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We have measured the frequency integrated magnetic critical

scattering of neutrons f om paramagnetic Dy and Ho. Analysis of

these data show the paramagnetic to helical antiferromagnetic

phase transitions are characterized by the critical exponents

v - 0.57 ± 0.05 and If - 1.05 ± .07 for Dy and v - 0.57 ± .04

and Y = 1.14 ± .10 for Ho.

Key Words: Phase Transitions, Nautron Scattering,

Rare Earth Metals

PACS Number: 64.60.Fr, 75.40.Cx

-T»» aubmtnd manuKript h*> b w i
by • oonvKMr of « M U.S.

untfcr contract No. 0€-
A00S-MOU1400. AooonfnoV. th« U.S.
Govwnimnt nun « nonaadumw.
tottMi hm torn— to pubfah or raproduca
*>• Pubft-d form t* itm eomrtimiuii. or
*o~ M h n to do «o. lor U.S.

B. D. Gaulin
Oak Ridge National Laboratory
Solid State Division
Post Office Box 2008
Oak Ridge, TN 37831-6031
U.S.A.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or other-.ise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

tit

B.Zrr
'.'• i ! ? *7 L



This paper reports on a neutron scattering

study of the paramagnetic to helical magnetic

phase transition in Dy and Ho. Specifically, we

have measured the frequency integrated critical

scattering of neutrons in the paramagnetic state for

the purpose of determining the Y and v critical

exponents. The antiferromagnetic structure in the

helical phase of these materials is known.[1] The

magnetic moments lie within the basal, ab, plane and

are strongly ferromagnetically coupled within this

plane. Along the hexagonal c direction, however,

the moments are rotated with respect to neighboring

ab planes so as to form a helical or spiral struc-

ture along c.

Bak and Mukamel,[2] have argued that in this

state the order parameter had four independent com-

ponents, and used renormalizatlon group techniques

to calculate the exponents relevant to the phase

transition. More recently Kawamura[3] has used an

analogy between the "topological order parameter

space" for the transitions in Dy and Ho and that of

the transition of a three dimensional XY antiferro-

magnet on a layered triangular lattice, and has

calculated values for the critical exponents using

Monte Carlo techniques.
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The neutron scattering measurements were per-

formed on triple-axis spectrometers at Oak Ridge

National Laboratory. The frequency integration of

the critical scattering was achieved by removing the

analyzing crystal. The measurements on the Ho

crystal were made with the (H,H,L) plane of the

crystal lying in the scattering plane. The measure-

ments on the Dy crystal were performed using a

sample grown from the lower neutron absorbing iso-

tope 163Dy. The (H,O,L) plane of this crystal lay

in the scattering plane. The samples were mounted

in a Oisplex refrigerator and all measurements were

made with the temperature stable to at least 0.03 K.

Above the Neel temperature the critical scat-

tering peaks at satellite wave vectors which appear

at the positions (0,0,±t) with respect to the

nuclear Bragg peaks, where T is the helical wave

vector. Scans were performed through the nominal

satellite position at (0,0,2+T) both along (0,0,L)

and perpendicular to the (0,0,L) axis through

(0,0,2+T), at various temperatures above the phase

transitions.

We have fitted the measured critical scattering

at each temperature to a fixed background plus the

convolution integral of the instrumental resolution
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fur.jtlon with a structure factor, S(q), for the

magnetic scattering given by:

XA(T) XF(T)
S(q) + (1)

where q was measured from the (0,0,2) zone center.

The first term on the right hand side of Eq. 1

represents the antiferromagnetic critical scattering

and the second term represents ferromagnetic

scattering. While this ferromagnetic scattering

was noncritical and always relatively weak, compared

with the antiferromagnetic scattering, it was

necessary for a satisfactory description of the

data. In both Dy and Ho the critical scattering was

anisotropic and therefore Eq. 1 contains two aati-

ferromagnetlc and ferromagnetic inverse correlation

lengths. The amplitudes of the two components in

Eq. 1, XA(T) and *p(T) represent the static anti-

ferromagnetic and ferromagnetic susceptibilities,

respectively.

The results of this fitting procedure provided

an excellent description of the data. The relative

importance of the ferromagnetic contribution to the
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scattering was greater in Dy than in Ho. As both Dy

and Ho undergo first order phase transitions at

lower temperatures to magnetic structures with ferro-

magnetic components,[1] it is not surprising that

some ferromagnetic scattering is seen.

The values for ic , K. , and X resulting from

these fits were fitted to three power law functions

of the reduced temperature t - (T - T^)/Tj}, and

values for the critical exponents were deduced

from these fits. The results of these fits to the

data are sho^n in Figures 1 and 2. In the case of

the Dy data, only those data points for temperatures

below 191 K have been used to extract the critical

behavior. The Neel temperatures determined by these

fits were TN - 180.15 t .10 K for Dy and T N -

132.19 t .05 K for Ho.

In both Dy and Ho the critical exponents vc and

va5 deduced from the inverse correlation lengths are

to within experimental error the same. Consequently,

we have averaged these values to get an overall

value for v in Dy and Ho. These average values and

also the values for Y are summarized in Table 1,

along with the theoretical values.

The conclusions which can be drawn from this

comparison with theory are as follows. The critical
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exponents, Y and v, originally predicted for these

systems by Bak and Mukamel are not appropriate. The

prediction by Kawamura that Dy and Ho belong to a

new universality class including the layered,

triangular lattice XY antiferronagnet appears to be

correct, and the predicted critical exponents agree

well with the experimental values determined in this

study.
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FIGURE CAPTIONS

Fig. 1. The staggered susceptibility, X^, is shown as a function

of reduced temperature, t = (T - TN)/TJJ for Dy (solid

circles) and Ho (open circles). The lines drawn are

fits to power law functions X - XQt .

Fig. 2. The antiferromagnetic inverse correlation lengths along

c, K , and within the ab plane, K , are shown as a func-

A A

tion of reduced temperature, t * (T - TN)/TN for Dy

(solid circles) and Ho (open circles). The Iine6 drawn

are fits to power law functions K - KOt .
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Table 1. The experimental values for the critical exponents
v and Y determined for Dy and Ho (this work) are compared with
the theoretical values calculated by Bak and Mukamel[2] and by
Kawamura[3].

Dy
Ho

Ref.
Ref.

2
3

0
0

0

V

.57±0
• 57±0

0.70
.53+0

.05

.04

.03

Exper lment

Theory

1
1

1

Y

.05±0.

.14+0.

1.39
.10±0.

07
10

10
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