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Konneii E., Konneii B. El7 · 12008 
DepeuopMnponKa cnnunonuonoii )K8CTKOCTH B cnnanax ua HHKenenofl 
OCHOBe 

11ccnenyerCR cnHHBonuonoli cneKrp wqu Dq 2 MerannnqecKux en nan on 
AcBl-c c yqeroM ueanarouanLuoro 6ecrropRAKa n noKanbHbiX 3ner<rpon-

31leKrpoH!JbiX KoppenRUHJ1. Ko3qxp!iUiieHr D, coneplKalllulr neplllliBHbie rronpaBKrJ, 

onpenenReMLie cnyqafrHLIMH nurerpanaMn rrepeHoca B aJlll!ITHBHo" npeaene, 
paCC'lHTaH B paMKax KOrepeuruoro necrunquoro rrpn6nnl!\eHHR. DpeacraB-
neHLI qucneHHble pe3ynLTaTbr no D B crrnanax NiPd u NiPt Al151 ncex 

KonueurpauHli c. PacqeTbi D orpal~<aror aa6nroaaeMbie KpHTII<JecK<re KOHUeH­
TpauHn anR MarHHTHoro <jla3onoro rrepexoaa H Moryr cny)KHTb KpurepneM 
CT86HilbHOCTH ljleppOMar'HHTIIOI'O OCHOBHOr'O COCTOHI!HR. 

Pa6ora BLIIIOilHeHa B na6opa TOpHI! reopeTH'lCCKOll <jJH3HKH 0!1 SHI. 

llpenpHHT 06bellHHeHHOI'O HHCTHTyTa S!llepHb!X I!CClleJlOBaHHii. lly611a 1978 

Kolley E., Kolley W. El7 · 12008 
Renormalization of the Spin Wave Stiffness in Ni -Based 
Alloys 

The spin wave spectrum w = Dq2 of mek>llic Ac B 1-c alloys is 
investigated by taking into acco~nt off-diagonal disorder and local 
electron-electron correlations. The stiffness coefficient D involving 
vertex corrections due to additively random transfer integrals is 
calculated within the coherent ladder approximation. Numerical 
results of D are presented for NiPd and NiPt alloys in the whole 
range of the concentration c. The computed D values confirm 
the observed critical concentrations for the magnetic phase tran­
sition and testify to the stability or instability of the ferromagnetic 
ground state. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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Some transition metal alloys exhibit magnetic critical concen­
trations11·2·31. This paper deals with the stability of the ferro­
magnetic state in NiPd and NiPt alloys against long-wave­
length spin waves of the energy w q ~ Dq 2. Including off-diagonal 
disorder of the additive type the spin wave stiffness constant 
D for AcB 1_c alloys at zero temperature was derived in 141 on 
the basis of a single-band random Hubbard model, so that 
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Here 11 denotes the Fermi energy, n is the average number of 
electrons per site, N is the number of lattice sites, Et=E+iO, 

ik(Rj -ii· > 
and s(k)~ ~ 'e J • The nearest-neighbour hopping integrals 

j(t i) 

AB 1 AA BB 
tv11 are related by t =2 (t +t ). The coherent self- energy parts 
a

0
a , a 1a , a a will be determined from the off-diagonal CPA 

conditions 1 4~ Electron-electron correlations are taken into 
account by 

v dE' v , v ~ ~Uiia(E)=J2'";i"Gii-a(E )ri (E+E), (v,A,B) 

(6) 
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where U~ and r~ represent the bare and effective intra­
atomic Coulomb interactions, resp., and the partially averaged 
causal Green function G r i aCE) is given in I 41 . The self- energy 
~ ~iia renormalizes the atomic potential as -;v (z)= 8

1
/+ ~uv.. (z) , 

A A B B Ia I na 
where oi = ( -( and ai = 0. 

The numerical study of D within the present coherent ladder 
approximation (CLA) is still outstanding. To perform the k -sum­
mation in (2) we choose a simplified mean-square velocity 

B 2 
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where(~ =tBBs(k), (B =0, w B (here wB ,.6tBB) is the half-bandwidth 
of the unperturbed B -band, and v~ is of order w B a (a : lattice 
spacing). By inserting (7) into (2) combined with (3) and (4) we 
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The integrals (9) and (10) can be calculated analytically by the 
residue method (cf. 151 

). Analogously, the k -sum in (5) involving 
the averaged propagator g'ta is obtained by assuming a semi­
elliptic density of states for the unperturbed B-band (band­
width 2wB ). 

The numerical analysis is carried out as follows. Choose 
the parameters w A. w B (in reduced units w B =112 ), (A , u A , 

uB , c, and n =en A+ (1-c)nB ; solve the self-consistency problem 
(3) to (6) completed by the explicit form of G~ia and the CPA 

requirements <rfa ~= o (f =0,1.2) given in 141; and substitute the 
resultant a£a in (8) to get D from (1). ;or NiPd and NiPt 
alloys we adopt the pure values (cf. 161 )(U 1 

, U Pd , uPt , 2wN 1
, 

2wPd, 2wPt ) = (14.11, 9.17, 6.61, 4.15, 6.05, 7.8) eV, and 
nNi = 0.6 , nPd = nPt = 0.4 corresponding to the number of d­
holesperatom.Moreover,weuse ENi_fPd=O and cNi_ cP~O. 

Fig. 1 shows CLA results of the stiffness coefficient D in 
units of do=~ wBa 2 for Pd('Ni 1_e(wB=Wt-o/i)and NicPd1·c(WB=wPd) 

alloys and D/DNi compared with experimental data1 7i. For pure 
0 02 

Ni we get at a = 3.8A ~i = 558 me VA close to the observed 
value 181 . The peak of D near the critical concentration Ccr = 
= 2.3 at.% Ni in Pd 11 •31 refers to considerable spin fluctua­

tions ( Dido = -0.81 at c = 0.025) at the paramagnetic-ferromag-
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netic phase transition. Susceptibility measurements 111 near 
ccr reflect such a bulk ferromagnetism (cf. the concept of giant 
moments). An unstable region D < 0 is found at intermediate e . 
For the alloy of Fig. 1 the average magnetizationm=n t- n~, .the 

v v v v 1 fL v + 
partial magnetizations m =nt -n.~, with na=--fdEimGiia(E ).and 

77-oo 

the special reduced value I' 11 ~ I'l' (2 fL )of the vertex function r~ CE+E ') 

are plotted in Fig. 2. The absolute values of r v vary between 
about 6.5 eV ( Ni -rich) and 3 eV in the Pd -rich region, 
wherein m increases with e ( cf. 111 ). Figure 3 represents 
the numerical results of m , m v (a) and D (b) for Pte Ni 1-c 
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Fig. 3. a) Total and partial magnetizations m(o), m11 (x-Ni, •- Pt), 
b) spin wave stiffness D with (• ) and without(!!.., o) vertex 
corrections v•s. concentration c of NiPt alloys. 
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and Ni" Pt 
1
_c alloys (divided by a vertical dashed line). The 

onset of ferromagnetism near ccr =- 42 at.% Ni in Pt is also 
accompanied by a peak in D . Note that ccr is confirmed by 
susceptibility and magnetization measurements .' 2:. The values 
of D ( • ) in Fig. 1 and Fig. 3 involve vertex corrections propor­
tional to u 

10 
and a 2 a in (2). ~uch terms arise from the 

randomness of the current r 1v In r<O) + j< 1) vI I 
41 

( 1 (O): nonrandom 
part). Without vertex corrections,n[j<0)1(l\) and D[j<0

) +<j<nlv~cJ(o) 
overestimate the stable behaviour in Fig. 3b. 

The self-consistent· CLA renormalization of D, which sup­
poses bare model parameters and simple input functions as (7), 
provides a distinct check on stable ferromagnetism in NiPd and 
NiPt alloys, especially for the dynamics near ccr . 
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