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o Relativistic integrable QFT theories

@ Thermodynamics of integrable theories

@ Thermodynamics of integrable QFT in finite volume
@ Hydrodynamics of integrable theories

@ Hydrodynamics of integrable QFT in finite volume

based on arXiv:2308.05010+new stuff
Thanks to Milosz Panifil.
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relativistic integrable models

E(0) = mcosh(0), p(0) = sinh(0)
integrable: scattering phase

¢(91 — 92) = —iIog(Sscaﬁ) 61 61

©(0) = Dpd = ' (0) ‘ a
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2d thermodynamics

- 3

Po

Rl L

temperature T =1/R, density of quasiparticles p,
occupation ratio n = 2 = (1 + gfteo)

Free energy: F(T) = —LR [ p'(u)log(1 + e Reo())

charges'!Q\ = [ dfp(0)h,(6)
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2d thermodynamics

TBA  eo(f) =E(6) — lR / qud' (6 — u) log(1 + e~ Rl

BYE  p(0) -p'(0) + / du &/(0 - v)po(u)
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integrable QFT

Due to QFT — virtual quasiparticles on R circle are present.

A —

PP

€o(0) =E(0) — % /dru (0 — u) log(1 + e~ Feolw))
\l/ .
e(0) =E(0) + 5 > ®(0 — 6]) - lR /guq,/(@ _ U)log(1 + &-Re®)
j
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integrable QFT

e(0) =E(0) + 5 > ®(0— 6]) - % /dud)’(&  U)log(1 + & A
]
+ LT B -
91' _0+’§’ gi(u)—g(uilé)

This yields BE corrected by the ground state contribution.

Re(6;") =i(2nj+ 1)m

2mm =RE(0]) + ) _ (0, — ;) +1i / dud'(0] — u)log(1 + e FW)
i
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Thermodynamics

Assume dominant configuration of virtual particles is given by p

= >;()— Rfdu(.)p(u)

€(¥) = E(9) + i/du S0 —u)p(u) — f/d*ucp (0 — u)log(1 + e~ Re(v))
~—

€'(07) = 2mip(0),

p(0) =E(0) /cTucb —u)p R/d“ud>” u) log(1 + e~ A<)

BYE!ll = p ~ density of the virtual states.
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The torus as product of two circles:
L — space x R —the temperature circles — we can dualize equations:

L+ R, pep
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Torus

() =E(0) +1 [ du 00— u)p(u) - 5 [Tu® (0 - ) log(1 + e ")

pi(0) =E(0 /d“u¢ —u)p(u) + /d“ud)” — u) log(1 4 e f<)
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Torus

() =E(0) +1 [ du 00— u)p(u) - 5 [Tu® (0 - ) log(1 + e ")

pi(0) =E(0 /Ju¢ —u)p u)+R/d”u¢” — u)log(1 + e~ Felv)

7 L+ R, p+p, €<ré )

&(0) = E(0) + 1 [ du o(0 — ut)p(u) - ! + e/ - uylog(t + o740
p(0) = /‘TU (0 — u)p(u) + /(TUCD”(H+ u) log(1 + e H&W)

unknown €&, p;, €, p;. Twice as many eqs as for L — oo.
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Figure: Plots of n(8) (continuum lines) and n(6) (dashed lines). The
parameters are (a) Rm=1, Lm=1.5, a= 0.5, u = 0 (left figure), and (b)
Rm=0.5, Lm=0.1, a=0.15, x = —1.5 (right figure).
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Partition function for free fermion

Z =try e A

logZ = — L/@ log(1 — e F1EP))

— Y log(1 — e LECH)

nez

it is symmetric : (L <+ R)

g [ _RE@y_ g [ 9P _ -LE(D)
~ L/ZWIog(1 e RE®)) R/zﬂlogﬁ e LE(P))

tp Nz

LR pep
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Generalized hydrodynamics (GHD)

GHD - integrable models — (infinite) current conservation laws.
p(0,t,x), n(d,t x), etc.,

Charge densities ar(t,x) = /d9 p(0,t,x) h\(0)
ogr + Oxjp =0 =7
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=7
Dressing (GHD)

BYE pi(0) =p/(0) + / U o0 — un(u)py(u)

pr =p + ¢ * npy, p=np; =9
Pt = (P’)dr
dressing (Q)¥ =g+ p*xn(@)*

ax(t,x) Z/dehm(p’)df: [ dép’ n(hy)*
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GHD
Mirror: (E,p) — i(p,E), E — ip= q\ — Ij

av(t.x) = [ n(m)* = [ (p)*nn,

!
\(, X) /Emm ﬂEm

GHD equations.

0tgy + 0xjr =0

(@) =(1—pxn)g
(p/)dratn+(El)draXn:0 e
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Generalized hydrodynamics (GHD)

Figure: Non-trivial fluid dynamics (imagine by color shades varying with x)
take place along L-circle.
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Charges (GHD)

torus TBA —  py=p' +ox (np;+ (¢~ %97 ) *ip;y)

1

the charge density is np; + (¢~ * ™) * fp;

@ = [ Mo+ (6w ) <o) = [(hamp+ o)
po=(P) h=i= (" %), grw) =gu+iD)
t + ] Y 0 n)’ 2

charges @, = / h\hp,
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Dressing (tGHD)

New dressing : ar(g)=(1-¢ «n)""9

New dressing dr
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Torus GHD

A

1.dr" (0 dr (P) + Ochdr (E7)) = 0.

T=(o lxp ), dr=(1-¢h) ", dr =(1—hg)".

we need to find i = A9, n(6, t, x)) = (1 + e¥)~" from TBA
E=E+ i®d % np; — 1Zcp* log(1 4+ e~1%)

i ]
pt=E +pxnp — ¢ xlog(1+ ™)
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n < 1 approximation

i~ exp{—L(E + i®~ n(E)¥)}

(E') — ip*x (AE)
O o) it (Rp)

—onL(p %)« AEDT — pot )yl an =0
E C
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