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The critival phenomena in isotropic Heisenberg ferromagne~ Ni 
have been investigated in /1/ 'at T>Te via the muon spin relaxation 
(~SR) method. The investigation has been based on the temperature 
dependence meaaurement of the ~SR rate ll·. The apin Df a particu­
.lar muon atopped in a magnetic sample under inveatigation interacts 
w1th fluctuating magnetic moments of surrounding electrons by dipole­
dipole and hyperfine forces. It was supposed that the alowing-daw.n 
of criticaI tluctuations would cause a strong in~reaae in tbe relaxa­
tion Tate.A aa tempera ture tends to tbe criticaI vaIue T -+ T 

e
However, inatead of a aingular behaviour of A the follow1ng one 
has been observed in Ni /1/: after inareasing in the reduced tempe­
rature range iO-2.~ 't , (tt=T;i.('1'-Tc)) , no visible alteration of 

-~ -'2. -3A was practically revealed for iO i:. "t: ~ iD • Por '"C" ~!Q no data 
have been reported in /1/. Below i t will be shown that the observed 

temperature behaviour of A in Ni may be understood on the baaia 
of recent theoretical and experimental resulta concer.n1ng criticaI 
phenomena in isotropic ferromagnets /2,3/. 

The current theory (review /2,3/ and rei erencea therein) prcdicts 
exiatence of two dynamic criticaI regiona. The firat one 1a for 

<t" >'> <\:J , where CC.! is aome characteriat1c reduced temperatura. 
It ia described by the apin-conserving Hoisenberg model and ia called 
the exchange criticaI region. The aecand ane, called the dipolar re­
gion, is for 't «'i:'d • The oritical phenomana in i t are BUtficiently 
influenoed by dipolar forces which do not oonserve an arder paramoter. 
Tbus one sbould expect exiatence of crossover between two criticaI 
regimes in aome temperature range near ct:,J • As the approximate va­
lue of CCJ for Ni is 9:J ~ 4· !o-? /2/, the temperature range 

- :!. -2­iO. ~ CC~ lO with the above-mentioned unexpeo~ed temperature· be­
haviour of ~_ ia ·the one where oroasover features would manifeat 
themaeIvea. The reoent perturbed angular correlation (PAC) experiment 
on Ni /3,4/ has canfirmed th1s conaideration. It ia important to em­

phaaize hore that due to obvious proximity of the ~SR and the PAC 
motbods ono should suppoae a aimilar temperature bebaviour of the . i 
~8R ra te A and of the inverse nuolear relaxat10n time t ~ measu­

rod in tbe PAO ~e~it!lent. Despite..:thio.pro:d.m1.ty, however,_the .. ob--,.. 

aer-ved behavã ouz- of Â and -\:.-: in the crossover region in Ni 
have a pronounced diatinction /1,),4/. The reason for thia diatinc­
tion w1ll be discussed quentitatively below. ~ 

Let us define the operator of a local magnetic field B (r,1:.) 
at a muon site; in a magnetic cryatal. Thia field ia prod~ced 
by fluctuating electronic spina ~ ct ~-t) at the lattice ai tes t 
and ia represented in a usual way <.r~ x) 'j,'~ ') : 

B~(r'-\:)=-S~B~L . r=~'$\t-r')~~\i,-\:) (1)
t \~'IC,':)~~ J 

Here j"e. and ~ are the J30hr magneton and the Lende factor. For 
the Sake of brev1ty i t is better to define the tenaor F ~~ lt-r) 
for the 1CC lattive of Ni by means of ita Fourier transform 

- C.... ) i ~ ~(~r) ... 
t-r'~ ~ :: ~ T Q.. F rOt (e.) = 

(2 ) 

= ~ (~ 6~'$ - ~f't~/'t2)+ ~ ~I..\ ~~'$ 
where fi! is the number of magnetic atorna in the crystal, Vo is... 
the volume per magnetic atom and the wave vectors ~ are reatric­
ed by 0< / q: [« v - /13 • The fi~at term in (2) arises due to dipole-

o 
dipole interaction and the aecond term - due to hyperfine one. To 
estimate the hyperfine field coupling conatent JI/"f one ahould use 
the known values of the hyperfine field affeoting a muon in Ni. Th1a 
field haa been measured both at T<Tc. /1/ and at I'>~ /5/. With 
the available data observed in /1/ a aimple calculation yields 
.IIhf':::-O,1.9.H~~-JJ5" • Analogously, from /5/ one deduced Jlaf ~ 
!::: -1" . It ia very important that there is no aingificant tempera­
ture 'aIteration of JAf. (and, hence, of F/i (f) ) in the cri­
ticaI point r;.. • 
-. As ia well-known /6/, the fast fluctuating magnetic field 
B (r, t) evokes muon polarization damping or the exponential 
type e. (f:):: ex! (-AJ. f: ) • Here the index ri denotes the oh­
aervation direction chosen along the initial muon polarization. The 
relaxation rate ÂJ., may be expressed in the follo"ing form 

AcJv= c/-~ 'E~ F('3J- (i)~~ (-~» {JIJ(q w=o) , (J) 
'p-;:J., (1 ~ J (J J ç y):J 

..- 2 2. 2 ' 
where C ~ J'frJ /'8 ~ , fr is the muon gyromagnetic ratio and 
the wave vectors tj. run oVer the first Brillouin zone. The spin-
spin correlation funot1on $d'J"{j" w) for the r-th and J-th 

~ q o" ••n~e.ílhil·~~ü~~~RHCtl!rYl 
fil~E~ BtC~ea~i~UB~ 
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spin components describing the criticaI fluctuations of the wave vec­
tor êl and the frequimcy W has ~>usual form /7/. As criticaI 
fluctuations of sufficiently small ~ contribute to (3) one can 
use the form (2) for fjg,(~) . To elucidate the origin of ex­
pression (3) it is useful to compare (3) with the well-known resulta 
obtained by Moriya /8/ in the NMR theory for the inverse relaxation 
times Tt 

- i 
2 • Expression (3) may be considered as a generaliza­,

tion of these results to the case of the zero external magnetic 
t - i

field. Moreover, the inverse time R measured in the PAC expe­
riment, may be expressed like Âol. by means of (3). To do this 
one should make the sub~Ã~tution Fp'j (Cf)...,. ~-J.JI:/cr;;p'ft with the 
appropriate constant Rk\- ' as the 1nteraction of relaxing nuc­
lear spin with surrounding electron moments is considered to be 
pure hyperfine and isotropic. 

To extract temperature dependenoe of Ád... let us begin wi th 
the exchange region where critical fluctuations are isotropic, and 
S n (q,. ')w) is given by /9/: 

Q	 t~(-'? w)- 2.1, C C.... ) f r .~"\ ~ 
q) <t-.~ -w~lCi-) vae.. ~ J~·\.~Jw;yz(i~ j ~~ (4 ) 

According to the scaling theory /7,9/ 

s; C~) = eç 2.-trc 3(q./~ }. , 

w~ li)= ~:CSL (Ov/~') , 

where ~ ( q, I ~') and SL. (CYI~ ) are 

one has 

(5 ) 

the s caling runct í.ona, 
Temperature dependence of (4) and (5) is governed by the inverse 
correlation length 'de. with the asymptotic form 'de. = a:1.<t \J , 

where ()... is the length of the order of the lattice conatant /2/ 
Here ~ ~ ~ are the universal static exponents and ~ is the 
dynamic exponerit. For isotropic three-dimensional ferromagnets one 
adopts. V ~ O,'t- and te < O, i. • Besides, the value of ~ ia 
conventionally adopted to be ? ~ 5/2 in the exehange region /2/. 
Now it is essenti~l to emphasize that as ~ decreases, the sum­

4	 ~ 

mation over ~ in (3)' is inereasingly weighted by smaller ~ 

/10/. So. turning to the dipolar region, one should take into account 
two facts. First of all, the dynamic exponent? changas to the 
value ~~ ~ /11/. Secondly, correlation function (4) must contain 

the factor [Sn-q,.rt~/q; 1~ instead of t:~~ ,as Longd tudãnaL 
spin flttctuations of small a are suppressed by dipolar forces 
/12/.	 -lr' 

4 

In order to reveal temperature dependence of Jt~ 
criticaI regimes one should substitute (4) and (5) into 

~ 

place the summation over ~ by the int~gration over 
Brillouin zone. The result is the power law behaviour 

l l	 AJ.. ~ :Acc-h.-, 
(	 ') 

where 
~ = ~l~-t-~) ~ "J 

.À ~ '>-0 L 2:::: ~JSL;t p~~ (x) \='" r lx) ç::,,~ (-x) 
ro'í-J,. ~~ 41\	 ~ ~ ~ 

~ ~	 ~'F ()"()	 o~~to 

in both 
(3) and r~­
the spherical 

(6 ) 

(7 ) 

(8 ) 

Here x=.'l,./tt: is equal in the exchange re­
gion and toL~n-')(.~~~] in the dipolar one , The integration SJ~'~ 
must be evaluated over the whole spherical angle in the Brillouin 
z.one, A slowly varying value .) o in (8) is wri tten as 

D<:) 

). o ~ c o,'i-t- i ~ d)( :,/c- r 8(x) ~(X,~') S'Ziex) . (9 ) 

o 
As we see, the results are independent o~ observation direction, 
which is a eonsequence of isotropy of criticaI phenomena in Ni in 
the zero externaI magnetic field. 

Analyzing obtained expressions (6)-(9), one may easily see that, 
first of alI, the critical exponent ~ ,characterizing divergence 
of the t SR rate Jl , changes from n, ~ -i in the exehange region 
to \"l. ~ O;~ ,in the dipolar one , The analogous exponent measured 
in the PAC experiment ia shown /3,4/ to be subjeeted to the same al ­
teration. An additional and distinguished feature of the ~SR 

rate behaviour in Ni is strong reduction of the eoeffieient ~ in 
(6) as temperature deereases and passe~ through the erossover region. 
To be convinced of this one should make use of (8) and (2), where 
Jl\"'1 ~ - i~5" • The resul t is 

~ L. ~JSl..it l~Qí-)( ~ ~ 1FOj' ~ (x) Ft~ (- x)r.	 J.. f{ l(l\ '2. 1(, 0,11 . (10) 

~ Z SJS2.X ~ \=~~ (x) ~ 

1
1
 rll:J. õ' 4T\
 

.\ '\~) 

1\ Thus, if in the exchange region ~= ~ than in the dipolar one 
}. -=>. À(.,d':'r ~ 0, H. }.(Q...')q • This addi tional tempera ture reduction of 
~ by a faetor of ten is a consequence, firstly, of mixed dipolar 

r J and hyperfine (not pure isotropic hyperfine, as in the PAC experi­
t m~nt) nature of the probing spin iriteraetion (1), (2) with critical 
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, ~ 

fluctuations, and, secondly, of suppression of longitudinal fluctua­
tions. The strong decrease of ~ in (6), obtained here, leads to 
softening of singular dependence of A wh1ch appears in ~ - n­

as 't -') O-\- • It is probably just the same softening as the one oh­
served in Ni for .iO-~~ 't~ iO-1../1/. Row it is very desirable to car­
ry out similar r- SR measurements in Ri for ct L... lO

-!, 
• Tbere one should 

expect reaching the dipolar critical regime with the law 

Atdl.r) ,\lQ/)<.) -0,r 
1\ ~ O it .A ct- - , 
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~aHxa~ B.10.	 , E14-86-294 
•K ~a611IOAeHI-1Ii) xpoccoaeoa Kpl-1TI-14eCKIo1X RB11eHIo1~ B ,Ni MeTOAoM IL8R 

Pa3BI-1Ta TeopHR Cnl-1HOBOH pe11aKCa~1-11-1 n0110~I-1Te11bH~X MIOOHOB B 1-130TpOnH~X 

~eppoMarHeTI-1KaX B0l11-131-1 TeMnepaTyp~ $a30Boro nepexOAa Te' Ha OCHOBe rl-1nOTe3~ 

O cKe.:111I-1HrOBOM nOBeAeHl-11-1 l<pI-1TI-14eCKI-1X MarHI-1THblX AB11eHI-1H B6111-13H Te B~BeAeHO 

c'renexaoe noaeneaae CKOpOCTI-1 MIOOHHOH pe11aKCa~1-11-1 A.. Àr·-0 , rAe r .. T;l(T -Te)'I nOKa3aHO. 4TO B OOMeHHoM pe~I-1Me Kp101T1o14ecKIo1~ nOKa3aTe11b n~l,B Alo1n011bHOM pe~~t 

1

Me n ~ 0,7. KpoMe Toro, AllR HIo1Ke11R n011Y4eHO, 4TO nOAaB11eHlo1e npOA011bH~X' Kplo1­

TIo14ecKIo1X $l1YKTya~lo1~ nplo1 npOXO~AeHIo1Io1 TeMnepaTYPbl 4epe3 0611acTb KpoccoBepa
 
Me~AY ABYMA pelKIo1MaMIo1 nplo1BOAIo1T K CIo111bHOMY YMeHbweH1011O Be1110141-1HbI K03$~~lo1eHTa À.
 
TaKoe cOKpa~eHlo1e À n03B011ReT 06àRCHIo1Tb APKO B~pa~eHHYIO oc06eHHOCTb TeMnepa­

TYPHOH 3alo1BIo1CIo1MOCTH A(T))1013~epeHHO~ B HIo1Ke11e. K011H4eCTBeHHO 06cY~AaeTCR
 

COOTBeTcTBHe Me~AY 3KcnepIo1MeHTa11bH~MH AaHH~MH A1lR HHKe11R, n011y~eHHbIMI-1 MeTO­
ii~ AO~ MIOOHHOH cnlo1HOBOH pe11aKca~Io1H 101 MeTOAoM B03My~eHH~x yr110Bblx Koppe11R~H~. 

Pa60Ta B~n011HeHa B fia60paTopHIo1 RAepH~X np0611eM OHHH.1. 
1~ 
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Ilpenpmrr Om.eromelUloro HHcnnyra R,IleplUJlX HccnenoBaHHií. .lly6Ha 1986 

Vushankhaj V.Yu. E14-86-294 
On the Observatlon of Crossover CriticaI 
behaviour In Ni by IL8R Method ", 

The theory of posltlve muons spln relaxatlon has been developed for the 
case of isótroplc ferromagnets nearv the phase transltion temperature Te' 
The power temperature dependence i\"Àr-n,where r =T~l(T-Te) for muon spin 
relaxatlon rate A has been derlved on the oasts of scallng hypothesls con~ 

cerning c r l t lca l magnetlc phenomena near Te' l t Is shown that n.::1 In the 
exchanqe cr l t lca l r eq lme and n;: 0,7 In the dipolar one. Besides, the sup­
pression of longitudinal criticaI fluctuatlons Is obtalned to lead to the 

'c stro~g reductlon of the coefficlent À as the temperature passes through the 
crossover reglon between two regimes. lhis reductlon of À allows elucldatlng 
an unexpected temperature behavlour of A measured in nickel. A corresponden­,li 

'I ~ce between experimental data, for Ni via muon spln relaxatlon method and per­
turbed angular correlatlon method are dlscussed on the quantltatlve basis . 

I". 
•1 

,I '.1 The Investlgatlon has been performed at the .Laboratory of Nuclear 
.Prob I em, J INR. 
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