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The critival phenomena in isotropic Heisenberg ferromagnet Ni
have been investigated in /1 at T>"T, via the muon spin relaxation
SR) method. The investigation has been based on the temperature
dependence measurement of the Iu—SR rate L . The spin of a particu~

lar muon stopped in a magnetic sample under investigation interacts
with fluctuating magnetic moments of surrounding electrons by dipole~
dipole and hyperfine forces. It was supposed that the slowing-down
of critical fluctuations would cause a strong increase in the relaxa-~
tion rate /. as temperature tends to the critical value 'T'—»'T‘ o
However, instead of a singular behaviour of A the following one
" has been observed in Ni /1. after increasing in the reduced tempe-
rature range 10 > % , (T="T¢*(T- Tc)) » 10 Visible alteration of
M\ was practically revealed for 40734 ¢ 10 2. For T<40 300 data
hgve been reported in 1 . Below it will be shown that the observed
temperature behaviour of _/\_ in Ni may be understood on the basis
of recent theoretical and experimental results concerning critical
Phenomena in isotropic ferromagnets 23
The current theory (review /2,3/ and references therein) predicts

existence of two dynamic critical regions. The first one 1s for
> X, , where T4 is some characteristic reduced temperature.
It is described by the spin-conserving Heisenberg model and is called
the exchange critical region. The second ome, called the dipolar re-
gion, is for T <« Q‘d » The critical phenomena in 1t are sufficiently
influenced by dipolar forces which do not conserve an order parameter.
Thus one should expect existence of crossover between two critical
regimes in some temperature range near ‘t « As the approximate va-
lue of <y ror Ni is Tjal.40° 3 /2/, the temperature range
107*£ T £ 10°*  with the sbove-mentioned unexpected temperature be-
haviour of \ is ‘the one where crossover features would manifest
themselves. The recent perturbed angular correlation (PAC) experiment
on Ni /3,4/ has confirmed this consideration. It is important to em-
phasize here that due to obvious proximity of the !u.SR and the PAC
mothods one should suppose a similar temperature behaviour of the

SR rate A and of the inverse nuclear relaxation time ‘t}_ meagu-—
rod in the PAC experiment. Despite this proximity, however,_the .ob-.
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served behaviour of _A_ and ‘k‘-pf' in the crossover region in Ni
have a pronounced distinction /1'3'4/. The reason for this distinc-
tion will be discussed quantitatively below.

Let us def:.ne the operator of a local magnetic field B(\' 1)
at a muon site r in a magnetic crystal. This field is produced
by fluctuating electronic spins §(l 'E) at the lattice sites U
and is represented in a usual way (Ss )\3,2)

Be(®h=-gpe 22 Fr(T-¥)S(10). M

Here ]“e. and are the Bohr magneton and the Lande factor. For
the sake of brevity it is better to define the tensor F &% (:Q':—?)
for the fcc lattive of Ni by means of its Fourier transform

1 ?.
- —(S ?‘s“qvf%/cc)* % 9\»&%

where /\/ is the number of magnetic atoms in the crystal, ”lfo is
the volume per magnetic atom and the wave vectors g are restric-
ed by 0< /CZ/‘« ,5'0"{-3 « The first term in (2) arises due to dipole-
dipole interaction and the second term - due to hyperfine one. To
estimate the hyperfine field coupling constant .7& one should use
the known values of the hyperfine field affecting a muon in Ni. This
f1eld has been measured both at 7'< 7o /1 and at 7>T7, 75/, witn
the available data observed in /1 a simple calculation yields
Jﬁf"'—o 19- / -4,5 . Analogously, from /5/ one deduced J/,/A ~
=1 l/ . It is very important that there is no singificant tempera-
ture alteration of Af (and, hence, of }'j,}_ (}*) ) in the cri-
tical point 7o .
- Ag is well-known /6/, the fast fluctuating magnetic field
B(F.‘ + evokes muon polarigation damping of the exponential

£ (t)=ex (Ad #) . Here the index o/  denotes the ob-
servation direction chosen along the initial muon polarization. The
relaxation rate ‘A‘J., may be expressed in the following form

dl—cr// 2> 20F it (7,) )Sﬁ(i w=0) » (3)

jB#oL r;
where c=./4//'., 2 : ’ " :I:s the muon gyromagnetic ratio and
the wave vectors 7° run over the first Brillouin zone. The spin-

spin correlation function OS¢ 5({, @)  for the )-th and F-th

(2)
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spin components describing the critical fluctuations of the wave vec-
tor ¢ eand the frequency ¢  has a usual form 7/, as critical
fluctuations of sufficlently small & contribute to (3) one can
use the form (2) for /-, ;({) « To elucidate the origin of ex-
pression (3) 1t is useful to compare (3) with the well-known results
obtained by Moriya in the NMR theory for the inverse relaxation
times Ti_,iz . Expression (3) may be considered as a generaliza-
tion of these results to the case of the zero external magnetic
field. Moreover, the inverse time tki measured in the PAC expe-
riment, may be expressed like 'A'o(. by means of (3). To do this
one should make the substitution ‘ }—»’5 iﬁh CS with the
appropriate constant Rk , &8 the ?nteraction of relaxing nuc~—~
lear spin with surrounding electron moments is considered to be
pure hyperfine and isotropic.

To extract temperature dependence of -A-aL let us begin with
the exchange region where critical fluctuations are isotropic, and

385 (E{,’w) is given by
Y5, 2%
S qu-’ “wd( )S (Ol’)gae—h Wae (cp—x |35 4)
According to the scaling theory /1,9/ one has
S (j\:)= ﬂ;%q’ 8 (q”/ae\' )
(5)

WD (§.)= 0, S (7)),

where %,(q,/;a) and &(C‘]//gp_) are the scaling functions,
Temperature dependence of (4) and (5) is governed by the inverse
correlation length <e with the asymptotic form = =0_ ?,‘ v
where O. 1is the length of the order of the lattice constant /2/
Here l’LsD are the universal static exponents and 2 is the
dynamic exponent. For isotropic three-dimensional ferromagnets one
adopts. V= O,+ and <0, { . Besides, the value of 2 is
conventlonally adopted to be 2« 5/2 in the exchange region /2/.
Now it is essgsltial to emphasize that as < decreases, the sum-
mation over Q. in (3) is increasingly weighted by smaller

0/. So,; turning to the dipolar region, one should take into account
two facts. First of all, the dynamic exponent =2 changes to the
value 2~ 2, /11/. Secondly, correlation function (4) must contain
the factor [S‘n—%ﬂ,g /q;:. 1 . instead of Slfi y 88 longitudinal

7pir/1 fluctuations of small CL are suppressed by dipolar forces
12

"

In order to reveal temperature dependence of _AJ“ in both
critical regimes one should substitute (4) and (5) into (3) and re-
place the summation over by the integration over the spherical
Brillouin zone. The result is the power law behaviour

_/\‘L= :)\‘t—h', (6)

where
= Y@t Q)
:}\ g X - - AL —;Z
b) 0£§q§4&x PﬁQX)rH(X)\-?E( ). (8)

Here X = ?{:/ ’ P 3 is equal to D in the exchange re-
gion and to Sd’ —xax 1 in the dipolar one. The integration SAQ_;
must be evaluated over the whole spherical angle in the Brillouin
zone. A slowly varying value :)‘o in (8) is written as

o

R2-pn-4 ~2 : -1
A =ca C Se\x «C 80() -g(x)o)& (x) - 9)

o
As we see, the results are independent of observation direction,
which is a consequence of isotropy of critical phenomena in Ni in
the zero external magnetic field.

Analyzing obtained expressions (6)-(9), one may easily see that,
first of all, the critical exponent M. , characterizing divergence
of the J\ASR rate _/\_ » chenges from n % 4 in the exchange region
to na Ot , in the dipolar one. The analogous exponent measured
in the PAC experiment is shown /3,4/ to be subjected to the same al-
teration. An additional and distinguished feature of the SR
rate behaviour in Ni is strong reduction of the coefficient )\ in
(6) as temperature decreases and passeg through the crossover region.
To be convinced of this one should make use of (8) and (2), where
.ﬂ.\‘,ﬁ &-35 . The result is

Zz Sc\&" [gm‘xx“sﬁzs@) F&s;(-ﬁ

F*o{. Xg R ANTE (10)
_ 12 ~ My

Thus, if in the exchange region A 3\ than in the dipolar one
Aa NAD & 0,41 X&) | This additional temperature reduction of
9\ by a factor of ten is a congequence, firstly, of mixed dipolar
apd hyperfine (not pure isotropic hyperfine, as in the PAC experi-
ment) nature of the probing spin interaction (1), (2) with critical



fluctuations, and, secondly, of suppression of longitudinal fluctua-
tions., The strong decrease of A in (6), obtained here, leads to
softening of singuler dependence of .. which appears in N~ -
as 't-a«o*’. It is probably just the same softening as the one ob-
served in Ni for A07>% ¥£ 40 “/1/, Now 1t is very desirable to car-
ry out similar SR measurements in Ni for T <4 10 ®, There one should
expect reaching the dipolar critical regime with the law

J\fa;r) ~ O)i:\. }\(Qfx) <« o, %

The author wishes to thank A.V.lazuta, S.V.Maleyev and
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K yaﬁnnnenum KpoccoBepa KpuTUuUeCkuX Asnennit B Ni MeTogom uSR

PazeuTa TEOpPUA CMMHOBON pENaKcauuu NONOHUTENLHEIX MIOOHOB B W30TPOMHLIX
GeppoMarHeTukax B6nMau TemnepaTypuw ¢asoBOro nepexofa T.. Ha ocHoBe runoveaw
O CKeUMMHIFOBOM MNOBEAEHUM KPUTUUECKUX MAFHWTHBX RBneHuit B6nM3u T BuoBEAEHO
CTEMeHHOE MOBEAEHUE CKOPOCTU MIOOHHOM penakcaumu A=Ar"® rge r = T;‘l(T -T,).
MokasaHo, UTO B OGMEHHOM pEMMME KPUTUUYECKWit NOKazaTenb p=],B AWMONLHOM PewU=
Me n = 0,7. Kpome Toro, AnA HUMKENA MONYUYEHO, UTO MOAABNEHWE MPOAONLHLIX Kpu-=
TUUECKUX ONYKTYauWii Mpu NPOXOKAEHWM TeMnepaTypu uepea o6nacTtbh Kpoccoeepa
MeMay ABYMR PeNMMaMu NpPUBOAUT K CUMbHOMY YMEHBWEHWID BENUUUHN KO3DMMUMEHTA A,
Takoe cokpauwerue A nossonseT O6BACHUTb APKO BhpaweHHyl ocobeHHOCTb Temnepa-
TypHOit 3ausucumocTu A(r), uamepenHoli B Hukene. KommuecTseHHO obcywpaevcr
COOTBETCTBUE MEKAY IKCNEPUMEHTANbHLIMKW AAHHLIMA ANA HUKENA, MOAYUWEHHLIMY MEeTO=
AOM MIOOHHOM CMWHOBOI PEenakcayuu U MeTOAOM BO3MYWEHHWX YrNOBuIX KOppenauuii.

PaBoTa BunonHera 8 flaBopaTopum AgepHuix npoBnem OUAK,

Tpenpizr O6bemuteHHOro MHCTRTYTa SHepHBIX Hccrenopanuii. lly6ua 1986
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The theory of positive muons spin relaxation has been developed for the
case of isotroplc ferromagnets near. the phase transition temperature T, .
The power temperature dependence A=Ar™" where r =’r:1(T-TB) for muon spin
relaxation rate A has been derived on the basts of scaling hypothesis con~
cerning critical magnetlc phenomena near T,, |t Is shown that n =1 In the

-excha?ge critical regime and n=0,7 in the dipolar one. Besides, the sup-
-pression of longitudinal critical fluctuations Is obtained to lead to the

strong reductlon of the coefficient A as the temperature passes through the
crossover region between two regimes. This reduction of A allows elucidating

_an unexpected temperature behayviour of A measured in nickel. A corresponden-
ce between experimental data. for Ni via muon spin relaxatlon method and per-

turbed angular correlation method are discussed on the quantitative basis.

The investigation has been performed at the Laboratory of Nuclear
Problem, JINR.
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