' Aalto University Aaltodoc

Author(s):

Title:

Year:

Version:

Zabala, N. & Puska, M. J. & Nieminen, Risto M.
Zabala, Puska, and Nieminen Reply

1999
Final published version

Please cite the original version:

Rights:

Zabala, N. & Puska, M. J. & Nieminen, Risto M. 1999. Zabala, Puska, and Nieminen
Reply. Physical Review Letters. Volume 82, Issue 14. 3000. ISSN 0031-9007 (printed).
DOI: 10.1103/physrevlett.82.3000.

© 1999 American Physical Society (APS). This is the accepted version of the following article: Zabala, N. &
Puska, M. J. & Nieminen, Risto M. 1999. Zabala, Puska, and Nieminen Reply. Physical Review Letters.
Volume 82, Issue 14. 3000. ISSN 0031-9007 (printed). DOI: 10.1103/physrevlett.82.3000, which has been
published in final form at http://journals.aps.org/pri/abstract/10.1103/PhysRevLett.82.3000.

All material supplied via Aaltodoc is protected by copyright and other intellectual property rights, and
duplication or sale of all or part of any of the repository collections is not permitted, except that material may
be duplicated by you for your research use or educational purposes in electronic or print form. You must
obtain permission for any other use. Electronic or print copies may not be offered, whether for sale or
otherwise to anyone who is not an authorised user.


http://www.aalto.fi/en/
http://aaltodoc.aalto.fi
http://www.tcpdf.org

VOLUME 82, NUMBER 14 PHYSICAL REVIEW LETTERS 5 ARIL 1999

Zabala, Puska, and Nieminen Reply:The Lieb-Mattis the 3D wire, a spin-Peierls state along the wire direction
(LM) theorem [1] proves that for interacting fermions in is another possible outcome of the spin-density-functional
strictly one dimension, the ground state of the systemtheory. However, in our Letter we make no quantitative
has the lowest possible spin. The requirement for theredictions of such states.
interaction is that it not be “pathological.” An example The system discussed in Ref. [2] is actually better
of a pathological potential is an infinite repulsive core. viewed as a model of thin metal wires where there is a

The essential ingredient in the LM theorem is that it isgradual confinement of quantum states perpendicular to
possible to specify a quantum state in terms of one simplethe wire direction. The ultimate limit is the atomic chain.
in configuration space. The one-dimensional character ig/e have also performed local-spin-density calculations
that the action of the Hamiltonian can be described in termfor such chains. For example, a chain of Al atoms with
solely of one simplex; < x; < x3 <.... Intermsofa an interatomic distance corresponding to that in bulk
tight-binding model, this means that there is no hoppingAl exhibits a spin-polarizedp,,-type subband in good
from one simplex to another without passing through theagreement with the stabilized jellium prediction [2].
boundary.

The LM theorem does not apply for the case ofN. Zabala,** M.J. Puska, and R.M. Nieminen
cylindrical wire considered in Ref. [2]. The wire is three 'Laboratory of Physics, Helsinki University of Technology
dimensional, with a finite transverse width. For this 2;8(-35; eltiol(z)l,eitlr,:l)hc?lfglSSaill_laUTZ'ie?tnzI?Egkultatea
geometry, even wlth just a single subband occupled_, the EHU-UPV 644 P.K.. 48080 Bi,lbo, Spain
interaction potential should be separately symmetric in
all three coordinates. The Coulomb potential betwee_rkeceived 5 February 1999 [S0031-9007(99)08883-3]

electrons does not satisfy the requirement, as was, iBACS numbers: 73.20.Dx, 71.15.Mb, 75.30.Et
fact, stated explicitly in the original paper [1]. We thus

conclude that the LM theorem cannot be used to rule . . .
out ferromagnetlsm |n quantum eres’ Contrary to What *Also at Donostia International PhyS|CS Center (DlPC)
is asserted by Starykh and Maslov [3]. and Centro Mixto CSIC/EHU-UPV, Donostia, Spain.
Another question is how reliable a mean-field-type, [} E- Lieb and D. Mattis, Phys. Red25 164 (1962).
. . : . . . [2] N. Zabala, M.J. Puska, and R. M. Nieminen, Phys. Rev.
spin-density-functional formulation is in predicting mag-

. . . . Lett. 80, 3336 (1998).
netic structures in confined geometries. For example, the[s] O.A. Starykh and D.L. Maslov, preceding Comment

spin-density-functional theory, wher® only is a good Phys. Rev. Lett82, 2999 (1999).

spin quantum number, can lead to spurious symmetry[4] M. Koskinen, M. Manninen, and S.M. Reimann, Phys.
breaking. A two-dimensional quantum dot with degen- Rev. Lett.79, 1389 (1997); K. Hirose and N. S. Wingreen
erate angular momentum states is a case in point [4]. For  (unpublished).
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