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Parity-violation effects on the Auger-electron emission from highly charged atomic ions
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Within the framework of standard electroweak gauge theory, parity-violation effects on the Auger
emission from atomic ions are examined. Highly charged ions are prime candidates due to their simple
atomic structure and large electroweak charge. To be specific, the Auger decay of the 252 J =0 level in
Ut is analyzed. In QED, the polarization-asymmetry parameter is identically zero. It is found that
neutral-current mixing of the 252 J =0 and 2s2p J =0 levels yields a polarization asymmetry of 107".

PACS number(s): 34.80.Kw

Parity-violating neutral-current effects, as predicted by
standard electroweak gauge theory [1], have been ob-
served in a wide variety of processes in atomic, nuclear,
and particle physics [2]. The diverse measurements in-
clude: deep-inelastic vN scattering, ve scattering, W and
Z masses, polarized eD scattering, and radiative transi-
tions in heavy atoms. The accumulated data serve to test
the standard model at the tree and loop levels, constrain
grand unified theories, and to possibly glimpse ‘“‘new
physics.” With the recent development of heavy-ion traps
and storage rings [3], the prospects for the observation of
parity-violating effects on radiative transitions in highly
charged ions have been examined [4]. In this paper, we
further examine parity-violating effects on Auger (radia-
tionless) transitions in highly charged ions. In both cases,
the lure of neutral-current studies with highly charged
ions is due to their simple atomic structure and large
electroweak charge.

Starting from the second-order perturbation-theory ex-
pression for the one Z-boson exchange between an elec-
tron and a quark, one may derive [5] an effective Hamil-
tonian for a zero-momentum-transfer interaction between
an electron and a nucleus, given by
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where G is the Fermi constant, p is the nuclear density,
y? is a Dirac matrix, and atomic units (e =m =#=1) are
used. The electroweak charge is given by
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From Eq. (4), the parity admixture factor is seen to be
given by
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Upon substitution of H, of Eq. (1) and explicit forms for
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where Z is the number of protons, N is the number of
neutrons, and 6 is the Weinberg angle. The effective
Hamiltonian of Eq. (1) represents only the timelike com-
ponent of the electron axial-vector current and quark
vector-current interaction, which is by far the largest
contribution to atomic parity violation [6].

As a specific example, we choose to examine the
neutral-current interactions between the 2s? J;=0 and
252p J; =0 resonance levels of U°" (2p=2p 1). In the
multiconfiguration Dirac-Fock approximation [7], in-
cluding Breit interaction and QED effects [8], the 252p
J;=0 level lies e=63928 eV above the U*'" 15 J,=1
ionization limit, while the lower of the two ( 2s2+2ﬁ 2y
J;=0 levels lies at e=63 948 eV. The calculated Ae=20
eV energy separation should be accurate to £1 eV [9]. In
perturbation theory, the parity-conserving Auger decay
rates for the resonance levels are given by
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where N=1+¢/2c?, p=(2e+¢/c?)!?, (J;,J¢) are the
total angular-momentum quantum numbers of the initial
and final levels, c is the speed of light, and the continuum
normalization is one times a sine function. The Hamil-
tonian H, of Eq. (3) is the two-body electromagnetic in-
teraction between electrons. The Auger rates for the 2s?
and 2s2p J; =0 levels of U°" are given in Table I. The
Breit interaction is seen to have a strong effect on both
rates, especially the rate for the 2s2p J; =0 level.

In perturbation theory, the parity-violating Auger de-
cay rates for the resonance levels are given by

TABLE 1. Parity-conserving Auger rates for U°".

Rate (Hz)

Level Energy (eV) Coulomb only Coulomb and Breit
25 J;=0 63948 7.2X 10" 1.1X10%
2s2p J;=0 63928 1.8 10" 1.0Xx 10"
4856 © 1993 The American Physical Society
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the Dirac wave functions ¥,(2s> J;=0) and p(252p TABLE II. Parity-violating Auger rates for U*".
J;=0), Eq. (5) yields

Rate (Hz)

Level Energy (eV) Coulomb only Coulomb and Breit

n= GrQu (4 —1f )0y, (r) 252 J;=0 63948 21 110
V8Ae G g 252p J;=0 63928 82 130

—er,(r)PZS(r)]dr , (6)
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where R is the radius of the uranium nucleus, and (P, Q) M; My
are the reduced radial wave functions of the Dirac bispi- X [ € 'ﬁf(Jfo)‘ﬁa' (pm, )|HY [ (J; M)
nors. We find =(3.38X1077)i, which is in rough R
agreement with that found earlier [4] for the neutral- +771/’ﬁ(JiMi)>| > M

current mixing of the 1s2s 1S, and 1s2p 3P, bound levels
of U%°*. The parity-violating autoionizing rates for the
2s? and 2525 J; =0 levels of UP" are given in Table II.
The parity-violating rates found in Table II are much
smaller than the parity-conserving rates found in Table I,
although the electron-quark neutral-current rates of s
Table IT are much larger than those quoted earlier [10] ¢\ (Pm,)= 3 i’Y,fml(f)) M C,l,,ll/,,%fm e Mg (jm;),
for the electron-electron neutral-current interaction. Lm, ey /

In direct analogy with the analysis of neutral currents (8)
in eTe  annihilation and deep inelastic scattering of . . . L1l .
charged leptons [5], parity-violation effects in Auger where Y, is a spherical harmonic, C,, 5, n is a
emission will be strongest when y-Z interference terms  Clebsch-Gordan coefficient, and §, ; is the phase shift of
can be observed. The spin angular distribution of Auger  the continuum electron. Upon recoupling, the spin-

where (J;M;,J ;M) are the total and magnetic quantum
numbers of the initial and final levels, m is the spin pro-
jection of the Auger electron, and P(J; M ) are the rela-
tive populations of the magnetic sublevels. The outgoing
Auger electron may be written as

electrons is given by [11,12] angular distribution of Eq. (7) is given by
J
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To be specific, we again choose to examine the effects A=8,,, =850 The matrix elements are given by
of neutral-current interactions between the 2s* J,=0 and _ .
252p J; =0 resonance levels on the spin angular distribu- V= VeI )|H7 9o (1)

tion of Auger electrons. Algebraic reduction of Eq. (9)  which are precisely the same as those used before for 45¢

yields of Eq. (3). The phase factor A may be obtained [13,14] by
2 L 22p2 Tom differencing Coulomb phase shifts for an effective
p o (VatTVpF2qV,VpcosdcosA| , charge of ¢ =91 at an energy of e=64 keV. We find
(10) cosA=0.183.
An experimental observable is the polarization-
where 7=i7, 6 is the spin axis angle, and asymmetry parameter, given by
J

. 27Tf7"/2 AP, +)sin(0)d6— 2wf A (,+)sin 9)d0
N 27Tf (p, L )sin 6)d6

For P:;ym > 0, there are more spin-up electrons in the top A,(p,£1/2) of Eq. (10) into Eq. (12) yields
hemisphere (as defined by the spin axis) than there are in
the bottom hemisphere. Reflection symmetry (parity) in pt

()= _ MgV VpcosA
the 6=m/2 plane is violated. Substitution of sym

(13)
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The polarization-asymmetry parameter P:;ym for the 2s2
and 2525 J; =0 levels of U7 are given in Table III. At
the level of one part in ten million, there are less spin-up
electrons in the top hemisphere than there are in the bot-
tom hemisphere for Auger emission from U*°". We note
that the 2s? and 2s2p J; =0 levels are not complicated by
further anisotropies due to collisional alignment. The to-

tal angular distribution of Auger electrons is given by
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and is isotropic, while the total polarization of Auger
electrons is zero.

In summary, we have calculated the order of magni-
tude of parity-violating effects in the Auger emission
from U*" by examining the y-Z interference terms in
the spin angular distribution function. For the 2s% and
2s2p J; =0 levels, the polarization-asymmetry parameter

TABLE III. Polarization-asymmetry parameters for U+,

P;ym
Level Energy (eV) Coulomb only Coulomb and Breit
252 J,=0 63948 —3.1%X107¢ —5.8x107®
2s2p J;=0 63928 —1.3X1077 —6.6X1078

is found to be about 10~7. For other atomic cases, the
spin angular distribution of Auger electrons may be com-
plicated by initial magnetic sublevel alignment. We hope
this paper will stimulate further theoretical and experi-
mental investigation into atomic parity-violating effects
in electron scattering from highly charged heavy ions.
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