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deceleration of leptonic chafges during the decay.
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ABSTRACT: The spatial asymmetry of internal bremsstrahlung from
in Fe at low temperature has been observed. The data fit the theoretical cor-
relation function well although some dependenée of the asymmetry coefficient

A onvﬁhoton energy was found. At energies near the end-point, compléte

parity violation was observed, in'agreemen£ with theoretical predictions.

We wish to report the first observation of the forward-backward asym-

‘ metry of inner bremsstrahlung (IB) photons accompanying the electron-capture

decay of polarized nucléi. This result provides a direct test of the IB
mechanism. It also extends directional-distribution studies of beta decay to
electron-capture cases.

Nuclear decays occurring through the weak interactions are accompénied
by a weak; continuous IB photon spectrum associated with the acceleration or
1a,b,c The process may be
represented by diagrams of the type shown in Fig. 1. Because of the nonconser-
vation of parity in weak interactions, the IB photoﬁs are predicfed to show

circular '_'polari_za‘tionea and an asymmetric directional correlation with the

2b
nuclear quantization axis. ¢ The latter effect has been treated by several
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1b,c;3a,b

authors., The asymmetry may be detected by obsérving the IB from

polarized source nﬁclei, although the observation is made difficult by the

.
weak intensity of the IB. a,b

Tn the case of IB accomﬁanyihg négatfon or
positron decays, thé gamma spectruﬁ is overlapped by the external bremsstrah—
lung produced when the electrons are stopped, necessitating a large background -
cérrection. A more prbmising éase is a pure electron capture decay that
populates only fhe ground state or a low—lying level of the déughter.nucleus,
thus avoiding interfering radiation. A suitable example is.the décay pf

ll9Sb(5/2+) to the 23.8 keV level of ll9Sn(3/2+). ‘This decay is 100% EC with

>

an IB endpoint of 526 keV’ and a (radiative s capture/total electron capture)-ratio
of about lO_u.zb’5 The énly interfering radiations ére‘the.25.8 kergamma

' ray from the Sn daughtér-aﬁd the Sn x rays. The magnetic moment . of 1198b is.

+5;h5 * 0.03 nm6 and the hyperfine field for Sb in dilute SbFe alloys is +é30'
k0e7; thus nuclear polarization by thevlpﬁ—temperature thermal eqﬁiiibrium~

method is feasible.

Antimony-119 was prepared in nearly carrier-free form by a method
similar to that of Ref. 5., and was-placed in an iron léttice by melting Fe
foils plated with.the Sb activity. The ingots were hammered fo a thickness
of ca.0.005" and annealed. Four such foils were prepared haViﬁg Sb concentra-
tions in the range from 0.1-0.5 at. %. The foils were cooled to about 20 mdeg.
K and polarized by application of a field HO = 2.3 kOe in an apparatus simiiar
tb one previously described.8 Temperatures vere measured by using a combina-
tion ofbinternal 6000 thermometry and magnetic susceptibility measurements 6n
the chromium potassium alum éooling salt. The results of all runs with four

different samples‘agree withinvstatistical accuracy. This supports the valid-

ity of the temperature scale and the reliability'of alloy preparation.
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. The IB spectrum from 125-500 keV was observed by two 3 x 3" Nal detec-

tors placed at 0° and 180° relative to H.; typical counting rates were 2000/min,

O;

with a signal-to-background ratio of about 10. The resulﬁing asymmetry is shown

in Fig. 2. The solid curves represent the best fit to the correlation function

w(e) = 1+ AQP cos(6)" ,' . | (1)

where 6 1is the ahgle betﬁeen the detector axis and HO’ P is thelpolarization
(IZ)/I‘and contains fhe tembératuré dependence, Ql is a correction for the
finite solid anglé of the detector, and A 1is the asymmetry coefficiént, which
for a V-A weak.inferaction in a decéy of the type I —;I—l.is pfedictéd to have

the value +1.°27P

The mean value of Abbs’ integrated over the energy range
shown, is found from the Tit in Fig. 2 to be +0.506 * 0.027, 50% below the
predicted value.

A more detailed'examination of the asymmetry data reveals an energy

dependence in Aobs as shown iﬁ Fig. 5. This apparent dependencé on photon

energy may arise from several factors: first, although the asymetry of the

IB accompanying capture of s-state electrons is expected to show only slight

; .y :
2b;3a,bjla,D the s-capture spectrum is overlapped at low

energy dependence,
energies by IB from p-state electron capture, ﬁhich should be isotropic.2b
At the lowest eﬁergies observed, the lafter is expected to contribute more
than 50% of the total IB intensityzb’5 and thus adds an isotropic backgro;nd
which attenuates Aobs' Secondly, photons emerging at right angles to HO may
be écattered into the detectors by the Nb polarizing magnet or the walls of

the cryostat, further increasing the isotropic background. Finally, the
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importance of relativistic and Coulomb corrections in the calculation of A
may have been underestimated in Refs. %a, b, so that in fact A is not energy
independent. |

However, a calculation of the probable scettered intensity gives a
value for the second effect which is too small to explein all the obsefved
attenuation at low energies (see Fig. 3). This conclusion is sup?orted by a
comparison of our experimental IB spectrum withvthet reported in Ref. 5, cor-
rected to our detector response curve; there is no evidence of lergevdeviations‘
in the observed spectrum owing to scattering at low energies. ‘At the hignest
energies, in any case, all of the above effects ehould be negiigibie.  Using
the high energy values obtained from plots like those of Fig. 3, which has
_ been.corrected_for a weak gamma impurity peak which was present at ~U25 keV,

ve find
A = +41.001 £ 0.09%

in agreement with the theoretical predictions of Ref. 3a,b.
It is instructive to interpret the sign of A in terms of the diagram
in Fig. 1. TFor negatron decay, the symmetry of the weak interaction requires

the electron to be emitted antiparallel to the nuclear spin in an ellowed

I - I-1 sequence, i.e., at® =q. Thus A < O for this case. For positron
emission’ or electron-capture IB decay, processes that are invefse to negatfén
decay, the positron or photon is expeeted to be emitted parallel to the nuclear
spin directicn. Since both u and th ane positive for ll9SbEg, we therefore

expect W(0) > W(r), or A > 0.
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FIGURE CAPTIONS

Fig. 1. Diagram for radiative electron capture. -

119

‘Fig. 2. Integral asymmetry data for Sb. The best (integrated) value of

Aobs from 0° curve is 0.527 * 0.025; the 180° fit gives 0.485 + 0.028.
Fig. 3. Variation of asymmetry with photon energy. The upper dashéd curve
is the expected W(0) assuming Eq. (1) with A = +1 for s-capture radiation

and A = O for p-capture IB. ILower dashed curve is an approximate lower

: 1imit to W(0) attenuated by scattering.
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