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Further work is in progress on measuring the
temperature and field dependence of the magnetic
scattering. Three-dimensional data will also be
obtained in order to estimate more accurately
the conduction electron density, as well as the
localized Zr and Zn distributions. These results
will be reported in detail elsewhere.

We should like to thank T. R. McGuire and
R. M. Bozorth for measuring the moment of the
single crystal sample, R. E. Watson and A. J.
Freeman for furnishing values of their Zr form
factors before publication, and M. Blume for

several helpful discussions.

fWork performed under the auspices of the U. S.
Atomic Energy Commission.
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Interband optical absorption in crystals may
take place with formation of electron-hole pairs

in scattering states or in resonant (exciton) states.

Because of Van Hove singularities in the interband
density of states, structure above the scattering
threshold may be due to either process. Diffi-
culties in separating exciton from scattering
structure have been encountered in both semi-
conductors®»? and ionic crystals.® We note here
that these ambiguities can be resolved by utiliz-
ing the interference between resonance (exciton)
scattering and potential (interband) scattering
which is well known in nuclear? and atomic phys-
ics.5

Exciton absorption is represented by a term of
the Breit-Wigner form with transition amplitude
a, and interband scattering by amplitude a,. The
transition rate is proportional to the imaginary
part of the dielectric constant

12, ¢y

€(w) ~ la, +a,

_ inl
" hw-E,-E,+inl °

a, (2)
The line width of the Breit-Wigner amplitude (2)
is I, the unperturbed exciton energy is E,, and
E, is the real part of the exciton-scattering self
energy.

Interference between a, and a, can be conve-
niently discussed using Fano’s formulation and
notation.® Let ¢ be the unperturbed exciton state,
yp the unperturbed band scattering states, and

¥ the eigenstates of the interacting system (in-
cluding the perturbed exciton state ). In terms
of the reduced energy variable defined by

el/2=hw-E,-E,, (3)
the relative transition probability is
(g+€)?/(1+¢€?). (4)

Here ¢? determines the ratio of exciton transitions
to unperturbed band transitions. The sign of ¢
determines the asymmetry of the line due to in-
terference effects. It is positive when the inter-
action is repulsive (nuclear scattering) and nega-
tive when, as here, the electron-hole interaction
is attractive.®

The peak near € =0 predicted by (4) is asym-
metric, with an antiresonant dip below the average
absorption rate on the steep side of the peak (see
Fig. 1 of reference 5). In principle the inter-
ference structure should be observed often for
excitons above the scattering threshold. In prac-
tice the structure is observed only at tempera-
tures low compared to the Debye temperature.
We discuss two cases: CdTe,>"’® shown in
Fig. 1(a), and RbL?° shown in Fig. 1(b).

The spin-orbit split exciton peaks in CdTe
show characteristic asymmetry, sharper on the
high-energy side, with shoulders on the low-
energy side. Because of spontaneous phonon
emission the ideal line shape (which goes to zero
in the antiresonance following the sharp edge) is
incoherently broadened. Such broadening can be
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FIG. 1. Asymmetric exciton resonances in (a) CdTe

at 25°K; (b) RbI at 80°K. The dashed line in (a) repre-
sents a rough estimate of the interband scattering back-
ground.

represented by folding the idealized line shape

of natural width I’ with a Gaussian of width y.

One can infer I'/y from the ratio of peak height
above background to dip depth below it, which
ratio is about 8 for peak A in CdTe. From Fano’s
Fig. 3 we obtain a natural width 5 times smaller
than the apparent width: '/ =0.2. The apparent
width of peak A is ¥y =0.08 eV, the natural width
0.016 eV. The longitudinal optic phonon energy
is 0.02 eV,!° which justifies the use of Gaussian
folding. Because of uncertainties in the inter-
band background level [dashed line in Fig. 1(a)]
it is difficult to estimate g, but we guess for
peak A that g=-4.5+1.

There are three exciton peaks above the direct
threshold in RbI. The first of these is the higher
halogen doublet I'(3) exciton, while the other pair
are the spin-orbit split L(m ;= 3, 3) excitons.!
All three peaks are asymmetric, the L peaks on
the high-energy side and the I'(3) peak on the
low-energy side. The trough at 7.1 eV is prob-
ably associated with both a rising interband
background and the antiresonance dip of the high-
est L(3) =E exciton. Interference between close-
ly spaced resonance peaks reverses the asym-
metry of the lower (higher) peak when the single-
peak antiresonance is on the high- (low-) energy
side. [This can be shown directly by superpos-
ing two amplitudes of the Breit-Wigner form (2).]
Thus the proximity of the L(§) peak to the I'(3)
peak accounts for the reverse asymmetry of the
latter. In view of the rapidly varying interband
background which includes the I',;(3) — I, thresh-
old between the L exciton peaks, quantitative
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treatment of the asymmetric line shape does not
appear feasible at present.

Using semiconductors one can examine the
gradual conversion of a continuum Van Hove edge
into an asymmetric exciton resonance. For ex-
ample, the line shape of the 2-eV edge?® in Ge
is accounted for quite well by continuum absorp-
tion alone,® while the analogous peaks A and B
in CdTe exhibit the characteristic Breit-Wigner
form. For this reason it would be of interest to
measure €, at low temperatures in GaAs near
3 eV and ZnSe near 5 eV by the polarimetric
method. 2

The band structures of the series Ge-GaAs-
ZnSe-CdTe are not qualitatively different, but
the polaron coupling constant

oz=(ez/2ﬁwl)(2mwl/ﬁ)”2(1/600-1/60) (5)

varies from 0 (Ge) through 0.2 (GaAs) to 1.1
(ZnSe and CdTe). It has been conjectured!! that
in alkali halides (a~6) phonon interaction not
only stabilizes the extra exciton resonances but
also enhances the binding energy through a Jahn-
Teller effect. In general one expects the reso-
nance for increasing « first to become well-de-
fined and then to shift in energy. It appears that
there is little energy shift in CdTe. In the alkali
halides « is greater by a factor of 5, so that a
substantial Jahn-Teller energy shift (0.5 to 0.1
eV) is indicated.

M. H. Cohen adds the following remarks: The
case for breakdown of the Franck-Condon prin-
ciple in the alkali halides can be made stronger.
The hole effective masses my* should be used
in (5). These increase o more for the alkali
halides than for semiconductors such as CdTe.
The strongest particle-phonon coupling in the
alkali halides occurs for holes with longitudinal
acoustic phonons near the (110) edge of the Bril-
louin zone. !?s*® Call this the homopolaron cou-
pling 8. Although B is not directly measurable,
it must yield stronger Jahn-Teller effects than
« in the alkali halides. Its effect in zincblende
crystals, where second neighbor overlap is small,
can be neglected. Thus exciton-lattice coupling
is dominated by @21 in CdTe and 8220 in the
alkali halides.

*Work supported in part by the National Science
Foundation and a general grant to the Institute for the
Study of Metals by the Advanced Research Projects
Agency.

TAlfred P. Sloan Fellow.
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The purpose of this Letter is to point out an
error in the method normally used to relate the
measured kinetic energy of fragment ions to the
total energy released in dissociative reactions.
In particular, an appreciation of this error leads
to an understanding of the discrepancy existing
in the literature between the photodetachment
measurement! of the electron affinity of atomic
oxygen, and the value obtained from electron
beam experiments in O,.2

In the past, the effect of the thermal motion
of the target molecule in a reaction of the type

e +XY ~X" +Y has been assumed to be negligible.

With this assumption, conservation of energy re-
quires that the kinetic energy given to the frag-
ments be ER =V, - (D -A). The additional re-
quirement that momentum be conserved leads
to the relation®

Ey=(1-BV,-(D-4)]. (1)
In the above V, is the electron energy, D is the
dissociation energy of XY, A is the electron af-
finity of the fragment X, E, is the kinetic energy
of the ion X~, and B=m/M where m is the mass
of X~ and M that of the target molecule XY.

The experimental arrangements employed in
the study of dissociative processes by electron
beams are varied but all methods attempt to
determine the ion energy produced by electrons

of known energy, by measuring the maximum
retarding potential E,. ;. Which the ions are
able to penetrate. Any apparent spread in ion
energies above that expected from the spread in
electron energy is ascribed to the ions having
entered the retarding field at various angles, it
being assumed that the maximum ion energy
measured £, .y corresponds to the true ion
energy, £,, given by Eq. (1). A linear extrapola-
tion of a plot of £, 55 VS V, to zero £, 4«
with a slope determined by Eq. (1) has been in-
terpreted in the past as leading to the proper
value of (D -A). It will be shown that this pro-
cedure is erroneous, due to the neglect of the
thermal motion of the target molecule, leading
to a value of A which is likely to be too large.

Theory. —The energy of thermal motion is gen-
erally very much smaller than the other terms
in the energy equation, and its neglect may be
justified on this basis. It may be shown, how-
ever, that the random direction of the momentum
of thermal motion causes a significant spread in
ion energies.

This effect may be understood in terms of the
following simple argument. In the absence of
thermal motion of the target XY, the ion X~ will
have a velocity v,=(2E,/m)" ? where E, is given
by Eq. (1). If we now assume that all the gas
molecules have the same thermal velocity vy,
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