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SUMMARY OF THE RESEARCH PROGRESS MEETING
|  June 16, 1949

Ho P, Kramer

Caleulations on Meson Production by Photons. M. L, Goi&Eérgero

Calaulaéions have beqn made by_the'épgaker aﬁd Ku-Brtéékner dﬁ thé‘meson_proe
duction by photons, The!qalculaticns are bassd on the present rathéf uncertain
meson theofieé and thérefore blind credence Sheuld*not'bebgiven the huﬁérical
results that are presented,

:‘Wﬁen pﬁetons pfAsufficient energy impinge on nucleons, mescns are produced,
Tﬁe threshald'energy for the prcdﬁction’of mesens is.’
| EX': we? -}(1"%@/2&&} 'f'—i 157 Mev,
wgere ) répresents the mess of the hesong»p = 286 electron.ma55953 and M, the maés
of the nucleon involved.,

one must coﬁsideg two possibilities for the production of meédné;-a photon may

interacet with a neutron t; expel a negative meson éndba_protdnz |
¥+ n = p* + p,‘='9
or else a,pho%on may interapt witﬁ.a proton with thé subsequeﬁt emiééion-éfva‘
neutron andra positive mescn . |
Y+ pt 2a +ut,

In‘é;ch case two mechanisﬁs must bé COnsidéredo First eﬁefcéﬁgidefs the
possibility théﬁ the nucleon is in a tentafi?e s%ate of dissociaticn; thé neutron
into a prbton—and a negative meson, and the‘prcton'into a neutron aﬁd_é posi£ive
meson, that is made final by the addition of the photon énérgy‘wﬁiéhfédﬁpels.a
éompleée_éeéération of tﬁe particless By analogy this mechanism.migﬁf¢£e feruwd
the ph@toéleetric process, It ié pictorialixed in Pigs. la and éa;

The Se@cp& menner ef interastion betwsen photon and nucleon is~dééeribed by

the name ﬁ'*';sha,k:'i.;zag off®, In Figo 1b, the sheking off of a proton is diagrammed and
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in Fig. 2b & positive meson is ‘shaken off by the action of the photoﬁas\,
Tn the sﬂua’c:aons 111ustrated by Flg., 1 the existence of two cherge concen-
n B f_-'.' '; e .{L.- 'rvh;_,,‘. Yo . 43;; v 47_'} ;;\ -;,("’f"q.; vy ,

trations of opposite po‘larlty 1,mp1y a none-zero dipole moment, In Flgf, 2, hcwever o

.one deals in general with a spherlcal dlstrlbutlon of -positive charge and therefore s |

the dipocle moment venishes. Since the proton in Fig. 2b is. regarded as beivng.' at v‘fest,

its momentum venishes and this dist;i.nguishes this case from the others,

By’ caleuiation and experiment it is found that the mumber of. negative mesons
exceeds that of positive mesons when the meson energy is less than 40 Me¥. The only
place in the calculations where an asymmetry between the two processes fo:r' the p’x?o;

duction of mesons might find an express:.cn is in the interaction of the photons with

1 &% ;sha.rgeo Th" two terms .of:ibhe;Hamiltonian (nonwrelatlv:.s*i:ic form) that

- : -_ =
“are affected are P°A

+ 0’ E
Me l-t

where P is the momentum vector, 2 is the vector .bofenti?a;i; p,-r;is the megnetic moment,
o the Pauli spin matrix and T the magnétié 'field'yveétorb'
In the case ¥ + M= p - F TR both terms contribute to the Hamiltonian whereas
in the casse Y p => n + p.+ both terms vs.msh since P the momun*‘ﬁm vees tor, is zero
.for =a proton at rest a.r}d 14, the magnetic moment, is also zero,,
_ .The'nmﬁerica;l reSﬁlté; of the célculatio;}s are briefly summarized as follows:

Scaler Meson Theory Pseu&b Scalar Theory Vector Theory

, B =157 Yev 1,34 1.34 L 69T

no. w=/no. w _
. E = 300 Mev 1,60

(These values do.not depend on the unknown coupling consté,ﬁt g between nucleons and .

ﬁiésonso .Héwevez?s to obta:ln the following results it was necessary to make a guess .

as to the value of go)

-3
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' The Cross Section for the Production of Mesons

Scalar Theory; Pseudo Scalar Theory Vector Theory

oy for 300 Mev 4 x 10729 18 x 1029
monochromatic ¥ rays ,

s ox L 1.7 x 10729 . ux 10-29

Bremsstrahlung
spectrum

Tpg'gggular‘Qisﬁriputiqg'W§§ cglcula#ed on the basis of SCalar‘mpson‘theory
gpd yﬁs ?ognd to vary roggh}y aS'giggO_i# the qenter pg mass system; The gfaph of
Fig, 3.§hqws a éomparisgn of thg total eross section for‘m§nochromaticIerays as a
functipn»q£ thb ehergy of the quanta for the scalar and pseudo scalar theories,
Fig. 4:g§33§ a éimilar comparison of thevdifferential cross.section for monochromatic
photoné. | |

Recent Work on Element 87, Earl Hyde.

;Element 87, francium, is one of the four "missing elements" of the periqdic
table which had not been discovered in nature wntil recently, éhé other elements that
fall into this category are those with atomic ﬁumber 43, él, and 85,

| Element 87 was first isolated by M. Perey iﬁ 1939 as a short lived isotofe with

a half life of 21 minutes, it7Wés'diéddieréd as a member of the decay chain 6f’U255
by 1 percent @ branching f{oi Ac?27 in the reaction 89A0227'(61)87Fr2254and‘is there-
fore present in nature.

Workers on the Menhattan Project in their studies of the décay of U233 found_
87Fr221."The isotopes that had been found at the time that the presenﬁ research

began are campiled in the teble below,

o,
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UQ“WW_ gﬂmwﬁﬁet -=Mﬁﬁw,
: .SJJFrzzgj;w;ﬂ 4 | B~
! N DT A R e e Tl g gt g
Fr221 " 4.8 min. " - ¢ a
Frzzo' o 30 ‘seco K2
Freid : +02 sec, @
Fr218 extrémeiy short a

The speaker has set himéelf fhe task of isolating the francium isotoéé.of mass
number 222, | ~ | N \ { |
v At first an attempt was made to produce BTFTZZZ by utlllzlng the 10”4 a branche
ing of . A3226 AQZZG was obtained by the (pan) reaction from ‘the bombardment
with protons of Razzﬁ,. Thls attempt however was unsuceessful sinee by the same
means.Aczzg‘was produced, The reaction Aﬂzgs(a)Fr221 is so ‘much more prolific
that it compl etely masked the desired FFZZZ
ThP procedure was ohanged and Fr22? was &ucbessfully'obtalned directly from the
bombardment of Th?32 with 160 Mev protons, The resu}ting Fr waS’lsolated with Cs
_carrier and ideﬁtified by observing the fpllé‘vﬁng vcjijecj‘;a,y chain with .A-’., Ghiorso’s
pulse anaiyzer: ) ‘ |
" 222 BT pe222

14 3 min, 88 l .
21858 sec, &

86 :
L 119 B Sec. @
| | | 84Rao ) B
The pdsSibility of detecting other isotopes of francium,was.inveétigated°
By 1ooking at a plot of the energy of ¢ emission versus mass number (Fige 3) for
different elements in this region one obéefveSEthat for ea@h,elemént-ths emission
energy increases with inereasing mass number, reaches a maximum, and then decreases

again. The maximum of G emission energy indicates a neighborhood of instebility

and is aécompanied by exitremely short half-lives., The francium isotopes that have
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been discoversd thus far lie to the right of this unsteble range of mass numbers.
The regularity exhibited by some eleménts led to a search for franéium isotopes
on the other side of the range of extreme instability,

Thzzz'wa$ bombarded with 350 Mev protons and a 30 min, 6.25 Mev « Fr isotope

wes seen, The mass assigmnment is not aS-yet‘eomplete but it is known”that the mass

number iz less then 213, After an active sample known to contein 30 min. Fr had
decayed, a residuail 1,68 h 5.6 Mev a At isotope was observed, This may be a daughter

by @ decay of the Fr isotopes and thus may be the basis for s mass assigmment.

| TH/7=6-49

Informetion Division
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Figo. 1

¥ +n=apt 4=

Fig. 2

Y + pt ?-'%n.-.!'- p,'i’-
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