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FIG. 5. Comparison of XNCD spectra recorded at the Lili edge for discrete 
crystal orientations which differ by a rotation around the c axis (Le., around 
the beam direction): .6.8=95; 120; 140; 160; 185. Note that each plot is a 
direct difference between only two consecutive scans recorded with opposite 
circular polarization. 

the differences measured at the LU-fi edges (0.6%); (ii) there 
was an intense pre-edge background (- one order of magni­
tude more intense than the edge jump). The difference spec­
trum shown in Fig. 6 was obtained by combining a sequence 
of 40 scans, the XNCD signal being systematically found in 
ail differences between consecutive scans recorded with op­
posite circular polarization. The major difficulty experienced 
in the data reduction was to minimize the base line distor­
tions. What seems to be most remarkable is that: 

(i) The largest XNCD signal is not found in the white 
line but for the next resonance peaking from 12 eV 
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FIG. 6. NormaIized XNCD spectral differences [qL_aR] measured at the 
LI edge. The relative energy sca1e is the same as in Fig. 2b. The polarization 
averaged XANES spectrum i8 aIse displayed fOf the sake of comparison. 
Observe the absence of any strong signature at the energy of the white line. 
Note the positive sign of the main peak. 
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toward higher energy; the latter peak also coincides 
with a maximum in the Ln_lIT edge XANES spectra 
[see Fig. 2(b)]; 

(ii) The sign of the most intense signais is positive as 
opposed to the spectral differences measured at the 
Ln_llI edges; 

(iii) The L]'XNCD spectrum has a remarkably fiat base 
line; 

(iv) The pre-edge subtraction and the renormalization with 
respect to a small edge jump result in a relative am­
plitude of the main peak which is unexpectedly large: 
-4.0% if we refer to the raw data and -5.5% if we 
take into account the polarization transfer of the 
monochromator. 

IV. SIMULATIONS OF XNCD SPECTRA 

A. Selection rules and symmetry of the final states 

This seems to be an appropriate point at which to recall 
first what the relevant selection rules are that are associated 
with Bq. (2). In full conformity with "atomiclike" selection 
rules we have: ,11=::+::1 for El transitions; ,11=0, ::+::2 for E2 
transitions with: tJ.I*O if 10 =0. This has very clear implica­
tions: at the LI edge, the final states Jj) should mix atomic 
orbitaIs (AO' 5) with p and d -type symmetry for the El and 
E2 transitions; at the Ln_llI edges, the final states should mix 
AO's with d- or s-symmetry for the El transitions and either 
p- or f-symmetry for the E2 transitions. Note that the crystal 
geometry may restrict the choiee of m values. Typically, our 
experimental configuration is only consistent with final states 
which mix {P,d} and {d,f} AO's. We cannot yet rule out 
final states mixing {s,f} and {s,pl AO's in the XNCD spec­
tra recorded at the Ln-lU edges. For sure, the key difference 
between the LI and Ln_fi edges XNCD spectra arises from 
the absence at the LI edge of any contribution mixing {d,f} 
AO's. 

B. Band structure calculations 

In a first attempt to support our interpretation, we have 
performed a band structure calculation relying on a tight 
binding (TB) version of the linear muffin-tin orbital (LMTO) 
method in the atomic sphere approximation (ASA). We used 
the TB-LMTO-ASA code developed by Andersen and 
Jepsen68 and the crystal structure of a-Lir03 reported in Ref . 
52. We found that the gap between the filled valence band 
and the empty conduction band was -5 eV, in good agree­
ment with the known optical absorption spectrum of a-LiIO, 
crystals. We have reproduced in Figs. 7(a) and 7(b) the local 
density of states (DOS-per unit cell and eV) of projected p, 
d, and f symmetries in the iodine Wigner-Seitz sphere. A 
prerequisite for XNCD to be detected at the Ln_Ill edges is 
that in the conduction band, d-projected DOS should overlap 
with either p- or f-projected DOS. We see from Fig. 7(a) 
that there is a clear overlap {d,pl DOS at energies ranging 
from 5 up to 20 eV above the Fermi level set as the origin of 
the energy scale. Similarly, Fig. 7(b) makes us expect an 
even stronger overlap of {d,f} DOS at energies ranging from 
20 up to 40 eV above the Fermi level (and at higher energy). 
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iodine Wigner-Seitz' sphere calculated with the Andersen-Jepsen TB­
LMTO-ASA code of Ref. 68. (a): Overlap of the {P,d} DOS; (h): Overlap 
of the {{,dl DOS. 

For iodine, we found only a minor contribution of s-DOS 
very near the bottom of the conduction band but nO signifi­
cant overlap with the! -projected DOS. 

Focusing again on the XNCD spectra recorded al the 
Ln_III edges, an interesting point brought out by the band 
structure calculations is that the small peaks found near the 
edge (marked AI' A 2 in Fig. 4; .lE", 12.5 eV) rnight weIl 
refer to final states mixing {d,p} AO's, whereas the intense 
peaks found at higher energy (marked B Jo B 2, B 3 ; .lE 
;;;.17.5 eV) should involve final states miXÎng {d,!} AO's. 
Indeed, it does not make sense to correlate directly the peaks 
observed in the XNCD spectra with characteristic maxima of 
the overlapping DOS. On the other hand, we wish to draw 
attention to the fact that the intense white line observed 'in 
the LI XANES spectrum cannot be explained by considering 
only the p-projected DOS at the iodine site. As illustrated by 
Fig. 8, we found thal the p-projected DOS is quite large very 
near the bottom of the conduction band at the sites of the 
three tightly bound oxygen atoms; this may weIl cause a 
strong resonance characteristic of the 103 anion, possibly 
with the creation of an excitonlike state. Since the 103 anion 
is not itself chiral, there is no reason to expect a very strong 
contribution of (TEl.E2 in the LI white line since XNCD is 
mostly due to the overlap in the iodine Wigner-Seitz sphere 
of {d,p} DOS [see Fig. 7(a)], which also explains the weak 
XNCD at Ln_111 edges. Further inspection of the projected 
p-type DOS of the oxygen atoms in the valence band also 
confirmed the expected hybridization of {p,d} AO's of io­
dine with 2p AO's of oxygen; this could be a favorable 
circumstance for an efficient screening of the core hole.69 
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DOS (pee unit œil and eV) of p symmetry at the iodine site; dotted !ine: 
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C. Multiple scattering simulations 

There are weIl known limitations in the use of band 
structure calculations in x-ray absorption spectroscopy: (i) 
the perturbation induced by the core hole cannot be easily 
taken into account even with the definition of superceIls, and 
most calculations implicitly assume that the multielectron 
system is relaxed; (H) the LMTO method can hardly yield a 
reliable picture of the electronic structure at high energy, 
e.g., for E;;>40 eV. Il is indeed preferable to carry out mul­
tiple scattering (MS) calculations in the direct space as op­
posed to the previous calculations perforrned in the recipro­
cal space. As another consequence of the' 'optical theorem" 
generalized by Natoli et al. ,70 the cross section for natural 
dichroism uE1.E2 can be shown to be proportional to the 
imaginary part of the scattering path operator [TW]OO 
weighted by the product of the atornic electric dipole matrix 
element [EI]L for creating a photoelectron with angular mo­
mentum L al the photoabsorbing site 0 multiplied by the 
electric quadrupole matrix element [E2]L' to annihilate it 
afler propagating through the system and returning to the 
sarne site with angular momentum L' *L. In the framework 
of MS theory, Land L' should satisfy conditions which rule 
out the contribution of final states mixing {s,f} and {s ,p} 
AO's.7I Since a detailed presentation of the whole MS theory 
of XNCD will be given elsewhere,11 we will concentrate 
here only on the simulations of the XNCD spectra for 
a-LiI03· 

From a technical point of view, the. simulations have 
been carrled out independently with two different codes: (i) 
the first code is a weIl established code ("Continuum") 
which was developed over the past decade by Natoli and 
co-workers72 and which was upgraded to include the calcu­
lation of (J"E1.E2; (ii) the second code was written by Brouder 
initiaIly for XMCD but could be transforrned to simulate also 
XNCD spectra.73 "Continuum" generates energy dependent 
complex potentials according 10 the Hedin-Lundqvist 
prescription74 and takes into account the presence of the core 
hale at the absorbing site. The second code is running essen­
tially with real potentials but offered us the additional possi­
bility to rein je ct in the MS calculations the self-consistent 
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