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SOMMARY OF THE RESEARCH PROGRESS MEETING 

of September 8 9 1949 

H. Po Kramer 

F. M. Cyclotron at Montrea.L J. J. Foster. 

The newly established Radiation Laboratory of McGill Unbrersity is housed 

in a three floor building and employs thirty people of ·whom twenty five are 

scientists. The La.boratory is equipped with a cyclotron which is completely under= 

ground and is reached from the Laboratory Building through a subterranean passage. 

The magnet weighs 300 tons. The pole pieces have ·a diameter of 82 inches and 

are separated by a 7.5 in. gap. The maximum magnetic field is 16 9 500 gauss and 

tapers 3o8 percent from the 0 to the 36.25 in. radius. The magnet coils consist 

' , , 1 of extruded alumin~ tubing and are cooled by piping water through them. The r.f. 
·J • 

system is similar to tha.t which was originally in operation at the Berkeley 184-inch 

cyclotron. It employs a twenty~four tooth condenser which runs at 600 rpm on a 

ceramic axle and thus produces 240 cycles 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 

lOvOOO volts. 

The magnetic field is remarkably uniform. The azimuthal variation at all 

radii does not exceed 1/10 percent. 

It is possible with this cyclotron to obtain 100 Mev protons with a eurrent 

strength of 1/10 mi.croampere. 

Synchrotron Experimentsb Ro Hofstadter. 

Jo Mcintyre: and the speaker have eontinued at the synchrotron an investigation 

into the angular distr:!.butj_on ot srcattered x=rays which was begun at Princeton 



UCRL 463 

q. 

Universityu . In order to present the ba~kground of the present e:x:periment 9 the 

work that was performed at Princ:eton University will be briefly described. 

The apparatus that was used is shown schematically in Fig. L The source 

ot: photons waE~ co60 whose 7 =ray spe~trum ~onsists of' two lines at about 1.10 

and lo30 MaJv o The s©atterer was a stilbene crystal i.n which a scintillation was 

produceo. by the J;;>ec;c.rn ele©tron.o · This scintillation was detected by means of a 

photo.mu.ltiplisr tube. At an angle 9 wit.h the d:ire0tion of' the beam of photonsv 

another stilbene ©rystal was set up to detect the scattered 7=ray. The photo~ 

xmllt:iplier tubes whi~h vi.ewed the two c:eystals were connected by a coincidence 

cir©uit so that every recprded count ~ndicated-the oc©uren~e of' a scattering evento 

The number of coinciden~es were then set down as a function of the angle Q to 

give the angular distri·oution,for LlO and lo30 Mev photonso It is essential in 

perlo:r.mi!lg this exper:JiJn.emt to k.now beforehand the energy of the photons which 

initiate the Compton effe~t. 

However 9 the_ x:=ray beam of the synchro.tron contains photons with a continuous 

energy distribution over the range from 0 to 327 Mevo Therefor.eD the experiment had 

to be redesigned to measure an additional parameter to indi~ate the energy of the 

incoming photon. Not only the s~atter angle 9 9 but also the ang:Ie ~ of the tra~ 

je©tory of the recoil electron was measured. These quantities are related to each 

other and· to the energy E of the inC'Jomi.ng photon by the equation 

eot (1 + -~) tan 1/2 G 
m~r.;. 

where m is the constant rest mass of the recoil electron and·c is the velocity 

of light. By holding the ratio ©ot ~ /tan 1./2 Q constant it was possible to 

~bserwe only those photons whi©h ©arried the same energy E. 

j • 
• 



The arrangement of the apparatus is shown schematically in Figo 2o The 

photon beam is saattered by a thin beryllium foilo The recoil electrons that are 

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

12° at the scatterero Each one of these crystals is viewe~ by a photomultiplier 

cello The s~attered 7-rays are detected by means of the scintillations which the 

ele©tron pairs that they produce in lead foils incite in a series of stilbene 

crystals sandwiched between the f'oilso This system of foi.ls and crystals i.s also 

viewed by a photomultiplier cello. The three enumerated photomultiplier cells are 

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

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

photon in the beryllium target o 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 

s~dwich detector and wired in anti=coincidence with the remaining three counterso 

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

energy 'Y =ray excites a scintillation in the first crystal is low 9 about o03o 

TP,e ~0:u11ts are recorded visually by means of an oscilloscopeo The pulse 
from th~ ·~116i;o.~ :couziter z is used. to tri~er the electron ~o Th~ pulse from 

th~ .fitst, p~·ray counter X is imposed on the plates which produce deflection 

along the x=axis of the oscilloscope screen and the vertical deflection is controlled 

in the positive direction by the pulse.trom the second ~=ray counter Y1 and in the 

negative dire~tion by the pulse from the pair detector Y2o When the pair detector 

Y2 produces a pulse it is amplified somewhat more than that from the second ~=ray 

counter so that the image is pulled into a portion of the screen that has been 

made opaqueo A typi~al oscillogram is pictured in Figo 3o 

The flash from the stilbene crystals decays exponentially with a half=time 

of OoOl x. 10=6 seco The amplifiers that are used produce pulses with a Gaussian 

. 1 =6 distrlbution that vary in half=time between 0.03 and Oo05 x 0 seco These values 
• 

show that 
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the resolution of the amplifiers is not sufficiently fast to distinguish between 

some pairs of successive photo pulseso Even though the presently employed Ph,oto- .·· 

multiplier tubes produce pulses of only about 1/10 v o a. test showed that the 

voltage transmitted through a 200 :t'to delay line is sufficient to give a 1/4 ino 

deflee:tion on the oscilloscope screeno This result leads one to think that it may 

be possible to construct tubes in the laboratory which can be used to activate the 

osGilloscope directly and that in this way the amplifiers may be eliminated and the 

resolving time improvedo 

In the preliminary stages of the experiment so.rrs coincidences were lost to 

the oseilloseope because of the length of time required for electrons to complete 

the circuit of the large photomultiplier tube 5819 which, ·was used in conjunction 

with the large ~=ray detectoro This difficulty was overcome by increasing one 

delay line by 20 ft. and thus slowing up the other pulses which constitute the 

triple coincidenceso 

The number of coincidences which are due to background events was measured 

by increasing the delay line from the. ~=ray detector by 20 fto When the scatter= 

er is removed one still gets coincidences which originate in the airo 

The results which have been obtained at the present time together with 

the theoretically predicted Klein=Nishina functionD the background count and the 

number of coincidences observed without scatterer are shown in Figo 4o The graph 

i.p.dicates that at low angles the observed data deviate from the theoretical curve. 

This is probably due to the fact that the energy imparted to the recoil electron 

is relatively small when the ?f=photon is not scattered appreciably and that low 

energy electrons are not always detected by the counting apparatuso 

In order to make sure that it is the Compton effect which produces the 
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~ounts 9 the ~=counter was moved out of the plane defined by the r=ray beam and 

the -~=©ountero The number of coinciden©es decreased considerably although it did 

not vanish @ompletely since pair production contributed some countso 

The ideal way to perform this sort of experiment is by analyzing the 

energy of ·tb.e recoil eleCitrons with a magneto The size of' the apparatusD i·n 

partioular9 of the r =ray counter9 and the available gap spac:e are t;ha prae<tical 

faetors whi,~h ~onstitute the limitations of this plano 

Lifetime of the 11f+ Meaono · Eo Ma:rtinellL 

Approximately a year ago J o Ro Richardson made a determin.at ion. of the lifetime 

of he~nry negative mesons produced. i.:n the l84=inch ~yclotrono {The Lifetime of the 

Heavy Mesons v. J o Reginald Ri~ha.rdson 9 AECD 2308) o In design:i.ng the experiment 9 

Ri.c:hardson took advantage of' the fact that v because of' the extremely sho:r"t lifetime 

of the heavy meson~ a substantial number of mesons decay within a small distance 

from their pla©e of origino Since the yi.elcl of' mesons from the def'leCJted beam is 

not suff'ici,_ent 0 the experiment was performed in the vacuum tank of the cyclotron 

where the magnetic field combined with the vertical momentum of the mesons has the 

effect of directing the mesons in helical tr.ajeetorieso By exposing photographi~ 

plates at multiples of 180° within a helical channel arranged in a ~opper block · 

one is able to observe the ratio of the number of heavy mesons that remain after 

masons have spiraled through several half=tQ~S to the number of mesons that were 

produ.ceclo With this ratio one can cal©Ulate ·the f'ra©tion of mesons that dec;ay in 

flight between two points on. the he11Gal trajec:tory and thus determine the lifetimeo 

After the convf!lrsion of the 1.84=1nch cy~lotron to the ac©eleration of protonsv it 

was decided to elaborate on Ri~hardsonus experiment with the mesons of higper energy 

whi©h are produ©ed by the proton beam, 
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The apparatus i.n relation to the cyclotron dee is shown in Fig. 5. 

Fig" 6 gives a view of the helical channel that was used. Ilford 0=2 100 

micron plat,es were plaeed at 180° » 540° v and 900° from the point of origin 

cf'~he mesonso From the meson count on these three sets of plates 9 after sub-

traction of g9ometrieal losses 9 the number of mesons that decayed could be 

eomputedo 

The geometrical losses were determined experimentally,by replacing the 

meson source by a strong alpha ami tter and detenn:ining the losses which in the 

case of alpha particles can not be attributed to any but geometrical causes. 

Sinee it is possible for mesons to enter the plates by other paths than 

those or:i.ginating at the source it was necessary to count the background by 

blocking off the channel between the target and the plates. 
' 

• • The optimum position for the meson source with respect to the center of • 

the cyclotron was determined to be 65 in. by calculating the precession of the 

axis of the helical trajectories which is caused by the gradual decrease in the 

magnetie field with radius and arriving at a compromise between minimum pre-

cession and maximum b om.barding energy o 

In order to prevent a spurious increase in t~e meson count from multiple 

traversals of the source by the alpha beam9 a shield was placed at the same 

radius as the target and 180° removed from it. 

The value for the lifetime which was arrived at is 

1' = 1.97 ± 

and the half life is 

1' 1/2 == lo3'7 !: 

.14 

.17 

olO 
ol2 

x 1o=8 sec. v 

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

Positive ~~Msson" 9 Eo Martinelliv Ph.Do Thesis 9 University of California. 
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Isotopes of' Bismu·tho Ho Neumann. 

In keeping with the program of' the Chemistry Division of determining 

systematic relations whiGh might exist among alpha=particle emitters an investiga-

tion of light bismuth isotopes was instituted. 

Pb was bombarded and the Bi fraction separated. The 'following table 

presents particulars of the four ·Bi· 'activities which we:c•e obser-ved~ 

Threshold Half'=life a ~ emission a.-Energy Total rate of 
Energy half~life Mev. disintegrations 

Mev rate of disintegra-
tions with a-emission. 

<40 Mev 62 min. 83 yrs. 5.15 7 X 105 
40=50 25 min. 2.9 yrs. 5.4'7 6 X 104 
60=50 9 min. <.42 days 5.83 I 

<. 7 X 103 
L'7 min. < 4 days 26.2 ( 3 X 103 

The mass as.s.ignmen.ts were made in each ease by.co~mting the Pb and Tl decay 

products. The branching ratio was determined by Tl milking and alpha pulse-

analysiso The 9 min. isotope was assigned the mass number 198~ the 25 min. 

activity9 the mass number 199P and the 62 min. activity the mass number 201. 

It is believed likely that the 1.7 min. activity corresponds to A= 197. 

An interesting alpha-activity was observed for Bi210. This completes 

an isomeri~ pair of which one member has an alpha=emission energy of 5o0 Mev 

and the other an energy of 4a8 Mev. The upper limit of the half=life of the 

upper energy state is 5=105 yrsa 

Details of this work are described in the "Q.uarterly Chemistry Report" P 

UCRL 460. 

LMB/10=14=49 
Information Div'i.sion 



recoil electron 
coso U 
~----------~--

I 
rl lol and lo3 Mev 

'I= rays. 
9 scatter·angle 

Scatterer 

Scattered 7 photon 

Scattered x~rays 

Apparatus for Measuring the Angular 
····Distribution of Seattered X=rayso 

Stilbene 

UCRL 463 



r 

L i 
\. 

y 

17 c/min. 

Counting 
rate __ 
10 c/min 

UCRL 463 

=11~ 

,~~ffl 
X 

/' 
Opaq_ue section of screen 

Typical Oscillograph 

Fig. 3 

.. -==================== 

., 
' '\ 
-'­'\ 

'\ 

" "\. It!" Theoretical curve 
, ,- Background 

'\. 
"\. 

" " 
+--- Count without scatterer. 

Sketch of Experimental Results 

Fig. 4 

Q - Scatter angle 
of x-ray 



r .. 

CARBON 

I 

s" 64-
8 

Fl G. - 5 " 

BEAM 

LOCATION OF SHIELDING IN THE CYCLOTRON 

, 

I I 

0 I 2 3 
FEET 

14070-1 



( I 
'I 

I·. 

<X> 
m 
<.0 
N 
0 


