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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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RESEARCH PROGRESS MEETING
He Po Kreamer

December §, 1948

Absolute Cross Section for Meson Production

V. Poterson

The pﬁrpose of this investigation was to test end refine R. Serber's and E.
Gardner®s preliminary estimate of the cross section for the production by aléha particles
of heavy negative mesons G'“lO"?9 em?. The estimate was osserntially correct since it was
found that the cross section for carbon is o= (1.7'1 .3) x 10729,

The sbsolute cross section is N

where N, is the total number of mesons emitted by en ihfinitely thin target during the time
of bombaerdment; n, the number of atoms per cm? in the targeﬁg end # the number of alpha
particles which impinge on the terget during bombardment.

Of these guentities n is known with the gre;test certainty from the density, the
atomic weight, and the physical dimensions of the target. n = 5.0 x 1022 etoms/bm?.'

ﬁ was measured‘by means of polystyrene monitorse. ‘ihe monitors were placed-insideé
the cyclotron in front of the targe£ end in the path of the slphe beom. They were covered
" with protective foil to prevent the entrance of any particles"othef than thiose from the alphsa
beam. After each run, the two sheets of polystyrene of the same dimensions‘as the target,
1" x 1* x (1/4')* were placed in a bete counter and the cll activity was measured. The beta
ragiation which was counted constituted a meessures of the alpha flux'since_in a previous
caiibration experiment, the activity produéed had been related to the time of exposure end
the intensity of the alpha beam. This was done by placing polystyrene sheets in,the de=
rlected beaﬁ outside the cyclotron. (Fige 1)+ The beom wés collectsd in a Faradasy cup in
order to measure the current. Then the beta ectivity produced in conjunction with the

resction C12(q,an)ct! wes counted. In this wey ‘the ectivity produced wes known es & function
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£ the alpha flux. A%t the B1" position inside the cyclotron where the cross section experi-

£

' ment was set up, it was found by this mesns that the total flux for the standard ten minute

.

~run wes £ = 9 x 1013 aiphes.
| The quantity Ny is by far the most difficult to detenmineisince the number N of
meson tracké which are counted on en exposed photogrephic plate at & given disfaﬁce from the
target (see Fig. 2) is only a very small fraétion of the total number of mesons produced.
A number of factors had to be taken into account in deducing the‘number N, from N

a) Angular Distribution. On the basis of theoretical considerations by R.‘Serbef
on the conservation of momentum in the collisions between nucleons pro&ucing mesons it was
essumed that the emission of the mesons studied was epproximately isotropic. Fige. 3 gives
the results of a brief experimental check of this assumption. It seems to be justified.

Since the same nﬁmber of particles are emitted in any one direction as in all
others, it was merély necessary to determine how meny particles were to be found within a
segment of solid angle emanating from the target. Here again'the number‘N of mesotron tracks
starting within a short distgnoe from the front edge of the phofographic plate and entering
with en éngle between ¥ 45° represented'only & fraction of the number of mesotrons appearing
in the sggment. (In order to utilize just that portion of plate with uniformly thick
emulsion, only those tracks starting withig & short distance of the front edge end sppeering
withiﬁ a central strip, from d; = 13.25 cm to do = 15,04 cm, were counted.) It wes decided
“to deduce first of all the number of mesotrons emitted between ¥ 45° at the target with
energies in the range from El = 2,66 Mev to E2 = 7.0 Hlev corrésponding %o d1 end dge (The
mass of thepTrmmesotron is accurately known from C. Lattes® worke. It is 286 meo) Figure 4
shows & factor by which the number of tracks of & certain energy in the range had to be
divided in order to find the tetal number of p&rticles enitted withip.t 45°'at the given
energye. A correction has been apg%}ed to account for those mesotrons which might have
decayed beforé striking the photographic plate,

b) Energy Distribution. In order to deduce from the number of mesotrons emitted

within a short range of energies the number of mesotrons emitted with all energies from O
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v to the theoretical limit .45 Mev it wes necessary to dssume an energy distribution. Here,

.‘recourse wes taken to the expression developed by W. Horning from consideration of momentum .

“wspace available in the creation process. The function which was adopted to represent the

energy distribution is :
, P(E) = £(E) (E, - E)¢ B2 @,

2 Ze2
where f(E) = ———— end | = ————rﬁfl/El/é. Thus for 1arge‘Yz the energy distribution
1-e 2T v |

cen be epproximated by P(E)~ (E, - E)* dB. This epproximate distribution, as well as the
exact distribution teking into acdount’f(E), the complete coulomb factor, are shown by Fige 5.
o Fig:HG shows the.theoreticsal energy disﬁribution for & target of finite thickness

(L/4“.carbon). It also contains a partial check of the theory in the form of two velues
obtained experimentally by .S.»White and 5. Jones with l/ié" carbon target. In order to fix
the. ordinates, the curve was fitted through one of these péints. It can be éeén that the’
theoreticel vaelue is weli within the experimentél error for the second pointe.

Finally en integration cen be carried out to find the total number of mesotrons
;m__itted, Noe It was found that N/N, = 6.4 x 1076,

W, Panofsky mentioned the possibility of an error in the flux value in case that
some alphg pa;ticleé pass through the target several times. It was thought, however, theat
such en effect would be negligibles

In order to improve the experiment somewhat it is contempleted to tilt the photof
grephic plates at a small angle (10;L/2°) to the plane of ﬁhe alpha beam so that.qﬁe would
be absolutely certain of.registering all impinging mesotrons end knowing exactly the point
of entry into the photographic emulsion. (The thickness of the emulsion was measured
accurétely with a comparator.)

In the future it is plamned to measure the cross sections for Pb and Be with alpha

particles, end repsat C, Pb, Be with 350 Mev protons.
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Plans for Cloud Chember Detection of Mesotrons
W. Powell |

A chember with a 16" diameter and a magnetic field of 14,000 gauss wili be used.
Any difficulty which one mighf have in detecting mesons would be due to the extremely short
helf life of T -mesons, .88 x 10"8, The T -mesons which are produced in the target will
move out in & decrsasing spiresl until they deteriorate into a p-meson which will again
spirel towerds a point but this time with a differght radius of curvature. Evehtually the
p-meson will élso disintegrate with the emission of an electron. The table shows the
calculated radii of curvature for 100 Mev and 30 Mev mesotrons in the direction of the beem,

which will be called forward, and in the reverse direction eand in the direction at right

englese )
Direction Radius of Curvature for Radius of Curvature for
' “Heavy Mesons ~ Light Mesons
100 Mev 30 Mev 100 Mev 30 Nev
forward 47 cm - 28“9m 44 cn 24 cm
latersl 47 em 28 cni - 30 em 20 cm
backward 47 cm 28 cm 16 cm 12 cm

At 100 Mev it is estimated that 1/13 of all Trmesons will disintegrete in
passing through the chamber. For 30 Mev this fraction was calculatea to be L/?. |

From these date it is expected that a gﬁod number of mesons will be seen and that
the deterioration of mesoné will be\seen iﬁ all but the forward direction in spite of the

large number of electron trackso

Recent Work in Spectroscopy
J. Conway |
Becaﬁse of the feilure of ordinary methods of chemical analysis in measuring
hefnium impurity in zirconium, a spectrochemicel method was used to good adventage.
One half of the semple which consisted of .1 to .8 pgm of material in 0.5 M HF

or HC1 was placed on each one of the freshly milled copper electrodes. Then the electrodes

were dried. A sperk was forced to jump the gap by an emf of 2000 v from 3 condensers of
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In a calibration experiment the intensity of the light transmitted through exposed
" film as measured by 2 photoelectric cell connected to a galvanometéer was related to the in-
tensity of the spark. In this way it was possible to judge the intensity of the light
_producing the characteristic lines from the intensity of the light trensmitted by the line
on the film. But the intensity of the light whiéh prodﬁces the charscteristic line on the
film is a function of the concentration of the element in the mixture. The calibration was
carried out by the sector method whereby a known quantity of liéht is allowed to hit the
photographié plate and the intensity of the light passing through is registerediby a photo-
electrié cellos Figo 7 shows a schematic plot of the logarithm of the intensity“of transmitted
light agaihst the logerithm of the intensity of incident light. ‘
Fig. 8 gives a schematic graph of the intensity of the light ageinst the log of

the eonceﬁtratibn for ﬁhe two characteristic lines, Zr 2758 A® and Hf 3072 A°. The accuracy
of the method ét present allows one to determine concentrations of Hf to within 4.4% and of
Zr to within T%. With & source of greater power it is expected that Zr concentrations could

be measured within an error of bnly 3%, and that a hafnium imﬁurity of only 1 part in a 1000

of Zr cbuld be detected.

iui'ormation Dive
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Measurement of Cll p-activity induced by deflected a-beam
in polystyrene.
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Scheme of the Experimental Arrangement

Figure 2 -
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