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A novel mode of thermal transport

Sr,CuOy SrCuO,

S/ ~ 1071
J ~ 2/400K
CU(C4H4N2)(NO3)2
J~ 10K
Sr,CuOy SrCuO,  Sry4CupyOyq
: g Cs2CuCly
v : ! $=3/2, J~10K

1A. Revcolevschi, C. Hess, B. Blichner, A. Sologubenko, H.R. Ott, Y. Koike
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magnetic thermal transport
e highly directional
e electrically insulating
o "metallic” J ~ ef
e "mechanical” - switching




flash method?

Figure 2: Left panel: Thermal image on the ab plane of LasCagCunsO.y
showing very localized symmetric heating after a 40 ms heat pulse.
Right panel: similar image on the ac plane showing a highly asymmetric
streaked heating pattern due to the large magnon heat conductivity in
the (diagonal) c-direction.
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integrable transport and Drude weights - a conjecture 4
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Mazur inequality®

[Om H] =0, <Qmon> = Omn

02
e ~ 65> S 020

5P. Mazur 1969
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S = 1/2 Heisenberg model

L X QX > oz .
H=J3 1SSt + S/ Sl + ASf S, — hS;

J > 0 antiferromagnet

e A < 1 easy-plane e [SZ,H|=0
e A > 1 easy-axis ° js=JY(S'S/.1—S/S\y)
e A =cos(rm/v)

Bethe ansatz integrable model
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conservation laws ©

6%.Z., F. Naef, P. Prelovéek 1997

Rome 2019




SroCuO3 from 2N to 4N
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conservation laws 7

spin Drude weight - Dy
Qs = Je 5 (sQu)?
Dgs(T) > 58
o (w) = Dpd(w) ﬁs( ())— 2L (@)
o _p2_ -
O =F"<Jg > Ds(T) > 5 8A2mP(1/4—m?)

® Kge = Dt s = 21+8A2(1/4+nP)

m = (S%)

7X.Z., F. Naef, P. Prelovéek 1997
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O<A<1, m=0,TBA®

D(T)

_ msin(n/v)
P B2
C = 1- Sinz(i;rlfy)

©s. Fujimoto, N. Kawakami 1998, XZ 1999
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alternative BA - no strings®

quasi-local conservation laws'®

numerical simulations - ED, DMRG, "typicality” 1!
Generalized Hydrodynamics (GHD) '2

Drude weights from GHD 13

gA. Klimper

0T. Prosen, R. Pereira, J. Sirker, |. Affleck...
" F. Heidrich - Meisner, R. Steinigeweg...
128. Doyon, M. Fagotti...

13J. Moore, C. Karrasch, E. llievski, J. De Nardis...
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S — 0 fractal Drude weight

o A =cos(Z)
2 l)

™

Dy = Ss'i:2((§) (1 — £sin(25))
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w < 1/L contribution ?
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D scenario
transient gradient spectroscopy ?
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magnetothermal transport '

Ja=Je — s
kith = Caq — BC3s/Css
Cjj = Dyj

kin = (Dag — BD%s/Dss)T
MTC = 3D%g/Dss

Dag = Dee — 28hDgs + Bh? Dss

o Dge = 8% < jg* >, Dgs = B < Jels >
(QTM - Sakai, A. Klimper)

e Dgs

14K Sakai - A. Kiimper 2005, C. Psaroudaki, XZ 2015
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0
B (T) B (T)

Figure 4.3.13: Thermal conductivity measured parallel to the chains of
Cu(CyH4N2)(NOs3)2 as a function of magnetic field at several fixed temperatures. Fig-
ure taken from [196].

15T. Lorenz, A. Sologubenco

Rome 2019



spin Seebeck coefficient- S = Vh/VT 1
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Effective s=1/2 model for S=1 easy - plane
quasi-1D antiferromagnet
or how to tune A'”
NiCl,-SC(NHz), (DTN) large D limit

H=> [J(SnSni1) + D(S;)? + HS]]

n=1
J2P
HC1:D_2J+B+ﬁ’ H02:D+4J
H<H, S§=0

H>H, S°=-N

17S. Svyagin, C. Psaroudaki, N. Papanicolaou, G. Karadamoglou, J. Herbrych, XZ
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Effective s=1/2 model

Sp=0—s5=+1/2

SZ=-1-s=-1/2
Her = Z 2J(shshi1 + ShSh, 1 + Ashsh. 1) + hs
n

where
A=1/2, h=—-J—-D+H, h.=42J(A+1)

AR

)’,
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magnetization
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specific heat
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1D Heisenberg Hamiltonian

N
H=7) J(S/Sfy + /S,y + ASTS].4) — hSF,
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\ 8
N >
>

= 141 +1/(l/211/l/3+))
excitations, strings of order n; = j, parity \;, j=1,v
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7
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Thermodynamic Bethe Ansatz
(TBA - C.N.Yang, C.P.Yang, 1969)
M. Takahashi and M. Suzuki, 1972

€ = 6/(0) + hn; + TZ)\ijk oln(1 + efﬁek), j=1,..,v
k

¢; thermal string energies
X rapidity

Tix phase shifts

aob= [a(x—y)b(y)dy
%9 = pl/pj

Nk = pi/(pk + PR)-
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dressed excitations 8

0
pj Z)\k konk—y
EIZE Z)‘kT/ko nkEk

= ff =) M T o i
K

Q=0 =3 MTjomQ Q% =n;, Q=0e/oh
k
e h=0, Q=0 j=1v-2, Q_1=-Q =v/2
e physically, uniform change of the S* component of the
magnetization by +1, e.g. in ESR experiments

8Doyon, Fagotti and collaborators
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mean quantities
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thermodynamics

(0)
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T—=0

T =0
e1 = —vsinpy, 0<py<m
€ = 0, j>1
, - pi sind
2 theta

€1 ~TIn3—vsinp;, 0<pi <
¢ ~TIn(P-1)+vlpgl, j=2,..,v-2

(j+1)2—1>

T
|pj| < pj(nax’ pjmax = V In ( j2 1
ev—1 ~TIn(v—2)+ v|p,_1]

T v—1
max max _ !
Potl <P PP =—in(-—)

€v—1
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T =0
Ey = ¢, EjZO, ji>1

Ey ~ —v[sinp]
T,
B~ ~Tlsin( o)l 1> 1 |pl < p™
]
a note

flp) = Ting—e¢p

9
g+er

np=1-n =
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v=5, T=0.01
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€spinon = V|sinp|, -t <p<7

w1

CSpiﬂOn ~ gﬂ, (7T/3 ~ 1047)

—+00 2
(o g2 dp1 (vp1) N 1
CTBA B 6 2/0 2 4cosh2 w B 1234,8V

' 11
C(Tll)sA ~ BV

A Sy
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Drude weights - revisited'®

2 dp;
Din =% YN [ 22ni(1 = n)(v;E))?
e T =0, vi—v, Dm:"éc

a)
Ds =53/ z’,’r’nj - m)(v Q)
e T—0, Ds= ?X = EVK (Shastry-Sutherland)

Klimper, Sakai, XZ
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perspectives

e theory vs. experiment
e impurity scattering

phonon scattering - microscopic theory
e TBA vs. low energy effective theories
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