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NONLINEAR OPTICAL PHENOMENA OF FULLERITES

Kruchinin 5.P.
Bogolyubov Institute for Theoretical Physics
252143, Wiev-143, Metrologicheskaya Str. 14 b, Ukraine

Yarembeo &M,
[natitute for Semiconductors
262044, Kiev-44, Pr. Nanki 45, Ukraine

Abatract

A nacure of an intensive lnminescence of Tullerites cagsed by Che creation of Fronke]'s
epeitons is explained,

During the last years o number of papers [1-5] has appeared, in which the fullerites
were investigated in the presence of an intensive electromagnetic field, Detailed ox-
periments, carried out by the authors of Refs. [1,2] have shown that when exciting
the crystals by weak fields there appears the luminescence band spreading accord-
ing teoa guperlinear law with mereasing density of the exeiting radiation while the
maxirum shifts fo the low frequency region,

The explanation of these facts given in Refs. [1,2], is bazed upen the technique
developed for indirect band semiconductors (Ge, 5i} [6], in which the lnminescenee
of similar type was accounted for by the decay of excitons into e-h pairs and their
condenzation into the clectron-hole Hguid wnder the sulficently large intensities of
excitation, Such processes oceur when the concentration of excitons, N.., satisfies
the: refation Neo®, < 1 For an exciten radivs of @, - 50 — 1004, typical for
semiconductors, N., ~ 107 pairsfem”. In this case, intensities of exciting radiation
spread over the range from hundreds KV an® o MV erm?® [T],

The analysis of experimental resulls for fullerites has led the anthors of Refs. [1,2]
to the conclusion that vsing the same method as for indirect semiconductors one get
very small radius of excitons, .. = 3.54, arising from the excitations in fullerites, ie
il has Lhe same length as the fullerene molecule haz. In other words, Lhe excilons in
fullerites are the Frenkel's excitons. The following estimations have been obtained in
Refs. [1,2]: the critical {Mott’s) exciton density should be ~ 1.4 - 10%em~*, while
molecnlar density should be ~ 3.6+ 10™en™ About 40% of molecules get excited,
which is very surprising beeause Lhe Motl's condensation takes place if the density of
exciting radiation does not exceed hundreds of Viiem® By this reason, in Refs.[1,2]
il was emphasised Lhat the "semiconductor” model was used only gualitatively,

In our opinien such anomalous valyes are obtained because for Lhe explanation
of peeuliarities in the emission spectra of a systim of Frenkel excitons with a small
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radins (i /= .‘5.5;‘1], fhe approach developed for o system of Wannier excitons having
the radins of aboul a few Lens of the lattice constanl, was nsed.

In our short report we give Lhe new resulls dealing with Lhie contribution of high-
order nonlinearities in the presence of absorption (and luminezcence) in the exciton
avaterm in an infensive electromagnetic field.

The calealation of nonlinear susceptibility was carried out by using the Hamilto-
nian [7]

= Qi+ 3 Qubit b |g/Pf;-"Pmr]P{ S P [rjrfr—/!—’r,[:n}ﬁd(m]dﬁ-r (1)
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where By g anil I'J:, by are the creation and annihifation Bose operators of excitons
und phonons, respectively; £, g and £, & are the frequencies and the wave vectors
of corresponding equations; g is the exciton-exciton interactioin constant; B,(x) and
Lz} are the operators of the exciton and the phonen field, respectively [7].

The expression for nonlinear susceptibility obtained by using the nonequilibrinm
Keldysh diagram method [8], s expressed in terms of the Fourier component of the
retarded Green function as follows

x(kw) = ~GEE)[L - SN(BIGEKI, k= (Rw), (2)

where GRECE] is the retarded CGreen function of excitons, N(E] i= the function of
cxciton states density and the index B indicabes thar both quantities are calealated
in the presence of a strong electromagnetic leld. The crystal nonlinear susceptibility
¥l ) s expressed through the crystal parameters and the [ree pholon densily M.
The function N(F) is determined from the nonlinear integral equation

——
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N(E) = afd“.k:éf{}"ﬁ.‘[k] + G R) {:1 4 %gm;f-} :j}.:s;;"*} :

The sell snorgy part, E?{k:l in the second-crder approximation in the exeiton-exciton
interaction constant, g, can be given in a simple form

3
Dk = : (f‘) jdd?diﬁfll'f'tf;'z [Gatla) + G e 8k — g =g — ), (4)
where GL(E), GET(k) are two of four Green fuuctions introduced by Keldysh (8],
proportional, in our case, to the density of field photans, Ve, and, hence, to the density
of the exciting radiation intensity. This equation describes the lowesl order term of the
exciton-exeiton scattering. The maxtmm of the band of exciton sheorption decreases,
becomes asymmetric, and at some threshald valiue of phonon density ina crystal near
Ihe ved frequency edge of the epxciton band, the region of amplification responsible
for the intensive luminescence can appear.  As the phonon decsily increases, the
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amplification coefficient grows, i, e, the intensity of emission from the crystal beoomes
greater,

In Fig, I and in its inset the changes in the exeiton specira in the red frequency
region with respect to i are shown (in Fig.1 we take w [k = 0) = 1). As was noted
above, the calculation of the nonlinear susceptibility, x(k, w), the self-energetic parl
of Green function Tk, w}, defining the processes of absorption {and amplification),
and the function A () bas been carried out in the lowest ovder in the exciton-exciton
interaction constant, g(= (gNe)*). The shape of the amplification band (k(w) < 0]
shown in Fig.1 correlates well enough with the one shown in Refs. [1,2] for small
excitations {< 30W/sm?). But for sufliciently large exciting intensities (> KW /sm®)
the luminescence band [1,2] becomes structural and shifts to the red frequency edge
ol the spectra.

Apparently, this experimental situation takes place at large values of the param-
eter gy 72 1, when in theoretical calenlations we cannot restrict ourselves by lowest
order terms in series expansion of the perfubative theory, It is necessary Lo take lnto
account the contribution of the terms of higher orders, 1. e, to consider multiple
quantum transitions. For large values of g (which corresponds to a number of organic
commpounds) the intensive emmision from the fullerites, similar in nature to such non-
linear effects as the e-h condensation in semiconductors or the optical bistability, can
ocenr under rather low intensities of incident radiation,

References

1. H.J.Byrme, W.K Maser, M. Kaiser, W.W.Riihle, L. Akselrod, AT Werner, JAndes,
3.0 %hon, GMahler, T Kuhn , AMitlelbach, and 5. Roth, Appl. Phys. A 57
11993} 303.

2. H.J Byrne, W.K.Maser, M. Kaiser, L.Akselrod, J Anders, W.W Riihle, X0
Zhou, A.Mittelbach, 5. Roth, Appl. Phys. A 57 (1893) 51

4. F.Kajzar, C. Taliani, R Zamboni, 8. Ressini, and R.Danicli, SPIE Proe, {19%3)
20023,

4, M.Matus and H Kuzmany, Phys Rev.Lett, 68 (1992) 2822,

5. LW .Laf, M. A, van Veenendaal, B Keopmans, H. T Jonkman, and G.A Sawatzky,
Phys. Rev. Lett, 68 (1992) 3924,

6. Flectron-Hole Droplets o Semiconductors e, by C.D Zefries and LV Keldysh
{North Holland, Amsterdam, 1983).

7. M.P Lisitsa, &.M. Yaremko, and KA. Taratuta, Phys. Letters A 48 (1990) 204,
8. L.V.Keldysh, Zh.Eksp.Teor.Fiz, 47 (1964) 1515. '



273
i
25—
20—
5L
T
=z
=2
I
b: (0
3
¥
5 L
]
el fref wnit s)
_5._

Fig.1 The dependence of the exciton band shape on the intengity of exciting density
Ni = A, (rel. units) and the emergence of region with "negative absorption”
Caeve 1- N, = 10; curve 2 - N, = 1000 curve 3 - N, = 3000; curve 4 - A, = K000,
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