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Hierarchical Caricatures:

Derrida '85, ..., Ruelle '87
Apriori decomposition of spins in groups

o=01...0, oj € {—1,1}x=x-0ON

@,

Generelized Random Energy Model (GREM)

© Kunst aufrdumen
I"I'A \ —A
OO
N
(@)=
5O)
v
K |

ol

&
&S

with independent REMs UY), (a7 ..

' GREM as hierarchical REMs on decomposed hypercube
Ucrem(0) = var U (1) + v@ U (a102) + -

.O’j), j:1,...,n

4 Vap U(or .. .n)

Probability distribution function A on [0, 1].

A
A Concave hull A with right-derivative a

ay + az

a1 +as Freezing of in concave hull A at gy = 25'(’5)2

a1 _ 2In2

2nd group ... Bo = ’/5(}«)

_ 2In2

bs =1/ 3w

Gardner-Derrida '86, Capocaccia-Cassandro-Picco ’87, ...,

e.g. 3-step replica symmetry breaking

Bovier-Kurkova '06

Theorem (Manai-W. "20)

SUREM(3 b) = sup [p“REM(B; x) + (1 — X) In2cosh (8D)]
1]

x€|0,

« Classical GREM pressure ¢SREM(3; x) of the first fraction [0, x] C [0, 1] of spins.
Gardner-Derrida ‘86, Capocaccia-Cassandro-Picco '87

For OQL\’&lt&) See i PP 5 (o),



Second order spin glass transition(s) plus second/first order (transversal) magnetic transition(s)
(depending on the structure of A):

Quantum

Mixed \ Phase Paramagnet

Temperature B
2]
o
7
*
o
8

V2In22 V2In24

S, ] S Ta = W V2240 2ln2
Ty =1y T 3= 1= Y3 Fld' b

Magnetic

3-step replica symmetry breaking (RSB)

Quantum erasure of RSB:

groups of spins decide whether to stay in
spin glass order or flip jointly
with the transversal field

Emergence of intermediate regimes!

TIVT\/////

Mixed Quantum

e - ——— - - - - -

Temperature a1

Phase Paramagnet

v/ 2In2a(0)
Magnetic Field b

Smooth A with lim a(x) = 0
x—1
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Adlikan [ Bremede 21

Theorem 2.1. For any B > 0, the quenched free energy N~ 'Elog Zx satisfies

1
lim —ElogZy = li inf A)|-
o rilog 2y dggo;;g wper},r,l,AeLg‘F(p’wp, )]

d

'* = clos (conv{ (ex,01)2(01 €1)olex)(el| € J1: 01 € Q}),
k=1

Li={A€eLs: (ex,Ae)2 =0, forV (k1) & {1,...,d}*}.

With these preparations, consider a self-overlap p € I', a discrete path 7, € 11, and
the processes X; as above, and let A € £,. We then define the random variable Y, by

Y, = log/ dP(o1)exp (B Z(al,Xj>2 + tr )\|01)(01|) (2.8)
Q ;
7=1
and the random variables Y}, for j =0,...,r — 1, inductively through
1 .
}/j = — logEj_He 3Tt (2.9)

J

Here, E; 11 denotes the expectation w.r.t. the process X;,; only. Finally, setting
®(mp, A) = Yo, (2.10)
which is non-random, the generalized Parisi functional F is defined by

ﬂz 1 ﬁ2
Fp,p0N) = B(mp, N) + /0 dt (&) s — - lells — tr . (2.11)
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