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Magnetic and atomic short-range order in Cu-rich Cu-Mn
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Elastic diffuse neutron scattering from Cu-17 at.% Mn was measured within three planes of reciprocal
space, at room temperature and at 1{fa above and below the spin-glass temperature of yfoKletermine
the atomic and magnetic short-range order parameters. Using two samples with frozen-in states of thermal
equilibrium of 483 and 553 K, respectively, the antiferromagnetic character of the spin glass was found to be
robust against changes in the degree of atomic order while the ferromagnetic character is rapidly reduced with
lower atomic order. This confirms conclusions af initio calculations by Linget al. [J. Phys.: Condens.
Matter 6, 6001(1994)].
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I. INTRODUCTION may have suffered from the low scattering contrast with
x-rays of Mo Kea radiation, especially as positions at large
Atomic and magnetic short-range order has been repeagcattering vectordarger than 3.6 r.l.0.were measured. Dif-
edly investigated in Cu-rich Cu-Mn. For Mn contents of lessfuse maxima are also much more clearly visible in the total
than 25 at.%, detailed diffuse wide-angle scattering experidiffuse scattering of this alloy if the wavelength of the x rays
ments were reported by Wells and Srditfwith 15 and i tuned to the MrK edge to enhance the scattering
25 at.% Mn, quenched from the phase, the magnitude of contras_,tl.O (i) The calculated and subtracted thermal diffuse
the scattering vectoh>3 reciprocal lattice unitgr.lu)], ~ Scattering(TDS) in Ref. 5 is based on elastic constants of
Hirabayashiet al2 (with 25 at.% Mn, slowly cooled from Puré Cu and not of Cu-rich Cu-Mn, an approximation that
523 to 423 K,h>2 r.Lu], Cableet al3 (with 25 at.% Mn underestimates the TDS contributigthis was checked by
slowly cooled from 673 to 463 K and further aged at 373 K tr;e present authors f?(r C\)'“\'I#;'Z ath% I\fln, yvherﬁ both sets of
4 o "elastic constants are kno us, the elastic coherent scat-
fhrc?n?.zllsréllli),hioglggsftl SI' ;ngholsgiaa;rﬁj h_/lrgi(;q#]en?tr;]ed tering intensity will be overestimated especially around the
24.3 at % Mn quénch'e'd )f'rom 770 K>3.5 r.lu) Tthdif- positions of the Bragg reflections. As Huang scattering was

. ) _not considered in addition, an apparent presence of local de-
ferences in the heat treatments and in the ranges of Scatte”%mposition seems plausible.

vectors investigated led to large differences for the value of Magnetic short-range order scattering far below the cor-
the diffuse maximathe degree of local ordeor even to &  responding spin-glass temperature was investigated in detail
change of the character of ordéocal order or local decom- jithin the (001) plane for alloys of three compositions, for
position). Cu-25 at.% Mn at 10 K by Cablet al.2 for Cu-17 at.% Mn

At room temperatur¢RT), elastic diffuse neutron scatter- at 15 K by Roelofset al® and Schonfeldet al,!® and for
ing is essentially due to atomic short-range order. Apart fromCu-5 at.% Mn at 1.5 K by Murarét al!! It was obtained as
the rapid decrease of the magnetic scattering factor with inthe (calculateql difference in the cross sections at two tem-
creasing scattering vectots the magnetic short-range order peraturegfar above and below the spin-glass temperature
parameteréyyg is also very small far above the spin-glassand directly by a polarization analysis. For the spin-glass
temperaturé, as a consequence of the dynamics of thetemperature as a function of composition, see Gigtbal 12
spins® Atomic short-range order for a state of thermal equi-Cableet al3 considered the temperature-difference results to
librium can only be established above about 450 K in a reabe better for the more dilute alloys and those from polariza-
sonable time; the kinetics further depend on the Mn corltent.tion analysis better for alloys with a higher Mn fraction.
A state of thermal equilibrium investigated by Roelefsal*  Under the assumption that magnetic scattering is negligible
yielded diffuse maxima of atomic short-range order ét) 1 for the(011) plane, a tentative set of Fourier coefficients was
positions(as in the investigations of different states in Refs.given by Roelofset al® This data set, however, may only
1-3. represent a first approximation, and a three-dimensional in-

In a recent x-ray investigation of Cu-24.3 at.% Mn vestigation is still required.
quenched from 770 K short-range order scattering was de- Though many scattering experiments of Cu-rich Cu-Mn
termined by the Borie-Sparks methdtocal maxima found were performed, a three-dimensional investigation of mag-
for the short-range order scattering close to Bragg reflectionsetic short-range order is still missing. For such an investi-
indicated local decomposition. In contrast, Cabteal® ob-  gation, wide-angle and small-angle scatterings of the same
tained local order and not local decomposition for a samplesample are required. For the present investigation, two
of comparable composition slowly cooled from about thesamples of very similar composition, but in two different
same temperature. Concerning the study of Osaka anfilozen-in states of atomic short-range order, were chosen for
Takama, two comments may be mad@) The experiment wide-angle neutron scattering experiments, as they had al-
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ready been investigated by small-angle neutron scattéting. . EXPERIMENTAL
This also allows the correlation between atomic and mag-

netic short-range order of this spin glass to be addressed. Ié\ro-l;vi\gonS]:'rgalqe;gs;?g;niosvur;l\ém t?\aerge:ss r\:]vsrr]enf;thgﬁ S—Fr?ék
addition, the predictions of a first-principles theory for mag- y 9 y 9 ' y

netic and atomic correlations by Lireg al*4 can be checked were cylindrically shaped with the axis close(i1), about

stating that for an ideal spin glagan alloy with a statisti-
cally uncorrelated atomic arrangemgndiffuse maxima in
magnetic scattering would be dominant aroué@ positions

(for the atomic correlations, clustering was obtained in thi

study™ in contrast to the majority of experimeints

Il. THEORY

The elastic coherent diffuse neutron scattering from a bi
nary (A-B) face-centered-cubidcc) single crystal, including

magnetic scattering, can be written as

I(h) = NcaCg(ba = bg)[ 1 asrd(h) + Ise(h)] + Iysro(h),
(1)

whereN is the number of atoms in the beam, andcg are

the atomic fractions, and, andbg are the coherent scatter-

ing lengths (for recent reviews, see, e.g., Kosttrzand
Schonfeldt® and references therginThe factorNcacg(ba

—bg)? is called one Laue unitL.u.), Iasro(h) is the atomic
short-range order scatteringgg(h)=h-Q(h) the linear dis-

placement scattering, angsgg(h) the magnetic short-range

10 mm in height and diameter. Sample 1 with 12)at.%
Mn and sample 2 with 16(8)at.% Mn were homogenized at
1123 K and water quenchedhe Mn concentrations were

Jdetermined by x-ray fluorescence and chemical anglysis

Sample 1 was then aged at 483fiér two week$, sample 2

at 553 K (for two day9 and water quenched to establish
well-defined states of thermal equilibriuhithe samples in
these states had previously been investigated by small-angle

neutron scatteringSANS) at Risg National Laboratory,

Denmark!?

Diffuse neutron scattering with nominally zero-energy
transfer was performed at the triple-axis spectrometer IN3 at
the Institut Laue-Langevin, Grenoble. Incoming neutrons of
an energy of 14.(6)meV were used. Harmonics were sup-
pressed by a filter of pyrolytic graphite, 10 cm in thickness.

For both samples, diffuse scattering was registered in the
(00D, (011), and (111) planes of reciprocal space at about
1000 positions per plane covering scattering vectors within
0.2 to 2.3 r.l.u. Positions within a distance of 0.2 r.l.u.
around Bragg reflections were excluded. The samples were
mounted on the cold finger of a CTI cryostat, with the Al
window and heat shield more than 9 cm away from the
sample to avoid Debye-Scherrer rings from these materials to

order scattering. Static diplacements beyond first order arge registered. Measurements were done at room temperature
neglected because the measurements were not extendedaqu between 11 and 15 Ksubsequently designated 11 K
extremely large scattering vectors. The various terms are eX;hare most data where takeW hollow Cd cylinder, shield- ’

plicitly given by

Iasra() = 2 @y cogmhyl)cog whym)cog mh,n), (2)

Imn

Q(h) = X ¥, sin(mhy))cog mhym)cod 7h,n),  (3)

Imn

2
Imsralh) = §NCBI’SS(S+ 1)|fg(h)|2X [cg + (1 - Cg) dimnléimn

Imn

X cog mhl)cog 7h,m)cog 7h,n) (4

[the other components @(h), Q,(h), and Q,(h), are ob-
tained by cyclic exchange of the indicasy, z]. Here, B
refers to the atoms carrying the magnetic momenrgsis
-0.54x 1072 cm, Sthe spin of theB atoms,fg(h) the mag-
netic form factor, andgn={So0d(0) - Smn(t)) the spin-spin
correlation function for thémn type of neighborgl, m, nin

units of half the lattice parameter representing the position

ing the sample holder and the glue between the sample
holder and the sample, was aligned perpendicular to the scat-
tering plane and employed to define the scattering volume.
Typical intensities varied between 2000 and 9000 counts per
90 s. The data were corrected for the background and cali-
brated by comparing then with the incoherent scattering of a
vanadium cylinder of similar dimensions mounted as the
samples and employing a point-to-point calibration on a
coarse grid.

The data were corrected for absorption and multiple scat-
tering as described by Se#tsising the absorption cross sec-
tions of Ref. 19. An overallstatic and dynamicDebye-
Waller factor exp-2B(sin 6/)\)?] with B=7.05X 10°3 nn?
was used for Cu-Mn at room temperatdreor 11 K, this
value was estimated tB=2.08x 1073 nn? (assuming that
Poisson’s ratio in the estimate of the static Debye-Waller
facto”® does not vary with temperatyreA value of B
=4.85x 1073 nn? was used for vanadiudt. The coherent
scattering lengthbc,=7.7184)fm andby,,=-3.732)fm and
the incoherent scattering cross sectiorf§=0.553)b, oy

Inc

The am, are the Warren-Cowley short-range order=0-402)b, andoy=5.086)b were taken from Sea$.

parameterS and they,.,,, i=x,y,z the Fourier coefficients of
the linear displacement scattering, which are linear combina-

tions of the individual displacements. In contrasiig,, and
Yimme the &mn are functions of time because the spir§,,

IV. RESULTS
The calibrated diffuse scattering of Cu-16.6 at.% Mn

fluctuate and do not contribute to true elastic scattering. Val¢without the elastic incoherent scatterjreg 11 K and RT is
ues forg,, thus represent an integration over a time intervalgiven in Fig. 1 for the(001) plane. In this plane, all the
defined by the energy resolution in the scattering experimenpositions of the diffuse maxima of atomic and magnetic
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h, variation of the weightedR-value of the fit. No adjustment in
relative intensities was done, neither between the data of the
(001, (011), and(111) planes, nor with the small-angle scat-
tering data. Three data sets were analyzed, those taken at RT
and at 11 K, and the calculated difference in scattering at
11 K and RT, allowing the separated contributions to be
compared.

(i) At RT, magnetic short-range order scatter{etpse to
paramagnetic scatterings considered to account for the
small-angle scattering found in addition to atomic short-
range order scattering and static displacement scattering.

(i) At 11 K, an unmodified short-range order scattering
and a slightly different static displacement scatterimgth
respect to RT are present, together with magnetic short-
range order scattering characteristic of a state far below the
h, spin-glass temperature.

(i) The calculated difference of the scattering data at
11 K and RT should correspond to magnetic short-range or-
der scattering(without paramagnetic scatteringlt turned
out that—probably because of unavoidable though small er-
rors in the calibration and differences in the static displace-
ments at both temperatures—some atomic short-range order
scattering and static displacement scattering intensities were
still present in the difference and their contribution was con-
sidered in the least-squares fitting.

The Fourier coefficients of the various data analyses are
summarized in Tables I-lll; the recalculated scattering con-
tributions are shown in Figs. 2 and 3.

(b) h
' A. Atomic short-range order scattering

FIG. 1. Elastic coherent neutron scattering of Cu-16.6 at.% Mn

. ) The main feature of atomic short-range order scattering is
in 0.1 Laue units as measured at 11& and at room temperature g g

(b) a maximum at %0 with ~3.6 L.u. for Cu-17.2 at.% Mn and

' with ~2.8 L.u. for Cu-16.6 at.% Mn. The largest difference

in the analyses of the data sets at 11 K and at RT is seen

short-range order are located. At both temperatures, the largqose to 000 and equivalent point&ig. 2). While the 11 K
est scattering intensity is seen neéﬂlWhiIe the maximum  gata show a clear increase tel.5 L.u. for both samples,
arises at RT because of atomic short-range order, the largghly a slight increase close to 000 is obtained in the RT data.
intensity around 30 and the elongation in shape aloffd0]  Furthermore, an increased magnetic scattering bf4 L.u.
for the lines of equal intensity at 11 K are due to magnetiGis obtained at 000 for both samples at RT. Still, the fitted
short-range order. Within the present instrumental resolutionyalue of &y, of both samples is within 0.1, as expected, far
the 1%0 maximum and the two neighborindkZmaxima are  above the spin-glass temperature within the energy resolu-
nearly resolved. The intensity is larger arounéOlthan tion of the present neutron scattering experinfenihe rea-
around go, as the magnetic scattering intensity rapidly de-son for the difficulty of separating atomic and magnetic
creases with increasing scattering vector. A slight differenceshort-range order scattering close to 000 is obvious; there is
in the scattering intensity betweer%(l and ]go at RT(also little variation of the squared magnetic scattering factor with
visible in Fig. 3 of Ref. 4 for Cu-17.2 at.% Mrnndicates the the magnitude of the scattering vector. Thus, the two scatter-
presence of magneticlose to paramagneliscattering. At ing contributions are not distinguishable. An unambiguous
11 K, the scattering intensity starts to increase towards 00geparation requires data obtained by small-angle x-ray scat-
as the magnetic order of the spin glass also has a ferromatgring or small-angle neutron scattering with polarization
netic character. analysis.

Combining wide-angle scattering with the previously de- If one takes the peak intensity a%(l as a measure for the
termined small-angle scattering of the same samiles, degree of short-range order, a higher degree is seen for the
least-squares fitting analysis was applied. The slight direcsample with the lower aging temperature. The dependence
tional dependence in small-angle neutron scattering was di®n aging temperature is also reflected in the magnitudes of
carded(Ref. 22 as it will only affect the Fourier coefficients the Warren-Cowley short-range order parameters; they are
of the more remote neighbors. The number of Fourier coefsystematically larger up to shell 431 with the lower aging
ficients of atomic short-range order, magnetic short-range otemperaturgTable ). The results of Cu-17.2 at.% Mn may
der, and linear displacements was chosen according to ttedso be compared with the evaluation of the three-
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TABLE |. Fitted atomic short-range order parametefs,, of Cu-16.6 at.% Mn and Cu-17.2 at.% Mn
(data taken at RT and at 1)K

aymn(CU-16.6 at. % Mp mn(CU-17.2 at.%Mp

Imn RT 11 K RT 11 K
000 0.994555) 1.064263) 0.965543) 1.086657)
110 -0.084615) -0.080718) -0.094911) -0.096215)
200 0.070115) 0.080217) 0.085511) 0.097914)
211 0.035012) 0.042014) 0.04229) 0.050612)
220 -0.029914) -0.029916) -0.038510) -0.038414)
310 -0.01128) -0.011410) -0.01995) -0.02197)
222 -0.037015) -0.040218) -0.053210) -0.056314)
321 0.013%6) 0.01617) 0.01754) 0.02195)
400 0.017817) 0.024418) 0.036413) 0.043616)
330 -0.015811) -0.013912) -0.01938) -0.020812)
411 -0.00389) -0.002111) -0.00617) -0.00549)
420 0.00117) 0.00168) 0.00235) 0.00437)
233 -0.00087) 0.00047) 0.00115) 0.00227)
422 -0.00428) -0.003610) -0.00756) -0.00839)
431 0.00245) 0.00337) 0.00054) 0.00296)
510 0.00087) 0.00048) -0.00315) -0.00367)
521 0.00185) 0.00276) 0.00344) 0.00465)
440 0.002210) 0.000511) -0.00068) -0.000111)
433 0.00066) 0.00117) -0.00015) 0.00187)
530 -0.00206) -0.00167) -0.004@5) -0.00467)
244 -0.00186) -0.00127) -0.00164) -0.00276)
600 0.001113) 0.003316) 0.007311) 0.011615)
532 0.00014) 0.00015) 0.00024) 0.00055)
611 -0.00127) -0.00098) -0.00135) -0.00247)
620 0.001%6) 0.00327) 0.00115) 0.00347)
541 -0.00104) 0.00035) -0.00134) -0.00025)
622 -0.00106) 0.001Q7) -0.00105) 0.00017)
631 -0.00024) -0.00035) -0.00133) -0.00135)
444 -0.001010) -0.001511) -0.00338) -0.003@11)
543 -0.00104) -0.00024) -0.00143) -0.00014)
550 -0.00117) -0.00159) -0.00067) 0.00069)
710 0.00083) -0.00046) 0.00022) -0.00166)
640 0.00243) 0.00196) 0.00192) 0.00256)
255 0.00063) -0.00036) 0.00052) -0.00017)
633 0.00083) -0.00046) -0.00022) ~0.00096)
721 0.00092) 0.00055) 0.00112) 0.00125)
642 -0.00062) -0.00074) 0.00062) 0.00054)
730 0.00083) 0.00076) 0.00032) ~0.00096)
651 -0.00022) -0.00064) -0.00092) -0.00194)
732 0.00072) 0.00094) 0.00052) 0.00024)
800 -0.00196) -0.002111) 0.00235) 0.002811)

dimensional data set of Roelo#t al# (Note that the data set order parameters are importa(i). The closeness afgyto 1

of Roelofset al8 cited in Table | of Ref. 5 refers to magnetic and the close agreement in the evaluation of the data sets at
short-range order and is incorrectly attributed to atomicRT and 11 K(Table |) show that atomic short-range order
short-range order. Atomic short-range order data are found incattering was properly separated at 11(K) The large

Ref. 4. The two sets ofy,, agree within three standard positive values of the Warren-Cowley short-range order pa-
deviations. Two features of the Warren-Cowley short-ranggametersegg reveal that chains of Mn atoms alof@00)
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TABLE 1l. The first 48 fitted magnetic short-range order parametgrg of Cu-16.6 at.% Mn and
Cu-17.2 at.% Mn(data taken at 11 K and calculated difference of the 11 K at RT) d&tf. 27).

&mn(CU-16.6 at.%Mp &mn(CU-17.2 at.%Mp

Imn 11 K 11K — RT 11 K 11 K — RT
000 0.50620) 0.62311) 0.62619) 0.62711)
110 -0.44957) -0.48831) -0.61252) -0.49932)
200 0.40222) 0.41916) 0.41718) 0.391(14)
211 0.13016) 0.20Q12) 0.24718) 0.21Q11)
220 -0.04835) -0.10119) -0.13231) -0.07520)
310 -0.17617) -0.17412) -0.13415) -0.11211)
222 -0.23043) -0.22028) -0.28738) -0.18028)
321 0.13410) 0.1087) 0.1828) 0.1387)
400 0.24630) 0.17621) 0.26726) 0.15419)
330 -0.15824) -0.14815) -0.17523) -0.15716)
411 0.08020) 0.09012) 0.06618) 0.091(12)
420 -0.01214) -0.0629) 0.00612) -0.0399)
233 0.05113) 0.0118) 0.06Q12) 0.0229)
422 -0.12019) -0.09810) -0.08117) -0.10210)
431 0.09812) 0.1077) 0.11510) 0.1157)
510 -0.05215) -0.0359) -0.03714) -0.0409)
521 0.06010) 0.0286) 0.0829) 0.0606)
440 -0.03420) -0.11012) -0.00120) -0.03914)
433 0.04912) 0.0627) 0.06711) 0.0738)
530 -0.08113 -0.0688) -0.06813) -0.0789)
244 -0.08713 -0.1216) -0.07311) -0.1019)
600 0.13732) 0.14314) 0.17030) 0.23115)
532 0.0219) -0.0023) 0.0439) 0.0324)
611 -0.05516) -0.0546) -0.04314) -0.0637)
620 0.07213) 0.0815) 0.10412) 0.1255)
541 0.06310) 0.0794) 0.09210) 0.0824)
622 0.03114) 0.0416) 0.00114) 0.0017)
631 -0.00710) -0.0264) -0.0029) -0.0254)
444 -0.04421) -0.0978) -0.05021) -0.0699)
543 0.03%8) 0.0393) 0.0468) 0.0433)
550 -0.01219) -0.0587) -0.07818) -0.0698)
710 0.01812) -0.0095) 0.00712) -0.0356)
640 0.02611) 0.0115) 0.03511) 0.0485)
255 0.01813) -0.0125) 0.01313) 0.0046)
633 -0.01212) -0.0244) 0.01512) 0.0066)
721 0.0079) 0.001(4) 0.0219) 0.0255)
642 0.0028) -0.0063) -0.0048) -0.0064)
730 -0.01212) 0.001(5) 0.00212) -0.0136)
651 -0.0088) -0.0084) 0.01318) 0.0004)
732 0.0067) 0.0183) 0.0317) 0.0294)
800 0.07123) 0.07210) 0.04922) 0.06711)
455 0.0105) 0.0084) 0.0186) 0.0235)
741 0.0184) 0.0114) 0.0075) 0.01Q5)
811 -0.01§7) -0.0385) -0.0247) -0.0123)
644 0.0085) -0.0094) 0.0056) -0.0033)
820 0.0335) 0.041(5) 0.0436) 0.0565)
653 0.0013) -0.0018) -0.0104) -0.0063)
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TABLE Il. (Continued)
Cu-17.2 at.% Mn(data taken at 11 K and calculated difference of the 11 K at RT) d&tf. 27).

&mn(CU-16.6 at.%Mp &mn(CU-17.2 at.%Mp
Imn 11 K 11 K - RT 11 K 11 K — RT
660 0.0798) 0.0598) 0.101(10) 0.0679)

(see, e.g., Ref. 33are the typical local atomic arrangement eter sets show the same sign sequence up to shell 411, re-

in short-range ordered Cu-Mn. flecting the close connection between both scattering contri-
butions, but also demonstrating that the spin-spin
B. Magnetic short-range order scattering at 11 K correlations are not a mere decoration of atomic short-range

The separatedfitted and recalculatodmagnetic short- order. The spin-spin parameters do not reveal an obvious

range order scattering is characterized by two maxima, fependence on the degree of atomic short-range order. Only
000 and at R- positions(Fig. 3). The intensities were di- the larger ferromagnetic order for the alloy with increased

vided by the squared magnetic scattering factor and normafitomic order is seen in the larger number of Fourier coeffi-

ized to Laue units. A magnetic moment ofu4 per manga- cients and the slight trend to generally more positive values
nese atorff?®> and the magnetic form factor according to Of &imn
Shullet al?® were used. At the g positions, the recalculated
intensity amounts te-3.3 L.u. for Cu-17.2 at.% Mn and to
~2.7 L.u. for Cu-16.6 at.% Mn. The intensity at 000 The Fourier coefficients of the static atomic displace-
amounts to 5.8 L.u. for Cu-17.2 at.% Mn and 2.9 L.u. for ments(Table IIl) show no obvious dependence on the degree
Cu-16.6 at.% Mn(at 11 K, the peak intensities are always of order and the temperature of the measurement. Of course,
higher by~1.2 L.u. with the 11 K data set than for the dif- they depend on the Warren-Cowley short-range order param-
ference of the 11 K and RT data eters, in addition to the species-dependent atomic displace-
A larger number of Fourier coefficients is required for ments and the coherent scattering lengtie®, e.g., Refs. 15
magnetic than for atomic short-range order scatte(iiadples  and 16. But the difference in the degree of order of both
I and Il); the longer range in the spin-spin correlations re-samples is too small to be resolved.
flects the sharper modulation of magnetic scattering. The In the least-squares fitting to the calculated difference of
value of &, is smaller than one. Far below the spin-glassthe 11 K and RT data, thB-value of the fit was the largest
temperature, one expects a value of 1 as had been previousiynong the three analyses. The reason is that the difference is
reported by Kogaet al?® who analyzed the closely related taken between two sharply modulated scattering patterns.
spin glass Ag-Mn. The reason for this difference is unknownThe procedure to analyze the low-temperature data to deter-
The values ofq in Table Il are large and positive because mine the magnetic short-range order seems preferable but
of the Mn chains along100 with parallel aligned spins. The may fail if the diffuse maxima of magnetic and atomic short-
&mn @re much larger in magnitude than thg,,. Both param-  range order coincide.

V. DISCUSSION

TABLE IlIl. The first 13 fitted linear displacement parametefs,, of Cu-16.6 at.% Mn and
Cu-17.2 at.% Mn(data taken at RT and at 11)KRef. 27.

Yon(CU-16.6 at.% Min Yon(CU-17.2 at. % M

Imn RT 11K RT 11K
110 0.02874) 0.02864) 0.026a3) 0.02744)
200 ~0.017910) -0.016911) ~0.01669) -0.018111)
211 0.00184) 0.00014) 0.00063) ~0.00114)
112 0.00223) 0.00223) 0.00223) 0.00134)
220 0.00865) 0.00875) 0.00754) 0.00845)
310 0.00014) 0.00085) 0.00074) 0.00255)
103 0.00084) 0.00144) 0.00113) 0.00145)
222 0.00564) 0.00625) 0.00694) 0.00875)
321 0.00083) 0.00084) 0.00023) ~0.000%4)
213 0.00173) 0.00183) 0.00172) 0.00133)
132 0.00082) 0.00082) 0.00022) 0.00023)
400 ~0.004611) -0.005712) ~0.00489) ~0.008711)
330 0.00374) 0.00384) 0.00323) 0.00434)
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Cu-17.2 at.% Mn The largest difference between the two Cu-Mn samples is

020 1K 220 found for the peak intensity at 000 below the spin-glass tem-
N 10, 45 perature. The intensity decreases by about a factor of 2 with

10+ decreasing degree of atomic short-range order, while the in-

tensity at Xz nearly remains unchanged. More longer Mn
chains with the preferentially parallel alignment of spins lead

Ry
X ol & 8 8) ox

12 1 to an increased magnetic scattering near 000. Extrapolating
to a statistically uncorrelated arrangement of Cu and Mn at-
RT o 11K . \
@ @ oms, one thus expects a dominance of scatterlngkéi‘loZ
2 positions. This compares favorably with the robust location
! @ \ of the maximum in the magnetic short-range order scattering
>0 of an alloy with a random atomic arrangement éOJposi—
! o Yol tions and the elongation in shape ald@d.0] (Fig. 1 of Ling
: et all?).
000 RT 200 The intensity at 000 far above the spin-glass temperature
Cu-16.6 at.% Mn indicates, in contrast to the calculations of Liagal.* no

predominance of decomposition; irrespective of the details of

FIG. 2. Atomic short-range order scatteritgsgo(h) of Cu th ration of maanetic and atomi ttering ol ¢
-16.6 at.% Mn and Cu-17.2 at.% Mn in 0.1 Laue units, as recalcu- € separation o agnetic a atomic scattering close to

lated from the fitted Fourier coefficients of Tablgthe data were 000, the total diffuse scattering is lower than 01 The
taken at RT and 11 K Equidistant lines of equal intensity are CU-Mn alloys are short-range ordered and not short-range
shown. decomposed, in contrast to the conclusions of Osaka and
Takama®

The magnetic scattering of Cu-17 at.% Mn is similar to  No long-range ordered state is known experimentally in
that of Ag-20.8 at.% Mn(Koga et al,?8 see also Table | of Cu-rich Cu-Mn. Nevertheless, anomalies in, e.g., electrical
Ref. 8); the spin-spin correlation parameters agree in sign upesistivity, thermal expansion, or Young's modulus were in-
to shell 600. The major difference in magnetic scattering igerpreted as signs of phase transitigese Godecké and
seen close to the direct beam where no intensity increag@ferences therejn Fast-neutron irradiation at 338 K of a
towards the direct beam is found in the recalculated diffusécu-20 at.% Mn polycrystal led to long-range order in a small
scattering(Fig. 9 of Kogaet al, 8 note that no SANS data fraction of the samplé® The order was tentatively described
were takei Still, the situation in both alloy systems is quite as @ 4<4x 4 supercell with a slightly tetragonal distortion.
similar, as the configurational analyses of Ag-Mn and ofNo accompanying changes in magnetic scattering were
Cu-Mn give chains of Mn atoms alond00 as the charac- observ_ed’,l_but or_ll_y wide-angle and no small-angle neutron
teristic feature of the short-range ordered state. For the afcaltering intensities were taken. .
pearance of magnetic small-angle scattering, the presence of 1he possible superstructures considered below are all
Mn clusters is no prerequisite, as a preferentially paralleP@sed o420 static concentration wavef1, DO, and
alignment of spins on the next-nearest sites will also lead t®&Mo.%* The “NiMo” superstructure would have superstruc-

a scattering enhancement close to the direct beam. ture peaks exclusively at;D positions and signs of the
Warren-Cowley short-range order parameters as those of
Cu-17.2 at.% Mn Table | up to shell 420. However, this structure is not known
020 1K 220 experimentally.

Preferred long-range ordered structures may be identified
by a configurational analysis of modeled short-range ordered
crystals. Model crystalscomprising 64x 64X 64 f.c.c. unit
cells) were generated using the Warren-Cowley short-range
order parameters of Roeloé al* and analyzed with respect
L 11K to all 144 nearest-neighbor configurations of the fcc lattice
(for the nomenclature of these configurations, see Chpp
Enhancement factors of given configurations were deter-
mined by also analyzing crystals of the same composition
but with a random arrangement. Table 1V shows the configu-
rations with the largest enhancement factors for the case of
Mn atoms around Cu atoms. The elements of the superstruc-
turesD1, (C8) and D0,, (C16,C17) repeatedly suggested
for Cu-rich Cu-Mn (and also found experimentally in the

FIG. 3. Magnetic shortrange order  scattering SPIN glass Au-Mp, are largely enhanced, but also those of
lusro()/|fun(N)|? of Cu-16.6 at.% Mn and Cu-17.2 at.% Mn in PtMo (C38, found, e.g., in Ni-Or A generally excellent
0.1 Laue units as recalculated from all fitted Fourier coefficients2greement is seen with a corresponding configurational
(data taken at 11 K and calculated difference of the data taken @nalysis of short-range ordered Ni-20.1 at.% (@ef. 34
11 K and RT. Equidistant lines of equal intensity are shown. that also exhibits io diffuse maximaTable V). Any anal-

11 K-RT

000" 11K-RT 200
Cu-16.6 at.% Mn
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TABLE IV. Abundance analysis of short-range ordered Cu-17.2 at.% Mn and Ni-20.1 at[%a€¥d on
sets ofayy,, of Roelofset al. (Ref. 4 and Schonfelcet al. (Ref. 34]. The case of minority atoms around
majority atoms is considered. Clapp configuratigRef. 33 with enhancement factors larger thar(v@th
reference to a statistically uncorrelated arrangeinare given.

Cu-17.2 at.%Mn Ni-20.1 at.%Cr
Configuration Abundancé&n) Enhancement Abundancb) Enhancement
Ccs8 6.6 3.6 6.6 3.2
Ci16 0.4 9.0 0.5 8.5
C17 1.0 10.1 1.2 9.5
C19 2.5 3.3 3.2 3.1
C35 0.3 3.3 0.5 3.4
C36 0.3 3.3 0.4 3.3
C37 0.3 5.9 0.5 4.2
C38 0.2 5.0 0.3 4.0
C59 0.02 35 0.05 3.3
C65 0.06 3.4 0.09 2.9

ogy between NICr and CyMn has to be considered with necessity for following these requirements seems even more
caution, as spin fluctuations can also affect the atomicstringent for magnetic short-range order studies.
order and they are different in these two alloys.

In conclusion, a detailed investigation of short- and wide-
angle neutron scattering is required to obtain relevant data
sets of magnetic short-range order. Also, the heat treatment The authors are grateful to E. Fischer for his support in
of the spin glass must be well defined, otherwise data setgrowing the single crystals. This work was partially sup-
cannot be compared. This situation strongly resembles thgorted by the “Schweizerische Nationalfonds zur Férderung
case when atomic short-range order is to be determined; thaer wissenschaftlichen Forschung.”
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