium enriched to ©3% w.:ith
143Nd) which vas deposited onto a thick aluminium backing by sedimentation me*
hod. The thicknesses of the targets used were ranging between 2 and 3 mg/cm .

The energies of alpha particles were measured with a sinzle surface tarrier
silicon detector. The energy calibration cf the spectrometer was carried out
ueing alpha particles from the ZBSi(n,dlzsﬂg and 2991(n,oc) 6Mg reactions pro-
duced inside the silicon detector by the incident neutrons. The exvperimental
arrangenent was similar to that described in our earlier werk [1].

The alpha particle spectra were measured at an average angle of 25° with a
large angular spread of % 15°

The angular distributions of alpha particles contain all alpha rarticlee
vith energies corresponding to the excitation of the £inal nucleus up to 5 VeV,

The results of the'measurements are shcwn in fizs 1-3 as the pointg ~ith
statistical error bars. The accuracy of the absolute crose sections determina-

tion ims about 157%,

)
" Nd(n,a 1 “Ce —4—
'; 100 100 oL
3 £, 2123 Mey £, =14 Mey E,°18.2 Mev
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Fig.1. Angular distributions of o -particles from the 143gq (n,o(.)MOCe
reaction.
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The results of the glpha particle spectra megsurements have heen analvzed
in the framework of the Hauser-Feghbach (H-F) and quasi-free scattering (7FS)
models.

In fig.2 the predictions based on the Hauser-Feshbach theory [2] are shown.
The calculations were performed on the CDC-6600 computer using ‘he LIANA code

[3) - In the calculations the

';-,‘ ask %3 ¢ nont™OCe channels with n, p and o( as a first
; * E,-12.3 Mev particle were taken into account.
Eu&. H ’“ lﬁ“ Por the high excitation energy re-
g M:F: hl M gion, vhere the levels of the final
2 oztly 9
& J r[r *'_:” ,’, nucleus are not known, the level
\: EREPE gs’u.-__;z:a_ density formula given by 3ilbert
£ (Mev] and Cameron [4] was used.
The calculated cross sections
:,5,' sl are smaller then the experimental
§ ones by a factor of more than 103,
g b .".P"l Sa T ey The experimental gpectra are also
- Iy shifted congiderably tcwards
g, a2k f; L ‘il'*‘ ¢ H higher energies compared to the
!\3 "‘{ .::.' :"# . *lw + fo predictions of H-7 thecry.
o : . .
. ¥ b T A In fig.3 the o ~-particle spectra
* ® = %MH— are compared with the results of
£ (Mev) the calculations based on the °FS
Y model proposed by Blann et al.lS].
% o i These calculations require two pa-
E T ! £ a1 Mer rameters: the probability ¢ that an
E ok 1‘ "L‘ ) ) incoming nucleon will interact
E N H : .,5' ; with an o< =cluster and the enersy
S u wof“‘ b range 4 cver which the x-slusters
o T —% : e >~ are assumed to be uniformly distri-
- T — LM_ buted. iccording to the paper [5]

- the parameter A4 was taken as 20
E. /rMeV]
¥eV. The correct value of the cross

7ig.2. Comparison of the experimental section was obtained for d) 2 0.1

crogs sections with the predictions ba-
ged on the Hauser-Feshbach model. to 0.2 which is typical for (n,o()
[6) and (p,«) [5,7] reactions.

i comparison of the experimental and theoretical resulte shows that H-F
theory is completely inadequate for describing the investirated reaction. Both
the abanlute croes sections and the shapes of the energy and angular distribu-
tions predicted by this model are in evident disagreement with experimentsl
data. :

A better description of the cross section value is obtain for "NFS model,
which involves the assumption that the neutron interacts with the o¢ -particle
on the surface of the target nucleus. Recently the existence of o¢= clusters in
heavy deformed nuclei was suggested by Murphy et al.([8].

The "FS model does not deecrib@ the structure observed in experimental
spectra. This fact 1s probably due to the contribution of direct processes
which populate strongly some states in final nucleus.
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Fig.). Comparison of the experimental
o« = particle spectra with the calcula-
ted ones based on the QPS model.
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