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Quantum Quench

@ we select an initial state (in our case the state is a thermal tensor state p: ® pr)
po = |to) (vo

@ Hy — H: change of a parameter, change of the geometry of the problem...

@ Unitary evolution ) )
p(t) _ efIproele

@ [y(1)) =3, e En'|n)(n|yo), the importance of the overlaps

@ technical difficult: the double sum in EV of an observable O

@01w(t)) =" e E=Em|O|n) (nlybo) (mlo)

@ we don't solve exactly the dynamics, but we can compute the expectation value of
observables in the limit t — oo

@ it's possible to obtain many results for integrable system, question also integrable
systems equilibrates to a thermal state?

@ for example see Calabrese, Caux, Essler, Mussardo and collaborators
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Experimental Evidence

@ Quantum Newton’s Cradle (T. Kinoshita, T. Wenger, D. S. Weiss, Nature 440,900
(2006))

Normafzed optical thickness.

@ Lieb-Liniger model (hard-core bosons) — equilibrates to a non thermal state
@ Integrable models do not thermalize

@ Ultracold Atoms — test: integrable models, lattice gauge theory, high-Tc
superconductors etc...
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GGE and NESS states

@ GGE conjecture: integrable systems does not relax to a thermal state, but the
equilibrium is described by a Generalized Gibbs Ensemble M. Rigol et all., Phys.
Rev. Lett. 98, 050405 (2007)

@ | need to described the equilibrium states with all the local conserved charges of
the theory

@ Attention!!! If | use all the conserved charges we have a tautology
[ln,Im] =0

1
peGE = 7 — exp(— zn: Anln), Trlhpaee = (In)o

@ other stationary state NESS — effects of the boundaries and different limit in the
thermodynamic limit

@ L —ooandt— oo: GGE £ > 1, NESS | « 1
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Framework

@ spatial domain V = [-L/2,L/2] ® Vg_1.
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@ Why study free fermions in D-dimension? Compare with (Doyon et al., 2013),
coming from Holographic results (strong coupling problems)

Td+1 _ Td+1
'19rel =a ~“ R >
Ue + Uc
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Observables
@ we study the time evolution of the two-point correlation function with the continuity

equation

T(xi,t) = — / ) dzon(z,t),  JT(xi,t)=2Im {U—d / de, (X)0, W (X))

d—1 j=2

(x1, t) / dz%€(z,t)

I(x1,1) = 2Im [U‘d /V Hdx,([ax1\TJT(X)]H(X)\TJ(X)>t

d—1 j=2

@ to extract the analytic results we use a semiclassical approximation — ballistic
hypothesis — time evolution following the trajectory of the particles

n(x, t)_ 5> /dp/dxo no(Xo, P)3(X — Xo — opt/m).

cri1

Dr. Gabriele Martelloni (Universita di Pisa) 28 May 2014, Cortona 9/17



Analytic Results for non relativistic case

@ dispersion relation e(k) = g
m’z —Li% (—C'BU‘L) —Lidzj (—eBR“R)
Iness = o T o - o
(2m) B, B
d+1 m% —Li% (_eﬁuuz) —Li% (_eﬁnmz)
Uness = — 20 % a3 - R
4 ﬂﬂ ﬁR
@ Low temperature limit
Lo 5 gt 2 a3 a8
TnEss = m2 Mg — HR + ) He™ PR
- d- _
@em® | T er(EH) \ AL ok
N a2 2 ot e
Iness = (d+1)m=z |pl —pg LT B HR
2(2m) % res) er(gh) \ sz A%

@ behaviour independent by the spatial dimensions of the system and for 1D we
recover conformal behaviour
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Analytic Results for massless relativistic case

@ different dispersion relation

e(k) = velk|,
_ TNy (11
= (2m)Ir ()i </3Z ﬁ%)

ﬂre,z(2d71)r(d+1)<(d+1)< 1 1 )

2mr(yvi s ag

@ In 1D we recover the conformal behaviour consistent with (Bernard, Doyon, 2012)

s 1 1
Drel|d=1 = 24 @ - @

@ this result agrees with (De Luca, Viti, Bernard, Doyon, 2013, Ising chain) and
(Collura, Karevski, 2014)

@ no presence of left and right velocities — mean free path is oo, then we don’t
have shockwaves
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Numerical Results: 2D
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Numerical Results: 3D
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Work in progress about transport properties in integrable system

@ we use the GTBA (Caux, Essler2013) to obtain the NESS

o) =33 e St 8w g T w0 {u}).
{2} {p}
@ we go in the continuum limit

=Siay=Sp gilway —wp) HAHOlP)
o) = [ Dile™" Y- (o7 e ) .. ).
{2}
@ from the normalization we obtain a new free energy 7, = 2ReS, — S
8.7—'

= ‘Ps - O
@ this equation is coupled with p(\) + p”(A) =5+ [T ANK(A = N)p(N)
Nim (O(1)) = (ps|Olps)-

@ the question is : in the case of the problem of the two temperature |ps) is the
NESS or the GGE or into the overlaps are present both the two states? Work in

progress
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Conclusions

Results

@ we study the transport properties of a free Fermi gas in D-dimensions
@ we find a behaviour proportional to T2 — T2 in any dimensions

@ only in 1D we recover the conformal behaviour for massive and massless
cases, but this is probably an accident

Work in Progress

@ we will use the GTBA to study the transport properties of integrable
interacting systems

@ Ising, XX and Lieb-Liniger model are under investigations
@ we will find NESS, GGE or both?
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