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ABSTRACT

We comment on the discontinuity of the first temperature
derivative, at the bulk critical temperature, of the surface
magnetization of ferromagnets with .a free surface, questian

which has recently been focused by Rau and Robert.
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romaghet; Renormalization group.



CBPF-NF¥-002/88

In a recent paper!, Rau and Robert address a controversial
point, namely, of what type is the singularity which is ex-

pected to appear in the surface magnetization m, of a magneti-

S

tically ordered bulk at thehmlkﬁq;iticalﬁtemperature'TEUIk-In
other wofds, in the wicinity of TZulk it is expected

A_{l ‘T/Tgulk)x- ' for T <T2ulk

m (T) -mg (TDU1E) o '

-A+(T/T:“1k--1)x+ , for T >T':“1k y
The central questions therefore are what: the . values of
A+/A_ ’ x+ and X_ are. The experimental data of Rau and Robert
in Gd give support to the possible continuity, at TZulk, of
both mS(T) and its first derivative. On the other hand, ac-

curate experiments? on liquid “He (whose criticality is ex-
pected to be the same as that of some surface magnéiic systems)
indicate a diécontinuity in the first derivative. Mean-field-like
theories yield continuity in the first derivative, whereas a
RPA treatment for a quantal anisotropic Heisenberg model has
suggested a discontinuity®. On the whole, the point remains
unsolved. In particular, Rau and Robert state that no successful
renormalization-group calculation is available to clarify
this particular question. We are presently performing a
real-space renormalization group calculation which precisely

addresses this problem for the spin 1/2 Ising ferromagnet in
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sami-infinite simple cubic lattice with a (Obl) free surface.
In this model, the coupling constant batween two sites equals
Jg if both sites belong to the surface and equals Jjotherwise.
We present in the figure a typical result provided by our
method (based on the procedure described in Ref. 4). We will
publish . elsewhere full details on the method and the . .rest

- of the results. We clearly see that the first derivative of
bulk

ms(T) i diseontinuogs at Tc

+ Furthermore, we verify that
X4 Zx_X 1.and A_/A+ is roﬁghiy equal to 4, for a large va-
riety of typiqél ratios JS)JB. We believe that Xe = X2 F 1
and K_/A+_¥ 1l is a quite generic situation. This should.be- a
congequence of the influence on mS{T) of the bulk. Indeed the
bulk acts through two different physical channels, The first
"dne.is thamobvious'fact that the bulk magnetization, . as long
as non-vanishing, acts as an effectiire field on the surface.
The second channel , more subtle, refers to bulk susceptibili-

ty effects, in which it is to be taken into account that in

bu;k

the neighbourhood of '1‘c -~y the paramagnetic~side .. @mplitude

of the susceptibility is higher (2 times higher in . standard
mean field calculations) than that of the ferromagnetic-réide
amplitude. The effect of the paramagnetic-side bulk suscepti-

bility overcomes both the effects of the vanishing bulk field

and of the bulk susceptibility just below Tzulk, thus ex-

plaining the decrease in the tendency of thé surfaceé to di-

bulk

c + Within this approach

sorder in the region just above T
the fact that mean - field calculations yield A, = A_ : would
be fortuitous and possibly related to the factor 2 mentioned

above. Summarizing, at the light of the renormalization - group
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results herein illustrated (on the figure), we rsee that “the
result A+/A_ = 1 experimentally obtained by:Rau . @nd .Robert
should not be considered the generic situation, and its com~
prehension should be searqhed elsewhere.

We gratefully acknowledge J.L. MorénELépez for waluable

digcussions.
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CAPTTON FOR FIGURES

Fig. 1® Surface magnetization m, as a function of the  ratio

T/Tc,'for J/Jg = 2.5. The bulk magnetization m, is

also shown as a reference.
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