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DMFT/MPT STUDIES OF THE THERMODYNAMICAND TRANSPORT PROPERTIESOF HEAVY FERMION SYSTEMS�C. Grenzebah and G. CzyhollInstitut für Theoretishe Physik, Universität BremenP.O. Box 330, 28334 Bremen, Germany(Reeived July 10, 2002)The periodi Anderson model (PAM) is mapped on an e�etive single-impurity model (SIAM) within the dynamial mean-�eld theory (DMFT).The SIAM is treated in modi�ed perturbation theory (MPT), whih is exatup to seond order in the Coulomb orrelation and reprodues the atomilimit and the lowest moments. We present results for the spei� heat, themagneti suseptibility, the resistivity, the thermopower and the frequenydependent (dynamial) ondutivity.PACS numbers: 71.27.+a, 71.28.+d, 72.15.Qm1. Model and approximationsThe most harateristi unusual properties of metalli heavy fermionsystems (HFS) are experimentally obtained in measurements of the temper-ature (T ) dependene of the spei� heat V (T ), of the magneti susepti-bility �(T ), the eletrial resistivity R(T ), the thermoeletri power S(T )and the dynamial (frequeny dependent) ondutivity �(!; T ).In this paper we show that these features an qualitatively be reproduedwithin a DMFT/MPT treatment of the periodi Anderson model (PAM).Its standard form with only a two-fold degeneray of the f -levels is given by(nk� := yk�k� and nfR� := f yR�fR� as usual):H =Xk� �knk� +XR� �EfnfR� + U2 nfR�nfR�� + V (yR�fR� + ::)� : (1)Here �k is the band eletron dispersion, Ef is the bare f -level energy, U isthe Coulomb orrelation between two f -eletrons and V the hybridization� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(971)



972 C. Grenzebah, G. Czyhollbetween f - and ondution eletrons at the same lattie site. For the a-tual alulations we assume a semielliptial model density of states for theunperturbed ondution band orresponding to the assumption1N Xk 1z � �k = 8z �1�p1� (4z)�2� ; (2)whih beomes exat for a Bethe lattie in the limit of in�nite oordinationnumber. The hosen band width 1 sets the unit of energy (temperature andfrequeny) in the reminder of the paper.We solve the PAM within the DMFT [1℄, whih beomes exat for anin�nite dimensional lattie [2℄. Then the self-energy is k-independent (asthe loal approximation beomes exat in in�nite dimensions), and the PAMan be mapped onto an e�etive SIAM, for whih an e�etive hybridizationfuntion �(E) has to be determined selfonsistently so that the f -eletronGreen funtion of the SIAM equals the site-diagonal f -Green funtion of thePAM for the same self-energy � (E):Gf (E) = 1E �Ef ��(E)� � (E) != 1N Xk 1E �Ef � � (E)� V 2E��k : (3)The MPT is an approximation for alulating the self-energy of the SIAMstarting from the following ansatz for the self-energy:� (E) = Uhnf i+ � � (2)(E)1� � � (2)(E) : (4)It is based on ordinary seond order perturbation theory [3℄ relative toHartree�Fok with U as expansion parameter, where the self-energy reads:Uhnf i+� (2). The parameters � and � are onstruted suh that the exatlysolvable atomi limit (as �rst suggested by Martín-Rodero et al. [4℄) and the�rst four spetral moments are orretly reprodued, for details see Ref. [5℄.All quantities to be alulated an be obtained from the one-partile(band and f -eletron) Green funtions and thus from the self-energy. Thespei� heat follows from the total energy being related to oupation num-bers and the stati magneti suseptibility from di�erenes of spin-up and-down oupation numbers in a magneti �eld. We also get the transportquantities diretly from one-partile Green funtions beause vertex orre-tions vanish within DMFT [1,3℄. Then the frequeny dependent ondutivityand the thermopower are given by the expressions [3℄:�(!) = 1R0 Z dE f(E)� f(E + !)! L(E;E + !); (5)



DMFT/MPT Studies of the Thermodynami and Transport : : : 973S = R dE �� dfdE� (E � �)L(E;E)eT R dE �� dfdE� L(E;E) ; (6)here R0 � 103 �
m is some onstant, f is the Fermi funtion, and L isabbreviation for:L(E1; E2) = 2N Xk� �ImGk�(E1 + i0) ImGk�(E2 + i0)� (7)with the band eletron Green funtion Gk�(z) = �z � V 2z�Ef��(z) � "k��1.2. ResultsWe use the parameters V = 0:2, U = 1, Ef = �0:5 and ntotal = 1:5 (i.e.the Coulomb orrelation U is of the same magnitude as the band width).The f -DOS (Fig. 1) shows the expeted behaviour with one-partilepeaks at Ef and Ef + U and a T -dependent resonane at the hemialpotential.
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Fig. 1. f -DOS (on the top left; as funtion of band energy E), dynamial on-dutivity (on the top right; as funtion of frequeny !), stati resistivity (on thebottom left; as funtion of T , in units of R0 � 103 �
m) and thermoeletri power(on the bottom right; as funtion of T , in units of (kB=e) � �86�V=K)



974 C. Grenzebah, G. CzyhollFor the resistivity (Fig. 1) we obtain a small residual resistane at T = 0,a rapid inrease � T 2 for very small T , and then a maximum at a hara-teristi temperature T � � 0:04. The thermopower is absolutely very largeand shows a sign hange in the low-T regime (typial for systems of heavyfermions). The frequeny dependent ondutivity has a Drude peak at zerofrequeny at low T and, in addition, a (mid-infrared) peak at some �nitefrequeny; with inreasing T the Drude peak quikly disappears and onlythe resonane peak at �nite frequeny survives.The spei� heat (Fig. 2) shows the linear T -dependene V (T ) = Tharateristi for metals, but with a large value of (T ) = V (T )=T whihdereases from its strongly enhaned low temperature value at T � T � toa small value typial for onventional metals at T � T �. The magnetisuseptibility shows a rossover from a Curie behaviour �(T ) � T�1 athigh T � T � to a onstant Pauli behaviour (with again strongly enhanedabsolute value) at low T � T �.
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Fig. 2. Spei� heat (on the left) and its -oe�ient (in the inset) and magnetisuseptibility (on the right) as funtions of TIn onlusion the typial experimental results for HFS are qualitativelywell reprodued within the DMFT/MPT.REFERENCES[1℄ A. Georges, G. Kotliar, W. Krauth, M.J. Rozenberg, Rev. Mod. Phys. 68, 13(1996).[2℄ W. Metzner, D. Vollhardt, Phys. Rev. Lett. 62, 324 (1989).[3℄ H. Shweitzer, G. Czyholl, Phys. Rev. Lett. 67, 3724 (1991).[4℄ A. Martín-Rodero, E. Louis, F. Flores, C. Tejedor, Phys. Rev.B33, 1814 (1986).[5℄ M. Pottho�, T. Wegner, W. Nolting, Phys. Rev. B55, 16132 (1997).


