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HIGH-RESOLUTIONPHOTOEMISSION STUDY OF Cd2Re2O7�A. Irizawa, A. Higashiya, S. Kasai, T. Sasabayashi A. ShigemotoA. Sekiyama, S. Imada, S. SugaDivision of Materials Physi
s, Graduate S
hool of Engineering S
ien
eOsaka University, Osaka 560-8531, JapanH. Sakai, H. Ohno, M. Kato and K. YoshimuraDepartment of Chemistry, Graduate S
hool of S
ien
eKyoto University, Kyoto 606-8502, Japan(Re
eived July 10, 2002)High-resolution bulk-sensitive photoemission has been measured forpyro
hlore oxide Cd2Re2O7. Temperature variations of the spe
tral shapesbetween 20 and 250 K are obviously observed for the Re 4f inner 
ore andthe valen
e band spe
tra. The Re 5d states are dominant for the DOS nearthe Fermi level.PACS numbers: 71.30.+h, 74.25.�q, 74.25.Jb, 74.70.�b1. Introdu
tionRe
ently, Cd2Re2O7 has been found to be a super
ondu
tor with T
�1K[1, 2℄. This is the �rst super
ondu
tor found among the large family of py-ro
hlore oxides with the formula of A2B2O7 (A = rare earth or late transi-tion metals, B = transition metals). In this stru
ture, A and B 
ations are4- and 6-
oordinated by oxygen anions. The A-O4 tetrahedra are 
onne
tedas forming a pyro
hlore latti
e with straight A-O-A bonds, while the B-O6o
tahedra form a pyro
hlore latti
e with the bent B-O-B bonds with theangle of 110�140Æ. Assuming the ele
troni
 
on�gurations in Cd2Re2O7 asformally Cd2+ 4d10 and Re5+ 4f145d2, the ele
troni
 and magneti
 proper-ties are primarily dominated by the Re 5d ele
trons. Cd2Re2O7 shows ananomaly at 200K in the ele
tri
 resistivity, magneti
 sus
eptibility, spe
i�
heat and Hall 
oe�
ient [1�3℄. An X-ray di�ra
tion measurement revealsthe existen
e of a se
ond-order stru
tural phase transition at this tempera-ture with 
hanging its symmetry from an ideal 
ubi
 Fd3m to a lower sym-metri
 
ubi
 F43m with lowering temperature [4℄. The resistivity is almost� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(553)



554 A. Irizawa et al.temperature independent near the room temperature and drops abruptlybelow 200K. The magneti
 sus
eptibility de
reases also below 200K whileit shows weak temperature dependen
e at higher temperature with a broadmaximum near 290K. Although the origin of this transition is not 
lear, itindu
es a large 
hange in ele
troni
 properties. Furthermore, another tran-sition is shown not only in ele
tri
 resistivity with a hysteresis at around120K, but also in spe
i�
 heat and thermoele
tri
 power in the form ofkink, whereas magneti
 sus
eptibility shows no 
hange [5℄. The magnetore-sistan
e goes on
e to zero with in
reasing temperature toward 120K fromlow temperatures, but it is revived between 120 and 200K. This transitionnear 120K is also pointed out to be due to a possible ele
troni
 stru
tural
hange at the Fermi level.In order to dire
tly study the ele
troni
 states, a high-resolution bulk-sensitive photoemission measurement is 
arried out for Cd2Re2O7.2. ExperimentalThe syn
hrotron radiation experiments were performed at beam lineBL25SU in SPring-8 with using a S
ienta SES-200 analyzer. The ex
ita-tion photon energies were sele
ted as 600�1100 eV for the bulk-sensitivemeasurements. The overall energy resolution was set to about 80 meV forthe valen
e band region and 200 meV for the 
ore level photoemission. Themeasurements were done at the sample temperatures of 20 and 250 K belowand above the transition temperature of 200 K. Clean sample surfa
es wereobtained by 
leaving the single-
rystal samples in situ under an ultra-highva
uum of better than 5�10�10 Torr.3. Results and dis
ussionsFig. 1 shows the valen
e band spe
trum at 20K measured at the photonenergy of 600 eV. A �nite DOS with a sharp peak exists at the Fermi level.The deep valley stru
ture in 1 � 3 eV is 
learly seen in agreement with theband 
al
ulation [6℄. Considering the 
ross-se
tions at the photon energy of600 eV, the Re 5d states are dominant in the peak stru
ture. A

ording toa band 
al
ulation, the gap stru
ture between 1 and 3 eV is derived fromthe hybridizing between the Re 5d and O 2p orbits. The valen
e band isseparated by this gap as the bonding-state near 4 eV and the anti-bondingstate near the Fermi level. Meanwhile the peaks at 11 and 22 eV 
orrespondto the Cd 4d and O 2s states.Fig. 2 shows the di�eren
e of photoemission spe
tra near the Fermilevel below and above 200K. The spe
tral intensities of both 20 and 250Kspe
tra are tentatively normalized by the intensity of the lo
alized O 2sinner 
ore state. The normalization in the region above the binding energyof EB = 1 eV provides the equivalent result. As shown in the inset, the DOSat the Fermi level is larger at 20K than at 250K. It is 
onsistent with the
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Fig. 1. Valen
e band spe
trum of Cd2Re2O7 pyro
hlore at 20K measured at thephoton energy of 600 eV.
Fig. 2. Temperature variation of the high-resolution photoemission spe
tra nearEF. These spe
tra are normalized by the intensity of the O 2s 
ore state.behavior of the ele
tri
 resistivity [1, 2℄. Furthermore, the spe
tral shape ofthe peak is obviously di�erent between 20 and 250K. The spe
trum at 20Khas a broad and rather �at top. This 
hange may be as
ribed to the removalof the degenera
y of the Re 5d orbital 
onstituting the peak below 200K asthe result of the lowering of the inversion symmetry of the B-O6 o
tahedra.As a typi
al inner 
ore state, we show the temperature dependen
e of theRe 4f spe
tra in Fig. 3(a). The peaks at 42 and 45 eV 
orrespond to j = 7=2and 5/2 states split by the spin-orbital intera
tion. A shoulder stru
ture isalso seen on the higher binding energy side of the j = 5=2 
omponent. Thisshoulder is understood as a bulk 
omponent be
ause its intensity shows verypoor h� dependen
e. With de
reasing the temperature, the spe
tral weighttransfers from the shoulder to the peak. It is re
ognized that the intensityof the j = 7=2 
omponent in
reases also at 20K whereas the intensity inthe valley region de
reases. A

ording to a de
onvolution, another shoulderasso
iated with the j = 7=2 is hidden in the valley region. The origin ofthese shoulder stru
tures is not fully known yet, but this temperature 
hangein the spe
tral weight may 
orrespond to the spe
tral 
hange near the Fermilevel dominated by the Re 5d Partial Density of State (PDOS). One possibles
enario is to interpret these shoulders as Charge-Transfer (C-T) satellites.The redu
tion of C-T satellite at 20K means a redu
tion of hybridizationbetween the Re 5d and 
ondu
tion band states. Then the Re 5d 
omponentin the state near the Fermi level will in
rease and provide higher intensityat 20K. X-ray BIS study will help to 
he
k this s
enario in near future.
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Fig. 3. Photoemission spe
tra of Re 4f (a), Cd 3d (b) and O 1s (
) inner 
ores at20 and 250K at the photon energy of 935 eV.On the 
ontrary, both Cd 3d and O 1s spe
tra in Fig. 3(b) and 3(
)show very small 
hange between 20 and 250K. Beside sharp main peakssmall shoulders are re
ognized at higher binding energies. From the photonenergy dependen
e, we as
ribe these shoulders to surfa
e 
omponents. Inthe O 1s spe
trum, the shoulder at lower binding energy is not attributed toa surfa
e 
omponent but may be derived from the existen
e of two di�erent
rystallographi
 sites in the oxygen.4. Con
lusionThe temperature dependen
e of the bulk-sensitive photoemission spe
-tra are investigated in Cd2Re2O7 by using soft X-ray syn
hrotron radiation.The valen
e band spe
trum agrees qualitatively well with the re
ent band
al
ulation. The temperature dependen
e of the Re 4f inner 
ore spe
traexhibits the dominan
e of the Re 5d states at the Fermi level. The 
hara
-teristi
 
hange in the peak stru
ture near the Fermi level suggests the 
hangeof band stru
ture dominated by the Re 5d states a
ross 200K.We are grateful to Dr. T. Muro and Dr. Y. Saitoh for their experimentalassistan
e. The resear
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