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Angular correlations coefficients are calculated for the nuclear cascade process

Jo{mezoatom) 5 J1 LN J2. When introducing explicitly a photon polarization density matrix,
a new quantity is distinguished. It is the imaginary part of the muon capture partial ampli-
tudes, providing another check of the T-invariance in the u-capture. The new quantity could
be measured only by means of the linear polarization of the emitted y-quanta.

The progress of experimental techniques in the nuclear muon capture (cf. Miller’s
et al. experiment or the Grenacs’s et al. measurements [1]) preambles the search for new
quantities and kinematical relations between them [2]. Because of the rotational invariance
the measurable quantities expressed in terms of the independent weak amplitudes are
subject to kinematical restrictions. The information on the muon interaction with the
nuclear matter follows from studying of the recoil nuclear polarization states by looking at
the angular and polarization correlations of the decay particles. In the present paper we
restrict ourselves to the case of the gamma-neutrino angular correlations. Considering
p-capture by the final nucleus in the ground state one may measure only the recoil linear
polarization. The reason is that the f-particles from the decay of nucleus have spin 1/2,
while the angular distribution of the y-rays from the excited final nuclear state provides
a new information on the alignment.

Our aim is at giving the resuits of the Popov calculations [3] modified by using
a polarization density matrix for the emitted y-ray in the transition
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Jo(mezoatom) — j;, — j,. )
In our notation j,(mezoatom) is an initial nucleus of a spin j, to which muon is coupled
before the capture. The excited (after the muon capture and the subsequent neutrino
emission) nuclear state with a spin j; comes to the final state with a spin j, through the
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y-emission. The process (1) is discussed with no assumptions on the dynamics of the
u-capture. The convenient multipole amplitude decomposition of the matrix element of
the transition operator H, for the first step of the cascade (1), jo & j;, is available [4)
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In this transition amplitude the spin components m and /4 of the leptons are along the

direction of the neutrino linear momentum v, while for the nuclei spin components the
z-axis is the direction of quantization.
The gamma-transition matrix element H, is taken such as in [3]

HV = iﬁn"fléMsznALn n((ps ‘9’ 0), (3)

by = L, b‘z::“’” =k, L=v2L+1, L=ij-jl

Only pure radiation of the multipolarity 2" is considered.

The angular correlations probability is calculated as the trace of the final polarization
density matrix, normalized with due regard to an integration over emitted radiations.

To this end, the amplitudes (2) and (3) have been used and the initial density matrix
has been taken from [3] with the quantization axes for the muonic states rotated such as
those in (2).

So, the probability W was found to be!
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Here p; is the probability of occupation of a Af level in the muonic atom with total spin
F=jot1,

3Pl
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}33: is the residual muon polarization in the Af states.

joxri2 =

1 Henceforth, evident summation over “blind” variables is not indicated.
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The only new quantity B,,, appeared in (4), and the others correspond with those
introduced in [3, 5]. For the neutrino azimuthal angle in the plane perpendicular to the
y-quanta momentum direction k is not observed because of experimental obstacles, we

have integrated over this angle so that the correlation between neutrino and muon polari-
zation vanishes. Therefore, B, looks as follows
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Here Ork is the polarization density matrix for the photon. It was convenient to put
P = Pl(k v) for the Legendre polynomials and their derivatives.

When considering the capture by spin zero targets, 0 & I % j, the correlations formula
reduces to the form
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The coefficients ., a; and 2Reb, for even s are the a,, o, and B, defined in [4], respec-
tively. The new coefficient 2Imb, contains the imaginary part of the ratio of the multipole
amplitudes T7/T; %". This ratio was earlier found in the case of the 0 % 1 % O transition
for the & = —1/2 neutrino [6].

Next we proceed to determine, in general, what are experimental circumstances in
which 2Imb, might be measured. In order to do it one should consider the coefficient o._.
Under the stipulation that the emitted y-quanta are in the pure polarization states, o._
differs from zero just for the linearly polarized y-radiation.

As to the T-invariance in the muon capture, the qualitative conclusion, irrespective
of the dynamics, has been arrived at that the T-violation appears for the relative phase
@ # 0 in the amplitudes ratio. In other words, if the T-invariance in the muon capture
by the nucleus is broken, the quantity Imb, will be manifestly observed in angular correla-
tions with linearly polarized y-quanta.

I wish to express my gratitude to Dr. Z. Oziewicz for having drawn my attention
to the problem and for helpful discussions.
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