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OPTICAL CONDUCTIVITY OF HIGH - TEMPERATURE SUPERCONDUCTORS:

EXACT SOLUTION FOR A "SPIN - BAG" MODEL
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Ural Branch, Sverdlovsk, 620219, USSR

Exact summation of all Fe¥nman diagrams for two-particle Green’s func-

tion is performed for

he gne-dimensional Gaussian model of static

fluctuations of short-range (antiferromagnetic) order with Lorentzian
correlator analogous to "spin-bag" model of Schrieffer et al. We obtain
the general picture of frequency dependence of conductivity for diffe-
rent ranges of correlation lensth of short-range order. For specific

q

values of parameters we get goo

ualitative agreement with experimen-

tal data on optical absorption in high-Tc superconductors.

1. INTRODUCTION
It is well known by now that the su-
perconducting state in high—Tc oxides

~ is realized on the phase diagram quite

close to region of antiferromagnetic
(AFM) insulator. Antiferromagnetic
short-range order is being observed
also in superconducting phase1. Among
different theoretical schemes we
address ourselves to "spin-bag" model
of Schrieffer et 312 which is based
upon the Hubbard model with intermedi-
ate electronic correlations U. For
half-filled band the free-electron
spectrum satisfies the nesting condi-
tion € +Q=_Sp where Q=(m/a,m/a), which
leads fo the spin density wave (SDW)
instability with the wave-vector Q 2.
For non half-filled case AFM order is
being destroyed, while short-range
order SDW-fluctuations may persist in
relatively wide region of phase diag-
ram. For this case only few results
were obtained.

2. THE MODEL AND ITS EXACT SOLUTION
In the adiabatic (static) limit, when
spin fluctuations are slow in comparison

with characteristic electronic frequen-

cies, general spin susceptibility x(q.w)
is given by“:

(q.0)= A2 2ni§[w}glc/((q—Q)2+K2)
where A is some coupling constant., k™ !=
€y 18 the correlation length
of SDW-fluctuations. In case of incom-
mensurate fluctuations Q=($2pF,$2pF)
(pF—is the Fermi momentum). In the fol-
lowing we assume the Gaussian nature of
these fluctuations which is reasonable
not very close to SDW-instability. We
shall consider only the one-dimensional
model of these fluctuations which
allows an exact solution. Apparently
this model is not very bad for the two-
dimensional system in case of perfect
nesting.

The structure of an exact solution
obtained by summing all Feynman diag-
rams reduces to Dyson equation in the
following form:
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G e,p) = £y, A2v(1)G (,p)
where gp= €p ~ o= vF(|p| - Pg)

op o b oy Kpom: o : B
Gk(e,p)—;s i (gp+1kaK§ign§pJ
-A v(k+1)Gk+1(e,p)}

A = vAU-fluctuation energy (pseudo gap)
scale, v(k)-combinatorial factor

These recursion expressions give
exact continuous-fraction representa-
tion of single-particle Green’s func-
tion. Results of the degradation of
pseudo gap for diminishing correlation
length of the electronic density of
states were given in Ref. 3. Here we
present an exact solution for the
vertex-function determining the frequ-
ency dependence of conductivity and
the general picture of optical absorp-
tion in case of pseudo gap in density
of states.The response of our system
to the variation of external scalar
potential 6¢qw is given by:

6G(s,p)/awqw=G(e,p)G(e+w,p+q)J§A(epqw)

where the vertex part Jgﬁ(epqw)is
determined by recursion formula

JRA (epqu)=e+A%V(K)GE (e, p)Gle+w, prq)*
#{1421kv_K/ (0= (-1) Kvpqv (k+1) A%
+(GA (e,p)-G}, (e+0,p+q) 1)}  (epqw)

Details of this solution can be found
in Ref.4. Remaining analysis can be
done numerically: we cut the conti-
nuous fractions for G-functions at
some far away denominator, where we
take Gk*1=0. and assume Jkae. then we
can sum everything to the limit of

k=0. Conductivity is calculated in

units u€1/4na (“px_ plasma frequency)
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FIGURE 1
Freguency dependence of real part of
conductivity - incommensurate case.
Points - experimental data (Ref. 5).

3. CONCLUSION

Thus the picture of soft pseudo gap
qualitatively explains the non-Drudean
behavior of optical absorption in high
TC systems.
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