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Comment on “Theory of Unconventional Spin (VHS).  Nevertheless, y2m(0,0) ~ (1/1)log(t/T) is
Density Wave: A Possible Mechanism of the also singular [6] due to VHS. The MF critical tem-
Micromagnetism in U-based Heavy Fermion peratures [7] areThw ~ texp(—27 Apw+/t/Ipw) and
Compounds" Tllzvl{/l; ~ texp(—2mAgmt/Igm), Ao ~ 1. Thus, the FM

state certainly wins whed > (U,V) and V/J < J/t
In the recent Letter [1] a new, very attractive idea isand even overcomesg/-SDW in the phase diagram
proposed for the explanation of the micromagnetism in(Fig. 1 in [1]). The SDW state is more favorable when
U-based heavy fermion (HF) compounds. For this sake & > (V,J) and the CDW state occurs wh&n> (U, J).
nontrivial spin density wave (SDW) state is introduced inWe also emphasize that unlike VHS, an additional “nest-

the framework of the Hamiltonian: ing” singularity in y(Q,0) is very sensible to a variety of
_ + effects, such as interlayer tunneling, doping, next hopping,
H= -t Z (ciocjo + H.C) + UZ""T”” etc., making the application of model [1] to real systems
iy J ’ nearly impossible.
_ ZJZSl-Sj + (V - —) Z Niohje, (1) Let us consider another important lintit > (¢,V,J),
(i) 2 (ijyoo the most realistic one, since the one-site U should be

where we used the same notations as in [1] exceparger than the other nearest-neighbor interactitng

>

X _ : T . )
S; = %cfac,-. Unlike the conventional SDW, the order @nds ~ m," < 1o (m« > my is an effective HF mass,
parameter‘PkQ =3 0'<Cljo—ck+Q0'> in the unconventional ™ and ¢y correspond to noninteracting fermions). In

SDW (d-SDW) [1] state is characterized by“wavelike” Ejhlfa fgiﬁetzg/nstfrg?n?s;raeli\éingo{stggt?ﬁlf'gyti?ubggg
k dependencei’kQ * Ccosk, — Cosk, [2]. In this case the : ' 9 P ’

. _ only the AF state with,r ~ /U [8] is possible (when
ordered staggered magnetic momgfy is equal to zero. I/t < 1/U).

The authors restrlcteq themselves to a very _spemal case of 15 conclude, the new-SDW state predicted in [1]
2D electron system in a simple square lattice, the shap

€annot be realized for the most physically reasonable
of the Fermi surface corresponding to {herfect nesting limi . ; : S
: : . > ts. The phase diagram in [1] is wrong, resulting in
with Q = (7, 7). The direct and exchange interaction P 9 [ g 9

o an erroneous statement of tlkkSDW stability region.
constants are chosen positive> 0, J > 0 [3]. y 1€d

) , - The very narrow region of parametets V,J,t (which
We are not going to d'S.C.USS the origin of t_he model (1)has nothing to do with those presented in [1]) where the
and criticize its applicability to the essentially 3D HF

. X d-SDW state may exist requires a more detailed analysis.
comp(_)unds (suc_h as Upand URySh [4]) without any. We thank K. yKikoin, g Onufrieva, and P. Pfel)J/ty
expenmental ewd_ence of perfe_ct or imperfect nQSt'ngilor discussions. M.K. is grateful for the support and
Our goal is to clal_m, that even in t_he model considere ospitality of Laboratoire Léon Brillouin (CE-Saclay)
in [1], the_ mean-field (MF) analysis _performed py the where this work was carried out.
authors is incomplete and the phase diagram obtained (see
Fig. 1in [1]) is wrong. M.N. Kiselev and F. Bouis

To begin with, let us look carefully on the Hamiltonian | aporatoire Léon Brillouin
(1). One can easily see that this Hamiltonian contains the CE-Saclay
Coulomb interaction and thierromagnetic[3] exchange 91191 Gif-sur-Yvette Cedex, France
integral. Thus, there are at least four ordered states which
may be realized in this model: itinerant ferromagnet (FM)Received 18 November 1998 [S0031-9007(99)09371-0]
state, conventional SDW, charge density wave (CDW)PACS numbers: 71.27.+a, 75.50.Ee
and d-SDW. One can expect that the FM state, missed
by [1], will be dominant at least in the limi¥/,V < J. [1] H. Ikeda and Y. Ohashi, Phys. Rev. Leitl, 3723 (1998).
Therefore, to construct a complete phase diagram, the FM2] d-SDW is more favorable among all other SDW (extended
state should also be incorporated into the MF approach. s and p states) due to the Van Hove singularity.

Let us consider first the cas&/,V,J) <t when [3] There is not any unconventional SDW state joe 0.
the nesting property is important and MF analysis is [4] N. Gre_we and F. Steglich, ihlgndbook of the Physics? and
reasonable. The criterion of instability can be determined ~ Chemistry of Rare Earthsedited by K.A. Gschneider,

from the behavior of the static response functions [5]: ‘;r'gigd L. Eyring (Elsevier, Amsterdam, 1991), Vol. 14,

_ 0 0 _
Xa(q,0) = Xa(q’o)/_[l Ia(9)Xa(q,0)] W_here @ = [5] For simplicity, we use the random phase approximation.
FM,DW,  Ipm(0) = U +4J,  Ispw(Q) = U —4J,  [g] J E. Hirsh, Phys. Rev. B1, 4403 (1985).

Icpw(Q) =8V — U — 4J, gmd la-spw(Q) = V-2 FOr  [7] There is no true transition to a state with long range order
the perfect nesting casgpw(Q,0) ~ (1/1)log*(¢/T) in a 2D system with a continuous symmetry except for
[6], where one power of logarithm comes from nesting T =0.

and another one is due to the Van Hove singularity [8] P.W. Anderson, Phys. Re{15 2 (1959).
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Ikeda and Ohashi Reply: In our previous Letter [1], we model besides the presence/oi.e., the divergence of the
proposed an unconventional spin density wave state asdensity of states (DOS) & = 0. Actually, no precursor
possible mechanism of the micromagnetism in Y&u  of the FM instability has been observed experimentally in
As an example, we studied tlaewave spin density wave pure URyYSi, [4,5]. In this regard, our model in [1] is too
(d-SDW). This novel SDW can explain various experi- simple to correctly describe this feature in real YR,
mental results. Kiselev and Bouis [2] (KB) have pointedalthough it is enough to grasp the essence of#&DW.
out that the ferromagnetic (FM) state should be considereth a more realistic model [6], the FM instability is expected
in the phase diagram (Fig. 1 in [1]) and teSDW cannot to be less dominant compared with the simple one.
be realized for the most physically reasonable limits. Next, we discuss the stable region of #&DW within
In [1], we analyzed the simplest model for tieSDW  Eq. (1) in [1]. As noted in [1], the micromagnetism
[Eq. (1) in [1]] within the mean field theory. Itwasimplic- occurs after the formation of the heavy fermion state.
itly assumed that the antiferromagnetic state in (& Equation (1) in [1] should be regarded as the effective
originates from the nesting in the heavy fermion state [3]Hamiltonian for, not the bare electrons, but the quasipar-
Then, among the possible orderings, we examined onlicles with the renormalized interactiong],V,J. We
states with the nesting vect@ (Q group). The states can expect that/ is renormalized to be the order of the
in this group are expected to always compete with onguasiparticle bandwidth and,J < U [5]. Then, there
another irrespective of the detail of models whenever thexists a stable-SDW region as shown in Fig. 1, even if
nesting works relevantly. On the other hand, since the exthe possibility of the FM state is included.
change ternd favors the FM state, Fig. 1 in[1]is modified  In conclusion, the possibility of the FM state modifies
as pointed out by KB (see Fig. 1) when the possibility ofthe phase diagram in [1]. Since this strong FM enhance-
the FM state is included. We, however, note that this FMment is peculiar to our model, further careful analyses
instability mainly comes from the peculiarity of our simple may be necessary in constructing more realistic models for
URwWSi,. However, the physical properties of tieSDW
obtained in [1] themselves are not altered at all by the pres-
J/t=0.2 ence of the FM state, so that the unconventional SDW is

0.5 still a candidate for the curious magnetism in UBy.
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FIG. 1. (a) U-V phase diagram af/t = 0.2. The FM is singularity in DOS. In this case, th@ group can be
stable in smally andV. (b)J-V phase diagram at//r = 1. favorable unless we choose extremely layge
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