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l. Introduction I11.3 Resulting low-q behavior of the spin-misalignment cross section

We introduce the Guinier law for the case of magnetic SANS and
provide an analysis of experimental data on a Nd-Fe-B-based
nanocomposite and on a rare-earth-free MnBi permanent magnet. The
robustness of this novel approach is discussed and the quantities
;:_Ierived are analyzed In the framework of the existing research
iterature.
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Here, Rasys 1S a field-dependent “radius of gyration” of spin misalignement defined as:
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e [he “conventional” Guinier Law:
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Deviations from the Guinier behavior in the low-q range are usually interpreted HoH; (T) = (T = (T

as evidence for the presence of attractive/repulsive interparticle interactions.  § o . 4 as a function of the internal field indicate that in the experimentally accessed range of

[5] (*) the variation of [y is very small, respectively, the variation of RZ,, would be small as well.
(A =125 pd/m; uoM, = 1.5 T; N = 0.5 were used).

Ill. Theory

In the approach-to-saturation regime, the total (nuclear and magnetic) SANS
cross section dX:/dS) can be expressed as the sum of the residual (dX,../df?)

V. Experimental Results
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Ry (q, H;) IS the (dimensionless) micromagnetic response function =~ =4 2 . s
: : : . : = = o =179+ 2.7 nm
Su(q) Is the anisotropy-field scattering function HE’ :éf Eilg_ﬁi 6.1 pJ/m
H; is the internal magnetic field, H; = Hy — N M, "” =
| ic fi 1 . - . . . . 2 . . .
Ho ° the external m.a.gnet c field 10 0.07 0.1 290x10-3  1.00x102 'O 0.1 0.2 0.3
N IS the demagnetizing factor and q (nm~) q* (nm~?) = (T
M, IS the saturation magnetization.

Summary plots of the Nd-Fe-B-based hard magnetic composite. The value obtained for the exchange
stiffness constant A ~ 13.6 £+ 6.2 pJ/m coincides with the value obtained via micromagnetic route
(A,mag =~ 13.1 £ 3.2 pd/m) and the radius of gyration is comparable with the particle size d ~ 22 nm
[5]. (All the sample and material constants (uqoM,, N) as in [5]).

In the following, we consider the low-q behavior of the spin-misalignment SANS
cross section dX¥ gy /dQ = Sy (q) Ry (q, H;).
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I11.2 Low-q behavior of the scattering function [EiCE=aO}

e The function Sy (q) equals the magnitude square of the total magnetic Summary plots of the MnBi rare-earth-free permanent magnet. The value obtained for the exchange

anisotropy field Fourier component of the sample: stiffness constant A ~ 8.1 + 10.6 pJ/m coincides with the values quoted before [6,7] (A ~ 8 pd/m).
N 5 N 2 High relative error is due to a small experimentally accessed field variation in this experiment. Addi-
Sy~ Hp(q)‘ = > H,(q) . tional measurements are ongoing.
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where I’:Ip,i(q) represents the anisotropy field Fourier coefficient of the ByARSFEERS ary
defect ¢ (e.g., an individual grain).

We have introduced the magnetic Guinier law on the conceptual level and tested the

e Assuming random crystalline anisotropy, terms H,, ;-H,, ; with i 2 jvanish § 51y i1 ess of the procedure using magnetic SANS data of a Nd-Fe-B-based and rare-earth-

(take both signs with equal probability) and, hence, Sy simplities to: free MnBi permanent magnet. In both cases, the obtained values of the exchange stiffness
N o 2 constant are in perfect agreement with existing data in the literature and the radius of

Sy ~ Z Hpji(q)‘ : gyration of the magnetic anisotropy field was demonstrated to be comparable with the

i—1 particle size of the nanocrystaline magnet. A broad range of experimentally accessible

e If each grain is a single crystal (constant anisotropy field), then Sy of the Internal fields is of paramount importance for the subsequent numerical analysis.

sample can be computed from the knowledge of the single grain case.
For a homogeneous particle, H,(q) simplifies to the following form factor
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magnetic anisotropy field via:
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