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FERMI SURFACE OF ANTIFERROMAGNET UPtGa5IN RELATIVISTIC SPIN-POLARIZED BAND THEORY�Hiroshi YamagamiDepartment of Physi
s, Fa
ulty of S
ien
e, Kyoto Sangyo UniversityKyoto, 603-8555, Japan(Re
eived July 10, 2002)A �rst-prin
iple study of Fermi surfa
e and magnetism for antifer-romagnet UPtGa5 is done by all-ele
tron band 
al
ulations using fully-relativisti
 spin-polarized LAPW method in a lo
al spin-density approxi-mation. The Fermi surfa
es, mainly having 
ylinder-like shapes with openstru
ture along the [001℄ dire
tion, explain well the angular-dependen
e ofde Haas-van Alphen frequen
ies. In a pi
ture of 5f -band antiferromagnet,the lo
al magneti
 moment at U site is in good agreement with the observedmoment.PACS numbers: 71.18.+y, 71.20.�b1. Introdu
tionUPtGa5 shows an antiferromagneti
 ordering below 25K, and the lo-
al magneti
 moments at the U site are arranged with the wave ve
torQ = (0; 0; 1=2) and the easy axis along the [001℄ dire
tion [1℄. The 
rystalstru
ture belongs to HoCoGa5-type tetragonal stru
ture with a symmetryof P4/mmm [2℄. Re
ent de Haas-van Alphen (dHvA) measurements 
larifythat the Fermi surfa
es of UPtGa5 are basi
ally 
ylindri
al along the [001℄dire
tion [3, 4℄. The topology of Fermi surfa
e is found to be di�erent fromthat of UNiGa5 [5℄ with the same 
rystal stru
ture, but a di�erent magneti
stru
ture of Q = (1=2; 1=2; 1=2) [1℄. The angular dependen
e of dHvA fre-quen
ies in UNiGa5 has been explained from the band theory together withmagneti
 moments [6℄.In the paper a �rst-prin
iple study of Fermi surfa
e and magnetism forantiferromagnet UPtGa5 is performed by all-ele
tron band 
al
ulations usinga fully-relativisti
 spin-polarized LAPW method [7℄ within ex
hange-
orre-� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1201)



1202 H. Yamagamilation potentials in a lo
al spin-density approximation [8℄. A

ordingly weobtain a theoreti
al eviden
e to show that the antiferromagneti
 stru
turedire
tly 
ontrols the topology of Fermi surfa
es for UNiGa5 and UPtGa5.2. Cal
ulated results and dis
ussionIn the self-
onsistent 
al
ulations the 5f , 6p, 6d and 7s ele
trons in theU site, the 5d and 7s in the Pt site and the 3d, 4s and 4p in the Ga site aretreated as valen
e ele
trons. The densities and potentials are 
onstru
tedin the mu�n-tin approximation. The magneti
 moments at the U site areoriented antiferromagneti
ally along the [001℄ dire
tion using a lo
al spin-rotation te
hnique [7℄ and the magneti
 dire
tions around the Pt atoms areset along the [001℄ dire
tion so as to hold a magneti
 symmetry. The latti
e
onstants are set to experimental values of a = 4:3426Å and 
 = 6:8120Å.Fig. 1 show total and partial density of state (DOS) for antiferromagnetUPtGa5, where the dashed lines presents the Fermi energy (EF). The Ga(1)and Ga(2) denote two di�erent positions of the Ga atom in UPtGa5: thoseare Ga(1)=(1/2,1/2,0) and Ga(2)=(0,1/2,z) with z = 0:295 in the unit 
ell.The 5f bands around EF are hybridized mainly with the U-6d bands andthe Ga(2)-4p bands. The theoreti
al ele
troni
 spe
i�
 heat 
oe�
ient 
b isestimated as 22.52mJ/K2mole from the total DOS at EF. The experimental
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Fig. 1. Total and partial density of states partitioned into the U, Pt, Ga(1) andGa(2) sites.



Fermi Surfa
e of Antiferromagnet UPtGa5 . . . 1203value is 
exp=57 mJ/K2mole [3℄. The enhan
ement fa
tor (� = 
exp=
b�1)is thus found to be of a small value of 1.53.The Fermi surfa
es are 
omposed of 5f -ri
h bands with 30 to 34 band-indi
es, whi
h are adopted to a number 
ounted up from the bottom of thevalen
e ele
tron. In Fig. 2 the shape of the Fermi surfa
es is shown withina tetragonal Brillouin zone in the antiferromagneti
 state. All the Fermisurfa
es ex
ept the band 34-ele
tron surfa
e have 
ylinder-like shapes withopen stru
ture along the [001℄ dire
tion.
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Fig. 2. Fermi surfa
e of antiferromagnet UPtGa5. The band30- and band31-holesurfa
es are drawn at the 
enter of the � point in the Brillouin zone and the band32-to band34-ele
tron surfa
es are 
entered as the M point.The extremal 
ross-se
tional area (ECSA) of the Fermi surfa
e is pro-portional to the dHvA frequen
y. Fig. 3 shows a quantitative 
omparisonbetween the theoreti
al (solid lines) and the observed results (
ir
les) [4℄ inthe angular dependen
e of the dHvA frequen
ies. The theoreti
al bran
ha, d and e in Fig. 3 obviously 
orrespond to the experimental bran
h ", �1(�2) and 
, respe
tively. The orbits of the theoreti
al bran
hes with respe
tto the [001℄ �eld dire
tion are presented in Fig. 2. The bran
h �3 naturallyoriginates from the bran
h 
 or/and a part of the bran
h b1 and b2, ea
hof whi
h is the bran
h b (Fig. 2) in the 
ase that the 
enter of ECSA isset at the Z and � point. The remaining bran
h f is not observed here.Additionally the 
y
lotron masses at the [001℄ �eld angle for bran
h a, b, 
,d, e and f are given as 3.63, 4.81, 3.43, 3.19 and 3.04, 1.65 and 1.56 in unitsof ele
tron mass m0, though it is not dis
ussed here for la
k of spa
e.For the magneti
 properties the spin- and orbital-moment at the U siteare 
al
ulated as �2:55�B and 2:84�B, respe
tively. The lo
al magneti
moment is thus 0.29�B. It is in good agreement with the experimental valueof 0.24�B [1℄.It is thus suggested that UPtGa5 should be a 5f -band antiferromagnetin a viewpoint of the fermiology and magneti
 moment.
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Fig. 3. Comparison between theoreti
al and experimental results of de Haas�vanAlphen frequen
ies in UPtGa5. The theoreti
al results are indi
ated by solid linesand the experimental results are denoted by 
ir
les [4℄.I gratefully a
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