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Résumé. — Nous avons effectué une étude Mossbauer détaillée du verre de spin Rh 5 %, Fe en mettant 'accent sur
le domaine de température 12,5 K-16 K (au-dessus de T, = 12,5 K) ol une structure hyperfine commence a appa-
raitre. Rh Fe est mieux adapté a une telle étude que Au Fe, du fait de I'absence d’effets quadrupolaires de paires.
Nous trouvons qu’une tentative d’interprétation de la largeur de raie Mossbauer en termes d’effets critiques dyna-
miques n’est possible que jusquwa T = 15 K et conduit & un exposant critique w ~ 4-5. Au-dessous de 15 K
la meilleure analyse des spectres s’obtient en supposant qu’il s’agit de spectres Zeeman statiques (avec élargissement
inhomogene) associés a des valeurs moyennes { S; ) en temps non nulles des spins électroniques. La nature exacte,
statique ou quasi statique de ces  S; ) au-dessus de T, reste a élucider.

Abstract. — A detailed Mossbauer study of the spin glass alloy Rh 5 9/ Fe has been performed with emphasis on the
temperature zone 12.5 K-16 K (above T, = 12.5K), where a hyperfine structure begins to appear. For such a study
Rh Fe is more convenient than Au Fe, due to the absence of pair quadrupole effects. It is found that a tentative
interpretation of the Mssbauer linewidth in terms of dynamic critical effects is only possible down to T = 15K,
leading to a critical exponent w ~ 4-5. Below 15 K the spectra are best analysed as inhomogeneously broadened
static Zeeman batterns associated with non-zero time average values of the electronic spins ¢ S, ). The exact nature,

static or quasi static, of these { S; )’s above T, has yet to be elucidated.

1. Introduction.

In a recent Mossbauer reinvestigation of the spin
glass compound Au3 % Fe [1] we showed that two
different characteristic temperatures could be defined :
the temperature of the cusp of the susceptibility, T,
and a Mossbauer temperature Ty > T,. Ty, was
defined as the temperature of the sharp break in the
thermal variation of the linewidth of the high tempe-
rature single line. Below T, a Zeeman spectrum with
broad lines progressively develops. Its evolution
cannot be explained by relaxation models which
assume a progressive slowing down of large amplitude
fluctuations (as in superparamagnetic clusters for
example). On the other hand, within the assumption
of a static inhomogeneous broadening, it is possible
to derive from the spectra an average modulus { H, >
of the hyperfine fields H,; at the irons, whose thermal
variation looks quite similar to a Brillouin curve
corresponding to a transition temperature T),. The
distribution P(H,) of |H,;| around ( H, ) is then
attributed to the effect, on the electronic spins S;, of

the distribution of exchange fields, which influences
their average values (S, ). There is however some
ambiguity in the interpretation of the spectra between
T, and Ty, since they consist of a single line which
is very broad but not yet resolved.

In reference [1] we tentatively attributed the line-
broadening above T, to paramagnetic relaxation
phenomena in order to obtain some information
about the dynamic behaviour of the system. No
such attempt was made in the zone T, < T < T,
Indeed the high temperature spectra of Au3 9% Fe
are complicated by the presence of quadrupole
splittings due to pair effects. The determination of the
lineshape and hence of the relaxation rate is therefore
not precise enough for looking at possible critical
phenomena.

A better candidate for such a study seems to be the
rhodium-iron system. First it provides a much better
signal than AuFe, in which gold is highly absorbing
for ’Fe Mossbauer y rays. Second, according to
Window et al. [2], the high temperature spectrum of
Rh 59% Fe is not disturbed by quadrupole effects,
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this being probably due to equal electric charges on
Rh and Fe atoms. It is therefore easier to follow the
paramagnetic lineshape as a function of temperature,
especially in the momentous region T ~ Ty, and
to look for critical phenomena. That was the aim of
the present work.

2. Experimental results.

A sample of RhFe (59 atomic) was provided by
T. Cranshaw, AERE Harwell Laboratories. It was the
sample used by Window et al. [2] more than fifteen
years ago. We have recovered their results as con-
cerns T\, and { H,(0 K) >, which means that the sam-
ple is unaltered. However the point of view of the
present study is different from theirs, because at that
time the problem of the exact nature of the spin glass
transition was not set in the same terms.

The cusp temperature T, of the Rh Fe sample was
determined by measuring the d.c. susceptibility in a
20 G external field with a SQUID magnetometer.
This yields T, = 12.8 + 0.2 K from the zero field
cooled curve while a maximum at 122 + 0.2 K is
obtained from the field cooled one.

Moéssbauer spectra were taken at room temperature
(as a reference for the paramagnetic linewidth) and
between 40 and 1.3 K. Figure 1 displays most of these
spectra, covering the whole range of interest. At room
temperature, fitting with a single Lorentzian line is
satisfying. Down to around 14.5 K the spectra can be
fitted in the same way, with an increasing linewidth,
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Fig. 1. — 5"Fe M&ssbauer experimental spectra for Rh Fe
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rather poorly however for T = 14.5 K (Fig 2). In
table I and figure 4 we report the evolution of the
F.W.H.M. linewidth 2 I',,_(T) as a function of tem-
perature.

At 14 K small magnetic lines definitely appear in
the centre of the spectrum. The Zeeman hyperfine
splitting spreads out, becoming more and more resolv-
ed as the temperature goes down. These spectra at
T < 14K can be interpreted in terms of static
hyperfine fields characterized by the distribution
P(H,) of their moduli around an average value

(H,) = | H, P(H)dH, Figure 3 and table II

show the comparison between experimental spectra
and theoretical spectra computed with the distribution
P(H,) represented on the side. Note that this fit can
be performed even above 14 K, when the spectrum
reduces to a single broad line. In this range however
(14K < T < 16 K) the mean hyperfine field modulus
( H, ) is small, the width of P(H,) is rather large and
the accuracy is poor. In addition P(H,) has a finite
value for H, = 0.

exp

‘7;5 "5 ‘Zé 0 2.5 S 1.
. - T MM/S
3%
I Wf RT
6%
I Y 20K
[ Y
2%
1 o
2% 15K
| 7% v o

Fig. 2. — Spectra in the temperature range 295 K-14.5K, as
fitted with one Lorentzian line.
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Table 1. — Temperature dependence between 295 K
and 14.5 K of : the overall fitted Lorentzian linewidth :
2T.,,(T); the excess overall linewidth : 2 AI'(T)
with respect to room temperature; the correlation
time 1, derived from equation (3) for S = 1/2.

T(K) 2rI,,(mm/s) 2 Al (mm/s) 7. (8)
295 0.318 0
40 0.32 0.002 1.11 x10~12
20 0.322 0.004 222 x107!2
19 0.322 0.004 222 x1071!2
18 0.352 0.034 1.89 x10~!!
17.5 0.357 0.039 217 x107!!
17.25 0.366 0.048 2.67 x10~ !
17 0.367 0.049 2.726x10° 1!
16.75 0.409 0.0914 5.085x 10~ 1!
16.5 0.402 0.0846 4.707x10~ !
16.25 0.437 0.119 6.621x10~!?
16 0.462 0.144 8.012x10~**
15.8 0.535 0.217 1.207x1071'°
15.7 0.576 0.258 1.435x10°1'°
15.5 0.622 0.304 1.691x1071°
15.4 0.738 042 2337x1071°
153 0.792 0.474 2.637x1071°
15.2 0.896 0.578 3.216x10°1°
15.1 0.966 0.648 3.605x1071°
15 1.167 0.849 4.724x1071'°
14.5 1.796 1.478 8.224x10°1°
accuracy  + 0.01 + 0.02 + 10711

In figure 4, ( H, > and 2T, (T) are plotted as
functions of temperature together with I'y, the half
width at half height of P(H,). As in Au 3 9 Fe we note
a sharp coincidence, when T decreases, between the
abrupt rise of the overall linewidth 2 I, (T) and the
appearance of the mean hyperfine field { H, ). Using
the break in 2 I'., (T) (or more precisely the inter-
section of the tangents to the low slope and high
slope parts of the curve) we obtain a Mdssbauer
transition point at Ty=158+02 K> T,~12.5 K.
Figure 5 shows the fairly similar behaviour observed
for the reduced hyperfine field { H(T) )/< H,(0) )
and for the S = 1/2 Brillouin law curve as a function
of the reduced temperature T/T,, Indeed, according
to the empirical rule H, = 147 kG per ug, ie. per
halfunit of spin, the value { H,(0) > = 160 kG suggests
that S = 1/2 (rather than S = 1 as was admitted in
Au Fe, in which { H (0) > = 250 kOe). The flattening
of the curve { H(T) »/< H,(0) > with respect to the
Brillouin curve is reminiscent of what is observed in
amorphous materials. Finally the presence of a
maximum in the thermal variation of I'y, already
observed in ﬂ 3 % Fe, was discussed in reference [1].
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Fig 4. — Thermal variations of the overall experimental
linewidth 2 I',,, (@), the average hyperfine field  H, > (m)
and the halfwidth I'y of the hyperfine field distribution ().
As in Au Fe, I'y exhibits a maximum at T ~ T.
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Table II. — Temperature dependence between 15.3 K
and 1.3 K of hyperfine field parameters (kOe) : the
average hyperfine field : ( H,) = XH, A P(H,) 6H,
with XP(H,) 6H, = 1; the standard deviation

oy =~/ZP(H,) (H, — { H,>)* H,; the hyperfine
field H_,, defined as the position of the maximum of
the main distribution peak, or as the centre of the half
height width of the distribution when this one is double
peaked; the half width at half height I'y of P(H,).

T(K) < Hn > On Hmax FH
1.3 159.5 26.5 167 21
4.2 153.8 29.2 164 23
7.5 139.2 30.8 153 26

10 121.2 34.1 138 335
12 100.9 36.5 103 38.5
13 86.5 35 93 50.5
13.5 73.1 351 78 475
14 70.3 348 73 46.5
14.5 54.8 34 28 37.5
15 44.7 344 26 325
153 319 30.6 0 14
+ 05 + 05 + 1 + 1

To summarize : Mossbauer spectra obtained on
the two compounds Au 3 9 Fe and Rh 59, Fe are
quite similar. We will now examine in more detail
the intermediate region T, < T < Ty where there
is some uncertainty in the fitting process. Our aim
is to try and clarify the meaning of T\, with respect
to T,

3. Discussion of spectra at T > 15K.

First of all we checked that the whole temperature
evolution of the spectra between 300 K and 0K
cannot be explained by a continuous slowing down
of spins with fixed length. For this, we compared the
spectra with a number of relaxation spectra computed
with the help of different models as described in [1].
None of these models was satisfying. The assumption
of essentially static spectra below T, = 12.5 K seems
then rather reasonable. On the other hand dynamical
effects are present above Ty = 16 K and could
perhaps also play a role in the range (T, = 12.5 K,
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Fig. 5. — Reduced hyperfine field { H(T) )/< H,(0) > vs.

the reduced temperature T/T), as compared to the Brillouin
law curve for S = 1/2 and T, = 16 K.

biguous because, according to P(H,), down to 14.5 K
some of the iron sites still have |H,,| =0 ie.
<S> ] =0,

Because of this uncertainty between T, and T\,
we may try another interpretation. Returning to the
plot of the overall linewidth 2 I',, (T) in figure 4,
we observe that although the large increase of 2 I',
starts around 16 K, the linewidth seems to be diverging
towards a lower temperature, T, for example. There-
fore we can tentatively analyse the linewidth broaden-
ing in terms of a slowing down of critical fluctuations
above a transition temperature T,. The shape of the
spectrum is a good Lorentzian linedownto T ~ 15K ;
when T > 15 K, its broadening AI' =T, (T) —
I',,, (300 K) can then be analysed with the help of the
Bradford Marshall model [3] in which AT is propor-
tional to the correlation time 7, of the electronic
spin S.

This model applies to the relaxation of a nuclear
spin by a paramagnetic spin S with isotropic fluctua-
tions. In the Mdssbauer case there is a complication
due to the existence of two nuclear states with two
different nuclear spins I, and /. The treatment uses
second order perturbation and is valid only if :

7, < 7, (hyperfine Larmor period)

Ty = 16 K). Indeed the meaning of T, is not unam- Al't, < 1.
It leads to :
A2[15 42 54 3] o ——
Al = 2| — = - - = 4+2 dr S,(0) S(¢ 1

where 4., 4, are the hyperfine coupling constants in the excited and ground Mdssbauer states (3¢, = 4.1, - S,
¥, = 4,1, - S). Neglecting the hyperfine anomaly, the ratio 4./4, is equal to that of the nuclear Lande factors,
which is well known.
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Let us define an average autocorrelation time 7, by
zc=_‘2_fdtm=;rdtm. @
(S%y SE+D J,
Equation (1) then becomes
AF=‘_;_;2. Sz%[%j_;_%j_:Jr%]zc. 3)

Note that this same form is obtained with the usual (but more restrictive) assumption of an exponential auto-

correlation function :

5,(0)S,() = (S2ye M=

Previous analyses of Mdssbauer experiments (or simi-
lar experiments like PAC) performed in standard
ferro or antiferromagnets near the magnetic transi-
tion point, T, 4, also use Bradford Marshall (or equi-
valent) formulas. It is admitted by the authors [4-8]

that near T ,,, the average correlation time 7, diverges
according to a law
T — Tord o
o = < Tord > (5)
where :
w=wWz+2—-d-1n) ©

in which d is the dimensionality, v and # are static
critical exponents and z is a dynamic critical exponent
which depends both on d and on n, number of compo-
nents of the order parameter (see Tab. I of [6], Tab. II
of [7)).

The average correlation time 7, defined above
seems to be identical to the 1,, introduced by Ogielski
[9] and w seems to coincide with his z,, v. There is
however an important difference in that Ogielski
writes that in spin glasses, due to the different nature
of the order parameter :

zavv=§(2z+2—d—n). 0)

Here we will not concern ourselves about the
difference between this expression and the preceding
one for w. Our only interest will consist in trying to
obtain experimental values for w. The numerical
simulations of Ogielski [9] on an Ising spin glass
d=3, n=1) lead him to : z,v=72%01.
However our experiments on Rh Fe are relative to a
Heisenberg spin glass (d = 3, n = 3). The two situa-
tions are therefore different.

In figure 6 our experimental results for 2 AI'(oc 7,)
are plotted as a function of ¢t = (T — T,)/T, in a
double logarithmic scale. Note that thé error bars
are reasonable only for 15 K < T < 18 K corres-

S 3+ D e @

15 16 17 18 T(K)

ZAI— 1 1 T 1 ) L
MM

T

0.1

0.01F \ .

(T-Tg)/ Tg
041 02 03

04 Q"S (;.6

Fig. 6. —Plotof2 AI' vs.(T — T,)/T, on a double logarith-
mic scale.

ponding to 0.2 < (T — T,)/T, < 0.5 (while at 14.5 K
an adjustment with a Lorentzian line is not very good).
Allowing for the error bars, the experimental points
are well aligned on a straight line, and the best fit
corresponding to the law :

log(2 Al') = log(2 AI'), — wlogt ®)
yields

w =412 (T,
or w =494 (T,

12.8 K)
122K).
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As shown in figure 7, experimental data for 2 I',,(T)
(Tab. I) are well reproduced by computed curves
based on the equations (I, (T) in mm/s) :

2T,,(T) = 2T,,,(300K) + 0.000569 t~**?

(T, = 12.8K)
2 Fe"P(T) =2 rexp (300 K) + 0.000548 =44
(T, = 122K).

In order to extract the value of 7, from AI' we must
know 4, S and (S + 1)/3S. The quantity 4, S is
deduced from the average hyperfine field at 0 K :
| CHL0) > | = | 4, S/hy, | = 160 kOe and we assume
that S = 1/2 whence (S + 1)/3S = 1. We then get

that (Tab. I) :
T—-T/\"
el

)

with
o =32x10"%s, w=412 for T,=128K

To=3 x1073s, w=494 for T,=122K.
The use of these laws at T = 14.5 K leads to AI' 1, ~
10~ 1 ie. we are at the limit of validity of the Bradford
Marshall model, which might, at first sight, explain
the failure of the Lorentzian fit.

Note that if we use the slightly different scaling
law introduced by Souletie et al. [10]

T = r*(T ;Tg> (10)
2 rexp
(mays)|

! .
i
i

15F ! .
i
i
!

1+ .
i
i
!

0S5 : -
i
I
L~ Tg T(K)

0 1 il ] 1 1 1 ! 1 \

12 13 1 15 16 17 18 19 20
Fig. 7. — Comparison between the experimental thermal

variation of the overall experimental linewidth 2 T

exp

and the calculated curve deduced from equation (8) with
T, =128 K.
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which can be used farther above T,, we find that :

™ =25x10""s w=51, for T, =128K

™ =91x10""%s w=64, for T,=122K.

Finally we have also checked that the temperature
dependence of T cannot be explained by an Arrhenius
law, as is expected in the absence of a transition [11].
Indeed if we fit t versus T with an expression :

T = ™ exp|E,/(kg T)°] (11)
we obtain unphysical values for t* and E, ; for exam-
ple :

™* = 6.7 x 1072%

* =26 x 107 15g,

oc=1:E/kg = 340K,
0 =2:E,/kyg =2700K,

We have now to consider the situation below 15 K
where Lorentzian fits are no longer adequate.

4. Discussion of spectra between 15 K and T, and
below T..

Let us now consider the spectra between T, (~ 12.5K)
and 15 K. Two interpretations can be thought of :

— Interpretation 1 : Paramagnetic relaxation down
to T,. We found that at 14.5 K the Bradford Marshall
model is no longer valid. However there exists a sto-
chastic model due to Dattagupta and Blume [12-13]
which is valid whatever the jump circular frequency
(1/z.) and which takes a form similar to the Bradford
and Marshall one in the fast relaxation limit. If the
Mossbauer data at 14.5 K, 14 K... can be fitted with
this model, then the values of 7, obtained should be
in agreement with the thermal variation determined
above for T > 15 K. If this not so, we will have to
turn to the second interpretation.

— Interpretation 2 : Static broadening.

Below 15 K the broadening of the spectrum cannot
be explained by critical dynamical effects, but seems
to be essentially static, since a fit with a field distribu-
tion looks quite reasonable below 15 K.

Let us first examine interpretation 1, using the
Dattagupta and Blume model [12-13]. This strong
collision model describes the interaction between
a nucleus and a classical field jumping randomly
between all possible directions in space, the random
process being characterized by a circular frequency A.

If it is assumed that in the ground and excited
states respectively :

Kdlh =~ o s 12)
/i = —hy + L

with hy = y, H, h;= y. H, then the Dattagupta-
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Blume theory leads to a Mdssbauer lineshape :

_ G +d
@)~ 60 = 5o+ W
where
1 + 2
GXp + 2 =5 £ +
(P + D? + 76 hy — o)’
+ 1 p+4
3 1
P+ + 7(h — ko)
+3 pt 4 (14)

(0 + A7 + 3y + ho)?

and p =I'/2 —iw for monochromatic irradiation,
p =T — iw for a real experiment (I' = 1/7,, inverse
nuclear lifetime).

In the fast relaxation limit (p + A > hy, h,), G,(p)
reduces to :

215 (h\* 5 hy 3]
ao-{resial) 3R} 00

This formula has the same form as the Bradford-
Marshall formula provided we make the identifica-
tions :

A=1/z, (16)
hG AXSS+1) o, 2(S+1>

A whole set of spectra obtained with S = 1/2 and
H_(0) = 160 kOe, and with varying 4, is represented
in figure 8; they clearly differ from those in figure 2.
(Note that the Zeeman splitting provided by D-B mo-
del at 0 K is not quite equal to the experimental one
because of the factor (§ + 1)/S in Eq. (17)). In addition
in figure 9A we tried to compare the spectra yielded by
this calculation with the experimental spectra at
14.5 K and 14 K. For this, only the overall linewidth
(i.e. A) and the integrated area were adjusted : the line
shape is not the same as the experimental one. On the
other hand in figure 9B we computed the expected
spectra at the same temperature, using the values of
7(T) derived from the results obtained above 15 K
(Eq. 9) with T, = 128 K) :

1(145K) = 1.3 x 10™%s
t(14K) = 54 x 10™%s.

Here too the disagreement is complete.

Consequently, if it makes sense, a dynamical ana-
lysis of the Mossbauer lineshape assuming a free
fluctuating spin can only hold down to 15 K. Below
this temperature and down to 0 K the spectra are very

MOSSBAUER EFFECT IN Rh Fe SPIN GLASS
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Fig. 8. — An example of some calculated spectra in the

Dattagupta and Blume model assuming S = 1/2, H(0) =
160 kOe, I' = 0.159 mm/s = I',, (RT) and different values
of 41in mmy/s.

well interpreted as static magnetic patterns in the
effective field model, with an average hyperfine field
{ H, ) which follows (approximately) a Brillouin law
as in conventional magnets. As for the broadening of
the lines, it seems to be mainly static. As a matter of
fact, as discussed in [1], one could think of a relaxation
model (Dekker model [14]) in which the spin jumps
between its states in a non zero molecular field
following a Brillouin law. However if relaxation
broadening is important, the spectrum is strongly
distorted and there is no reason why it would be
characterized by an apparent h.f field following a
Brillouin law. As an illustration of these considerations
we report spectra at 14.5 K and 15.3 K computed with
the Dekker model (with S = 1/2) under the assump-
tion that the apparent transition temperature for the
Mossbauer nucleus is Ty, = 16 K (it cannot be taken
equal to T, ~ 12.5 K since a hyperfine structure
begins to develop at 14 K). The molecular field only
depends on T\ and once T is fixed, there remains a
single unknown parameter which is the inverse average
relaxation time Q, [14]. Figure 10 shows that even by
varying €, it is not possible to recover the experimen-
tal spectra.
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Fig 9. — Comparison of the experimental spectra for
14.5 K and 14 K with calculated ones in the Dattagupta
and Blume model within the same assumptions as in figure 8 :
A) upon adjusting the overall linewidths; B) upon taking
values of A = 1/t with 7, obeying the law of equation (9).
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Fig. 10. — Examples of some calculated spectra in the Dek-
ker model (relaxation in the presence of a non zero molecu-
lar field) assuming S = 1/2, Ty, = 16 K, I' = 0.159 mm/s,
for 15.3 K (T/Ty = 0.96) and 14.5 K (T/Ty = 0.9). The
different values of Q. are in mm/s.
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5. Summary and comparison with other techniques

Let us first summarize the Mossbauer results.
According to the present study, in Rh 5 9 Fe it is
possible to define a Mdssbauer characteristic tempe-
rature Ty, = 16 K, which is higher than the tempe-
rature of the cusp of the susceptibility : T, = 125 K.
Below Ty, the high temperature Mdssbauer single
line broadens very rapidly and a visible Zeeman
structure begins to develop at 14 K. When T decreases
further the Zeeman splitting steadily increases.

First, assuming that T, represents the « true»
transition temperature one may try to interpret the
excess linewidth 2 AI' down to 15 K in terms of
dynamic critical effects with :

Al ~ [(T — Tp)/T,]™™. (18)
This leads to w ~ 4-5. However this picture breaks
down below 15 K where the lineshape deviates from a
simple Lorentzian line and cannot be explained by
relaxation theories assuming zero or non zero mole-
cular field.

Second, within a static description, it is possible to
assume that below T, a molecular field develops
successively on the various sites and that the last
paramagnetic spins disappear at 14 K (where P(H,=0)
vanishes). The average hyperfine field < H, ) deduced
from the spectra, approximatively follows a Brillouin
curve corresponding to a « Mossbauer transition tem-
perature » T\, and the broadening of the Zeeman
lines, which increases from the inner lines to the outer
lines, can be attributed to a hyperfine field distribution
around < H, ), itself related to the molecular field
distribution produced by position disorder. This seems
to imply that at the Mdssbauer time scale (~ 1078 s)
some kind of instantaneous thermal equilibrium
exists (or begins to exist) below T,

A third possibility is that around 15 K there is a
crossing over from a «critical » behaviour to a
« quasi static » behaviour characterized by a slowly
modulated thermal quasi equilibrium, the characte-
ristic time of the modulation going to infinity when
T->T,

Let us now compare with other compounds or
techniques.

5.1 CsNiFeFg,. — In this insulating compound,
Pappa et al.[15] have observed three different characte-
ristic temperatures :

— T = 4.75K for the linear susceptibility.

— T =537 K for the non-linear susceptibility,
assumed to correspond to the spin glass transition.

— T = 6.1 K for the appearance of a hyperfine
field. This value also corresponds to the vanishing of
the imaginary part x"(w) of the linear susceptibility
(at frequencies varying from 19 Hz to 50 kHz). Here
too the thermal variation of the hyperfine field is below
the Brillouin function relative to S = 5/2 (Fe** ions)
and to Ty, = 6.1 K (see Fig. 10 of [15]).
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If there were no experimental problems, it would
obviously be very interesting to have susceptibility
data (especially for x”) up to the Mossbauer frequency
v ~ 40 MHz, in order to compare characteristic tem-
peratures of different techniques at the same frequency.

5.2 Muons. — The measuring time of this technique
is of the order 1077-107°¢ s, much longer than the
Mossbauer one, 107°-1078 s. There has been some
evolution in the experimental results (better accuracy)
and in their interpretation (dynamic — static).

Uemura et al. [16] now admit that above T, the
muon sees a purely fluctuating field (a, in their Eq. (17)),
while below T, it is submitted both to a static field
(a, \/a, with Q the Edwards Anderson parameter)
and to a fluctuating field (¢; oc /1 — Q). The existence
of a, below T, is supported by decoupling experiments
in an applied field ([16] : Fig. 9, [17], [18]). The tempe-
rature at which g, vanishes is very near T, ([16] Figs. 10
and 11). Above T,, Uemura et al. find that the corre-
lation time T, of the electronic spins surrounding the
muon obeys approximately a law :

[ OT_Tg

with w ~ 2.6-2.9 for CuMn 39, and 59,. However
deviations to this law occur below 1.1 T,. These results
are compatible with the present Mossbauer study on
Rh Fe.

" Emmerich et al. [19] do not try to interpret their
data with the formulas of Uemura et al. [16]. Instead,
they assume that a fraction 4 of the sample relaxes so
rapidly that its longitudinal relaxation function
G,(t) =1 and that another fraction (1 — A4) relaxes
fairly rapidly so that its G,(f) = exp(— \/l_t) (this last
expression is the one used by Uemura et al. to interpret
their experiments above T',). With this model Emme-
rich et al. find that the fraction A4 of spins with very fast
relaxation (7, < 10™? s) only vanishes at 0.8 T, while
they are not able to get precise information on the
relaxation of the other part, as various expressions for
G,(?) (Egs. (2a), (4), (5) of Ref. [19]) give equally good
fits. Emmerich et al. deduce from their results that the
situation around T, is inhomogeneous and characte-
rized by the progressive development of magnetic
correlated clusters. The comparison of these results
with ours is not straightforward.

19)

5.3 NMR EXPERIMENTS IN SPIN GLASSES. — Very
short nuclear relaxation time T, have been observed
at very low temperatures by Alloul and coworkers [20]
in the spin glass Cu Mn. In the 4.7 % Mn (T, =27 K)
alloy : T, T ~3psK for the >>Mn nucleus (v =
233 MHz) [21], T, T ~ 15psK for the first ®3Cu
neighbour of the Mn (v = 55MHz) and T, T ~
100 ps K for the fourth $*Cu neighbour (v = 13 MHz)
[20]. These values are much shorter than those observed
in conventional ferro and antiferromagnéts in which,
at helium temperature, T, > 10 ms [22-24].
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This shortness of T, as well as the fact (checked on
Cu neighbours) that T, T o« T,, seems to suggest
some peculiar features of the dynamics in spin glasses
(existence of very low energy magnetic excitations ?).
On the other hand the « Korringa like » character of
the relaxation, T, T = const, might imply that
the conduction electrons could be involved in the
relaxation mechanism (perhaps as in the Weger [22]
process ?).

Here we will only note that with the data relative to
the first Cu neighbour in Cu 4.7 %, Mn (whose NMR
frequency : v = 55 MHz, is comparable to the >'Fe
Mossbauer frequency) we get a line broadening which
is of the order :

1
Av = o = 212(KHD) x T(K).

It follows that even at T = 10K, Av = 1/5 MHz,
which is much smaller than the natural Mdssbauer
linewidth (2.2 MHz) and all the more than the very
large linewidths observed in Rh Fe or Au Fe Mdss-
bauer spectra (in so far as these spin glasses can be
compared to Cu Mn). This corroborates our interpre-
tation of low temperature Mdssbauer spectra in terms
of static inhomogeneous broadening.

Note that at 0 K where | S;| = S whatever the
exchange field, the residual broadening of M.E.
spectra could arise from a distribution of transferred
hyperfine fields.

6. Conclusion.

In Rh Fe there exist two different characteristic tem-
peratures, the cusp temperature T, ~ 125K and a
Moéssbauer temperature Ty, =~ 16 K. Below T, there
is a rapid increase of the Mdssbauer linewidth and a
hyperfine structure begins to develop at 14 K, ie.
above T,.

A first interpretation consists in assuming that the
spectra in the whole range 0-16 K are static Zeeman
spectra with an inhomogeneous broadening around an
average hyperfine field < H, ) (oc | {S; )| averaged
over i) which follows approximately a Brillouin’s law.
According to the hyperfine field distribution P(H,)
obtained by fitting the spectra, hyperfine fields begin to
appear at T = 16 K, but P(H, = 0) vanishes only at
14 K ; this implies that between 16 K and 14 K only a
fraction of the electronic spins are magnetized, this
fraction reaching one at 14 K.

A second interpretation consists in noticing that
since a dynamic broadening exists above T, it
should still persist immediately below T, and perhaps
down to T,. However a tentative explanation of the
Mossbauer linewidth in terms of purely dynamic
critical effects is only possible down to 15 K; data
obtained between 18 K and 15K then lead to an
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o T-T\" .
average correlation time Tt oC — with
g

w ~ 4-5. Below 15 K, models assuming relaxation
of the electronic spin around a zero average value are
no longer satisfying ; this could be due to a cross over
to a static behaviour characterized by the appearance
of non zero time average values { S; ) of the electronic
spins, at least at the MOssbauer time scale.

It is not possible to choose between these two inter-
pretations. Note however that the ambiguous region
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only covers 1 K : the interval 15 K-16 K. On the other
hand the nature : static or quasi static, of the non zero
average values ¢ S, ) observed above T, remains to be
elucidated.
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