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HIGH-RESOLUTION RESONANCE PHOTOEMISSIONSTUDY OF CeNi�A. Sekiyama, K. Kadono, T. Iwasaki, S. Imada, S. KasaiS. SugaDepartment of Material Physi
s, Graduate S
hool of Engineering S
ien
eOsaka University, Toyonaka, Osaka 560-8531, JapanS. Araki and Y. 	OnukiDepartment of Physi
s, Graduate S
hool of S
ien
e, Osaka UniversityToyonaka, Osaka 560-0043, Japan(Re
eived July 10, 2002)We have performed the high-resolution Ce 3d�4f resonan
e photoemis-sion study of a 
onsiderably hybridized CeNi with the Kondo temperature of� 150 K. The tail of the Kondo-resonan
e peak is predominantly observedin the bulk Ce 4f photoemission spe
tra, where its spin�orbit partner issuppressed 
ompared with the so far reported surfa
e-sensitive Ce 4d�4fresonan
e spe
trum. Our results show that the bulk 4f ele
troni
 statesare essentially understood by the single impurity Anderson model.PACS numbers: 79.60.Bm, 75.20.Hr, 71.27.+a, 71.20.Eh1. Introdu
tionOwing to the bulk-sensitive high-resolution Ce 3d�4f resonan
e photoe-mission spe
tros
opy (RPES) whi
h has re
ently be
ome a reality [1, 2℄, ithas been revealed that the bulk Ce 4f ele
troni
 states in low-TK (� 20 K)
ompounds su
h as CeRu2Si2 are essentially understood within a frameworkof the single impurity Anderson model (SIAM), whi
h is no longer appli
ableto a very high-TK (� 1000 K) CeRu2 [1,3�5℄. In the present stage, however,it is not 
lear whether the SIAM is appli
able to �intermediate-� or high-TK(> 20 K) systems. In order to settle the above question, we have measuredthe bulk-sensitive high-resolution Ce 3d�4f RPES spe
tra of single 
rystalsof an intermediate-TK (� 150 K) system CeNi [6℄.� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1105)



1106 A. Sekiyama et al.2. Results and dis
ussionsThe high-resolution Ce 3d�4f RPES were performed at the twin-heli
alundulator beam line BL25SU of SPring-8 [2℄. The overall energy resolutionwas set to 90 meV at h� � 880 eV. In order to obtain 
lean surfa
es, thesamples were 
leaved in situ. The sample temperature was set to about20 K, whi
h is well below TK � 150 K. The Ce 4f 
ontribution is remark-ably enhan
ed in the Ce 3d�4f RPES spe
tra at the photon energies up to882.6 eV (resonan
e-maximum) 
ompared with the o�-resonan
e spe
trum(h� = 866:1 eV: inset) as shown in Fig. 1. The overall intensity of the spe
-trum taken at h� = 883:3 eV, whi
h is beyond the resonan
e-maximum,de
reases again 
ompared with that of the resonan
e-maximum spe
trum.The spe
tral line shapes in the on-resonan
e region (881:4 � h� � 883:3 eV)are 
ompletely di�erent from that of the o�-resonan
e spe
trum. The Ni3d 
ontribution is almost negligible in the spe
tra measured at h� = 881:7and 882.6 eV due to su
h a prominent resonan
e enhan
ement. There are asharp and prominent peak near the Fermi level (EF) and a broad and weakpeak 
entered at � 2:8 eV in the on-resonan
e spe
tra. The former origi-nates from the 4f1 �nal states whereas the latter is as
ribed to the 4f0 �nalstate. The Auger emission is also seen in the spe
tra measured at h� = 882:6and 883.3 eV as indi
ated by verti
al bars in Fig. 1. In the o�-resonan
e
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Fig. 1. Ce 3d�4f RPES spe
tra of CeNi measured at several photon energies. Theinset shows the o�-resonan
e spe
tra measured at h� = 866:1 eV.



High-Resolution Resonan
e Photoemission Study of CeNi 1107spe
trum in whi
h the Ni 3d spe
tral weight is predominant, there are twopeaks 
entered at 1.5 and 7 eV. The broad peak at 7 eV is as
ribed to theso-
alled two-hole-bound state.Figure 2(a) shows the bulk-sensitive high-resolution RPES spe
tra nearEF of CeNi measured at h� = 881:7 and 882.6 eV, where the Ce 4f 
ontri-bution is predominant. These line shapes are mutually similar, suggestingthat there is no e�e
t 
aused by the Auger 
ontribution near EF even at theresonan
e maximum. A prominent peak is observed in the vi
inity of EFwhile a weak shoulder is seen at 0.2 eV in the RPES spe
tra. The obtainedbulk 4f line shape is quite 
ontradi
tory to that of the surfa
e-sensitive 4d�4f RPES spe
tra of CeNi, in whi
h 
lear doublet peaks as
ribable to the tailof the Kondo resonan
e (4f15=2 �nal state) and its spin-orbit partner (4f17=2�nal state) have been observed [7℄. We have 
ompared the bulk Ce 4f spe
-trum of CeNi with that of low-TK CeRu2Si2 (TK � 20 K) and very high-TKCeRu2 (TK � 1000 K) as shown in Fig. 2(b). The line shape of CeNi isqualitatively similar to that of CeRu2Si2 whi
h has been well reprodu
ed bya spe
tral 
al
ulation based on the SIAM [3℄, but 
ompletely di�erent fromthat of CeRu2 whi
h 
an be explained by a band-stru
ture 
al
ulation [4℄.Namely, the bulk RPES spe
tra of CeNi are essentially understood by theSIAM and therefore the prominent peak in the vi
inity of EF and the shoul-der at 0.2 eV seen in the high-resolution Ce 3d�4f RPES spe
tra originatefrom the tail of the Kondo resonan
e and its spin-orbit partner, respe
tively.The tail of the Kondo resonan
e of CeNi is relatively stronger than that ofCeRu2Si2, indi
ating that the hybridization between the Ce 4f and othervalen
e-band ele
trons is stronger for CeNi than for CeRu2Si2.
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Fig. 2. (a) High-resolution Ce 3d�4f RPES spe
tra near EF of CeNi. (b) Com-parison of the RPES spe
trum of CeNi (TK � 150 K) with that of CeRu2Si2 (TK� 20 K) and CeRu2 (TK � 1000 K).



1108 A. Sekiyama et al.3. Con
lusionIn 
on
lusion, the prominent peak originating from the tail of the Kondoresonan
e as well as the weak shoulder as
ribable to the spin�orbit partneris 
learly seen in the bulk-sensitive high-resolution Ce 3d�4f RPES spe
traof CeNi. It has been revealed that the bulk 4f ele
troni
 states of CeNi areessentially explained by the SIAM.We are grateful to the sta� of SPring-8, espe
ially to Y. Saitoh andT. Muro for supporting the experiments. We thank T. Ushida, T. Satonakaand K. Kusuda for their te
hni
al help. This work was supported from aGrant-in-Aid for COE Resear
h (10CE2004) of the Ministry of Edu
ation,S
ien
e, Sports and Culture (MEXT), Japan. The RPES measurementswere performed with the approval of the Japan Syn
hrotron Radiation Re-sear
h Institute (Proposal No. 2000A0120-NS-np).REFERENCES[1℄ A. Sekiyama et al., Nature 403, 396 (2000).[2℄ Y. Saitoh et al., Rev. S
i. Instrum. 71, 3254 (2000).[3℄ A. Sekiyama et al., J. Phys. So
. Jpn. 69, 2771 (2000).[4℄ A. Sekiyama et al., Solid State Commun. 121, 561 (2002).[5℄ A. Sekiyama, S. Suga, Physi
a B 312-313, 634 (2002).[6℄ S. Araki et al., J. Phys. So
. Jpn. 68, 3334 (1999).[7℄ D. Purdie et al., Solid State Commun. 106, 799 (1998).


