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‘g quasrstat /onary states |

Stochastic models with long-range interactions

Long relaxation times (7T ) which increase with the size
of the system ( )

7 o (m ~ 1.7 for many models )

Reviews: Mukamel, Campa,Dauxois, Ruffo 2008,2009, Politi, Torcini, 2010
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Dictionary: Absorbing state
If in the stationary state of a system onde finds with

probability 1 only one configuration, the
configuration is the absorbing state

N A
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A System with states

la) (a=1,2,...) — probability P,(t)

by — |a) rate —H,p

The master equation

E Py(t) = —Eija.be(r),

His an N x N intensity matrix (eigenvalues Re(E(k)) > 0)
N
Ha,b < Oa Z Ha,b =0
a=1

The stationary state —  ground state 5 = 0

o/ =3"1@l [0)=3 Pia). P.= lim

a(1)
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Confi 3araz‘/on Space: Dyck P NS
One dimensional lattice with L + 1 sites (L= 2n) where we attach non negative
heigths h; (i =0,1,...,L)
RSOS rules

h,'_|_1—h,'=:i:1, ho = hy = 0, h; >0

1 2
Catalan number — (, ( n)
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Average local heighv h(i, L,t)

Average local density of contact pointy g(i, L,t)

Average density of peaks ond valleys
#(peakst+valleys)/L T(L,t)

Stationary Quantities no t dependence

(h(¢,L,t) — h(z, L))
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k pea,é a%/aéZ‘ ed rarse and pee/ rode/

Monte Carlo simulations

a) Sequential updating

With a probability R, = % it hitsapeak (p > 0 parameter)

With a probability Q. it hits the remaining L — 1 — nZ sites

6 qc
( ny, = #of peaks) G R

ng (D= 1

L—l—ng

p=1— no nj; and L dependence (RPM)
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b) Effects of a hit by a tile

Hac o aclc (C # O) o

ne(p —1) | configurations with large | L—1

are more stable

Staderent: ForQ<p< 2 the Finmle-5ize 5@4///73
properties are Che Same as for p=1 (BPM)
which 1s /nz‘egraé/ e (U,(sl(2)) imvariant),
XXZ model,q=e"3 T=L a/geéra (Sern—

group e? = & ) knoecon properz‘ =N
Conformal Invariance
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Exact reswl/ts KPM

'Exact stationary state (exact results)|

L L _1/3

9(z. L\i; ) (one—point function)
¢ = x5l (1/6) = 0.753149.
. Densﬂy of peaks lim 7(L) = 3
and valeys | e §
. lete-5|ze scalmg lim F;(L) = s (P)Ai i =0, 1 958
spectrum w | Lo -

Eo=0 (for any L stochastic model) — ¢ =20
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(p < 2)

Single place where p enters

ZZQAZ' =(1-q) ||

‘

6(4)7
A)/zaz‘ /@ppené at p= p2L = 1) 7‘
b . o

| I
s




Example L=6 /\/\/\ /\/\ /\/\
/V\ A

11(5 — p)

Ground state E 15
2(5 — 3p) 4(5— 2p) " 4

(stationary state)

Nice combinatoric properties only at p=1! === [11,5,5,4,1 >

* It p=5/3 | 1> is an absorbing state

RET AECE | m— substrate has n, = L/2 peaks

D IS restricteq  —p- e i
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( 1) 2) 13) [4) [5)
A —5+3p 2[(5—-2p)/3] 2[(5—2p)/3] 0 2[(5-p)/4
g | @632 —5+2p 0 (5—2p)/3 0 b
— | (3] (5-3p)/2 0 —5+2p (5—2p)/3 o (F2)
(4 0 (5-2p)/3 (5-2p)/3 —5+2p 2[(5—p)/4]
\ (5 0 0 0 (5—2p)/3 —5+p )
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The limiting case: p = pmae = 2(L —1)/L

‘
P

substrate

B e -1 -9% 0.

/NN NN NN

1 2 L

substrate is an absorbing state !!!
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Srall laltices ST arz‘/ng

eo1t A

substrate gives zero

-0.05

-0.1

-0.15H

-0.25

=46
L =5¢

L=54

| | | |
20000 40000 60000

[ =6
L =64
L_T__%'_
=96
| ! | —+
80000 le+05  1.2e+05

L < 46
Exponent ral fall—ofF

L ~62—-76
linear Fall—ofF

L > 92

alnost no varialion

7T~ 0.77

Con'. Tiv. reﬁion

T~ 0.75
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Scaling dimensions: A = 0(1),2(1), 3(1),4(2),5(2), (4), 7(4)

1 L =18
i v (p)=(8-3p) 3*/10
O | | | | | | | | |
0 02 0.4 0.6 0.8 1
p=1 (P~ 1M ) Pmazx

As p — Pmar SOmMe energies go to zero as the absorbing state
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BUT Es(L)/E3(L) —4/3,  Ee(L)/E3(L) —5/3

[ | [ [ [
135l | " T T T Teid-corfo-fig16-1.fid |
' p=p 1.65 L=18
max /

y =11.3381- 1.6039 * x + 31.678 * xA2 - 239.9 * xA3 I v _______ |
1.6 — | |
131 7 . - f i |
~ - | | |
3, L=18 | 3, | :
W ! W 155+ ! :

: : 3 : |<_—__— L=12
5 i Lo ] X e

w w
1.5+
125+ —
- L=10
o
- - | T ——-—-Hi s
|y =11.65411- 0.9637 * x + 30.888 * xA2 - 490.9 * xA3 (4 last datas) |
0 002 004 006 008 01 012 0.14 | | ' | ' | |
1L 0.05 0.1 0.15

Sownd vel OC’//Zy 1S Jé( Sd iU (pmaa’;) s
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First level

In(E.)

y =0.62395 - 0.19558 * x

B (L) — 1N 86

Fourth level
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Origin of at least one quasistationary state

N o

Special property of H in the presence of an absorbing state

Hi,j (’L,]:O,l,,n)
absorbing state H;p =0, Hpg— 078

By >0 K=s-—n; H|k>=Ep k> ==

[dentity: |k >= y(()k)\() > Zygk)\i > (sum of components = 0 )

~

Ly 0 )
FE1 — the smallest e.v. of ﬁz‘,j

Perron-Frobenius — ygk) > 0 (only for F1)

— y(()l) =
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Solution of differential equations

‘N

Po(t,L) =1+ ZA o e Tt Pi(t, L) =" Ay euu

A given by initial conditions, for ¢

P(t,L) >=[(1 — a(L)e  PrEN)|0 > +a(L)e Fr (L)1 Zp,,, )i >

(1)
E Z y<1> sz =1, Jo(ld o Zy(l)

Stationary state

|[P(co, L) >= (1 — a(L))|0 > +a(L)|Pys(L) >

pi(L) >=

0.8
;. 1—7(L,t)=0.25 — —¢ (V)¢

: F; = 1.86cnsss

&) g

In our examples: a(L) ~
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A)/ﬁc// properf/‘eé has Che ?ad\f INYa7(a /ond/‘y

stale?
PR ———
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Den\SI‘Z‘y of contact po/nz‘é g (Q?, L)

| | | | | | |
— L=513 | |
1.1 — L=1025| _|
— L=2049
gl_% — L=4097 | -
&
'~,Q. 1.05 —
S
T :
P~
_
X 1 —
4
E i j
I3 density of clusters for p = pmax
@ | _
;\ 0.95
N
~ B
S starting state 1s 01210121...01210
09— —
i 3500 samples of 10° mcsteps
0.85 | | | | | | | | i
0 0.2 0.4 0.6 0.8

x/L

Same resSw/?s as 1hn

Z‘/’]e COnf or/y/a/ /n\/ar/anZ‘ /9/7@5 = ./ ./ ./

U < P < Dias
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More QSS?

What kind of left-overs of conformal
iNnvariance we have in QSS

777@/7% oLl




