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Plan

Present result on spacetime evolution of heat in a quantum wire

@ Energy profile corresponding to temperature profile T(x):
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@ Sketch of derivation
@ Discussion
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Definitions ("Protocol")
@ Model defined by Hamiltonian

H= /dxH(x)

@ t = 0: Non-equilibrium state with temperature profile T(x)

pon = g oo (= [ BGamEIaK ) 50 = 1/T(
@ Observables at time t > 0
(O(t)) = Tr(pimre™ O™
@ Energy density, heat current density
E(x,t) = (H(x, 1)), J(x,t) =(T(x1))

with 7 st. OyH +0xJ =0
D 4 44 3/10



Result
@ (local) Luttinger model (a.k.a. massless Thirring model):?

H(x) = v S0l 00r(—i D) (x) + gud () ()t (x)w- (%)

r==+

@ Exact computation gives:

E(x,t) = = (Bo(x — vi) + Eo(x + v1))

N =

J(x,1) = = (Eo(x — vt) — Eo(x + v1))

T v (T 8 (T(0)?
Eo(x) = 5, T()? - 55— ( T(x) 2 ( T(X)> )

20t (=i D)y = (1/2)(w (— i) s + h.c.)

N <
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IS
Implication

J0x 1) = 2 (Eolx — vt) — E(x + v1))
1% T (x) 3 (T (x)
Eol0 = *T(X) T 1on ( T 2 ( T(x )) )
@ = Universal heat current
I|m J(x,t) =

2 (Eo(~00) — Eo(+)) = 75

2 T2
12(T TR)



Derivation |

@ Write 5(x) = (1 + eW(x)) and expand in e
@ Use general result (v € (27/B)Z)

Tr(e P K+ Wigf(0))  Ti(e #IKdl(0))
Tr(e—BaF (K+eW)) Tr(e—#9(K)

-u(flem= o))

_ %Ztr ({tiv —2(k + W) ~ [iv— 2K]7} O)

_ Z %Z (liv — 2K] " (@W[iv — 2K]7')"O)




Derivation Il

o = v dgy ...dg, LI o
Eo(x) = v + ;6’7@ M= In(Q) (H W(qj)elq/x>

=1

Tovipt Q)
/d ( IV_Vp+jQ ) Zqé

—_1\n T 2
ey~ {(n+1)(%) +2q$+(n—1>q1q2}

qiqk ~ q3 if j = k and g1 g otherwise
D 4 44 7/10



Derivation Il
@ Recall 5(1 + eW(x)) = (x)

Eol) = g + > (Yt wor
n=1

n—1

v 5 W(x)? W(x)”z] )

e [W"(x) W) +

v (B0 1 (B
~BvA(x)E 12n (B(X) 2 <B(X)> )

K v (T'0) 3 (T(x))?
A= ( T(x) ‘é(Tm) )
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|
CFT interpretation

m_ . ov [T 8 [T ()2

o) = &, T0" = 51 ( Tx) 2 < T(x)) )

@ Ey(x) can be written as (S= Schwarzian derivative)

T(x")

. dx’

X
Eolx) = g T2G (0 - 5-(S9)0), o) = |
0
@ Compare with CFT transformation of energy-momentum tensor
dw\ 2 cv
7@ = (5 ) T+ Sswia
= Non-equilibrium results for E and J can be obtained from

equilibrium ones by conformal transformation given by g(x)
@ True also for other observables? for other CFT’s?
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Other results in our paper

@ Explicit description of NESS even for non-local Luttinger model
@ Universal heat current even for the non-local Luttinger model

@ Explicit formulas for correlation functions

@ E(x,t)and J(x,t) for non-local Luttinger model in first order in ¢
@ Corresponding result for charge transport (LLMM, CMP 2016)
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