PHYSICAL REVIEW B 66, 075126 (2002

Fermi surface nesting and magnetic structure of ErGa
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A three-dimensional mapping of the Fermi surf4E&) of the rare-earth compound Ergaas determined
via measurements of the angular correlation of the electron—positron annihilation radiation. The topology of
the electronlike FS does show nesting properties which are consistent with the modulated antiferromagnetic
structure of the system. We determine the density of states at the Fermi éwgEgy and the electronic
contribution to the gamma constant to K¢E) = 16 states/ Ryd /cell angt=2.7 (mJ/mol K¥), respectively.
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. INTRODUCTION gies(such as the one depicted in Fig. In this casej(q) is
very high and favors the perturbation with wave veaor
The rare-eartfRE)-Ga compounds ErGaand TmGa, The FS nesting belongs to a class of mechanisms, all de-

crystallizing in the cubic AuCutype structure, constitute an pending on the shape and the size of the FS, which have been
interesting subject for their magnetic properties. In these sysnvoked to explain a variety of phenomena, such as the spin
tems, the field dependence of the magnetization and the exr charge density waveSDW, CDW), the Kohn anomalies,
perimental studies of the Fermi surfackcan be interpreted the Friedel oscillations, the RKKY oscillations in magnetic
applying the standard lanthanides picture, where theldc-  impurities and the oscillatory coupling in metallic magnetic
trons are modelled by local atomiclike orbitals. Although themultilayers. The wave vector of the perturbation would refer,
validity of this description(denoted in the following as in turn, to the propagation vector of the SDW or CDW, to a
f-core) is widely discussed, it can be assumed as a fairlyphonon, to an external potential, to a magnetic impurity, or to
realistic starting assumption. The standard lanthanides modehe electron itself. The archetype example of link between
assumes that the magnetic coupling between theldctrons  FS nesting and incommensurate antiferromagnetism is prob-
is carried out indirectly via polarization of the conduction ably the case of chromium-based alldys? However, it is
electrons, according to the Ruderman—Kittel-Kasuya-worth realizing the qualitative difference between antiferro-
Yosida (RKKY) theory. Long ago, it was proposed that, magnetism in chromium, where the magnetic moments are
thanks to the interplay between local moments and conducssociated with the conduction electrons themselves, and in
tion electrons, the Fermi surfa¢eS) topology may control rare earths, where the magnetic moments are associated with
the magnetic properties of rare earth compoundbis ac-  the 4f-electrons which are not regarded as conduction elec-
tion can be understood by looking at the expression of therons.
Fourier transformed exchange coupling consydap ,2° The TmGa and ErGg systems show different magnetic
£O(k)— FO( K structureg TmGahas a multiaxial, tripleg structure Wi'Fh
J@=S 1(k,q) (k) (k+a) . 1) propagation vectorg arising from the[1/2, 1/2,Q star. Thls_
n "V E(k+qg)—E(k) commensuratébut noncollinear spin arrangement is stabi-

lized by antiferroquadrupolar interactions, leading to an an-

Fermi—Dirac distributionE(K) is the eigenvalue of the elec- tiferroquadrupolar: ordering at gF=4.29K, located just

tron k, q refers to the Fourier component of a generic per_above the Neel temperaturey¥4.26 K™>" The 2D-
turbation, and Ik, ) is the exchange integriften I(k, g, ACAR measurements of TmGaroposed a correlation be-

. : ) . tween commensurate antiferromagnetic structures and nest-
very difficult to calculate in real cases, is approximated to a

constant. The maxima ofj(q) determine a periodic mag-
netic moment arrangement with propagation vector

Although the precisg(q) vs g relation can only be ob-
tained by amab initio calculation involving all the bands and
the appropriate matrix elemerifspne may argue that a rel-
evant contribution to Eq.l) is determined by the occurrence
of some parallel sheets of the FS, a well known phenomenon
denoted as FS nesting. In this case, the denominator of Eq.
(1) is zero for thek states pertaining to the parallel FS sheets
linked by the vecton, since they share the same eneigy, FIG. 1. Schematic example of FS nesting. The shaded region
and vanishingly small for the nearby states. Although forrepresents occupied states. Two parallel sections of the FS are high-
states at the FS also the numerator of EQ.is zero, the |ighted by state labelk andk+g. The spanning vectaq links an
occupation ofk and (k+q) states nearby the FS may be 1 occupiedk; state with an unoccupiek,+ q state. Both states have
and 0, respectivelyor viceversa, for appropriate FS topolo- energies near toE

Here the summation is over tlkeelectron states°(k) is the
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ing of the FS along th¢110]-type directions. On the other  analyze in detail the nesting properties of the FS of ErGa

hand, ErGa orders antiferromagnetically at \F2.8K  and discuss their consistency with the magnetic structure of
within an incommensurate magnetic structure. The first neuthis system.

tron diffraction studies, performed by Moriet al'? on a
powder sample, yielded the propagation vecto Il. EXPERIMENTAL PROCEDURES AND DETAILS OF
=2mla[1/2— Oas 1/2— Oa, 0], with 6,=0.020=0.003. Fur- THE CALCULATIONS
ther studies performed by Murasi¢t al'*'® on a powder
sample as well as on a single crystal proposed a slightly The crystal structure of ErGand TmGa is the cubic Ly,
different propagation vectorq,=27/a[1/2+ 6y, 1/2,0],  (space grougPm3m), with lattice constantea=4.212 A and
with 5,=0.042. In this structure the successive antiparalleb=4.196 A for ErGa and TmGg, respectively. The ErGa
(110 sheets of spins have additionally superimposed orsingle crystals were grown by the molten-metal solution
them a sinusoidal modulation parallel to 0] axis. One  method. The melt, of composition 90 at % Ga and 10 at % Er,
can wonder whether the incommensurate antiferromagnetisias cooled at the slow rate of 0.8°C/h from 900°C to
of ErGa can be linked to an appropriate FS topology as280°C and then brought rapidly down to room temperature
well. to avoid ErGg formation. The purities of the substrates were
Previous dHVA experiments, providing only evaluations4N and 6N for Er and Ga, respectively. This procedure
of theextremal cross sectional area$ the FS perpendicular yielded single crystals of stoichiometric composition im-
to an applied magnetic field, could not investigate the nestingnersed in an excess of pure gallium which could easily be
properties of the FS. Conversely, the 2D-ACAR techniqueremoved. An x-ray diffraction experiment, using the von
has the unique ability to sample the Brillouin zof@7) of  Laue technique in back reflection, confirmed the final single
truly three-dimensional systems in a cartesian mesh and umyystalline state. The 2D-ACAR experiments were carried
veil nesting features of the FS51/ out in the paramagnetic phase with a set-up based on a pair
In detail, by measuring the distributidd( 6, ,6,) of the  of Anger cameras, described in detail in Ref. 26. Four pro-
deviation angles from anticollinearity of the annihilation  jections were collected, with integration directiofgerpen-
rays, the experiment determines a two-dimensi¢2B) pro-  dicular to p,=[001] axis) at 0°=[100], 15°, 30°, and
jection of the 3D electron—positro@p momentum density, 45°=[110]. Each spectrum, acquired at the temperature of 60
p®(p).*81° The contribution top®A(p) from the conduction K in a vacuum of 2 106 Torr, accumulated-3x 108 raw
bandsl is discontinuous at poinis: = (kg, +G), whereGis  coincidence counts in a (28888) matrix with a bin size of
a reciprocal lattice vector ankf, are the reduced Fermi (0.02x0.02) a.lf The estimated overall experimental reso-
wave vectors in the first Brillouin zone. The standard Lock—'Ution, obtained by combining the intrinsic angular resolution
Crisp—Wes{LCW) transformatiorf? extensively used in the with the intrinsic sizes of the posnron—sogrce spot at the
data analysis of the 2D-ACAR spectra, reinforces these diss@Mple and the thermal motion of the positrend03a.u.,
continuities by folding the momentum distributigsf®(p) &t 60 K, was (0.08,0.13) a.u. at 60 K for the, and p,

back onto the first BZ by translation over the appropriatediréctions, equivalent to 10% and 17% of the BZ size, re-
vectorsG. If the summation is performed over a sufficient SPECtively. The spectra were subjected to the usual correction
portion of momentum space the resultis procedure, which removes the distortions resulting from spa-

tial variations in the single detector efficiencies and the finite
. Noo - apertures of those detectdfsand aligned to the ideal center
pRw(K)=2> O(Ep— ek,n)J [k(D]? [p(r)|? gg(ndr. of the matrix via mechanical translation of the whole source-
" %) sample assembly along the horizontal and vertical direction.
Next, after applying the Van Citter—Gerhardt deconvolution
Here ¢ denotes the positron wave functian,, is the energy  algorithm?® the electron—positron momentum densities
eigenvalue of the electron from bandwith Bloch wave p®(p) were reconstructedon planes perpendicular to the
vectork, and wave functionsy . The factorgy(r) accounts main symmetry axisp,=[001]) by Cormack’é® and modi-
for the ep correlation$>?*In general, although the mapping fied filtered-back-projectiotFBP) (Ref. 30 algorithms. Un-
of the FS is facilitated when the overlap integral in E2).is  like the typical medical imaging reconstruction techniques,
a weakly varying function ofk, the FS discontinuities both methods exploit the crystal symmetry and can provide a
[marked by the step function of E)] are not shifted by faithful reconstruction 0p**(p) from a small number of pro-
this k-dependencé’ In practice, prior to applying the 3D jections depending on the amount of its anisotrdpiyi this
LCW transformation it is necessary to reconstruct tomo-case four projections proved to be adequate. A detailed de-
graphically the 3Dp®"(p) on the base of its 2D projections. scription of both methods will appear in Ref. 31. Finally, the
In this work, we provide a topological description of the 3D-LCW (Ref. 20 transformation was applied. Since, as
FS sheets of ErGa The results are compared to dHVA ex- mentioned above, the reconstruction of the 3D density
periments and LMTO calculations on ErgsdRef. 4 and to  p®A(py,py.p,) was reduced to a set of reconstructions of
the previous 2D-ACAR experiments on TmGaFurther in-  independent 2D densities piled up along [A81] direction,
formation is obtained complementing the LMTO results withthe resulting irreducible wedge of the BAMg;) had the
ab initio band structure calculations produced by the codesymmetry of a tetragonal BZ\Wg,=1/16 BZ). Therefore,
WIEN97,2° adopting the full potential linearised augmentedafter examining that the LCW density did reflect the cubic
plane wave(FLAPW) method within the LDA. Finally, we symmetry, the condition,
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FIG. 2. (a) Sections of the calculated FS of paramagnetic ErGa T X

in high symmetry plane of the BZ. The white region centered at the
R points includes the occupied states of band 7 and the black region FIG. 3. Experimental electron part of the FS for EgGshown
includes the unoccupied states of banfrém Ref. 5. (b) Experi- in half BZ after shifting the R point at the center of the BZ. The
mentalpfR,,(k) along the same symmetry planes(as The arrow  nesting part of the F&see textis denoted by letter S.
highlights the increase in the occupancy aldifg discussed in the
text. The labeling indicates the high symmetry points of the BZ. theI" point. Since ErGais a compensated metal, the volume
enclosed by the electronlike FS equals that of the holelike.
prow(ke Ky ko) = pilw(ky Kz k) = prew(Ky Kz Ky) Figure 2b) shows slices 0p%.,,(k) along the same symme-
(3 try planes of the BZ as Fig.(8). The broad maxima in the
was enforced. The application of E¢B) restored the full regions centered at the R points of the BZ are in good agree-

cubic symmetry WWgz=1/48 BZ) and improved the statistics ment with the electronllke'sphermdal fom band 7 pre-
of the LCW density. dlcte_zd by the theorysee Fig. 2a)]. _ _ _

The total amplitude variation of the resulting 3D-LCw __ Figure 3 shows a 3D view of the isodensity surface, iden-
densities provided by both reconstruction methd@r- t|f|gd as FS,e selected at the loci of the Iarggst amplitude
mack, FBP was 18%. Since the overall features of the twoVarnation ofpiey,(k) (the FS is shown after shifting the cor-
LCW densities were extremely similar, apart from a higherner of the BZ to the center of the BZTo select the appro-
contribution from the noise in the FBP case, only Cormack'sPriate value of the LCW density we have devised the follow-
results will be shown nex® ing procedure: the whole amplitude variation aff,y (k) is

The band structure was calculated using the selfScanned at values', keeping the steA=A'—A'"* con-
consistent FLAPW methdd within the LDA. The experi- Stant. For each valua' we calculate the area A() of the
mental lattice parameters reported above were utilized. In thisodensity surfacepizy(k)=A', and the volume £V)" in-
interstitial region, the plane waves expansion was truncatedluded between the isodensity surfagef®,,(k)=A' and
at the maximum wave vectt,,,,=3.1 a.u. Inside the muffin p'ﬁ@w(k)zA‘*1 (the surfaces are approximated by several
tin spheres we used spherical harmonics with angular mgaolygons?). Then, the ratio £V)'/A(A') provides an aver-
menta up td =10 for the potential, the charge density andage | sk'| which can be utilized to yield an average LCW
the wave functions. Thécore model was accomplished by density gradientsA/sk'|.
forcing an Er 4! core configuration. The energy parameter The maxima of the average gradient plotted against the
for the 4f orbitals was set at very high value LCW densitiesA', shown in Fig. 4, provide the LCW density
(~2 Ry) thus excluding the Ef component from the valence values of the highest amplitude variatiorsy , and the re-
states. The _self—cor_15|stent calcula_t|o_n was performed |ncluq— ted isodensity surfaces®,(K)=A, establish our
ing spin orbit coupling at each variational step, as suggeste i
in Ref. 5. 500 ' ' ' '

The irreducible BZ was sampled using 165 special )
k-points according to the linear tetrahedra method. The muf- 5 400¢ - <
fin tin radius was R=2.6 a.u. for Er and Ga, respectively. -gt' 00 . *

IIl. RESULTS AND DISCUSSIONS é : x
S 200F >, M E

We start our discussion by showing in FigaRthe inter- _g N
sections of the FS resulting from thé&core LMTO 2 100F .
calculatior? with the high symmetry planes of the cubic BZ. S 0

The electronlike part of the F§ollowing Ref. 5 we label the 50 52 54 56

corresponding conduction band by numberig a simple LCW Density (Atb. Units)
spheroidal pocket centered at the R points. Conversely, the
holelike part of the FS(from band 6 is a complicated, FIG. 4. Plot of the gradient g5{2,,(k) vs the LCW density for

multiply-connected, structure surrounding the X points anderGa; according to the procedure discussed in the text.
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FIG. 5. The energy bands of Ergaalculated with a self- FIG. 6. Experimental holelike part of the FS for ErGahown
consistent FLAPW calculation along high symmetry directions ofin half BZ. The unoccupied region lies between the inner surface,
the BZ. All the energies are referred to the Fermi level, and set t@entered at” and X, and the outer surface.
zero. The symbol size is set to be proportional to therbital

character inside the Er sphere. located in pairs, with a distance between the breaks compa-

gable with the experimental resolution. Consequently, the

guesses of the Fermi surface. The large maximum of Fig. 42" -~ ,
at the LCW density~54 [very near to the value gf®,,(k) amplitude variation generated by the convolution of these
Lew ._discontinuity-pairs with the experimental resolution is

at k~XR/2 in Fig. 2b)] addresses the FS sheet shown iNreduced®

Fig. 3. . . . In view of the uncertainty concerning the position of the
The further structure in the regions surroundingkhand o eqge of the holelike FS, we selected the isodensity
X points in Fig. 2b) is similar to the occupancy of the the- g, itace which yielded the closest volume to the electronlike
oretical holelike Fermi volume from band 6 shown in F'g'_part of the FS. The Fermi volumes obtained, corresponding
2(a). Nevertheless, Fig. 4 does not show clearly a local maxiz, (19+2)% and (23:5)% of the BZ for the electronlike

mum of the gradientoA/Sk'|, defining a threshold for the  E5'4n4 the holelike FS, respectively, are equivalent to 0.38
holelike FS. One can investigate the reason of this differencgiacirons and 0.46 holes per formula units, assuming spin
by looking at the orbital charactes,p,d) of the k states  jegeneracy. These figures are in good agreement with those
calculated by the codeiENo. To this end, Fig. 5 shows the ypiained by the FLAPW calculation, yielding 18% of the BZ
band structure of ErGaalong the high symmetry directions \,qlume for the electronlike and holelike FSs. Figure 6 shows
of the cubic BZ[the energy bands are in good agreemenihe myltiply connected topology attributed to the holelike
with those of the LMTO calculatiotRef. 4)]. FS. The major discrepancy with the thedfyconsists of the

_ Furthermore, in Fig. 5 the size of the symbol representagpsence of the interruption of the FS in R direction[see

tive of the energy values is set to be proportional to dhe Fig. 2(a), where, on going fronf" to R, only the Fermi edge
orbital character of th_k state inside_ the Er sphere._ It appearsy e to hand 7 is found, unlike the experimental case shown
that band 6, generating the holelike FS shown in Fi@),2 i, Fig. 2(b)]. However, since Fig. (®) shows that the inten-
shows a substantial Ef-character around the M poiridue sity of p¢?,,(k) along 'R at the point highlighted by the

tﬁ tgef bg Orbitals and, toha Imln(I).r e>_<tent,f aui]on@x- SmcE arrow is higher than that at the nearby points, one can ex-
the d Teatures Increase the localization of tlstates at the 1, 5in the discrepancy as simply due to insufficient instru-

: . X . . I
expenses of their overlap with the positron, which res'de%ental resolution.

prevalently in th(_a ?nterstic_es, the discontinuitiesp§g,, (k) Our estimates of the FS sizes can be compared to the
across the pertaininke points are reducefsee Eq(2)]. dHVA experiment. Table | reports the extremal cross sec-
Conversely, band 7, centered at the R point and originattional areas perpendicular to high symmetry directions of the
ing the FS sheet shown in Fig. 3, has very littlecEchar-  BZ, expressed as dHVA frequencies, and the corresponding
acter. Therefore, higher delocalization of the reldtestates dHvA measured frequencies. The comparison should also
and a higher overlap with the positron density should beelucidate the experimental error in our determination of the
expected. The higher dispersion of band 7 with respect t&S due to(i) the uncertainty in the choice of the isodensity
band 6 reinforces this conjectufat the correspondingg surface;(ii) the fact that identifying the FS with an isoden-
points the calculatiof yields average gradients ¢V e(k)| sity surface implies that the overlap integral in Eg) is
=18eV/a.u. andVe(k)|=10eV/a.u. for band 7 and 6, re- constant for theék states at the FS of a single band.
spectivelyl. Table | shows that the agreement with the dHVA experi-
A further reason for a smaller amplitude variation due toments is particularly satisfactory for the dHvA branch la-
the Fermi breaks of band 6 with respect to those of band Beled by(a). This branch is generated by the electronlike FS,
(generating a simple, convex F& due to their proximity. which as described above, was determined with higher accu-
As shown in Fig. 5, for all symmetry directions, but particu- racy.
larly alongI'X, MI', and RX, the Fermi breaks of band 6 are  Although the good agreement with the dHVA experiment,
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TABLE I. 2D-ACAR experimental extremal cross sectional areas of the FS normal to high symmetry
direction of the BZ, expressed as dHVA frequencies, compared to the frequencies detected by the dHVA
experiment(Ref. 5 (the letters in parentheses refer to the dHvA branches in Fig. 5 of Ref. 5

[100] F (10 G) [110] F (1 G) [111] F (1P G)
2D-ACAR dHVA 2D-ACAR dHVA 2D-ACAR dHVA
101+2 98(a) 95+ 2 96 (a) 91+2 88 (a)
40+2 41(d) 35(d)
35+2 30(d) 37+2 32+2
9x+2 13(b) 11+2 12 (b) 11+2

supporting to a fair extent thiecore model, can be consid- one FS sheet is nesting into itself. This behavior was pre-
ered an interesting result, it is the direct access to the topoHicted in other rare earth systems and linked to the magnetic
ogy of the FS and the investigation of its nesting propertiesstructure observed.
which makes our experiment a rather unique tool. Indeed, a The soundness of the nesting features is highlighted by
significant part of the electronlike F&ee Fig. 3, nearby the thickness of the contour line, corresponding to a range of
letter S, and Fig. ydoes show nesting features in ##10]  pep (1) within 5% of its total amplitude variation. This
directions. Figure (&), shows in a repeated zone scheme theneans that a slightly different choice in the isodensity sur-
sections of the. FS in thee,=m/a plane of the BZ and the ;.0 defining the FS neither effects sensibly the shape of the
relevant spanning vectorg andq,. Figure Kb). shqvvs that FS sections nor the length of the spanning vectors. We also
Tg ;gsljmgtcfeait;rde geggﬁs naéggr? t[g?el; i';%cggr; Lg” tested the stability of the nesting feature against numerical
equ.ivaller.l’t o 9?);) of (2/a)? 9 ' e noise. To do so, additiqnal Poisspnian noisg was applied to

. ' . . the four raw 2D projections and its propagation through the

Unlike the archetype case of chromium, where the nestln% reconstructioiCormack’s methogand 3D LCW folding
occurs between different sheets of the FS, we notice here th as investigated. Remarkably, the consequent LCW density
(not shown displayed very similar nesting features.
a) The vectorsg; and g, can be expressed in terms of the

lattice commensurate spanning vectpe 2w/a[1/2,1/2,Q
0.6 - as 1=0J1-9) and g,=q(1+ ), with §=(0.03=0.01)
0.4 g [the LCW density obtained via the FBP reconstruction
— method yieldss=(0.025+0.010)]. The equivalence of the
:; 0.2 r two vectors is revealed by summing dg the reciprocal lat-
E 0.0 i tice vector G;=—2m/a[1,1,0], to vyield gy =q,+G;
5 =—q;. In principle}*? the vectorsg, and —q; would
= 027 a single out helical waves with positive and negative helicity
-0.4 F which combine to produce a linearly polarized sinusoidal
0.6 5 spin modulation with period\ ,,=2#/45, modulating the
commensurate antiferromagnetic wave along| fli®)] direc-
_0’6_0'4_0'2 0'0 0'2 0‘4 0’6 tion. It i_s worth noticing that, among the variety of period_ic
e k[.100.] (a_l',_) - magnetic arrangements commonly observed in lanthanides
systems, such as ferromagnetic, helical antiferromagnetic,
b) conical antiferromagnetic, and sinusoidal antiferromagnetic,
. R X R the latter was detected in Erghy the neutron diffraction
0.6 / \/ \ experimentg:4
~ 0.4 r 2 The periodicity\,, corresponds te=33 times the inter-
3 02 a 2 planar distance in thgL10] direction (\j,=100A). The pa-
E 0.0 ‘R rameterd is consistent with the incommensurability param-
S -0.2- W ANy eter §,=(0.020=0.003) found by the neutron diffraction
X .0.4- - experiments of Morinet al! Nevertheless, one can object
-0.6 - /\ F that the agreement betweénand the values obtained from

the neutron experiments is not relevant since the difference
betweerg; andq, is only ~ 3 times its statistical uncertainty.
Indeed, by lowering appropriately the selected LCW density
FIG. 7. (a) Intersections of the electronlike FS, in a repeatedValue(about 10% of the total amplitude variatioife result-
zone scheme, with the plake= 7/a. The two spanning vectorg;  INg spanning vectorg, andd, coincide withq,, reflecting a
andq, connect the parallel sections of the K. Same aga) fora  commensurate antiferromagnetism. However, this action,
(110 plane of the BZ. yielding larger sections of the R-centered spheroidal FS, has

b 4
=}

10 05 00 05
k [110] (a.u.)
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FIG. 8. Schematic example of one possible FS nesting consis- 0.0 0.2
tent with the neutron scattering experiments of Muratilal. (Ref. © k [100] (a.u.) @
14) and the cubic symmetry. The spanning vectprandg,, link-
ing the parallel FS sections labeled by lettard, address the in- 10
commensurate modulation described in the text. The labeling in
capital letters indicates the high symmetry points of the BZ as in
Fig. 7 (the departure of; andq, from the direction110] is exag-
gerated in the figude

the effect to increase the calculated dHVA frequencies re-
ported in the first line of Table | by=10%, with a departure
from the experimental dHVA values of bran¢.

On the other hand, as already mentioned, the recent and
more complete measurements of Murastkal.'* have pro-
posed a somewhat different propagation vectqy
=2mr/a] 1/2+ 6,,,1/2,0], with 5,=0.042. The authors explain
their results in terms of adjacent antiparall#10) sheets of
spins superimposed onto a sinusoidal modulation parallel to

the [100] axis. FIG. 9. I. LCW densities of ErGa[quadrantgb) and(c)] and

In principle, the FS topology might reflect this periodic TmGa, [quadrantga) and(d)] in thek,= =r/a plane of the BZ. The
arrangement with the presence of parallel sheets having dirrow highlights the nesting feature attributed to EyGsee text
ferent orientation with respect to tt{@10) planes, as shown 1. LCW densities of ErGa[quadrants(b) and (c)] and TmGa
in the schematic example of Fig. 8. However, for a state ofquadrants(@ and (d)] in the k,=0 plane of the BZ. The arrow
the art 2D-ACAR experiment it would be difficult to ap- highlights the nesting feature attributed to TmGa Ref. 6.
praise the slight change in the shape of the(&&ggerated
in Fig. 8 required to agree with the incommensurability pa-plane. It appears that the intersections in the region between
rameter suggested by Murasék al** Nevertheless, we can ~0.1a.u. and~0.15a.u. from the origif0,0) are approxi-
investigate further the electronic structure of Ef®3 com-  mately parallel to th¢100]-type directions. These features of
paring its LCW densityt,,(k) with the corresponding one the FS are missing in the case of TmGA careful analysis
obtained for TmGg where an FS driven commensurate an-
tiferromagnetism was suggeste&igure 9 shows the LCW

k [010] (a.u.)

-0.2 0.0 0.2
(C) k [100] (a.u.) (d)

densities of ErGaand TmGa along the two high symmetry )\\\%&

planes of the BZk,= =/a [Fig. %1)] andk,=0 [Fig. A11)]. - \

Although the two LCW densities are rather similar, the shape a 927 i

of the contour lines does show clear differences. In particu- s

lar, the nesting addressed by the flat part of the contour lines 8

of Fig. ) for ErGg, marked by the arrow, is much less 2 0.0 -

evident for TmGa. Conversely, Fig. @l) shows flat(i.e., %

nesting contour lines for TmGa(see arrow and check Ref. §. -0.2 :

6), consistent with a commensurate antiferromagnetism, x N

which do not appear in ErGa ?\/;\\<
Furthermore, we notice that several sections of the hole- . L, ”?“\\ .

like FS sheet of ErGashow nesting features along theO0] ﬂ%:raum too'(;mO] (:.;12.)

direction. Figure 10 displays intersections of the holelike FS
with planes of the BZ parallel to thie,=0 plane and laying FIG. 10. Intersections of the holelike FS of ErGaith several
in between the XMR and thEXM planes. For better com- planes of the BZ parallel to thie,=0 plane, after being projected
parison, the intersections have been translated onto the sarae thek,=0 plane itself.
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has established that the differences in the FS topologies of These findings are different from those obtained for the
the two compounds cannot be ascribed to details of the resostructural 412 system TmGg where our previous 2D-
construction algorithm input. Therefore, it is tempting to link ACAR measurements suggested a FS nesting commensurate
the topology of the FSs with the magnetic structures of thewith the lattice® A natural explanation for the differences in
two systems. the FSs proposed in this work is that the band structure ac-
We completed our analysis extracting from the two FStuaIIy does change from one compound (EsfG® the other
sheets obtained for Er@esti_mates of the electronic density (TmGa;) when proceeding along the rare earth series. Small
of states(DOS) at the Fermi energyN(Eg), and the elec-  jitterences in the F&incompatible with the standarétband,
tronic part of the specific heaper unit temperatujey. LDA band structure calculatiohsvere detected in the REB
_ _As described in Ref. 6, our method is based on the def'(RE=La, Ce, Pr, Nil systems as wef Obviously, such
nition of N(E), changes cannot be predicted by facore LDA calculation,
1 ds considering the RE atoms at stake, only the! Jand 6?2
N(EF):_f_, (4) electrons are itinerant. Few speculations on the nature of
4% ) 5| Vel these differences can be proposed. Within the f-core model,

where the integral is over the FS, experimentally available®n€ can suggest that the polarization of the conduction elec-
and the gradient of the energy function kat, Vie, is ob-  trons due to their coupling with the f-electrons could lead to
tained from our band structure Ca'culati(ﬁsee values re- modifications of the band structure. In this regard, inelastic
ported above for the two conduction bandghe y values neutron scattering experiments have established that, owing
obtained, y=(0.49+0.04) mJ/(molK) and y=(2.2 to crystalfield splitting, the ground states of the f multiplets
+0.4) mJ/(mol k) for the electronlike and holelike FSs, re- are thel'; doublet and th&'$") triplet for ErGa and TmGa,
spectively, cannot be compared to the experimental calorirespectively-?3 The occurrence of a quadrupolar moment
metric values ofy because of the strong magnetic contribu-associated with thé’gl) ground state of TmGa absent in

tion to the specific heat yielded by the near magneticErGg, may produce the aforementioned differences in the
transition (Ty=2.8K). Nevertheless, the overal}=(2.7  band structure.

+0.4) mJ/(mol K¥), corresponding to a density of states On the other hand, one may infer that the band structure
N(Eg)=(16+2) stategRyd cel) is not far from what ob- changes due to hybridization with the 4f states. Since there is
tained by the LMTO calculation N(E) =22.5 stategRyd  strong evidence that the standard LDA tends to overestimate
cell, Ref. 36, and by our f-core FLAPW calculation the hybridization, leading to FSs in strong contrast with the

[N(Eg) =25 stategRyd cell]. experiments, other methods should be employed to describe
appropriately a small hybridization of thef £lectrons with
IV. CONCLUSIONS the conduction electrons. Among alternatisemi ab initio

) calculations, it is worth recalling the self-interaction correc-
The measurement of the angular correlation of the ep anjon, known to increase the localization of the one-electron

nihilation radiation in a single crystal of Ergéaas been gpatial wave function¥ the “LDA +U”" method, which
utilized to reconstruct the 3D ep momentum density and obaims at accounting for the strong on-site atomiclike correla-
tain information on the topology of the FS. Two FS sheetsion effects of the 4 electrons'® or the dynamical field
have been suggested, in fair agreement with the prediction Qﬁeory, which adopts the single impurity Anderson model
thef-core LDA theory. The electronlike FS, determined with jmpedded in an effective medium determined self-
higher accuracy, displays a clear nesting feature, with a spaRpnsistently?! In this regard, the subtle differences revealed

hing vectorg, in the [110}-type directions, consistent with i the FS topologies of ErGaand TmGa may provide use-
ing feature of the holelike FS is observed in {i90]-type

directions. Although neutron scattering experiments detect
only one propagation vector in Ergémagnetic structure of

k, type) one may argue that the nesting along [theQl-type
directions is related to the incommensurate moment modula- We thank Professor E. Bruno and Dr. M. Wolcyrz for
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