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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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AB3TRACT

Noutrono in pulsep produced at 2 19-Mc rote by the circulating beam
of the 184-inch cyclotron otriking an internal target have kinctic snergics
from 100 toc 800 Mev. Circulating-beam bunching limite the time duration of
each neutron pulse. Refeoronce ocignale are produced by 2 Cherenkov-radiator
internal target or the radic-frogquency voltage om the cyclotron dee., The
chronotron coincidence circuito, capable of a recolving time of leco than 20'9
vecond, are epaced with increasing time intervale to reduce reflection reinforcemaar
Saturation of coincidence circuite minimises the dependence on cignal amplitvde,

The 125-02 cable io metched at sampling pointe by 2 serieo inductance tapped by

tube input capacity.



- 53 - ;? '{.: I o

A CHRONCTRON FOR RELATIVISTIC NEUTRON

.

TIME-OF-FLIGHT MEASUREMENTS
Rebort H. Ragodale and Warren Fentor Stubbine’

Lawrence Radiation Leboratory
University of California
Berkeley, California

Dacombor 11, 1958

I. INTRORUCTION

Many experiments yielding interesting nuclear data may be performed by wols:
relotivistic neutrons of known energy. The noutron yield from high-enargy
accelerators occurs with a continuum of energies ranging from values greoter
than the ensrgy of the accelerated particle in the case of (p,a) reactions to
quite low energiss. The time interval botween the production of the noutron
by the internal beam of the cyclotron and its interaction in the muclear proceen
under otudy provides o diroct moaours of the nevtron caergy. A ckronotrem, A
to determine the timo intorval, muot be capable of rovolving the shortest
poooible intorval and operating at the repetition rate at which the ncutrons
are produced by the accelerator. These two requirernents are prime considerations
in the deoign, end convenience, flexibility, reliability, and indepondence from
auxniliary equipmont are additional objectives. _

Neuirons are produced by the 184-inch cyclotron when the particles at the
end of the modulation cycle achieve full energy and strike an internsl torget.

The cyclotron is modulated at 64 cycles per cecond, and neutrons are producod
over about 100 microseconds. The nevtron production occurs in pulces, as oome of
the accelernted particles sirike the internal target during each »f cycie,
corresponding to the 19-Mc particle circulation frequency, ond continues until

all the particles accolerated in the modulation cycle are expended. The scepearotion
between pulses is sbout 50 nanoseconds, aad the duration of each pulse depends on
the phase spreed of the beam relative to the zf accelerating veltege of the
cyclotzon. A typical value of pulee duration is 15 nanoseconds. Operation of

the cyclotron to reduce the puloe durstion to as small an interval as pocsible

is necesaary to provide accuracy in the timing measurement.

H ’ » -~ - [3
Work done under the auspiceo of the U.S. Atomic snergy Commincisn,
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Tho clectrical relozonce pulse that indicales the production time of Uil
noutrons is cktoined from o Cheronhkov countor which io wood oo the intorunl
target otruck by tho circulating beam. An alteraate electrical refercnce pulsc
may be obiained from the rf accelerating voltage whose phaseo is relatod to
the pocition of the circulating beons. The refeorence pulse is one of ths inputo
to the chronotron during its use in exporiments.

The electrical signal obtained from the ceincidence circuit of the countexr
telescope oboerving the neutron-induced nuclear reaction it applicd to the
chronotron oo the second input. The time rolationchip between these two signalo
io regolved by the chronotron.

Ii. CIRCUIT DESCRIPTION

Onoe may think of a chronotron a0 two paraliel pulse-conducting lirea,
terminatod in their chazacteristic impedanco and tapped at interveals by coin-
cidonce circuite (Fig. 1}. The mode of oparation i to sernd the roference puloe
aleng one line while the counter-tclescope signal io sent along the other line
in the oplLooite direction. Ac the cignals iravel along their reopectivs linao,
they poes, and if thio cccuro at a coincidence~circuit input, an culput signal
will be generated. It can be ceen that as the ccunter-ielescope signal arrives
later and later, the coinciderce moves to the adjacent channels, thuo ine
dicating the time interval betwecn oignals. &

The chronotron described in thio roport difisro somewhat from the clacoicnl
form in that it was nooornbled from standard counting unitc presently in uoe ot
UCRL, rathor thar being cuotomn built. There are two rensono for thic: One woo

to take advantagoe of the fact that the constituent parto had already been designed

zFor a more thorough discussion oee H. K. Ticho and J. Gauger, Rev. Sci.

Inotr. 27, 354 (1956).
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nnd that moot of tho eim@ ospent on the project would ge toward assembly and
final adjuctmaent rather than dovelopment. The oscond is that the readeout
oyctem cf the clnssical chronotren has a rathor long dead ¢ime, sincod the
‘ocope oweep civcuito must be recet before ancther event can bve recordad. In
addition. the data must be recorded on film, which entails probloms of handling
and scanniag. In order to circumvent theese difficuliies, scaler readout io
provided, thuo reducing the dead time of the system and bypassing the neod for
output coding circuits.,

Another diffsronce involven the use of tnput-pulse chaping by mesns of
clipping linec. This techpique is employed to increaoe the reasiution of the
syotom and to prevent pulees from "overlapping'' and causing an output puloe
in two channels simultoneously. It will bo seen that this type of arrsngoment
reoulto in "holoo” in the time buoe, thus permitting coincidences to eccur be-
twoen charnols and hence to {oil to regieter on the scaling unite. I8 was decided
thaot thio limitation io not serious in the precent application, and no aitempt
bao beon mode to correct it.

AChronotron Lino

After initinl experimentation with UCRL pulse guide {ceaxial otyrofoan:
tronermiosion ling), 3 the selection was made of RG-63/U coaxial cable. ' Am annlysino
of various cable types by Keras at al. 4 chowe that the puloe shapes oncountored
would not be sericusly altered by the cable iengths involved., Further, the UCRL
125-Q connectors for use with RCi-63/U, which have very small reflections, 5 provido
a convenient means for connectiry the coincidence~civcuit elements {Fig. 2}, and
allow changee in linc length fop wserimum flexibility of the chrenotron. RG-63/Y io
used for the chronotron lineo and for internal connectiono in the coincidencae cizcuito,
as well a8 fox clipping linews,

The chronotron lines are tapped by each coincidence circuit through an
m-derived filter network formnd by a emall inductance and the input capacitance

of the coincidence circuit. Tho entencion of the system to include many sample

3Quom%m Korne, Nucleonico Vol. 14 No. 4 45 {April 1956).
Q. Kerns, F. Kiroten, ané C.N. Winningstad in Radiation Laboratory Counting
“dandbook, UCRL-3307, March 1956, .
5’3’3&@ micmotch due to UCRL connectors used for jeining RG 63/% cable io o3t move
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pointe 1o accompliohed by adding additional coblco and coincidence circuits .

In our cetup. five circuito were conmacted to form the chronotron. The imtarvil
between sarmple pointo is detmemim.mﬁ by the cable lengths and may eaoily be
changed. Two lines pre used tc permit casler termination.

B, Coincidence Circuito

The coincidence circuit {¥Fig. 3) selected for the chronotron io a otandesd
UCRL nancsacond unit, 6 Ao proviowoly meniioned, the inputs to each channcl
are cmapiéd to the linee by means of m-derived filters, which allow an excollicat
atch to the lines and reduce the rise time of the input circuit, Reflections of
the order of = few percont are caoily obtained by this methed. Input puiceon
are negative and ave arrvanged to be greater than -Zv in magritude co as to
cut off the input tube. The puloso applied to the Rosol diode circwit ars than
limited in height, thuc reducing the oensitivity of the ceincidence circuit
to varying input pulse heighto. A clipping line, comsisting of a 1Q-inch longth of
R@aéﬁ/&! chorted at ito far ond, io uned to limit the duration of the puise
opplied to the Rosesi circuit, thus the oignal at the coincidence circuit corrouponde
approzimately to that part of the input signnl which carried the pentodo to cuteff.

The diode coincidence circuit inciudes a diode in series with the output
esignal acting 28 = diccriminator in cupprensing feed-through pulses occurring
when only one pentode has ar input. Coiacidence ratics of 20:1 have boen
measured.

Coincidence cutput pulees are amplified by means of 2 conventicanl chunt-
peaked amplifier which drives & cathode follower to match the low-impedance
ocutput cable.

Proviciorno for adjusiment of acroen voliage o balance both sideo of tho
coincidance circuit are included. Meterc allow the observation of the plate curreuin
of either pide, or their combined plate current, in each coincidence circuit.

6Wiiiiam A, Wenzel, Millimicrosecond Coincidence Circuit for High-Spoed
Counting, UCRL-~-8000, Oct. 1957,
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C. Diecriminator

Pulses appearing at the output of the coincidence circuit are spplied to
a discriminator civcuit consisting of a diode subtractor and an EFP-60 one-
shot multivibrator (Fig. 4). This unit serves the function of shaping the
coincidence output pulses and increasing the resolution of the gystem by
steepening the sides of the resolution curve. The multivibrator output is of

gufficient amplitude to drive a standard scaling unit directly.

III. PERFORMANCE

Prior to use in rmcléar éxpéfizﬁehtaﬁiou, the system was tested with a
mercury pulse generator connected to the lines so that both pulses propagated
down the lines in the same direction, thus registering a coincidence in each
channel. The results of this test are shown in Fig. 5. Since the pulse shapes
derived from the puise generator are "idealized' relative to photomultiplier
signals, a further test was made with two 6810 tubes in a cosmic-~ray telescope.

The resolution of a typical channel is shown in Fig. 6.
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LEGENDS
Over-all bleck diagram of chronotron systom.

m-derived filter.
Sirnplified echematic diagram of typical coincidence circuit.
Simplified schematic diagram of discriminator circunit.
Resolution of typical coincidence channel with pulae-gesnorator input.
Resclution of typicel coincidence channel with cosmic-ray counter input.



Counter
telesc:pe \\ \\ \\ .\\ \\ (}}

Reference-
p p pulse
generator
= lcoincidence Coincidence Coincidence Coincidence Coincidence
circuit circuit circuit -~ circuit circuit
Pulse-height Pulse-height Pulse-height Pulse-height Pulse-height
discriminator 'discriminator] discriminator discriminator| discriminator|
Scaler Scaler Scaler Scaler Scaler
MU- 16485

Fig. 1



«10-
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