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-Ho Po Rramer

High Energy ¢ =Rays. Be Moyer.

The high aﬁefgy -5Vwrays that are prpduoed by - the 340 Mev proton bsam of the
i84minch‘ay®13tren in a carbon target are detscted by msans of the apparabus ;hdwn in
Fige le & -rays are;péssed outside the cyelotfonvtank through & pork in the shieldihg
and impinge om a tantalum foil where they produce peirs of electrons that are bent by
a suitsble magnetic field inﬁo the'ﬁwo téleséopgs of proﬁortiénal eountafs in coin&idencé,'
The magnetic field allcwé only thbse éiectrpns to bs countea which move ﬁith a certain

energys Since the two telescopes are in coincidence, only such an electronm pair is

" counted whers the energy that is evailable from the § -photon has been evenly divided

betwesn the two eiecﬁroﬁs of_épposite charge . Tha energy of the ‘Kiphaton is therefore
twice the enefgy of aﬁ electron éhat moves in an 6nbitvsuc£ thét it can be counted and
this orbit énd the energy that corresponds to iﬁ are'detefmine& by the magnetiq fielad
that is applied.

An undésirable spreéd in electron energies that WEre‘Gbﬁnted‘with a given

magnetic field strength resulted from the fact that electrons after having been produced

by *the materialization of J -photons are scattered along their path ﬁhrbugh the tantalum

foile Thus they deviate from the direction of the ‘Kiméys and on.being,subjectedvto

the magnetic field enter an orbit that escapes the counters. The expression for the
mean square scabtbter angle,
% b
T% = 8 wwee In bt
. Ee _
shows that the scabber anple. increasses with decreasing energy E of the photons and

increases with increasing thickness of tantalum materislizer, In order that the effect
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of scattering might net prejudice the yield results at low emsrgies in favor of those
at high energies'the fhickx S8 of'materializer'was adjusted with eaéh change in magnetic
field so that the losses due %o seatﬁeripg might be constant with energy, A further
‘refinemsnt of energy discrimination was achieved by piacing the long axis of the
‘materializer foil at fight engles to the long axis of the SF@ssgsécﬁibnaaﬁftha”)*Lray
. besam S0 thaﬁ7%hefaraa-&vaiiahla“for-pairﬁgroductioﬁ'Waé roduced,

By varying the radial’and‘azimuthal position of the 1/2 in. C target in the.
ecyclotron and by revefsing the 'proton beam it is possible to vary the pfoton energy
effective in producing the J-rays and also to observe J:rays emitted at various angles
from thé direction of thevﬁroton beams The graph of Fige 2 shows enérgy distributions
for 5~;ra&s produced by protons ab vari ous energies at different angles generally in
the forward direction with respect to the'prgﬁon beam. It is.feit fha% the low enefgy
portions of theée‘graphs haﬁe now been over-corrected sg that the rise shouid'actually
be somewhat steeperg A rough caloulation indicateS»ﬁhat'if one tales the integrated |
.yield‘for 340 Mov protons to be 100, tha£ for 290. z;zex}"proéom' is sboub 30-40, for 230
Ebvvabout_5 and for 180 Mev about 1. Fig, 3_shdws the energy disﬁnibu%ions for various
proton energies in a'genefa; backward directions |

| Fige 4 shows a graph of fhe energy distributién'of 5~Lrays‘produced in 1/2 in,
of carbon by 340 Mev protons as viewedvin tﬁe direction of the'bedm and as seen at 180°
from the direction of the béamo A possible explanation of the shift of maximum‘wiﬁh.
‘angle has-beén worked out by T, Taylor. by attribgting'to the center of>ﬁass,of the
impinging proton and ‘the nucleqn'that partaké in the action producing the Zrlphoton‘
a certaln mo%ion'and calculating the shift in the éﬁergy'speetrum due to the Doppler
effecte The ratio B of the velocity of the center of mass ﬁo the speed of light that
one opmputes on the‘assumption that the proton moves with an energy of 340 Mbv.and the
tafget nucleon is stationary is OoéeI_The experimentgl fesﬁlts,however rquire that
BL Ooko In fact the dalculated.range for B is 0628 . = 0633, The'folldwing téble.compares

|
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the results obtained on the hypothesis that 3 % 0633 to those of the experimento

Pfédicted rel. yield ~  Observed Rel. yield
QO _"' i 2,0 ‘291‘
180° ’ , . 1.0 - 140
1350 S e | 1.l

- The relative yield is the ratio of ﬁhe corrscted nﬁmber of Bv;rays observed
to ﬁﬁe activity produced in the bombarded carbon. If s thus a measure of the nnﬁber'
of photons produced per prqfon collisione The yield of 5“-;ays from a'Be target
integfated.over‘the observed energy_regién éorresponds to a.crpss sectibn\ofVS x 1Q-28.'
fcm?/%feradian per Be huoieus° |

Tﬁé téntative conclusions that can berdrawn“at preséﬁt from thé.results-of
this'researéh are that the pérticles that must be postulated as parehts of 3~Lpho£on5~
are néither tiéd to the nuclsus because of the dbservétionAof_a Dopplef'effect.nor to
va’nucleon:because of the observed enérgy'spread;‘ Itbis pbésible,that two photons are
émittedvby each eventsince most photons'fhat were Qbservéd carried about half the energy.

availeble for photon producfion.'

.ihterpretation ;f'Zélrays; T; Taylore
o iﬁe graph of Fig, gfwas obtained by measuring:the energy distribution of
- §-rays prbduééd in 1/2 iﬁ; $f qarbon;by:the'540 Mevvprbton‘beam of the 184-ihchvcyclo¥
tfon; The curve Whosé maximum lies at abbutjéo Mbv.rQPresents the distribution 6f
Z~Lrayé,émifted at 180° from the diféétion of the beam and the curve whose meximum
lies at 120 Mev réprésentsfthe distribuﬁion of §=rays observed in the direction of
the boams. | -

An attempt was made to interpret the se experimental results by assdming the
shift in energy distribution with angle to be due ta a motioﬁ of the center of mass
and the mechaﬁism of the Doppler effecte Therefore calculations were carried out to

determine the velocity'fhét'must be assumed for the center of mass so that in the
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Eyétemfthat“is‘af‘fes;vwith'respect'ﬁo'the;center>of=maSS'the emissionvof-ﬂflrays is-— -
_isotropic‘aﬁd.wi%ﬁ respect to the laboratory sysﬁem the distribubion appears like that
of Fig; 4
‘ The production of ﬁﬁ:rayS‘wag thought to proceed in twe stages. The assumpbtion
waé made hhat-thg interaption‘pf ﬁw6 nucleons, one of ﬁheée Eeingvthé‘inﬂoming protbn;
tears loose a-particle'(a neutral meéon) that deqay;iby’tbe emission afvtﬁn,yﬁréys in
‘opposite directiopsé It is a fairly reaspnable assunpblon that mesons are pfoduced
SPHefi@aliy sjﬁmptricailj-iﬁ‘thé déﬁ%@r éf_mass‘system.of.tﬁe two nucleons and théﬁ
the ﬁesonriﬁ turn decays by the.isotrofic emission of J{araysvin its @enier of mass
syétemo
An_expressionlfor the suppositiﬁn Fhat a system exists where the emission
of {<rays is isotropic is _ .
Wo(l50,7) = £ (k) axaf: , - - (1)
where o . '
: . N
k = enérgy of Y -photons in the laboratory system

6 = angle between direction of mobion of photons with diréction of motion of

center of gravity of system where photons are emitted isotropically,

B

N

solid angle subtended at center of mass of sbove sysbtem
<N%F number of Zerays observeds
The Dopplet effect transforms the energy'of emission k' to the enargy‘observed in the

laboratory. system ke

' = kg (1 p cos 0) @
 whore D : o | |
VAR

end '

>
i

= the velocity of the center of mass of the isotropic

system relative to the speed of lighto

If one denofes the distribution:in the leboratory system by g (k@@)
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gl0) = T2E gy (3)
, v 1 - Beos® . '
Equation (2) offers = means for determlnlng the nmass of the meson on the hypothesis that

this»partiéle dissipates its energy by the produculon of two Z'-photonso

For 6 = 09 [T
l+g

-kl::k_ T =

and for & = 180° . 1
: o ky =k 1+“Ef

so that o
?2 _ Ji’_. 2
Ik, = k2 = (%)

f
v W.g

’where t is the res%t mas s of the meson, From the results displayed in the graph of
Figo 4 a value p = 300 was caleulated.
One cen verify by equation (3 ) that if one multlplles the values of the

R .
c8 and 31m11ar1y transforms the curve .’

”},

ordinates end abscissas of the curve for O° by

for 180° by mulbiplication by the scale factor -——o-{g_ the two energy dlstrlbuulons are

- 1
v+

expected on the basls of the presenu theory to coalesce 1n§o the curve of the energy
distribution in the system of 1uOLTOplC emission, It was found that the closest
coineidence is obtained by letting § = 1/3,

. When one examines the energy distribution F(E) of the mesons thet decay %o

§-rays ong finds that o) '  F(Ej:dE
‘ v Y4 . .P
y

It is interesting te note that the lower limit of the integral,
| - o (e wY
B2 ve-g <p v,
implies thet two crerg;es of emission of Z”;raJs kl and k2 correspond o & 51ngle meson

enargy E and that these two values are related by the formulsa

- (22
A good fit for the Y=ray energy distribution in the system of isotropic emission Was

obtained by letting
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gly) = e“’?iy with y ___,“_% (%+ %k‘->o
The the ory was com;v)ared‘with the energy distri‘bu’cigi; of T mesons in a system

where they are emitted with spherical sy:mﬁe%ryo : If was found that here tﬁe best fit
was o_btaizied by letting P =I 0928. The two meson energy dis%;ribu’cions ‘are compared in

‘the graphs of Fige 5o

Production of Mesons by Synchrotron X;x;ays. Re So White,

The experimnte;l arréngement that is used ié sketched in Fige A6>o A w’eil
collimated X-ray beam impinges on a carbon rod of 3 in, length and an Iexposed face area
“cof 1 ine x 1 ine Four sets of plates are arranged around the radiators These plates
are protected by .different thiclmesses of Pb absorber so that a crude enefgy distribution
can be measured, o _ |

| Qn.'bhe phobographic plates one can distihguish between four different ’cy@eé
of meson ﬁracks, Their appearance is indicated bin Fige 7o There is uncertainty &t
times regarding the assignment of the sort of track thet is shown in Fig,"é 7 ¢co This
track niay represent either a Tr=i decay or a one prohg‘ star.l They are. arbifrafily
counted as =W decays. When there is a high e lectron background resulting in a dense
&istribﬁtio}l of exposed_gra.ins, a ’\Tu;u decay t;'éék may»some’cimes not be dbistinguishe'dv
from a p tracks |

It was the preactice in the past to evaluate the ratio of ‘bhernﬁmbe'r of negative
A mesons to that of positive T mesons by means of the formula |

T 1,576
_ TT'+'_ T/5(Eotal. = 1.378)

Because C-21l Ilford plates are now used in preference over eléc‘cr_on plates that
registered a much higher background, it is thought that the count of TT= decays is -

sufficiently complete to justify the use of the formula

ool
f B _.""i'_,_ 4 +m + '.,; T
™ (Tp®)- ?W W) et
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The p tracks that are seen are not included in the statistics si-n_cé they are made by

l.la mesons o
The velues of the ratie W=/1" as a function of meson energy are:

Energy Renge

20-30 Msv = 18 26k T
30-54 Mev 171 : 89 | 246 o3
72=150 Mev 24 : 25 1e3 4

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

data preserﬁ:ed here have not been corrected for solid angles

Ensergy Ranges o Rei., no. of mes.ons/meve, ©
-0=20 o | .3 |
20=30 | | 4,é
30-40 o R 9.6
4045 i ’ 7.3_' »
4550 | _ - 762
50-55 | : . o .697
7285 3 S 3.4
102114 - »' i
116-142 | R ol

142-154 o .1
An indication of the trend of the excitation function is given by the

- fellowing valuvess

X=ray e.nérg;y ra.ngé Totel number of mesons
0-200 Mo o 18
0-335 Mev | | | 28

336354 Uev 60

INFORMATION DIVISION
7/26/49 :hw
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