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Electronic structures of the isostructural rare-earth intermetallic compounds TmGa3, ErGa3 and CeIn3 

have recently been studied by measurements of two-dimensional angular correlations of annihilation 

radiation (2D ACAR) spectra. On the example of these systems, we show which kind of information can 

be exploited from such spectra, i.e. from line projections of the electron-positron momentum density 

ρ (p). By applying various tomographic techniques, we check how these algorithms can affect recon-

structed 3D momentum densities and Fermi surfaces (FS). We confirm that for all these systems in the 

paramagnetic phase the f-electrons are fully localized and their FSs are similar. TmGa3 and ErGa3 exhibit 

the FS nesting feature, in agreement with their magnetic structure, which is not the case for CeIn3. 
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1. Introduction 

The isostructural (AuCu3-type) rare-earth compounds TmGa3, ErGa3, and CeIn3 

are interesting due to their magnetic properties, and CeIn3 for its intriguing interplay 

of antiferromagnetism, heavy-fermion behaviour, and superconductivity when under 

pressure [1]. Their electronic structures have recently been probed by measurements 

of 2D ACAR spectra, yielding line projections of the electron-positron (e-p) momen-

tum density ρ (p) in the extended zone p [2, 3]. 

Previous studies of TmGa3, ErGa3, and CeIn3 (from three, four, and five 2D 

ACAR spectra, respectively) point out to the similarity of their electronic structures, 

both Fermi surface (FS) and f-electrons being localized in the paramagnetic phase  
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[4, 5]. TmGa3 and ErGa3 exhibit the FS nesting feature that fits to the observed mag-

netic structure, which does not occur in CeIn3. 

In this work, we discuss the results of reconstructing ρ (p) in these systems by em-

ploying different reconstruction algorithms: the modified filtered back projection 

technique (MFBP) [6], the Cormack method (CM) [7], and new lattice harmonics 

expansion (LHE) [8] – to the same spectra as in Ref. [4]. Next, we perform Lock 

–Crisp–West (LCW) folding [9], i.e. conversion from the extended p to reduced k 

space, in order to map the FS. The reason for such investigations was that in the case 

of LaB6 LHE gave a slightly different FS than other reconstruction algorithms [8]. 

2. Results and discussion 

In this paper, we limit our analysis of densities ρ (p) to their isotropic average 

ρ 0(p). Due to the similarity of the reconstructed densities after using different algo-

rithms, in Fig. 1 we show only ρ 0(p) reconstructed by LHE. In order to compare the 

results for various metals, we present them in units of p/pF and normalized to 

 

 

Fig. 1. The isotropic average of momentum densities, ρ 0(p), reconstructed from 2D ACAR  

spectra of various metals. Inset: the difference between ρ 0(p) in TmGa3 and ErGa3 

ρ 0(p/pF  = 1) = 0.5. The results for rare-earth compounds are compared with densities 

reconstructed from 2D ACAR data [10] for Cd for the following reason. According to 

theoretical calculations [11], 4d10 electrons in Cd are very close to the conduction 

band minimum, i.e. they are not as strongly localized as typical core states. It is seen 

in Fig. 1 (inset) that ρ 0(p/pF) for rare-earth compounds is lower than for Cd for mo-

menta p/pF  > 1. Therefore, knowing that the more localized states there are the 
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smaller the probability of e-p annihilation (positrons as positive particles are repelled 

from positive ions), we can conclude that the f-electrons of the considered systems are 

strongly localized (below the conduction band minimum). A big discrepancy between 

ρ 0 in these compounds observed for momenta p/pF < 1 comes, most likely, from dif-

ferences in the compositions of their cores. TmGa3 has twelve 4f electrons per unit 

cell, i.e. one more than ErGa3. Hence, ρ 0(p) for TmGa3 should be higher than for 

ErGa3 (as observed), with the difference similar to a typical core contribution (inset of 

Fig. 1). CeIn3, in turn, has only one 4f electron per unit cell but three atoms of In pro-

vide additional (comparing to Ga) 3×(4s2+4p6+4d10) core electrons. It is therefore 

somewhat surprising that ρ 0(p) in CeIn3 is smaller than in ErGa3. This indicates that 

localized f-electrons are relatively close to the bottom of the conduction band mini-

mum. 

Obviously, it is impossible to obtain the shape of the FS from the density ρ(p) itself 

due to the fact that ρ(p) is not constant on the FS and represents a sum of contributions 

from all occupied bands, not only those crossing the Fermi energy. Thus, in order to map 

the FS, LCW conversion [9] is usually performed, ρ(k) = ΣG ρ(p = k + G), providing 

momentum densities in reduced k space (G are the reciprocal lattice vectors). If the influ-

ence of the positron wave function and many-body effects are ignored, ρ(k) depends only 

on the electron occupation numbers (nj(k) = 0 or 1) in the j-th band. The total contribution 

of all bands is then equal to Σj nj(k)=n(k), where n(k) denotes the number of occupied 

bands at the point k. In the case of e-p densities, ρj(k) = nj(k)gj(k), where the function 

gj(k) depends on the electron state |kj>, even after neglecting e-e and e-p correlations 

[12,13]. Particularly, small values of g are expected for localized d-like states, be-

cause an increase of electron state localization decreases the probability of e-p annihi-

lation. Therefore, if the character of various states |kj> varies strongly, their relative 

contributions to ρ j(k) may be essentially different. Nevertheless, the values of gj(k) 

are usually high enough to reproduce an observable jump in ρ j(k) if this quantity 

passes from one band to another [12, 13].  

Fig. 2. Densities ρ (k) in ErGa3 and CeIn3 on high 

symmetry planes, reconstructed using LHE. The white 

region centred at R contains the occupied states  

of the 7th valence band, and the dark region  

corresponds to the unoccupied states of the 6th band  
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According to theoretical calculations [4] (with f electrons as core states), the FS 

sheets of TmGa3, ErGa3, and CeIn3 exist in the 6th and 7th valence bands. In Figure 2, 

we display densities ρ (k) in ErGa3 and CeIn3 on high symmetry planes in the Bril-

louin zone (BZ), reconstructed by the LHE. It is visible that the general shapes of 

these densities and thus also of the FSs are similar. The nesting of the FS centred 

around R (Fig. 2) on the planes perpendicular to the XR line (the [110] direction) is in 

agreement with the propagation vector of the magnetic structure of ErGa3. If the FS 

nesting were present in CeIn3, consistent with its antiferromagnetic structure, it would 

be observed along the [111] direction. No experimental evidence of nesting, however, 

can be observed. Obviously, even if the electronic structure is in fair agreement with 

experiment, only a full calculation of Q-dependent magnetic susceptibility can reveal 

to what extent the adopted band structure calculation is able to account for the mag-

netic structure of CeIn3. 
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Fig. 3. Densities ρ (k) in ErGa3 and CeIn3 along ΓX and ΓR, reconstructed using LHE, CM, and MFBP 

In order to show more details, in Fig. 3 we present ρ(k) for ErGa3 and CeIn3 along 

some high symmetry directions in the BZ, reconstructed by LHE, CM, and MFBP, and 

normalized to the number of occupied bands in points k. It is seen that ρ(k), very similar 

for both compounds (the same for TmGa3 not shown here), differs mainly around the  

R and X points. Around R, where 7 bands are fully occupied, the electron occupation num-

ber n(k) is equal to 7. Along the ΓX line and around k = 0.25 a.u. (5 bands fully occupied), 

n(k) = 5 and n(k) = 6 around the Γ and X points. Differences between the occupation num-

bers n(k) and ρ(k) point out that electrons around R are more free than others and that this 

effect is more pronounced for ErGa3 than for CeIn3. 

3. Conclusions 

We presented e-p momentum densities in TmGa3, ErGa3, and CeIn3 as recon-

structed by various techniques, showing how a positron annihilation experiment en-
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ables the character of electrons to be examined. We confirm that f-electrons in these 

compounds are strongly localized in the paramagnetic phase and their FSs are similar 

to one another. The FS nesting feature in TmGa3 and ErGa3 is consistent with the 

magnetic structure observed by neutrons [14, 15], which is not the case for CeIn3. 
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