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Recent ab initio calculations by Carrillo-Cázares et al. [1] and Hong [2,3] have obtained, for V submonolayer coverage on Co(001), a sizable magnetic moment on V atoms with an antiferromagnetic coupling between the V and Co atoms. Those ab initio calculations are in good semi-quantitative agreement with XMCD results of Huttel et al. [4].

Besides this, Carrillo-Cázares et al. [5] as well as Hong [2] performed calculations for a V 0.5 Co 0.5 ordered alloy on Co(001) as well as one to three complete V monolayers on Co(001). As can be seen from the inspection of Carrillo-Cázares et al. [1,5] and Hong [2], for ordered V 0.5 Co 0.5 alloy one monolayer thick on Co(001), similar results concerning the magnetic moments on V and Co atoms were obtained. However, for a complete V monolayer on Co(001) a major discrepancy arises, i.e. Hong [2] obtained a small magnetic moment for V atoms, a small decrease of the Co moment at the V/Co interface as well as an antiferromagnetic coupling between the V and Co atoms, whereas Carrillo-Cázares et al. [5] obtained a much greater moment for the V atoms with a ferromagnetic coupling between the V and Co atoms. The discrepancy seems to arise from the relaxation effect taken into account by Hong [2]. In their paper, Carrillo-Cázares et al. [5] have used the same lattice parameters for Co and V: this is not correct.

In the present communication we perform fully relaxed calculations for V and Co atoms on Cu substrates. In order to perform the calculations we follow the growth procedure of Huttel et al. [4], i.e. the Co and V atoms are deposited on Cu(001) substrates. Following that we include in the calculations either the Cu substrate, for V at the interface with Cu, or only the experimental lattice parameter for Cu [START_REF] Ashcroft | Solid State Physics[END_REF] in the "x-y" plane, when the V atoms are separated from the Cu substrate by the Co film. The z direction is allowed to relax until the forces on the atoms become null. When the V monolayer is deposited on Co(001) it takes on, in the plane parallel to Co(001), the a Cu lattice parameter; the lattice parameter perpendicular to Co(001) is obtained via force minimization. The magnetic moment on a second V layer decreases dramatically as compared to that for V/Co(001). Then we considered an ordered V 0.5 Co 0.5 alloy one layer thick on Co(001). Once this had been done we considered the system Co/V/Cu(001) following the geometry used by Huttel et al. [4]. However the results obtained in this case do not agree with the
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Table 1

Magnetic moments (in µ B ) and z atomic positions (in a.u.) with respect to the Co 1 layer at the center of the Co slab of seven layers (denoted as 0.00), for V n layers (n = 1, 2) on Co(001); (a) one V monolayer on fcc Co(001) and (b) two V layers on fcc Co(001) ( experimental results because the polarizations obtained for the V atoms are rather low as compared to the 1.2µ B value obtained by Huttel et al. [4]. In view of the fact that an ordered V 0.5 Co 0.5 alloy one layer thick displays a sizable magnetic polarization on V atoms, we finally considered a configuration with this ordered alloy at the interface between V and Co.

We have used a pseudopotential plane wave package [START_REF] Baroni | [END_REF] to perform the calculations. This program is based on density functional theory (DFT). The calculations are performed with the Perdew-Burke-Ernzerhof [START_REF] Perdew | [END_REF] exchange-correlation functional. The Monkhorst-Pack scheme was used to define the k points and calculations for each slab are performed with a grid of 8 × 8 × 1 mesh in k space. The energy cut-off 35 Ryd was used for the plane wave expansion of the pseudowavefunctions (480 Ryd for the charge density and potential).

Calculations were performed in the slab geometry approach with two types of configurations: either a slab of seven layers of Co atoms (with the lattice parameter of Cu in the x-y plane) sandwiched by one or two V layers or a surface ordered V 0.5 Co 0.5 alloy one monolayer thick; or a slab of seven layers of Cu atoms in contact with V atoms and sandwiched by Co atoms. More precisely we have performed calculations for the following systems: (1) V n /Co 7 /V n , n = 1, 2; (2) V 0.5 Co 0.5 /Co 7 /V 0.5 Co 0.5 ; (3) V n /Cu 7 /V n , n = 1, 2, Co n /V 2 /Cu 7 /V 2 /Co n , n = 1, 2; and finally (4) Co n /V 0.5 Co 0.5 /V/Cu 7 /V/V 0.5 Co 0.5 /Co n , n = 1, 3. The experimental lattice parameter of bulk Cu, equal to 6.81 a.u. [START_REF] Ashcroft | Solid State Physics[END_REF], is used in the "x-y" plane. First we calculate the electronic structure of a film of nine (eleven) layers made of seven layers of Co sandwiched by one (two) layers of V. We have therefore the following geometry: V n /Co 7 /V n , for n = 1, 2. In Table 1 we report the values obtained after relaxations, the z values (in a.u.) being the distances from the central Co layer (Co 1 ) (denoted as 0.00). We report both the z components (in a.u.) of these Co and V layers and their corresponding magnetic moments. In agreement with Hong [2] we obtain an antiferromagnetic coupling at the V/Co interface. However the magnetic moment is larger in the present calculation (0.26µ B ) as compared to Hong's result (0.05µ B ). Thus it can be said that the magnetization on the V atoms is definitely very sensitive to the distance from its magnetic neighboring atoms. For two layers of V atoms at the top of the Co film there is a clear decrease of the induced polarization (Table 1). The surface V layer remains only marginally polarized.

In a second calculation we considered a film of nine layers made of seven layers of Co atoms sandwiched with an ordered V 0.5 Co 0.5 alloy, one layer thick. For this configuration V 0.5 Co 0.5 /Co 7 /V 0.5 Co 0.5 , it is clear that we have to consider calculations with two inequivalent atoms per layer. The results obtained are displayed in Table 2. Contrary to the case for the previous system with one V monolayer on Co(001) for which the induced magnetic polarization on V atoms was marginal, in the present case the induced polarization is as high as 1.82 µ B . It is also seen that the V atoms do not stay in the same surface plane as the Co atoms: they are pushed outwards a little bit. This outwards relaxation is similar to the one reported by Hong [2].

Then we tried to recover the magnetic moments reported in the last line of Table 1 of Huttel et al. [4]. It is difficult to compute for the configuration 7 ML Co/1.8 ML V/Cu. Thus we have replaced it by the following geometrical configuration: n ML Co/VV/Cu with n = 1, 2. Before doing this calculation we first performed calculations for the Cu slab, V/Cu(001) and VV/Cu(001). The results are reported in Table 3. It can be seen that for these three configurations no magnetic moments were depicted. Afterwards, we considered one and two Co layers on VV/Cu(001). Again the two chemical configurations were fully relaxed by minimization of the forces.

A small induced polarization on V atoms at the Co-V interface, nearly equivalent to that obtained in Table 1, was obtained, i.e. 0.31µ B for one Co overlayer and 0.19µ B for two Co overlayers. The magnetic moment on the V monolayer at the interface with Cu remains rather small. Like in Table 1 the magnetic couplings between Co and V atoms are of antiferromagnetic type. However this induced polarization is totally at odds with those reported by Huttel et al. [4] but in full agreement with the previously reported induced polarization on V monolayers and bilayers of V on Co(001). Therefore we strongly believe that the present calculation gives the correct values of the induced polarization. From that, it can be said that a model with an abrupt interface between Co and V is not suitable for explaining the XMCD results. Let us remember that it was pointed out in Table 2 that a large induced magnetic moment was obtained on V atoms for an ordered V 0.5 Co 0.5 alloy one monolayer thick on Co(001) substrate. Thus we believe that such a chemical configuration may improve the agreement with the XMCD results.

In order to check this point we go back to the results obtained by Carrillo-Cázares et al. [5] and Hong [2] concerning the V 0.5 Co 0.5 ordered alloy on Co(001). In that case the induced polarizations on V atoms are respectively 1.67µ B [5] and 1.19µ B [2] for an ordered V 0.5 Co 0.5 alloy one monolayer thick. Results reported in Table 2 confirm this tendency. Following this clue we performed calculations with the following geometrical configurations: n ML Co/V 0.5 Co 0.5 /V/Cu(001) with n = 1, 2, 3, 4. Again, here, we have performed calculations with two inequivalent atoms per layer. The results reported in Table 4 present some interesting features, particularly as regards the induced polarization on the V atoms.

The induced V polarization can be as high as 0.85µ B with an antiferromagnetic coupling with the Co atoms. This value has to be compared with the value 1.2µ B reported in the last line of Table 1 of Huttel et al. [4].

We have also considered the case with two layers of CoV ordered alloy, i.e. Co/2(V 0.5 Co 0.5 )/V/Cu 7 /V/2(V 0.5 Co 0.5 )/Co. This configuration is marginally less stable (0.3 mRyd/atom) than the non-alloyed configuration Co 2 /V 2 /Cu 7 /V 2 /Co 2 , so it can clearly exist at the temperature at which the XMCD experiment was performed. However, although the polarization on V atoms remains high, this new configuration is clearly at odds with XMCD results, because the magnetic moments on the Co atoms are now clearly killed. Also we have examined a possible onset of magnetism in rather dilute V atoms on Cu substrate following XMCD results of Huttel et al. [9]. Indeed, for V impurity in Cu we have obtained a sizable magnetic moment. However, magnetization is killed when the V concentration increases, so this type of alloying does not provide any suitable answer.

To summarize, it can be said that in the present paper we have tried to recover the experimental values obtained by Huttel et al. for the magnetic moments on Co and V of 7 ML Co/1.8 ML V/Cu. Sizable magnetic polarization on V atoms can be obtained only if we consider Co-V alloying at the Co/V interface.