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A Consistent Picture of Electronic Raman Scattering and Infrared 
Conductivity in the Cuprates 
T.P. Devereaux 1 and A.P. Kampf  2 
tDepartment  of Physics, University of Waterloo, Waterloo, Canada,  N2L 3G1 
~Theoretische Physik III, Universit/it Augsburg, 86135 Augsburg, Germany 

Calculations are presented for electronic Raman scattering and infrared conductivity in a d~.-_,j., superconductor 
including the effects of elastic scattering via axfisotropic impurities and inelastic spin-fluctuation scattering. A 
consistent description of experiments on optimally doped Bi-2212 is made possible by considering the effects of 
correlations on both ineiastic aztd elastic scattering. 

1. I N T R O D U C T I O N  

hnpuri ty  effects in the cuprates have played 
a major  role in clarifying the nature of uncon- 
ventional superconductivity. However, the mag- 
nitudes of the scattering rates inferred from dif- 
ferent experimental probes on the same sample 
widely vary. The magni tude of the impurity scat- 
tering needed to fit A(T) and the extrapolated 
T = 0 resistivity are generally much smaller than 
those needed to fit the measured frequency de- 
pendence of the infrared conductivity (IR) and 
the Raman response. 

In this paper we explore the role extended im- 
purities have on transport  properties in an at- 
tempt to resolve the abovementioned discrepan- 
cies. In particular, we re-examine the IR. and the 
electronic Raman  response of Bi-2212 including 
the effects of electronic correlations on both in- 
elastic and elastic scattering potentials, and com- 
pare our results with the extrapolated T = 0 nor- 
mal state resistivity and the crossover tempera- 
ture for A(T). We find that  a consistent picture 
emerges when we include the extended range of 
impuri ty scattering as well as antiferromagnetic 
(AF) spin fluctuations. 

We u s e a n  algebraic solution for the impurity 
T - m a t r i x  presented in Ref. [2] for a model which 
represents the effects of impurities in a metal with 
short range AF order on a square lattice, a is the 
control parameter which distinguishes between 
point-like (a = O) and extended (a 5£ O) impurity 
potentials. Since here we are interested in only 

tile low frequency behavior of the IR and Raman 
response, we take a simple route and include spin 
fluctuations in RPA, using U = 2t. The reader is 
refered to Ref.'[3] for details. 

The salient point of the calculations is that cor- 
relations produce both strongly anisotropic elas- 
tic and inelastic scattering potentials. Reflect- 
ing AF correlations, the potentials are strongest 
for quasiparticles located near the Brillouin zone 
(BZ) axes and smallest along tile diagonals. As 
an important  consequence, the IR and B29 Ra- 
man response do not pick up regions where the 
scattering is large and is governed by small scat- 
tering along the BZ diagonals. However, the Btg 
Raman  is governed by scattering near the BZ axes 
and is thus extremely sensitive to AF correlations. 
Turning on a even slightly leads to an effective 
increase in the strength of the impurity poten- 
tial and is manifest in the increasingly smeared 
spectra as well as the value of w' ,  defined as 
the frequency where the cubic frequency depen- 
dence of the Big channel becomes sub-dominant 
[4]. Therefore a much smaller concentration of 
extended impurities is needed to have the same 
effect as isotropic impurity scattering. 

Fits to the Raman spectra taken at T = 0.5To 
on Bi-2212 are presented in Fig. l, while fits to 
the IR in both the normal and superconducting 
state on a similar sample with a slightly higher 
Tc taken by Wang et al. [5] are shown in Fig. 2. 
We find that  theory underestimates the IR scale 
by only a factor of 1.5 (the fits in Fig. 2 are 
scaled by this factor). The results agree excep- 
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Figure 1. Fits to the Big (a) and B2g (b) low 
temperature spectra on Bi-2212 (Tc=86K) taken 
by it. Hackl et al. in [1]. 

Figure 2. Fits to the normal and superconducting 
II:t on Bi-2212 (Tc=93K) taken by N. L. Wang et 
at. [5]. 

tionally well with the measured spectra especially 
at low frequencies where the effects of impurities 
are dominant. 

Assuming a Drude model for p(T=O) (~, 10#~- 
cm) and a plasma frequency wpt=l.2 eV [6] im- 
plies a scattering rate 1/vi,np = 15cm -1, while the 
penetration depth T to T 2 crossover [7] measured 
in the same sample [8] as the R.aman data gives 12 
cm- 1. Previous Raman fits using isotropic impu- 
rity scattering only and a Fermi surface restricted 
approach required 1/ri,np = 2F = 72 cm-114]. 

a v ~  Our calculation for a = 0.5 yields 1/7"~m p = 23 
and 20 cm -1 for the FS averaged impurity scat- 
tering rate for t = 81 and 69 meV, respectively. 
Given the uncertainty in estimating p(T=O) and 
wpl, this is in favorable agreement with existing 
measurements. 

In.summary we have shown how the inclusion 
of electron correlations in both inelastic and elas- 
tic scattering potentials lead to a consistent de- 
scription of the channel dependent Itaman and 
IIt response and lead to better fits than previ- 
ously achieved. The overall intensity of the IIt 
can be accounted for and the effect of extended 
impurities on the low frequency behavior of the 

Raman response can resolve the discrepancy be- 
tween large impurity scattering rates needed pre- 
viously for IR and l ~ m a n  fits and the small rates 
needed for transport. 

We thank it. Hackl and N. L. Wang for sharing 
the data presented in Figs. 1 and 2, respectively. 
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