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Quantum quenches

Definition: a change in time of the parameter(s) that governs the
dynamics of an isolated quantum system.

2 sudden, adiabatic, or more general: linear ramps,...

2 parameter(s): coupling constants, external fields, confinement,...

2 isolated quantum system: no coupling with the environment —
unitary time-evolution
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Thermalization in isolated quantum systems

Does an isolated quantum system thermalize?
—BH
e

& thermal density matrix p*" = ——» with 3

fixed by <\116‘Hf|\116> — Tr[ptth]

& reduced density matrix pa(co) = lim Trpp(t)

& thermalization if pa(c0) = p

o Polkovnikov et al., RMP (2011)
What happens in integrable systems?

- - GGE _ ¢ —™
2 Generalized Gibbs Ensemble (GGE) p = —GaE

with A, fixed by (W (¢)|1,,| 0" (t)) = (V4| I, | ¥L) = Tr[p“F 1,

2 GGE “thermalization” p4(co) = pG©F
Rigol et al., PRL (2007) 4 /11



Quench in a open boundaries LL

N
2 (bosonized) Hamiltonian %

H(t)=> q {[UF + ga(t)] bl b, 922(t) (bgby + bgbg)} + &E(N)

q>0

Gy e L
| { = O -

W) = [GS;) — V(1)) =U(t,0)[¥) —> [¥(t)) = e 7T |0(r))

Cazalilla, PRL (2006); Dora et. al, PRL (2011)

Hy

— ES
transient _—

2 Average particle density ( p(z,t) = U (z, t)U(x,t))
(p(x,t)); = % {1 — FE(x,t)cos |2kpx — 2f(x)]}
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oz, T/2))

Density in a standard 1D LL with OBC
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Density in a quenched 1D LL with OBC
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Light cones dynamics — sudden quench

S ——
‘ 2 Focus on
- 0E(2,1) = E(z,t) — E(z,0)
~ over one period.
\.\.\. \
oOk " "l ’ :

2 Sudden quench: a LC perturbation emerges at the boundaries
and moves ballistically at velocity v ¢

Hy = Z qvfﬁ;r,fﬁq,f
q>0
2 Analytically E(z,t) = Es((?GE) () fsq(t)Csq (T, v#t)

!

Csq(T,Y) :CS}é(x—y)CSﬁ(x—l—y) 8 /11



Light cones dynamics — finite duration quench

0.9

101 B> Adiabatic quench
(7 > Taa ~ Lin|/vi)

E(x,t) = G(x,t)Caq(x, (L))

[ =} R

1) ¢ X b J
2 On-ramp: LC1 emerges at the boundaries

H(t_) — Z q@(aﬁgjfﬁq,f > @(t) = V; \/1 + 77_t

q>0 T

OF (x,t)
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Light cones dynamics — finite duration quench

0.9 g

101 B> Adiabatic quench
(7 > Taa ~ Lin|/vi)

E(z,t) = B\ (2) [faa(t)

t = A1Cag(@, vp(t — 7) + d)
(DaCaa (.07 (t = 7))
: oy Caalz,y) = Caalz —y) + Caa(w +9)

0 X 1

2 On-ramp: LC1 emerges at the boundaries

_ t

H® = Y ao(®8] 05 —— 1(t) = viy/1+ 2
q>0

2 Post-quench: LC2 emerges at the boundaries, LC1 goes on
with velocity v

Hf:Ht>T qufﬂTfﬁqf
q>0
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Light cones dynamics — finite duration quench

0.9 g

- 0.

[

2 Adiabatic quench
(7 > Taa ~ Lin|/vi)

E(z,t) = B\ (2) [faa(t)

t = A1Cag(@, vp(t — 7) + d)
(DaCaa (.07 (t = 7))
: oy Caalz,y) = Caalz —y) + Caa(w +9)

0 X 1

2 On-ramp: LC1 emerges at the boundaries

H(t) = Zq@(f)ﬁg,gﬁq,f . » U(t) = ”Uz'\/l + n

q>0 ‘s, T
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Conclusions

Density in a
quenched LL

ballistic? with OBC
propagatlor:Z / recurrence time
LC

no relaxation to final GS
perturbations

/ no thermalization

“destructive \

interference” GGE as “zeroth order”
faster app.r.g)ach adiabatic

guenches
collapse on

the final GS
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Thermalization

ﬁ relaxation thermalization
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Prethermalization

ﬁ relaxation
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Light-cone spreading of correlations

2 Rel. QFT — information propagation

bounded by ¢ — light-cone effect < :
: : S g 4 S
How fast “information” can spread L e °
in CM systems? = e el
—J o2f | \ Time, t (h/J)
2 Short-range interactions — Z ol |
Lieb-Robinson bound N
2 Quench in ultracold atomic gases /'\
Quench S i

3 h@ 0_ P9 / . \\\\ - \\ A0
o/ \o/ \o/ \@o/ \o/ \@o/ \@/ \@ L (.
U - 5 7T N
G & b 4 2@ 9. 2 T 4
- . ~— 1
entangled qua3|part|cles| = fae R
@ oy
|
—~ g
=

000000

=5 ~ o
—R 0l 4 o @ b 4o S
0 * o-® [
gl \@ o/ \o/ \o/h@/ \o/ \o ®- O 1 _
o/ \o/ \o/ \@/ \@ lixnaaasnssAl I
0 04 0.8 1.2

Time, t (R/J)

< d=vt >

Cheneau et al., Nature (2012); Calabrese et al., PRL (2006) 14/1



Where are the LCs?

2 Adiabatic quench (7 > 1aq ~ L|n|/v;)

G(z,t)Caa(x,€(1))

o post-quench E(z,t) =E'" (2) [faa(t) + A1Caa(z, vs(t — T7) + d)
+AsCoa(,vp(t —7))]

o transient E(x,t)
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2 How the GGE is approached? 14
0.003 -

Approach to GGE

|

Average over
a period

0.8 |
0 T

E(L/2) — E(GGE)(L,/2)

5GGEE(T) —

E(GGE) (L /9)




Approach to final envelope

2 How the GGE is approached?
2 Is the final envelope approached by the GGE envelope?

5 ﬂ > 1072

Enq,f(x)

|EYCCP) (2) — Bug, ¢ (2)]




