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Sperimagnetismin Fe;gErsB,7 and Fe,Er19B1; metallic glasses

Il — Collinear components and ferrimagnetic compensation.

N Cowlanf and A R Wilde8

®Department of Physics and Astronomy, University of Sheffield, SHEFFIELD, $83 GE,

®Institut Laue.Langevin, BP 156, 6 rue jules Horowitz, 38042 GRENOBLE Cedex 9, France,

Abstract.

Magretisation measurements a FesEroBi7 glassand mwlarisedbeamneutronscattering
measurementen FergErsB1; and Fes;sEroB17 were described ifPart |. The finite spinflip
neutron scatteringrosssectionswere calculated using sperimagnetic structutgased on
random cone arrangemsiuf the magnetiecnoments. fietemperature variation @dhe aoss
sections ofFes4Er9B17 suggesd that a&compensatedperimagnetiphaseexistedat Teomp
The analysis of thenon spinflip neutron scatteringrosssectionsis describedherein Part

Il . Two spindependentotal structure factor§**(Q) weredefined fom thesecrosssections
and despite the limited rangef the datad.5A" < Q < 6.5A, their Fourier transforngave
reliable spin-dependeniRadial Distribution Function®RDF**(r). These were interpreted in
terms of theatomic pair correlation functiong;:(r) and theirweighting factors w':. The
data onFesErgB;7 at 1.5K showedfor example,how the directionsof the magnetic
sublattices cate defined uniquelyThe analysiof the RDFﬂ(r) for FessEnoBi7 at 112K

confirmed that the mean collinear components of the magnetic momép,!$>. </u||:|e> are

zero on both sublattices in tetempensated sperimagnetic structat@com, The pre-peak in
the spindependentotal structure factorst 112K showedthat it originatedin the atomic
structure andt may involve FeEr-Fe “collineations” at a radial distance%.0A. Finally,

the RDF**(r) of Fe,ErgBi7 at 180K and of FgErsB;; at 2K, show that both glasses have

the (ure UP : ugr DOWN) structurdike the (Fe,ThsB17 collinear ferrimagnets



1) Introduction

Our studieof the collinear and nostollinear magnetic structures in metallic glagdg¢svere
describedn Part | [2], where it wagxplained thathe non spifflip neutron scatteringross
sections of (Fe,Th)B1; glasseshad beensimulated using a combination of known and
derivedpartial structure factorg3]. The relatedFeEr)ssB17 glasshavebeen shown to ba
non-collinear ferrimagnes by a variety of different measurements b, 6, 7, § but our
preliminary neutrorscattering measurements arg4ErnB;7 glassat 1.5K, 60K and 180K
proved to bedifficult to interpret [9. The fnite spinflip crosssectionsconfirmed the
presence of noncollinear stateand could be analysed using a sperimagnetic strugture
which the magnetic moments on the iron atoms point in a random cone that is
ferrimagnetically coupled to a random cone of erbium moments. However, the ndlipspin
crosssectons were quite different from those of the parentaksiddt ; glassesandstrongly
influenced by the 19% substitution ofetharge erbiumon with its large magnetic moment
[9]. They could nobe simulated by the method applied to the collinear (FeBh)glasses
[3].

The average components of the magnetic momentsz*, parallel and perpendicular to the
magnetic field are needed to describe the non-fipinand spinflip crosssedions
respectively [1], sahe \ariation ofthe magneticmomentsmust be known as a function of

compositionand temperaturdn addition,therewill be many different combinationsf the

values of the total momentg,,|, || andthe semivertex angle®re G of their random

conesin a noncollinear structurewhich will lead to similar values of th@! and z*

componentslt is difficult therefore,to find the unique choice of the componentsf the
momentseven from a combination of different bulk measurements [4, 5, 6, Th8jaims

of Part | of the present workwere first to obtain magetic moment values from
magnetisation data aur ownFes;sErndB17 glass whichwe could usenoreconfidently in the
analysis of the neutron scatteriidne neutron studies weatsoextended to include a second
series of measurements on &gE@B17 glass at 2K and on the &Er¢Bi7 glass & 100K,
112K, 125K andagain atl80K, as a consistency chedRart Il will give an account of the
ferrimagnetism irFe/gErsB17 glass at low temperature and of the magnetic structural changes
that occur in FgEngdBi7 glass & a function of temperatur&ectios 2and 3 will cover the

analysis of the non spiitip crosssections ging a Fourier transform. Thiprovides a

2



successful description of the atorsicale structures in the two glassefich workseven
when the magnetic contributions to the neutron scatteringsarall, such as when
concentrationof erbium is small(in FegErsB;7 at 2K) or at higher temperature (n
FessEroB17 at 180K). Theanalysisof the scattering crossectionsby a Fourier transform
involves no adjustble parameteysince the crossectionswere measuredh absolute units

ard it relies solely on the values of the magnetic momebtamed inPart |.
2.0) The non spinflip cross-sections of the (Fe,ErsB;7 glasses.

Thetwo non spinflip crosssectionsare givenin the usual notatiom Equation 1 wkreb; is

: . oo, . . .
the average coherent scattering length of at@nd ey is the isotope incoherent cress

section.Equation Imaybe compared with the spfhp crosssectionggiven in Equation 6 in
Part |.

it (s ok <l @l )|

The non spinflip crosssectionscontainthe collinear componentsp”(Q) of the magnetic

scattering amplitude. They have a variation with scattering v€riwhich is similar to the
total structure facto8(Q)of the glass, since they depend on the Fourier transform of spatial

variation of either the sum %oc<FT(b+ p”(Q))>2 or the difference

aGQ o (FT (b- p”(Q))>2 of the nuclear and magnetic scattering amplitudes.

Figure 1showsthe non spirflip crosssectionsin absolute units of basnsteradian atomi*
for the FegErsB;7 glass measured at 2K afat Fes4EnoBi; measured at 1.5K50K, [9] and
100K, 112K 125K 180K Only the present measurement at 180K has been plotted, as in

Part I. The redand the blue points defirtbe agQ and agQ crosssections respectively

Two spindependent total structure factoi$(Q) and S™(Q) will be defired from these

crosssectionsin Section 21, so thepeak inthe crosssections atQ~ 3A™ will be called the

first or mainpeakand the ongin just one channght O~ 1.3A™ will be the “pre-peak”. This



follows the usual practice for the structure factorsnudtallic glassesThelarge differences
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crosssections in Figur larise because the combined
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Figure 1 The non spiflip crosssections for the FeErsB1; glass at 2K are shown laand
for the FesErgdBi7 glass at 180Kn 1b, 125K 1c, 112K 1d, 100K 1e 60K 1f[9] and 1.5K
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1g[9]. The ed andblue points define th% and crosssectionsand the open and

closedpoints are for incident waveectors k = 2.6623 %, k = 4.1A"%. The incoheret cross
section is shown by a dashed line.
scattering amplitudes have a very large randmtti positive and negatiwalues depending

on how thescatteringfrom the nucleus and from the magnetic electrmmsbine [1(. The
nuclear scattering amplitudes are
bre=9.45fm, b, = 7.79fm andhs = 5.30 — 0.218fm [11]

and substitutingthe moment values at 1.5K ‘ﬁF'L

=152y, and ‘ﬁE”r

= 658y, Into
p'(Q)= 2695 (Q) fm, givesthe magnetic scatteringmplitudesof |pl(0) = 410fm and
\pg,(oj = 1773fm in the forward limitQ=0, so that,

535im < (o, ¥ pl.(0))< 1355 and — 994im < (o, ¥ pl, (0))< 2552m .

— ++

In Figure 1, the difference in position of the first peakthe a@% and Cross

sections of RaErn¢Bi7 at 1.5K, 60K and 100Ks large~ 0.5A" and thepre-peak occurs in

ao_++

. Theshaps of these crossections and the positions and widths of their peaks remain

fairly constantand there g a reduction inthe first peak in% and the prgeak with

—-— ++

increagng temperatureln contrastthe aa% and

crosssections havénterchanged

at 125K and 180Kwhen comparedvith thoseat low temperatures and thgsshownclearly

o oo™

in the figure The two first peaks ir?aQ and have alsanovedclosertogether; their

++ —

Is the smallest. The prgeak(in %

magnitudedavereducedandthefirst peak in

) is also smallethan the corresponding peak & 100K The interchange of crosections
showsthatthere is a complete inversion of the magnstructurebetween 100K and 125K.
Comparisonwith the crosssectionsof the (Fe, ThysB17 collinear ferrimagnet$3] suggests

that at high temperatures the iron sublattice points along the field direction and the erbium
sublattice is antiparallel to (e UP : e DOWN) andtheinverted cas€ure DOWN : z&, UP).

occurs at low temperatures.



The constancy of shapef these crossections with temperaturewas monitoredby

superimposing th% at 125K on to the% at 100K and theaa% at 100K on to the

% at 125K. The mean fractional difegrces irthe data points ithe superimposectoss

sections wadess than= 10%, -which is commensuratavith the differences in the total
scattering levels and in thew,; and w,; Wweighting factors(see below)at the two
temperatures.

agQ and % crosssections measured at 112K are quite different from the others

becaise they areirtually identicalwithin the error bars, (except perhaps for four points near

The

the prepeak) Their first peak reaches 1.8 barns steradiahatoni® and is slightly smaller
thanthe first peak in the crossections measured at 100K and 125K. Thepg@k at Oy, ~

1.3A* occurs in bothgg—Q , % crosssections with a height 0.75barns steradiah

atom* and thesecond peakas no shouldeEquation landFigure 5 ofPart I showthat the
oo™ oo~

0 and aG—Q crosssections willbe identical when the mean collinear components of

the magnetic scattering amplitutéand to zero,

p'(Q) — 0, so that <(b¢ p”(Q))2> - <b2>'

They will then contain information about theomic structure of the gbks, because they

depend on the nuclear neutron scattering alone.

aaGQ and % crosssections for the FgErsB;17 glass measured at 2K ashown in

Figure T. They are similato some of the first spidependentrosssections which were

The

measured for metallic glasses, suclCasiPio [12], Cos1 B1s.5[13] and FgsBi7 [14] and also
to thenon spinflip crosssections of some of thé&¢ Th)s3B17 glassed3]. The first peak in

—agg is much larger than that 'Hq—aGQ and there is a clear difference in their positions. The

% crosssection also includes zery small prepeak. The form of these % and



ao_++

crosssections suggestbat theFe;gsErsB;7 glass has thés. UP : 1 DOWN) magnetic

structureat 2K.

2.1) Spin-dependent total structure factors.
Two spindependent total structure facto® (Q) and S™(Q) can be defined from theon

spin{lip crosssections andheir Fourier Transfornwill in principle provide information on
the real space structures of the (FedBr), glasses. Initidy, we did not believat was
realisticto try thisbecause of the limited range A5< Q< 6.5A" of the IN20 datalt is
smaller than theange &A™ < O < 12A* used in the first polarised neutron scattgrin
determination of the PSFs of tki®s;Pig alloy [12] andits maximum value is much smaller
thanthe QOnax =~ 25A™ usedin current studies of the structures of metallic glasAes.
alternative is to make a simulation of the non dppcrosssections by using known partial
structure factors (PSF) and derived PSFs whenrélgeired ones are unawaile This
workedwell for (Fe, TbysB17 glasses and cordy predictedthe difference in the positions of
the first peak in four pairs of non sgiip crosssections[3]. There are howeveno PSFs
which can generate the ppeak in the non spiflip crosssections of the kgEnBi7 glass,
even after scaling thep axis [9. It seemed worthhile thereforeto try a Fourier trarferm
beginning withthe non spinflip crosssectionsof the Fes4EroB17 glassat 1.5Kwhich have
the largest contribution froithe magnetic scattering

The derivation of the spidependent total structure factors is illustrated in Figurd&he
calculated total scattering levels (per ato<rfb$ p“(Q))2> are superimposed on the reaeed
crosssections in Figure@® The (*dependence of thiiese levels is from the magnetic form

factors within the p”(Q) terms, describedsing thesameseven parameter fits to the form

factors of the F& and EF* ions [15]as inPart I. Note that the two levels have sian values

in the forward Iimit<(b+ p”(O))2> = 1.46barns steradiahatoni' : <(b— p”(O))2> = 1.41barns

steradiait atoni* and toth decrease towardgp®)= 0.722barns steradiahatoni* at high

Q. The measured crosections are greater than the total scattering level at some val@es of
and less than it at others as expected. This Figure illustrates the crucial first step in the
derivation of the sphilependent structure factors, because the sapéign of the calculated

lines on the data points confirms that the cimmgions have been derived correctly in



absolute units. There are no adjustable parameters in these calculations, because the values of
the #s are tabulated [Jland the p!.(Q), pl,(Q) components havalready beerfixed in
Table 1 ofPart I.

The two spindependent structure factors can be defined by

Folom 0o, 1oy
’ Sii(Q)z oQ 0 3 0Q )

(=p@F)

p Oe
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Figure 2  The non spiilip crosssections of the kgErgBi7 glass atl.5K are replotted in
Figure 2. Thetwo continuous lines mairtke total scatteringgvels the two dashed linehe
Lauetype scattering and the horizontal dashed line is the incohererg-s®ogon. The two



spindependent total structure factos (Q) and S**(Q) derived from these crossctions
are shown in Figure 2b.

but it is more convenient to normalise them on the coherent, thdrethe total scattering

o oy %o (o)) -(brpic)]

() 0Q Q3 00
5*(Q) T 3

The term in square brackets is the (L-&yme) disorder scattering which arises from the
presence of two (or more) different atomstie sample; which herealso have different
values ofmagnetic moment. Subtracting the Laype scattering levelwhich is also shown
in Figure &, and using Equation, &allows the FabeZiman PSFsSy(Q)[16] to be used to

describe thatomic (48) pair correlations in the glass,
(6% Q)8 (Q)= X c.calbr 7 PA(QUb: ¥ PH(Q))5(Q) (4

Here ¢4 ¢z are the oncentrations, so that,

Sﬁ(Q) Oere eFe(Q)+ O eB(Q) + g B(Q) +
a)éérErS:eEr(Q) + a)ériBSErB (Q) + a)IJELriEr SErEr (Q) (5)

The w,; weighting factors aref the form

ot = Cf\(bA + pu\(Qz))z and,
(bF p'(Q))

a’ié _ ZCACB(bA + p!!A(Q)XbB + pg(Q))
(b7 p'Q)°

Figure 2 shows the two spidependent total structure factorS(Q) and S™(Q)

(6)

obtained bycdculating the total and Lauigype scattering at the san(@ values as the data

points in the non spiflip crosssectionsThey are showmith the sameoding as the cross
sectionsThe S™(Q) structure factor is of conventional form, with a broad first peaRat

2.8A and (possibly) a second peak@t ~ 4.6A™. It is similar to theSterdQ) shown in
Figure 3 of [9. The S™(Q) structure factohas its prepeak at Qy, = 1.3A™; a first peak at
Q. = 3.3A'and possibly a second peak@ ~ 5.3A™. It resembles theSyni(Q) shown in

Figure 3 of [9 - except that theelative positions of the first peak and ppeak are quite



different, Q/Q,,~160 for Sui(Q ) and Q/Q,,~ 254 for S™(Q). This difference

confirmsthat it is not possible to simulate the non sitim crosssections of the (Fe,EBgB17
glassesven whenusing thosePSFs from the earlyTNateTM glasses which contain pre

peaks.

2.2) Spin-dependent Radial Distribution Functions
The Fourier transform of thésﬁ(Q) total structure factors givgspindependent) reduced

radial distribution function&s**(r)

Qmax

J‘Q(Sﬁ(Q)—l)sinQr M(Q)dQ, @)

0

G*(r)=

where M(Q) is a modification function, often of the form exp(Q’), which reduces the

effect of the finite value ofQmax in the Fourier transfon. The correspondingRadial
Distribution FunctionsRDF**(r) are,

RDF™(r)=4ar?p™*(r)=rG**(r)+ 4’ p,, (8)
where po is the mean atomic number density. The Fourier transform was made with an in
house program with summations over the 75 data points fa& 6.5 and 80 points in

r with intervals of 4r = 0.1A for 0 <r < 4A and4r = 0.3A for 0 <r < 164, usingM(Q) =
exp(0.05Q%). When astructure factoiS(Q)has been defined 100%orrectly, the rsulting

G(r) will be linearat small valuesf r where p**(r)=0 and follow —4zp,r . This was

found to be the case fdhe FessEngB17 glass at 1.5K and 180K, witslightly less good
behaviourfor Fe;sEngBi7 at 112KandFessErsBi7 at 2K Theso-called “termination ripples”
which appear in th&™(r) at small r can be reduced biefining the levelsS(Q)= 0 and
S(Q)= 1[17], but since no adjustable parameters hadn introducedo far this was not
attempted. In factll the Fourier Transforms g a sufficiently clear picture of ttstructures

of these glassesithout the needor modification, as will be shown below.

3.0) Sperimagnetism in FegsEr19B17 glassat 1.5K.

Figure 3showsthe twofunctions RDF™(r) and RDF(r) andareplotted over 0 <r <

6A to illustrae the first neighbour peak, whosesitiorsarer,”* = 2.43% in RDF™*(r) and

10



rr~ =3.11Ain RDF (r). This difference igonsistenwith the positions of the first peaks

in theirrespective structure factors.
There is a large difference in tdepth of theminimum after the firspeakin the twoRDFs,

which is a real effectsince the two structure factors have the same valu@,@k andthar
RDFs have the same resolution in real spablee minimum in RDF**(r) actually goes
slightly negative fojust two pointsnear r ~ 3.3A and this will be discussed beloihe first

minimum in RDF(r) is so shallow thathe half-width of the first pealcannot be measured
easily, - although itis about twice the width ahe first peak inRDF™(r), Ar,”" ~ 0.9A.

This also makes theoordination numben,~ moredifficult to obtain, except by measuring

the area to # maximum of the first peak and doubling it, or by gradually remothieg

modification functionM(Q) from the Fourier transforrio improve the resolution. These two
methods converge towards the values ~ 12.0 and n/* =~ 10.5 and the first of these is

consistent with dense packing in a metallic glass.
The expected first neighbour correlations in the (FgsBr) glasses can be depicted by
superimposing the familiar “stick diens” on to the first peak in #RDFs. Six atomic pair

correlation functions pis(r) contribute to theRDF of the ternary (Fe,Eg)Bi7 glasses

through a relation similar to Equation 5,
RDFii(r) = 4r? [a)éeiFepFeFe(r)+ a)éeinFeB(r) + g pBB(r) +

wésErpFeEr(r) + a)érinErB(r) + O pErEr(r )] : ®

The w,; weighting factors are as defined in Equatioftie radialpositions rss for these

11
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Figure 3  The spirdependent radial distribution functio®®DF ~(r) , RDF™(r) of the
Fes4EroB17 glass at 1.5Kare plottecbver the range 0 k< 6A to illustrate the first neighbour
peak. The stick diagramwere drawn withthe w,; Wweighting factors from Table 1

corresponding to thew. DOWN : ugr UP) structure.
“sticks” were obtained from the Goldschmidt radii of iron and erbium and the tetahhedr

covalent radius of boron and are given in Tahldhe probability of finding an atom at a

given point is proportional to its concentration when the structure of a glemsdiesm. The
w,; weighting factors contain the concentrations of the species and their scattering
amplitudesso with a suitable multiplying factor, they cdafine theheightof each stick in
the case of adisorderedstructure The values of the w,; are given in Table for two

different configurations of the magnetic structure, with the iron sublgitcging along the
magnetic field direction(zse UP : 1 DOWN) and the inverted cad@se DOWN : z& UP). The

magnetic scattering amplitude of erbiupi, (Q) is so large thafb, — pl.(Q)) and the we,

and o, Wweighting factors ar@egative,as discussed in Section 2These positive and

negative values of thew,; weighting factors are the key featureiiterpreting the position

12



and the shape of the first peak in tiRDF**(r) and RDF(r). Table 1shows that when
the magnetistructure inverts and thg! (Q), pl.(Q) both change sign, then the six}; and

w,; factors just exchange their values.

s

®,; Weighting factors for RgEr¢B,7 at 1.5K

Magnetic structure Magnetic structure
Ure DOWN  ugr UP Ure UP & gy DOWN
Pair r - ++ - for
_ Tae for RDF(r) | for RDF™(r) for RDF(r) RDF™*(r) (b
correlatio | in A (b+p) type (b-p) type (b+p) type (©-
n p) type
B-B 1.76 0.010 0.014 0.014 0.010
FeB 2.15 0.074 0.260 0.260 0.074
FeFe 2.54 0.142 1.245 1.245 0.142
Er-B 2.64 0.103 -0.054 -0.054 0.103
FeEr 3.03 0.396 -0.519 -0.519 0.396
Er-Er 3.52 0.275 0.054 0.054 0.275

Table 1 The interatomic pair distancesag are given in ascending order with theag
weighting factors calculated for theghter;9B17 at 1.5K, which are required to draw the “stick

diagrams” on the first neighbour peak in tROF (r) and RDF™(r) radial distribution
functions. The two columns of the,; and ,; weighting factors interchange when the
magnetic structure is inverted apf,(Q), pl (Q) both change sign.

The stick diagrams calculated with the “correct” magnetic structure at 1L(BKDQWN : ugr

UP) superimposed on the appropriatBDF(r), RDF*(r) curves in Figure 3The first
peak of theRDF(r) provides a good envelope of the six first neighbour sticks and since

they are all positive the coordination numker” = 12.0) derived from this peak should be
correct. The dominant Fer correlations atreeer = 303A determine thdirst neighbour
distancer, - = 3.11A, while the strong EEr correlations atge = 3.52 lift the RDF(r)
curve in the region ofts first minimum as observed'he domimnt correlations in the

RDF™(r) curve are reere at 2.548, which determine thefirst neighbour distance,™ =
2.43A More significantlythenegative wg, and (-, create the deep first minimum in the
RDF™(r) atr ~3.3A which was described abovEhe EFEr first neighbour correlations are

also too weak @, = 0.054) to make any significant contribution tRDF**(r) in this

13
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region. Theenegative catributions from w.; and g, reducethe position of the first
neighbour peak,™ ; its halfwidth and itscoordination numben’ ™ as observedntuitively,
it seemsunphysicalthat the RDF**(r) could benegativenear the deep first minimum.
However, Equation 9showsthat the two RDF*(r) curvesare a weighted sum of thsix
atomic pair correlation functiong’z(r). If one ofthe w:i weighting factorsis very large

and negativethe RDF*(r) canalsobe negative in the region of the asstemang.

It is necessary to imagine that the two sets of stick diagnawes been interchanged in Figure
3 (asthe w,; are in Table 1}o showthat the alternative magnetic structi@c UP : ug,
DOWN) is inappropriate for th&essErigB17 glass at 1.5KInterchanginghesticks means that
the maximunof thefirst peak in theRDF(r) curvewould occurat the same radial distance
as thestrongnegative Fe-Er correlations atreg; = 3.03A. Theoverall peak shape wouldso
be incompatible with the positivEe-Fe correlations atrrere = 2.548 and the shallowfirst
minimum wouldbe inconsistent with theveak Er-Er correlations atge = 3.52A. Equally,
for the RDF*(r) curve thestrong positiveEr-Er and ErEr correlationsvould coincidewith
the deep firsminimumand theweakerFe-Feand EfB correlations wouldail to describe the

maximunof the first pealat the shortedistance ofr,”* = 2.43A.
Superimposing the stick diagrams of tle®rrect” magnetic structuren to the RDF”(r) ,

RDF**(r) functions gives an excellent description of the first neighbour Eeakich

suggests that the structwkthe glass must béo(a first approximation) fairly rande. These
calculations wereextended to three more cases which will fpr@sentedn the Sections
below. Attanpts were also mad® improve the description of the first peak profile by
replacing the “sticks” with Gaussian functiotisproved difficult to selecthe halfwidths of
the Gaussians to give amooth first peakwithout having to introduce aonvolutionto
imitate the instrumental resolutioit was also uncleawhether the sixAB) atomic pair
correlation functions shouldhave the same values of halidth o different ones. The
Gaussian functions appeared to offer no significant improvementtevdrck diagramsand

involved substantially more work.

3.2) Compensated sperimagnetism with 77! = zz)! =0 & Toomp.
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Initially, the two spindependent total structure factoﬁi(Q) were derived from the non

T+

spinflip crosssections

at 112K using the moment valuegz! =113y, and

1y = —379u, which came from the calculations tife spinflip crosssections inPart |.

The two Sii(Q) were similar in formexcept that the heights of the features were greater in
the S(Q). The Fourier Transform of thawo structure factors was made using the steps
described in Section.2 The resulting RDF(r), RDF™(r) were obviously similar and
both hada weltdefined first peak at; = 2.7A. The w,; Wweighting factors caldated with

the 7zl = 113u, and zz! = — 3791, moment valuesire given in Table 2. These creathd
problem of having two differergets of stickdiagramgo describe the virtually identical first

peaks in thewo RDFii(r). Themeanvalues <a),§§> of the weighting factors for th@gge UP

. ugr DOWN) and fire DOWN : ugr UP) configurations wereherefore used to imitate a
magnetic structure whiamight consisof equal volumes of these two configuration3 @k

They are also given in Table 2 anideir “sticks” provideda much better representatiohthe
first peak in the twaRDF**(r).

It was explained in Section 3.2 Bart I thatthe magnetic momentalueswhich were used
to calculate the spiflip crosssections at 112K, were already different fromséh@btained
from the general variatiorof the magnetisatiomwith temperatureFigure 5 ofPart I also

2
)

showed that the temperature variation of (I(lm p”(Q))> <(b— p”(Q))>2 combined scattering

amplitudes could be interpreted by the conditiopg, andpl. -0  z andp! — 0 at

w,; possible weighting factors for &EroB;7 at 112K
The magnetic structure i$ Mean '1(3 moment
4 1.13;5 UP values /lF”e =0.Qus
7! - 3.79us DOWN (0ps) for | | A =0.Qu
— a)ii
Pair " RDF(r) | RDF™(r) Hre 11310 ke
. . — identical
correlation in A (b+p) type (b-p) type Mg -3.7%s
B-B 1.76 0.011 0.011 0.011 0.011
FeB 2.15 0.202 0.104 0.153 0.153
FeFe 2.54 0.896 0.235 0.566 0.515
Er-B 2.64 -0.011 0.087 0.038 0.038
FeEr 3.03 -0.101 0.395 0.147 0.252
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| ErEr | 352 | 0003 | 0164 | | 0084 | | 0.031 |

Table 2 Three sets of thewag weighting factors which were uséd draw the “stick
diagrams” on the first peak of thRDF(r) , RDF™(r) functions of FeEroBi7 at 112K

are given. The first two sets are calculated with the moment vaifies 1.13w, 7! = -

3.79 ug from Part |; the third sets their mean value antid fourth set withz! = 7l =
0.Qug is calculated frontheb values alone.

112K which describe a compensated sperimagnetic phdsg.gtA second derivation of the
S*(Q) structure factors was therefore made usiregconditiongrom Section 3.2f Part |,
|tee| = 16515, 26ke = 360° With |ug | = 7245, 26 = 360°.
This was differenfrom the example shown in Figure, 2eecause there is n@ dependence
of the total scattering and Latige scattering levelsvhich are horizantal linesat 0.722
barns steradiahatoni® and 0.024arns steradiahatoni® respectively. Thes*(Q) structure
factors from thiglerivation areshown in Figue 4and have a prpeak, an asymmetrical first
peak and a second peak without a shoulBeen though they contain information about the
atomic structure alonehey are not expected look like th&(Q@)of the parental Tikmet
glasses asuchhigh erbium concentration.d@er unexpectedlthey resemble the structure
factor of the high boron gla&®Nig,Bs [18]

The prepeak which occurs in botSﬁ(Q) structure factors must originate from the atomic

" : , 52
structure alonavhen the condition p, andp.. =0 apply. Using the relationr =27

pp

[19] gives a large radial distancg,~ 6.0A, which would be consistent with second
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Figure 4 The two spirdependent total structure facto%i(Q) derived from theag—Q

crosssections of the RgErioBi7 glass at 112K, under the conditiofg,(Q)andpg (Q)=0
are shown.

neighbour erbium atoms 1.7 x 3.54A in a glassy structure. However, erbium -erbium
correlationswill not bevery visible because thegss weighting terms are small (see Table
2). “Collineations” of FeEr-Fe neighbours which will occur at a distance of 6.@8dbetter

candidates. These “collineations” were first identifigdBernal in his DRPHS models [RO

and also discussday Cargill [21]. Below 7.ompthe prepeak is large inS**(Q) and is absent

from S7(Q), so t must be associated with atom¥s pair correlationsor which @} is

large and w,; is small. Table I1shows that Fée correlations are good candidates which
could involve Fe-Er-Fe “collineations”.

The average(RDF*(r)) derived from the twoS™(Q) is shown Figure 5The stick
diagrams calculated under the conditiopd andp! =0 are superimposed onto thiest
peak and thew,; weighing factors are given in Table Zhey are similar to the<a)f\§>
values except for w.,., and @, . The six first neighbour sticks calculated with this

configuration are all positive andhe first peak in the<RDFﬁ(r)> providesa satisfactory

envelope of the sticks.
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Figure 5 The meanradial distribution function<RDFii(r)> for the Fe4sEroBi7 glass at

112K is shown. The stick diagrams for the condition/ andp/l =0 ; z! andp! =0
which describe a compensatguerimagnetic state dtopare siperimposed on the first peak.

The position of this first peal; = 2.75A in the<RDFii(r )> is determined by the dominant
FeFe and Fer correlations at 2.%4 and 3.0& respectively. It is 5% greater than the
weighted mean first neighbouistince in FgEr ¢B17 at this temperature and similar to the
average (> = 2.77A) of the two values™ = 2.43, r,~ = 3.11A measured at 1.5K. The

coodination numbewasobtained from the areap to the maximum othe first peaksince

the first minimum in the{RDFﬂ(r» remains aabout the half peak height. The valuepf

12.3is also consistent witl,~ = 12.0 at 1.5K. Unfortunatelyhis (RDF**(r)) does not

provide any positive evidence ofany “collineations” at r =~ 6.0A. When plotted on an
extended scaldhe positions of its maxima are at 28754.94, 7.08 and 9.4A so thatr ~
6.0A lies between thesecond and thirdf these. This minimum iacdually quite shallowand

this may beconsistent with the fact thalte prepeakis sufficiently weak §(Q,,)< 1.0) at

112K that it camot produce @ositivefeature in the<RDFii(r )> atr=6.0A.
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3.2) Sperimagnetism in FessEr19B17 @bove 7conp and in FesgErsBi; at 2K.

The two spindependent total structure factorsS™(Q) , S™(Q) and their associated

++ —

RDF™(r) , RDF(r) were alsoobtained from theagQ : ag—Q crosssectionsof the

FessEroBi7 glass at 180K andf FesgErsBi; at 2K The contributionsfrom the magnetic
neutronscattering are smaller in these crssstionsbecause of the higher temperatarel
the reduced concentration of erbiumspectively.lt was of interest to sewhether the
expectednagnetic structur@ure UP : ugr DOWN), could be identifiegffectivelyin these two

cases Figure 6showsthe RDF(r) and RDF™(r) for the FesErngdBi; glass at 180K,
together withthe stick diagrams calculatetbr the {ire UP : gy DOWN) magnetic structure

whose w,; weightng factors are given in Table 3
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Figure 6 The RDF (r) and RDF*(r) functions of the RaEngB;; glass at 180K are
shown. The stick diagrams were calculated with(tlkg UP : ugr DOWN) structure and the
w,; weighting factors from Table. 3
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Comparing Figures 3 and shows that the deriveﬂeDFﬁ(r) and the stick diagrams have

interchangedbecause the magnetic structure has inverted. The first pedROF*(r) in
Figure 6again provides a good envelope of the six first neighbour sticheh areall

positive. Ithas moved to alightly smaller distance r,"* = 2.928 compared withr,~ =
3.11A in RDF(r) at 1.5K becausef substantial changes in thes. . and o,
weighting factos between 1.5K and 180K. The first minimum RDF**(r) at 180K has the
same depth as iRDF () at 1.5K The first peak in theRDF(r) is atr,” = 2.6 and
thefirst minimumless deefbecauséhe negative o and o, Weighting factorsare only
~ 19% of their values at 1.5Khe positions of the first peak in the tR®Fs, r,"" = 2.9 ;
r,” = 2.624 aremuch closer thathey wereat 1.5K, buttheir averagesr;> = 2.77A is the
sameand close to thésingle) valuer; = 2.75Aat 112K.Thetwo coordination numbet n,™*

=119 ;n~ = 11.4are alsocloserbecause theeduction in w.; and o, produces less

distorion in the shape othe first peak The mean coordination number for the;J&€9B17
glassobtained fronthoseRDFs at 1.5K, 112K and 180K whidiavea positive set of the six

wpgWas Np=12.1+0.2.

w,; Weighting factors for w,; Weighting factors for

Fes4ErigB17 at 180K FegErsB17 at 2K

Magnetic structure Magnetic structure

//lFe UP //lEr DOWN //lFe UP & //lEr DOWN
Pair Tag or RDF™(r) | for RDF(r) for RDF™(r) | for RDF(r)

correlatio| in A b- b b- b
- (b-p) type (b+p) type (b-p) type (b+p) type

B-B 1.76 0.013 0.010 0.024 0.006
FeB 2.15 0.102 0.192 0.184 0.154
FeFe 2.54 0.202 0.905 0.358 0.961
Er-B 2.64 0.099 -0.010 0.079 -0.009
FeEr 3.03 0.393 -0.099 0.296 -0.116
Er-Er 3.52 0.191 0.003 0.061 0.003

Table 3 The interatomic pair distancesag are given in ascending order with theag
weighting factors calculated for theghter;oB,7 at 180K and FgErsB17 at 2K

It was explainedn Section 20, that the non spifflip crosssections of the FgErsB;7 glass at

2K were somewhatsimilar to the spirdependent crossections of CgPig [13]; C0s1.8B13s5
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[14]; FessBi7 [15] and (Fe, Th¥sBo.17[3] type glassesThey are quite different from those of
the Fg4ErgB;7 glassat 1.5Kdescribed in Section 2.Wwhosetwo total scattering levelsad

similar values in the forward limi@Q = 0 and both decreased with increasiQg The total

scattering Ievel<(b+ p”(Q))2> for FergErsBs7 at 2K has a forward Iimit<(b+ p”(O))2> =1.78
barns steradiahatorm® and falls rapidly with Q, while <(b— p”(Q))2> has a much smaller

forward limit <(b— p”(O))2> = 0.631barns steradighatoni' and actuallyincreaseswith Q as

observed forthe other glasses [12,13,148ecause of these differencele features in the
S™(Q) , S(Q) structure factors of the FRErsBi; glassturn out to be muctess well

developed than thosd the Fe4Eri¢B17 sample
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Figure 7 The RDF(r) and RDF**(r) functions of the FgErsB,7 glass at 2K are shown.

The stick diagrams were again calculated with (il UP : ugr DOWN) structure withthe
w,; Wweighting factors from Table.3Despite the lower concentration of erbium, they

continue to provide a good description of the profiles of the first neighbour peaks.
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Figure 7 shows the deriveRDF ~(r) and RDF**(r) for FegErsBy7 at 1.5K and thestick
diagrams show agaithat the fre UP : ugr DOWN) configuration is the correct magnetic
structure. Table 3 gives the corresponding; weighting factors which argy coincidence,
rather similarto those of the RgErigB17 glass at 180KEven with this similarity, quite subtle

differences between the derived parameseich asr,” = 2.8, r,~ = 2.62A in FesgErsBi7
at 2K compared wittr,” = 2,928, r;” = 2.63% in FeyEroB;7 at 180K can be explained
by thesmall differences in theirw,; weighting factors The coordination numben; = 12.6

for FesgErsB,7 obtainedrom the RDF**(r) which has all thew;;, positive is slightly larger
than that of FgEr¢Bi7, butthe atomicpackingin these ternary glasses is probably easier
when the congdration of the erbium is smalThe chiefdifferencebetween theRDFs of

thesetwo glasses ishat the features those ofFe/gErsB17 are less well developethan in

FesErgB1- - as illustrated byhe depth of the first minimum in botRDF™(r) , RDF(r).

This is partly because the featuresSﬁ(Q) of the FegErsB;7 glassare lesswell developed
as already explainedhut also becaus¢éhe atomic number densityf FegErsBi7 is~ 23%

2

greater than that dfes4Er9B17. The parabolic backgroundzp,r° of its RDFsis = 2.5 atoms

A greateby r ~ 3.5A, which is similar to the difference in depth of the first minimum in the
RDFs.

4) Conclusions

The wo sets of polarised beam neartrscattering measuremente havemade on the on
FessErsB17 and FesEroBi7 glassegprovedfor a while to be difficult to interpret. Brt of this
was due tothe complexity of th& non-<ollinear ferrimagnetic structure$he inability to
simulate the non spinflip neutron scattering crossections €specially those of the

FessEndBi7 glasy, led to their analysis using Fourier transformTwo spin-dependental

structure factorsS**(Q) were first defined from the non sgilip scattering crossections

% . Their Fourier transformgave two spirdependentRadial Distribution Functions

RDFii(r) which couldbe interpreted in terms of the (six) atomic pair correlation functions

pf\;(r) and their respective weighting factoes, . This hasproduced a coherent description
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of the atomiescale magnetic structures in t(fee,Eds3B17 glassesdespite the limited range

of the scattering data the Fourier transform.

The verylarge magnetic scattering amplitudé erbium, (e.g. ‘p'E'r(OX =1773fm at 15%K)

has been themost significant parameteiin determiningthe form of the neutron scattering

crosssections.It has generate@ wide range inthe values ofthe combined scattering

amplitudes(b$ p”(Q)) andboth positive and negative values of th&; weighting factors

which were the key tanterpreting the position and shape of the first peak irRD(Fﬁ(r).
An important feature of the Fourier transfarris that they haveot involvedany adustable
parameters since the nulear scattering amplitudes atabulated andthe ', !

components of #& magnetic momentévhich define the magnetic scattering amplitudes
camedirectly from the magnetisation data iart |. In addition, he scatterig crosssections
had beererivedin absolute unitérom theraw data usingur own programs.

The main conclusions frorRarts | and Il of this work are as follows. Firsthe (bulk)
magnetisation measurementsave confirmed that the ferromagnetic compensation in

FessErgB17 glassis charaarised by an equality of the magnetic sublattic®scondthe

interchange of the non spflip neutron scattering crossections agQ ,% between

100K and 125Kwhich preserves their overall shape, confirrhattthere is aomplete

reversal of theatomicscalemagnetic structure af.omp Third, the convergence of the two

do ,% at 112Killustratesthat the collinear components

non spinflip crosssections

of the magnetic moments/\,ugr>, <uﬂe> go to zeroin a specia] compensatedperimagnetic

phasewhich appears to exisit exactlyTeomp Finally, the presence of the ppeak atQp, =
1.3A" in the spin-dependentotal structure factorsS**(Q) a 112K, shows that it must

originate in the atomic structure and may probably invdfeeEr-Fe “collineations” at a

radial distance of about 6.0A.
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