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A new technique to overcome the core-hole lifetime broadening in x-ray absorption spectroscopg,_s.presented. It utilizes

a high resolution fluorescence spectrometer which can be used to analyze the fluorescence photon ¢ii_{g_th---_u:= ................
resolution than the natural lifetime width. Furthermore, _=, high resolution spectrometre" can also be used to select the final
state in the fluorescence process which can offer spin selectivity even without long range magnetic order in the sample.
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1. Introduction and theory a narrow energy window at the peak of the fluorescence line
using a high resolution spectrometer, while scanning the

In an x-ray absorption process the incident photon ejects incident energy through the absorpuon edge, one can obtain
an inner-shell electron to an unoccupied state, thus creating an absorption spectrum without the K-shell lifetime
a core hole• The transidon probability depends on the broadening. This will improve the energy resoludon at the
unoccupied density of states and the atomic envixonment. In expense of reduced count rate since only a limited number
x-ray absorpdon spectroscopy the photoelectron is used as of fluorescence photons are accepted by the high resolution
an indirect probe whose energy ¢ can be controlled only analyzer.

through the total energy conservation requu'ement ¢ = E_-

Ex, where E, is the incident photon energy and Ex, for
example, is the K-shell binding energy• However, due to the 2. Experiment
finite lifetime of the intermediate hole the binding energy is
determined only within the natural lifetime width of the Typical lifetime widths are of the order of a few eV.
core hole. Therefore the effective uncertainty of the binding However, it is well known that using perfect crystals sub-eV

energy, the lifetime width 1"_:, results in an equivalent resolution can be achieved in a near-backscattering
uncertainty of the photoelectron energy. Thus the geometry when the source size problem can be overcome.

unoccupied density of states re,covered from an absorption The spectrometer used for this experiment was based on a
measurement is smeared by the core-hole lifetime width, spherically bent perfect Si (440)crystal sitting on the same

Rowland circle as the sample and the position sensitiveExisting two-crystal monochromators can easily deliver an
incident beam resolution comparable to the lifetime width detector. The source size limited resolution of the
but improvement beyond this usually serves no purpose, spectrometer was about 0.3 eV "-). The experiments were
Therefore using conventional techniques, even the third carried out on the NSLS X25 wiggler beam line at the
generaaon synchrotron sources will only yield quantitative Brookhaven National Laboratory3). A two-crystal Si (220)
improvements for transmission XANES. monochromator together with a doubly-focusing mirror

However, the absorption spectra can be measured also delivered a photon flux of the order of l0tt photons/s with

by monitoring the various decay channels of the core hole. 0.7 eV bandwidth at the sample with a spot size of less thanlmm:.In the ease of radiative d_ay the core hole is f'dled by one
of the outer shell electrons and a fluorescence photon is In order to demonstrate the improved resolution, the

Lm absorpuon edge of dysprosium was studied D. Figure 1created. The total energy is again conserved and in the case
shows the measured Dy La I fluorescence spectrum fromof KL-fluore,_=ence, for example, the phou_elcctron energy

is defined by equation e = E_- Ev. Et.., where Ev is the Dy203 when the incident energy is well above the LIII
fluores_nce photon energy and Et. is the L-shell binding absorption edge. The measured linewidth is clearly larger
energy. The fluorescence photon energy is demmained by than theoretical atomic calculations predict Wu,, = 4.2 eV
the binding energy difference between the inner and the and 1"._ = 1.4 eV) and offers a favorable test case to _ the

outer shells and its natural linewidth is rx+Ft.. However, improved resolution. To illustrat_ the improved resolution
one can measure the fluorescence photon energy with a both conventional transmission XANES and high
resolution better than its natural linewidth D. By defining resolution fluorescence measurements were performed _ )

the fluorescence photon energy one can limit the using the same sample and the same incidem beam [=_=iJ
uncertainty of the phouo¢lecm0n energy according uo the resolution. These are shown in Figure 2. The high
total energy conservation requixement. In this case the resolution spectrum was achieved by monitoring only a 0.3
photoelectron uncertainty will be limited only by the eV energy window at peak of the fluo_e line while

incident photon energy resolution and by the final state the transmit,on spectrum was obtained usinR ionization
lifetime width r't.. Therefore, by selectively monitorin_ only chambers to measure the total absorption at thesample. The

" comoarisonshows the dramatically LmDmvedresolution in
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the high resolution fluorescence measurement when the The high resolution technique presented here not only
LIII-shell lifetime width is suppressed. I..ligh resolution reduce the influence of lifetime broadening but it can also
XANES reveals a well scpm'ated true absorption edge be used to choose final states of slighdy different
followed by the white line corresponding to strong dipole energies s). In the case of MnF: K_]-fluorcscence, for
allowed transitions to empty 5d states. The Rrst edge, example, the final state ls23pBd s has a very strong
clearly separated from the white line, is due to the exchange interaction between the 3p and 3d electrons.

quadrupole allowed transitions from 2p to the partially Therefore the K_-fluoresccnce spectrum has a pronounced
ftlled 4f states. A more detailed scan shows also structure satellite which can be seen in Fig. 3 at about -17 eV. The
between the two edges 1). Recendy, Tanaka et el. have been main and satellite lines correspond to predominandy spin
able to explain the structure in detail 4). Ali the f'me down and spin up 3p holes, respectively. Since the spin ks
structureistotallysmearedinthetransmissioncasedue to conservedinthefluorescenceprocess,thephotoelectronhas
theLlII-shelllifetimebroadening, thesame spincharacteras the 3p hole.By selectively

monitoringonlythe energywindow at themain or the

satelli_peak in Figure3, whilescanningthe incident

_,,ooo _ . _. . . . photonthroughtheabsorptionedge,one can obtainspin
resolvedabsorptionspectra.

t2ooo Figure 4 shows spin resolved XANES spectra from
MnF 2. The pre-edge peak below the absorption edge

toooo corresponds to transitions to unoccupied 3d states. In the
spectrum for the majority spin the pre-peak almost totally

sooo disappears. This is eas_y understood because all five
-a available spin up 3d states atc already occupied while ali

eoo five remaining spin down states are empty. This obvious

behavior confirms the assumption about the spin sensitivity, i
=000

3. Discussion
_o ....... ; 'o25 - -15 -I0 -$ 0 I

The potentialof a new high resolutiontechniquefor
a_,.n,,,E,_r/(,v) XANES is demonstrated. It can used to overcome the inner-

Fig. 1. Experimental DY203 La 1 fluorescence spectrum. The shell lifetime broadening and limit the energy resolution to
energyisrcladvetotheencru/differencebetweentheI.IIIand thefinalshelland incidentbeam energybroadening.The
MV levels. Vertical scale is counts/10 s. high resolution demands extremely high incident photon

flux to get reasonable count rams. However, the next-
generation synchrotron sources with higher flux and
brightness should make this technique routine.

A promising technique to measure spin resolved density
_o, ... •...... • ..... -- of states is presented. It utilizes the local magnetic moment

','., as a reference direction. Therefore, it does not require long-
/ •...--...___ range magnetic order (external magnetic field/single

crystals) or a special incident beam polarization and it can
.. io, also be applied to antiferromagnetic systems. To
| / demonstratethe method we have measured the spin

resolved XANES spectrum from MnF: in the paramagnetic

_' ,/ state at room temperature, lt can be applied to many other] to, magnetically interesting elements, for example Fe and Ni,

which have similar fluorescence satellites.
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Fig. 3. Experimental MnF: I_ 1 fluorescence specu'um. The
satellite su'ucture results from strong f'msl state exchange
interaction. The main peak corresponds to final states with
predominantly spin do,vn holes and the satellite peak at -17
eV to those with spin up hole f'mal state. The dashed lines
representthetwo differentenergywindows usedforthespin

resolvedabsorptionmeasurement.
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Fig.4.Spinresolved_ specmun fromMnF r The solidline

correspondstotheminorityspinand thedashedlinetothe
majority spin specmun. They are measured by monkcring the
narrow energy windows shown in Figure 3.
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