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Spin Polarized Auger Electrons: The XeM45N45N45 Case
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The spin polarization of the X&1,5N45N4s Auger electrons was measured after photoionization of
free atoms by circularly polarized synchrotron radiation at 834.5 eV. Significant polarization effects
were found across the whole Auger group. With the hole state orientation determined from the spin
polarization of theM, 'S, Auger line the intrinsic Auger parameters were evaluated for all lines. The
orientation derived from thé&S, Auger line is consistent with the measured spin polarization ogthe
photoline in good agreement with the two-step model of the Auger decay. [S0031-9007(96)00238-4]

PACS numbers: 32.80.Hd, 32.80.Fb

During the past two decades the spin polarization of vaAuger electron polarization due to the hole orientation in
lence photoelectrons excited by circularly polarized lightthe special case of &, final state [6]. As the Auger
has been intensively studied [1]. On theoretical groundsransition to a'S, final state proceeds via only one decay
it was predicted that Auger electrons could be spin pochannel the spin polarization is independent of the Auger
larized as well [2,3]. However, the use of this effect asmatrix elements; i.e., no information about the dynamics
an experimental tool was restricted due to the absence aff the Auger decay could be extracted.
an intense source for circularly polarized radiation with The spin polarization transfer present in the Auger de-
sufficient energy to create oriented inner-shell holes. Ircay sensitively test angular momentum coupling models if
this Letter we report about the first spin-resolved measuretwo-hole state configurations with total angular momen-
ments on photoelectrons and Auger electrons from deepum J # 0 are involved. To obtain decay processes re-
inner-shell states, which overcome this difficulty by usingsulting in these more general two-hole state configurations
the highly circularly polarized soft x-ray radiation of a he- sufficiently deep lying, oriented primary hole states have
lical undulator. We show that spin polarization studies ofto be excited. We used a newly developed apparatus and
Auger electrons can give valuable information about theahe very recently commissioned planar helical undulator
radiationless decay mechanisms and indirectly about th&Helios I” for high intensity soft x rays at the third gen-
photoionization process of inner shells as well. eration synchrotron light source ERSF [7] to measure the

The spin polarization of Auger electrons is created bytransversal component of the transferred spin polarization
the polarization of the initial hole state. Two mechanismsn the Xe M, sN4sN4 s Auger decay.
leading to Auger electron spin polarization can be dis- Figure 1 shows the experimental setup. The radia-
tinguished [2]. Angular momentum conservation resultgion of Helios | was monochromatized in a spherical
in “transferred polarization,” while a final-state interac- grating monochromator of the “dragon type” [8]. Us-
tion between outgoing electron and doubly charged ioniéng a bandwidth ofAE = 3 eV and the photon energy
core creates the “dynamical polarization” [4]. While the hv = 834.5 eV the flux in the interaction region was ap-
latter can be created by any kind of particle or photon im-proximately6 X 10'? photong's per 100 mA ring current
pact, the former requires excitation by polarized particle(determined using a silicon photodiode). The energy and
impact or by circularly polarized photons. The degree ofpolarization analysis of the outgoing electrons were per-
spin polarization obtained by polarization transfer is muchformed by a time-of-flight (TOF) spectrometer followed
more pronounced in general. In an angle-resolved experby a Mott polarimeter of the accelerating and decelerating
ment, the transferred spin polarization vector lies in thespherical field type [9] operated at 45 kV. The angular
“reaction plane” spanned by the propagation vectors olcceptance of the spectrometer was approximately.
the incoming radiation and the outgoing electrons. TwoThe energy resolutioAE/E ~ 103 necessary for study-
independent components of the spin polarization vectoing the XeMNN Auger decay was attained by applying
directions transversal and longitudinal to the outgoinga retarding potential/,,, = —510 V to the spectrometer
electrons’ momentum can be chosen. drift tube. This high resolution was accessible as the fast

The spin polarization transfer in radiationless decaysiming (200 ps overall time resolution) was preserved in
has been studied experimentally on solid alkali metalshe Mott polarimeter.
and free atoms for excitation energies below 30 eV [5,6]. The spin polarizatiorP? of the electrons is given by the
Measurements on free Ba atoms showed the creation dfackscattered intensitids and/, counted in multichannel
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after phase shifting [13], the measurement of the resid-
ual linear polarizationPy;, (o) when the undulator is set
to produce circularly polarized light enabled us to de-
termine the degree of circular polarizatioB;;..(o)* =

P2, — Pi.(o)?. For photon energies between 680 and

SPHERICAL GRATING “MLULTI-
LAYER 930 eV we measure® ;.. to range from 0.85 to 0.90.
HELICAL UNDULATOR PHOTODODE At hv = 834.5 eV used for the Auger measurements we
HELKIS ) GAS INLET found Py = 0.95 and Py, (o) = 0.32 * 0.04 resulting
= - AT in |Peirel = 0.89 = 0.05. Within the experimental un-
=8 - certaintiesP.;,. was identical forc* and o~ radiation.

| Pl LN
ESAHF ] . .. . K
STORAGE RING N The linear component of the radiation was lying in the

horizontal plane. The polarization measurements will be
presented in detail elsewhere [14].

The M4sN4sNss Auger electron spectrum is shown
%h Fig. 2(a). The assignment of the lines refers to
[15]. In order to determine the spin polarizatigh of
the different Auger lines the four measured spectra—

plate detector MCP1 and MCP2, respectively, and th@acording to the signals from MCP1 and MCP2 using

polarization sensitivity.i; of the Mott polarimeter: o" as well aso™ light—were used to build spin
1 1 I separated partial intensitie and I,. These spectra,
1 — 12

. (1)  which would correspond to detected intensitigsand
Sett It + I L, in a perfect Mott detector (i.eSe;r = 1), were then

To eliminate instrumental asymmetries, although mea-
sured to be smaller than the single statistical error of
the measured spin polarizatidrt-3%), successive mea-
surements with left- and right-handed circularly polarized
radiation were carried out, taking advantage of the he-
lical undulator’'s free variability of the light polarization
state allowing the production of *, o~, and 7 light
[7]. The polarization sensitivity and the detection effi-
ciency of our Mott polarimeter were determined to be
Seit = —0.27 = 0.03 [10] andl/I, = 1 X 1073, respec-
tively, resulting in a figure of meri§Z¢//Iy = 7 X 107.
Because of the substantial loss of signal intensity dur-
ing Mott scattering our experiment benefited considerably
from the TOF technique’s inherent capability of simulta-
neous acquisition—and in this case additional spin po-
larization analysis—of all lines in a spectrum. Since for
TOF electron spectroscopy a pulsed light source with ap-
propriate timing is essential, the 16-bunch mode of the
ESRF storage ring was used. In th&VN Auger group
the typical integrated count rate was approximafely !.

For the quantitative interpretation of the measured elec-
tron spin polarization the degree of circular polarization
of the ionizing radiation has to be known. We deter-
mined the light polarization state usiVg/Si multilayers I
with 40 periods each 2.0 nm thick as a reflection analyzer 520 525 530 5385 540
[11,12]. By rotating the multilayers azimuthally around Kinetic Energy (eV)
the light axis the e_IIipticity and the spatial orie'ntation of g 2. Xe My sNusNys Auger lines athy = 834.5 eV: (a)
the polarization ellipse were determined. Setting the Unmtensity spectrum of theMNN Auger group with fitted
dulator to produce linearly polarizegt radiation the el- Voigt profiles; (b) O measured spin polarization across the
lipticities measured with a single and a double multilayerAuger spectrum evaluated for each 200 meV kinetic energy
reflector, respectively, were compared and the analyzin@b"tr‘.’aI of the intensity spectrum® spin polarization of the

. . ividual Auger lines evaluated from the areas of fitted Voigt
power of the polarimeter was determined to range from, ies ~ The vertical error bars include both the statistical and
0.25 to 0.6 depending on the photon energy. Assumingystematic uncertainties. At low intensities the statistical error
the conservation of the total polarizatigh,, = Pj,(7)  dominates. The horizontal bars indicate the fitted linewidths.

FIG. 1. Experimental setup. The inset shows the geometry
the photoionization process.

P =

Intensity (arb. u.)

Spin Polarization
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fitted with Voigt profiles. Equivalent Voigt profiles fitted detailed information about the electron-electron interac-
into the non-spin-dependent spectrum and their sum argon which is governed by the Coulomb operator. Using
shown in Fig. 2(a). The areas of the fitted Auger linesthe notation of [3] we get

in I; and I, were then used to determin. The _ _

results agree well with spin polarization values obtained A+ a/2) = (B = 71/DAw
by fitting the four measured spectrd;,(, for o™ (3)
and o~ light) with a sum of Voigt profiles directly. A9 andA,, are the orientation and alignment parameters
P/P.y, i.e., the spin polarization normalized to the of the primary hole state and are proportional to its
degree of circular polarization, is shown in Fig. 2(b) for magnetic dipole moment and electric quadrupole moment,
the different Auger lines as closed circles. An evaluatiorrespectively [18]. Bi, i, and a, are the intrinsic

of the spin polarization using the total counts in kineticparameters. According to theory [3],, is small aside
energy intervals of 200 meV instead of using fitted linefrom the threshold region and any Cooper minimum. We
areas is plotted in Fig. 2(b) as open circles. Using thigdherefore take the denominator in Eq. (2) as unity for the
method of analysis the spin polarization is averagediuger lines. Using Eg. (3) and = 70° it follows

over all contrlt_)utlons of lines present at a given klne_tlc P = 0.94Pirc(v1/2 — B1)Aw. )
energy. In this way structures in the spin polarization

are visualized, which cannot be recognized in the line-fit For transitions to &5, final ionic state the intrinsic
oriented analysis. Comparing the two different methodgarameters; andg, are fixed geometrical factors. Using
of analysis we find good agreement for all lines if we P/Pcire = —0.39 = 0.06 of the M4N4 5Ny 5('Sp) line and
take into account effects from overlapping peaks. Thighe corresponding intrinsic parameteys = 2/+/5 and
overlap is especially pronounced at 521 and 534.5 e\81 = —1/+/5 from [3] we determined the orientation of
kinetic energies, where in the continuous evaluation théhe3d~! 2Dy, hole state to bet o &

and B = —2arAy.

o = —047 = 0.07.
spin polarization of a strong liné B,, ' G4 of the M5 and Additionally, the spin polarizationP/P.i,. = 0.67 =
M4 components) dominates over the spin polarization 00.09 of the 3d3,, photoline was used to determine the

the less intense Iines_. . photoion orientatiom10(3d3_/12) directly. Using the asym-
~ For comparison with theory, the measured spin polarmetry paramete3 from [19] and a nonrelativistic ap-
ization can be connected to the matrix elements of the dgyyoximation [3,16] we obtainAﬁ’gom = —0.44 + 0.009.

cay processes via a parametrization which results from 2he excellent agreement betweaﬁl)mm andAﬁ)“ger is a

purely kinematical consideration and is identical for pho'strong evidence for the validity of the two-step model

toeleptro_ns and Auger eleptrpns. For th_e transversal Spii'ﬂ this case. Table | presents the intrinsic parameters for
polarization component within the reaction plane we us

%l observedM, sN, 5Ny s Auger lines extracted from the
[16] la5NasNas . ted fr
measured spin polarizations. While for thé; , primary
P, ¢) o _ hole stated 1o **" was used, foBds,} the nonrelativistic re-
_ _[2¢PinsiR¢ * (A + a/2) |Pcircl]s”_w e lation A10(3ds,5) = (28/27)"/2A1(3d5,3) was applied [3].
1 — (B/4)[3co860 — 1 — 3Py, OV Sin6] So far no theoretical calculations of the intrinsic param-
The definition of the coordinate system can be seegters for the Xe NN Auger decay have been presented.
from the inset to Fig. 1. The dynamical parametersHowever, we can compare qualitatively with published
B, &, andA + a/2 denote the angular anisotropy, the values for the Kt NN Auger decay involving identical
dynamical spin polarization [17], and the transferredangular momentum states [3,20]. According to these cal-
spin polarization, respectively, while& corresponds to culations, Auger lines of the same final ionic state but
o~ light. emerging from primary hole states with opposite spin-
Since in our experimen$ = 45°, the contribution of orbit coupling,ds/, and ds;,, have spin polarizations of
P, in the denominator vanishes. Th®;,-dependent
term in the numerator vanishes, as we average over mea o e |
surements taken with opposite helicities but constant IinAuger line

Intrinsic parametersy,/2 — By for the Xe MNN
s derived from the spin polarization data. For the

ear component.P determined as such depends B, 15 line y, and 8, were taken from [3].

B, andA + «/2 only. In the two-step model of Auger

decay, i.e., the photoionization and Auger decay pro-_. /2= B

cesses are assumed to proceed independently, the two Ainal state MaNasNas MsNa;sNas
ter quantities can be factorized into parameters describing 3F, —0.18 £ 0.10 0.30 * 0.06
the anisotropy of the primary hole state and into “intrin-  *F»3 —0.25 £ 0.05 —0.62 = 0.08
sic” parameters describing the Auger decay itself. The 33P2 —0.85=0.19 0.30 = 0.07
intrinsic parameters depend on the Auger matrix elements _Fo. ~023 = 0.08 0.39 = 0.12
in a similar way as the photoionization dynamical param- D%’SOG“ 0'6(9) 590'09 _0'7_10;;80'10

eters depend on the dipole matrix elements, hence giving
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