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Dynamical Mean-Field Study of Metamagnetism in Heavy Fermion Systems
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We investigate the metamagnetism in the periodic Anderson model wittrtlependent — f mixing
by using the dynamical mean-field theory combined with the exact diagonalization method. It is found
that both effects of th&-dependent — f mixing and strong correlation due to the Coulomb interaction
betweenf electrons are significant for determining both the magnetization and the mass enhancement
factor. For the case away from the half-filling, the results is consistent with the metamagnetic behavior
observed in CeR45is.
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1. Introduction been studied by using the DMFT in combination with the it-
In the heavy fermion systems, the conducti@) elec- ferated perturbat_ion theory (IP¥9.In contrast to the exper-
trons mix with the almost localized electrons, and form iment of CeRySi;, however, the metamagnetism occurs to-
the strongly renormalized quasiparticles, which have effe@ether with the ferromagnetic transition in ref. 15). Hence, we
tive masses of 1001000 times larger than the bare electrofneed more realistic model for the study on the metamagnetism

masses. Because of this strong renormalization, the hesRyCeRYSk. _
fermion quasiparticles often exhibit sensitive behavior to the N addition to the strong correlation effect, thie-
external perturbation such as magnetic fiéldor pressure dependence of — f mixing is considered to be impor-
P. For example, the metamagnetism is one of the most rk&nt for the metamagnetism of Cef8i,,> "% where thek-
markable features of the heavy fermion systems. The hea@gpendence originates from the logakstate in the crystal
fermion compound CeR®i, exhibits an abrupt increase in €lectric field (CEF® and yields the specific density of states
the magnetization at an app“ed magnetic figllg ~ 7.7 TD (DOS) with the three Peak structure. |n this paper, We inves-
where the other physical quantities also show various anonfigate the heavy fermion metamagnetism on the basis of the
lies without any symmetry breaking or magnetic phase trandtAM with the k-dependent — f mixing by using the DMFT
tion. This is known as a “*heavy fermion metamagnetism” angombined with the ED (DMFT+ED) method.
has been studied extensively in past decadds. 2
To understand the physics of the heavy fermion systems S ]
including the metamagnetism from a microscopic viewpoint, Our model Hamiltonian is the PAM with-dependent — f
we have to consider the effects of the- f mixing and the mixing, which consists of the electron termH.,, f electron
strong correlation due to the Coulomb interaction betwed§'mH;y and thec — f mixing term H.; given by

Model and formulation

f electrons which are crucial for the heavy fermion proper- H=H.,+Hs+ Hgy (1)
ties. The Kondo lattice model (KLM) and periodic Ander-

son model (PAM) are fundamental models for studying the H.= Z €kNEo s (2)
heavy fermion properties and many theoretical studies have ko

been carried out on the basis of these moB@sSince it is

difficult to solve these models exactly due to the many-body Hp =3 epmniy +U Z nfinl, C)
problem, some approximations have been required to solve e !

these models, such as the Gutzwiller approximaticsiave H.r = Z (anmf]i Cko + h.c.) , 4)
boson mean-field, non-crossing approximatiéhand 1/N ko "

expansior?)

Dynamical mean-field theory (DMFT) has been known ag/herec,Tm is a creation operator for @aelectron with wave
one of the most powerful method to describe the strongly co¥ector k and sping =t,| and f},, is that for a f elec-
related electron systems, since the DMFT includes the locPn at sitei with the Kramers doublet» = + in the CEF
guantum fluctuation effects which plays an essential role féfoundstatel/ is the Coulomb interaction betweghelec-
the heavy fermion system&:19 The early DMFT studies on {rons andVk.,,, is thec — f mixing. e ande,, are energies
the PAM for the heavy fermion systems have succeeded fff thec and thef electrons, respectively. For simplicity, the
describing the strongly renormalized quasiparticles and tife€lectron is assumed to be a free electron with a rectangu-
magnetization procedé:14 These studies were restricted tolar DOS and the band width isD. The CEF groundstate in
the case with the half-filling and with krindependent — f  the case of CeRiSi, is approximately given by, = £5/2
mixing, where the Kondo insulator state is realized. As foKramers doublet where the- f mixing is given byV?(k) =
the metallic case, the PAM away from the half-filling hasm |Vims|* = 2, [Veme> = V(1 — cos’)? with

cosf = k./|k|.1® Here, we also assume that the magnetic
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field H is included only on thef electroney,, = e — mH
with m = =4 because theg value for f electrons is much
larger than that for electrons.
We have solved the above Hamiltonian using the
DMFT+ED method. In this method, the lattice Hamiltonian
is mapped onto an effective impurity Anderson model, which
includes the so-called Weiss field parameters (WFPs) and is P ()
solved with the Lanczos ED algorithm. The WFPs are deter-
mined so as to satisfy the self-consistent equation given by,

2 -1
G7}'L(i€l/) - %Z <i€l/ - 6fm - Em(ieu) - M) ) [ ]
k
, , O 04 0o o4
where G, (ie,) and X, (ie,) are the Green’s function and s
self-energy of the effective impurity Anderson model aFig. 1. The renormalized DOS near the fermi levet 0 for several values
T = 0, respectively. In eq. (B)ie, = i(2v + )7f (v = of U at(n) = 2.0 ande; = —U/2.
0,1, Nynaz), and 5 is not an inverse temperature but A i i i
a parameter which determines the energy resolution in the «+<n>=2.0g=-U/2 |
DMFT.1) \ a<n>=1.7g=-1.7

In this study, we set the parameters as follows : the half of
the ¢ band widthD = 2, ¢ — f mixing strengthl.; = 0.5,
the frequency cutoff,, ., = 4000 andj3 = 600 — 800. We
use the effective impurity Anderson model with the effective Z, 0.5
bath sitesN, = 8 and confirm that the results are almost
unchanged folN, = 6—10. In the present paper, we will show
the results for the half-filling case witn) = (nf) + (n.) =
2.0 and the away from half-filling case witn) = 1.7.

3. Results
%

Figure 1 shows the renormalized DOBs(e) =
—%Ime(e + 404) near the fermi levet = 0 for several Fig. 2. TheU dependence of the renormalization factor, for (n) = 2.0
values ofU at (n) = 2.0. In this calculation, we perform the Withe; = ~U/2(Q) and(n) = L7 withe; = —1.7(4).
analytic continuation oE,,, from the imaginary frequency to
the real frequency by using the Radpproximation. When

U = 0, we can see the three peak structure of the DOS which. . Th ; tic behavi b di
is due to thek-dependent — f mixing, where we refer the mixing. The metamagnetic behavior observed In G5 .
3not obtained in the half-filling case. From the magneti-

ks in the lef igh k1, peak2 RY . .
peaks in the left, center and right as peakl, peak2 and ped tion curve, we also calculate the differential susceptibility

as shown by arrows in Fig. 1, respectively. We note that the ;

is no hybridization gap in the present model where ke M./dH (not S*.‘OV.V”) and find that//dH shows a peak at a

dependent — f mixing vanishes aroundosfx ~ 1. When critical magnetic field where the peakl and peak3 of the DOS
’ ' ross the fermi level. Whetll increases, the critical magnetic

U increases, the renormalized quasiparticle band width d d d ith d ing th ivarticle band width
creases with decreasing the integrated spectral weight of t g d decreases with decreasing the quasiparticie band wi
own in Fig.1. We note that the shape of the renormalized

iparticl then th k1l k3 shift t )
quasiparticle band, and then the peak1 and peaks shift to S are largely depends dtl especially around the Hub-

fermi level as shown in Fig. 1. In addition, we also observ . . ) :
broad peaks correspond to the Hubbard like bands arou ard like bands which dominantly contribute M for the

s = ~U/2ande; + U = U2 not shown). i H-dopendene of the mass Snhancament e
To see thd/-dependence of the correlation effect more ex- -dependenc SS enhancemen

licitly, lot th lization factor defined b, — is plotted in Fig. 3 (b) for several values bfat (n) = 20
plicitly, we plot the renormalization factor defined &, whereZ, = Z_ even forH # 0 because of the the particle-
(1 — LReX,, (c)

—1
620) for (n) = 2.0 and(n) = 1.7in  hole symmetry. Wheii increasesz,,,! decreases especially
Fig. 2, whereZ! is nothing but the mass enhancement fadfor the largel case, where the heavy fermion state is largely
tor: m*/m = Z;1. In the cases with both gfx) = 2.0 and suppressed due td.
(n) = 1.7, Z,, decreases with increasirig and the heavy Fig. 4 (a) shows the magnetization curves for several values
fermion state is realized fo/ > 2.0, whereZ ! becomes Of U at(n) = 1.7. In this case, the fermi level with = 0 is

m

large as 10 or more. Here, we note that, faj = 2.0, we located between the peakl and the peak2. Wiieéncreases,
consider the particle-hole symmetry case with= —U/2, the differential susceptibility shows a peak at a critical mag-
while, for (n) = 1.7, ¢ is fixed ate; = —1.7 measured rela- netic field H,,, where the peakl and the peak?2 cross the fermi
tive to thee band center. level almost at the same time. Then we observe the heavy
Fig. 3 (a) shows the magnetization cunies = <n}r> _ fgrmion metamagne.tic behaviorHt: H,,.Inthe interme—.
<n;> for several values df at (n) = 2.0. We can see nonlin- dlaFe correlatlon. regime witl ~ 1, the saturated magneti-
ear magnetization curves attributed to theependent — f zation aboved,,, is almost a half of the full moment and such
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Fig. 3. The magnetization (a) and mass enhancement f&idr (b) for ~ Fig. 4. The magnetization/ (a) and mass enhancement faciy,! (b)
several values df/ at(n) = 2.0 with ey = —U/2. for several values di at(n) = 1.7 with ey = —1.7.

behavior is consistent with the result observed in G&RuY 5. Acknowledgment
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tion curve is similar to the case with the localized spin systerg
where the metamagnetic behavior is suppressed.

We also show théf-dependence of the mass enhanceme
factor Z,,! at (n) = 1.7 for U = 0.8 and 2.4 in Fig. 4 (b).
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