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Effect of temperature and magnetic field on the structure and magnetic
properties of Fe;, ;Mn,, ,Ga,; , and Fe,; (Mn,; sGag, ¢ alloys is investigated in a
temperature range 100 K< T <580 K by using elastic neutron diffraction
(ND) and magnetometry. The degree of atomic order as well as magnetic mo-
ments localized at the Mn and Fe sites in the investigated Fe,MnGa alloys are
experimentally evaluated using the ND data. Some disagreement between the
experimental and calculated values of magnetic moments localized at the Mn
and Fe sites can be explained by noticeable atomic disorder in the prepared
Fe,MnGa alloys. If antiferromagnetic order really exists in L1,-phase con-
taining Fe,, ;Mn,, ;Ga,; , alloy, this order has not a collinear character.
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MargeTHOTO IIOJIS Ha CTPYKTYPy Ta MarHeTHi BJIACTHUBOCTI CTOIIiB
Fey 1 Mn,, ,Gay, » i Fegy ¢Mn, sGagye. 3 Bukopucranaam jgauux JJH B pobGori
0yJI0 eKCIIepUMEHTAJIbHO BUBHAUEHO AK CTYIiHb aTOMOBOTO IOPAAKY B CTOIAX
Fe,MnGa, Tak i BeJIMuMHN MarHETHUX MOMEHTIB, II[0 JIOKAJIi30BaHi Ha By3Jax
Mn ta Fe. [ledaka HeBifIOBiIHICTh MiK eKCIIEpUMEHTAJIbHIMU Ta PO3PaxoBa-
HUMHU TEOPETUYHO BEJIMYMHAMU MarHETHUX MOMEHTIB, IO JIOKaJi3oBaHi Ha
Byssax Mn Ta Fe, mosicHIO€TbCA 3HAUHUM CTYIIEHEM aTOMOBOIO 0e3jany y BU-
rortoBieHux cromax Fe,MnGa. fkio anTudepoMarHeTHUH MOPAAOK TiHCHO
dopmyeTsea B L1,-dasi crony Feyy ;Mny, ;Gay; s, melt mopagoK Mae HeKoIiHea-
PHY CTPYKTYDY-

KarouoBi croBa: qudpakilis HeHTPOHIB, MarHeTHi BJIaCTUBOCTi, AaTOMOBUH I10-
PALOK, CTPYKTYPHI II€peTBOPEHHA.

Meromamu yupyro# nudpaxknum HeiiTpoHoB ([IH) u marauTomerpuu B TeMIe-
parypsoit obsmactu 100 K <T <580 K 6b1y10 TPpOBEeieHO MCCJIEAOBAHME BJIMA-
HUA TEMIIePaTypPhl 1 MAaTHUTHOTO IIOJIA HA CTPYKTYPY WM MarHUTHBIE CBOIICTBA
cmiaBoB Feyy ;Mn,, ;Gayy , u Fegy Mn,; sGagg¢. C ucronssosanuem ganaerx JTH
ObLIM SKCIEPUMMEHTAJbHO OIpeAeeHbl KaK CTeleHb aTOMHOrO IIOpPAAKa B
cmaBax Fe,MnGa, Tak 1 BeJIMUNHBI MAaTHUTHBIX MOMEHTOB, JIOKAJIN30BaHHBIX
Ha ya3yaax Mn u Fe. HekoTopoe HECOOTBETCTBUE MeXKAYy dKCIePUMeHTaJIbHbIMU
U TEOPETUYECKM PACCUMTAHHBIMU 3HAUEHUAMMN MArHUTHBIX MOMEHTOB, JIOKA-
JTU30BaHHBIX Ha y3aax Mn u Fe, 00'bsicHAETCA CYIIIECTBEHHOMN CTEIIEHBIO ATOM-
HOTO OecmopsAAKa B IIPUTOTOBJEeHHBIX ciiaBax Fe,MnGa. Ecau anTudeppo-
MATHUTHBIA MOPAAOK JAercTBUTENbHO G(opmupyercss B Ll,-dase cmiaBa
Feyy 1 Mn,, ,Gay; 5, TO 3TOT IOPAAOK UMeeT HEKOJLINHEapHyIo CTPYKTYDY.

KaroueBbie ciaoBa: upaxiiud HENTPOHOB, MATHUTHBIE CBOMCTBA, aTOMHBIH
IOPAIOK, CTPYKTYPHBIE IPEBPAIIeHNA.

(Received November 3, 2015)

1. INTRODUCTION

Significant interest to the stoichiometric and off-stoichiometric
Fe,MnGa alloys is based on the discovery in these alloys of martensitic
transformation [1-5], metamagnetic transformation from antiferro-
magnetic (AFM) to ferromagnetic (FM) phase [6—9] and giant exchange
bias [6—8].

Similarly to the temperature dependence of magnetization under
metamagnetic transformation (i.e. growth of magnetization with tem-
perature at low magnetic fields), it may be also observed for spin-glass
systems. The authors made the conclusion on the formation of AFM
magnetic order in the disordered (melt spun ribbons) y-Fe,MnGa alloys
on the basis of analysis of M(H) dependences taken at different temper-
atures after various heat treatments [6, 7]. However, no direct evidence
of kind of AFM order (if any) in such alloys has yet been presented.

According to Zhu et al., body-centred cubic (b.c.c.) phase in
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Feyo oMn,, sGay, 5 alloy is not ferromagnetically ordered at room tem-
perature (RT). The FM order in alloy is induced by martensitic trans-
formation from b.c.c. phase to tetragonal one, which takes place at
T=150K (on cooling) [1]. Contrary to this statement Shih et al. have
shown that melt spun two phases b.c.c. + f.c.c. (face-centred cubic) rib-
bon of Fe;Mn,,Ga,s alloy which does not exhibit martensitic transfor-
mation is ferromagnet due to b.c.c. phase with the Curie temperature
of T;=190 K [9]. Thus, ‘Is ferromagnetism of Fe;,Mn,,Ga,s alloy an
entire property of b.c.c. phase or result of martensitic transfor-
mation?’ still is an open question.

This work aims to study the effect of temperature and magnetic
field on the structure and magnetic properties of nearly stoichiometric
Fe,MnGa alloys by employing mainly elastic neutron diffraction and
magnetometry.

2. EXPERIMENTAL DETAILS

Two bulk polycrystalline Heusler Fe,MnGa alloys have been prepared by
melting of the Fe, Mn and Ga pieces of 99.99% purity together in an arc-
furnace with water-cooled Cu hearth under 1.3 bar Ar atmosphere. The
Ar gas in the furnace before melting was additionally purified by multi-
ple remelting of Ti;,Zr;, alloy getter. To promote the volume homogenei-
ty, the ingot was remelted 5 times. Miserable weight losses after ingot
meltings were observed. X-ray dispersion spectroscopy analysis re-
vealed alloy compositions as Fe;, ;Mn,, ;Gay; » and Fey; (Mn;,; sGaggq. Ad-
ditionally as cast alloys were annealed at T'=1220 K during 96 h.

The structural characterization of the samples was carried out at
100, 300 and 580 K for magnetic fields of 0 and 50 kOe by employing
elastic neutron diffraction (ND) at Helmholtz Centre Berlin for Mate-
rials and Energy using Flat-Cone Diffractometer (E2) with PG (002)
monochromator to produce monochromatic unpolarised neutron beam
of A=0.239 nm wavelength. Bulk Fe,MnGa alloy samples were mount-
ed into aluminium container. Therefore, experimental ND spectra may
contain diffraction peaks related to Al. Besides ND, the crystalline
structure of alloys was also analysed using X-ray diffraction (XRD) in
a0-20-geometry with CuK,-radiation (A =0.15406 nm).

The magnetic properties of bulk Fe,MnGa alloy samples were investi-
gated for a temperature 2 < T <400 K and magnetic field 0 < H < 70 kOe,
by using PPMS-14T Quantum Design magnetometer, and for 80< T <
<825 K, temperature range by measuring DC-magnetic susceptibility.

3. RESULTS AND DISCUSSION

According to the results of XRD study, Heusler Fe;; ¢Mn;; sGas, ¢ alloy
has the disordered A2-type of structure (only principle [(h+k+1)/2=
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=2n] diffraction peaks 220, 400, and 422 are seen) with a lattice pa-
rameter of a=0.5844nm. At the same time, XRD spectrum for
Fe;:Mn,, ;Gay; 5 alloy reveals that it is a mixture of the ordered L1,-
type phase with a lattice parameter a =0.3703 nm and the disordered
A2-type phase with a lattice parameter a =0.5844 nm (see Fig. 1). Tak-
ing into account the intensities of the most intense fundamental re-
flections for L1,- and A2-phases, their relative volume content in
Fe;1Mn,, ,Ga,; , alloy may be estimated as 71 vs. 29% , respectively.

At the same time, ND results for Fe;; (Mn,,; sGas, ¢ alloy reveal that,
at room temperature (RT), it has an ordered crystalline structure of
L2,-type with a lattice parameter of a=0.5882 nm—additionally to
fundamental diffraction (220) peak at 20 ="70.15°, (111) and (200) su-
perstructure reflections are clearly seen. The diffraction peaks at
20=61.2° and 71.9° may be definitely ascribed to (111) and (200) re-
flections of A1, respectively (see Fig. 2).
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Fig. 1. Experimental XRD spectra for Fe,,;Mn,,,Gay,, (I) and
Fe;, Mn,; sGagy ¢ (2) alloys together with calculated stroke-diagrams for per-
fectly ordered L1, (3) and L2, (4) structures with lattice parameters of
a=0.3703 nm and a =0.5844 nm, respectively. XRD spectra are shifted rela-
tively each other for convenience of observation.
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Similarly to XRD results, ND spectrum for Fe;, ;Mn,, ,Ga,; , alloy at
RT shows that the alloy is a mixture of the ordered L1,-type phase with
the lattice parameter of a=0.3720 nm [see (100), (110), (210) superlat-
tice diffraction lines] and the ordered L2;-type phase with the lattice
parameter of a=0.5875 nm [(111) and (311) superlattice diffraction
lines satisfy the condition that 4, &, [ are all odd] (see Fig. 3). The co-
existence of L2;- and L1,-phases in the off-stoichiometric Fe,MnGa al-
loys was also found in a quite large range of Fe,MnGa alloy composi-
tions[1, 9].

L2;-structure of full Heusler X,YZ alloys can be comprised as four
interpenetrating f.c.c. sublattices A, B, C, and D [10]. In this view, A
and C sites of full Heusler Fe,MnGa alloy entirely occupied by X (Fe)
atoms, but B and D sites occupied by Y (Mn) and Z (Ga) atoms, respec-
tively. For such a structure, permitted Bragg reflections are those for
which Miller indices are unmixed, i.e. all odd or all even. They have the
following structure amplitudes F':

FA1) + 4| J(f, - £ + (G5 = £,)* |= 4| fyy — Foo | 1)
F(200)=4|fA_fB+fc_fD |=4|2fFe_an_fGa |’ (2)
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Fig. 2. Experimental ND spectra of Fe;, {Mn,;sGas, ¢ alloy taken at different
temperatures and H =0kOe (symbols) together with simulated stroke-
diagrams for L2, (a =0.5882 nm, solid line). ND spectra are shifted relatively
each other for convenience of observation.
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where f4, 5, fc, and f, are the average scattering factors for atoms at
the sites A, B, C, and D, respectively [10]. Factors fr., fu, and f;, are
equal to +9.52, -3.73 and +7.29-10'® cm, respectively [11, 12]. Thus,
for perfectly ordered Fe,MnGa alloy with L2;-type of atomic order, the
ratio of the superlattice diffraction peak intensities to main principle
one in the ND spectrum should be equal to:

F*(111) _ o pang F2(200)

- , = 0.4692. (4)
F2(220) F2(220)

Experimental ratios of superstructure lines to the most intense ones
for L2,- and L1,-phases of Fe;; (Mn;; ;Gas, ¢ and Fey, ;Mn,, ;Ga,; , alloys
at different temperatures and magnetic fields are shown in Tables 1
and 2.

If the atomic disorder appears randomly in ternary alloys (like
Fe,MnGa), all the superstructure lines will be reduced in the intensity
by factor n?, where 1 is the degree of long-range order [13]. However, if
preferential disorder occurs only between certain sites, then 2 groups
of superlattice reflections will be affected differently, and it is not
possible to describe the state of order in terms of a single ordering pa-
rameter [10, 14]. In such case, the total state of order may be repre-
sented by two factors S and o.[14].
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Fig. 3. Experimental ND spectra of Fe;,;Mn,, ;Ga,; , alloy taken at different
temperatures and H=0kOe (symbols) together with simulated stroke-
diagrams for L2, (a=0.5875 nm, dashed line) and L1, (¢ =0.3727 nm, solid
line) types of structure. Inset shows the small-angle parts of the experimental
ND spectra. ND spectra are shifted relatively each other for convenience of
observation.
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TABLE 1. Effect of temperature and magnetic field on the relative intensities
of superlattice diffraction lines in the experimental ND spectra for
Fe;; ¢Mn,; 3Gag ¢ alloy.

Lo/ Trona T=300K, T=100K, T=100K,

super/ = fun H=0kOe H=0KkOe H=50kO0e
1(111)/1(220) 0.0100 0.0190 0.048
1(200)/1(220) 0.0037 0.0046 0.005
1(311)/1(220) 0.0030 0.0040 0.009

TABLE 2. Effect of temperature and magnetic field on the relative intensities
of superlattice diffraction lines in the experimental ND spectra for
Fe;p.:Mn,, ,Ga,; , alloy.

Ioper/ Trunas T=580K, | T=300K, [T=100K, | T=300K, | T=100K,
structure H=0kOe | H=0kOe | H=0kOe |H=50KkO0e |H =50kOe

I(11)/I(), L2, 0.035 0.042 0.054 0.043 0.082
I(500)/I(z0), L2, 0.007 0.007 0.015 0.007 0.023
I(:11)/I(n), L2, 0.013 0.014 0.017 0.017 0.023
I(00)/I(1), L1,  0.051 0.071 0.088 0.093 0.101
I(430)/IG1), L1,  0.031 0.050 0.055 0.063 0.068
I(500)/I(i1), L1, 0.023 0.036 0.039 0.034 0.049

In the case of preferential Y <> Z (or Mn < Ga in our case) disorder,
the intensities of odd superlattice diffraction lines are reduced by fac-
tor (1-20)?, where o is an occupation parameter defined as portion of
Mn or Ga atoms at improper sites. Thus, o can increase from 0 to 0.5
upon increase in Y <> Z disordering of perfectly ordered Heusler alloy.
Comparing experimental intensity ratios of (111) reflection to (220)
one for Fe;, ;Mn,, ;Gay, , and Fey; (Mn;; Gas, ¢ alloys taken at T=100 K
and H =0 kOe with those calculated for perfectly ordered Fe,MnGa al-
loy, the experimental degrees of Mn <> Ga disorder was estimated and
found tobe a0.=0.262 and 0.359, respectively.

The even superlattice lines are unaffected by Y < Z disorder; they
are only reduced by factor S?, which characterizes X <> Y disorder. The
corresponding experimental value of S for Fey,;Mn,,,Gas;, and
Fe;, ¢Mn,; sGagg ¢ alloys calculated for T=100 K and H =0 kOe is equal
to S=0.179 and 0.099. S is changed from 1 to 0 upon disordering from
perfectly ordered to completely disordered state. Thus, it is seen that
both investigated Fe,MnGa alloys are noticeably disordered with
X < Yaswell as Y < Z types of disorder.

Figures 4 and 5 present magnetic properties of investigated
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Fe,MnGa alloys. The temperature dependence of DC magnetic suscep-
tibility for mainly L2,-phase containing Fe;; (Mn;;sGas,¢ alloy looks
typical of ferromagnets with the Curie temperature of T,=200K—
increase in temperature from 7 =80 K causes decrease in y value. A
minute increase in susceptibility near T'=500 K may be related to the
traces of FM at these temperatures L1, phase in the alloy (see inset in
Fig. 4). The x(T) dependence for Fe;, ;Mn,, ;Ga,; , alloy is more compli-
cated. Indeed, observed near T = 250 K decrease (on warming) in y(7T) is
concerned with the FM-to-PM transformation in L2; phase of
Fey, ;Mn,, ;Gay, , alloy (see Fig. 4). Further increase in temperature
causes rapid growth of y(T) above T =400 K. Similar temperature de-
pendence is also observed for magnetization of Fe,MnGa alloys meas-
ured at weak (H =50 Oe) polarizing magnetic field (see Fig. 5).

Any structural transformation as a origin of such changes in y(7T)
and/or M(T) at T =300-400 K is unlikely because of lack of any visible
qualitative changes in ND spectra with temperature (see Fig. 3). The
growth with temperature of x(T) or/and M(T) above T =300-400 K
was observed earlier in y-Fe,MnGa alloys of similar composition and
explained mostly by metamagnetic phase transition from AFM to FM
magnetic order in L1,-phase of alloy [6—9, 18].

Application of the external magnetic field of H =50 kOe drastically
changes M(T) dependences for both alloys. Significant polarizing
magnetic field suppresses the AFM order in Ll,-phase of
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Fig. 4. Temperature dependences of the DC magnetic susceptibility of
Fey, ;Mn,, ,Ga,; , and Fey; ¢Mn,; ;Gag, ¢ alloys taken at weak measuring mag-
netic field. Inset shows enlarged view of the x(T) plot for Fey; {Mn,; ;Gag, ¢ al-
loy in restricted temperature range.
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Fe;, ;Mn,, ;Gay, » alloy making M(T) dependence for this alloy typical
for ferromagnets (see Fig. 5). At the same time, significant magnetiza-
tion above the Curie temperature is also observed for Fey; 4Mn,; ;Gas, 4
alloy due to alignment of magnetic fluctuations.

Hence, we conclude that, at 400<T <800 K and a low magnetic
field, Feyo;Mn,, ;Gay; , alloy contains only FM L1,-phase with T =800
K and PM L2;-phase. Near RT, it has AFM L1,- and PM L2,-phases,
and at T <200 K, Fe;, ;Mn,, ;Ga,; , alloy comprises of FM L2;-and AFM
L1,-phases.

Current opinion on AFM-to-FM transition as the reason of ¥(7)
and/or M(T) behaviour at low magnetic fields is supported mainly by
the measurements of M(H) hysteresis loops at different temperatures
[6, 7]. However, to the best of our knowledge, any direct evidence of
AFM order existence at low magnetic fields was presented.

The formation of the AFM order with antiparallel alignment of
magnetic moments (if any) should be accompanied with doubling of the
plane spacing of ‘magnetic lattice’ commensurate with L1,-type lattice
and hence should lead to an appearance of additional diffraction peaks
in the small-angle region. However, it can be seen that no additional
reflections appear in the small-angle region of ND spectra taken at
T=300K and even T =100 K without external magnetic field (see Fig.
3). Consequently, if AFM order is really formed in Fe;, ;Mn,, ,Gay; , al-
loy, it has not collinear but probably more complicated (like in rare-
earth metals) character.

The coherent neutron diffraction peaks of ferromagnetic alloys con-
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Fig. 5. Effect of temperature and polarizing magnetic field on magnetization
of Fey, ;Mn,, ,Ga,; ; and Fe,; (Mn,,; ;Gas, ¢ alloys.
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tain both nuclear and magnetic contributions to the resulting struc-
ture factor of elastic neutron scattering. For unpolarised neutrons, the
magnetic and nuclear scattering intensities are additive, and the total
structure factor F is given by the equation:

F? =F’

tot nucl

+ qunzlagn ’ (5)
where g is magnetic interaction vector given by:
q*=|1 - (E-M)| = sin?, (6)

where vy is the angle between magnetization M and scattering vector E.
For polycrystalline cubic samples in the absence of external magnetic
field only an average value of ¢” is equal to ¢°, = 2/3 for all reflections
[10]. If, however, the magnetization is aligned along the scattering
vector then ¢®=0; the magnetic scattering is effectively extinguished

and F? =F? . In our case, magnetic field was directed normally to
scattering vector. Therefore, ¢ = 1. Thus, one can write:

Eit(H = O) = Fnzucl + 2Fn21agn/3’ (7)

‘Ftit(H J‘ E) = Fnzucl + Fjagn’ (8)

A(F) =F,(HLE)-F,(H=0)=F.,/3. 9

The intensities of the odd peaks depend only upon the magnetic mo-
ments at the Mn sites whereas the intensities of the even superlattice
peaks depend upon the difference in the magnetic moments localized at
the Mn and Fe sites[14].

Figures 6 and 7 show the effect of polarizing magnetic field on the
ND spectra of Fe;; (Mn;;3Gases and Fey,;Mny, ;Ga,y, , alloys taken at
T =100 K. It is seen that magnetic ordering due to external magnetic
field causes increase in the intensities of superlattice diffraction peaks
related to L2;-phase of Fe;; (Mn;; 3Gas, ¢ alloy as well as to L2;- and L1,-
phases of Fe,, ;Mn,, ,Ga,; , alloy.

For magnetic scattering, the structure amplitudes in Eqs. (7)—(9)
are written in terms of magnetic scattering length p. The p is related to
the atomic moment u (in Bohr magnetons uz) by the equation:

p = 0.269uf,, (10)

where fg is the magnetic form factor correction at the angle of reflec-
tion [14]. The magnetic form factor corrections fg for the Fe and Mn
atoms at 20 =41.3° (4nsin®/A=1.85 A™) are equal to 0.8 and 0.75, re-
spectively[15, 16].
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Taking into account the magnetic contribution to (111) superlattice
reflection of the ND spectra of Fe,MnGa alloy at T=100 K and H =50
kOe [AI(111)/1(220)=0.0278 for Fe;,;Mn,,.Gay;, and 0.0294 for
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Fig. 6. Magnetic contribution to ND spectrum of Fe;; ;Mn,,Ga,, ¢ alloy taken
at T=100 K and H =50 kOe (circles, left scale). ND spectrum at T=100 K and
H =0T is shown by line (right scale).
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Fig. 7. Magnetic contribution to the ND spectrum of Fey, Mn,, ,Ga,;, alloy
taken at =100 K and H = 50 kOe (circles, left scale). ND spectrum at 7'=100
K and H =0 Oe is shown by line (right scale).
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Fe;; Mn,; sGago 6], the magnetic moment located at the Mn sites of L2;-
phase of these alloys was evaluated: py,=1.43u; and Yy, =1.47ug, re-
spectively. Considering magnetic contribution to (200) superlattice
reflection in the ND spectrum of Fe,, ;Mn,, ;Gay; 5 alloy (Wym-re = 0.8415)
the magnetic moment located at the Fe sites of L2,-phase was also es-
timated: uy. =0.59u5. The obtained values of W, and ug, somewhat dif-

calc.

fer from calculated ones (Ui = 2.48u, and u@® = 0.23u,) [17]. Fur-

Fe
thermore, the experimental practically saturation magnetization val-
ue for Fey,,Mn,, ;,Ga,;, alloy at T=4.2 K and H =50 kOe (see Fig. 5)
was found to be M, =46.4 emu/g or 2.00 pg/f.u. Taking into account
the content of the L1, and L2, phases in Fey, ;Mn,, ;Ga,; , alloy as well

as calculated magnetization values of these phases ( u‘le:‘ =2.011

Ug/f.u. and u®° = 6.11 ug/f.u. [17]) perfectly ordered Fe;, ;Mn,, ;Ga; »

L1,

calc
L2,+L1,

experimental and calculated magnetic properties of Fe,, Mn,, ;Gay;s
alloy can be concerned with significant atomic disorder in it.

Some of slightly off-stoichiometric Fe,MnGa alloys, which contain
L2, (or B2) phase, exhibit a martensitic transformation in the temper-
ature range 50 < T < 250 K. This phase transition is accompanied with
significant changes in resistivity and magnetization [1-5]. However,
variation of the temperature within 100 <T <580 K range does not
lead to any qualitative changes in the ND spectra of Fe;,Mn,, ;Gay; s
alloy—the ordinary temperature shift of the diffraction peaks is ob-
served (see Figs. 2 and 3). Lack of any visible peculiarities in the tem-
perature dependences of resistivity for the Fe,,,Mn,,.Gay;, and
Fe,; ¢Mn,;Gasy s (see Fig. 8) alloys in a 80<T<400K temperature
range (besides usual temperature dependence with positive tempera-
ture coefficient of resistance) together with temperature dependence
of ND spectra allows us to conclude that the martensitic transfor-
mation does not take place in these alloys.

At the same time, both Fe;, ;Mn,, ;Gay; , and Fe;; Mn,; sGag, ¢ alloys
contain L2,-phase. Thus, one can conclude that FM order of this phase
at low temperatures (see Figs. 4 and 5) is an intrinsic property of L2;-
phase and not caused by any martensitic transformation.

alloy should has u = 3.96 ug/f.u. The observed difference between

4. CONCLUSIONS

1. The degree of atomic order in the investigated Fe,MnGa alloys was
experimentally estimated. As shown, a long-term annealing did not
result in formation of well-ordered alloys.

2. Magnetic moments localized at the Mn and Fe sites of Fe,MnGa al-
loys were experimentally evaluated from neutron scattering data.
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Fig. 8. Temperature dependences of the R(T)/R(T =300 K) dependences nor-
malized with respect resistance at T=300 K for Fe,MnGa alloys obtained for
cooling and warming regimes.

Some disagreement between experimental and calculated values of
magnetic moments located at the Mn and Fe sites can be explained by
noticeable atomic disorder in the prepared Fe,MnGa alloys.

3. If antiferromagnetic order is really formed in L1,-phase containing
Fe;1Mn,, ;Ga,; , alloy, this order has not collinear character.

This work was supported by the project No. 1050/20.15 of the Na-
tional program ‘The development of the technologies for multilayered
nanostructures and composite oxide materials fabrication as magnetic
sensors’.
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