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1. Critical phenomena

Equilibrium critical phenomena : scale-invariance
For sufficiently local interactions : extend to conformal invariance
space-dependent re-scaling (angles conserved) r +— r/b(r)

BATEMAN & CUNNINGHAM 1909/10, POLYAKOV 70
In two dimensions : oo many conformal transformations
(w — f(w) analytic)
= exact predictions for critical exponents, correlators, ... BPZ 84

What about time-dependent critical phenomena? CaRDY 85
Characterised by dynamical exponent z : t +— tb~2, r — rb™1

Can one extend to local dynamical scaling, with z # 17
If z =2, the Schrodinger group is an example : Jacom1 1842, Lik 1881

at+ Dr+vt+a
— r— ———

yt+4 7 yt+4 a0 =py=1

= study ageing phenomena as paradigmatic example



2. Ageing phenomena

known & practically used since prehistoric times (metals, glasses)
systematically studied in physics since the 1970s STRUIK *78
occur in widely different systems

(structural glasses, spin glasses, polymers, simple magnets, ...)

Three defining properties of ageing :
@ slow relaxation (non-exponential !)
@ no time-translation-invariance (TTI)

© dynamical scaling without fine-tuning of parameters

Most existing studies on ‘magnets’ : relaxation towards equilibrium

Question : what can be learned about intrisically
systems by studying their ageing behaviour?



magnet T < T,

— ordered cluster

magnet T = T,

— correlated cluster

critical contact process

— cluster dilution

voter model, contact process,. ..

X

common feature : growing length scale L(t) ~ t'/7
z : dynamical exponent




Two-time observables

time-dependent order-parameter ¢(t,r)

two-time correlator  C(t,s) := (¢(t,r)o(s,r)) — (o(t,r)) (¢(s,r))

SO _ (e i)

two-time response  R(t,s) := 6h(s,r)

-

h=0

t : observation time, s : waiting time

Scaling regime :  t,5 > Tmicro and t — 5 >> Thicro

=t (£) A= )

asymptotics (for y > 1) 1 fe(y) ~ y /7 fr(y) ~ y=7r/Z

Ac : autocorrelation exponent, Ar : autoresponse exponent,
z : dynamical exponent, a, b : ageing exponents



3. Critical contact process (directed percolation)

(a) contact process : A -5 2A, A 15 0 + diffusion Hanris 74
(b) perco|ation pr0b|em with preferred (”) direction Broabsent & HamversLey 57
(c) Reggeon field theory CaRDY & SUGAR 80

absorbing (= non-equilibrium) stationary state

particle density : stat. asc = (A) ~ (p — pC)’S; critical M

relaxation time 7 = &) ~ |p — p|~"; correlation length &1 ~ |p — pc|”"*

dynamical exponent z = v /v,

Effective action at Cl’ltlcallty JANSSEN, DE DomINICIS 70s-808
061 = [avar 30006 - ¥20) — w6 (3-6) o
. j is invariant under crasssercir 79, JANSSEN 81
t— —t ¢(t7 r) — _g(_ta r) ) 26(15'7 r) — _¢(_t7 r)
I



active (ordered) phase : lim¢—oo a(t) = poc >0
absorbing (disordered) phase : lim;_o a(t) =0

long-time behaviour in the active phase of the 1D contact process
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fast relaxation
contrast to magnets : no scaling in active phase

time-translation-inv.

reason : Single non—CritiCaI Stationary state ENSS, MH, PICONE, SCHOLLWOCK 04



ageing and scaling for C(t,s) : critical contact process
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main flgu res : ].D, insets : 2D RAMASCO, MH, SANTOS, DA SILVA SANTOS 04 ; ENss et al. 04

slow dynamics
observe all 3 properties of ageing : < no TTI
dynamical scaling

contrast to critical magnets : = no finite FDR!

autocorrelation exponent : \c =d +z+ /v,

CALABRESE, GAMBASSI, KRZAKALA 06/07, BAUMANN & GAMBASSI 07



numerical values of some non-equilibrium exponents

contact process (CP) A — 2A, A — (), parity-conserved model (PC) A <+ 3A,2A — (), diffusion-coagulation (DC) 2A — A

a b Ac/z )\R/Z
cp| 1 | —068(5) 032(5) 1.85(10) 1.85(10) | TMRG [1]
—0.57(10) 0.3189  1.9(1)  1.9(1) Me o [2]
—0.6810 1.76(5) | mMc  [3]

~0.6810 03189  1.7921  1.7921 | scal  [5]
2 | 03(1) 00901(2) 28(3) 275(10) | mc [2]
—0.198(2) 0.901(2) 2.58(2) 2.58(2) | scal [5]

0.9(1) 2.5(1) exp [6]

>4 1 d/2—-1 d/2 d/2+2 MF  [2]

pc | 1 | —0430(4) 0570(4) 1.9(1) 1.9(2) | mc  [4]
—0.430(4) 0.570(4) 1.86(1) 1.86(1) scal

pc| 1 | —-1/2 1 2 2 exact [7]

(1] Enss et. al. 04; [2] RAMASCO et. al. 04 ; [3] HINRICHSEN 06 ; [4] ODOR 06 ;

[5] BAUMANN & GAMBASSI 07 ; [6] Takeuchi et. al. 09 ; [7] DURANG, FORTIN, MH 11



in the contact process : <= rapidity-reversal

symmetry of stationary state of CP = specific property !

why does 1 + a = b also hold in the PC class ?

— try new form Of FDR! ENSS et. al. 04; BAUMANN & GAMBASssI 07
_ _ R(t,s)  fr(t/s) — . —
=69) = Ces) " Fe(e)s) 0 o T am, (Jim =(t.5))

universal function, % =# 0 measures distance to stationary state
in d = 4 — ¢ dimensions, from an one-loop calculation B & G o7
119 72
T =21-¢c("—— O(?
* [ (480 120)} +0(E)
quantitatively consistent with TMRG estimate =, = 1.15(5) in 1D.

NB : 1+ a = b invalid in other non-equilibrium universality classes =
need different forms of FDR ! BAUMANN et. al. 05; DURANG & MH 09, DURANG et al. 11



4. Surface growth

deposi

generic situation :

\ h

tion (evaporation) of particles on a surface — height profile h(t,r)
RSOS (restricted SO”d-On-SOlid) model kn & Kosrererrz 89

p = deposition prob.
1 — p = evap. prob.

here p = 0.98

some universality classes :

(@) KPZ 89:h=vV2h+ 2 (Vh)? +1
(b) EW  0:h=vV2h+41

(c) MH  0.h= —vV*h+1

IKARDAR, PARISI, ZHANG 86
EDWARDS, WILKINSON 82

MULLINS, HERRING 63 ; WOLF & VILLAIN 80

7 is a gaussian white noise with (n(t,r)n(t’,r')) =20 To(t — t')o(r — v')



Family-Viscek scaling on a spatial lattice of extent L9 : h(t) = L~ > hit)
1 & 2
B Z - 2\ 2 _z L piftl=2 > 1
b=1a — <(hj(t) —h()) > = L5 (el7%) ~ { 20 iftl T <1
J:

5 : growth exponent, ¢ : roughness exponent,

two-time correlator :

_ — t r
C(t.s:r) = (h(t.N)h(s,0)) = (h()) ((s)) = s*Fc (2. 75
with ageing exponent . KALLABIS & KRruG 96

two-time integrated response :

* sample A with deposition rates p; = p + ¢;, up to time s,
* sample B with p; = p up to time s;

then switch to common dynamics p; = p for all times t > s

X(Rs;r):/oduRt u: Z_L:< Ji)r( ), hJ(E)r( )>_ oF, (5 r5|z>




Effective action of the KPZ equation :
7109 = [dear [3 (20~ w920 - (Vo)) - v75?]

— | Very special properties of KPZ in d = 1 spatial dimension!

KPz 86 ; KrRECH 97

Exact critical exponents‘/i =1/3, (= 1/2 z= 3/2 Ac=1
Special KPZ symmetry in 1D : let v = ar 6= 2 (p+5%)

~ 14
J = /dtdr [p@tv a7 (O,v)? — —v28,p +vT (0 )2}
is invariant under Lvov, LEBEDEV, PATON, PROCACCIA 93 ; FREY, TAUBER, HWA 96

t— —t , v(t,r)— —v(=t,r) , p— +p(—t,r)

= fluctuation-dissipation relation for t > s| TR(t,s;r) = —0?C(t,s;r)

find ageing exponents : |[Ag =Ac=1,1+a=>b+ %
I




1D relaxation dynamics, starting from an initially flat interface

5 =4000
o KPZ s=400

-2 L M|
»

z ; i 10 10' 10°
i-s tls

slow dynamics

observe all 3 properties of ageing : { no TTI
dynamical scaling

confirm expected exponents b = —2/3, A\¢/z =2/3
N.B. : this confirmation is out of the stationary state

KaLLaBis & KRruG 96 ; KRECH 97 ; BUSTINGORRY et al. 07-10; CHOU & PLEIMLING 10; D’AQUILA & TAUBER 11




relaxation of the integrated response, 1D

T 0
1017 i 10F L e T “.‘...E

i1 — 5=250
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b %y — 5=1000
" 5 =2000
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Sug o KPZ s=400

KA(£.5;0)

— Y
10 10 107
t/s

slow dynamics
observe all 3 properties of ageing : { no TTI
dynamical scaling

exponents a = —1/3, A\g/z = 2/3, as expected from FDR

N.B. : numerical tests for 2 models in KPZ class



Simple ageing is also seen in space-time observables
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correlator C(t,s;r) = s*/3F¢ <£ ﬁ)

s’ s

integrated response x(t,s;r) = s'/3F, (57 ﬁ)

s

confirm expected value of dynamical exponent z = 3/2
I



Values of some growth and ageing exponents in 1D

model | z a b AR = Ac 154 ¢
KPz | 3/2 -1/3 -2/3 1 1/3 1/2
exp 0.336(11) 0.50(5)
EW 2 -1/2 -1)2 1 1/4 1/2
MH 4 -3/4 -3/4 1 3/8 3/2

Takeuchi, Sano, Sasamoto, Spohn 10/11

Two-time space-time responses and correlators consistent with

simple ageing for 1D KPZ

Similar results known for EW and MH universality classes

ROETHLEIN, BAUMANN, PLEIMLING 06



5. Form of the scaling functions & LSI

Observation : dynamical scaling generic property of
non-equilibrium criticality
Question : can one extend non-equilibrium dynamical scaling 7

analogy : conformal invariance at equilibrium phase transitions,
but z =1 there = ?

Schriidinger group, z = 2 Jacosr 1842, Lie 1881

t,_at~|—ﬁ r+—>r’—Dr+Vt+a

_ §—By=1
40 eI e

dynamical symmetry of free Schrodinger/diffusion equation

o 0 0
S¢(t,r)—0 s 8—2/\/{5—@5



consider infinitesimal transformations (t',r') = (t,r) + eX(t,r)

X1 = —0; time translation
1
Xo = —t0 — Er <O — % dilatation
2 M , : .

X1 = —t0—tr-0 — 7r — xt special transformation
Y_ip = =0 spatial translations
Yip = —to— Mr Galilei transformations

My = —M phase shift

close into Schrédinger Lie algebra sch(d) = (Xt10,Y11/2, Mo, D)

[Xo, Xor] = (n— 1) Xoyw
n
[XnaYm] = (E - m) Yn+m s [DaYm] CYnm

[y{(#'%yﬂ’)} — 5jJ’(m_m’)M0

’:> not semi-simple = projective representations (‘mass’ M ')‘




dynamical symmetry of Schrodinger equation :

[S,X0] = =S, [§,X1] = —2tS — (X - ;’) Mo

= fixes scaling dimension of solution of S¢ =0, x = x, = d/2

co-variant tWO—pOint (response) function : MH 92/94, MH & UNTERBERGER 03

Causality

. e N
(91(t1,r)5(t2,12)) ~ O(t1 — 12) - O(M1—M2) -0y
Bargman sup‘c:sclcction rule
M (r = r2)®
2 t1 — b

X (tl - tg)_xl exp [—

non-relativistic AdS/CFT correspondence, cold atoms, ...  sce 2008
— classification of non-relativistic conformal symmetries,
bUt for pure vector fleldS only DuvAL & HORVATHY 2009



infinite-dimensional extension sv(d) Schrodinger-Virasoro algebra m o4
but Schrédinger-invariance cannot be applied to ageing, since it
contains time-translations

‘essential : absence of TTI in ageing phenomena! ‘

Transformation t — t’ with
d n\ —x/z dl N\ —2&/z
e=ae) . o= () () 4w
with 5(0) = 0 and S(t') > 0.

out of equilibrium, have 2 scaling dimensions, .

& = 0 in ordered phase T < T,
& # 0 at criticality T = T,

mean-field for magnets : expect {

NB : if TTI (equilibrium criticality), then £ = 0.
I



physical requirement :

co-variance of response functions under local scaling! ‘

= set of linear differential equations for R(t,s)

most simple case!

t

R(t,s) = <¢(t)¢~5(5)> = s e (;)

frly) = foy™t o M2 (y 1) ey —1)
——
causality
1 - 2 SN
a=(x+%) -1, 4 -a=2(¢+8) L =x¢
z z z
magnetic example : 1D Glauber-Ising model at T =T, =0:

a:O,a’—a:—%,)\Rzl,z:Q

NB : &(t,r) := t~$¢(t,r) has standard local scaling,
with x¢ = x4 + 284, £ =0



Particle models : comparison of R(t,s) with LSI-prediction :

contact process (CP)  nonequil. kinetic Ising (PC)

10

voter Potts-3 (VP3)

1,

10° = n i
024, aw
—=- 019y -1y W‘M i

cp:a —a~0.27 pPC:a —a~0.00(1) vp3:a —a~—-0.1

MH, ENSS, PLEIMLING 06 Opor 06 CHATELAIN, TOME, DE OLIVEIRA 11
ENss 06 ; HINRICHSEN 06

7 is this good general agreement already conclusive ?

t/s

Observation : the a = a', uncritically taken
over from equilibrium, is often invalid out of equilibrium.
Observables cannot always be identified with scaling operators.




1D critical contact process (TMRG data)

Slhl R(f,S) (f/S) 1.792197 ”_Sﬁ)a.@ 18928

N,
0.1 S pottal 7]

-6 4

107 10
t/s-1

study more closely the limit t,s — 0o, y = t/s fixed; let y — 1

10 10

1 t
R(t,s) =57 7fr (2) + hr(y) = fly)y /(1 = 1/y)+
observe good collapse of data, when y = t/s large enough
LSI with a = & predicts : hg(y) = fo = cste.
= reproduces TMRG data for y > 3 — 4



3 i) T \"‘ T T T T T
2 041 \
g—\ NP ‘\
= [N
? L \'\"'\ \\
~ i O
=03 N ’\)‘:\\
S AN
& [ "\\
) .
Loz -
C— r 7
—_ ’
) / ]
2 ]
= ]
3 oodr Y ]
-
10 10° 10° 10°
t/s-1

hr(y) = fr(y)y */2(1 - 1/y)t** = f(1 —1/y)>

with the choice a’ — a = 0.26, Ls1 works well for y > 1.1
but systematic deviations, still
, for smaller values of y = t/s (down to y ~ 1.001)!

Question : improve the prediction of local scale-invariance (LSI) ?



6. Logarithmic conformal invariance

generalise conformal invariance — doubletts V = < v ) Rozansky & SaLsUR 92

d) GURARIE 93
generators : (, = — w19, — (n+ 1)Wn< ﬁ i >

tWO—pOint functions : have Al = A2 GURARIE 93, RaHIMI TABAR et al. 97. ..
F = (¢1(w1)p2(w2)) = 0
G = (pr(wm)ia(wa)) = Golw| 22
H = @1(m)v2(w2)) = (Ho—2GoIn|w|)|w| >4
= wy 2 (Hy —2GoIn|y — 1] — 2Goln [wa|) |y — 1|72

with w = wy — ws and y = wy /ws.

Simultaneous log corrections to scaling and modified scaling function

Logarithmic conformal invariance has been found in, e.g.

@ critical 2D percolation CARDY 92, WATTS 96, MATHIEU & RipouT 07/08
@ disordered systems CAUX et al. 96
@ sand-pile models RUBLLE et al. 08-10



7. Logarithmic ageing-invariance

Schrodinger-invariance cannot be a dynamical symmetry for
ageing, since it contains time-translations X_q !

Go to ageing algebra age(d) := <X170, Yj(cjl)/27 Mo, R(()jk)>

jk=1,..d
Need generalised form of generator
1 1
X, = —t”+1(9t—it”r-vr—%(n+l)nt”_lr2—%xt”—n t?

construct logarithmic ageing-invariance by the formal changes :

x x £ ¢
(%) e (6 F)



concentrate on time-dependence

_ 1/ x X _ 2 x+& X' +¢
X()——tat—2<0 X) ,X]_——tat—t< 5// X—|—§

and compute commutator

P =X+ dexe? (9 ) L — [ Lo
!
x' =0 either, ( 5// 55 ) — ( %L 60 ) is diagonalisable

= non-logarithmic case.
Or else, it reduces to a Jordan form = 2%d case.

¢” =0 : simultaneous Jordan forms = generic case.
(one can arrange for X’ =0 or x' = 1).

‘We can always arrange for £’ = 0. ‘




invariant Schrodinger equation SV = 0, with :

2M d 01
S = <2M8t—Vf+t<x+f—2>)<0 0)

If x + & = d/2, have also log-invariance under sch(d).

Co-variant two-point functions :

F=F(ti,t2) = (d1(t1)¢2(t2))
G2 = Gia(t1, t2) = (d1(t1)v2(t2))
Go1 = Ga(t, 2) = (Y1(t1)d2(t2))

H=H(ti, ) = (¢1(t1)v2(t2))



co-variance conditions (with 0; = 0/0t;) :

1
[tlal + 0 + E(Xl + Xz)] F(ti, ) = 0
[f1231+f§32+(><1+€1)f1+(X2+§2)f2]f:(t1qt2) = 0
1 xé
[fﬂ?l + 07 + §(X1 +X2)] Gia(t1, t2) + ?F(th ) = 0
[tlzal + 50+ (x + £ +(X2+§2)f2] Ga(t1, o) + (x5 + €5)2F(t1,82) = 0
1 Xl/

[t131 + 282 + 5(><1 + Xz)] Go(t1, t2) + EF(tI, ) = 0
[t1231+f2232+(X1+§1)f1+(><2+§2)t2] Gt ) + (x| + EDtF(t, ) = 0
1 xll xé

[nfh + 0 + 5(X1 +X2)] H(ty, &) + ?GIZ(tlv ) + 3521(% ) = 0

[tfal F 50+ (xa + €1t + (e + 52)@] H(t1, t2)

+(q + E)0Gra(t, ) + (x5 + €5)2Go(t1, 82) = O

8 egs. for 4 functions in 2 variables = expect , up
to normalisations.



Solve these via the following ansatz, with ‘y =t /tp>1 ‘

Set F(y) := y52+(X2*X1)/2(y _ 1)*(X1+X2)/2*51*£2_ Then

F(ti,t) = & S22 F(y) £(y)
Gt ) = &2 F)S It giay(y)

Jez
Gulti,t) = & P2 F(y) > It - g1 j(y)
JEz
Hit ) = &2 F0) S 1t hi(y)

JEZ

must find the functions £, gi2j, g1, hj : where j € Z

Results :

(1) : f(y) = fo = cste. standard form of LsI



(2) : consider Gj,. Dilatation-covariance (Xp) gives

1 . ;
(glz,l()/) + 2X§f()/)> +) G+ - grjga(y) =0
j#0

Must hold true for all times t». The only non-vanishing terms are :
1 /
g12(y) = g120(y) » M2(y) = g121(y) = —5%f(¥)

Co-variance under the special transformations (X1) gives

S s (=) B2 4 1)g10 10 (1)) + 6+ ) () = 0
JEZ

for all times t, and leads to

Ay -2 (24 g) i) =0



(3) : consider G»;. We find the only non-vanishing terms

g1(y) == gao(y) , 121(y) = g1(y) = —%X{f(Y)

and the differential equation

y(y — 1)dgffy(y) + (3 +&1) ¥ (y) - % 1f(y) =0

(4) : consider H. We find the only non-vanishing terms hg(y) and

hi(y) = *%(X{glz()/)ﬂLXégzl(Y))
h(y) = %{Xéf(y)

and the differential equation

Y(y—l)dh(g}(/y)‘i’((xi + fi) y - ;’é) glz()’)‘*‘(; 5+ fﬁ) g1(y) =0




The remaining differential equations have the solutions :
=
—1
X ’ X
enly) = &1,0-— ;+51 foln \yfllfgfolnly\
/7 / ’ /
ho — [(ﬁ + 5{) 81,0 + <X*2 + Eé) g12,o} Inly =1 — [igzl,o - (LZ +§é> glz,o] Inly]
2 2 2 2
Ly LY I 1 Xl’l ’ *2 ’2|27y
i [((Z+e)my—a+ Twy) - (Zrg) w2y

where fy, g12,0, 821,0, ho are normalisation constants. Summary :

Xy
gn2(y) = ewo+ <? +§2) foln 5

ho(y)

Ftut) = P92 7 () f
Gt ) = t, )2 f(y)(glz(y) Ity %éfo)
Gt 1) = 1 ame)2 f(y)(g21(y) - %{fb)
H(ti, ) = t2—(>q+><2)/2 F(y) (ho(y) —Inty- %(X{glz(y) + xbg21(y))

‘ add time-translations = logarithmic Schrédinger—invariance‘ HOSSEINY & ROUHANI 10




Retour to ageing phenomena generic z

find co-variant two-point (auto-response) functions (with y = t/s) :

(0(6)ils)) = sTCHEFQ)A(y)

(o(e)ils)) = s~OTV=F(y) (graly) + 2(y) Ins)
(v(0als)) = sTCEF() (galy) + 21y Ins)
(6(0)d(s)) = s"OFVZE(y) (ho(y) + ha(y)Ins + ha(y) In? s)

all scaling functions explicitly known

Question 1 : 1D directed percolation described by logarithmic 1.s17
as motivated by the applications of logarithmic conformal
invariance to 2D critical normal percolation MATHIEU & RIDOUT "07-08

Question 2 : what about the 1D Kardar-Parisi-Zhang equation 7



8. Numerical experiments

(A) directed percolation (DP)
(B) Kardar-Parisi-Zhang (KPZ)

simple ageing of the correlators and responses, especially

e = e(l) A s ()

fo(y) ~ yie/z , fr(y) ~ y ®/z y>1

values of the non-equilibrium exponents & scaling relations

DP : AC:AR=d+z+%,1+a:b:%

I

KPZinlD: Ac=Xg=114a=b+2 b=-28=-%2z=3

‘what can be said on the form of the scaling function of the auto—response?‘




(A) assumption : R(t,s) = <¢(r)&(s)>

s1'+n R(I,S) (I/.!') 1.792197 (I_M)USIEDZH

1D critical contact process

good collapse = no logarithmic corrections =

(1 - )1/> [hO — g1208 In(1 = 1/y) — ga1,0¢ In(y — 1)

1
2

0.4

s=4
s=64
s=512
s=65536
LSI1
LSIloga

t/s-1

JEE2E(L=1/y) + 362y — 1)

find empirically :

very small amplitude of
In-terms

=|fo=0

require both & # 0, 5’ #0

BUT : logarithmic factor for y > 1

logar. 1.ST works at least down to y ~ 1.002, with a’ — a ~ —0.002.



(1-5/1‘)0'“8028

1.792197

s Rits) (is)

An alternative interpretation : R(t,s) = <w(t){/;(s)>

good collapse = no logarithmic corrections =

) = (1-3)7 [ho— gmof n - 1) - J6E2 (1 - 1/y)

1
y

—g108 In(y — 1) + %foﬁlz In*(y — 1)]

0.4

0.1

s=4
5=64
5=512
§=65536
LSI

LSI loga

t/s-1

no logarithmic growth
for y — oo

=1 =0

only E’ = 0 remains !

logar. 1.sT works at least down to y ~ 1.005, with & — a ~ 0.17.



(B) assumption : R(t,s) = <¢(t)1;(s)> 1D KPZ equation/RSOS model

good collapse = no logarithmic corrections =
no logarithmic factors for y > 1 =

= only £ =1 remains

—1-a'
fr(y) =y */7 <1—i) [ho—go|n <1—i> —%foln2 <1—}1/ﬂ

use specific values of 1D KPZ class 28 — 2 =1
find integrated autoresponse x(t,s) fo du R(t,u) = s'/3£,(t/s)

fly) = y1/3{A0 1(1i)]
() ey e ()]

with free parameters Ag, A1, A and &




\

J 1 non-log LsI with a = &’ :
e 1 . .
S/ 1 deviations ~ 20%

i 1 non-log LSI with a # 4’ :
/ s=20000 3 works up to &~ 5%

xts)s "1 -1-1)7)
[
=)
|
|

(o]
: \
i \
: \
|
Do
v s
8

1 log Lst1 : works better

L 4 v than & 0.1%
107 10 10 10

R a Ao Ay Ao
(¢p¢) — LSI —0.500 0.662 0 0

(¢1Z) — L'LSI | —0.500 0.663 —6-10"* 0

<¢1Z) — L2LSI | —0.8206 0.7187  0.2424  —0.09087

logarithmic LSI works at least down to y ~ 1.01, with
a — a~ —0.4873 (can we make a conjecture?)



9. Conclusions

@ physical ageing occurs naturally in many systems
relaxing towards non-equilibrium stationary states
considered here : absorbing phase transitions & surface growth

@ scaling phenomenology essentially the same as in simple
magnetic systems

@ but finer differences in relationships between non-equilibrium
exponents

@ a major difference w/ equilibrium : intrinsic absence of
time-translation-invariance = 2 scaling dimensions

@ shape of scaling functions :
logarithmic local scale-invariance?
performed numerical experiments on auto-response function :
(i) 1D critical directed percolation (ii) 1D KPZ equation
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