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NEUTRON SCATTERING STUDY ONMAGNETIC ORDER AND MAGNETIC EXCITATIONSOF A LOCALIZED URANIUM COMPOUND U3Pd20Si6�Y. Koikey, N. Metokiz, Y. HagaAdvan
ed S
ien
e Resear
h Center, JAERI, Tokai, Ibaraki, 319-1195, JapanK.A. M
EwenDepartment of Physi
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s, Tokyo Metropolitan UniversityHa
hioji, Tokyo 192-0397, JapanN. AsoNeutron S
attering Laboratory, ISSP, University of TokyoIbaraki 319-1106, JapanT. Komatsubara, N. Kimura and H. AokiCenter for Very Low Temperature S
ien
e, Tohoku UniversitySendai 980-8545, Japan(Re
eived July 10, 2002)The magneti
 stru
ture in a lo
alized 5f system U3Pd20Si6 was stud-ied by means of neutron di�ra
tion. We revealed a remarkable 
ollinearstru
ture and found a new type of spin��op transition due to the 
ollinear
oupling. Spin wave ex
itation was observed in a whole Brillouin zone. We
on
luded that the low energy quasi-elasti
 response is the ex
itation of thequasi-parti
les due to hybridization between 5f and 
ondu
tion ele
trons.PACS numbers: 61.12.�q, 75.30.�m� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
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hi, Saitama 332-0012, Japan.z Department of Physi
s, Tohoku University, Aoba, Sendai 980-8578, Japan.(1121)



1122 Y. Koike et al.1. Introdu
tionA
tinide based intermetalli
 
ompound is one of the most attra
tive sys-tems in the �eld of strongly 
orrelated ele
tron systems [1℄. Although mosturanium 
ompounds exhibit itinerant 
hara
ter of 5f ele
trons, an in
reas-ing number of uranium 
ompounds whi
h display lo
alized moments aredis
overed. We found a new lo
alized 5f intermetalli
 
ompound U3Pd20Si6very re
ently [2℄. A 
rystalline ele
tri
 �eld (CEF) ex
itation [3,4℄ providesdire
t eviden
e for the lo
alized nature with the 5f2(U4+)��5 triplet groundstate [2,4℄. Our previous study [3℄ reported a su

essive magneti
 ordering;uranium spins on the simple 
ubi
 8
 latti
e order antiferromagneti
ally be-low TN = 19K, while the f

�4a sites show ferromagneti
 ordering belowTC = 2K. The purpose of this study is to reveal the magneti
 stru
turesand ex
itations in this lo
alized 5f system.2. ExperimantalNeutron s
attering experiments were 
arried out on triple-axis spe
trom-eters, TAS-2 (Ei = 13:7meV) and LTAS (Ef = 3:5meV) at the resear
hrea
tor JRR-3 in Japan Atomi
 Energy Resear
h Institute, JAERI.3. Result and dis
ussionFig. 1 shows the H�T phase diagram [5℄ determined in our neutrondi�ra
tion study [6℄. In �AF�-phase only uranium spins on 8
 sites order an-tiferromagneti
ally. The uranium spin on 4a site has eight nearest neighborson 8
 site with the same number of up and down spins, hen
e the ex
hange�eld is 
an
eled out. It is the reason why the 4a sublatti
e remains param-agneti
.The 4a site shows ferromagneti
 ordering below TC, 
oexisting with the8
 antiferromagneti
 ordering in the �AF+FM�-phase. Our neutron s
atter-ing study revealed a 
ollinear stru
ture with the moment dire
tion parallelto h100i. We found that the antiferromagneti
 moment follows the dire
tionof the inter-penetrating ferromagneti
 moment, when a weak external �eldis applied. This is dire
t eviden
e for the 
ollinear intera
tion between the4a and 8
 sites. Higher order ex
hange and/or quadrupole intera
tions are
onsidered as the 
andidate for this 
ollinear 
oupling.The 8
 spins exhibit a new type of spin��op transition for H � 5T, dueto the uniaxial anisotropy indu
ed by the 
ollinear intera
tion.As summarized in the table of Fig. 1, the moment size on 8
 site 1:8�B=Uis 
onsistent with �5 ground state (2�B=U), while 4a ferromagneti
 momentshows a strong suppression of about 1�B=U for H = 0. The 4a momentre
overs to 1:64�B=U for H = 10T. In �AF+FM�-phase a mole
ular �eld is
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Fig. 1. H�T phase diagram for the magneti
 stru
tures of U3Pd20Si6. Inset showsthe magneti
 moment in ea
h phase.indu
ed on 8
 site from the ferromagneti
ally ordered 4a site. This mole
-ular �eld might perturb the 8
 antiferromagneti
 order. Therefore, the 4aferromagneti
 ordering 
ould be suppressed so as not to disturb 8
 antiferro-magneti
 ordering and the 4a moment would be re
overed to the saturationmoment under external �eld. The magneti
 moment 
onsistent to the groundstate indi
ate that this 
ompound is a prototype of the lo
alized 5f magnetwith 5f2 
on�guration. The image plots of the magneti
 ex
itations aroundthe zone 
enter Q = (111) are shown in Fig. 2. We observed 
lear antifer-romagneti
 and ferromagneti
 spin wave ex
itations, indi
ating the stronglo
alized 
hara
ter of 5f ele
trons. The existen
e of a 
lear spin wave in thewhole Brillouin zone is quite unusual in uranium intermetalli
 
ompounds.The mole
ular �eld from 4a site splits antiferromagneti
 spin wave on 8
 siteinto two modes in �AF+FM�-phase. A dispersive ferromagneti
 spin waveabove TC would be the result of the suppression of the 4a ferromagneti
ordering. This strong ferromagneti
 �u
tuation is 
onsistent with a broadspe
i�
 heat anomaly around TC [2℄.We found a low energy quasi-elasti
 
omponent observed around theantiferromagneti
 zone 
enter. A similar low energy 
omponent has beenobserved in a heavy fermion super
ondu
tor UPd2Al3 [7,8℄ and an itinerant
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Fig. 2. Image plot of the magneti
 ex
itations.5f antiferromagnet UGa3 [9℄. This 
omponent is 
onsidered as the ex
itationof the quasi parti
les due to the hybridization between 5f and 
ondu
tionele
trons. Although a phenomenologi
al mean �eld 
oupling model is ap-pli
able for the magneti
 ex
itations, the mi
ros
opi
 origin and me
hanismfor the remarkable two 
omponent magneti
 ex
itation remain open ques-tion. Further experimental and theoreti
al studies are ne
essary in order tounderstand the nature of the quasi parti
les in 5f intermetalli
 
ompounds.REFERENCES[1℄ See, e.g., V. Se
hovsky and L. Havela, Handbook of Magneti
 Materials, Ed.K.H.J. Bus
how, Elsevier S
ien
e, Amsterdam 1998, vol. 11, p. 1.[2℄ N. Tateiwa et al., J. Phys. So
. Jpn. 69, 1517 (2000).[3℄ N. Tateiwa et al., J. Phys. So
. Jpn. 70, 2425 (2001).[4℄ K. Kuwahara et al., Physi
a B 312, 899 (2002).[5℄ N. Tateiwa et al., J. Phys. So
. Jpn. 70, 1853 (2001).[6℄ Y. Koike et al., a

epted to Phys. Rev. Lett.[7℄ N. Metoki et al., Phys. Rev. Lett. 80, 5417 (1998).[8℄ N. Bernhoeft et al., Phys. Rev. Lett. 81, 4244 (1998).[9℄ S. Coad et al., Physi
a B 281, 200 (2000).


