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SUMNARY

The energy of localized electrons should be independent of crystal

momenturn. Thus the energy of 5f electrons in heavy Fermion systems far

above T is expected to show ro E vs. k dispersion,
K We have used

angle-resolved photoemission spectroscopy on the [1010] surface of UPt:~,

cleaned by repeated sputter and anneal, to study any possible dispersion of

the 5f bands at T = 300 K>>T % 50 K.
K

The measurements were performed at

the Synchrotrons R,~dlation Center in Stoughton, WI, at a photon energy hv =

40 eV. At this energy the 5f cross-section is already sufficiently large to

yield a significant 5f spectral weight, but not yet large enough to lose all

k-dependence. Iktta were taken at various angle settings of a VC ADES 4XI

spectrometer along the r-M direction in the hexagonal zone. The overall

instrument resolution was 250 meV while the acceptance cone of the analyzer

was * 200 or about XIX O? the r-M direction,

Although nc dispersion was observed at norml emission by varying the

photon energy, sutwtantlal energy dispresion, prirmirily in the d-bands, was

evident with k 11 (i.e., by changing the angle e while keeping hv constant),

From resonant photoemission experiments we established that the primary peak

associated with 5f intensity is the peak within 200 meV of EF Although our

resolution was insufficient to observe any energy shifts, the penk

diseppcnred at severnl angles near the M-point in the zone, Wc interpret

this as disper~lon above E.. W%ile furtlmr measurements are necesshry, this
F

rniw~ qunstion~~ regal’ding the nccepted ~els for the electronic structure.
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Abstract

‘I’hevery likely existence of dispersion in the 5f s~tra obtained in ungle-resolved
photocmission at 300K raises questions about the locali?txl nature of 5f electrons at morn
temperature.

The consensus of opinnion( 1‘5) regarding heavy fermions is that the f-electrons

above TK are localized with a well-defined moment, and have little or no hybridizatkm

with the ligand d-electrons. As the temperature is lowered, a Kondo-like spin

compensation occurs, obeying Bose statistics, which suppresses magnetism and allows

eventual formation of a Fermi liquid within the Kondo lattice. Thus, below TK we obtain

well-defined heavy electron f-bands which, because of Luttingerx theorem, haw the same

Fermi surface(6~7)as bands obtained (,roman LDA calculation. The difference is ~. ,y that

they are narrower, thus yielding a much larger effcztive mass than that obtained fmm an

LDA calculation.

The effect of uncompensated spins at elevated temperatures is rather drumatic on

these Kondo Itittice bands. Even before TK is rcttchcd, it is expected thut the strong

magnetic .scattcring from the small number of uncompcnsutcd ~p;ns will strongly supprew

the hybridization. lndced, the suppression is exponential in T, Thus the Kondo resonwwc,

and any dispersion associated with the KonJo hitticc f-bwds, is non-existent tit ‘I”>TK.

“]hls llUi#lCk SCUtkrhI~ k rCSp(MISiblC for thC Npkj riSC in ()(~) nCUr ‘~K,

Wc hnvc USC(”unglc-resolved phomcmission spcctroscopy(~) on the II()Iol surfulc

of [JI’t~ to study tiny possible disprsion of the 5f hinds tit T = 300”K;>’1’K-50 K(s), ‘Mc



measurements were performed at a photon energy hv = 40 eV where the 5f cross-secton

is already sufficiently large to yield a significant 5f spectral weight, but not yet large

enough to lose ail k-dependence. Data were taken at various angle settings of a VG ADES

400 spectrometer along the r-M direction in the hexagonal zone. The overall instrument

resolution was 250 meV while the acceptance cone of the analyzer was* 20, or about 2070

of the r-M direction. Ti~us this represent a relatively low relsoution experiment with

respect to the information we are seeking, but it is nonetheless sufficient to give us an

indication of possible dispersion.

No dispersion was observed at normal emission by varying the photon erergy.

This indicates that UPt3 is in the limit of total non-conservation of k~ ( i.e., escape depths

are very small). On the other hand, substantial energy dispresion of peaks in the

photocurrent was evident with kl] (i. e., by changing the angle e while keeping hv
be

constant ) since the peaks in the photocurrent should now due to van Hove singulmitiesA
in the one-dimensional density of states. This is shown in Fig. 1, where most of these

dispersive features below -1 eV can be associated with platinum d-cwbitals. Here we

display energy distribution curves (EDC ‘s) at several settings of the analyzer angle with

respect to the [ 1010] direction along the r-K-M line in the Bnllouin zone. Fmm resonant

photoemission experiments we established that the primary peak associated with 5f

intensity is the peak within 200 mev of EF. This is verified by crc:,s-section

measurements as well, since no peak is evident for hv <30 meV, The large, strongly

dispelvise peak at -1 ev is primarily uranium d-like in character, as determined from the

(ip - (xI resonance at hv I=19cV,

Focusing on the Sf peuk, we note first of all thut it is nemly dispersionless within

our resolutionof 250 mcV, We must point out, however, tluit LDA calcultit ions would

predict 8 dispersion which is smullcr than our instmmcnt resolution . t{owcvcr, NIp(dur

tingles 0 = 17,5(1 tind 2(Y)the pcnk is nhscnt. rcuppcuring ut Iurgcr vtilucs of 0, ‘1’hc



disappearance of the 5f peak can be interpreted as being due to dispersion of a 5f band

above EF near ~hepoint M in the Brillouin Tmne. Its subsequent reappearance reflects the

fact that there is mirmr symmetry about the M-point as we continue probing along the r-

M-r line in the hexagonal zone. A cross-section argument to explain the disappcxuzme of

the peak is less compelling than the dispersion arguement because of the fact that we are in

the regime of complete non-conservation of k~. All transitions are allowed on ‘he basis of

momentum arguem.ents. Moreover, a similar dispersion is actually predicted(g).

The existence of dispersion at 300 K would seem at odds with the expectations of

localized electrons, W’ehave already shown previously lo) that there is no temperature

deptmdcnce of the DOS between 20K and 300K in UPt3 so that we do not anticipate any

temperature dependence in the dispersion. Clearly more work will need to be done, at

much higher resolution, to verify the existence of dispersion at 300K. If substantiated,

however, it will require some ~e-thinking regarding the basic underlying assumptions of

hewy Fermion phenomena.
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Figure caption

Fig. 1 EDC'sfrom a[lOIO] ctiaceof UPtsathv =40eV, ~datvtious ~lmangles

with respect to the [1010] direction. The feature nearest EF is due to 5f electrons, and

indicates energy dispersion at the M-point in the zone.
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