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Nonquasiparticle states in the half-metallic ferromagnet NiMnSb
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Nonquasiparticle states above the Fermi energy are studied by first-principle dynamical mean field calcula-
tions for a prototype half-metallic ferromagnet NiMnSb. We present a quantitative evaluation of the spectral
weight of this characteristic feature and discuss the possible experimental investi@&tiansstrahlung
isohromat spectroscopy, nuclear magnetic resonance, scanning tunneling microscopy, and Andreev)reflection
to clarify the existence of these states.

DOI: 10.1103/PhysRevB.68.144425 PACS nuni®er75.50.Cc, 71.16-w, 71.20.Be

[. INTRODUCTION excitations are crucial for practical applications in spintron-
ics. A simple attempt to incorporate the static noncollinear
Half-metallic ferromagnetéHMF’s)'~2 are now a subject spin configurations, due to finite-temperature effétts,
of growing interest, first of all, because of their possible ap-shows the mixture of spin up and spin down density of states
plications to “spintronics,” that is, spin-dependent that destroy the half-metallic behavior. It is our scope to use
electronics' Being metals for one spin projection and semi- & more natural many-body approach to investigate the proper
conductors for the opposite ohethey have order-in- dynamical spin fluctuations effect on the electronic structure
magnitude different spin contributions to electronic transpor@t temperature§ <T., within the half-metallic ferromag-
properties which can result in a huge magnetoresistance fdretic state.
heterostructures containing HMPsin addition to hetero- In this paper we present the first quantitative theory of
structure systems, bulk materials such as L&r,MnO4 nonquasiparticle states in HMF based on realistic electronic
(Ref 5) Compound, Combining half-metallic ferromagnetism structure calculation in NiMnSb. The combination of local
and colossal magnetoresistance, has also attracted more €gnsity approximation in the frame of density functional
tention to this problem. theory with the many-body technique allowed us to estimate
As a result, numerous first-principle electronic structurethe spectral weight of the nonquasiparticle states. Various
calculations of HMF’s have been carried out, starting frompossibilities of experimental manifestations of such a states
Ref. 1(see, e.g., recent pap@fsand a review of early works are discussed at the end of the paper.
in Ref. 2. All of them are based on a standard local density
approximation(LDA) or generalized gradient approximation Il. NONQUASIPARTICLE STATES:
(GGA) of the density functional theory or, sometimes, on the AN ILLUSTRATIVE EXAMPLE
LDA +U approximation(Ref. 8 for CrQ). All of these ap-

proaches completely neglect the effects of dynamical spin Beforg the investigation of the re_al NiMnSb material it is
fluctuations on the electronic structure which can be of cruWorthwhile to illustrate the correlation effects on the elec-
cial importance for HMF's. tronic structures of HMF using a simple “toy” model. The
The appearance of nonquasiparticle states in the energﬁ_ﬁe'ba”d Hu_bbard model of a saturated fer_romagnet can pro-
gap near the Fermi lev&l® is one of the most interesting vide us the simplest model of a half-metallic state
correlation effects typical for HMF’'s. The origin of these
states is connected with “spin-polaron” processes: the spin-
down low-energy electron excitations, which are forbidden
for HMF's in the one-particle picture, turn out to be possible
as superpositions of spin-up electron excitations and virtudPifficulties in solving the Hubbard model Eql) are well
magnons. The density of these nonquasiparticle states vaknown? Fortunately there is an exact numerical solution in
ishes at the Fermi level but increases drastically at the energfe limit of infinite dimensionality or large connectivity
scale of the order of a characteristic magnon frequengy  called dynamical mean field theoDMFT).** Following
giving an important contribution, in the temperature depenlhis approach we will consider the Bethe lattice with coordi-
dence of the conductivity due to the interference with impu-nationz—cc and nearest neighbor hoping=t/ Jz. In this
rity scattering’ It is worthwhile to mention that the existence case a semicircular density of states is obtained as function
of such a nonquasiparticle state is important for spin-of the effective hopping: N(e) = (1/2mt?) JatZ— €2, To sta-
polarized electron spectroscof}*' NMR,*? and subgap bilize the ferromagnetic solution within the Hubbard model
transport in ferromagnet-superconductor junctiGAedreev  is yet another difficult problem. It was proved recently, that
reflection.™® the necessary conditions for ferromagnetism is a density of
The temperature dependence of the HMF electronic strucstate with large spectral weight near the band etfgesd the
ture and stability of half-metallicity against different spin Hund'’s rule coupling for the degenerate ca5& our “toy”

H= __E tij(CiTo.Cja.+ClT(rCi(,)+Uz niTnil . (1)
i,],0 !

0163-1829/2003/684)/14442%7)/$20.00 68 144425-1 ©2003 The American Physical Society



CHIONCEL, KATSNELSON, DE GROOT, AND LICHTENSTEIN PHYSICAL REVIEW B8, 144425 (2003

0.8 : features of the magnetic excitations, namely those which can
DMFT—— be described by the spin susceptibilitfq,i w) for q=0 and
" g=m (ferromagnetic and antiferromagnetic long-range or-
der, corresponding)y*® As for the case of a generig it is
worthwhile to stress that the accurate description of the mag-
non spectrum is not important for the existence of the non-
quasiparticle states and for the proper estimation of their
spectral weight, but can be important to describe an explicit
shape of the density of states “tail” in a very close vicinity of
the Fermi energy. The DMFT, being an optiniatal ap-
Teeve|'  HF----- proximation for the electron self-ener§y,should be ad-
-0.8 o 3 0 ] 2 3 2 equate for the description of nonquasiparticle states, because
E(eV) of the weak momentum dependence of the corresponding
contributions to the electron Green function.
FIG. 1. Density of states for HMF in the Hartree-Fo@HF) Our model allows us to study the magnon spectrum
approximation(dashed lingand the QMC solution of DMFT prob-  throygh the two-particle correlation function which is ob-

lem for the semicircular modékolid line) with the band widthw tained using the QMC procedu’r%.We calculate the local
=2 eV, Coulomb interactiot =2 eV, spin splittingA=0.5 eV, spin-flip susceptibility

chemical potentiap=—1.5 eV, and temperature=0.25 eV. In-
sets: imaginary part of the local spin-flip susceptibiligft) and the e A .,
spin-rezolved self-energgight). Xioe (T—7")=(S"(1)S (7))
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model in order to stabilize the HMF state, we add an external
magnetic spin splitting ternA =0.5 eV, which mimic the . ) . . .
local Hund polarization originated from other orbitals in the Which gives us information about the integrated magnon
real NiMnSb compound. This HMF state corresponds to spectrum.”

mean-filed(HF) solution with a LSDA-like DOS, denoted in _The D,MFT results are presentgd in Fig. 1. In comparison
Fig. 1 as dashed line. with a simple Hartree-Fock solution one can see an addi-

DMFT maps the many-body system, EQ), onto the tional well-pronounced feature appearing in the spin-down

self-consistent quantum impurity model with the effective 98P région, just above the Fermi level. This new many-body
action?s feature corresponds to the so-called nonquasiparticle states in

HMF's (Refs. 9,10 and represents the spin-polaron

8 B process*'® the spin-down electron excitations forbidden in
Sef= —f de dr'cl(nG, (7= 7)c, (1) the one electron description of HMF are possible due to the
0 0 superposition of spin-up electron excitations and virtual

8 magnons. In addition to this nonquasiparticle states visible in
+f drun;(7)n (7). (2 both spin channels of DOS around 0.5 eV, a many-body sat-
0 ellite appears at 3.5 eV.
The effective medium Green functi@}), (Weiss function is The left inset of Fig. 1, represents the imaginary part of
connected with the local Green functi@, through the self- local spin-flip susceptibility. One can see a well pronounced
consistency condition shoulder &0.5 eV), which is related to a characteristic
magnon excitation® In addition there is a broad maximum
G, l=iw+pu—t2G,— 1204, (3) (=1 eV) corresponding to the Stoner excitation energy. The
right inset of Fig. 1, represents the imaginary part of self-
where =(2n+1)7T,n=0,21,+2,..., represents the energy calculated from our “toy model.” The spin up chan-

Matsubara frequencies corresponding to a temperdtard  pe| can be described by a Fermi-liquid-type behavior, with a
7 is the imaginary tlme..The Gree_n function corresponding Qarabolic energy dependenedm 3= (E—Eg)?2, where as
the  DMFT  effective action (2):  G,(7—7")  inthe spin down channel, &', the nonquasiparticle shoul-
=—(T.c,(7)ch(7'))s,, have been calculated using the der at 0.5 eV, is visible. Due to the relatively high tempera-
guantum Monte Carlo scheme within the so-called exacture (T=0.25 eV) in our QMC calculation the nonquasipar-
enumeration technique, with the number of time slites ticle tail goes below the Fermi level. At zero temperature
=25. T, represents the time ordering operator. We would(T=0) the tail should end exactly at the Fermi le¥&ince
like to emphasize that due to the symmetry of the ferromagthe exact enumeration technique not “suffer” form the QMC
netic state the locab,, and the effective mediurg, Green noise, the Pade analytical continuation was used to extract
functions are diagonal in spin space, even in the presence spectral functions and density of statés.
the interaction part of the effective actid@) which de- The existence of the nonquasiparticle states for this model
scribes the spin-flip scattering process. has been proven by perturbation-theory arguniefis., for

The applicability of the local approximation to the prob- a broad-band caseand in the opposite infinite} limit.°
lem of existence of the nonquasiparticle states has been dighysically, the appearance of these states can be considered
cussed in Ref. 18. In this limit it is possible to capture someas a kind of spin-polaron effect. According with the conser-
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vation laws, in the many-body theory the spin-down statemuffin-tin orbital method (EMTO).24%% In our current
with the quasimomenturk can form a superposition with implementatiori® in addition to the usual self-consistency of
the spin-up states with the qausimomentkimq plus a mag- the many-body problertself-consistency of the self-enelgy
non with the quasimomentum, g running the whole Bril- we also achieved charge self-consistency. In the EMTO ap-
louin zone. Taking into account the restrictions from theproach the one electron effective potential is represented by
Pauli principle (an impossibility to scatter into occupied the optimized overlapping muffin-tin potent>® which is
state$ one can prove that this superposition can form onlythe best possible spherical approximation to the full one-
above the Fermi energfere we consider the case where theelectron potential. The effective potential is used to calculate
spin-up electronic structure is metallic and the spin-down ighe one-electron Green functi@gyro(k,z), on an arbitrary
semiconducting; oppositely, the nonquasiparticle states formomplex energy contous, which encloses the valence band
only belowthe Fermi energy?!° If we neglect the magnon poles of the one-electron Green function. For core electrons a
energy in comparison with the typical electron one than thdrozen core approach is used. For any Bloch wave vdctor
density of nonquasiparticle states will vanish abruptly rightfrom the Brillouin zone and complex energythe local mul-
at the Fermi energy; more accurate treatment shows that fiorbital self-energy2 (z) is added to the LDA Green func-
vanishes continuously in the interval of the order of the magtion via the Dyson equatich
non enerr%y with a law which is dependent on the magnon
dispersion. As a consequence the nonquasiparticle states are 1 _
almpost currentless?? Rgcently, some e(\q/idenlges of the exis- G(Z):; [Genrok2)~2(2)] ®)
tence of almost currentless states near the Fermi energy in
half-metallic ferromagnet CrOhave been obtained by x-ray (all the quantities here are matrices in spin, orbital, and, for
spectroscopy’ several atoms per unit cell, site indigemn the iteration pro-
cedure the LDA-DMFT Green function(5) is used to cal-
culate the charge and spin densities. Finally, for the charge
Ill. COMPUTATIONAL METHOD self-consistency calculation we construct the new LDA ef-
c)‘ective potential from the spin and charge densitfessing
the first-principle electronic structure calculations by thethe PO'SSOD equation in th? sphencal cell approximatfon.
combination of the LDA with dynamical mean-field theory For the |nt'eract|0rl1 Ham|lton|an, we have taker_1 the most
(DMFT) (for review of DMFT, see Ref. 15has been general ro_tatlonally_ |nv§\r|621£1t form of the generalized H_ub-
proposed®2* In this case the DMFT maps a lattice many- Pard (on-sitd Hamiltonian=* The many-body problem is
body system onto multiorbital impurity model subject to a SCIVed using the SPTF method proposed in Ref. 41, which is
self-consistent condition in such a way that the many-bod)}a d?VG'QPme”t OT the earl!er appr_ozféﬁ?he SPT.F approx-
problem splits into one-body impurity problem for the crys- mation Is a multiband Spln-polarlzed generali|zat|on of the
tal and the many-body problem for an effective atom. Thereﬂucwat_'on exchar}ge apprommatuﬁﬁLEX) of Blcker§ and
fore, the approach is complementary to the Idsain) den- Scalapino, but_W|th a _dlfferent treatment of partlcle_:-hole
sity approximatiort>-2"where the many-body problem splits (PH) and particle-particle(PP channels. The particle-

into one-body problem for a crystal and many-body problempartide channel is described byTamatrix approact? giving

for homogeneouslectron gas. Naively speaking, the LDA a renormalization of the effective interaction. This effective

+DMFT method®?* treatsd and f electrons in spirit of interaction is used explicitly in the particle-hole channel. Jus-
DMFT ands,p electrons in spirit of LDA. Of course, this is tifications, further developments and details of this scheme

a crude description since these two subsystems are not cofi@? Pe found in Ref. 41. Here we present the final expres-
gions for the electron self-energy. The sum over the ladder

graphs leads to the replacement of the bare electron-electron
interaction by theT matrix which obeys the equation

Recently, an approach to include correlation effects int

consistency conditions. In fact, the DMFT, due to numerical
and analytical techniques developed to solve the effectiv
impurity problem®® is a very efficient and extensively used
approximation for energy dependent self-enekgyv). The <13|Tmf’(ig)|24>:<13|v|24>_'r2 z Gliw)
emerged LDA-DMFT method can be used for calculating a ® 5678
large number of systems with different strength of the elec- o ) .
tronic correlations(for detailed description of the method XG7g(i0—10)(68T77 (102)[24),
and computational results, see Refs. 28-30he LDA (6)
+DMFT method appeared to be efficient in the consideration
of a series of classical problems which were beyond the StarWhere the matrix elements of the screened Coulomb interac-
dard density functional theory, for example, electronic strucion (13v|24) are expressed using the average Coulomb and
ture of the Mott-Hubbard insulatof$,magnetism of transi- €xchange energied,J.** [1)=[j,m), where(j) is the site
tion metals at finite temperatufésand a-5 transition in ~ number,(m) the orbital quantum numbes;, o’ are the spin
Pu3® Here we present the results of LB/ADMFT calcula- indices,T”/(iQ) represents th& matrix, andT is the tem-
tions of the electronic structure of a “prototype” half- perature. In the following we write the perturbation expan-
metallic ferromagnet NiMnSbh. sion for the interactiorn6). The two contributions to the self-

In order to integrate the dynamical mean field approactenergy are obtained by replacing of the bare interaction by a
into the band structure calculation we use the so called exadt matrix in the Hartree and Fock terms

144425-3
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) , 1.5 ; ; ;
35Miw)=TY, > (13T77(i0)[24G05(IQ—iw), DMFT
O 30 1.01LsDA E
-
_ 0.5+ l
35 i0)=-T2 X (14T (i0)[326% (i0-iw). 3 00 B
Q3407 &
(7) S 051 |
The four matrix elements of the bare longitudinal suscepti- -1.04
bility represents the density-densitdd), density-magnetic 15
(dm®), magnetic-density ri°d), and magnetic-magnetic "8 6 -4 2 0 2
channels ;°°’m°). The matrix elements couples longitudinal E(eV)

magnetic fluctuation with density magnetic fluctuation. In

this case the particle-hole contribution to the self-energy is FIG- 2. Density of states for HMF NiMnSb in LSDA scheme
written in the Fourier transformed form (dashed lingand in LDA+DMFT scheme(solid line) with effec-

tive Coulomb interaction U=3 eV, exchange parameted
=0.9 eV, and temperature= 300 K. The nonquasiparticle state is

EgéPH 7= 2 704 T)gg;(T). (8) evidenced just above the Fermi level.
340"

. . . ' ) IV. RESULTS: NiMnSb
The particle-hole fluctuation potential mati&/?” (iw) is

defined in the FLEX approximatidf?*with the replacement In our LDA calculations we considered the standard rep-
of the bare interaction by the “staticT matrix. The effective resentation of th€€1,, structure with a fcc unit cell contain-
particle-hole fluctuation potential is an energy dependening three atoms Ni(0,0,0), Mn(1/4,1/4,1/4), Sb(3/4,3/4,3/4),

quantity and is determined self-consistently: and a vacant sit&€(1/2,1/2,1/2), respectively. We used the
experimental lattice constant of NiMnSla£5.927 A) for
) Wi(iw) Wi (i) all the calculations. To calculate the charge density we inte-
W (iw)= (99  grate along a contour on the complex energy plane which

Wii(io) Wy(iw) extends from the bottom of the band up to the Fermi I&vel,

) ) . using 30 energy points. For Brillouin zone integration we

As can be seen from expressi@), the spin polarized”  gm yp ak-space greed of 512 points in the irreducible part
matrix FLEX approach describes the spin-flip scatteringsyf the Brillouin zone. A cutoff ofl =8 for the multipole
corresponding to the nondiagonal part of tH¢’” (iw)  expansion of the charge density and a cutofi ,gf,=3 for
matrix** Nevertheless, the local and Weiss Green functionshe wave functions was used. The Perdew-\Wapgrametri-
as well as the electronic self-energies are spin diagonal, dugation of the local density approximation to the exchange
to the symmetry of the ferromagnetic state. correlation potential was used.

Itis important to note that all of the above expressions for  |n order to incorporate the DMFT approach into the real-
the self-energy, in the spirit of the DMFT approach, involveistic electronic structure we need to evaluate the average on-
the Weiss Green function. The total self-energy is obtainedite Coulomb repulsion enerdy and the exchange interac-
from Eqs.(7) and (8): tion energyJ. We used the constrained LDA calculattdn

which gives the value of the average Coulomb interaction
3(iw)=3"Miw)+27 T (iw)+327PHiw). (100  between the Mnd electrons equal tdJ=4.8 eV and the
exchange interaction energy equalte 0.9 eV. Because the

Since some part of the correlation effects are includecd orbitals of Ni are fully occupied, correlation effects are
already in the local spin-density approximatilblSDA) a  not so important. The insulating screening used in the con-
“double counted” terms should be taken into account. Tostraint LDA calculatiofi® should be generalized to a metallic
this aim, we start with the LSDA electronic structure andone as in the case of HMF. Such a generalization will lead to
replaceX (E) by X ,(E)—2,(0) in all equations of the additional reduction of the value df. Therefore, we per-
LDA +DMFT method. It means that we only adgnamical formed LDA+DMFT calculations for the different values of
correlation effects to the LSDA method. U between 0.5 and 4.8 eV. On the other hand, the results of

We would like to emphasize that E@) includes spin flip  constrained LDA calculations for the Hund exchange param-
scattering missing from the standard GW approach, aneterJ are not sensitive to the metallic screenfi@ur LDA
these processes are responsible for the appearance of spinPMFT results shows a very wedl dependence, due to
polaron, or nonquasiparticle, states in the energy gap dhe T-matrix renormalizatiod’ Figure 2 represents the typi-
HMF. The T-matrix renormalization is important for proper cal results for density of states using the values Wf
description of these processes which can be demonstrated3 eV andJ=0.9 eV. In comparison with the LDA the
accurately for the Hubbatfiands-d exchang® models in  LDA +DMFT density of states shows the existence of new
the spin-wave temperature region; in both cases it isTthe states in the LDA gap of the spin down channel just above
matrix (and not the bare interactipthat determines the am- the Fermi level.
plitudes of electron-magnon interactions. It is important to mention that the magnetic moment per
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FIG. 3 Spectral weight (_)f the nonquasipart?cle state, calculated EF|G. 4. The imaginary part of self-energiesﬁﬁ for t,4 (solid
as function of average on-site Coulomb repulsibrt temperature  |ing) and e, (dotted ling and ImX} for t,, (dashed ling and e,
T=300 K. (dashed dotted linerespectively.

formula unit is not sensitive to the values. For a tempera- )

ture equal toT =300 K the calculated magnetic momept, ~ Sion of the magnon frequenay,~wy, with respect to the
=3.96ug, is close to the integer LDA valug=4.00ug, electron hopping energy, the electronic self-energy be-
which suggests that the half-metallic state is stable with reS0mes locaf

spect to the introduction of the correlation effects. In addi- 5 )

tion, the DMFT gap in the spin down channel, defined asthe (E)= Um 1-f(k'T)

distance between the occupied part and starting point of non- kol N W E-toito+id

guasiparticle state’s “tail,” is also not very sensitive to tbe
values. For differentU the slope of the “tail” is slightly U?m 1-1(k'T) oc
changed, but the total DOS is wealdydependent due to the "N ¢ E_t.+ +.5=EL (E),
T-matrix renormalization effects. K k1T OmTl

Thus the correlation effects do not effect too strongly on 8yhere f (ko) is the Fermi distribution function. Therefore
general picture of the electron energy spectri@xcept the  oyr main results(i) the existence of the nonquasiparticle
smearing of the density of states features which is due to thgiates in real electronic structure of a specific compound and
finite temperaturel =300 K in our calculations The only (i) estimation of their spectral weight, can be obtained in the
qualitatively new effect is the appearance of the nonquasippcal LDA+DMFT approximation. The nonquasiparticle
particle states in the energy gap above the Fermi energpeak in the density of staté&ig. 2) is proportional to the
Their spectral weight for realistic values of the parametersmaginary part of the self-energ¥ig. 4), therefore it is de-

are not too small which means that they should be wellyermined by the processes of quasiparticle decay, which jus-
pronounced in the corresponding experimental data. A relagfies the term “nonquasiparticle.”

tively weak dependence of the nonquasiparticle spectral
weight on theU value (Fig. 3 is also a consequence of the
T-matrix renormalizatiof’

One can see that thE matrix is Sl|ght|y dependent ob From the point of view of the many-body theory, the gen-
provided that the latter is larger than the widths of the maineral approach in the DMFT is to neglect the momentum de-
density of states peaks situated near the Fermi levigich is  pendence in the electron self-energy. In many cases such as
of the order ofU* =1 eV) in an energy range of 2 eV. the Kondo effect, the Mott metal-insulator transition, etc., the

For spin-up states we have a normal Fermi-liquid behavenergy dependence of the self-energy is obviously much
ior —ImX}(E)=(E—Eg)?, with a typical energy scale of more important than the momentum dependence and, there-
the order of several eV. The spin-down self-energy behavefore, the DMFT is adequate to consider these probEms.
in a similar way below the Fermi energy, with a bit smaller for itinerant electron ferromagnetism, the situation is not
energy scalgwhich is still larger than 1 e\ At the same completely clear. Note, however, that the LBAMFT
time, a significant increase in IE@(E) with much smaller treatment of finite temperature magnetism and electronic
energy scale(tenths of eV is evidenced right above the structure in Fe and Ni appeared to be quite succedsful.
Fermi level which is more pronounced foy, statesFig. 4). Experimentally, even in itinerant electron paramagnets close
The nonquasiparticle states are visible in the §piPOS Fig.  to ferromagnetic instability, such as Pd, the momentum de-
2, as well as in the spif channel of the imaginary part of pendence of the self-energy does not look to be esséntial.
3!, at the same energy. The similar behavior is evidenced ifne can expect that in magnets with well defined local mag-
the model calculation Fig. 1. netic moments such as half-metallic ferromagnets local ap-

According to the model consideratoh'® the width of ~ proximation for the self-energgi.e., the DMFT should be
this “jump” should be of the order of characteristic magnon even more accurate. In particular, as we discussed above, it
energy which is much smaller than a typical electron bandan be used for the calculations of spin-polardmicnquasi-
energy scale. In the simplest case of neglecting the dispeparticle effects in these materials.

V. DISCUSSION AND CONCLUSIONS
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Several experiments could be performed in order taromagnets. The spin-polarized scanning tunneling spectros-
clarify the impact of these nonquasiparticle states on spineopy with positive bias voltage can in principle detect the
tronics. Direct ways of observing the nonquasiparticle statespposite-spin state just above the Fermi level for surface of
would imply the technique of Bremsstrahlung isohromatHMF such as Cr@. This experimental measurements will be
spectroscopyBIS) (Ref. 46 or spin-polarized scanning tun- of crucial importance for the theory of spintronics in any
neling microscopy! In contrast with the photoelectron spec- tunneling devices with half-metallic ferromagnets. In par-
troscopy(spectroscopy of the occupied statediich show a ticular, -V characteristics of half-metallic tunnel junctions
complete spin polarization in HMF,BIS spectra should for the case of antiparallel spins are completely determined
demonstrate an essential depolarization of the states abobg the nonquasiparticle statesKeeping in mind that ferro-

Er, on the other hand SP-STM should also be able to probenagnetic semiconductors can be considered as a peculiar
these states which give the minority-spin contribution to thecase of HFM? an account of these states can be important
differential tunneling conductivityd1/dV.*®4° Another way  for proper description of spin diodes and transistrs.

to observe the nonquasiparticle states is the low-temperatuféhus, the realistic computation of the spectral weight of non-
measurement of the longitudinal nuclear magnetic relaxatioguasiparticle states can be an interesting and important ap-
rate 1T,. Since the Korringa contribution due to the Fermi plication of the LDA+DMFT approach.

contact hyperfine interaction l{mTNl(EF)N}(EF) van-
ishes for HMF a specific dependenceT & T%2 (Ref. 10
should take plac&’ Andreev reflection spectroscopy using
the tunneling junction superconductor—HFRef. 13 can This work was supported by the Stichting for Fundamen-
also be used in searching the experimental evidence of tHeel Onderzoek der Materi&OM-NWO), Nederladse Orga-
nonquasiparticle states. Finally, we mention the spinnizatie voer Wetenschappelijk Onderzo@dWO) Project
polarized STM techniques as a possible method of direcNo. 047-008-16. The authors thank to G.A. de Weijs, L.Vi-
observation of the nonquasiparticle state in half-metallic fertos, I. A. Abrikosov, and O. Eriksson for fruitful discussions.
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