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Report:

The purpose of this study was to probe the spatial structure of the valence exciton in LiF by looking at its
energy, line shape, and oscillator strength at figh inelastic x-ray scattering one measBégw) = Im[x(q,w)],
wherex(q,w) is thefourier transform of the density-density greens functiorQ[T[T(x,t)p(X’,t')]|0>. For independent
electrons this quantity has the explicit form

saw=2 |fwr) e wnf

which is formally identical to the expression for the structure factor in x-ray crystallography, with the exception tha
sum is on altransitions rather than on all occupied states. In other words, it is possible - at least theoretically - to
reconstruct the spatial structure ofexnitation with IXS using crystallography methods, the primary difference being
that in crystallography one probes the charge density whereas here we are talking about priohisitrecharge
density. The catch is that the ground state charge density is unique whereas there are many excited states, so tt
technique can only be used when a single excited state can be isolated (a rare occasion!).

For the specific case of excitons [for which the above expression must be generalized to the two-body cas
involving aslaterdeterminant on one side and an atomic configuration on the other] this is possible because the ex
band is energetically resolved form all other excited states. The only degeneracy in the problem is that excitons o
differentmomentaoverlap, however they can be distinguished in a momentum-resolved experiment. The proposal,
therefore, was to measure energy-loss spectra of the valence exciton in LiF at a fixed referekde mainybrillouin
zones, i.eq = 2a (h,k1) + (keky k) for as many values @h,k,|) as achievable. The data set would be the mod
squared of the transition charge density of the valence exciton with momenitnich could be invertedmodulothe
normal phase problems in x-ray scattering - to achieve the exciton wave function at that planicinar This could
be done, in principle given enough beam time, for the duiiteuin zone to fully map the exciton band in real space.



Figurel: g =h2ma(1,0,0) Figure2: q =h 2ra (cos(15°),sin(15°),0)

Figure3: g = h 2ma (cos(30°),sin(30°),0) Figure4: q =h2mwa(1,1,0)

Figure5: q=h2ma(1,1,1)



For reasons which are still not entirely clear to me, we chose to deviate from the proposed experiment anc
measure the exciton dispersion with very firgteps along a few high symmetry directions in the reciprocal lattice.
Owing to the improved experimental configuration we had typically 100 Hz in the exciton peak in the loss spectra .
were able to generate the impressive set of raw data, Figurehdwih above. While the original analysis proposed is
not possible on this data set [perhaps that can be revisited in a future experiment], there are still many useful thin
can say:

1. From careful fitting, it has been determined thahe limitg — 0 the (100) spectra (Fig. 1) show a clear g
dependence. This means that the exciton is dipole-alloveggdatvhich means that its overall symmetr{Pjsor in
cubic point group notation it is,. Were it an exciton of, for example, D symmetry it would havedependence.

2. From tight-binding calculations of the band structure the predominant symmetry near the valence band maximt
t1,, Whereas near the bottom of the conduction banait.isTherefore when one turns on an electron-hole interaction

one expects the first bound state to be;dfla;q = t;, symmetry, consistent with the experiment.

3. Tight binding calculations show that the F 2p valence band has a much higher effective mass than the Li 2s
conduction band. So one can probably think of this object as a spin-0 bound state of a F 2p hole and an electron
linear combination of surrounding 2s levels withymmetry.

4. The finek-steps revealed something new: The exciton has zero oscillator strength in certain regions of reciproce
space. An idedlenkelexciton with no internal structure would be visible everywhere. In other words, because of i
internal symmetry there exist certain wave vectors at which the exiitply cannot modulate the charge density.

This is not really unexpected since it just means the exciton exhibits extinction rules, i.e. form factor effects, whict
what we were originally after. In fact, an extinction rule one a priori expects is that the exciton to have zero oscille
strength at =0, which is required since it is electrically neutral. Still, | think it is pretty cool that you can see this.

Future experiments on this system, in particAlainay’s high pressure measurements, are likepa6. The
greatest current experimental limitation there is the pump which is connected to the arm of time100
setup in the monochromator hutch. It makes movement of the arm past 90 degrees impassibbdically
it is possible to extend the above scans by 40kp which would bring about corresponding increases in
spatial resolution.



