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Hidden non-equilibrium phase transition to temporal
oscillations in a disordered mean-field spin model
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Hidden non-equilibrium phase transition to temporal
oscillations in a disordered mean-field spin model

It is a classical example of:
* an out-of-equilibrium dissipative system

* with a large assembly of interacting units

log[Br’]
%

* which exhibits spontaneous oscillations at a
collective scale.
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Hidden non-equilibrium phase transition to temporal
oscillations in a disordered mean-field spin model

Example of introducing disorder at equilibrium:

1.0
Equilibrium model:

Ising model
0.0

H = —z] SiSj -0.5
iL,j

-1.0

0.5 The Ising model exhibits a paramagnetic

(m = 0) to ferromagnetic (m # 0) phase
transition.

m(t)




Hidden non-equilibrium phase transition to temporal
oscillations in a disordered mean-field spin model

Example of introducing disorder at equilibrium:

Equilibrium model: -

Ising model 0 The Ising model exhibits a paramagnetic

g 00 (m = 0) to ferromagnetic (m # 0) phase
H = _ZJ SiSj —0.5 transition.
L,J ~1.0
Effects of the disorder:
Disordered model: e * the ferromagnetic order disappears

Quenched disordered model 05 ] » other parameters carry the signature

i=_ z](i’j) 5;5; E 00 T of a phase transition (like the overlap

x —0.5 ; distribution, or the Edward-Anderson

0T oo 200 parameter qg4 = (s;)2).
L=to There is a hidden phase transition.



Questions:

What is the effect of disorder in out-of-equilibrium systems exhibiting collective
oscillations ?

* Does the oscillating order disappear ?

* Are there other quantities still carrying the signature of the phase transition ?

We investigate these general questions in a specific disordered non-equilibrium mean field spin model
exhibiting oscillations.
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Non-equilibrium mean-field spin model
exhibiting oscillations

We consider a simple model, studied in [1]:

2N variables -l—
N fields h; = +1

Interaction energy 1- - - - - == 1
NEg=—  J12ijsisi  —1  2ijSihy '
, — e T |
spin-spin 11 ;>0 | spin-field 111>0 ,
I
I
NE, =— [ Xijhihy - Fa-w 2i,j Sihy I
field—field 117,>0 Iﬁeld—spiri T 1-pu<0 |
Control parameters: — this frustration can give
oscillations

T the temperature
e U the distance to equilibrium



Non-equilibrium mean-field spin model
exhibiting oscillations

We consider a simple model, studied in [1]:

2N variables — Behavior: for u high enough, there is a
_ phase transition from a paramagnetic to
N fields h; = £1 an oscillating phase at T, = 1 + J; + /5.
Interaction energy |- === = 1 Mo Lo
5F . 0.5F
NEs=— Ji2ijsisi I 2i,j Sihy : = o o 55
Ty L = | g 00 EWAM S w2 0.0F
spin-spin 11 ;>0 | spin-field 111>0 :
I | -05F 1 —0.55- _
NE;, = — Yiihihi =V (AW sk I 0T 20 o T a0 e
h = J2 i Ly K ' iS5ty E—to t—to
field—field 117,>0 I_ﬁef__SpT T_1;u<_0 _| T>T, 2T <T, O
Control parameters: — this frustration can give (m?) =0(N71) (m?) = O(N")
e T the temperature oscillations
e U the distance to equilibrium




A simple model with disorder

Recap: model without disorder

The mean-field model exhibits a phase

E;=—— (]1 Z SiSj + Z s;h ) transition to an oscillating state.
= ——(]zzhh +(1- u)Zs,, )




A simple model with disorder

Recap: model without disorder
The mean-field model exhibits a phase

E;=—— (]1 z SiSj + Z s;h > transition to an oscillating state.
= ——(]zzhh +(- u)Zsl )

Modified model: simple model with separable quenched disorder?

E = ——(]12 €i€jS;Sj + Z €;€jS;ih )

LJ

E, = —1(]226161hh + (1 - M)Zele]sl )

L,J
New random variable on each site €; = +1 with €; el =0




Questions:

What is the effect of disorder in out-of-equilibrium systems exhibiting collective
oscillations ?

* Does the oscillating order disappear ?
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Does the oscillating order disappear ?

We compute m(t) and (m?) using Monte-Carlo simulations foru = 1.4and T = 0.3 < T,.

Without T T
disorder ol f ﬂ ﬂ {‘ ﬂ ﬂ ﬁ ﬁ ]
* T —T—TTTTT] T —T—T Ty T _ 0.25 E
V- YV-y-¥-y-y-¥-y E | Does the oscillating
101} oo “ | U “ \1 & \ \ \J _ order d\l{sa!opear?
: -0.75 es.
~1.00 b - n - If we only consider the
g .| . ot order para.meter (7?12), it
With sk looks as if t.h.ere is no
[ -W- (m?2) w/o disorder disorder o0 transition.
10-3 :_—Q— (m?) w/ disorder > = EEZWVWWW
101 102 103 —0.50 F

-0.75
N
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Are there other quantities still carrying
the signature of the phase transition ?

We consider the overlap distribution which measures the correlation Examples of P(q)
between two configurations a and b: P(q)
1 ) A
P@= ) PUSTHPUSENS [+ ) sist—g Paramagnetic
: phase
(sf3.(s7) -t
Qab »
: : : : a b Ferromagnetic “P(q)
qapis the overlap between two spin configurations {s;"} and {Si }: hasge
- Identical configurations q,, = 1 P
- Uncorrelated configurations g, = 0
> q
2 2




Are there other quantities still carrying
the signature of the phase transition ?

We consider the overlap distribution which measures the correlation Examples of P(q)

between two configurations a and b: P(q)
1 ) A
P@= ) PUSTHPUSENS [+ ) sist—g Paramagnetic
) N L phase
{s{"}isi’} L
Qab »
. . . . a b Ferromagnetic 4 P(CI)
qapis the overlap between two spin configurations {s;"} and {Si }: ,
. . . ase
- Identical configurations q,, = 1 P
Uncorrelated configurations q,, = 0
2 2 > q
—my mg
The nontrivial nature of the overlap structure reflects the presence of Spin glass P(q)
many states that are not related to each other by a simple symmetry phase
transformation.
q




Are there other quantities still carrying
the signature of the phase transition ?

We compute P(q) using Monte-Carlo simulations fory = 1.4and T = 0.3 < T,.

2.00 f
1.75 F
1.50 f
1.25 F

gv 1.00
0.75 f
0.50
0.25 f

0.00 E

Observation:

There is a non trivial structure:
the probability density is spread over
an interval



Are there other quantities still carrying
the signature of the phase transition ?

We compute P(q) using Monte-Carlo simulations fory = 1.4and T = 0.3 < T,.

2.00F This raises the following questions:
1.75 How to explain this non-trivial distribution of the overlap ?
1.50 F * Isit due to the presence of disorder like in spin-glasses ?
1.25 F * Oris it due to the presence of oscillations ?

S 1.00f

Ay -
0.75

0.50 £
0.25 F
0.00 E

Observation:

There is a non trivial structure:
the probability density is spread over
an interval



Are there other quantities still carrying
the signature of the phase transition ?

We compute P(q) using Monte-Carlo simulations fory = 1.4and T = 0.3 < T,.

2.5 ] This raises the following questions:
: ] How to explain this non-trivial distribution of the overlap ?
2.0F ] * Isit due to the presence of disorder like in spin-glasses ?
st ; * Oris it due to the presence of oscillations ?
= | |
HO We analytically show that:
0.5} ] * The overlap distribution is the same with or without
; ] disorder
0.0 —— * Inthelimit N — oo, it gives a non-zero overlap

-L0 —0.5 0.0 0.5 1.0 distribution over an interval in an oscillating phase

Observation:
There is a non trivial structure:
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Are there other quantities still carrying
the signature of the phase transition ?

We compute P(q) using Monte-Carlo simulations fory = 1.4and T = 0.3 < T,.

2.5 . This raises the following questions:
' How to explain this non-trivial distribution of the overlap ?
* Isit due to the presence of disorder like in spin-glasses ?

* Orisitdue to the presence of oscillations ?

2.0

1.5}

P(q)

1.0 f :
: ] We analytically show that:

.' * The overlap distribution is the same with or without
: disorder

0.0 —— * Inthelimit N — oo, it gives a non-zero overlap

-L0 —0.5 0.0 0.5 1.0 distribution over an interval in an oscillating phase

0.5

Observation:
There is a non trivial structure:
the probability density is spread over
an interval

Conclusion: the non-trivial overlap distribution is not due to the
presence of disorder, but to the presence of hidden temporal
oscillations.



't is possible to recover the oscillations ?

1
N

1
Ep = “}g?(?é

Eg=——

(11

2,

L,j

Z EiSiEij + Z EiSiEjhj
i,j

L,j

Eihiejhj + (1 — [.l) z EiSiEjhj>
LJ

m(t)

1.00 f
0.75 f
0.50 f
0.25 f
0.00 f
~0.25F
~0.50 F
~0.75 F

—1.00 b

{1 T<T.

and

1 N =470




't is possible to recover the oscillations ?

Si Sj §i E 10—
1 e ——l 5

ES = —N< 1 4 EiSl'Eij + z EiSiEjhj> Zzz: _
L] i

1 _ 0.25;— r T < TC
Ep ==/ Z eihieih; + (1 —p) Z GiSiEifl( S 000F MR b N
L,J i?: E L] §i hj —0.25;— 1N =470
Lt ~0.50 F ]
We define new variables requiring the knowledge of the disorder :(1);2 ,

5’7 = €;S; and hi = Eihi 0 20 40 60

ﬁ’l=N_1inSi
i



It is possib\e to recover the oscillations 7

1.00 r
= —— jlzssj+25h 0.75 ¢
0.50 -
_ 0.25;— T < TC
= —— lzzhh + (1 - #)25’1 £ 000} and
—025¢ 1 N =470
-0.50 - 7
We define new variables requiring the knowledge of the disorder :(1);2 , ,
5 = ¢€;s;and h; = €;h; 0 0" %0
Conclusion:
m=N"1 z €;Sj With a perfect knowledge of the disorder, the

oscillations are recovered.

The model in the variables s; and ﬁl corresponds exactly to

the mean-field model without disorder. Using this change of variable, we can explain

analytically the previous results.




Conclusion

Starting from a out-of-equilibrium spin model exhibiting collective oscillations, we introduced quenched
separable disorder and studied its effect numerically and analytically.

We showed that:
e The phase transition is hidden using the usual order parameters,

* The overlap distribution still carries the signature of an oscillating order,

* The oscillations can be recovered using a change of variable requiring full knowledge of the disorder.

Futur investigations: What happens with more complex disorder (non separable)? Does the hidden
oscillating order remains?



