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Résumé. — Nous obtenons des prédictions sur I'évolution dans le temps d’un systéme de verres
de spin en utilisant I'interprétation du paramétre dordre tout récernment proposée.

Abstract. — We use the recently proposed interpretation of the order parameter for spin glasses of
the replica approach to obtain some predictions on the time evolution.

In the mean-field theory for spin glasses the order parameter is a function defined on the inter-
val 0-1 : in the glassy phase, where the linear response theory breaks down, the function g(x)
is not a constant [1].

The interpretation of the function g(x) has been obtained quite recently ; if we define the overlap
between two configurations as [2]

1 &
L2 (1) 5(2) 1
q N 2, oo M
the probability distribution of g(P(g)) in the infinite volume limit is given by (%)

dx ™M odx qm = q(1)
(@ g Lm 93 4 = q(0) . )

where x(q) is the inverse function of g(x).
Indeed it has been shown that if we consider two real replicas o, and u; of the same system
(H(o;) = H(,)) we have that :

1 qM
< eXp<y-]:—,-Z o; M) > = J dx exp(yq(x)) = J- dqg—zexp(yq)- €)

0 q

" () A similar equivalent, but slightly more complex formula holds in the approach of reference 3, where
two order parameters (g(x) and A(x)) are present.
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Developing (3) in powers of y and identifying the corresponding terms we easily get the known
results [4]
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= { dx g%(x) =j dg P(g) 4%. (4)
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It is important to note that in the case where the external magnetic field is strictly zero the
function P(q) |4~ is different from the function P(q) ls=0+ in an infinitesimal small magnetic
field : only in the first case two configurations with all the spin reversed are allowed ; we easily
obtain :

P(q) |h=0 = %[P(CI) |h=0+ + P(— g) lh=0+] . (5)

Indeed general symmetry requirements imply that at 4 strictly zero, P(qg) is a symmetric function
of ¢ {5]. }

It is known [1] that in the infinite range mode g(0) is proportional to A*® : g, will thus be posi-
tive as soon & # 0 and will become equal to — gy, at / strictly equal to zero.

Now if we study the time evolution of the system it is natural to suppose that the process of
going from one state to another state with overlap g less that g, will take a macroscopically large
time ; the time being larger and larger the smaller the value of g [6]. We propose that at a time ¢
(very large) the system has visited all states which have an overlap greater that g(¢) (only when ¢
goes to infinity g(f) goes to q,,) : in other words ¢(¢) is the minimum overlap possible at time z.

This proposal may be expressed in more quantitative terms by defining :

(1), 1 y 1 ' ’ ’ T
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It is clear that when ¢ goes to infinity the g¢®(¢) go to the g® of equation 4 : according to the
previous arguments we should have in the region of large times

q®(1) =J q* P(g) dq / f P(g) dq. Q)

a(t) a(t)

According to this hypothesis all the functions ¢'®(7) depend on only two functions P(q) and
q(?), the first being already computed in the infinite range model [1].

At h strictly equal to zero all the ¢®(¢) with odd K go to zero when ¢ goes to infinity.

If we consider finite dimensional systems it is possible that the function P(q) defined in equa-
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tions 2, 313 zero in the infinite volume limit : in this case no glassy phase should exist. The forma-
lism discussed here may be still useful : we introduce a function P, (q) defined as

< eXP(y Z}"" 2 o m-) > = f dq Pi(q) exp(yq) ®

4m

.. where the sum over i runs inside a D-dimensional cube of side L. Although at sufficient low dimen-
sions the function P,(g) goes to zero when L goes to infinity at g # 0, it may be interesting to
study the function P (g) for finite but large L and to try to connect the behaviour of this function
with the slow approach to equilibrium of these systems (e.g. in two dimensions no phase transi-
tion is present and the time to approach the equilibrium is quite large but finite) [7}. More modest-
ly in the infinite range model it would be very interesting to derive (7) using the formalism of
reference 6 (or alternatively derive the formalism of [6] from Eq. 7).

We stress that equations 6, 7 are supposed to hold at thermal equilibrium ; the comparison
with the results of reference 6 is not straight forward : indeed it was shown in reference 8 that the
formalism of [6] is more suited to study the approach to equilibrium.

A computer simulation to verify the correctness of equations 4 and 7 should not require too
much CPU time in the case of the infinite range model (the total amount of CPU time should be
compared to that used in Ref. 9) and it will be clearly welcomed.
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