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@ Dynamic finite-size scaling
— for the unitary quantum dynamics
— for open quantum systems
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Finite-size scaling (FSS)

— FSS describes the behavior of a system around a given critical point,
when the correlation length & becomes comparable with the size L

> ¢, L 00, £~ L, &/L fixed

— universal features ruled by critical exponents
— asymptotic FSS predictions affected by sizable scaling corrections

C. Domb and J. L. Lebowitz, Eds. (Academic Press, New York)
“Phase Transitions and Critical Phenomena”, Vol. 6 (1976), 8 (1983), 14 (1991)

S. Sachdev, “Quantum Phase Transitions” (Cambridge Univ. Press 1999)
S.L. Sondhi, S.M. Girvin, J.P. Carini, and D. Shahar, Rev. Mod. Phys. 69, 315 (1997)



Finite-size scaling (FSS)

— FSS describes the behavior of a system around a given critical point,
when the correlation length & becomes comparable with the size L

> ¢, L 00, £~ L, &/L fixed
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Relies on the renormalization group (RG) theory of critical phenomena
First developed in classical systems (thermal fluctuations)
Later extended to the quantum realm (quantum fluctuations)
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FSS: standard quantum scenario

4 )
HMN=| H, |+| AP CQT@ =0
.. _ continuous quantum transition
critical perturbation
Hamiltonian
-

FSS behavior of a generic observable O:

O(L,)\,T) ~ L_yoO()\LyA’TLyT)

A
/ \ Yo * RG dimension of the observable O

system size temperature Yx - RG dimension of the control parameter

Y1 : RG dimension of the temperature (yr = 2)
control parameter

(O : scaling function associated to O

k= ALY scaling
z: dynamic critical exponent

— Z variables
T=1TL A(L) ~ L
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— for the unitary quantum dynamics



Dynamic finite-size scaling (DFSS)

Quantum quench framework: { B { N\, fort<0 ]
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a further scaling variable associated
to the time has to be introduced:
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Example: quantum Ising chain

L
[H(Q,)\)Z(U§Uf+1+gdf+)\(ff)} CQT@g=1,2=0,T=0
J=1 quench of A close to zero
A
g>0
quench
A
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Example: quantum Ising chain

L
[H(g, A) = — Z (O‘jO‘j+1 + gaf + )\O‘j)}

J=1

M(t; Ly Ag, Ai) = L_ﬂ/”/\/l(é’; K, HKi)

CQT@g=1,A=0,T=0

quench of A close to zero

scaling variables:
0=tL~
Ky = Ap LY
Kk; = \; LY

Yy = 1/v

yr=([d+z+2-n)/2

/Ising parameters &
critical exponents:

d=1, n=1/4
K y N /

~

v=12=1, 6=1/8
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@ Dynamic finite-size scaling

— for open quantum systems
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DFSS for open quantum systems

system-bath coupling : :
l____;'> Lindblad master equation
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associated to dissipation: ¢ =77

U

O(t; Ly Ag, i, Thu) = L_y"(?(@; Kf,Ki, T, *y) phenomenological
scaling argument
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Numerical verification:
Kitaev quantum wire with local dissipative mechanisms

[H = — Z [(c}cjﬂ + c}c}H +h.c)+ (A - 2)c}cjﬂ

J=1

A. Kitaev, Phys. Usp. 44, 131 (2001)

_ CQT
disordered + ordered

> )\ A< 4
Ae =0

Markovian baths modeled through local jump operators:

=g - (=d)
pumping losses dephasing
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Unitary vs. dissipative dynamics
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Unitary vs. dissipative dynamics
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Unitary vs. dissipative dynamics
Gia(z,t; Ly Mg, iy u) & L—<y1+y2>g(X,9; /if,/{,i,uLC)

X =x/L
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Phenomenological DFSS theory

Gia(x,t; Ly Ag, Niyu) = L—<yl+y2>g(x,9; K;f,/ﬁzi,vzuLz)

L P(x,t)

L’ G(x.f)

.L C(x,t)




Conclusions

Out-of-equilibrium dynamics of many-body quantum systems:

a look at their behavior near criticality

— general dynamic scaling behaviors
(without and with dissipation)

— numerical checks on Ising-like quantum spin models
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