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Comment on “Violation of Kohler’'s Rule in the 40 -

Normal-State Magnetoresistance ofYyBa,Cu307—5 » 35F o

and La;Sr,CuQy4 -oé: 30 L 60-K YBCO
The unusual normal state kinetics of higih-cuprates > 25 b

is recognized now as the key to our understanding g 20 b

of the high?. phenomenon [1]. In particular, Harris ~
et al. [2] found that the normal-state magnetoresistance \¢* 15

(MR) Ap/p of several cuprates displays a temperature 10 F

dependence that strongly violates Kohler's rule. Their

conclusion was that the anomalous power laWs” 50

of the in-plane conductivity, the Hall “constantRy, 0.0 1 1 1 1 |
and the weak-field MRA = 1, 1, and 4, respectively) 50 100 150 200 250 300

identify two distinct lifetimesr,, and 7 associated with TEMPERATURE (K)

the response to the electric field and the Lorentz forcefIG. 1. The temperature dependence of the skspwiolating
respectively, hence violating the Boltzmann kinetics. Kohler's rule as measured experimentally [2] (points) and
However, there is no point in abandoning Boltzmanndescribed by the bipolaron kinetics (line).

kinetics if the bipolaron theory [3] is applied. A fraction _ .
of bipolarons is localized by disorder, so that the numbeFhat T ™ (T + E) [4]', As a result, one obFamS =

of delocalized carriers is proportional t5 while the (O¢Ei(=1)/20m[1 + 2¢Ei(—1]; — 1, whereeEi(—1) =
boson-boson inelastic scattering rate is proportiondl’to —0.596. Th_|s yields the temperature mdep_endent constant
This allows us to explain the linear in-plane resistivity, . = 1-2 With 7 = 0.64 and g = 13.0 with » = 0.1

the Hall density, Il as th iconductinalikaxi which .is fairly close to the observed.values [B.= 1.5
registi"illitye[}z?]& y, as well as the semiconductinguxaxis to 1.7 in YBaCuw;O;—5 and B8 = 13.6 in Lay—, Sr,CuQy.

In this Comment, | show that the bipolaron theory By taking into account the Anderson localization the

provides the most natural microscopic explanation of thé_|al| constant is given b3RH. ~ /T 4] '_Fhen Eq. (1)
anomalous MR observed by Haresal. [2]. p_rowdes a pgr_ameter-f_ree flt to the experimental data [2],
The (bi)polaronic nature of carriers in cuprates is novvF'?' L exrlJIal_nlngtthhe t\)'.'OIE;t'On olz_KopIersl{ule. o d
well documented: by many observations of the characteris- nbc?rr:c usion, I € DIpo arcl)n meftlﬁs a OWSI uts to e
tic polaronic spectral function in the infrared conductivity SCrbe e anomalous power faws of the normal state prop-

of both underdoped and optimally doped cuprates (for referties Of. cuprates including the \_Neak—fleld M.R beln“g at
erences see [3]), by the isotope effect on the carrier ma ace with the Bolltzmapn theory in contrast V\."th the *two
[5], and by the flat bands in the high-resolution photoemis- ifferent memory times” model hypothesized in Ref. [2].
sion spectra [6]. Norm_al state magnetic susceptl_blllty ISy, S Alexandrov

well described by the bipolaron model at any doping [4]. Department of Physics

These and many other findings, in particular a semicon- Loughborough University

ductorlike doping dependence of the dc conductivity, al- | oughborough LE11 3TU, United Kingdom

low us to consider cuprates as doped semiconductors with

the (bi)polaronic carriers, nondegenerate abbve Then  Received 6 February 1997 [S0031-9007(97)04687-5]
the weak-field MR is given by the classical formula [7], PACS numbers: 74.72.Bk, 72.15.Gd, 72.15.Lh

Ap/p = KH?/p?, with the slopek = BR%, where

_Ap (T2) (1) [1] P.W. Anderson, Phys. Worldl, 37 (1995), and references
B="az = e ) therein; N. F. Mott,bid. 9, 16 (1996).
PEH T [2] J.M. Harriset al., Phys. Rev. Lett75, 1391 (1995).
Here(- - -) means an average with the Boltzmann distribu- [3] A.S. Alexandrov and N.F. Mott, Rep. Prog. Physy,
tion function, for instance(r,) = [dEN(E)E7.(E) X 1197 (1994); High Temperature Superconductors and
exp—E/T), N(E) the density of states and) = Other Superfluid¢Taylor and Francis, London, 1994).

4mxmy/(mx + my)2 describes the in_plane anisotropy of [4] A.S. AleXandrOV, A.M. Bratk(.)vsky, and N.F. MOtt,
the one-particle energy spectrum, observed with the high- ~ Phys. Rev. Lettr2, 1734 (1994); A. S. Alexandrov, V. V.

. e . Kabanov, and N.F. Mottpid. 77, 4796 (1996).
re;olutlon _photoemlssmn spectroscopy [6] f':md derlved[s] Guo-meng Zhaat al., Nature (London)B85, 236 (1997).
microscopically [8]. For a low amount of disorder we

Lo . 6] K. Gof t al., Phys. Rev. Lett73, 3302 (1994); D. M.
found n = 0.64, while in strongly disordered cuprates [6] Kingoezoar;.eib?d.m észgse(vlggi)' ( )

might be significantly smaller, about 0.1 or less [8]. The 7] See, for example, A. . Anselm, imtroduction to the The-
inelastic scattering rate of delocalized carriers by localized™ ~ ory of Semiconductorén Russian), (Fizmatgiz, Moscow,
ones is proportional to the square of the phase volume  1962), pp. 355—367.

available for the scattering near the mobility edge, so[8] A.S. Alexandrov, Phys. Rev. B3, 2863 (1996).
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