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The electronic band structure and the local screening effects of the transition-metal perovskites
Lag 670 39MNO; (A=Ba and Cahave been examined across the coupled magnetic-metallic phase transition
using the techniques of angle-resolved photoemission, resonance photoemission, and inverse photoemission.
Temperature-dependent band shifts of #jeandt,, bands of LgeCa 3gMNO; have been observed. These
changes in the observed electronic structure correlate with the phase transition, and are in qualitatively agree-
ment with the predicted behavior associated with double exchange coupled with a dynamic Jahn-Teller dis-
tortion. Similar shifts were not observed ford.g@Bay :sMNO5. The changes in local screening across the Curie
temperature were substantially larger forkaCa, 3dMnO; than for Lg ¢Bay 3sMNO5. This is consistent with
the less itinerant band structure of Jlg@gCa 3MNO3;, as compared to the highly dispersive bands of
Lay gsBay 39MN0O;. These results suggest that there is less hybridization jreCa 3sMnO;, as compared to
Lag gsBay 3gMN0O;. The results point to greater electron localization in the &@a, ;sMnO; compound.
[S0163-182696)05048-3

[. INTRODUCTION double exchange mechanism has shown that it is insufficient
by itself to drive these systems from their metallic/
Lanthanum-based transition-metal oxide perovskites aréerromagnetic phases into a semiconducting-paramagnetic
experiencing a revival in interest. This renewed interest haphase”® Millis, Littlewood, and Shraimal? instead sug-
been driven by the discovery and subsequent studies of thegrested that strong electron-phonon interactions are present,
“colossal” magnetoresistanc§CMR) behaviort ' The  which drive the systems through dynamic Jahn-Teller distor-
family of La; _,A,MnO; (A=Ca, Sr, and Bpperovskites tions. Indeed, temperature-dependent neutron powder dif-
are unique in that they are antiferromagnetic insulators fofraction experiments on lg-Ca, 3gMnO; (Refs. 16 and 17
the parent compounds, and ferromagnetic metals for intermdave identified Jahn-Teller distortions correlated with the
diate concentrations below some critical temperaflige =~ coupled metallic-magnetic transitionT {(~240 K). While
The doping regime for achieving CMR typically occurs in neutron-diffraction measurements clearly demonstrate that a
the range of 0.&x=<0.5. dynamic Jahn-Teller distortion occurs for
Based on the initial magnetic and transport experimentsag ¢Cay 3MN03,Y Lag gBay 3dMNO; may be fundamen-
on the doped phases of LaAMnO; tally different. Lg gsSr 39MNO3, which should more closely
(A= Ca, Sr, and Bpby van Santen and JonkEr3Zenet*  resemble LggBag 3qMNO; than La gCay 3MN0O;, does not
developed a double-exchange model to explain these sysxhibit anomalous behavior in the rms motion of the oxygen
tems. In this model, transport is achieved through the simulatoms neaif .8
taneous hopping of electrons between Mn ions tMmand While, to our knowledge, no evidence as yet exists which
Mn**) and O ion, with the restriction that the two electrons demonstrates the absence of large dynamic Jahn-Teller dis-
have the same spin and that the moments of the two Mn ion®rtions in Lg gBa; 3gMn0O3, other differences may exist in
are parallel. The role of doping is to change the valency othis material, as suggested by studies of the close cousin
the Mn ions from MA™ to a mixed phase of M and  Lag Sl sMnO;. In Lag gSh sMNnOs,” the ferromagnetic
Mn**. There are three electrons in thg band and one in Curie temperature isnot accompanied by a metal-to-
the e; band associated with the Mih ions, while thee;  nonmetal transition, in spite of the presence of substantial
band is empty for the M ions. Conduction is achieved magnetoresistance. The fundamental issue of whether differ-
through the hopping of an electron in theg state of the ences in the electronic structures between Sr-, Ba-, and Ca-
Mn®* ions into the unoccupiedy band of the MA' ions. doped transition-metal perovskites can lead to a coupled
This model connects the necessity for magnetic order to mgerromagnetic-paramagnetic—metal-nonmetal transition in
tallic transport, and, with the inclusion of magnetic polarons,the latter and only a ferromagnetic-paramagnetic transition in
this model has achieved wide acceptance. It accounts fdhe former, is critical toward increasing our fundamental un-
both the magnetic frustration foF>T_ and the turnaround derstanding of these materials.
in the resistivity in the semiconducting phase once a maxi- There is strong evidence that volumetric changes
mum in the resistivity has occurred. modify the coupled transition of lg_,Y,Ca3MnO;
While at first glance this model provides an acceptablg 0<x=<0.25)°?°|t has been shown that the transition tem-
explanation for the CMR phenomena, reexamination of thgoerature of the coupled transition of Ja,Y,Céa 3gVInO3
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FIG. 2. The bulk resistivity(solid lineg of Lay gBay 3gMnOg,
-0.1 acquired in applied fields of 0 and 5.5 T, and the bulk magnetization
0.2 in an in-plane applied field of 50 G&), both as a function of
e temperature.
< -0.3+
g =2 K Lao_sﬁf?o_ggj\/lnox and Lg gBag 3sMnO, . The sc_";\mp_les were
-0.44 T3 e x grown in a 2:1 argon/oxygen atmosphere maintained at 20 m
=R Torr, with the substrate maintained at a temperature of
0-57 ok 700°C throughout the growth process. The films were sub-
-0.61 La . _Ca ..MnO sequently annealed at 900 °C in an oxygen atmosphere main-
e e , . tained at a pressure of 2 atm for 10 h. This final procedure
0 1 2 3 4 5 was found to improve the compositional homogeneity of the
H (Tesla) samples. The chemical composition of the films was deter-

FIG. 1. (3 The bulk resistivity (solid lines of mined from energy dispersive x-ray spectroscopy, and found

Lag 6:Ca, sMNOs, acquired in applied fields ranging from 0t0 5.5 T {0 be similar to the targets with final .composmons:
in 0.25-T steps, and the bulk magnetization in an in-plane applied-20.65Ca .3sMNO3z and L& ¢sBay3MNOs. The thicknesses of
field of 50 G (@), both as a function of temperatur®) The field-  the LagCay3MNO; and Lg gBay 39MnO; samples were
dependent resistivity isotherms of resistivity curvegan nominally 2500 and 1500 A, respectively. Based on room-
] ) ) ) _temperature x-ray diffraction studies, the samples were de-
can be shifted by changing the Y doping concentration. Thisemined to be crystalline and single domained.
behavior has been interpreted in terms of band tuning, which the sample quality was additionally verified from the
modifies th_e mdmect coupling between the Mn i0f8 This measured magnetization, resistivity, and the field-dependent
pre of lattice tuning should also occur for d_lfferent dOpamS’resistivity (Ap/po). In Fig. 1(a) we present the resistivity of
i.e., Ca versus Ba, for example. If this is indeed the cas  80,6:Ca 2 MNO; in & zero field and for various magnetic
such changes in the band structure should be observed wiffy s up'gfo 55T as a function of temperature. The magne-
angle—.resolv.ed photoemlssmn. . . ... _tization is also included in Fig. (&). For this sample the
At issue is electronic screening and how it may dlffercritical temperatureT,) is 260 K. The isotherms of the field

from system to ;ystem. What role does screening, a_n_d béfependence of the resistivity of this sample are displayed in
extension metallicity, play in these systems? With suff|C|entFig 1(b), and are characteristic of a well-ordered

screening parameter, are dynamic Jahn-Teller distortion Ca.2MnO; sample® The resistivity and magnetization

suppressed? In order to help address these issues we h :
examined the temperature dependence of the electrona}é Faisgurgmffgrts S\Ihtitﬁ %vafzoe'gti\f:q%eza; p(l)ef ggeodlf p?ggd
- 1 C .

structure of LgeeCasMNO; and LayeeBap.sMnOs USING  popavior of the magnetoresistance isotherms of this sample
angle-resolved ultraviolet photoemission SPECtroscopy, o e similar to those displayed in Fig(ta

\(/'ZlfsgP?btzoenrﬁit:;tc;lnnglliléfrtg;essgi?rtcr)ﬁzo@gS)ﬁ?stiIrg__ The magnetization and the temperature dependent resis-
P P PES. tivity were measured using a superconducting quantum inter-

plicity of comparing these two materials with equivalent ference device magnetometer and a four-point probe, respec-
doping concentrations should demonstrate that changes ’[R/ely The magnetic measurements were obtained ’with an
the electronic structure are due to lattice changes arism%-pla.ne magnetic field of 50 G. The samples exhibited the
from the diff_erent i(.)n.ic rgdii of the dopants, and, ultimately, characteristic giant magnetorésistance expected of these
to changes in hybridization. doped transition-metal oxiddsee Figs. 1 and)2

Il SAMPLE PREPARATION The ar_1g_|_e-reso|ved photoemission spectroscopy and the

AND EXPERIMENTAL DETAILS constant-initial-state spectroscopy  experiments on

Lag 6:Ca 3gMNO5 were performed using synchrotron radia-

The samples were grown d00 LaAlO3 substrates by tion dispersed by a 6-m monochromator, while a 3-m toroi-

rf sputtering. The nominal target concentrations weredal grating monochromator was used to disperse the syn-
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chrotron radiation in the LgBa; 3gMnO3 studies. Both of
these experiments were conducted at the Synchrotron Radiz
tion Center in Stoughton, WI, and are discussed in detail
elsewheré! The ultrahigh-vacuum chamber was maintained
at a base pressure between 6<B ! Torr, and was
equipped with an angle-resolved electron analyzer with an
acceptance angle of 1°. The combined energy resolution
of the analyzer and the light source was about 150 meV or
less. The chamber was also equipped with a low-energy
electron-diffraction (LEED) system for establishing long-
range surface crystallographic order. The work presented
here was undertaken with a light incidence angle of 45° for
Lag =Ca& 3gMNO; (s+p-polarized light and 65° for

Lag gBay 39MnO3 (p-polarized lighi. Throughout this work,
the component of the vector potenti) in the plane of the
surface, is in the plane defined by the surface normal and the

detector(even geometry i.e., parallel to thd’-X direction.

The inverse photoemission electron spectroscopy spectr:
of both Lg g:Ca3MNO; and Lg gBay33MNO; were ac-
quired in an UHV chamber with a base pressure w0 1° (
Torr. The IPES measurements were performed in an isoch-
romatic mode, where 9.8-eV photons were detected with a
Geiger-Muller tube equipped with a Cawindow. The low-
energy electrostatic gun used was based on the Zipf d&sign
with a BaO cathode. The electron-beam divergence was bet
ter than 3°, resulting in an uncertainty of the wave vector
k) of aboutAk;=0.06 A~*. By characterizing the elastically
scattered electron beam off of a copper single crystal using ¢
large hemispherical analyzer, the average full width at half
maximum of the specular beam was determined to be bette
than 350 meV. Upon examination of the Fermi level of a
clean Cy100) crystal, the overall resolution was found to be
better than 400 meV. At no time during IPES acquisition
were effects due to sample charging observed. In addition tc
IPES, the chamber was equipped with LEED, x-ray photo-
emission spectroscopXPS), and ultraviolet photoemission
spectroscopy(UPS using a helium discharge lamp. The
LEED pattern and the UPS spectra were equivalent to those
obtained in the ARUPS system, and verified the equivalency
of the sample surfaces for both thelggCa, ;gMN0O5 and

Lay gsBay 3gMNO5; samples.

(b)

Ill. SURFACE PREPARATION FIG. 3. The low-energy electron-diffraction pattern d)
Lay ¢Ca 39MNO5 acquired at room temperature with an electron
Upon insertion into the ARUPS UHV chamber and theincidence energy of 66.4 eV aritl) La, ¢Ba, 3dMN0O5, acquired at

IPES UHV chamber, the lggCa :gMNO; sample was an- room temperature with an electron incidence energy of 62.5 eV.

nealed at 450 °C, and periodically annealed thereafter. Low-

energy electron-diffraction measurements indicated that the IV. RESULTS

surface was well ordered with a cubic struct(see Fig. 3.

These LEED patterns are consistent with LEED patterns of

the (100 surfaces of SrTiQ?® The LEED structures of The surface of LggCay 3gMnO; is fairly inert, and is not

Lag 6=Ca 3MNO; and La gsBay 3gMnO; in Fig. 3 demon- prone to surface contamination, as determined by XPS and

strate that there is preferential film growth along ti€0  ARUPS. In contrast, the surface of d@BaygMNO; was

direction. The annealing maintained a clean surface free dbund to be much more reactive. The bottom photoemission

contamination. The LgBa,MNnO; samples were also spectrum in Fig. 4 is for a contaminated glggBay 3gMNO;

annealed, but additional steps, which will be discussed irsurface. Three features in the valence band have been iden-

Sec. IV were undertaken to clean the surface. Both x-rayified as the & (6eV),1w (8eV), and 4 (12eV, partially

diffraction and LEED are consistent with a surface unit celldisplayed in Fig. #molecular orbitals of C3? The molecu-

of 5.56 A. lar adsorption of CO on transition-metal oxides has previ-

A. Surface properties
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Binding Energy (eV) Ar*-ijon beam. A spectrum of the sputtered surface is dis-

played in Fig. 4. Both the suppression and the introduction of

FIG. 4. Valence-band spectra of {@Bag 3VInO; for a sput-  states is observed with sputtering. An examination of the
tered surfacgtop), clean (centey, and with CO adsorption. The sputtered valence-band spectrum in Fig. 4 reveals the strong

spectra were acquired at room temperature at normal emission Wi@uppression of the density of states from the Fermi level

a photon energy of 45 eV. down to approximately 1.75-eV binding energy. The inten-
sity of a state at approximately 3.35 eV also decreases with
sputtering. The intensity of these same states were also seen

found to remove the majority of surface contamination. A ; . X o
) . to decrease with CO adsorption. There is a similar suppres-
very clean surface was obtained by exposing the sample & . . L
Sion of states just above the Fermi energy seen in inverse

room temperature to zero-order light from the synchrotron . S . .
for 30 min, at which point no evidence of molecular CO Wasphotoemlssmn.- 'I_'he implications of these results will be dis-
detected. The clean photoemission spectrum mcusseq in detail in Sec. V.

Lag B3 sMNO; is displayed in Fig. 4. We postulate that While some of the valence-band states are suppressed

CO is removed by Iow-energy electron-stimulated desorpy\”th sputtering, others are seen to increase in intensity and

: . dominate the valence spectrum. The intensity of the oxygen
tion, since a large number of low-energy secqndary elecuonﬁp—derived state at 6 eV increases with sputtering, and domi-
are generated upon exposure to zero-order light. nates the valence band, and a state at 10 eV is also observed.

We are confident that the CO molecules do not photodlsl-P addition to the above modifications of the valence band of

sociate, and leave carbon behind as there was no detectal?_e nO. with sputtering. the disordered surface ex-
carbon & core-level signal observed with XPS. In addition, h?t;)iﬁgzaﬁgiwor ?lo dispgrsion 9

the density of states near the Fermi level is very sensitive to
surface contamination and surface orfterbe discussed be-
low, as well as in Ref. 26 We believe that photon-induced B. Photoemission, inverse photoemission, and constant-initial-
damage does not occur during the cleaning process with state spectroscopy of LgeCap3MnO3
zero-order light, since the sputtered surf&€ey. 4 demon- and Lag sBap 3MnO 3
strates that surface damaggefects will greatly reduce the
density of states and the concomitant photoemission signal 1. 120 sCa.53MINOs
near the Fermi level, i.e., in the region between 0 and 2-eV In Fig. 6@ we present the photon energy dependence of
binding energies. The cleaning technique using zero-orddray esCa 3gMNO; at room temperature. It is clear from Fig.
light was also found to work quite well for some high- 6(@) that there is very little dispersion perpendicular to the
temperature superconductors. surface. The state at a binding energy of 7.8 eV disperses by
Carbon monoxide contamination could also be observe@nly 200 meV at best, and the other valence-band features by
in the IPES spectra of lygaBa, 3qMNO;. In Fig. 5 we display even less. The lack of perpendicular dispersion is not an
a clean IPES spectrum of §gBa, 3MnO;, and one with  indication that the valence-band states are surface states, but
CO surface contamination. A comparison of the two spectranerely that the states are localized.
illustrate the suppression of the density of states at the Fermi In Fig. 7, we present the valence-band spectra of
level. The feature at 4.0 eV above the Fermi level in Fig. 5 islag 65Ca 3sMnO; for a variety of electron emission angles
the 27* antibonding molecular orbital of C&~2° along the I'-X high-symmetry direction. The line-shape
In order to determine the effects of disorder on the elecanalysis of the energy distribution curves of
tronic structure of LggBay 39MNO3, as well as other perovs- Lag gCa 3gMNO; is displayed in the bottom spectrum of Fig.
kites, the surface was sputtered for 10 min in a 1-keV7. While we have chosen to use six peaks to analyze the

ously been observed for Mn®.Annealing at 450°C was
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FIG. 7. Valence-band spectra of { @Ca 3MnO; acquired at a
photon energy of 50 eV along thé-X high-symmetry direction.
The bottom spectrum has been deconvoluted with an integrated
background into six components label&dF, respectively.
in kj and perpendicular to the surface plarke ).
N < There is a distinct increase in the spectral weight in the
€ i region between the Fermi level and 3 eV in the valence-band
4 > spectrum in Fig. 6, as the photon energy is increased from 45
s E to 50 eV. This resonance in the photoemission occurs when
> c the photon energy is swept through thp 8In adsorption
E 2 edge®® lonization of the excited B°3d""* state yields a
2 g final state $%3d""1+e~, which is identical with the direct
Eof-------fmommmmeemmm e ® T<T
O T>T
La, ..Ba, ;sMnO
o.6553g_35MNU; 2e @ 6 8 ® & © |06 8 o o © p
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FIG. 6. The photon energy dependence of the valence bandat £ ¢ o o ¢ o @ & o 5 & o o o o
normal emission of (@ LagglasMnO; and (b) 2
[11]
Lag gsBag 3gMINO3. 52 8 3 8 8 8 8 88 & s oo
spectra, we cannot and do not disregard the possibility that ® o} o e 0 o g, 4,
more bands exist. Based on the line-shape analysis of the 090 © o 0 © o 9 ©
valence band, for both low temperatute73 K) and room T X T,
temperature, we have determined the dispersion of the k, (A7)

Lay 6:Ca 3gMIN0O; states, which is presented in Fig. 8. Similar

to thek, dispersion, thek; dispersion is also very flat with FIG. 8. The measured band structure of the six bands of
bandwidths<200 meV. These results indicate that the occu-La, ¢Ca, ;dMNnO; in Fig. 7 along thd™-X high symmetry direction,
pied states of LggsCay 3:gVINO; are extremely localized, both both above(O) and below @) T, (=260 K).
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> i,
= g
P W The structure of the CIS spectra of 1@Ca 3dMnO; are
% similar to those obtained for MnO by Lad and Henriéh.
— . , L . . . A characteristic IPES spectrum of {@Ca, 3gMnO; is
1 1 1 1 1 1 I n 1 1 I . . . T
45 50 55 80 65 45 50 55 60 65 presented in Fig. 10. Due to the highly hybridized nature of

the Mn 3d-0O 2p bands and the lower resolution of the
Photon Energy (eV) IPES system, the spectrum does not exhibit the type of well-
pronounced structure observed for metals. Our IPES spec-
FIG. 9. (a) Valence-band spectra of ygCa3MnO; acquired  trum is similar to bremsstrahlung isochromatic spectroscopy
with photon energies of 55 eV®) and 47 eV(O) at 173 K \work on La _,SrMnOj; by Chainani, Mathew, and Sarma.
(<Tc) and 293 K (T,). The difference curves for the two spec- The |PES spectrum in Fig. 10, in conjunction with the UPS
tra acquired with different photon energies, but at the same temépectrum in Fig. 7 suggests, as in the case of the work from

ﬁ)_ﬁrature, are disﬂayed below the respective valené:e spf%ra. other group¥ (ignoring all the complications of final-state
e resonance photoemission spectra of /@ sMnO; at effecty, that there is a gap in this system or at least a low

and 293 K, respectively, where the initial state is at a binding eNyensity of occupied states at the Fermi level
ergy of 2.7 eV. y P )

o 2. L nO
valence-band excitation. The resonance effect can be sum- %.6538.3MNOs

marized as follows: In Fig. 6(b) the photon energy dependence of the valence
band of La gsBay 3gMnO; is presented. The tick marks indi-
hv+3p8d"—3p°d"*1—-3pf3d" 1+e. cate the binding-energy positions of three bands which dis-

perse with changes in photon energy. Khedependence of
An example of this enhancement of the valence band ofhese states indicates that these states have bulk character.
Lag Cay 3gMN0; is displayed in panela) of Fig. 9. The The two bands at binding energies of 1.6 and 3.35 eV in Fig.
increase in the photoemission intensity identifies the band§(b) do not disperse with changes in photon energy. This
with Mn 3d character. The resonant enhancement of the vanhdicates that these two bands are either highly localized, or
lence band of LgsCay 3qMNO; in Fig. 9 extends from the are restricted to the surface, and therefore do not have a
Fermi level down to a binding energy of 8 eV. Similar reso- perpendicular component of momentum.
nances have been observed for SrMr@dd LaMnQ.3! In Fig. 11 a series of spectra of §@Bag3MnO; ac-

The resonance process can be probed using the technigdeired at different emission angles, i.e., for different values
of constant-initial-state spectroscopy. In CIS, the intensity oPf k;, are displayed. An examination of Fig. 11 reveals the
an initial state is characterized as a function of the photoriich in-plane dispersive behavior of the dg@Bag 3gMnO;
energy. This reflects the change in the partial cross section dfands along th&-X high-symmetry direction. In Fig. 12 we
the direct photoemission process, as well as the indirect prgslot the intensity of the 3.35-eV band as a function of emis-
cess discussed above. The CIS spectra, or resonance phostwn angle for photon energies of 45, 55, and 65 eV. A sys-
emission spectra, of LaCa, ;9MnO; are displayed in panel tematic increase in the intensity of this band occurs in either
(b) of Fig. 9. A distinct threshold occurs at a photon energydirection away from normal emission, except for the spectra
of 47 eV, as expected, with a maximum intensity at 54 eV.acquired with a photon energy of 45 dWelow the Mn 3
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FIG. 13. The measured dispersion of the bands of
Lay gsBay 39MN0O; along thel-X high-symmetry direction.

width of the band at 1.6 eV is approximately 250 meV. The
bandwidth of the surface resonance at approximately
3.35-eV hinding energy is visibly larger at 325 meV. An-
other very itinerant band is seen to disperse downward from
a binding energy of 4.25 eV dt, to 5.5 eV halfway across
the first zone, i.e., a bandwidth of 1.25 eV. The two bands at
binding energies of 5.5 and 6.3 eV at the zone center have
equivalent bandwidths of 350 meV along theX symmetry
direction.

Based on the periodicity of the 5.5- and 6.3-eV bands, we
have determined the zone edge to be at 1.15 fkom the
zone center. This translates into a lattice vector of 5.46 A,
which is almost exactly the bulk lattice vector of

resonance edgeThe increased intensity of this state with Lagg:Ca 3gMINO3, and, within a small approximation, is
increasing emission angle observed for photon energies of 5®ughly equivalent to that of Ll Ba, 3gMN0;.2

and 65 eV is characteristic of a surface state or resonance. In panel (a) of Fig. 14 the valence-band spectra of
Such behavior has been observed for the surface states lod, gBay 3gVInO3 acquired with photon energies belaw7
Cu(100 (Ref. 39 and S{111).%

The dispersion of the bands of L@Ba;3gMnO; along

eV) and aboveg52 eV) the Mn 3p core-level edge are dis-
played. The difference curve between these two spectra

theI'-X symmetry direction are mapped out in Fig. 13. Theshows the enhancement of the Mn-derived bands in the
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0-3.5- and the 5-7-eV regions. This difference curve of
Lag gsBay 3gMNnO;3 is very similar to the difference curve of
Lay gsCay 3gMNn0O; in panel(a) of Fig. 9, and demonstrates the
consistency between the resonance behavior of these two
systems.

The CIS spectra of LgsBay 3gMn0O; [Fig. 14b)] for an
initial state 2.5 eV below the Fermi level exhibit the same
characteristic resonance at the Mp 8ore-level edge ob-
served for LggCa:gMNO;. There is significantly more
structure in the CIS spectra of §g@Bag 39Mn0O3, in compari-
son to the CIS spectra of LgCa3MnO; in Fig. 9. In
particular there is the added structure at a photon energy of
58 eV. Deconvolution of the CIS spectrum of
Lay 6sBay3gVINO; reveals the existence of a weaker second-
ary peak at a photon energy of 56 eV. The prominence of
this secondary resonance feature of, kBay3MnO; may
be accentuated by the lower intensity of this resonance pro-
cess, as compared to LaCa 3gMn0O;.

FIG. 12. The intensity of the 3.35-eV valence-band state of It is this Mn 2p resonance that leads to some of the line-
Lag B8y 3MNnO; as a function of emission angle for photon ener- shape changes in the valence-band spectra of Fig. 6 with
gies of 45 eV(V¥), 55 eV(A), 65 eV (@) and(O).

changes in photon energy. Thus, in addition to the effect of
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> . “-. ° FIG. 15. Valence-band spectra of d@Ca, 3qMNnO; acquired at
$ . . °°°° normal emission with a photon energy of 50 eV for various tem-
- s Ky °%° peratures. The inset is an expanded view of the normalized spectra
a5 ” ‘-,. “’“’q;hb acquired afT=293 K (solid curve and atT=173 K (dashed ling
§ ., oy in the vicinity of the Fermi level. The bars are a guide to illustrate
= ha °°@° the shifts in the valence-band features with changes in temperature.
"‘"-.i"%% at 1.9 eV shifts toward the Fermi level. This shift was veri-
\% fied by Parket al3* The integrated density of states from a
o, binding energy of 1.7 eV up to the Fermi level decreases
T T T T T T = continuously with increasing temperature, and correlates ex-
50 55 60 &5 70 75 80 actly with the coupled metallic/magnetic transitinin ad-
(b) Photon Energy (eV) dition to the shift of the band at 1.9 eV, the states at 7.7 and

_ 9.5 eV also shift to lower binding energiébig. 15 with
FIG. 14. (a) Valence-band spectra of }gBay 3gMnO; acquired decreasing temperature
with photon energies of 47 eVe) and 52 eV.D). at 300 K These shifts in the occupied band structure are more eas-
(<T,). The difference curve for the two spegtrq is displayed belowin seen by examining the band dispersion Tor T, in Fig
(). (b The resonance = photoemission spectra Of8 While the bandwidths of the valencce stétes
Lo 6B ssMnO; at 205 K (@) and 460 K(O), respectively, where (W,...=200 meV) have not changed significantly from the
the initial state is at a binding energy of 2.5 eV. max™
g o room temperature measurementsTer T, the features ini-
tially at binding energies of 1.9 and 7.7 eV shift toward the
EAUIK band structllJre dOf some states Ofé)-'ﬁ(i?o-ﬁwn%' thﬁ Fermi level by 170 and 225 meV, respectively, while the
L N resonance feads 'tonron'our;]ce : ereqc:shW|t features initially at 3.35 and 4.0 eV shift to higher binding
Lag 6:Ca.3MNOs, seen in Fig. in the spectra with changes ¢ gies by 260 and 125 meV, respectively. In contrast, the
in photon energy. Thus the spectra at 4_15 and 47(keMow feature at 5.9 eV remains rigidly fixed.
resonancediffer from other spectra of Fig.(B). The IPES spectra of La.Ca ;MnO; were found to be
temperature independent. We have attributed this to the re-

C. Temperature dependence of the valence band and resonance duced resolution of IPES, as compared to UPS. Conse-

intensity of Lag g«Cag 3MNO 5 and Lag gBag 3gMN0 4 quently, our results do not rule out the possibility of
temperature-dependent shifts of the unoccupied bands.

1. 18066080 3MNOs In addition to the temperature dependence of the binding
Temperature-dependent changes in the valence-barehergies of the valence states, temperature-dependent
structure of LgeCa 3gMNO; have been observed which changes in the resonance process have also been observed. In
correlate with the bulk transition temperatufg.®’ In Fig.  panel (@ of Fig. 9, the valence-band spectra of
15 the valence-band spectra ofylggCay 3gMNO5 at tempera-  Lag 6:Ca 39MN0O3 acquired at photon energies of 47 ¢he-
tures above and beloW, are displayed. Below ., the state low the Mn 3p core-level edgeand at 52 eMabove the Mn
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V. DISCUSSION

[©
; t:::;‘;::::x:g: ° o A. Band assignments
2.0 Lis Based on the polarization dependence, resonant enhance-
T s o0 5 ment, apd a linearized muffin-tin orbital methdd.MTO)
£ - o o g calculation of the valence band of §.aCa, sgMnO;,*® we
E: have assigned the state at 1.9 eV in Fig. 7 to theeylband
£ 2= and the state at 3.0 eV to the M, band. The state at 4.0
~ © 5 eV is strongly enhanced with-polarized light, and is en-
‘E 1.41 . ©c g o—= - hanced across the Mnp3threshold, and therefore has large
g .30 Oéb T 2 contributions from the Mn 8,22 orbital, i.e.,A;(a;) char-
S 125 o 003083? o 2 acter assuming,, symmetry for the surface. The state at
. 5.9 eV is mainlyp, in character, and is associated with the O
101 8 9° 3 00 0000 T1.0 2p bands. This assignment is consistent with the temperature
709 & o independence of this band in Fig. 8. Based on the LMTO
200 250 300 350 400 450 calculation, we have assigned the state at 7.7 eV to a
Temperature (K) Mn t,,—O 2p band. There are two possible origins of the

state at 9.54 eV. One is that it isexbonding state arising
FIG. 16. The normalized integrated resonance photoemissiofrom Mn-O pdo hybridization (A5 character for the surface
intensity of L& ¢Cé 3MnO3(®) and La eB23Mn0O; (O) as a  or ant,, orbital for bulk symmetry. Alternatively, it could
function of temperature. be a satellite state, which have been observed for transition-
metal oxide®’® arising from many-body effecf®. Our band
3p core-level edgefor temperatures above and below the assignments are consistent with a number of other calcula-
bulk transition temperaturg, . The resonance enhancementtions for Ca concentrations ranging from=0 to 104
is significantly less forT<T., as compared td>T.. In We do not expect the band assignments of
panel(b) of Fig. 9, the CIS spectra of aCa 3MnO; ac-  LageBaysMnO;  to  differ  significantly ~ from
quired for an initial state of 2.7 eV below the Fermi level Lag 5Ca 3MnO;. Based on LIVITO bulk band structure cal-
acquired aff>T, andT<T,. As expected, the CIS spectra culations of Lg 74Bag ,3Mn03,?° we have made the follow-
also show the resonance onsets at the Mrc8re-level edge, ing assignments for the valence bands of Ba 3MnO;
and that the resonance is quite intenseTorT,. The tem-  in Fig. 13: the state at 1.27 eV at the zone center is assigned
perature dependence of the resonance intensity as a functiéd the Mn ey band, and the states at 2.5 and 3.35 eV are
of temperature is displayed in Fig. 16. The intensity of theassigned to the Mi,4 bands. These assignments are consis-
resonance increases by 120% from 170 to 320 K. A criticatent with the resonance enhancement of these states across
temperature of 260 K has been determined for the temperdhe Mn 3p edge in Fig. 14a). The band at 3.0 eV between
ture dependence of the resonance process. This is equivalghe second and third zone centers in Fig. 5 is tentatively
to the bulk value fofT,. assigned to a bulk Mrt,, band. The origin of this band is
difficult to determine with a high degree of confidence, since
it is nearly always degenerate with thg, band at 3.35 eV.
2. L2oc320.39MN0; The fact that the band at 4.8 eV in Fig.@@nis not enhanced
The valence-band states of d@Bay33MnNO; do not ex-  at a photon energy of 52 eV indicates that it has very little
hibit the temperature dependence observed folMn character and is predominantly oxygep b character,
Lag 6Cap 39MNO3. None of the valence state binding ener- similar to the 5.9-eV state of lgg«Cay 3MnO;. The states at
gies of La ePag 3MnO; shifted with changes in tempera- 5.5 and 6.3 eV at the zone center in Fig. 13 show strong
ture. The dispersion of the bandslggBa; 33VinO; are also  enhancement across the Mn resonajsee Fig. 14a)]. We
temperature  independent. As is the case forherefore assign these states of kfa, 3JMNnO; to the high-
Lag 65Ca.3VINO;, the IPES spectra of liggBayssMnOz also  pinding-energy components of the M, symmetry band
did not exhibit temperature dependence. which hybridize with the O P states. This is consistent with
The only observable spectroscopic temperature-dependefife LMTO calculations of LaMn@in Ref. 38 and the local-
effect is the increase in the resonance intensity T,  density-approximation calculations of LaMg®y Satpathy,
displayed in Fig. 16. Like LgeCa 3MnOs, the resonance poporic, and Vukajlovié?
intensity of Lg efBay 39VINO5 increases as the sample tem-  The IPES spectrum of lgg<Cay 3qMnOs in Fig. 10 can be
perature is raised abovie.. The integrated resonance inten- broken down into two regions. The first region is the broad
sity of Lag gsBay 3sMNO; is plotted as a function of tempera- shoulder between the Fermi level and approximately 3 eV,
ture in Fig. 16. The resonance intensity remains flat untiland based on calculations in Ref. 40 for LaMpn@e have
approximately 330 K, at which point it begins to increaseassigned this region of the unoccupied density of states to the
steadily with increasing temperature. This onset temperatumminority components of the; andt,y, bands, respectively,
corresponds very closely to the bulk transition temperaturevith the e; band at the conduction-band minimum. This is
of 350 K. The intensity of the resonance glggBay 3gMn0O; conS|stent with assignments made by Patkal®* from
across the metal-insulator transition changes by 40%. X-ray-adsorption spectroscopy of LaMpGnd CaMnQ.
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The second region is a broad feature centered around 7.0 e¥¢chnique which is even more surface sensitive than photo-
which we assigned to unoccupied states of largely La and Camission. The strong spectral weight of the minority
5d charactef! Mn bands at the conduction-band minimums of
The same assignments of the unoccupied bands dfa,:Ca 3MNO; and Lg gBay :sMnO; in Fig. 10 argues
Lag e£Ca 3gMNO; should hold true for LggBag3gMn0Og, against surface termination by the La-O planes. If the sur-
with the exception that the broad feature at 7.0 eV in Fig. 1daces were terminated with La-O planes, strong contributions
is now composed of unoccupied La and Ba &tates. This from the Mn minority bands would not be expected due to
unoccupied band of LgBa; 39Mn0O; is much broader than localization of the Mn-derived bands below the surface, and
the corresponding band of LaCa 3sMnO;. This is prob- electron mean free path arguments. Further, theidoccu-
ably due to extended hybridization between the La and B#ied states of La and Ba would dominate the IPES spectra,
bands with unoccupied ORand Mn t,4 bands, and is con- which they do not. This is consistent with the suppression of
sistent with the larger bandwidths of the states ofthe unoccupiegy andt,y bands of LggsBay 3sMnO; in Fig.
Lag gsBag 39Mn0O;, relative to Lg gCa 39MN0O;. 5 with CO adsorption.
The existence of surface resonafste of
Lag gsBay 3gMNO5 indicates that the electronic structure of
B. Surface properties the surface may differ from the bulk, and casts some doubt

The issue of surface states, or surface resonances, is vefj the ability to probe the gap of these materials, as we have
important, and must be considered when attempting to badéoted previously(The dominant role played by changes in
conclusions about the bulk properties from surface specth® screening parameter—discussed later—casts further
troscopies, in particular, photoemission. Liu and Kletam doubt on the effectiveness of photoemission in determining
proposed the existence of two-dimensional states confined € 9ap: An accurate determination of the gap could be se-
the surface of high-temperature superconducttfESC’s.  fiously underestimated with surface contamination, or sur-
Furthermore, they suggest that these states do not reflect tf@ce disorder. Ultraviolet photoemission is a tool which can
behavior of the bulk due to vanishing spectral weight at speProvide useful information about these systems, yet its limi-
cific points in the surface Brillouin zone. Their conclusions tation must be considered when examining phenomena such
are supported by changes in the apparent photoemission g&p 9ap changes on the order of 50 meV. Even with cleaved
in HTSC materials due to surface contamination which havéamples, it may be difficult to obtain high quality defect-free
been observed using ARUPS. surfaces which do not significantly alter the apparent width

The suppression of the badBa, 3MnOs t,, band at 3.35 of the gap. The strength of UPS for studying the perovskites
eV with CO contamination and disordéfig. 4) supports our appears to lie in the areas of band structure determination
conclusion that this state is localized at the surface-vacuur@nd local screening.

interface. While the band at 1.27 eV does appear to be local- The sputtered spectrum in Fig. 4 raises the issue of sur-
ized at the surface-vacuum interface, we will refrain fromface order and how disorder modifies the electronic structure

identifying this band as a surface resonance until further in®f the perovskites. It has been reported that the fingerprint of
formation can be obtained. The 3.35-eV state cannot be corfurface contamination for La,SKLMnO; is a pronounced
sidered a surface state because it does not reside in a gap¥ectral feature at, or near, a binding energy of 193]‘3V-
the projected bulk band§,and therefore must be defined as While spectra displaying this featurg were not shown in Ref.
a surface resonance. This is consistent with the absence 8# We Suspect that they are very similar to the spectrum of
dispersion of this state normal to the surface. Additionally,the sputtered surface of .gB&sMnO; in Fig. 4. In Ref.
the increased intensity of this state with emission angle i3l the surface was considered to be clean, where cleaning
Fig. 12 is also characteristic of the surface localizationWas achieved by filling, once the 10-eV feature was no
Taken together, these results conclusively identify the longer observed. Such a surface may be highly disordered
band at 3.35 eV, and possibly tieg band at 1.27 eV, as and not dissimilar from the sputtered surface characteristic of
surface resonances. Fig. 4. _ _ . .

The existence of a Mn-derived surface resonance strongly FOr many compound oxide materials, uniform sputtering
argues in favor of Mn-O surface termination. Conduction inOf the different elements is very unlikely. In many cases, one
these materials is through ap band localized within the element is preferentially re_moved from the surface over an-
Mn-O planes; therefore, Mn-O surface termination may exother. In cases where O is prefer_e_ntlally sputte_:red, or de-
plain why we obtain such excellent agreement between th@leted, from fthe surface _of a transition-metal oxide, a_well-
value of T, based on CIS measurements and the bulk transgeflned dens@y of states is often observed at the Ferml level,
port measurements. Because the surface resonances are rd€p: @ metal-rich _suaffce. A very good example of this type
nances andottrue surface staté€,coupling with the bulk s~ Of behavior is TiQ.™ The valence-band spectrum of the
reasonable. The wave function of the surface electroni§Puttered surface of bagBag 3gVInO; in Fig. 4 actually ex-
structure is not localized entirely at the surface. The equalljiPits @ decrease in the density of states at and near the
good agreement between the photoemission results GE9ioN of the Fermi level. Preferential sputtering from the
Lag 6:Ca 2MnO; (Ref. 37 with the bulk transport measure- Surface of La_,CaMnO; has been observed by othéps.
ments further suggests that, in general, the Mn-O plane is the
favorable form of surface termination of this family of per-
ovskites.

Additional support for Mn-O surface termination is ob-  To date, the majority of the electronic studies of the per-
tained from the IPES spectra in Figs. 5 and 10. IPES is &vskites have focused on the structure of the valence

C. Band structure, screening, and metallicity
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band313346-48phyt only a few have explored the dispersive it has been shown that modifications of the Mn-O-Mn bond
behavior of the valence stat#s>® The band structure results angles  lowered the transition temperature  of
of Lag 64Ca 39MNO; and La fBay 39MnO; presented in Sec. La;_y_Y,CaMn0;.**?° It is argued that changes in Mn-
[l clearly demonstrate that the electronic structure of thes@-Mn bond angles can increase the coupli®) between
very similar materials are dramatically different. moving carriers and localized spifsThis appears to be
The measured band dispersionyk&a 3sMnO; in Fig. 8  consistent  with  pressure-induced shifts of; of
is characteristic of a flat-band systdimandwidths less than La;_,Sr,MnO;.° This coupling B) is related to the nearest-
200 meV} and is indicative of the localized nature of the neighbor spin coupling J) and the bandwidths
valence electrons. This localized character is consistent wittw):B~J/W.5%5! According to this relationship, the cou-
the susceptibility of this system to dynamic and static Jahnpling can be modified by either changidgor W. Fontcu-
Teller distortions™>*” The shift of the e, band of bertaet al'® argued thafl, decreases as the coupliligin-
Lag ¢Ca 3gVINO; toward the Fermi leve(see Fig. 15as the  creases. This argument appears to be consistent with the
system passes from the paramagnetic-insulating phase to theéeasured bandwidths of §aCa, ;MnO; (W<200 meV;
ferromagnetic-metallic phase agrees with the band shifts preF =260 K) and LggBay 3Mn0O; (250 meV <W<1.25
dicted for a Jahn-Teller displacement of a ¥nion in an  eV; T.=320 K), where the higher critical temperature of
octahedral coordinatioff. The increased exchange splitting La, ¢Ba, :MNnO3 is a consequence of the larger ionic radius
between thegy and t,q bands across the transition is also of Ba (1.35 A) which increases the Mn-O-Mn bond angles,
consistent with Jahn-Teller distortions. The change in theelative to Ca(0.99 A).
density of states in the neighborhood of the Fermi level as a It is worth noting that the extended nature of the states of
function of temperature, i.e., the shift of tieg band corre-  La, ;Ba, ;MnO; are manifested in the structure and energy
lates with the bulk propertie¥,and demonstrates the corre- range of the resonance in the CIS spectra in Figb)l4'he
lation of the band shifts with the bulk properties. resonance observed for §@Cay 3MnO; in Fig. Ab) only

Care must be taken when drawing conclusions abougytends from 47 to 62 eV, and is fairly smooth without any
structural distortions based on band shifts without taking intQyiscernible  structure. In contrast, the resonance of

account final-state effects. Oxides are highly susceptible @ a, 6By 2MNO; in Fig. 14b) not only extends over a
final-state effects, and a flatband system likegreater photon rang@7—80 eV, but also has a pronounced
Lag65C2 3sMNO; is especially susceptible. However, an ex- syrycture. This added structure appears as a peak in the spec-
amination of Fig. 8 shows that not all of the bands shift iny5 at 58 eVv. In addition to this peak, there appears to be
the same direction across the transition. Theédand and  some fine structure between 60 and 65 eV in the form of
the component of the,q band with 3l,,, 3dy, orbital char-  shoulders, but further interpretation would be speculative at
acter at 7.7 eV shift toward the Fermi level as the systenhest. We hypothesis that this richer structure is due to the
passes from the insulating phase to the metallic phase. |gxtended nature of the occupied states af dBay 33MnOs,
contrast, the component of the N, band at 3.0 eV and the  anq that this results in enhanced coupling to the unoccupied
Mn-O band at 4.0 eV shift to higher binding energies. If thestates. We believe that this explanation also accounts for the
shift of thee, band is due to final-state effects, then all of theprg5¢ (AE~10 eV) peak centered at 72.5 eV in Fig.(h}
bands should shift in the same direction. So we can conclud¢ne opservance of the second peak at 58 eV in Fifp)lid
that this shift of thee, ban_d is, _in part, due to initial-state similar to a peak observed in the resonance spectra of
effects, e.g., Jf_:lhn-TeIIer distortions and other effects. TiO,, where the strength of this peak was related to the de-
The dispersion of the bands of { @Ba 3MnO; is char-  gree of hybridization between TidBand O 2 states*
acteristic of a demonstrably different electronic structureyyhen the TiQ surface was oxygen reduced and the Ti-
The valence-band spectra of dg@Bay3MnO; along the  gerived states became more localized, the intensity of this
I'-X symmetry line in Fig. 11 illustrates the dispersive char-peak diminished. This is consistent with the localized char-
acter of the valence states. As with glggCa 3gMINO;3, the  acter of the bands of lyg<Ca, :MnO; and explains why this
ey band of Lg ggBay 3gMNO; at 1.6 eV is flat, with a band- structure is absent from the CIS spectra in Fig)9
width which is< 200 meV. Thet,4 band at a binding en- The larger bandwidths of the Mn-O bands of
ergy of 3.35 eV is also fairly localized, but has a slightly La, ;Ba, ;dMnO; should be manifested in changes in
larger bandwidth of 250 meV. The flatband character of theslectron-phonon interactions and Coulombic interactions
&g and t,y; bands of LgeCaszMnO; and (U). This leads us to the issue of whether
Lag esBag 39MN0O; is consistent with band-structure calcula- La, ¢Bay 3MnO; exhibits a metal-insulator transition, or re-
tions for these two systerﬁ@.“l However, the bands of mains metallic. The phase diagram ofylggCa, 3MnO; is
Lag gsB3y 39MNO; in the 4—8-eV region in Fig. 13 are much fairly well known®®? Clearly, La _,SrMnO;: x=0.35 ex-
more itinerant, where one baife.5 eV atl") disperses by as hibits a metal-insulator transition with increasing tempera-
much as 1.25 eV. The corresponding bands ofture. Yet, it has been demonstrated that
Lag ¢£Cay 3gMINO; disperse very little. La; _,Sr,MnO5:x=0.30 does not exhibit a metal-insulator
The itinerant character of these bands suggest that theansition, but remains metallic as the system traverses the
Mn-O hybridization is much greater for haBagsMnO;,  ferromagnetic-paramagnetic transitibhOne of the signa-
relative to Lg g=Ca, 39Mn0O5. Due to the large ionic radius of tures of the metal-metal phase of ;@51 ;gMnO; is a pla-
Ba, as compared to Ca, a greaterckiel orbital overlap is teau rather than a decreasing resistivity once the maximum
expected. The increased overlap will delocalize the Mn statetesistivity has been attainédSuch a plateau is observed for
through increased hybridization with the O bands. Recentlya, ¢Bay 3gMNO3 in Fig. 2, and in Fig. &) in Ref. 1.
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As previously stated, the band dispersion and binding en- The larger negative magnetoresistance of
ergies of the states of LgBay 3gMNO5 are temperature in- Lag gCa 3gMIN0O3, as compared to lggBay 3gVInOg, is re-
dependent. Taken in conjunction with the enhanced dispefflected in the 120% change in the resonance intensity across
sion of the bands of LgBaMnO; over the metal-insulator transition, relative to 40% for
Lag g:Cay 3MN0O;, these results argue against Lag gBay33Mn0O3.  This leads us to speculate that
Lag eBay 3gMn0O;  exhibiting dynamic Jahn-Teller distor- LaggsBay3sMNO3 exhibits a dynamic Jahn-Teller distortion
tions. To our knowledge, dynamic Jahn-Teller distortionsbecause of the localized nature of its bands both above and
have not been observed for . @Baj; 33MnO3. This may ex-  below T.. Conversely, we suggest that Jg@Bay3gMn0O;
plain the apparent metallicity of kaBa; 3sMNO5 on either  may not experience dynamic Jahn-Teller distortions due to
sides of the magnetic transition. This issue is still unclearfhe delocalized nature of its bands.
and will need to be explored in greater detail.

. . . VI. SUMMARY
The screening parameter, in turn, is related to the Mn
3p—ed resonance intensityl obtained from CIS® and We have examined the electronic band structure of
given by the relationship, Lag 6:Ca 3gMN0O5 and Lg gBay 3gMNO; both above and be-
(T 2o I (T )2, low the coupled magnetic-metallic phase transition. We have

found that the valence-band structure of k&g 33Mn0O; is
I(TYoe A (T) very sensitive to surface conditions. A surface reson#oce
s resonancesof LayeBaygMNO; has been observed. The
wherel ,, andl,, are the resonance intensity and the screensurface localization of this state has been verified by the
ing parameter in the metallic phase, respectively, ai@) absence of dispersion perpendicular to the surface, as well as
is the temperature-dependent screening parameter. Tligom surface modification§CO adsorption and sputtering
temperature-dependent change of the resonance intensithich attenuate the signal of this stdte stateg The exist-
acrossT. should give a measure of the temperature depenence of a surface resonan¢er resonancgsdemonstrates
dence of the screening parameter. In the metallic phase thbat large contributions to the valence band originate from
resonance intensity will be small, i.d(T<T.)=I,, rela- the surface, and that care must been taken when interpreting
tive to the insulating phase wherg(T>T,)>l,,, i.e., bulk phenomena based on valence-band photoemission.
strong localization. The bands of Lgg:Ca 3gMNnO; are highly localized, with
The resonance intensity of thee; band of bandwidths of less than 200 meV. Temperature-dependent
Lag ¢£Ca 3gMNO; increases by 120% across the transitionshifts of theey andt,, bands of Lg gCa 3gMnO;3 have been
(see Fig. 1& This resonance effect is a combined probe ofobserved, and appear to correlate with the predicted band
the screening of the My band, as well as the collective shifts associated with dynamic Jahn-Teller distortions. The
medium, i.e., the screening parameter. We can concludgcreening parameter of jgCa ;dMnO; changes dramati-
from the large change of the resonance intensity that a resally across the coupled magnetic-metallic phase transition,
duction in the screening parameter takes place across ti@nd is a signature of changes in the local screening of the Mn
metal-insulator transition. Not only are the electrons in theions. On the other hand, we found the bands of
eq band localized, but the ability of the collective medium to Lag esBa 3MInO; to be highly itinerant. One bulk band was
adequately screen the Coulombic binding of the core excitowbserved to disperse by as much as 1.25 eV. Unlike
is also diminished in the insulating phase. Lag 6:Ca 3gMN0O;, the bands of LggBay3gMnO3 neither
Within the same temperature range, the resonance cfhift, nor do their dispersions change, across the magnetic
Lag ¢sB3y 3dMIN0O; increased by only 40%see Fig. 15 This  phase transition. Changes in the screening parameter of
indicates that for LgsdBag 3Mn0O;3, the screening parameter Lag ¢dBay 3gMNO3 were observed, but were found to be less
does not dramatically change across the metal-insulator traghamatic than for Lgg<Céay 3gMnO;.
sition in quite as dramatic a fashion as in Upon comparing these two systems, we concluded that
Lag 6£Ca 3sMNO3. Another way of stating this is that the the shifts of theey andt,y bands of Lg¢sCa 3gMnO; are a
screening within LagsBa, 3dMNnO; is very efficient(screen-  consequence of large changes in the screening parameter of
ing lengths are very shortrelative to Lg gCa 3MnO;,  this material across the coupled magnetic-metallic phase
both above and below the coupled metallic-magnetic transitransition, and that the existence of Jahn-Teller distortions is
tion. The resonance behavior of J@Ba, :MnO; as a func- @ consequence, not a cause. These band shifts do not occur
tion of temperature is more consistent with a metallic—for Lag B2y 3gMnO;, because the screening within this sys-
ferromagnetic—metallic-paramagnetic transition. We suggedem is more efficient. Based on our findings, we believe that
that the greater electron itinerancy ingg@Bay s MnO; may  Lag gBag 3gMiNO3 does not exhibit a metal-insulator transi-
suppress dynamic Jahn-Teller distortions. tion, but remains metallic on both sides of the ferromagnetic-
Clearly, the resonance behavior reflects the changes in tHgramagnetic transition.
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