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The magnitudes and signs of the hyperfine mapnetio fields on "1cd

nuclei at Z sites in the ordered ferrcomagnetic Heualer alloys X2an and
XinZ / where X is Cu, ¥i, Pd wvhile Z {5 In, Sn and Sb / have been inves-
tigatod at liquid nitrogen and room tomperatures wsing TVPAC methed.
Thelr sfgns have been fourd to bo negative, The results have been compa=
red with the predictions of Caroli-Blandin and Caopbell-Dlandia medels

and BKKY theory. ( YR
A, [

Stosujac metodg TDPAC ustalone zhoki 1 zmierzone vartosci nadsubielnych
pd) magnetycznych dzialajjoych na jedra kadou umieszeszona w poryeji 2
ferronagnetycenych stopde Beuaslera typm xznnz i XnZ / gdzie X - Cu, Ni,
Pd a Z - Ip, Sn, 5b /., Pomlery vykonano v temperalurze cieklego apoiu
i pakojowej. Dla wszystkich mierzonych pél uzyskano znak uwjouny. Ekspery-
mentalne rezultaty gzostaly poréwnsne 2 wynikami obliczed na bazie modeli
Caroli-Blapndina, Campbella-Blandina § teorii BEKY.

C noMouwBN MeTOoZAa BO3MYNEHHHX yIAOBMX KoppendAuufl @zmMepeBH Bo-
AMAHHE ¥ 3HAKZ AQfoRTHBHNX MATHATHHX Rojefl H3. AZDAEX KAJAMMA B
wegTax I GdeppoMsrEyTHHX ['OUCLePOBCKEX COeZUKeHEH Puma X MoZ
i XMnZ (ras - ,ca , P4 , & 2 -~ In, 8o, Sb),

JLCTIEPUMOHTE NPOBOANNACE B TEMASPATYPE BAWAKOrO 430TE M B
XoMpaTiHoll TemnapaType. Bce W3MeDeRHHE NOAR MMEHAM OTPHUATONGHHHA
3HaK, IRCNEpUMEHTAIABHNE DOSYABTATH (HNM CPABHEHH ¢ TeOpeTuyes-
KM BLMACHGHMAMY NO MOXenAM Hepoi-baaHAaAa, Teopun PKEH g
KanSeaa-Enanaana.



1; Introduction

The investigeted ferromegnetilc Heusler alloys contalning Mn
atoms were magnetically and chemically ordered with Iu2.| airuc=
ture, having the typleal composition Izlnz, or with the G‘Ib
structure in the composition XMaZ [1] . _

Various magnetlic etudies have suggested that the magnetic
moments of aboui 4 lp are confined only to the Mpn atoms.

The hyperfine flelds at pop-magnetic element gites in Heualar
alloys are espeoizlly interested in the relation to (i) the con=
duction electron epla polarisation, which originatea from the
MUn magnetio moment and (1) effective exchange interactions
betwesn the megnetic atoma,

The hyperfine flelds ocn op elementa at & sites in such slloys
have been extemslvely investigatsd in meny work, The exception
1a the cadmium element for which it ig not poesible i0 use the
M¥zabauer effect and NMR methodes in the hyperfine field gtodies,.
Therefore, in the prosent work the TDPAC method wae applied,



2 & aot roce

In all Heusler alloy ssmples inveastlgated in the present work
1.5 at% of the 2 aite atoms were replaced by indium atome contai=
ning radicactive "111: which decays to Cd.

The appropriate quantities of apectrographically pare elementa
were pulveriszed, mixed together, pressed into the form of a pele
let and melted in an aluming c¢rucible in argon atmosphere, and
than allowed to cool from the melten stet¢ %o the room temperae
ture, The ingote were puiverizad againgmixed and pressed, and
then annealed in an appropriate temperature in argon atmoaphere
for 2«3 dayp. After annealing the epeacimensa were either quen~
ohed into iced water or slowly cocled=down,

The Xeray powder diffraction analysis that all ssmplee had
the oudic etructure expected for the Heusler alloys with a slight
amount of other phases. The lattice parameters of the alloys we-
re in agresmont with the previonsly reported values.

The hyperfine fleld measurementes were performed by the timeg~
differential perturbed angular correlation TDPAC technique
utilizing the 173 = 247 keV =7 cascade in M54, 4 typloel ele-

otronlo setm=up with time resolution 29, « 2,6 ns was used,

The experimental wvalues of the perturbed angular correlaticn
coefficient AQGZ( t) were fitted with the theoretical fumcticn
contalning the G, { t) factor appropriate for the magnetic inte-
raction with the assumption of the Lorentzian distribution of
the hyperfine magnetlo field acting on cadmium nuclel.

The meapurements were performed in the liquid nitrogen and
room tmperﬁtms, The fig.1 ahowe the example of the experimen~
tel ourves for the mzl[nSn alloy.

" The oigna of the hyperfine fields were established in additice
nal experlments in which the easmples were polarized by an exterw
nal megaxtie field ~ 5 ke

Such experimants wers done only for three alloys see fig.?2

and for each of them the negative aign wae obtained, .



Plg.1. Experimental A,G,(t)data
for the HizllnSn alloy obtained

for the 1iquid nitrogen (upper
half) end the room ( lower hslf)
temperatures, The full lines re=
present the leamt squares fite.

Pig.2. Experimental &(t) curves
for polariged Heusler alloy
hosts s 7 2 296 % /4,



The .sumnary of the experimental reaults le given 1m table,

Table. Hyperfine fields at cadmium sites

Alloy Tozp LK1 Hy [k0e] H, [xoe]
Ri Maln 107 {4) - 150,0 521) - 155.8 25}
117 (4) - 151.2 {17) - 158.4 (22
296 ( 2) = 70,3 (16} - 171.5 (308)
i MaSn 88 (4) £ 179.8 (32 t 182.8 (33)
295 (4) % 106.2 (21; Z 198.2 E174)
3 NSy 85 (4) T 222.8 (30) T 225.1 (31)
NiMnSb 95 (4 - 210.8 541) - 211.3 41]
233 (2 - 194,3 (38) - 207.9 (41
cuznIn | 106 (4 - 213.3 (50 - 214.9 {51
o 124 (4 -~ 210.4 535} - 213,1 236
295 (2) - 183.0 (14 - 216.4 (17)
lougnsn | 295 (4) t 153.2 (40) £ 179.5 (50)
Pd,UnSb 86 (4 $ 225.4 (45 £ 235.1 (51
89 54} T 227.8 ;47} § 239.2 {54§
91 (4) - 23,2 (52 = 246,5 (58
PaMnSb 90 (4 ¥ 260.9 (45 t 262.4 (45
295 23; % 209.7 5403 ¥ 252.2 {51]

The values of the hyperfine fields in 0°K - H, were obtained
by the extrapolation of the Hp values according to the Brillouin
eurves for J = 5/2,
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3. Theoretical galogagiggg

The hyperfine fielde calculations were carried out on the
baais of the three modelo: Garoli-lflandi‘p,m{n‘ and Campbell-Blan=

din.
Considering & weak convergency of the summations in the formue

lae desoripping hyperiine fielda, the contributions of the Mn

atoms confined within a sphere of 15a, ( @ 901) were included

/ thig corresponded to aproximately .50 thousands of Mn atoms /
then the convergency was complete to one percent,

In Caroli-Blandin model[3] the kyperfine
magnetic field at she non-magnetic atom site le desccribed by

the formula
H..= M Q. I 8(r) '
i Zl g;l . :

with & (r,) being the spin polarisation due to all surrounding
Mo atoms given by

- ._ | . g
Zs(ﬂ)"’;ﬁf Z y mcz—h;ﬂ' . M‘mS‘

L

where r; is the distanos to the i~th Mn atom, a{s) 1s the hyper=
fine coupling contant for an e electron in the free atom( for
Miga a{e)= 0.085 om'fEﬂ), 81 is the aunclear und state gyro=
magnetic ratio ( for leq 8y = = 5.9815 % 107 erg . 09'1[4]),§
ia the ratlc of the probability densities of the conduction
electrone in the metal and free atom (for Mgy !31.6[3]) , o
ie volume per atom(ﬂ,- agns a.nd‘agﬂz for 12, and €1, structu~
res, respectifely) . B, 18 number of the conduction slscirans
per atom(:l.t is normaly only estimated very orudely from valancy
considerations assuming the conductivity band tg be isotropic ),
k!l = (Jﬁ.zno/f‘:n ie the Permi wave vestor, = ﬁ(5.n)/5'



is phese shift, m is the magnetie moment on the Mp atom in

mnlts of PB. -
The Curie temperature can be written as

oo URE® X M'MS'Z cos (x; +28%)
7 Mk my - x3
(over Mn atom paires)

where X, o Zkpr;, kp is the Boltazmarn oonstant, m; is the
effective oleotron mase / it was assumed that my= 1.5 m, [5]/.

Pig. 3 shows the resulte of the calculations of aeff‘" at ca/
and of ‘I’c ag a funetion n, for the 1.21 and c1b structures,

Clp

HYPERFRSE FELD (ot Co)
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Fig,3, Celcnlations of B py and Tc for Heusler alloys accor=
ding to Caroli-Blandin model, / For the ferrcmagnee
tic structure should be T,7 of,
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The traditional RKKEY theory gives the following
expresslons for Hyp.and T, [6,7,8] .

“““"' R I 8<)

'i-F 2 l,
where )
Lot « - 21LnemeD 5 gy
while P (x) = (ooa’x - stax)/ x% , AR "
apd

12 Jo) h 5(544 .
n .- zqiﬁ%&" (544) T o0

X A
{owbr Hanslvms pais)
(S> 1s & polarized opin, loealized on the Mn atom, J(O) is
a oonetant value taken for the s-d exchange integral .
s/ 30) = ~ 0,33 ev [9] /.
In flg.4 are dieplayed the reaulta of the caloulat:lum ACCOT=

ding to this meodel.
It ie Been that the theory doss not describe thes uporimntal

data; there is no such a, range where Haé 0 and T,7 0, slaulte-
nously.

The Campbell~Plandin model! takes intc aocount
the influemc. of the local effects connected with iapurity

atome [10] .
The hyperfine field at a nonmagnetic elte is described by the

formula
o _ 10K . s (2hyr; 225,
H'H: 35{‘3 (; (s> . ‘.;3 '

where K 1s the Knight shift, 24,= Kz -0y and Z; 1s the impurie g’
ty charge.

-
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Flg.4, Calculations of-Heffand Tc for Heupler alloys
according to REKKY theory

The reaults of the calculations are shown in fig.5. The uase
of the above asymptotic formula to describe the hyperfine field
of the neareet neighbours wey yield incorrect results. Therefore,
the authors of ref. 12 sus,e8t the preasymptotic phaze correciion
of W/2 for dietances rié 10k.;1. It 19 eeen in fig,5 that intro=-
ducing of thie correction worsens ihe agreemont between the ithe=-
ory and the experimental data.

Instead, the Campbell=Blandin model calculations without any
correction reproduoce fairly well the experimemtal results,
The notived displacemeni between the theoretical curve and the
meagured fleld velues for the inveatigated Heueler alloys may
‘be due to b, whioh as pointcd out ie uncertaln quantity, erudly
¢atimated from eleotron valancy oonslderationa.

12



WPERFRE FELD i Co)

1.
2.
3

4.
S
6.

8.
9.
10,
11.

12.

Cle

YRR FELD (vt £d) )

Fig.5. Caiculations of H ﬂ( at Cd) for Heusler alloye scoor~
ding to Campbell=Blandin modal./' - our data,b- data
from ref. 110/
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