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Generalized Hydrodynamics

A set of conservation laws:
0 qi(x, t) + Oxji(x,t) =0

Ex.: Navier-Stokes:

p(x, t),v(x, t) p(x, t),p(x, t) = j, = pv
=
Orp + Ox(vp) =0 Otp+ Oxjp =0
p(0ev + vO,v) = —0xP(p) + CO?v Otp+ Oxjp =0

where j, = P + v2p — (Oyv. Generally:

Ji = Fi(q).



GHD - GGE

Generalized Gibbs ensemble:

Z="Tr (e_zfﬁjof> = <(’A)>5

{7} < {ai}
Local entropy maximisation:
qi(x; t) = (Gi) g(x
Jilx, t) = <f> (x,t)
Flux Jacobian:
Oii = A{:(g) =  RAR! =diag(vfT, 8T ...,..)
6qj

Normal modes:

denj + veT(n(x, t))dxn; = 0



GHD - TBA ['16 Castro-Alvaredo, Doyon, Yoshimural]

hi(0) = E() = mcosh @

gi = /d@ p(0)hi(0) = _g;i’ eg. {hg(@) = p(0) = msinh ¢

Z/th /90(9 —u)ln <1 + e*ﬁ(ﬂ))



Main formulae

Pairing:

d6 n(0)

(0 0(0) = [ T r0)e0)

Dressing:

g"(0) = g(6) + (6 — u) 0 g (u)

=g = (P)"(0) 0 hi(9), i = (E')* () o hi(0)

Properties:



Connection to Leclair-Mussardo formula

H/ deszncel,...,e)

F2q,'1 C(01, - ,0,,) = E(91)<p(01 — 02) - QD(@n_l — 0,,)h,-(6,,) -+ perm.
B (01, 0n) = p(61)0(01 — 02) ... p(On—1 — On)hi(6) + perm.

Ex.:
= E(61) 0 @61 —02) 0.0 p(Bn-1 — 6n) 0 hi(65)
n=0

Finally:

E(9) o h"(0)
p(0) o K (0)

<CIi>
Ui)



Continuation to the finite volume channel
Transformation

ﬁ _>(L707070,)
0 — =0+ %T
(x,t) = (it, ix)
(p, E) — (iE, ip)
LM formula

o|o|oL_Z H/ deszncey,...

VEVs

(0lakl0) = i(E")*"(8) o hi(87) = i(j

(OLjil0}. = i(p)*(8) o hi(67) =

,0

y
n

)



Simplification for the charges
Useful relation

Ope(0) = Z F ()T ()

RO ae(0) = L(EY(0)

=000, = (E)(0) o hi(0) = [00e(6) o hi(0)

. 1 dé ’ —e(0)
_L/zﬂh,(e)ln (1+e )

Finite volume charge density

o 0 [ df .
(0lakl0). = i) = 7 / 9 b0 tog(1 + =)

Energy density

ih,(07) = —E(6)

=
= —_ [P —<(®
EL—L<O‘q1|O>L— o ( ) og(1+e )\/



Excited states and re-defined pairing

w(0)

€(0) = 5" Bib(0) + > miclog (0 — i) — / 2 (0-u) In(1+e7 )
i k

Active singularities:
€(0;) = im(2n; +1)

Pairing and dressing for excited states: ['19 Bajnok, Smirnov|

f(6) o g(0) = 3 UNECD) L r(6) o g(0)




Conjecture

New dressing:

g"(0) = g(6) + (0 — u) e g% (u)

Keeping original formulae:

p'(0) o K (0) =7
(i) = (E")¥(8) o hi(0) = E'(6) o hi(6) =7
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Simplification for the charges

Ape(0) = L(EN(0) = <jk>:%896(0)’hk(6):

-1 (fznjhk(ej) + [ SO+ 6(”))

Finite volume channel:

<917...79n|qk‘917'~79n>L = I<vl;(y> =

:% (zj:ﬂjhk(H])Jr/gH,h/ (07)In(1 + e~ e(e)))

i.e. in sinh-Gordon: 0; = G_J- + 2 =1

Ei( Z /di E(6)In(1 + e~<(9)y

N



Gaudin-matrix

WI(\Q)

e(0) = Bihi(0) + > miclog S(0 — 0)c) —ilog S(6 — u) 0 Dye(u)
i k

iD(6

Q

Dpe(0) = w'(0) +p(0 — u) 0 dye(u) = iDY(H)
—ip;(0)

. . dr
0p;€(0) = —njip(0 — 0;) +p(0 — u) 0 Op,e(u) = —ii ()
Gaudin-matrix:

ij = *I'agje(ek) =—i (5jk8¢9€(9) + agjé(e)) ‘9:9k = jder(Hk)*goj-jr(ek)



Relation between dressings

d

O+ 2 e

Jklgdr ek)

Z o fdr

—1 _dr
Jkg

(0k) + £(0)

g (0)




Expression via Gaudin matrix

(i) = (")*(8) o hi(8 Zm(p ) (6;) Gy i (8x) + P/ () 0 i (6)

Finite volume channel;

{0} il{0}) L = IZTU ()G hi(B7)" + ip'(8) © hi(67)"




Consistency in the Bethe Ansatz regime

sinh-Gordon: 0; = H_J- + ’7” nj =1

e(0; + %T) =im(2nj +1)

Dropping all e~ -type corrections: ['19 Borsi, Pozsgay, Pristyak]

Ory -, 0nliilr, - On) =D E'(8))G; " hi(Bx)
Jk



Consistency in the Liischer regime
Excited state formula ['14 Pozsgay, Szécsényi, Takacs|

> to.yuio-y D {0+ 1)p({0-31{0+1)
p(61,...,6n)

(01,...,0,061,....00) =

p(01,...,0,) =detG (Gaudin-matrix)

p({0-}{0+}) = det G_ (submatrix of {6_} particles)

Uy duk
PO({01) = Z H/ Fmimye(01se - Omy .., un)
n=0

For 1 particle states, up to e~ "t

(Luscher-order), this gives the same result for the current!

order in the large volume expansion



Outlook

» Non-diagonal matrix elements
» Generalisation for non-diagonally scattering theories

» Cumulatns of charges and currents ['19 Vu] in excited states



