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I. INTRODUCTION

In condensed-matter physics, Yb-or Ce-based intermetallics are relevant candidates to study quantum critical effects such as non-Fermi-liquid behavior or unconventional superconductivity [1,[START_REF] Coleman | Handbook of Magnetism and Advanced Magnetic Materials[END_REF]. These exotic phases have been mainly investigated in materials where the rare-earth-metal element is alloyed with nonmagnetic elements [1,[START_REF] Morosan | [END_REF] and are often limited to very low temperature and trivalent rare earth metals [START_REF] Coleman | Handbook of Magnetism and Advanced Magnetic Materials[END_REF]4]. In most cases, the physics of such systems can be understood based on the Doniach picture [5], where Kondo screening competes with Ruderman-Kittel-Kasuya-Yoshida (RKKY) exchange interactions. Their relative magnitude can be varied using nonthermal control parameters (chemical substitution, pressure, magnetic field) to cross the rare-earthmetal magnetic instability where quantum critical effects may manifest [1,[START_REF] Coleman | Handbook of Magnetism and Advanced Magnetic Materials[END_REF]. Other heavy fermion materials deviate from this behavior and are termed unconventional [6][7][8][9] with, in some cases, quantum critical effects completely detached from the rare-earth-metal magnetic instability [10][11][12][13]. In all these materials, Yb or Ce are alloyed with nonmagnetic elements and, for the sake of simplicity, we hereafter term them standard materials.

In YbMn 6 Ge 6-x Sn x [14][15][16][17][18][19], the situation is rather different since the Mn sublattice, which orders magnetically near room temperature or above, interacts with intermediate valent Yb. The Mn(3d )-Yb(4 f ) exchange interaction is substantially stronger than 4 f -4 f RKKY interactions [20,21]. This results in unusually high magnetic ordering temperatures of intermediate valent Yb (up to T Yb ≈ 125 K) [17] and a shift of the magnetic instability toward strongly hybridized Yb (Yb valence υ ≈ 2.77 at the critical composition x c ≈ 5.23) [18]. This kind of heavy fermion systems also shows signatures of quantum criticality near x c , with an enhancement of the effective mass of the charge carriers [19] and of the Yb valence and 4 f magnetism [18]. This manifests by a marked peak in their composition dependence, in agreement with theories on unconventional quantum criticality which predict divergent valence and magnetic susceptibilities at the quantum critical point [22,23].

In YbMn 6 Ge 6-x Sn x , the hybridization between 4 f and conduction electrons, thus the Yb valence υ, is altered by chemical pressure using the isoelectronic substitution of Sn for Ge. The Yb valence ranges from υ ≈ 3 for x = 0.0 down to υ ≈ 2.6 for x = 6.0 [18]. Chemical or external pressure variation may modify physical properties through various mechanisms as the contraction of interatomic distances (in turn changing the magnetic exchange interactions and/or rare-earth-metal valence) [7,[24][25][26] or modifications of the electronic structure (increase of the bandwidth and depression of the electronic density of states at the Fermi level) [27,28]. In standard Yb-based heavy fermion materials, pressure increase promotes trivalent Yb and therefore Yb magnetism [7,[24][25][26], due to the decrease of the 4 f -conduction electron hybridization, which alters the balance between Kondo effect (T K ) and the RKKY interaction (T RKKY ) [START_REF] Thompson | Handbook on the Physics and Chemistry of Rare Earths[END_REF]. Ce-based materials behave oppositely, with an increase of the hybridization and loss of magnetism upon pressure increase.

In the present work, we investigate the influence of external pressure change on the crystal structure, Yb valence, and magnetism in YbMn 6 Ge 6-x Sn x , using x-ray diffraction, Yb L 3 edge x-ray absorption near edge spectroscopy (XANES), and x-ray magnetic circular dichroism (XMCD). We compare the effect of physical pressure to chemical pressure. This work is organized as follows: Section II provides the experimental details. The results are presented in Sec. III and discussed in Sec. IV before a short conclusion in Sec. V.

II. EXPERIMENTAL DETAILS

The polycrystalline YbMn 6 Ge 6-x Sn x samples investigated here (and the two related Lu-based samples) were prepared from high-purity elements as described in Refs. [14,17]. These two papers also report on the crystal and magnetic properties determined by x-ray diffraction, DC magnetization, and neutron diffraction measurements. Due to limited beam time, only a few samples were investigate with x-ray diffraction experiments under external pressure. The experiments were carried out up to ≈ 10 GPa at room temperature using the synchrotron radiation delivered by the beam line MS-X04SA (λ = 0.62 Å) at the Swiss Light Source (SLS, Paul Scherrer Institute, Villigen, Switzerland) [START_REF] Gozzo | [END_REF]. External pressure was applied using a diamond anvil cell with silicon oil as the pressure-transmitting medium. The pressure was evaluated from the variation of the quartz unit-cell parameters [31]. The x-ray diffraction patterns were analyzed by Le Bail refinements using the FULLPROF software [32].

The XANES and XMCD spectra at the Yb L 3 edge were recorded using the ODE beam line of the SOLEIL synchrotron (Saint-Aubin, France) [33]. The dichroism effect is given by the difference between the x-ray absorption intensities recorded under an applied field of 1.3 T aligned parallel and antiparallel to the beam while keeping constant the beam helicity. The experiments were carried out in the 5-300 K temperature range and under external pressure up to ≈ 50 GPa thanks to a diamond anvil cell with silicon oil as transmitting medium. The shift of the R1 fluorescence line of a ruby [34] was used to measure the pressure. Due to occasional failures of the high-pressure cell, some compositions were investigated in a more reduced pressure range.

III. EXPERIMENTAL RESULTS

A. X-ray diffraction under pressure X-ray diffraction experiments under pressure were carried out on five YbMn 6 Ge 6-x Sn x compositions (x = 0.00, 3.80, 4.25, 4.40, 5.80) as well as on two related Lu-based compounds (namely, LuMn 6 Ge 1.8 Sn 4.2 and LuMn 6 Sn 6 ), the latter two with a stable 4 f shell rare-earth-metal element serving as reference materials. Le Bail refinement of the data indicates that all compounds keep the HfFe 6 Ge 6 -type structure (P6/mmm), with one site for Mn, one site for Yb, and three sites for the p elements [14]. The cell volume contracts upon external pressure increase without structural transition up to the maximal applied pressure used of 10 GPa. Depending on composition, the volume contraction at 10 GPa lies between 7 and 10% of the ambient pressure unit cell volume V 0 [see Fig. 1(a)]. The contraction is slightly anisotropic since the ratio c/a increases with pressure [see inset of Fig. 1(a)]. By contrast, the ratio c/a decreases upon chemical pressure increase (i.e., upon decreasing the Sn content) [35]. This suggests that chemical and hydrostatic pressure variations do not have strictly the same effect. In YbRh 2 Si 2 , the ratio c/a also evolves dissimilarly depending on whether the contraction is due to hydrostatic pressure increase or to chemical pressure increase from Co for Rh substitution [7].

The bulk modulus K 0 , which characterizes the compression behavior under hydrostatic pressure, was extracted from the data by fitting a third-order Birch-Murnahgan equation of state [36]:

P = 3 2 K 0 V 0 V 7 3 - V 0 V 5 3 × 1 + 3 4 K 0 -4 V 0 V 2 3 -1 ,
where V 0 , K 0 , and K 0 are the ambient pressure volume, bulk modulus, and its pressure derivative, respectively. As an example, Fig. 1(b) shows the fit for x = 4.25.

In both the Yb and Lu series, K 0 decreases upon increasing the Sn content, indicating that compressing the alloys becomes easier [Fig. 1(c)]. This is most likely due to weaker chemical bonds with Sn than with Ge in such intermetallics [37,38]. In addition, our results reveal higher compressibility of compounds with intermediate valent Yb alloys [18] compared with the Lu-based compounds of similar tin content. This difference likely originates from the Yb 4 f 14 (spd ) 2 → 4 f 13 (spd ) 2 pressure induced gradual transition [25], absent in the stable 4 f shell Lu-based counterparts. The compressibility gap between the Yb and Lu series increases with the Sn content due to the concomitant reduction of the Yb valence [18].

B. XANES

XANES measurements have been performed at 5 K on several YbMn 6 Ge 6-x Sn x alloys (3.80 x 5.80) and also at 300 K for x = 4.95. The L 3 -edge XANES spectra of YbMn 6 Ge 0.2 Sn 5.8 recorded at 5 K upon increasing hydrostatic pressure are shown in Fig. 2

(a). A typical intermediate valent

Yb L 3 edge XANES spectrum consists of two structures: a main peak at 8.948 keV and a shoulder at 8.941 keV, which correspond to transitions from the initial state to the final states of mainly 2p 5 4 f 13 (trivalent) and 2p 5 4 f 14 (divalent) character, respectively. As expected [7,[24][25][26], increasing external pressure yields a spectral weight transfer from the Yb 2+ component toward the Yb 3+ one. The same is true for all compositions. The Yb valence υ is obtained by fitting the divalent and trivalent components as described in Refs. [18,39] Above 10 GPa, Yb reaches the fully trivalent state in almost all compounds, except in the richest Sn compound (x = 5.80) which remains slightly below trivalency at the highest applied pressure (υ max ∼ 2.98 at P ∼50 GPa). This points will be further discussed in Sec. IV.

Three kinds of behavior can be distinguished depending on the Sn content. For ( ∂υ ∂P ≈ 0GPa -1 ), which extends with the Sn content. Beyond this plateau, the Yb valence strongly increases with pressure ( ∂υ ∂P ≈ 0.03 GPa -1 ), as does the intermediate composition x = 4.95 at low pressure, before slowly reaching (5.23

x 5.30) or approaching (x = 5.80) the fully trivalent state above 10 GPa.

We now approximately evaluate the chemical pressure, to compare its influence with that of hydrostatic pressure, by combining the ambient pressure crystallographic data (see Refs. [14,17]) and data from x-ray diffraction under pressure (cf. Sec. III A). We proceed as follows. The richest Sn alloys (x = 5.8) with the larger cell volume is chosen as the zero of chemical pressure. We use the experimental υ(P) curve of x = 5.8 to locate the ambient pressure volumes of the other compounds with x < 5.8. For each composition, the corresponding pressure is taken as the chemical pressure [Fig. 3(a)]. For instance, for x = 4.65 the chemical pressure is estimated to be P chem = 4.1 GPa. were obtained by shifting of P chem those shown in Fig. 2(b). Most of the data points are then scattered around an S-shaped curve. This indicates that external and chemical pressure are almost equivalent. The main differences are observed for the Sn-rich compounds (x 5.23) for which the plateaus occur for unlike Yb valences. In addition, as mentioned above, the richest Sn alloys x = 5.8 does not reach the fully trivalent state at high pressure. This suggests that, in the Sn-rich region, hydrostatic pressure and isoelectronic Ge/Sn substitution are not strictly equivalent.

C. XMCD

The pressure-dependent Yb L 3 edge XMCD measurements were used to probe the local magnetism of Yb at 5 K. This is a qualitative study since sum rules do not apply to the L 3 edge of rare-earth metals [40]. A complete description of the XMCD spectra in YbMn 6 Ge 6-x Sn x can be found in Ref. [18]. The weak negative peak at E ≈8.944 keV is due to the hybridization of the 5d states of Yb with the self-polarized 3d states of Mn. The large positive peak at E ≈ 8.948 keV is ascribed to local exchange interaction with the 4 f spin. Thus, Yb 4 f magnetism yields the quadrupolar (E2) and the large dipolar contributions (E1) while the weak negative peak at E≈ 8.944 keV remains present and almost constant as long as the Mn sublattice is ordered. Thereafter, we only follow the pressure dependence of the main E1 contribution at 5 K (the evolution of the E2 contribution being very similar). The pressure dependence of the XMCD spectra of x = 3.8 and 5.8 is shown in Figs. 4(a) and 4(b), respectively. The pressure dependence of E1 is plotted in Fig. 4(c) for all investigated compositions.

External pressure induces an increase of the Yb valence (cf. Sec. III B) and thus strengthens Yb 4 f magnetism. This is evidenced by the strong increase of the E1 contribution under moderate external pressure (P < 10 GPa) [Fig. 4(c)]. For the Sn-rich alloys (x = 5.30 and 5.80), within which Yb is nonmagnetic at ambient pressure [18], the E1 and E2 contributions become nonzero beyond a composition-dependent critical pressure, proving the onset of 4 f magnetism. After the initial growth, the XMCD signal intensity keeps almost constant up to the highest pressure of the measurements (≈ 50 GPa) except for the three poorer Sn alloys (x = 3.80, 4.25, and 4.95) for which a sharp decrease of the XMCD signal is observed beyond a composition-dependent pressure P lim . This indicates that, although Yb is fully trivalent, it loses its magnetic character under high enough hydrostatic pressure.

IV. DISCUSSION

Our study shows that increasing the hydrostatic pressure or the chemical pressure through isoelectronic Ge for Sn substitution has globally similar effect: It yields an increase of the Yb valence and promotes Yb 4 f magnetism. However, besides the dissimilar influence of external and chemical pressure on the ratio c/a, some other differences manifest in the Sn-rich alloys (x 5.23).

When x 5.23, the Yb valence is found insensitive to low applied pressure (< 2 GPa) whereas the ambient pressure Yb valence evolves gradually with composition 5.23 x 5.80 [18], although in both cases the volume contraction is of comparable magnitude [a few percent; see Fig. 3(a)]. We can identify two possible origins for this discrepancy. First, the chemical pressure acts locally; the Ge for Sn substitution takes place on the metalloid 2d site [17] which is coplanar of Yb and in its first coordination shell. As a result, weak changes in the Ge/Sn content yields significant modification of the interatomic distances between Yb and its first neighbors. By contrast, hydrostatic pressure acts on the whole lattice, making it less influential on local interatomic distances around Yb. Additional x-ray diffraction experiments performed to allow Rietveld refinements should help to compare the effects of chemical and external pressure by following interatomic distances modifications. The second possible origin for the differences between chemical and physical pressure behaviors invokes electronic effects. Though Ge and Sn are isovalent, the dissimilarity between the Ge 4s4p and the less bound Sn 5s5p valence states could yield different electronic structures near the Fermi level that influence the Yb valence. For instance, in the magnetocaloric Gd 5 (Si x Ge 1-x ) 4 alloys, the influence of Ge for Si substitution arises predominantly from an electronic effect rather than from volume variation [41].

A difference in the electronic structure near the Fermi level might also explain the singular high-pressure behavior of x = 5.8-the sole alloy for which Yb does not reach trivalency and even tends to reduce under high hydrostatic pressure. Several examples reported in the literature [27,42,43] show that a saturation or a decrease of the Yb valence may be observed despite the concomitant reduction of the lattice parameters. This unusual decrease of the Yb valence with pressure cannot be explained with conventional cf hybridization. It might arise from the competition between two ways of coupling f -electrons and the lattice, as explained in Ref. [44], resulting in a pressure-induced enhancement of the Kondo effect due to an increase of both the hybridization strength and the width of the conduction band [43,44].

A last remark about the pressure dependence of the Yb valence involves intermediate compositions, in particular x = 4.95, whose Yb valence shows a strong sensitivity to low applied pressure variation [Fig. 3(a)], thus to weak interatomic distance changes (≈1%) comparable to those due to thermal contraction. As suggested in Refs. [15,16], this strong sensitivity could participate in the unusual increase of the Yb valence observed upon cooling for intermediate YbMn 6 Ge 6-x Sn x compositions (ca. 4 < x < 5), in addition to the effect due to the increasing exchange field.

At ambient pressure, the alloy with x = 5.23 (υ ≈ 2.77) is the richest Sn alloy whose low-temperature XMCD spectrum shows trace of 4 f magnetism [18]. It is thus located close to the Yb magnetic instability and the associated quantum criticality, while Yb is nonmagnetic in richer Sn alloys. Increasing the external pressure on the two alloys with initially nonmagnetic Yb (x = 5.30 and 5.80) allows stabilizing 4 f magnetism [see Figs. 4(a) and 4(b)], as observed in many standard Yb heavy fermion materials close to trivalency [24,45]. The low-pressure (P < 4 GPa) variation of the Yb valence and XMCD E1 contribution are shown together in Fig. 5 for these two alloys (x = 5.30 and 5.80). Both the Yb valence υ and the E1 contribution evolve similarly. We first note that the lower pressure point for which 4 f magnetism is detected in the XMCD spectra corresponds to a Yb valence of υ ≈ 2.76, almost identical to that reported at ambient pressure, but considerably lower than the valence at which Yb magnetism may appear in standard materials where Yb is alloyed with nonmagnetic elements. We further observe that the XMCD E1 contribution remains zero as long as the Yb valence keeps independent of pressure, and 4 f magnetism appears when the Yb valence starts to grow (i.e., when there is a marked slope change in the υ(P) curves), that is near ≈1 GPa and 2 GPa for, respectively, x = 5.30 and 5.80. Slope changes in the pressure dependence of the Yb valence-but generally corresponding to a slope reduction-are often considered as a marker of quantum criticality in standard heavy fermion materials [45][46][47][48].

In previous works [18,19], we identified the peak near x c ≈ 5.23 (whose base width is estimated to be x ≈ 0.05 from the data in Ref. [18]) in the composition dependence of the Yb valence, XMCD intensity, and electronic specific heat coefficient as signs of quantum criticality. We do not observe 3(a), the peak width is estimated to be P ≈ 0.2 GPa and located near P ≈ 2 GPa for x = 5.80. However, most of the pressure-dependent measurements have been performed before we realized the existence of that divergence, such that the pressure steps we used (at least ≈0.5 to 1 GPa) were too large and the peak might have been missed [see the shaded area in Fig. 5(b)]. Further, we used silicon oil as the pressuretransmitting medium, resulting in pressure gradients across the sample chamber (≈0.25 GPa for 2 GPa < P < 10 GPa) [50] that may hinder the detection of the divergence.

As noticed in Sec. III C, the E1 XMCD intensity dramatically decreases at high pressure in the three richest Ge investigated alloys (x = 3.80, 4.25, and 4.95) despite Yb is then fully trivalent [Fig. 4(c)]. The pressure at which the XMCD signal starts to fall off (P lim ) reduces upon increasing the Ge content, that is upon reducing the lattice parameters. Since this disappearance of 4 f Yb magnetism seems unrelated to Yb valence fluctuations, we propose it may come from the collapse of the Mn magnetic moment, in agreement with the almost flat XMCD signal of the x = 5.8 composition at ≈ 50 GPa [see Fig. 4(a)]. Since the unusually high temperature magnetic ordering of Yb is thought to be due to the strong Mn-Yb exchange interaction [15][16][17][18], the collapse of the Mn magnetism yields in turn the destabilization of the Yb sublattice magnetic order. The breakdown of Mn magnetism can be understood based on simple arguments in the framework of the Stoner's model [49]. At sufficiently high pressure [above P lim in Fig. 4(c)], the Mn-Mn distances are considerably reduced. The electronic bandwidth widens such that the density of states at the Fermi level becomes too low for the Stoner criterion to be satisfied, and in turn Mn loses its magnetic moment. Since the Mn-Mn distances shorten upon Ge for Sn substitution, P lim tends to decrease with the Ge content while the lost of Yb magnetism is not observed in the Sn-rich compositions.

V. CONCLUSION

We have investigated the pressure dependence of the crystal structure, Yb valence and Yb 4 f magnetism in YbMn 6 Ge 6-x Sn x using, respectively, x-ray diffraction, XANES, and XMCD measurements at the Yb L 3 edge. Our results show that external or chemical pressure have overall the same influence, as often observed in heavy fermion materials: A pressure increase promotes Yb trivalency and strengthens Yb magnetism. Some differences were observed, mainly in the Sn-rich region, that we tentatively ascribed to the local nature of chemical pressure changes and/or to different binding and spatial extent of the valence electrons of isoelectronic Ge and Sn.

Once plotted as a function of total pressure (= external + chemical), the Yb valence follows an S-shaped curve. At low external pressure, for alloys with initially nonmagnetic Yb, the Yb valence is insensitive to external pressure change, while chemical pressure variation yields a gradual change of the valence throughout the series. Upon further total pressure increase, the Yb valence changes quickly with pressure before slowing down when trivalency is approached. The strong slope increase at low pressure corresponds to the Yb magnetic instability, i.e., to the appearance of Yb magnetism. This instability occurs at nearly the same valence (υ ≈ 2.76) as for changes of the Sn content at ambient pressure. The pressureinduced magnetic instability might be connected to quantum critical effects, but we did not observe the singularity in the Yb valence and XMCD signal previously found at ambient pressure. This is likely due to the sparse pressure points available due to limited beam-time availability. We proposed that the fall of the XMCD signal at elevated pressure observed in the Ge-rich alloys might arise from the collapse of Mn magnetism due to 3d-band broadening.

Further experiments may be helpful for a better understanding of these atypical series and to verify some of our assumptions. For instance, x-ray data allowing Rietveld refinements to detect difference in interatomic distances variation upon changing chemical or external pressure as well as pressure-dependent XMCD measurements at the Mn K edge to verify the collapse of Mn magnetism.
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 1 FIG. 1. (a) Pressure variation of the normalized unit cell volume V /V 0 (V 0 is the ambient pressure unit cell volume) in YbMn 6 Ge 6-x Sn x and LuMn 6 Ge 6-x Sn x at 300 K. The insert shows c/a variation for Yb-based alloys. (b) Fit to third-order Birch-Murnahgan's equation of state of YbMn 6 Ge 1.75 Sn 4.25 . (c) Composition dependence of the bulk modulus K 0 in YbMn 6 Ge 6-x Sn x and LuMn 6 Ge 6-x Sn x .

  Figure 2(b) presents the pressure dependence of the Yb valence for the whole YbMn 6 Ge 6-x Sn x series.

  x 4.65, Yb is nearly trivalent at ambient pressure (υ > 2.95) and Yb valence increases slowly and continuously with pressure ( ∂υ ∂P ≈ 0.005 GPa -1 ) until saturation. For an intermediate composition (x = 4.95) the Yb valence increases sharply from the lowest pressures ( ∂υ ∂P ≈ 0.02 GPa -1 ) to reach trivalency above 8 GPa. For this composition only, the pressure dependence was also measured at room temperature and is almost identical to that recorded at low temperature [open blue diamonds in Fig. 2(b)]. Finally, in the Sn-rich compounds (x 5.23), Yb is farther from trivalency at ambient pressure (υ < 2.80). The υ(P) curves starts with a plateau-like behavior at low pressure
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 2 FIG. 2. (a) Yb L 3 XANES spectra of YbMn 6 Ge 0.2 Sn 5.8 at 5 K for different applied pressures. (b) Pressure dependence of the Yb valence at 5 K of YbMn 6 Ge 6-x Sn x extracted from the XANES spectra. The inset shows an enlargement of the low-pressure region (P < 10 GPa). Room-temperature data are also shown for x = 4.95 (open blue diamonds).
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 3 FIG. 3. (a) Estimation of the initial chemical pressure P chem in YbMn 6 Ge 6-x Sn x . The pressure variation of the unit cell volume of the Sn-rich reference alloy x = 5.80 is taken from Fig. 1(a).Right scale shows the normalized unit cell volume, V 0 being the room-temperature lattice volume of x = 5.80. The room-temperature lattice volumes are also shown for all the measured compositions (data from Refs.[14,17]). (b) Yb valence at 5 K as a function of total pressure (P external + P chem ) of YbMn 6 Ge 6-x Sn x , inset showing an enlargement of the low-pressure region (P <10 GPa).
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 4 FIG. 4. (a) Yb L 3 XMCD spectra of YbMn 6 Ge 2.20 Sn 3.80 and (b) YbMn 6 Ge 0.20 Sn 5.80 at 5 K for different applied pressures. (c) Pressure dependence of the dipolar XMCD signal (E1) at 5 K in YbMn 6 Ge 6-x Sn x . P lim indicates the pressure at which the E1 signal starts to strongly decrease.
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 55 FIG. 5. Pressure dependence (P < 4 GPa) of the Yb valence (black squares, left scale) and of the Yb E1 XMCD contribution (red triangles, right scale) at 5 K for (a) YbMn 6 Ge 0.70 Sn 5.30 and (b) YbMn 6 Ge 0.20 Sn 5.80 . The shaded area shows the pressure domain where a peak in the pressure dependence of the Yb valence and XMCD signal is expected for x = 5.8 [18] (see text). such a peak in the pressure dependence of the Yb valence and E1 XMCD [Figs. 2(b), 4(c), and 5]. Based on the data in Fig.3(a), the peak width is estimated to be P ≈ 0.2 GPa and located near P ≈ 2 GPa for x = 5.80. However, most of the pressure-dependent measurements have been performed before we realized the existence of that divergence, such that the pressure steps we used (at least ≈0.5 to 1 GPa) were too large and the peak might have been missed [see the shaded area in Fig.5(b)]. Further, we used silicon oil as the pressuretransmitting medium, resulting in pressure gradients across the sample chamber (≈0.25 GPa for 2 GPa < P < 10 GPa)[50] that may hinder the detection of the divergence.As noticed in Sec. III C, the E1 XMCD intensity dramatically decreases at high pressure in the three richest Ge investigated alloys (x = 3.80, 4.25, and 4.95) despite Yb is then fully trivalent [Fig.4(c)]. The pressure at which the XMCD signal starts to fall off (P lim ) reduces upon increasing the Ge content, that is upon reducing the lattice parameters. Since this disappearance of 4 f Yb magnetism seems unrelated to Yb valence fluctuations, we propose it may come from the collapse of the Mn magnetic moment, in agreement with the almost flat XMCD signal of the x = 5.8 composition at ≈ 50 GPa [see Fig.4(a)]. Since the unusually high temperature magnetic ordering of Yb is thought to be due to the strong Mn-Yb exchange interaction[15][16][17][18], the collapse of the Mn magnetism yields in turn the destabilization of the Yb sublattice magnetic order. The breakdown of Mn
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