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The GREM model.
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The Generalized Random Energy Model (GREM)

Given a natural number N and p € (0,1) let us define
N1 = LpNJ and N2 =N - N1.
Consider in Vy := {—1,1}", a vector o = 0102, where

01 €V, = {-1,1}" and 05 € Vy, = {-1,1}/2,
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The GREM model.
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The Generalized Random Energy Model (GREM)

Given a € (0,1) and 0 = 0102 € Vy, let us consider the Gaussian
random variable

Xy = v/aX®H + v1—ax?)

where {Xé}),Xéi),z :0 € Vy} is a family of independent standard
Gaussian random variables.
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Random Hopping Dynamics
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Random Hopping Dynamics

We consider a Markov jump process {aV(t), t > 0} that evolves in
Vy with transition rates given by

e_/B\/NXa e_/B V (l_a)NXc?)
SRR P A
N o~a N o~o

where, for i = 1,2, we say that o ~ ¢’ iff 0 ~ ¢/ and 0} ~ 0.
Here, o ~ ¢’ indicates that o and o’ differs in exactly one
coordinate.
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Random Hopping Dynamics
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Previously studied by L.R.Fontes and V. Gayrard

The case a > p was studied by Luiz Renato Fontes and Veronique
Gayrard in 2019 ([FG]).
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Random Hopping Dynamics
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Change of representation

For each N, we relabel the indices 0 = (01,02) € Vy as
{o(1),...,0(2V)} such that

Xa(l) > Xg(g) > > Xo.(zN).
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Random Hopping Dynamics
00e0000

Change of representation

For each N, we relabel the indices 0 = (01,02) € Vy as
{o(1),...,0(2V)} such that

Xo‘(l) > Xo’(2) > > XU(2N).
Let us define the function ¢V : Vy — Z as
¢(0) = Pp(o102) :=min{i =1,... ,2N s o1(i) =01},

and the process XN as

XN(t) = ¢(a"(t)), forall t >0.
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Random Hopping Dynamics
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Comments
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Random Hopping Dynamics
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Fine Tuning heuristics

Let #; be the number of visits by oV to a first level low energy
configuration oy before leaving it. This is a geometric random
variable with mean
14 &eﬁ\/awxgll)
1
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Random Hopping Dynamics
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Fine Tuning heuristics

Let #> be the number of jumps until ¢V finds a second level low
energy configuration; it is know that (see Thm 1.6 in [BG])

E[#2] ~ 2"
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Random Hopping Dynamics
0O00000e

Fine Tuning heuristics

El#a]  efVaNXs

~ — /3\/‘WX§11)—(1—p)Nlog2
E[#2] 2(1—p)N :
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The enviroment behaivor.
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Let us call P = {&;, i > 1} the Poisson Point Process on R with
intensity measure e *dx, such that

&> &g foralli>1
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The enviroment behaivor.
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Also let us consider the scaling function for the maximum of 2V
i.i.d. standard Gaussians.

X _IogN+ﬁ
UN(X)—/B*\/N"F/B*W 26*\/N’

for k = loglog2 + log4m and 5, = /2log?2.
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The enviroment behaivor.
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Some enviroment result

Theorem 1

For a < p we have that for every k > 1
(”N (X (1)) &0 (1) VaNpBy; ... u ( k)) X —Vva ,8*)
converges in distribution to (&1, Wi; .. .; &k, Wk), where

Wi, - -+, Wy are independent Gaussian variables with mean zero
and variance 1 — a; which are also independent of the process P.
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The enviroment behaivor.
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Back to Fine Tuning heuristics

By Theorem 1 we have

E[#] _ 8val (X5 —p.vaN)+5. (52— 1526, )N
E[#-2]
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The enviroment behaivor.
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Back to Fine Tuning heuristics

By Theorem 1 we have

E[#] _ 8val (X5 —p.vaN)+5. (52— 1526, )N
E[#-2]

Then taking Be1 := % we have three different scenarios:
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The enviroment behaivor.
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Some comments about the proof for Theorem 1
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Dynamics results.
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Some notation

Let us denote

8¢
’}/i:eﬁjg'
and given L € R set
; . L e
Ng={i>1:W;> L} and mj = = for £ € N,.

ZiENL Vi
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Dynamics results.
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For B, < 8 < BfFr, t >0,¢ € N; and

N = eB(B*N_%) e_ﬁ(,B*BN-i-\/mL),

we have that

cyt

_ 1 Lo
/\/Iinoom A 1(xn(s)=eyds = m; (in prob).
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Dynamics results.
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Some comments about the scale cy
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Dynamics results.
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Comments on the proof for Theorem 2

Given M > 1 such that ¢ € Iy, we have for all t > 0 that

ot v(4)

1
im —— [ LS = =g
N—oo cyt Jo Xi(e)=t3 Zl\mﬂzl 'Y(im)

Given t > 0, let T/°"(t) be the time spent by XV outside
Iy U Jy up to time t. Then for any A > 0 we have

, in probability.

1
lim I|msupP[—TN U (eyt) > )\] =0.
M—co N—oo cnt
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Dynamics results.
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Theorem 3

For 3 = Brr we have that {XV(cnt), t > 0} converges in
distribution as N — oo to a K-process on Ng U {oo} starting from

Theorem 4

Let us define

| 2

Gy = 2 Ne BBN—55E)
Then for 8 > Brr we have that {X"N(éyt), t > 0} converges in
distribution as N — oo to a K-process on N U {oo} starting from
0.
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