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a' [ 1]
S I #"r $ .,2% " $ "2‘%(
S= [ = dl "log 1+ = +";log 1+ .=
a a a
1f =0 =! la=Wa!  "pl ap"log(l+ € 'r)
b
ey
Pseudoenergy  e(") = ) k M h . :
| W, = aios' | u?a+'ééébasinh(!)+ CacosiB(1) + ...
#() 1

filling fraction  !4(") = HU() ~ 1+ @0

(Generalised) free energy density:

oy A M ht)log 1+ ¢ 'a()
= = — cosng )l10o + e '@
T R 2" a a (I) g e



Partially decoupled equations
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Partially decoupled equations

_ ‘ (@D v w2 1y
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Reflectionless points: A. Zamolodchikov, PLB '91
1
! ! (! ) - [ 1] [ 1]

|Excitations|Labels | w | q | n |a(1)|a(2)| COSh(! / )
¢ ® ® Breathers |B;,i=1,....,ng| Mp,cosh(0)/T |0 [+1|+1|+1
By By B Soliton S M cosh(0)/T — p/T |+1|+1| +1 | +1 - — 1

Antisoliton | S M cosh(8)/T + p/T|—1|+1| +1 | +1 - ( ) -

2 cosh(z!t)
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ma
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A. Zamolodchikov, PLB '91

)= e
- | - T "
| Excitations | Labels | w L g | n|cP]ac?] ' COShG / )
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Antisoliton | S Mcosh(0)/T + p/T|—1|+1| +1 | +1 : 2 COSh(i! t)
(!'! Z: B. Bertini, L. Piroli, M.K., PRB ‘19 )
i + 1 lines i+ 1 lines t + 1 lines i+ 1 lines
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o===0 === === os:%o
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B ———
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Partially decoupled equations
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Partially decoupled equations

_ ‘ w (@) v w2 1oy
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Reflectionless points: A. Zamolodchikov, PLB '91
S 1, (1) = 1
. - T2 - | (' ) T "
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g ® ® Breathers |B;,i=1,....,ng| Mp,cosh(0)/T |0 [+1|+1|+1 1
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. 1 | . o e . . ’
Ng + 1/p
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7 ~ ~ ~ o
BnB S N = ‘ — = ' ﬁ\e/'
o ~ b
ma |Excita.tions |Labels ‘ w | q ’ n | v |a(1)|a(2)|
—9 Breathers Bi,i=1,..,nB Mp, cosh(0)/T'| 0 |+1| 0 |+1|+1 .
@) Soliton S Moosh(®)/T | +1 [x1[0 0 0| »(®) Kap = =y, (1)
First level intermediate magnons |m;, i = j,...v1 — 2 0 —2-7(-1|4+1|4+1| O
First level next-to-last magnon |m,,_1, (j =v1 — 1) vi-u/T —2-j|-1{+1|+1]| O
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S — \/ w’\
\
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Partially decoupled equations
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Partially decoupled equations
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Check: high T limit



Check: high T limit
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Check: high T limit
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-l e e T S S T LTt ]

H . |l = - | . !
1 magnOnlc level: : ng +1/p 12_/— \

pri6]




1 magnonic level: ! =

Yél =1+gs,,

% =(1+as, ,)1+8s,,),

¥ =(1+gs,,)1+gs)1+gs), |=ng
% = (1+as,) (1+8n,), | = ng

%, =1+ gsh)(1+g2),

yﬁn( =1+ m,, A+ Fm,.. ),
Ty o = 1+ Gy, )L+ Fmy A+ Fr),
}Zl,znp! L= e?PVT (1 + Fm, »)

yﬁ]p = e2PWT (1+gmp! 2)! 1

Check: high T limit

pri6]

Pleateau values

W = e*



Check: high T limit

1
1 magnonic level: 'S he +1lp — Pleateau values
yél =1+9s,, ﬁ
@ =1+, )1+5s.), % o5} = e
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P o = L+ Gy, )L+ Fmy, )L+ Frl),
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l |
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Lu $|1 6
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I"|B'|'2 I 1 R — —
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1 . |l =
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Check: high T limit
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Pleateau values
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¥y =1+ Fm,
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y'rznp! 1= T (1+ Ympr 2)
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!

¥, = (k+1)%1 1,
y-mp! 1 :1/ymp = pl 1

k=1,...,p! 2,



Check: high T limit
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Check: high T limit
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Cross-check: NLIE

Nonlinear integral equation (Destri-De Vega)  C. Destri, H. J. de Vega, NPB '95

M e L HE T e L

Z(1) = ?smh!! o ol 1 1#1 ithlog 1+ &4C¢+1) 4 2_| ol ! ¥+ ithlog 1+e 0" 1)
f "l L
+=!2Im M sinh(! + i#)log 1+ gz (t+17)



Cross-check: NLIE

Nonlinear integral equation (Destri-De Vega)  C. Destri, H. J. de Vega, NPB '95

M o ) S A ) S

Z(1) = ?sinh!! i ! ol 1 1#1 ithlog 1+ &4C¢+1) 4 ! ol ! ¥+ ithlog 1+e 0" 1)
f !I d! | . 11} | I ."#
==12Im oM sinh(! + i#)log 1+ 2¢*1)

Does not rely on the string hypothesis! No magnons, breathers do not appear, only the kinks!



Nonlinear integral equation (Destri-De Vega)

M
Y= —sinh! ! i
Z(!) _I_smh..l

Does not rely on the string hypothesis! No magnons, breathers do not appear, only the kinks!

d! #l
o

Cross-check: NLIE

o0 1 1#1 iflog 1+ &2+ 4

=12Im

—| =

d!
2ll

¥

d#
o

C. Destri, H. J. de Vega, NPB '95

H

M sinh(! + i#)log 1+ &%+

Lo( ! 1#+ i#hlog 1+ e 2C1M

T/M §=1/3 §=1/1+3) §=3
DdV TBA DdV TBA DdV TBA
20 |[—10.4648558878 | —10.4648558858 | —10.4512155761 | —10.4512155756 | —10.3511969646 | —10.3511979842
10 |—5.22194300631 | —5.22194300532 | —5.19859206357 | —5.19859206333 | —5.10437699605 | —5.10437749589
5 |—2.59068229582 | —2.59068229533 | —2.55324704632 | —2.55324704620 | —2.47030920896 | —2.47030944780
2 |—0.98474359521 | —0.98474359502 | —0.92684324811 | —0.92684324807 | —0.87159594008 | —0.87159602002
1 |—0.41783483396 | —0.41783483387 | —0.35869323482 | —0.35869323480 | —0.33218987940 | —0.33218990576
0.5 |—0.11948181719|—0.11948181716 | —0.08847607829 | —0.08847607828 | —0.08339026939 | —0.08339027349
0.2 |—0.00386984298 | —0.00386984298 | —0.00258436645 | —0.00258436645 | —0.00256472781 | —0.002564 72782

B ——

#



Generalised HydroDynamics
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Generalised HydroDynamics

pwl,t pw2,t p$3,t pwn>t
De Nardis et al., IJSM '22
L>>2
B Euler scale
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Separation of scales - - .
N Bertini et al. 16
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Hydro: fransport of conserved quantities



Generalised HydroDynamics

p:cl,t pwg,t ng,t pwn,t

De Nardis et al., IJSM '22

Euler scale

Separation of scales - .
Bertini et al. '16

Castro-Alvaredo et al. '16

-

o o °
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I. Bouchoule, J. Dubail, ISM '22

Hydro: fransport of conserved quantities

q= di" ©t (D #a(NDw()

|
Lo [ tot ¢ | IVwe! (] M. Borsi et al., PRX '20
Jq di* 2" (D#Ha(h)aa(H)v= (1) B. Pozsgay, PRL '20



Generalised HydroDynamics

Pxy,t png px3¢ pwnﬁ

De Nardis et al., ISM '22

L>>2
_E Euler scale
Separation of scales — - ,
Bertini et al. '16
Castro-Alvaredo et al. '16
d
S N P oS
. I. Bouchoule, J. Dubail, ISM '22
Hydro: transport of conserved quantities
_ ! n tot
q= d" 25 (D#a(!)aa(!)
a n
| . '
. [ tot [y | LVwe! (] M. Borsi et al.,, PRX 20
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GHD equation LT X D) + T [VE (XD T(#:x,1)]=0



Generalised HydroDynamics

Pxy,t prJ px3¢ pwnﬁ
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I. Bouchoule, J. Dubail, ISM '22

Hydro: transport of conserved quantities

q = d" 2 (1)#a(M)aa(!)
ad n
0= AR ORORON O v
a
GHD equation LT (#E X ) + L VS (# X 0)"T(#:x,1)] =0
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Generalised HydroDynamics

pwht prJ px3¢ pwnﬁ

De Nardis et al., ISM '22
L>>2

I | Euler scale

2>>d

Separation of scales - .
Bertini et al. '16

Castro-Alvaredo et al. '16
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I. Bouchoule, J. Dubail, ISM '22

Hydro: transport of conserved quantities

q= d" 2 (#a(M) (")
a
0= R OROBO 0 v 30
a
GHD equation LT (#E X ) + L VS (# X 0)"T(#:x,1)] =0
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Generalised HydroDynamics

pazl,t p:cg,t px3,t ,Oa:n,t

De Nardis et al., ISM '22
L>>2

. B Euler scale

2>>d

Separation of scales

Bertini et al. '16
Castro-Alvaredo et al. '16

I. Bouchoule, J. Dubail, ISM '22

Hydro: transport of conserved quantities

a= AP OfROG0) = scMacosht)#a()e (1),
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Drude weight
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J. Myers et al., ‘20; Doyon, Myers '20
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Thank you for your attention!
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