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~Iigh Ene:r'g'.Y o:"Ra,ys {) B" Moyer 0 

The high 6p.ergy· 0' -rays that are produoed by the 340 Melt proton beam of the 

184~inchC"Y""'lf..rt,:Y.'OI1o in a carbon target are det6coted by means of the apparatus shovm in 

Fige 16 r---ra:ys are passed o'u'bside the cyclotron tank through. a po'rt.; in the shielding 

and impinge on a tantalum foil vihere they produce pairs of electrons that are bent by 

a sui table magnetic; field in'Go the 'tvvo telescopes of proportional counters in coincidence. 

The :mJ~gnEd:;i.O\ field allovrs only those alec,trons to be counted which move with a certain 

energy" Since the bra telescopes are in coincidence" only such an. electron pair is 

counted 1I'fhe:r."(" t.he energy that is available from the 0 =phoi.~on has been evenly. divided 

between i;he 'b,\ro electrons of opposl te charge 0 The ene.rgy of' the o=photon is therefore 

twice the enerogy' of an electron that mdves in arl. or-bit such that it can be counted and 

this orbit; and the energy that corresponds to it are determined by the magnetic field 

that is applied" 

.An undesirable spread in electron energies that were counted vnth a given 

magnetic field strength r'Gsulted from the fact that electrons after having "been produced 

by -ehe materialization of 0 -photons are scattered along their path through the tantalum 

foil o Thus they d€li,-iate from the direct;ion of the O=.rays and on being subjected to 

the magnetic f:J..81d 6nter a.."l orbit· that escapes the counters 0 The expression for the 

mean squa:I:"El sca.tter angle.? 

shows that the seat'ber angl(~ increases with decreasing energy E of the photons and 

increases wj,th inl2'J:'easing thickness of t;antalum materializero In order that the effect 
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of scattering might not prejudice the yie 1d results a.t low energies in favor of those 

at high energies the thicl'J:wss of ma.terializer was adjusted with each change in magnetic 

field so that the losses due to scattering migh'b be constant v'fith energy" A further 
~ 

, refinement of energy discrimination was achieved by placing the long axis of the 

materializer foil at !'ight angles to the long axis of the tres7; S61ction·cf';'the·· "o--ray 

beam. .80 that-the 'aTee: avaib,bl$'forpair';production was re>duced. 

By varying the radial and azimuthal position of the 1/2 in" C target in the" 

cyclotron and by reversing the ·proton beam it i.s possible to vary the proton energy 

effective in producing the ~-rays and also to observe ~rays emitted at various angles 

from. the direct5.,ol~ of the proton beam. The graph of Fig .. 2 811mvs energy distributions 

for o-rays produced by protons at vari ous energies at different angles generally in 

the fo!",vard direction with respect to the proton beamo It is felt that the lov. energy 

porij.ons of these graphs have now been over-corrected so that the rise should actually 

be .somewhat steepero A rough calculation indicates that if one takes the integrated 

yield for 340 Me·v protons to be 100s that for 290 Mev protons is about 30-40, for 230 

Mev about 5 and for 180 I\fuv about I,. Figo 3 shows the energy distr...ibuti ons for various 

proton energies in a general backward direction., 

Figo 4: shows a graph of the energy distribution of o-rays produced in 1/2 in .. 

of carbon by 340 Mev protons as viewed in thG direction of the' beam. and as seen at 1800 

from the direction of the beaID.o A possible e2.."p1anation of the shift of maximum ,nth 

angle has been worked out by To Taylor - by attributing to the center of mass of the 

impinging proton. and the nucleon that partake in the action producing the ~photon 

a certain motion and calculating the sh5.ft in the energy spectrum due to the Doppler 

effect" The ratio f3 1)£ the velocity of the center of mass to the speed of light that 

one computes on the assumption that the proton moves with an energy of 340 Mev and the 

tru~get nucleon is stationary is 0 0 49 The experimental results hmvever req~ire that 

[3<"'0"4,, In fact the calculated range for [3 is 0,,28 - 0~33o The following table compares 
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the results obtained on the hypothesis that ~ =: 0 0 33 to those of the experiment. 

Predicted reI .. yield 

2.0 

1.0 

Observed Rele yd.eld 

2.1 

leO 

The relative yield is the ratio of the corrected number of ~~rays observed 

to the activity produced in the bombarded carbono It is thus a measure of the number 

ofpho'(;ons 'produced per proton collision. The yield of 0" -rays from aBe target 

integrated over the observed energy region corresponds to a cross section.of 3 x 10-28 

cm2/steradian per Be nucleus. 

The tentative conclusions that can be dra,vn at present from the results of 

this research are that the particles that must be postulated as parents of O"-photons 

are neither tied to the nucleus because of the observation of a Doppler effect nor to 

a ,nucleon. because of the 'o!Jserved energy spread.. It is possible that two photons are 

emitted by each elVe'lltsinca most photons' that trera observed carried about half the energy 

available for photon production. 

Interpretation of ~-rays. T. Taylor. 

The graph of Fig .. 4.was obtained by measuring· the energy distribution of 

o~rays produced in 1/2 in. of carbon by the 340 Mev proton beam of the 184-inch cyclo­

tron. The curve whose maximum lies at about 60 Mev represents the distribution of 

a-rays emitted at 1800 from the direction of the beam and the curve whose maximum 

lies at 120 Mev represents the distribution of o-rays observed in the direction of 

the beam. 

An attempt was made to interpret these experimental results by assuming the 

shift in energy distribution wi.th ~ngle to' be due to a motion of the center of mass 

a.l1.d the mechanism of the Doppler effect. Therefore calculations were .carried out to 

determine the velOCity that must be assumed for the center of mass so that in the 
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'systei1fthat-'i:sat rest-·withrespect to the- oenter of mass theemissi-oXl of -~.·rays is-

is otropic -a.nd. with respect to the laboratory system the distribution appear's like that 

of Figj) 4& 

The production of tr'-rays was thought to proceed in two stages!) The assumption 

vms made that the interaction of tvil"O nucleons, one of these -oeing the incoming protong 

tea.1:"s loose apa:l;'·tiole (a neutral meson) that decays by 'I:;he emission of two ~rays in 

opposi t6 directions.. It is a fairly reasonable assumption that; mesons are produced 

spherically symmetrically in the center of mass system of the two nuoleolls and that 

the meson in turn· decays by the isotropic emission of O.;.rays in its center of mass 

system .. 

.An expression for the supposition that a system exists where the emission 

of d-rays is isotropic is 

where 

k :.:: energy of o-photons in the laboratory system 

G :;,J :::w.gle be"b,veen direction of motion of photons wi th direction· of motion of.' 

center of gravity of· system where pnotons &..re emitted :i.sot;:rop:i.cal1y<> 

..0..:.:: soli.d angle sub tende d at center. of mass of above system. 

H","" number of O'=r8..Ys observed", 

The Dopple:r' effect transforms the energy of emission k' to the energy observed in the 

laborator,r sys tem ko 

kt __ k 0' (1 - ~ cos g) (2) 

. 'tV-here 

end 
~ .- the ve IDe i ty of the clenter 01' mass of' the is otropic 

system relative to the speed of lighto 

If one denotes the distribution in the laboratory system by g (kpG) 
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g(k,oG) = ( 3) 

Equation (2) offers a meru1s for determining the mass of the meson on the hypothesis that 

tMs particle dissipates its energy by the production ofhyo '0 -photons .. 

and for 9 = 1800 

so that 

1',here \-L i? the rest mass of the meson. From the results displayed in the graph of 

Figo 4 a .falue \-L -;;: 300 was calOl,dated .. 

One CaJ.1 verify by equati on (3) that if on6 multiplies the values of the 

ordinates and abscissas of the cur"" for 0 0 bJI.:i and similarly transforms the 

for 1800 by multiplication by the scale factor. i:- the two energy distributions 

expected on the basis of the present the Dry to coalesce into the CUriTe of the energy 

distribution in the system of isotropic emission o It was found that the closest 

coincidence is obta.iYi..ed by let'bing ~ == 1/3 0 

When one examines the 'energy distribution FCE) of the mesons ths,t decay to 
C)<) ·1 F(E) dE f(k) = . .. 

- p 
- Y 

a-rays one finds that 

It is interesting to note that the 10wBr limi'e of the integral" 

E ~ P-t (!k +2\<)' 

curve 

are 

implies that two energies of emission of (J-rays lei and ~ correspond to a single meson 

eT'...ergy E and that these 'tYro 'values are related by the formula 

A good fit for the a-ray energy distribution in thE3 system of is otropic emission was 

obtaine d by Ie tting 
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The the ory was compared wi th the energy distributi~nof1r mesons in a system 

vJhere they are emitted with spherical symmetry" It was found that here the best fit 

was obtained "by letting i3 ::: 0,,280 The v.'J"O meson energy distributions are compared in 

the gr aphs of Fi g..5 0 

Production of ]lEssons by Synchrotron X-rays. R~ So White. 

The experimental arrangement that is used is sketched in Figo 6.. A well 

collimated X~ray beam impinges on a carbon rod of 3. ino length and an exposed face area 

. of 1 ino x 1 in. Four sets of plates are arranged around the radiator.. These plates 

are protected by ·diff'erent thicknesses of Pb absorber so that a crude energy distribution 

c.all be me asured o 

On 'c he photographic plates one can distinguish betvreen four different t,ypes 

of meson tracks.. Their appearance is indicated in Fig. 1" There is uncer'cainty at 

times regarding the assignment of the sort of track that isshovm in Fig/> 7 C9 This 

track may represent either :?~ Ti-!-L decay or a one prong star. They are arbitrarily 

courrbed as 1I-!-L decays. When there is a high electron background resy.lting in a dense 

distribution of exposed grains. a 1\-!-L decay t:rack may sometimes not be distinguishe·d 

from a p trp.ck~ 

It was the practice in the past to evaluate the ratio of the number of negative 

if mesons to that of positive 11 mesons by means of the formula 

11"" ·1.376 1l= i72Ct;otai. - 10376) 

Because C-211 lIfOI'd plates are now used in preference over electron plates that 

registered a muclh higher backgrounds/it is thought that the· count of TI-!-L deca.ys is· 

sufficiently complete to justify the use of' the formula 

10376. 
= 

( ......:!- 11.+)'+f.n-+II.+) : .. . ·i.· " •. "\ \ .. ~ XI' =r- . '. ' .. " , .. :;J . t/ ... ,1(t 

doubtfule 



". 

UCRIr401 

-8-

t.J. mesons 0 

The values of the ratio rr-/~ as a function of meson energy are: 

Energy Range. 

20.;.30 l'1're,r 

SO=54 Mev 

72,~150 Mev 

32 

171 

24 

18 204 

89 

25 loS 

The energy distribution has been sketched out in a preliminary fashion..Tha 

data presented here ha:ve not been corrected for solid angle e 

Ene r gy Range e Relo no. of mesons/mevo 

-0 ... 20 ,,3 

20=30 4 .• 6 

30-40 9.6 

40=45 7,,3 -

45~50 7,,2 

50-55 6 0 '7 

72-85 3 0 4 

102 ... 114 .4 

116=142 .4 

142~154 .1 

An indication of the trend of the exei tation function -isgiironby the 

following valuesg 

X-ray energy range 

0-200 Mev 

0-335 Mev 

INF0RMATION DIVISION 
7/26/49:hw 

Total number of mesons 

18 

28 

60 
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