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We model nickelate-centered and oxygen-centered stripe phases in dopdéiD) anaterials. We use an
inhomogeneous Hartree-Fock and random-phase approximation approach including both electron-electron and
electron-latticg(e-I) coupling for a layer of LgNiO,. We find that whether the ground state after commensu-
rate hole doping comprises Ni-centered or O-centered charge-localized stripes depends sensitively on the e-I
interaction. With increasing e-l interaction strength, a continuous transition from an O-centered stripe phase to
a Ni-centered one is found. Various low- and high-energy signatures of these two kinds of stripe phases are
predicted, which can clearly distinguish them. These signatures reflect the strongly correlated spin-charge-
lattice features in the vicinity of Ni-centered or O-centered stripe domains. The importance of e-l interaction
for recent experiments on stripe phases is discug&#1.63-182608)06925-2

[. INTRODUCTION explanation of the mechanism for the formation of stripe
phases, but no detailed studies on the experimentally observ-

The interplay of spin, charge, and lattice degrees of freeable consequences has been given. The Ni-centered and O-
dom has been the focus of many classes of electronic mateentered stripe phases should certainly exhibit different ex-
rials recently, and results in numerous novel propefids. perimental signatures. Due to the difficulty of current
An important example lies in the growing appreciation for scattering experiments to directly determine the stripe form,
the presence and importance of charge localizatemall it is very important to investigate these distinguishing ob-
polaron formatioh and ordering tendencies in transition- servable signatures. As in other small-polaron-type phenom-
metal oxides. Stripe phases are suggésteda variety of  ena, the relationship between high enerdies., optical ab-
nickelates, cuprates, and manganites, i.e, fine-scale domasworption and low energy(e.g., lattice spectroscopycan
walls separating spin, charge, and lattice degrees of freedoserve to specify particular structures very distinéfly.
into superlattice and long-period patterns. The likely impor- For a comprehensive understanding of the competition
tance of charge coupling to the lattice is becoming evident ilmmong the spin, charge, and lattice degrees of freedom in
determining the formation of stripes when doping into acomplex electronic materials such as nickelate oxides, spe-
background of antiferromagnetic order electron-lattice cifically for the spatially inhomogeneous stripe patterns
(e-l) interaction strongly assists localization of the holeswithin models of NiQ planes, we resort here to the inhomo-
through a positive feedback mechanism. geneous HF plus random-phase-approximatigRPA)

The possible existence of such hole-rich stripe phases hagpproactf>*This has proven to be a robust method for such
been proposed in the form of antiphase domain boundarigghenomena, especially when electron-lattice coupling is
between antiferromagnetically ordered spins in the study opresent, obviating subtle many-body effects and quantum
some high-temperature superconducting oxitiéSand co-  fluctuations’?* Using a two-dimensional2D) tight-binding
lossal magnetoresistance manganiteStripes were first ob-  Peierls-Hubbard model Hamiltonian, we obtain both Ni-
served in nickelate oxidéd, and the Hubbard model in centered and O-centered stripe phases. The Ni-centered
Hartree-FockHF) approximation gave a good description of stripe phase is energetically favored at strong electron-lattice
the ground state of the doped nickelaté@harge ordering is  (e-l) interaction, while the O-centered stripe phase is stable
the driving force for the formation of stripé€.One feature in the weak e-l coupling regime. The transition from the
of both theoretical and experimental interest concerns th@®-centered stripe phase to the Ni-centered one can be clearly
orientation of the stripes relative to the lattft¥. Specifi-  identified by defining an appropriate “order parameter,” as
cally, whether the stripe in nickelate oxides is Ni centered owill be discussed in detail beloviLocal phonon, charge and
O centered, and the possible mixture of these two kinds ofmagnetic modes are found for both of the two kinds of stripe
stripes, has been investigated intensively in recenphases, strongly distinguishing the inhomogeneous ground
experiment$:*® Through magnetic-field-induced effects, it is states from the homogeneous undoped situation. The infrared
suggested that the stripe phase is O centered when the teifiR) and Raman spectra and the magnetic excitations for
peratureT is higher than a temperatui®,,, while the Ni-  both the nickelate spin and the oxygen spin are distinctive
centered stripe phase is favored whErs lower thanT,,. signatures, which should serve to guide experiments to dis-
However, it is difficult to unambiguously determine the criminate between Ni-centered or O-centered stripes. Like-
stripe form directly in a standard neutron or x-ray scatteringwise, there are HF levels induced by stripes in the electronic
experiment because of the loss of phase information. Similatharge-transfer-gap of the undoped cése, intragap lev-
ideas of site-centered or bond-centered stripe phases in cals), which are reflected in the optical absorption.
prate oxides are also under investigatfin. This paper is organized as follows. In Sec. Il our two-

Previous modeling of the nickelates gave a reasonabldimensional(2D) Hamiltonian model for an Ni@ plane is
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FIG. 1. Real-space distribution of spin and charge density for ang -6.0
oxygen-centered stripe pha&® and a nickel-centered stripe phase §
(b). The radius of the circle represents the amplitude of the charger
density and the length of the bars represent the amplitude of the -8.0 - i
spin density. The parameters agg=1, A=9, U=4, J=1, and
K=32t,q/A% a=2.0 for(a) and a=3.6 for (b).
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given, and its various parameters are presented. The differ Energy level index

ences between this model Hamiltonian for the nickelates and

the corresponding one for cupratésre emphasized. The

Ni-centered and the O-centered stripe phases and their re-

spective characteristics are compared in Sec. lll. In Sec. IV FIG. 2. HF energy levels for an O-centered stripe ph@sea
we discuss predicted observable signatures for both NiNi-centered stripe phagé), and undoped cade).

centered and O-centered stripe phases. A summary and re-

marks are presented in Sec. V. lattice interaction$??3 Here, for nickelate oxides, besides

the dy2_y2 orbital usually included in cuprate oxide
modelsi®?>#the dy,2_; Ni d orbitals must be included to

We consider a 2D four-band extended Peierls-Hubbardccount for the high-spin states€1) at half filling (i.e.,
model, which includes both electron-electron and electronundoped. The model Hamiltonian we study is

Il. MODEL HAMILTONIAN AND PARAMETERS
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Here, ¢/

imo Creates a hole with spior at sitei in the Ni lattice interaction, we consider that the nearest-neighbor
dy2_y2, ds2_; or Op,, orbital. The electron-electron in- Ni-O hopping is modified linearly by the O-ion displacement
teractions include the Ni-sitd)y) repulsions and the O-site uy as tjj; mn(Uy) =tpq* auy, where the+(-) applies if the
(Up) repulsions forJ;, as well as the Hund interactighat ~ bond shrinkgor stretchepwith positiveu . The Ni-site en-
the same Ni site to account for the high-spin situafibne  ergy is assumed to be modified by the O-ion displacements
interplay of the two orbitals can also lead to effects such ags e;,,(Uy) = €4+ BZk(* uy), where the sum runs over the
pseudo Jahn-Teller distortions. These are not our main focusur surrounding O ions(Other electron-lattice couplings,
here but will be mentioned briefly belgwThe nearest- including oxygen buckling, can be readily included in the
neighbor Ni-O interactiotJ;; is also included. For the lattice present formalism Other electronic terms are the O-O hop-
terms, we study only the motion of O ions along the Ni-Oping (t,p) for t;;, O-site energy &) for enn(uy), with A
bonds—other oxygefor Ni) distortion modes can be readily =e,—e4. We emphasize that, due to the large spin at a
included in this approach if necessary. For the electronnickel site, Hund's rule leads to a ferromagnetic exchange
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FIG. 4. Phonon dispersiota) and lowest frequency localized FIG. 5. Phonon dispersiofa) and lowest frequency localized
phonon mode vibration pattern in an O-centered stripe phase caggonon mode vibration pattern in a Ni-centered stripe phase case
(b). Arrows represent the direction of the vibrating oxygens, and theb). Arrows represent the direction of the vibrating oxygens, and the
length is proportional to the vibrational amplitude. length is proportional to the vibrational amplitude.

coupling—2J, andS ,=3=, ¢l .0, /Cim -, With o the s in the range 1.3-1.5 eV. Detailed analysis of the Ni-
Pauli matrix. centered and the O-centered stripe phases we obtained, as
It is known that for the nickelate oxides the e-l coupling iswell as their sensitivity to some of the parameters, will be
stronger than in cuprates oxide$and is therefore likely to  discussed in the next section.
play an even more decisive role in the formation and nature To emphasize that different kinds of stripes have indi-
of stripe phases. Complementary to recent studies on the 2{idual spectroscopic signatures, we also consider the linear
three-band Peierls-Hubbard model in various parametespin, charge, and lattice fluctuations around the mean-field
regimes> in this paper we concentrate on the variation ofstates: an O-centered stripe state and a Ni-centered stripe
the stripe phase with respect to the e-l coupling constants istate?® As the electron-hole and the phonon excitations are
model(1). We adopt the following representative parametersall included, it is very convenient to calculate various physi-
for the nickelate material%:tpd= 1, A=9, U=4, J=1, cal properties through an RPA approach; this also serves as a
andK=32t,4/A? (all in unit of t,4). In real materiald;*t,q;  local stability test of the mean-field states.
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O-centered Stripe(2.0) Depending on the e-l coupling strength, both oxygen-
0.20 ' ' centered and nickel-centered stripe phases are obtained, as
illustrated in Figs. (@) and 1b), respectively. The HF en-
@ ergy levels for these two kinds of stripe phases are shown in
015 - i Figs. 4a) and 2Zb) (the hole filling is to the 21st levgl
respectively, and the undoped cdke hole filling is to the
18th leve) is shown in Fig. £c), for a smaller 33 system,
which is for the later comparison with the RPA calculation.
When the holes are doped into the system, new localized
\ states appedras shown in Figs. (@) and Zb)] within the

Amplitude (arb. unit)
o
=

charge-transfer-gap of the undoped dat®wn in Fig. Zc)].
0.05 - 1 The gap states labelddl andL2 for the O-centered stripe
phase in Fig. &) are most strongly localized. A similar con-

J clusion can be also drawn for the Ni-centered stripe phase in
0.00 . ‘ \ ‘ M Fig. 2(b). From Figs. 2a) and Zb), we clearly see the super-
0.00 0.02 0.04 0.06 0.08 0.10 lattice gaps induced by the formation of stripes, as illustrated
Phonon Frequency in Figs. ](a) and Ib)
Ni—centered Stripe(3.6) We found that the O—centered Sftrlpe phqse is energetlce}lly
0.050 . . favored at weak e-I coupling, while the Ni-centered one is
favored at strong e-l coupling. This dependence on the
) electron-lattice interaction has been established by using a
0.040 - 7 range of initial conditions and confirming local stability
through RPA fluctuations. We varied the e-I coupling
0.030 - | strength over a wide range. The transition from the O-

centered stripe phase to the Ni-centered one is shown in Fig.
3(a). In the weak-coupling region, the O-centered stripe is
0.020 - , always found to be more stable than the Ni-centered one.
With e-I coupling constantx increasing beyond a critical
value (@=2.2 with our parameteysthe charge of holes on

0.010 - 1 oxygen sites along the stripe begins to decrease and gradu-
ally transfer to the neighboring nickel sites. We also find that
0.000 ‘ . )l J the spin density on neighboring nickel sites is gradually
0.00 0.02 0.04 0.06 0.08 0.10 guenched. After the transition region# 3.0 for our param-
Phonon Frequency eterg, the charge and spin features on the neighboring nickel
sites display a fully Ni-centered stripe phase. The reason for
this transition can be understood by the competition between
the energy gained from the electronic kinetic energy and lost
lll. NI-CENTERED AND O-CENTERED STRIPES from the lattice potential energy, with stronger e-I coupling,
the system can gain much more energy through the elec-
The inhomogeneous HF states are obtained as solutions tsbnic kinetic energy from the larger lattice distortion; be-
self-consistent nonlinear equations withaupriori assump-  cause there are four oxygens neighboring around each nickel
tion of the spin, charge, and lattice configurations. As showrsite, the Ni-centered stripes are more favored in the strong e-I
previously’? adding holes in an undoped antiferromagneti-coupling regime.
cally ordered system leads to a strong positive feedback: the As shown in Fig. 8), there is a small energy barrier for
domain wall is the result of accumulation of holes; con-the 5X5 system in the transition region between the O-
versely, more localized holes distort the lattice more andcentered stripe phase and the Ni-centered one. For our pa-
hence the system gains energy through a larger lattice distorameters, this energy barrier is about 10 K per unit cell.
tion, balanced by the cost in electronic energy, around thélowever, this barrier is a finite-size effect; to elucidate this
stripe region. As we will show in the following, this positive point, we found that in a X7 system, the energy barrier is
feedback is decisive in forming the antiphase domain wallabsent, while the general trend and the critical point for the
which divide the whole system into hole-rich striped regionstransition from an O-centered stripe to a Ni-centered one is
within which the antiferromagneti@\F) order is suppressed, essentially the same.
and hole-poor regions, in which the AF order is maintained. The average variations of both spin and charge densities
Here we study a %5 unit-cell system or a smaller>X33  on the fully O-centered and fully Ni-centered stripes are pre-
system for the later RPA calculation. Periodic boundary consented in Figs. ®) and Fig. 3c), respectively. Although
ditions are used. To emphasize the properties of ideal stripebpth the charge and spin along the corresponding O- or Ni-
we concentrate here on the commensurate hole doping casentered stripes vary continuously, it is illustrative to define
of 5(3) holes in the 5<5(3% 3) unit-cell case. Results for an “order parameter” which can clearly identify the re-
other doping situations will be given elsewhere. gimes. Here we define an order parameter as the average

Amplitude(arb. unit)

FIG. 6. IR spectra of a 83 system for O-centered stripe phdagand
Ni-centered stripe phag®), respectively.
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FIG. 7. Optical absorption of aX83 system on electronic energy scales for O-centered stripe (hadé-centered stripe phagb), and
undoped cas€c), respectively.

difference of spin density on the two nickel sites neighboringsites adjacent to the O-centered stripe is almost zero. In a

the oxygen site belonging to the O-centered stripe: Ni-centered stripe, the holes accumulated on the Ni sites at
the stripe center quench the spin density, but a large spin
Q=(S"_1;:left 0-center™ S\ + 1,j:right O-cente} - (2)  density is recovered on neighboring Ni sites.

Some recent experimefitsuggest that the Ni-centered
In Fig. 3(d) we see thaf) exhibits a rapid crossover in the stripe is more favored at low temperature, while the O-
transition region, as compared to the variations in Figis),3 centered one is more favored at higher temperature. We have
3(c), and is therefore useful for discriminating between O-not included entropic effects in the present calculations
and Ni-centered stripes. This is due to the positive feedbacwhich will contribute to the balance of stripe densities. How-
localizing charge and lattice distortion, and quenching spinever, as the e-l coupling constant is dependent on both the
In the O-centered stripe region added holes are more accpressure and temperature, we suggest that a temperature-
mulated along the oxygen stripe, while the spin density ordependent e-l coupling: could explain this behavior, be-
the neighboring nickel sites are quenched, as some holes atause the elastic constant should be stiffer at lower tempera-
also partially distributed on them; the spin density on thosdures. We can also expect that a pressure experiment would
sites is smaller than that of other nickel sites far from thetest the stripe phase dependencerwpas the e-l interaction is
stripe, but the difference of the spin density on the two Nilikely to be even more sensitive to pressure than temperature.



PRB 58 SIGNATURES OF STRIPE PHASES IN HOLE-DOPED JNiO, 509

O-centered(2.0)
O-centered Stripe Phase(2.0) (0,0)

4.0 1.0 T

€)) (b)

w
(=]
I
L
o
o
T
L

o
(=]
T
1

©
'S
T
L

ury
o
L
1

Amplitude of Magnetic Excitation
N
h » ¢
L
Amplitude of Magnetic Excitation

o
n
T
L

0.0 U LA 1, L . A; 0.0 J J& \Jk L | JL
0.0 2.0 4.0 6.0 8.0 10.0 0.0 20 4.0 6.0 8.0 10.0
Excitation Energy Excitation Energy

O-centered(2.0)

(2r/3,2n/3)
1.0 T T

©

© o o
&~ ()] o
T T T
1 L L

Amplitude of Magnetic Excitation

o
n
T
L

A o

0.0 20 4.0 6.0 8.0 10.0
Excitation Energy

FIG. 8. Magnetic excitation spectra of nickel sites for an O-centered stripe ghapisethe sum over all the momentidn) and(c) are the
magnetic excitations at specific momenta, as identified in the figure.

IV. SIGNATURES OF THE NI-CENTERED ments can give local information on magnetic excitations;
AND O-CENTERED STRIPE PHASES and(d) charge-excitation spectra associated with the respec-
tive stripes.

The present neutron-scattering experiments on the nick-
elate oxides do not unambiguously determine whether the
stripe phase is Ni centered or O centet®do it is necessary
to predict more observable phenomena to discriminate be- After forming either Ni-centered or O-centered stripe
tween these two kinds of stripes. Experiments such as NMRphases, the inhomogeneity of the systems suggestotiat
IR spectra, etc. are attractive candidates to give informatiophonon modes may be self-consistently induced as a result of
on the stripe type. Thus we give the predicted resultS@n: the locally renormalized spring constaftayhich is calcu-
phonon spectra, in which different local mod¢R and Ra- lated using the renormalized spring-constant mdig., see
man are found to vibrate in the vicinity of the O-centered Appendix H in Ref. 23. This is indeed the case. The phonon
stripe and the Ni-centered one, respectivély;the IR spec- dispersions calculated for the stripe phases are illustrated in
tra, which further identify the distinct localized features Fig. 4(a) for O-centered and Fig.(8 for Ni-centered stripe
around the different stripe phases for the localized modeghases. In both cases, the phonon modes are strongly soft-
and the corresponding optical-absorption spectra on ele@ned due to the lattice distortions, around the stripes induced
tronic energy scales from the local intragap levét3;mag- by the e-l interaction. When the e-l interaction is present,
netic excitations for both the Ni and O spin, since nucleadocal phonon bands form for both O-centered and Ni-
qguadrupole resonancéslQR) and inelastic neutron experi- centered stripes. It is clearly seen that more localized and

A. Local phonon modes and the IR spectra
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FIG. 9. Magnetic excitation spectra of nickel sites for a Ni-
centered stripe phas@) the sum over all the momenté) and(c)
the magnetic excitations at specific momenta, as identified in the

figure.
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FIG. 10. Magnetic excitation spectra of nickel sites for the un-
doped case, summed over all the momenta.

softened phonons are found in the Ni-centered stripe phase,
as this needs stronger e-l interaction.

With our parameters, the lowest phonon modes for the
O-centered stripe phase with=2.0 for a 55 system is
481.7 cm'!, and the corresponding lowest phonon mode for
the Ni-centered stripe phase wher=3.6 is 426.5 cm?.
These two lowest modes and the associated eigenvectors for
the two respective stripe phase are illustrated in Figh) 4
and §b). The arrows represent the oxygen displacement pat-
terns, and the length of the arrows is proportional to the
amplitude of the vibrational modes. We see that these lowest
phonon modes are localized around the O-centered stripes or
the Ni-centered stripes, respectively. The localized phonon
modes and their corresponding distortions in the vicinity of
stripes suggest observable signatures in an IR absorption ex-
periment.

In Figs. §a) and Gb), the IR spectra are plotted for an
O-centered and a Ni-centered stripe, respectively, for a small
3% 3 system.(The RPA calculation needs a large memory,
so we use a smaller syst@nThe three infrared peaks in Fig.
6(a) arise from the one distinct localized mode at
=0.0579, and other less localized modes with frequencies
®»=0.0840 andw=0.0860. The lowest phonon mode corre-
sponding to the first peak and its lattice vibration pattern are
clear in Fig. 4b), which illustrates the localized character
around the corresponding O-centered stripe. The other two
peaks corresponding to the two less localized phonon modes
also confine the lattice vibrations mainly around the stripe
phase. The three peaks in Figbpfor the Ni-centered stripe
phase come from three localized phonon modes-a.054,
0.0704, and 0.0780, respectively. The stronger electron-
lattice interaction in the Ni-centered stripe phase results in
the more strongly localized nature of these phonon modes.
Fig. 5b) illustrates the character of the localized phonon
modes in this case. We emphasize that, since the Ni-centered
stripe phase is favored in the strong e-l coupling region, they
will be accompanied by lower frequency and more localized
phonon modes.

As there are two orbitalsdiz_y2, dz2;) on each
nickel site, local defects induced by orbital mixing can have
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FIG. 11. Magnetic excitation spectra of oxygen sites for an O-centered $tipa Ni-centered stripéb), and the undoped cage),
summed over all momenta.

effects in our finite system. We find that the hole occupation B. Magnetic and charge excitation spectra

of thg two orbitals i§ qu_ite different along the stripe, espe-  gince NMR and NQR experiments can accurately probe

cially in two corners in Figs. (b) and §b). To emphasize the  |5c5| magnetic excitation, we have also calculated the RPA

finite-size effect by the orbital mixing, we explored the magnetic(as well as chargeexcitations for both the Ni and

larger 7<7 system and find this effect is much reduced,the O sites. As will be shown below, the spectral weight of

especially around the two corners along the stripe. This orthe magnetic excitations again contains specific features

bital mixing effect is not our focus in this paper, and the characteristic of the stripes.

main physics we are interested here is not sensitive to it. The spectral weight for particle-hole and phonon excita-

Details on orbital mixing will be reported elsewhere. tions is given by the imaginary part of the two-body Green'’s
The optical-absorption spectra for both of these two stripgunction in each channeh:

phases and the undoped case are illustrated in Figs, 7

7(b), and 1c) on the electronic energy scale. The peaks cor-

respond to many electron-hole excitations from the filled T " )

bands to unfilled bands, respectively. There are additional lmXA(q'“’):m r;o [{OA(@)[m)|*6(w— (En—Eq)).

localized phonon modes around the stripes which are Raman (3)

active. It would be important to excite these in resonant Ra-

man studies by tuning into the electronic gap stdkdg. 2)

associated with the corresponding stripes. Such excitatiohlere A is the operator whose spectral weight we wish to

profiles would provide very strong correlations betweenobtain. For magnetic excitations, we assiyras the trans-

high- and low-energy characteristics of specific striffes. verse components of the spin
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O-centered Stripe Phase(2.0) localized electronic states, labeledlak andL 2 in Fig. 2a),
‘ we find that both electronic states are localized around the
@ stripe: i.e., the distribution of the wave-function amplitude is
0.06 |- ] mainly around the stripe sites. Excitation between the two
localized states represents local spin flips of some oxygens
° on the O-centered stripe. Thus the new low-lying magnetic
g excitations clearly reflect information localized around the
§ 0.04 - . stripe. A similar conclusion is obtained for the second largest
§ 3 peakw=0.60.
2 i For the magnetic excitations of the nickel sites in the Ni-
g centered stripe phase, the spectral weight is represented in
< 002t . Figs. 9a), 9(b), and 9c), respectively. Similar to the O-
centered case, Fig(® is the sum over all the momenta and
1 can be compared to an NMR experiment, while Figd) 9
and 9c) correspond to momenta afj=(0,0) and g
0.00 ‘ =(27/3,0). Five peaks are found, ai=0.39, 1.12, 1.568,
0.0 Exci 30 10.0 2.91, and 3.18. Here we see a distinct difference between the
xcitation Energy R .
Ni-centered stripe phase and the O-centered one: only one
Ni-centered Stripe Phase(3.6) main peak with large amplitude appears,sst 0.39. This
0.20 . ; peak again reflects information localized around the Ni-
018 | o cen.tert_ad stripe. By checking thg wave functipn of the main
T excitation between the two localized electronic states, which
0.16 - 1 are mainly localized around the Ni-centered stripe, the mag-
» 0.4 | 1 netic excitation in this case is found to come from spin flips
e of the oxygens neighboring the Ni-centered stripe. This is
5 012r ] different from the O-centered case above. Thus both of the
S o0t ] magnetic excitation spectra are characteristic of their corre-
e i sponding stripes, and give distinct features, which we expect
EL 0.08 i to be observable in NMR, NQR or inelastic neutron-
< 006 + 1 scattering experiments. For reference, we present results for
the undoped case in Fig. 10. Here, the peak &t0.48 cor-
0.04 | . o
| responds to the electron-hole excitation across the charge-
0.02 - M J L 1 transfer gap. It is clearly seen that the intragap electronic
0.00 ‘ / ‘ levels for the stripe phases induce additional peaks, as illus-
0.0 2.0 4.0 6.0 8.0 10.0 trated in Figs. 8 and 9.
Excitation Energy In Figs. 11a), 11(b), 11(c), we also illustrate results for

the magnetic excitation spectra of tla&ygensites for an
O-centered stripe phase, Ni-centered stripe phase, and un-
doped case, respectively. Due to the small spin on oxygen
1 sites, the amplitude is smaller than the corresponding signa-
, _ igr = tures for the magnetic excitations on nickel sites. The ampli-
Sioro(@) rel\%r 0o 2% @ tude forchargeexcitations on nickel sites are shown in Figs.
12(a) and 12b) for the O-centered and Ni-centered stripe
whereg, = ET,T’CrT ,0..+C, » ando stands for the Pauli spin phases, respectively. As anticipated, the strength of these sig-
matrix. For the amplitude of charge, we can assign a corredatures is weaker than the magnetic excitations on the oxy-
sponding operatd® Here N is the number of Ni@ units. ~ 9en for the two kinds of stripe phases. This demonstrates the
The magnetic excitations for all the nickel sites in an O-more localized character of the added holes on an O-centered
centered stripe phase are illustrated in Figs),88(b), and  OF Ni-centered stripe, as the main feature of a stripe is charge
8(c). Figure §a) represents the sum over all the momegta localization along the stripe, dividing the whole system into
and can be compared to NMR experiments. Figutes&d  hole-rich and hole-poor regions.
8(c) correspond to the spectral weight of magnetic excitation
on Ni sites at specific momenta, hege (0,0) for Fig. &b)
andqg=(2/3,27/3) for Fig. 8c). This information is acces- V. CONCLUSION
sible to magnetic inelastic neutron scattering. Five distinct In summary, we have studied the nickel-centered and
peaks appear a=0.178, 0.60,1.16, 2.38, and 7.6, of which oxygen-centered stripe phases, recently suggested in doped
0=0.178, 0.60 have large amplitudes. Detailed analysis ofickelate oxides, including both e-e and e-l interactions in
the origins of these two peaks reveals very specific localizethe model of a single Ni@plane. A transition from an O-
stripe information. For thev=0.178 peak, the RPA wave centered stripe phase to a Ni-centered one is found as a func-
function corresponds to electron-hole excitation of the localtion of the e-l interaction strength. Due to the difficulty of
ized state in the charge-transfer gap of the correspondingeutron experiments unambiguously distinguishing specific
undoped system. By checking the wave function of the twcstripe types, we have provided predictions of additional ob-

FIG. 12. Amplitude of charge excitations of nickel sites for an
O-centered strip€a), and a Ni-centered strip@d).
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servable signatures which may be accessible to experimentgalue for understanding charge localization and ordering
localized phonon modes, IR spectra, and the spectra for varmechanisms in nickelates and related complex electronic ma-
ous charge and spin excitations, as well as the electroniterials, such as cuprate and manganese oxides. We expect
optical absorption. These show novel and distinct features ighat the observable signatures we have predicted can help to
the vicinity of the respective stripes. NMR or NQR experi- focus a coordinated set of experiments to identify specific
ments, together with inelastic neutron scattering, are vergtripe phases.

promising for verifying our predicted signatures and can give

clear local information. Likewise, resonant raman excitation

profiles would be extremely valuable for confirming relation- ACKNOWLEDGMENTS

ships between low- and high-energy signatures of stfies.

Charge localization into mesoscale stripe patterns is of cen- We have benefited from valuable discussions with P. C.
tral interest in strongly coupled spin-charge-lattice materialsHammel, Y. Yoshinari, and J. Zaanen. This work was sup-
Thus, the discrimination between stripe types will be of greaported by the U.S. Department of Energy.
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