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MANY investigations have been devoted to the 
study of the y spectrum of La 140 • The hardest 
y rays observed until now in the radiation of 
La140 have an energy hv"' 2920 kev. According 
to references 1 and 2 the mass difference La140 

- Ce140 amounts to "' 3800 kev. Consequently, one 
can assume that the decay of La140 excites states 
of Ce140 with energies up to "' 3800 kev, and tran
sitions from higher excitation levels to the ground 
state can be observed. 

Using the y hodoscope of the Physics Research 
Institute of the Leningrad State University, a de
scription of which was published elsewhere, 3•4 we 
investigated the hard y radiation from La 140 • 

Four series of measurements were carried out 
with different sources and at different values of 
the magnetic field intensity H. In series I and 
IV ( H = 1159 and 1226 oe, respectively), the 
sources were two different La20 3 compounds, in 
which the isotope La 140 was obtained from the re
action ( n, y). The activity of each source did not 
exceed 50 me at the beginning of the measurements. 
In series II and III ( H = 1011 and 1159 oe), the 
source was a mixture of Ba140 and La140 in equi
librium (activity not more than 25 mC at the start 
of the measurements ) . 

Resolution of the spectrum into components, 
with allowance for the dependence of the instru
ment line shape on hv and H in each series of 
measurements, has made it possible to separate 
four y lines with the following energies (averaged 
over four series) 2530 ± 30, 2915 ± 30 (these lines 
are already known5 ), 3110 ±50, and 3380 ± 70 kev; 
the latter two were observed by us for the first 
time. 

The diagram shows the form of the y spectrum 
of La 140 after eliminating the background from the 
first series of measurements (dotted lines - reso
lution of the spectrum into components). The rela
tive intensities of the y transitions with hv = 2915, 
3110, and 3380 kev, determined from the areas of 
the lines of this series, amount to 1.0, 0.42 ± 0.07, 
and 0.019 ± 0.006 respectively. The errors in the 
determination of the relative intensities are due to 
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Experimental spectrum of y rays from La140 in the range 
2600-3900 kev. At H = 1159 oe, the probability of registra
tion is optimum for hv = 3705 kev; the observed 2915, 3110, 
and 3380 kev lines are attenuated by factors of 54, 2.4, and 
1.4 respectively; the line hv = 2530 kev is not registered at 
all under these conditions. 

the inaccuracy in the knowledge of the spectral sen
sitivity, the statistical measurement errors, and 
the inaccuracy of the resolution of the spectrum 
into components. If it is assumed that the inten
sity of the 2915-kev- y transition is 7 x 10-4 quan
tum per decay, 5 then the intensity of the 3110 and 
3380 kev transitions is respectively 2.9 x 10-4 and 
1.3 x 10-5 quantum per decay. 

The 3110 and 3380 kev y rays found by us are 
produced during transitions from the correspond
ing excited levels of Ce140 , heretofore unknown, 
to the ground state. We observed no harder y 
rays in the radiation of La 140. 

We consider it our duty to express deep grati
tude to 0. V. Chubinskil for furnishing us with data 
on the spectral sensitivity of the instrument, to 
N. D. Novosil'tseva for providing us with sources, 
and to L. V. Gustova for help with the measure
ments. 
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ANISOTROPY in the angular distribution of in
ternal bremsstrahlung in K capture by polarized 
nuclei occurs if parity is not conserved in weak 
interactions. Experimental investigation of this 
phenomenon yields in principle the same informa
mation on the constants of the {:J -decay interaction 
as do experiments on the angular distribution of 
electrons in the {:J decay of polarized nuclei. From 
the experimental point of view the measurement of 
anisotropy of internal bremsstrahlung in K capture 

J - J (no) transition 

IX= 

1 '* , "' '* , • J+T [(grgr + grgr)- (gAgA+ gAgA)] <II a 11'>2 + 
[(I gs 12 +I g~ l2l + (J gv 12 +I g~ l2ll <11111>2 + 

J - J - 1 (no ) transition 

IX= 
(gIg';+ g'lgT)- (gAg~+ g~g~) 

<I gr 12 +I g~ 12> +<I gA 12 +I g~ 12 ) 

J - J + 1 (no) transition 

J - (grg; + g~grl +(gAg~+ g'Ag~) 
IX= J + 1 (I gr I'+ I g~ J•) +<I gA 12 +I g~ 12) 

(3) 

. (4) 

Here < IIlii > and <II ull > are the nuclear ma
trix elements for the Fermi and Gamow-Teller 
parts of the interactions. 

For the (V-A) interaction, with strict invari
ance under time reversal and with two-component 
neutrinos (polarized with spin opposite to the mo
mentum direction in K capture) we have 

Fiz. 21, 1583 (1957), Columbia Tech. Transl. 
p.l572. 
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by polarized nuclei can be more convenient since 
in this case the observed effect is less dependent 
on the thickness of sources in which scattering of 
the radiation involved can take place. We also 
note that the anisotropy coefficient of internal 
bremsstrahlung does not depend on the energy of 
the y quanta. 

We calculated this effect for allowed transitions 
according to the usual method of the Born approxi
mation in the Coulomb field of the nucleus. The 
angular distribution has the form 

W =I+ Pcx,cose, (1) 

where P = < J z >I J is the polarization of the 
nucleus, J and Jz are respectively the spin 
and the projection of the spin of the nucleus in 
the ground state, and e is the angle between the 
direction of polarization of the nucleus and the 
momentum of the bremsstrahlung. For inter
actions of the general type S +T + V +A the 
anisotropy coefficient is given by the formulas: 

J -7 J - I ( no ) IX = + I , 
J-?J+I (no) IX=-Jj(J+l), 

J ->J (no) 

(2) 

(5) 

(6) 

IX = r - 1- R2B2- zJ RB J 1 (J + B2R2), (7) L J + 1 v J (J + 1) 

where1 R = I gAigv I = 1.19 ± 0.02; B = <II ull >I 
<IIlii>. 

Since experiments on K -capture radiation are 
best done with nuclei which decay directly to the 
ground state so that the background of nuclear y 
rays does not interfere with the investigation of 
the bremsstrahlung, we list below values of the 
anisotropy coefficient 01.v A for several such 
nuclei:2 
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Po =50 X 10-4 mm Hg 

.. . - ( 4 - 2 "'l) "' + ... 

.. less than 0.7 

an--+n+ = 

•=2mPE+ m~ 

+(B~+ B~) . .. 

. . . (C~ +C~). 

for c~ + c~=· .. 

r = 1.8± 

-1,22 

-A±(I), 

I 
2(1+~). 

... IJ! (q'p; pt() ... 

U oxu_.g (r)- l:r· · · 
···sign u, 

1403 

should read 

. • . resonance in tin 
~ 1 oe 

... -Spl,2 'if! (e.) ... 

... {(p+q,p)-(p+q. n)· 
·(pn)} 

(p•- q•)• 

m•= [m3 m,] 

5.4 

-l2y®'"' 4 - Ya 

Po = 5 X 10-4 mm Hg. 

... + ( 4 - 21)) "' + ... 
. . less than 0.07 

0 n--+n- = 

a.:;; (2mPE + m~) '!, 
+(B~+ B~)Q ... 

... 4'~ + C~-Q• (B~+8~) . 
fore~+ c~ 

-Q2 (B~+B~)= ... 

1:= 1.8±0.2 

1.22 

A±(O' 

...!_(1±~).. 
2 

... 1)1 (p'q; pq') ... 

-Uo?:xll(r)['f ... 
···sign u9 , 

... + -f c2k2 • 


