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I. Introduction

Full-Heusler alloys have become a major topic of research in magnetism in the past ten years due to their potential for spintronics and microwave devices. Indeed, some of them are predicted to be half metals [1][2][3][4] which goes along with very low microwave damping coefficient [5,6] as compared to usual ferromagnetic materials. Then, they show great potential for spin transfer torque applications as 100% spin polarization and low damping coefficient are two conditions to decrease the current density for magnetic switching [7,8]. Also, materials with low microwave energy losses are of particular interest for microwave devices such as phase lines.

Among Heusler alloys, Co 2 MnSi (CMS) is particularly attractive since its high Curie temperature around 900 K [9,10] allows applications at room temperature and its damping coefficient is predicted to be among the lowest among full-Heusler [5,11]. However, these features are particularly difficult to observe experimentally. For example, only few studies report spin polarization higher than 50% at room temperature [12][13][14] except for two recent studies for which spin polarization above 90% has been observed by spin-resolved photoemission [15,16]. In addition, only few studies have reported a damping coefficient below 10 -3 [16,17] for CMS with a minimum of 7×10 -4 but for Co 1.9 Mn 1.1 Si [16].

Otherwise, reported values are generally around or above 3×10 -3 [18][19][20][21].

One possible reason to explain the discrepancies between the experimental and predicted values of the magnetic properties of Co 2 MnSi relies on the presence of local atomic disorder. Indeed, the magnetic properties and especially the half metallic behavior, the magnetic moment and the Gilbert damping coefficient α strongly depend on the crystal order of the material. For example, ab-initio calculations have predicted half metallicity only for the L2 1 and B2 order while the D0 3 order is supposed to show weaker magnetic moment and spin polarization [22]. However, no clear experimental evidence of the evolution of the static and dynamic properties as a function of the different class of atomic disorder has been achieved up to now.

In this work ferromagnetic resonance (FMR) is used to study the effect of Mn/Si or Co/Mn disorder on the static and dynamic magnetic parameters of the L2 1 order in Co 2 MnSi. To achieve this goal, we recently demonstrated [23] that light He + ions irradiation at 150 KeV allows to induce Mn/Si and Co/Mn swaps in the L2 1 phase leading to regions of full B2 order and regions with D0 3 disorder type. Here, we demonstrate that the magnetic parameters of the B2 regions (Mn/Si disorder) are very close from the one of L2 1 order, except for the damping coefficient. In opposite, we show that a small amount of Co/Mn exchange induces strong and complex variations of both the static and dynamic properties of the L2 1 order. Electronic band structure and damping calculations including Co/Mn atomic disorder show that the experimental results can be explained by the creation of electronic states in the minority spin band at the Fermi level E F in addition to a modification of the spin-orbit interaction due to an increase orbital moment.

II. Experimental and calculation methods

The measurements have been performed on the four samples for which a full structural characterization has been presented in Ref. [23]. First a CMS thin film has been grown by magnetron sputtering on a MgO (001) single crystal. Details about the deposition conditions are presented in Ref. [24]. The thickness of the CMS layer is 42 nm and a 10 nm MgO capping layer is deposited to avoid oxidation. This reference sample is then cut into four pieces, one as a reference and three for He + irradiation at 150 keV performed with a 200A2 Varian ion implanter. The irradiation is performed at room temperature and the fluences (= ions/cm²) for the three irradiated samples are 10 15 , 5×10 15 and 10 16 respectively. The high kinetic energy of the ions prevents from implantation of He + in the CMS film as they stop several hundreds of nm deep in the substrate.

Here we summarize the main result presented in Ref [23] about the evolution of the structural properties as a function of the ion fluence. We extracted the values of the Co/Si, Mn/Si and Co/Mn atomic disorder as a function of the irradiation fluence by X-ray diffraction analysis. Also, local arrangement of atomic organization was observed by HAADF-STEM imaging. Details about the method can be found in Ref [23]. We demonstrated that the as deposited sample grows with 75% of L2 1 order and 25% of B2 order, this last one appearing as very small regions of few tens of nm 3 in the L2 1 matrix (see figure 2a in Ref. [23]). Under He + irradiation, the size of the regions with B2 order was shown to increase (see figure. 3a in Ref. [23]), due to Mn/Si exchange in the initial L2 1 matrix. In addition, the rate of Co/Si disorder was found to be small and roughly constant as a function of the fluence, showing no influence of ion irradiation on this kind of atomic disorder. Finally, the determination of the exact value of Co/Mn disorder parameter for fluence below 10 16 ions/cm² was difficult due to the uncertainty in the experimental procedure to extract this parameter from X-ray diffraction. We evaluate our experimental uncertainty to be around 0.02 for Co/Mn disorder. However, for a fluence of 10 16 ions/cm², we observed a clear increase of this parameter up to 0.09, well above the experimental uncertainty. Below 10 16 ions/cm², Co/Mn exchange was also accounted for the decrease of the magnetization amplitude measured by PPMS magnetometer and presented in figure 4. in Ref. [23]. Also, HAADF-STEM did not allow to state if Co/Mn disorder induced by irradiation appears as regions of full D0 3 order or if it is randomly distributed in the material.

Table 1 presents a summary of the measured disorder parameters as a function of the ion fluence.

We remind that for the L2 1 , B2, D0 3 and A2 crystal orders the Mn/Si, Co/Si and Co/Mn parameters are respectively equal to (0,0,0), (1/2,0,0), (0,0,2/3) and ( 1 1d of Ref. [23].

Broadband (0.1-30 GHz) ferromagnetic resonance in strip line geometry is used to measure the magnetic parameters of the samples. The measurement is performed at constant frequency and sweeping the external field. In order to increase the signal to noise ratio, the external magnetic field is modulated with an amplitude of 0.2 mT and a frequency of 73 Hz by two Helmholtz coils. A lock-in amplifier then measures the derivative of the microwave power absorbed by the CMS (figure 1.c). Our set-up allows for rotation of the magnetic field around the sample and then for the measurement of in plane angular dependence of the resonance fields.

Calculations of electronic band structure and damping coefficient are performed with the spinpolarized relativistic Korringa-Kohn-Rostoker (SPRKKR) code. This code is based on the KKR-Green's function formalism which uses the multiple scattering theory with periodic boundary conditions to calculate the Green's function of the system [25]. This calculation method of the electronic structure was chosen because it allows to treat random chemical disorder via the coherent potential approximation (CPA) [26]. The calculations are performed for a tetragonaly distorted unit cell containing 4 formula unit with the lattice parameters measured by X-ray and presented in Ref [23]. For the reference sample and the one irradiated at 10 16 ions/cm², the in plane lattice parameter is 5.63 Å while the out of plane parameter increases from 5.67 to 5.69Å. It is worth noticing that the calculations of the spin-resolved densities of states (DOS) and damping coefficient are performed at 0 K. However, as the linear response formalism chosen to calculate the Gilbert damping parameter in the SPRKKR code cannot be used for a fully ordered phase at 0 K [27], the electronic properties and the damping parameter of the L2 1 phase are actually calculated for a nearly L2 1 phase that includes a tiny 1% amount of Mn/Si atomic swaps. This is the lowest amount of disorder that can be implemented in the calculations, the DOS curves and magnetic moments of the L2 1 and nearly L2 1 phases are not distinguishable.

Moreover, the damping coefficient is evaluated considering possible electronic inter and intra band transitions. Inter-band terms account for dissipation effects resulting from transition between eigenstates whose energies vary periodically with the precession of the magnetization. Intra-band terms account for dissipation effects produced by the change during the magnetization precession of the energy of the electronic states near the Fermi level under the influence of the spin-orbit coupling.

The system pushed out of its equilibrium state will create electron-hole pairs who will be annihilated by electron-lattice scattering events [28]. Other dynamic relaxation mechanisms which could increase α such magnons-magnons scattering or magnons-phonon drag are then neglected here. Then calculated values of the damping coefficient are generally much lower than reported experimental values.

III. Results

A. Reference sample

Figure. 1a presents the FMR spectra for the reference sample at 17 GHz when the external field is applied parallel to a magnetic hard axis direction. Two resonance peaks are clearly visible in agreement with the presence of B2 and L2 1 order, as could be expected from our X-ray diffraction and HAADF-STEM experiments in Ref [23]. The two peaks are observed for every direction of the applied magnetic field as shown by the angular dependence of the resonance fields in figure. 1b. The FMR signal is fitted with the derivative of two Lorentzian functions in order to obtain the resonance field for each peak along with their respective linewidth.

In order to recover the values of the saturation magnetization amplitude µ 0 M s , cubic anisotropy field µ 0 H k and the gyromagnetic ratio γ of both crystal orders, the resonance frequency f res Vs. µ 0 H 0 and µ 0 H res Vs. φ curves are fitted using the Smit-Beljer formalism [29] for which the resonance frequency is defined as:

(1)

Where θ and φ are the relative angles between the magnetization and the [001] and [110] directions of CMS respectively and θ eq is the angle at equilibrium for a given amplitude of the applied field. Ms is the value of the saturation magnetization and γ is the gyromagnetic ratio. Finally, the terms into the bracket correspond to the second derivative of the free energy E with respect to θ and φ, calculated for the equilibrium positions of θ and φ. The free energy contains all the usual magnetic contributions such as the Zeeman, cubic anisotropy, demagnetizing and exchange energies [30]. Let's note that the cubic anisotropy constant is negative in CMS [31] and then the easy magnetic axes are along the diagonals of the cubic lattice. Eq. 1 reduces in the case where the external field is applied either parallel to an easy or hard axis to:

e.a (2) h.a (3) 
The determination of the exchange constant value A is performed from the evolution with the applied field of the frequency of the first standing spin wave (SSW) mode, as shown in the insert of figure. 1a. For the SSW mode, the resonance frequencies in Eq. 2 and 3 are modified considering that H 0 transforms into , with , d being the thickness of the CMS film. As the amplitude of the SSW signal is very small (about a tenth part of the FMR signal as shown in the insert of figure. 1a), only one resonance peak is measured and we attribute it to the main voluminous crystal order, i.e. the L21 order. This is in agreement with the fact that FMR is an inductive detection method, therefore sensitive to the magnetic volume.

Following this, we have extracted the values of the magnetic parameters for the reference sample.

They are summarized in table II. The experimental values of the magnetic moment for the two phases are very close with corresponding moment of 4.88 and 4.85 µ B /f.u. This is in very good agreement with the small variations of the DOS calculated for the L2 1 and B2 orders and presented in figure 2.

The calculated total magnetic moment is 4.94 µ B /f.u for both the L2 1 and B2 order, in agreement with other reported ab initio calculations [32][33][34]. We can note that magnetic moment of the bulk is not an integer unlike what would be expected. This small deviation is a result of an inherent feature of the KKR Green's function method: to calculate the Green's function, the program performs an angular momentum expansion of the wave function, which for practical reasons is limited to an integer number l max . Integration leading to an integer value of the magnetic moment thus requires having l max = ∞, which is numerically impossible [33].We also calculated the magnetic moment for an ideal cubic cell with the theoretical lattice parameter of 5.65 Å and verified that the small tetragonal distortion that we observe in our sample with respect to the perfect cubic structure has no effect on the magnetic moment amplitude (the volume of the unit cell for the reference sample is about 0.4% smaller than for the perfect cubic structure). In our sample we attribute the resonance peak showing the highest magnetic moment to the L2 1 crystal order. This assumption is supported by the lower damping coefficient of the L2 1 order as compared to the B2 one in the reference sample (see below) and by the evolution of the peak positions under irradiation. This is also in agreement with the fact that the L2 1 peak shows the highest FMR amplitude as shown in figure 1.a. The value of the exchange constant and gyromagnetic ratio are found to be in good agreement with reported values for CMS [35][36][37] in the L2 1 order. The value of the gyromagnetic ratio leads to a Landé g factor of 2.05. While it is equal to 2 for a free electron, it is related to the spin µ S and orbital µ L moments in weak ferromagnet through the relation (g-2) = 2µ L /µ S .

Therefore, the measured value of the g factor shows a small contribution from orbital moment. This is in good agreement with calculations of orbital and spin moments presented below for the L2 1 order.

Finally, the values of the cubic anisotropy field µ 0 Hk for the L2 1 and B2 order are larger than usually reported ones for CMS on MgO, but similar to the one measured recently by Qiao et al. [17]. As crystal anisotropy finds its origin in the spin-orbit interaction, which relates the spin and orbital magnetic moment, we assume that our material shows a stronger spin-orbit coupling that in other reported studies.

We also observed differences in the values of the FMR linewidth between the two crystal orders.

Figure . 3a and 3b show the linewidth ΔH as a function of the resonance frequency f res in the hard and easy axes for the L2 1 and B2 order respectively. The Gilbert like damping coefficient α and extrinsic contribution to the linewidth ΔH 0 are extracted considering the classical approximation ΔH = (2α/γ) f res + ΔH 0 . Isotropic behavior of α is observed as we measure similar values in the easy and hard axis directions, both in the L2 1 or B2 order. We observe the highest α value for the B2 order. While the values calculated with SPRKKR give 1.5 and 1.9×10 -4 for the L2 1 and B2 order respectively, the experimental difference between the two phases is most probably to be related to the dispersed character of the B2 regions in the reference sample. Let's note that our measured value of about 1.5×10 -3 in the L2 1 order is among the lowest value reported up to now. Considering that this value is overestimated due to the frequency dependent contribution of two magnons scattering [38], we can expect that the intrinsic value of α lies below 10 -3 . However, removing the two magnons contribution implies angular in plane and out of plane linewidth measurements, but out of plane measurement is not accessible with our set-up. At last we observe that the average extrinsic contribution to the linewidth ΔH 0 , which is supposed to englobe the effect of magnetic and structural inhomogeneities in the sample, is always higher in the easy than in the hard axis direction, for both the L2 1 and B2 orders. While the damping coefficient α shows an isotropic behavior, the variation of ΔH 0 with the direction of the applied field leads to an anisotropic behavior of the total ΔH. We do not have clear explanation of this effect. One possibility relies on the preferential orientation of misfit dislocations along the MgO [100] directions, i.e. parallel to the [110] easy axis directions of CMS [30], which could lead to local inhomogeneity of the internal field.

B. Effect of atomic Mn/Si and Co/Mn disorder

The evolution of the FMR spectra in the hard axis direction as a function of the ion fluence is shown in figure 4.a. It is clear that the resonance peak associated to the B2 order shows roughly constant position while the one associated to the L2 1 order in the reference sample shifts to higher magnetic fields. The same behavior is observed for every direction of the external field. The values of magnetic parameters for each phase as a function of the fluence, extracted from the evolution of the f res Vs. µ 0 H 0 curves (figure 4b andc), are reported in table II. We observe that the magnetic parameters of the B2 order are not modified by ion irradiation. This confirms our structural analysis which assume that ion irradiation favors the B2 order with respect to the L2 1 one. This result is different from the observation of Hamrle et al. [36] who observed a decrease of the magnetic moment for fluence higher than 10 15 ions/cm² in a B2 ordered CMS crystal irradiated with He + ions.

However, the irradiation was performed at 30 KeV which could lead to stronger creation of local defects such as vacancies and interstitial at moderate fluence.

The constant magnetic parameters of the B2 order also mean that the Co/Mn disorder measured by X-ray does not takes place in this phase. Then it must take place only in the initial L2 1 matrix. As we observe only two FMR resonance peaks even at 10 16 ions/cm², we conclude that the Co/Mn disorder measured is randomly distributed in the initial L2 1 matrix. Otherwise, if region of full D0 3 order would be present, an additional resonance peak would be detected. Co/Mn disorder is then accounted for the variation of the magnetic parameters of the L2 1 order. More specifically, some parameters are found to decrease, such as the magnetization and exchange amplitude, while others are found to increase for fluence above 5×10 15 ions/cm² such as the cubic anisotropy and gyromagnetic ratio.

In order to understand such effects, we calculated the DOS for the CMS crystal with general formula [Co 2-x Mn x ][Mn x Co 1-x ]Si, x being the value of Co/Mn exchange at 10 16 ions/cm² given in table I. The terms into the first bracket are considered on the X atomic sites, the terms in the second bracket on the Y sites while the Si atoms are kept on the Z sites. Also the value of the lattice parameters at 10 16 ions/cm² are considered in the calculation. The result of the calculation is shown in figure . 2. The first observation is the apparition of electronic states for spin down at the Fermi level, leading to a loss of the half metallicity. This is in agreement with the work of Picozzi et al. [22]. Our calculated value of the total magnetic moment is 4.65 µ B , so a decrease of about 6% as compared to the bulk value. This is in qualitative agreement with the experiment even if we measure a stronger decrease of the total magnetic moment. Indeed, experimentally, it falls down to 4.26 µ B , therefore about 12 % in the initial L2 1 moment. As the magnetization and exchange interaction are intrinsically related in ferromagnet, it is not surprising that we find a decreasing value of the exchange constant A. While it does not appear clearly in our DOS calculations presented in figure 2, it was demonstrated by Picozzi et al. that Co/Mn swap induces a shift of the energy band for the minority spin states toward lower energies, which could be seen as a decrease of the exchange splitting. Moreover, Pandey et al. [39] demonstrated that the exchange constant decreases when increasing the lattice parameters of a few percent. Then we assume that the decrease of exchange constant observed in our experiment is most probably due to both the increase of the out of plane lattice parameter and the presence of Co/Mn disorder.

In addition, we observe a strong increase of the anisotropy field while the value of the cubic anisotropy constant is found to be roughly constant up to 5×10 15 ions/cm². Then, the variation of anisotropy field can be considered to come mainly from the evolution of the magnetization. Nevertheless, at 10 16 ions/cm², we observe a small increase of K c , meaning an increase of the spin-orbit interaction. A possible explanation of this effect is given by the calculation of the orbital and spin moment with Co/Mn swap. While the spin moment decreases from 4.87 for the L2 1 order to 4.57 µ B for the disordered state, the orbital moment increases from 0.07 to 0.08 µ B . Then we assume that the spin-orbit interaction increases due to the variation of the orbital contribution. The increase of orbital moment is also assumed to explain the increase of the gyromagnetic ratio above 5.10 15 ions/cm² since γ is related to the Landé factor g such as , with . As µ L increases and µ s decreases with Co/Mn swap, γ increases. In order to give an order of magnitude of the density of vacancies in the material, we performed simulations of the CMS damage with IPROS, a homemade Monte-Carlo software for ion implantation.

Results of the simulations for a fluence of 10 16 ions/cm² are presented in figure. 6. They show the same amount of vacancies for every atoms leading to about 2% of vacancies in total (the density of CMS being about 9.10 23 at/cm 3 ). However, IPROS allows to simulate only stoichiometric amorphous material and then the crystal structure and binding energies are not considered [START_REF] Ziegler | The Stopping of Ions in Matter[END_REF][START_REF]Vacancies and Interstitials in Metals[END_REF][START_REF] Bernas | [END_REF]. Furthermore, simulations are performed at 0 K and then atomic recombination at room temperature are not taken into account. Then the amount of vacancies is overestimated by IPROS and the real density of vacancies is below 2%. In order to verify the possible effect of vacancies on the damping coefficient, we have calculated α in the B2 order considering a trial value of 1% of vacuum randomly distributed over each atomic sites. We found a value of about 2.10 -4 very close from the value of 1.9×10 -4 for the bulk with no defects. This calculation and the experimental measurement of α seem to show that the small amount of vacancies created by irradiation has minor effect on the damping coefficient in the B2 order but we clearly observe experimentally that the linewidth is very sensitive to a small amount of defect in the material due to the extrinsic contribution. Considering fluences lower than 10 16 ions/cm², we believe that vacancies creation due to irradiation might be neglected. This assumption is supported For the L2 1 order, the situation is slightly different. While the extrinsic contributions are found to increase for the highest fluence as for the B2 order, we observe an increase of the damping coefficient even at low fluence. Considering the model of Kamberský for the dynamic relaxation in metals [43,44], α is proportional to the total DOS at the Fermi level. Then the increase of α with Co/Mn swap is correlated to the apparition of minority states at the Fermi level (as shown in the zoom in figure . 2) allowing for inter-band spin flip relaxation channel. The calculation of α for the L2 1 order including the amount of Co/Mn disorder measured at 10 16 ions/cm² gives a value of 7.7×10 -4 to be compared with the initial value of 1.5×10 -4 . This strong variation is qualitatively in good agreement with the experimental observations. Let's note that we also calculated the effect of 1% of vacancies on the α value in the L2 1 order, again with the vacancies uniformly distributed over all atomic sites. We found that α increases up to 2×10 -4 . If the effect of local defects is not negligible, it is much less than the effect of chemical disorder.

It is worth noticing that even if we were not able to get values of the Co/Mn exchange parameter with a precision better than 0.02 in our structural analysis, the high sensitivity of the damping to Co/Mn exchange and the experimental observation of the increase of α most probably demonstrates that a small amount of Co/Mn disorder already takes place in the L21 phase at fluence of 10 

IV. Conclusion

In summary, we have investigated the effect of Mn/Si and Co/Mn atomic disorder on the magnetic properties of the CMS alloy. We demonstrated that the B2 crystal order in CMS has similar magnetic parameters than the L2 1 order, except for the damping coefficient which is higher, but most probably because of the local organization of this phase in our reference sample. The effect of ion irradiation for this phase is shown to only modify the extrinsic contributions to the relaxation in agreement with an increased number of defects. From a fundamental point of view this method may be interesting to study in detail the role of local defects on magnons-magnons relaxation processes.

In opposite, we clearly demonstrated that very low concentration of Co/Mn swap in the L2 1 order is sufficient to change drastically the magnetic properties of the CMS. While the creation of additional states at E F for the minority spins explains the variation of the magnetization and damping, the calculated increase of the orbital magnetic moment with Co/Mn swap is assumed to explain the increased gyromagnetic ratio and the variation of the cubic anisotropy in relation with the spin-orbit interaction.

FIGURE. 1 :

 1 FIGURE. 1 : (a) FMR spectra of the reference sample at 17 GHz when the field is applied in the magnetic hard axis direction <100>. The symbols correspond to experimental data and the line is the fit to equation (1). The insert shows the SSW signal at low field. (b) Angular dependence of the resonance fields for the two crystal phases for the reference sample. (c) Schematic diagram of the FMR set-up. The stripline is placed at the center of the electromagnet and the sample is placed on top of the stripline. (color online)

FIGURE. 2 :

 2 FIGURE. 2: Density of states for the perfect L2 1 (black) structure and for the Mn/Si (B2, blue) and Co/Mn (D0 3 type, red) disordered phases. (color online)

FIGURE. 3 :

 3 FIGURE. 3: FMR linewidth for a field applied parallel to an easy (black) or hard (red) axis direction for the L2 1 (a) and B2 (b) order. (color online)

FIGURE. 4 :

 4 FIGURE. 4 : (a) FMR signal at 17 GHz in the hard axis direction at different fluence. The FMR signal for a fluence of 10 16 ions/cm² is multiplied by 3 for clarity. Evolution as a function of irradiation ion fluence for the resonance frequency f res Vs. the applied field µ 0 H 0 for the B2 (b) and L2 1 (c) order respectively. (color online)

FIGURE. 5 :

 5 FIGURE. 5 : Evolution of the FMR linewidth in the hard axis direction as a function of the ion fluence for the L2 1 (a) and B2 (b) order. (color online)

FIGURE. 6 :

 6 FIGURE. 6 : Density of vacancies for each atomic specie for an irradiation fluence of 10 16 ions/cm². The density of vacancies for the Co is twice the one of Mn or Si due to the double amount of Co atoms in the unit cell. (color online)

Table 1 :

 1 Summary of the disorder parameters measured by X-ray diffraction and presented in figure.

	/4, 1/2,1/2).

TABLE II .

 II 15 and 5x1015 ions/cm². The measurement of the damping coefficient in CMS is then a very sensitive probe of the atomic disorder.Kc (kJ/m 3 ) 15.9 +/-0.5 16.4 +/-0.5 17.4 +/-0.5 17.9 +/-0.5 Magnetic parameters obtained from the best fits to the experimental FMR results.

	Ions/cm²	REF	10 15	5 x 10 15	10 16
			L2 1		
	µ 0 M s (T) 1.26 ± 0.02 1.22 ± 0.02 1.14 ± 0.02 1.1 ± 0.02
	µ 0 H k (mT)	36 ± 0.5	34 ± 0.5	42 ± 0.5	45 ± 0.5
	Kc (kJ/m 3 ) 18 +/-0.5	17 +/-0.5	19 +/-0.5 19.8 +/-0.5
	γ (GHz/T) 28.7 ± 0.1	28.7 ± 0.1	28.8 ± 0.1	28.9 ± 0.1
	A (pJ/m)	19 ± 0.1	18 ± 0.1	12 ± 0.1	13 ± 0.1
			B2		
	µ 0 M s (T) 1.25 ± 0.02 1.25 ± 0.02 1.25 ± 0.02 1.25 ± 0.02
	µ 0 H k (mT)	32 ± 0.5	33 ± 0.5	35 ± 0.5	36 ± 0.5
	γ (GHz/T) 28.7 ± 0.1	28.7 ± 0.1	28.7 ± 0.1	28.7 ± 0.1
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