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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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SUMMARY OF THE RESEARCH FROGRESS MEETING

June 23, 1949

Ho Po Kramer

Light Pu Isotopes, Don Orth,

‘Regularities that are observed in nature constitute one of the aspects of the
aim of saientific effort since they systematize and ”explain" natural phenomena.

At the seme time they are tools that facilitate, gui&e and sﬁur further work by

-~ making prediction possible and giving direction té-reséarcho Thus, the observation

by G, Seaborg that a plot of the logarithms of hélf&liVQs of even-even alpha emitters

v“ggainSt the energy of the A =rays emitted consists of a family of lines whose slopes

are almost constant with A and ?9.has served to métivatg and o?ient thevpresent
attempt to find accurate values for the half-lives of decay by & emiésioniof
o252 g pulSt | '

The detefmination of these half-lives is cd@plicated by the fact that Pu252
and Pu®4 dqcﬁy both by K =emission and by nuclear capture of orbital electfonSo
If one denotes‘by T, the total half-life, by T the half-life of &« ~decay and by
To the half-1ife of decay by orbital electron capture, these quantities are related
by the’equaﬁion . ’ |

ET
t. K

ep#

0 L
If one furthermore specifies F to be the fraction of substance that decays by

174 emission and F0 the fraction that decays by orbital electron capbure, and if

one makes use of the fact that

T, F,
— o

one obtains an equation that is convenient for the evaluation of the half=life of
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A =emission Ty 5

Toe =Ty (L +Fo/F ) o

Thus, the determination of the halfelife of o(-emission reduces to the meesurement

of the ratio F /i »

The measurement of the quantity Fo(' is & relatively simple matter :;ince every

-decay by X-emission would fire the counting tube if it were not for geometrical

limitations, Therefore, in order to calculate the total number of decays b_y- X -
emission from the number of ionizing events, it is merely ’necessary to multiply the
count by a geometrical correction factor.

However the measdrexﬁent of ¥ is much more complex than this, A Pu nucleus

may decay by orbital electron capture with finite probability either by capturing.

an electron from the K shell or by capturing an electron from the L shell. When a

vacancy is left in one of these shells it is filled by :sm electron from 6ne of the

shells that are farther removed from the nucleus, When an electron jumps from a
level of higher energy to one of lower energy, the difference between the energies
of the two levels is usually emitted from the atom in the form of an x-ray quantum.

Swch an x-ray is called a K x-ray if it is emitted in the pz"ocess of completion of

the K shell and an L x-ray if it is emitted when the L shell is filled. Among K

xérays one generally distinguishes three _differe’nt' tyi)ess each one of which is
chéracterized by its energy. One denotes by Ky an x-ray that is produced when an
electron falls from the L -shell into tﬂe depleted K shellt A Kpg préy'is sent
forth when the K shell is filled by an eleétron frqm the 1\‘,’1 level, Aﬁd finally one
lumps all x-s-ré.yé ﬁha‘c are produced by electrons that cg;me from the N or higﬁér

levels and calls them Ky o L x-rays are classified similerly. An Lec ray for

. example is one that is produced by the removal of an electron from the M shell into

-

“the L shell,

Since L x-rays produce more ionization than K x=rays and therefore are more -
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easily detected with a counting tube it was found best to bias the éounting equipment

for the counting of L x-rays. It was found that the efficiency of an argon filled

“tube for counting X x-rays was only .l percent whereas it was .6 percent for the

detection of L x;rays, With a xenon filled tube it is possible to achieve an effi-

~ ciency of 3 percent in the counting of L x=rays,

In deducing the total number of disintegrations by orbital electron capture from
the L x-ray couﬁt it is necessary to itemize the factors thaf operate.to‘produce
this count and to relate these to the total‘number‘of disintegrationss

a) Every capture of an electron from the L shell is accompanied by the emission
of one L quantum. |

b) of all the disintegrations that proceed by the capture of an electron from
the K shell only those in which the K shell is replenished by an glectrbn from the
L shell contribute to‘the L x-ray count, for when the K shell is completed by an
electron from a higher level, the L shell is left inﬁaét so that no I x-rays are

sent forth, Since the number of L x-rays observed from this source is equal to the |

K x count, a determination of the ratio Ky /K will be necessary for an evaluation

of the tota1 number of disintegrations,

¢) Every orbital electron capture is accompanied by the emissionm of a ¥ -ray
fromvfhe_nucleus. There is a finite probability that such a ¥=ray may expel an
electron from the K 6r L shell by intérnal conversion, The wvacancy that is left in
the shell will then be filled by an outer electron and in this process K and L x-rqys‘
are produced, The number of such x-ra&s must be detefmined and sﬁbtracted from the
count since the inclusion.bf this nunber would giﬁe a weight of two t§ the disinteg-
rations that are accompanied by fhé emission of an internal conversion eléctron.'
The fatio of internailconversion electrons to ths total L éount was measured and

found to be about .1 o Eventuaily it is hoped that it will be possible to subtract

this contribution to the total count by installing & coincidence system that
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eliminates from the total count those L x-rays that appear simultaneously with an

internal conversion electron.

4

d) The daughters that are produced in the decay of Pu252 and Puz3 again dis-

integrate by orbital electron capture and add their L x-rays to the total count.

254 poth the o and K capture

This quantity must be subtracted. In the case of Pu
daughter are sufficiently long—lived;_that is, the number of disintegrations in
Qnit time is so small in compérison to the decay rate of the parent, that the effect
cen be neglected. This is not, however, the case for Puzsz°

e) VNot all‘of‘the disiﬁtegrations by ofbitai electron ca?ture are announced
to theVWofld by the emission of an x~ray quantum, It maybhappen that the available

energy is employed in the emission of one of the electrons of an outer orbit, It

is estimated that half of all of the disintegrations that occur result in the ex-

~

pulsion of an Auger electron from the atom instead of an X-TBY.

f) It was mentioned during discussion that there exists one additional source

of spurious L x-rays. The atoms that decay by X -emission contribute to the L.

. x=-ray count whenever an o{-particle knocks an electron from the K or the L shell,

The probability of this event is however so small that it can be neglected in re-

lation to the other contributions,
Work is invprogréss at present to pérfect the measurement of the guantities

discussed under b) and c¢) by means of coincidence arrangements, In order to arrive
at a~§reliminary result however it is necessary to assume that tﬁe opposite effects
b)wand_c)-fendvto.cancel each other and thet after appropriate cﬁrrections for-
counting efficiency and geometry have been méde, the total number of disintegrations
équﬁls twice the numbér of L x=rays emitted,

24

'The counting retes thet were cobserved for Pu? are 120 counts/min. of L

x-rays end 475 counts/inin, of oX=particles. After the above-mentioned assumptions

--and corrections are applied one arrives at. the provisional value Fo/EK = 25,
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-This number together with the accepted value for the total half=1ife T; yields an

approximate value of the X decay half=life Tx & 9 do

Some work has been started on the determination of T for Pu2320 However,

the measurements for this isotope are complicated by the fact that the daughters

are relatively short lived and.therefore their contribution to the total L x-ray

"count must be taken ‘into account., A very crude velue of FO/EX has been arrived

at, Fg /Fo = 50, To this number there cofresponds an o decay helf-life of 30 hr.
These values are subject to the additional uncertainty introduced by the possibility
of Kp contemination of the sample,

The X-ray Spectrum from the Synchrotron, W. Powell,

A sequence of measurements has been initiated to determine the”energy distrib-
ution of x-ray quanta produced by 335'Mev synchrotron accelerated eiegtrons-in a
platinum target, The determination is made on the basis of the pair production in
a 1eaa‘sheet'placed_in the cloud chambero From Hp and the mass and charge of an
electron, the energy of the pair and therefore the energy of the quanﬁum that pro=~
duced the peir éaﬁ be caiculatedo From%é knowledge of the cross section fof.pgir
production in lead, one can then compute the energy spectrum of the x-ray bemn;
Two hundred and forty pairs have been analyzed thus far, It is plagned to examiné
a;total of 1500 pairs,

Fig. 1 shows a plot of the product of the cross section for production of

- quanta of energy k by bremsstrahlung and the energy k versus the energy. It is

apparent from the graph that this product can be fairly well approximated by a
constant and that therefore, the cross section varies inversely with the energye
The total number of quanta with energy in éxcess of k and 1e$s thén kg, the maximum
pbssible energy, is a linear function of log k. k,, the maxﬁﬁum possible,energj,
corresponds to the energy of the electrén beam, 335 Mev, and a guantum cerrying

this enérgy is one that was produced by a complete transfer of énergy without loss.
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N(k) = B/, (log k - log k) . o

The graph of Fig, 2wsﬁows the mumber of observed electron pairs whose total
energy was less than the meximum energy and greater than k, for.the range of velues
k = 0-335 Nevo The graph of Fig., 3 has the same ordinate but & logarithmic scale
for the abscissa. Since fhe graph is almost linear it corresponds to what is‘expectedv
for the energy distribution of quanta in the x~-ray beam, It will be noticed that
the curve intercepts the axis of energies at 320 Mev whiph is fairly close %o the
expected value of- 335 Mev, Takiﬁg into account the variation of fhb cross section
for pair produCtion to obtain e more nearly accurate picture of the x-ray energy
distribution would have the effect of making the graph even more linear,

Photographs of tracks in the cloud chamber are shown in Figs. 4 and.So Electron
pairs can be 6bservéd emanating from the thin plate of lead and from the gas filling

of the chamber.

Yesons, L. Alvarez,

?

The'apparétus that is shown in Fig, 6 has been set up in the shielded cave out=-

“side the evacuated chember of the 184-inch cyclotron in the path of the electrostat-

ically deflected proton beam., Two ionization chambers are located immediately out-
side the exit window. One of these performs the function of keeping the cyclotron
crew informed about the proton current so thet nécessary adjustmenté can be made by
them to maintain the proton current at a constant value, The other one monitors the
béam in conjunction with the experiment. A beryllium target in the path of the beam
is used for a radiator and an anthracene crystal teped to a photomultiplier'tube
sérves for a detectoro Provisions have begn'made for the insertion in the proton \
beam‘of copper‘attenuators for beem energy control, Lead foils placed betwéen the
rgdiator and detector slow down radiation that is produced in the beryllium target,

The purposé of the éxperimentvis to measure the half-1ife of the decay of

7" mesons into Afmesons and thence to .electrons. Since the cyclotron is pulsed,
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the protons that are accelerated arrive at the beryllium fargetfin cloSely packed
groups. FA burst of protons releases a great variety_of_radiation in the target.
Since the experiment 1is concerned only with the T mesons that are produced it 1s
necessary to select a property of W mesons that distlngulshes them from other rad- -

iation and thus makes possible dlscrlmlnatlon by the counting mechanism, Thevcharac-.

~teristic of 1Ir mesons that is used to differentiaﬁe them from the other types of

rediation produced is the short range of W and - mesons and the delayed emission of
electrons. All other radiation is produced and dissipated almost instantanedcusly.
Tr mesons however decay into /- mesons and then into electrons w1th an approximate
half-1life of 2.5 mscrosecondso

In order to avoid the counting of radiation other than that consisting of

'electrons from mesons, the signsls from the counter are passed through an electronlc

gate that prevents the counting of pulses for 3 microseconds after the productlon »
of radiation by a parcel of accelerated protons, then’allows the transmission of
pulses for 3 microseconds, ahd finally is shut down again until the next production
of & shower of radiation occurs.

Fig. 7 shows a graph of counting rafe versus thickness of lead:interposedil
between the radiator and the detector. Counts were'observed at a thickness of
lead of 4 in. This thickness corresponds roughly to a meson energy of 150 Mev,
The range‘of el ectrons in ?b is however neglected and the value is therefore too
high. - However, it _is felt that this number is a strong.indicatdon tﬁat the energy
of mesons exceeds the theoretical maximum of aboutVQO Mev..

A-preliminary value for the cross section for meson pfoduction is ,2‘}4barﬁs
per Be nucleus,

It is planned to mount a Gom, tube on a turntable in order to_measure angular

variations in the production of mesons.

!
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Absorpﬁion of ¥ -rays Prodﬁdigg J-n and TV=2n Reactidpso Karl St:aﬁqh.

A number of materials have been exposed to the x-rey beam of the synchrotron.

The following reactions were observed and identified by the half-lives of the pfo-

-

ductse
Reaction P-roduct Hé.l_félife
1) cu®3(7,n)cu’? | 10 nin.
2) Cu63( T,2n)Cubl | 364 hr,
) cu®®( ¥, n)cub? 12 hr.,
4) Cuss(b',Zp)Cos1 1.5 hr, (?)/
5) Zn64(2r,n)2n63 38 min, | .
6) Zn64(?T,2n)Zn62 9.4 hr.
7) 20 (¥, a)cu? 10 min,
8) c12(,n)ctt 20 min,
9) 2127(r ;2p,n)Na’t 1448 hr,

The hypothesis that the yield o£'0u62 in reaction (7) was produced by a (¥ ,n)
reaction from éu instead of by fhe indicated one implies a 10 percent Cu impurity
in the Zn target.ané must therefore be ruled qut.

The target for reaction (9) consisted of & 60 mil eluminum disk and the initial
.observed counting rate was 100 counts/hin,.

in order to investigate yield as a function of x-ray energy a sandwich con=
sisting of alternating'layers of lead and copper foil was prepared and exposed to
“+the x?ray beam. ZThe intensity I of B~ emission by the reaction préductslwﬁs'then
measured for the various foils and the data_compiied in graphsvlike that of Fig. 8.
Here, Io represents the intensity of the g~ emission from avfoil in the full in-
tensity beam and the abscissa is marked in shower unitse. 1 seue equals aBout_.S cm
of lead and has the effect of decfeasing‘the energy of‘a higﬂly energeticfparticle to
about half its inifial value. |

scb/T=7=49
Information Division
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Production of Brems§trah1ung Quanta

Fige 1

-

Eo = 335
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