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SUNMMARY OF THE RESEARCH PROGRESS MEETING
of September 8, 1949
|
H. P, Kramer

F. M. Cyelotron at Montresl. J. J. Foster.

The newly established Radiation Laboratory of MeGill University is housed
in a three floor building and employs thirty people of -whom twenty five are
seientists., The Lsbhoratory is eguipped with a eyciotron which is completely under=-
ground and is reached from the Isboratory Building through a subterranean passage.

The magnet weighs 300 tons. The polé pieces have a diameter of 82 inches and
are separated by @ 7.5 in. gap. The maximum magnetic field is 16,500 gauss and
tapers 3.8 pereent from the O to0 the 36,25 in. radius. The magnet coils consist
of extruded alumipum tubing and are cocled by piping water through them. The r.f,
system is similar tc that which was originally in aperation at the Berkeley 184-inch
cyclotron. It employs a twenty-four tooth condenser which runs at 600 rpm on a
coramic axle and thus produces 240 eycles per second.

The vacuum chamber consists of stainless steel walls which are welded to the
pole pieces, The dee is 3-1/2 in. in height at the center and has a voltage of
10,000 volts,

The megnetic field is remarkably uniform. The azimuthal variastion at all
radii does not exceed 1/10 percent.

It is possible with this e¢yclotron to obtain 100 Mev protons with a current

strength of 1/10 microampere.

Synchrotron Experiments. R. Hofstadter.

Je MeIntyre and the speaker have continued at the synchrotron an investigation

into the angular distribution of scattered x-rays which was begun at Princeton
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Univsgsitypc,ln order to present the backgrcund of the present experiment, the
work that was performed at Princeton University will be briefly described.

o The apparatus that was used is shown sehematieally in Fig. 1. The source
~of photons was €ab® whose 7 -ray spectrum consists of two linés at‘about 1.10
and 1,30 Mev., The scatterer was a stilbene crystal in which a scinﬁillation-was
rroduced by the meceil electron.  This seintillation was dét@eted by means of a
photomuliiplier tubs, A an.angle @ with the direction of the beam of photons;
&ndthex.abilbane erystal was set up to detect the seattered 7 -ray. The photo-
multiplier tubes which viewed the two crystals were connected by a coinecidence
@ir@ﬁit sc>that every recorded count indicated the occurence of a scattering event,
The numbey of coineidences wers then set down as.a functicn of the angle © to 3
give the angular distribution.for 1.1C and 1.30 Mev photons. It is éssential in
_parfcrﬁiﬁg ﬁhis experiment to know beforehand the enexrgy of %he photons which >
initiate ﬁhe Comphon effe@tav

Héwavsro the x-ray beam of the synchrotron contains photons ﬁith a continuous

énergy distribution over the range from O to 527 Mev. Therefore, the experiment had
to be redésigned to measure an additional parameter to indicate the enmergy of the
inccmigg phoﬁonu Not only the scatter angle @, but also the angle (b of the tra-
je@toryvbf the"recoil electron was measured. These quantities are related to each

other and to the energy E of the incoming photon by the equation
cot § = (14 —p-)tan1/2 ©
* me® ?

where m is the constant rest mass of the recoil electron and ¢ is the velocity
of light. By holding the ratio sot ¢ [tan 1/2 @ constant it was possible to

observe only these photons which carried the same ensrey E.
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The arrangement of the apparatus is shown schematieally in Fig. 2. The
rhoten beam is secattered by a thin beryllium foil. The recoil electrons that are

produced are detected by a pair of stilbene crystals which subtend an angle of about

12° at the scattersr. Each one of these crystals is viewed by a photomultiplier

cellP The secattered 7-rays are detected by means of the scintillations which the
electron pairs thét they produce in lead foils incite in a series of stilbene
crystals sandwiched between the foils. This system of foils and crystals is also
viewed by a photomltiplier cell.. The three enumerated photomuitiplier cells are

wired in coincidence. However, a triple coineidence may not only be caused by a

- scattering event but alsc by the two members of a pair of electrons produced by the

phioton in the beryllium target. In order to eliminate the portion of the counts

which might be due to pairs, a thin stilbene crystal was placed in front of the

'sandwieh detector and wired in snti-coincidence with the remaining three counters.-

An electron produces a pulse on this erystal, whereas the probability that a high

energy 7 -ray excites a scintillation in the first erystal is low, about .03,

$ggagqu§s gge recorded visually py means of an oscil}oscopeo The pulse
from the photon counter Z is used to trigger the electron gun. The pulse from
thé‘fiféttﬁéray'dounter X is imposed on the piétes'which produce deflection

along the x-axis of the oscillossope screen and the vertigal deflsction is controlled

in the positive direction by the pulse from the second B-ray counter Yi and in the

‘negative direction by the pulse from the pair detestor Yéo .When the pair detector

p oy produces a pulse it is amplified somewhat more than that from the second B-ray
counter s¢ that the image is pulled into a portion of the sereen that has been
made opaqueo- A typleal oscillogram is pictured in Fig. 3.

" The flash from the stilbene ¢rystals decays exponentially with a half-time
of 0001 % 10°6 sec, The amplifiers that are used produce pulses with a Gaussian
distribution that vary in half-time between 0.03 and 0.05 x 1(’)“’6 sec., These values

»

show that



UCRL 463

the resolution of the amplifiers is not sufficieptly fast to aistinguién between
soﬁe paifs éf successive photo pulses. Even thoﬁgh the presehtly empléyed phpto—.~
multiplier tubes produce pulses of only about 1/10 v. a test showed that the
voltage transmitted through a 200 £t. delay line is sufficiant to g'iye a 1/4 in,
defle@tion on the oseilloscope sereen. This result leads one to think that it may
be possible to eonstruet tubes in the laboratory which can be used to activate the
oscillosgope directly and that in this way the amplifiers may'be eliminated and the
resolving time improved.

| In the preliminary stages of the experiment some coincidences were lost to
the oseilloscoﬁe because of the length of time required for electrons to complete
the eircﬁih of the large photomultiplier tube 5819 whichfwas used in conjunctioﬁn'
with the large B;ray détectarﬂ Téis diffieulty was overcome byvincreasing one
delay line by 20 £+. and thus slowing up the other pulses which constitute thé
triple coincidences.

A The number of coincidences which are dus to background events was measnréd
by increésing the delay line from the_CVaray detectgr by 20 ft. When the scatter-
er is removed one still gets coincidences which eriginate in the sair.

Tﬁe-results which have been obtained at the present time together with
the theoreﬁicaliy predicted Klein-Nishina function, the background count and the
' number of coincidences observed without scatterer are shown in Fig. 4. The graph
indicates that at low angles the observed data deviate from the.theo:etical cﬁrve;
This is probably due to the fact that the energy imparted to the recoil electron )
is relatively small when the ‘7;photon is not scattered appreciably.and that low
energy slectrons are not always detected by the counting apparatus,

In order to make sure that it is the Compton effect whieh produces the

L 4



4]
e
&

UCRL 463

@Quntsnvtpg B=counter was moved out of the plane defined by the ¥ -ray beam and
the 7 -sounter. The number of coincidences decreased considerably although it did
net vanish eompletely since pair production contributed some counts,.

The ideal way $o0 perform this sort of experiment is by analyzing the
energy of the reccil electrons with a magnet. The size of the apparatus, in
particular, of the ¥ -ray counter, and the available gap space are the practical

fastors which eonstitute the limitations of this plan,

Lifetime of the #¥ Mesonm. E. Martinelli.

Approximﬁﬁely a year 3go J. R. Richardson mede a determinatimn of the lifetime

of heavy negative mesons prcduced in the 1B4-inch eyclotron. {The Lifetime of the

Heavy Masénéa J. Reginald Richardscn, AECD 2308), In designing the experiment,
Richardson tock édvantage of the fagt that, because of the extremely short lifetime
of the heavy meson, a substantial number of mesons decay within a small distance
from their pleee of corigin. Since the yield of mesons from the deflested ﬁeam is
not sufficient, thé experimnent wasAparformed in the vacuum tank of the cyelotron
where_the magnetic field combined with the vertical momentum of the mesons has the
effect of direeting the mesons in helical trajestories. By exposing photographi@
plates at multiples of 180° within a heligal ehannel arranged in a éopper block
one is able to ohserve the ratic of the number of heavy mescns that remain after
mescng have spiraled through several half-turns to the number of mesons that were
produced. With this ratioc one can caleulate the fraction of mesons that desay in
flight betwesn two points on the helieal trajectory and thus determine the lifetime.
After the converslon of the 184-inch cyelotron to the acceleration of protons, it
wag decided t¢ elaborate con Richardson's experiment with the mesons of higher energy

whi@h are produeed by the proton beam.
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Tﬁe'apparatus in relation to the cyciotron dee is shown in Fig. 5.

Fig. 8 gives a view of the helical chamnel that was used., Ilford C=2 100
mieron plates were placed at 18009 540°, and 900° from the point of origin

of the mesons, From the meson count on these three sets of plates, aftér sub-
traction of geometrical losses, the number of mesons that decayed could be
computed,

The geometrical lesses were determined experimentally. by replacing the
meson source by a strong alpha emitter and determining the losses which in the
case of alpha particles can not be attributed to any but geometrical causes.

Sinee 1t is possible for mesons to enter the plates by other paths than
those Qriginating at the sourece it was necessary to count the background by
blocking off the channsl between the target and the plates,

The optimum position for the meson source with respect to the center of
the cyelotron was determined o be 65 in. by calculating the precession of the
axis of the helical trajectories whiech is caused by the gradual decrease in the
magnetic £ield with radius and arriving at a compromise between minimum pre-

_ gession and maximum bombarding energy.

In order to prevent a spurious incrsase in tae meson count from multiple
traversals ¢f the source by the alpha beam, a shield was placed at the same
radiue as the target and 180° removed from it.

The value for the lifetime which was arrived at ié

T=1,97% <3 £ 1078 gec,,

.17
and the half life is

8+

-10 X 10”8 sec. 0

Tl/?; = 137 = 19

A complete diseussion of the work is contained in "The Lifetime of the

Pogitive W¢Meson"9 E. Martinelli, Ph.D. Thesis, University of California.
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Isotopes of Biamuth, H. Neumann.

In keeping with the program of the Chemistry Division of determining
systematic relations which might exist among alpha-particle emitters an investiga-
tion of light bigmuthbisotopes was instituted,

Pt was bombarded and the Bi fraction separated. Ths fcllowing table

presents particulars of the four Bi ‘activities which were gbserved:

Threshold Half-1life ¢ - emission a-Energy Total rate of
Energy half-life Mev. disintegrations
Mev rate of disintegra~
tions with a-emission
<40 Mew 62 min, 83 yrs. 5,15 7 x 109
40-50 25 min. 2.9 yrs. 5.47 6 x 104
60=50 9 min. <.42 days 5,83 <7 x 10%
1,7 min. < 4 days 26,2 <3 x 103

The mass assignments were made in each case by cowting the Pb and Tl decay
products. The branching ratio was determined by T1 milking and alpha pulse-
analysis. The 9 min. isotope was assigned the mass number 198B the 25 min.
activity, the mass number 199, and the 62 min. activity the mass number 201.

It is beliewed likely thet the 1.7 min., activity corresponds to A = 197.

An interesting alpha-activity was observed for BiZlcn This completes
an isomerie pair of which one member.has an alphe-emission energy of 5°OIMBV
and the other an energy of 4.8 Mev. The upper limit of the half-=1life of the
upper snergy state is 5=10° Jrs.

Details of this work are deseribed in the "Quariterly Chemistry Reportéﬁ

UCRL 460,
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