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Non-thermal fixed points

Non-thermal fixed point are far from equilibrium quasi stationary
states of matter.

<@

L Scale invariance e(k) ~ k=917

Depending on the initial conditions, the system may take an
algebraically long time on the way to thermalisation.
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Driven-Dissipative GPE

Classical field equation for the average Bose wave-function ¢(x, t):

i0rp(x, t) = [— <21m )v2+u+g|¢(x, t)[| o(x, t)
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Driven-Dissipative GPE

Classical field equation for the average Bose wave-function ¢(x, t):

00(0,) = |~ (5 = 1) V24 0+ gl O s, 0) + <)

With complex parameters

=1+ ipn g=8—1g
Single particle pump 2 particle losses

and stochastic driving

(Cx, 1)) =0 (C(x, t)¢(x', 1)) = vo(t — t')d(x — X))
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Driven-Dissipative GPE
Classical field equation for the average Bose wave-function ¢(x, t):

00(0,1) = |~ (5 — 1) V24 10+ gl O s, 1) + € )

With complex parameters

=1+ ipo g=81-18
Single particle pump 2 particle losses

and stochastic driving

(Cx, 1)) =0 (C(x, t)¢(x', 1)) = vo(t — t')d(x — X))

Sieberer et al., PRL 110, 195301 (2013); Sieberer et al., Phys. Rev. B 89, 134310 (2014);
Tauber et al., Phys. Rev. X, 021010 4 (2014)
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Scaling in ultra-cold Bose gases

We focus on the kinetic energy density,

in = (Vo) = /k (k)

2m
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Scaling in ultra-cold Bose gases

We focus on the kinetic energy density,

in = (Vo) = /k (k)

2m

Scaling from dimensional analysis with an anomalous correction

e(k) =2 eink 4 (k€)"

Conclusions
o]
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Scaling in ultra-cold Bose gases

We focus on the kinetic energy density,

in = (Vo) = /k (k)

2m

Scaling from dimensional analysis with an anomalous correction

E(k) = 6kink7d(k§)n

Conclusions
o]
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Scaling in ultra-cold Bose gases

We focus on the kinetic energy density,

in = (Vo) = /k (k)

2m

Scaling from dimensional analysis with an anomalous correction

e(k) ~ k=9t

d | 1 | 2 | 3 |
Mum | 1 | small | small |

Nowak et al., Phys. Rev. B 84, 020506(R) (2011)
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Kardar—Parisi—-Zhang equation

A model for interface growth,
8:0(x, t) = vV20(x, t) + 2 [VO(x, t)]* + n(x, t)
with diffusion, perpendicular expansion and stochastic driving,

(n(x, 1)) =0 (n(x, t)n(x’,t')) = D4(t — t')d(x — ')

a(x,1)
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Kardar—Parisi—-Zhang equation

A model for interface growth,
8:0(x, t) = vV20(x, t) + 2 [VO(x, t)]* + n(x, t)
with diffusion, perpendicular expansion and stochastic driving,

(n(x, t)n(x’,t')) = Dé(t — t')d(x — x')

(n(x,1)) =0
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Kardar—Parisi—-Zhang equation

A model for interface growth,
8:0(x, t) = vV20(x, t) + 2 [VO(x, t)]* + n(x, t)
with diffusion, perpendicular expansion and stochastic driving,

(n(x, 1)) =0 (n(x, t)n(x’,t')) = D4(t — t')d(x — ')

8(x,1)
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Kardar—Parisi—-Zhang equation

A model for interface growth,
9e0(x, t) = vV20(x, t) + 5 [VO(x, ) + n(x, t)
with diffusion, perpendicular expansion and stochastic driving,

(n(x, 1)) =0 (n(x, t)n(x’,t')) = D4(t — t')d(x — ')

B(x,1)
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Scaling in interface growth

The stationary state has scaling correlation functions,
Ot + 7, x +1)0(t,x))c = rXg(7/r?)

with exponents given by:

d 1 2 3 |4
X 1/2 | 0.379 | 0.300
z=2—x | 3/2 | 1.6210 | 1.700

Kloss et al., Phys. Rev. E 86, 051124 (2012) and references therein
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From DDGPE to KPZ

Density and phase decomposition ¢(x, t) = +/n(x, t) e~ 1/(xt)

1 2 2 _
00— 5 (VO) — vV = U,
1
den — —V - (nV0) =5,
m

with sources of phase and density fluctuations,

Re(¢e?)
Vn
S = S[0, n] + 2y/nIm(ce™).

U=Ulf,n]+

Altman et al., arXiv:1311.0876v2 [cond-mat.stat-mech]



DDGPE to KPZ
00

From DDGPE to KPZ

Density and phase decomposition ¢(x, t) = +/n(x, t) e~ 1/(xt)

1
0t — (V0> —vV20|= U,  KPZ equation
1
din — =V - (nV0) =S,
m

with sources of phase and density fluctuations,

Re(¢e?)
Vn
S = S[0, n] + 2y/nIm(ce™).

U=Ulf,n]+

Altman et al., arXiv:1311.0876v2 [cond-mat.stat-mech]
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Comparing scaling exponents

in = 55 (IV%) €xin(k) ~ k=¥
n 2 2 z—d— =T X
= 5 [ K2 (10(k, t)[)  ewin(k) ~ kZ79X



Introduction GPE KPZ DDGPE to KPZ Conclusions
oo oo 0®0 o

Comparing scaling exponents

fin = 2= (VoD exin(K) ~ k247
= [ K2(|0(k, 7)) ewin(k) ~ k79X

X

GPE simulations KPZ literature
d | 1 |2 | 3 | d] 1 | 2 | 3 |
Tum | 1| small | small | n| 1 |1.242]1.400 |

Nowak et al,, Phys. Rev. B 84,
020506(R) (2011
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Comparing scaling exponents
i = 2 (1 V0[) €xin(k) ~ k=¥
= o [ K20k, )%)  €iin(k) ~ kZ97X
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= 10t
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020506(R) ( 201)5
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Comparing scaling exponents
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Compressible excitations

e =2 (Ve[) ec(k) ~ k=d+n+l

ST

= 2 [ K20k 1)) ec(k) ~ kZmd=x

GPE simulations KPZ literature
d | 1 ]2 |3 | d] 1 ] 2 | 3 |
Tum | O | small | small | n| 0 0242 0.400 |

Nowak et al., Phys. Rev. A 85,
043627 (2012)
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Compressible excitations

€€ = am(Vel) ec(k) ~ k=t
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Nowak et al., Phys. Rev. A 85,
043627 (2012)



Introduction GPE KPZ DDGPE to KPZ

Conclusions
[o]e] [e]e] [e]e] ooe

[e]

Compressible excitations
€ =3:(Vel) ec(k) ~ k=t
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Conclusions

e Interface dynamics described by KPZ equation does not
capture vortex dynamics.
e It does captures the rest.

e We have made an estimation of anomalous scaling
exponents of the ultra-cold Bose gas at a non-thermal fixed
point.

Gasenzer, SM, Pawlowski, arXiv:1405.7652 [cond—mat.quant—gas]‘
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