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Magnetic Insulator

In one dimensional is a good
candidate for thermal conductivity

due to magnetic excitation

Partially filled electron shell :

3d,4d 4f, 5f

Ferro: CrBr3, KoCulFy, EuO, EuS, CdCrzSes, Rb,CrCly, etc.
Antiferro: EuTe, MnO, RbMnF5, RboMnCly, etc.
Ferri: EuSe, etc.

Heisenberg model

Hamiltonian describes these
material




ﬁow dimensional quantum magnets

. . HHeisenberg — JZ Si 'Sj
1)Heisenberg chains i,j
2) Spin ladders

3) Spin Peierls:

H=1[1 + 8(=1)]S, - S,+,

Spin liquid phase A

_r/§ -

(S,.S,)
Sr2Cu03, SrCu02




Thermal conductivity

Playground for magnetic
studies of this material and

Transport of heat in insulator quantum information
1)Phonons processing and in electronic

2) In low dimensions: magnetic excitation device

Klw) =D&w) +K,;,(w) Integrable one dimensional -

One dimensional quantum magnets
show a unusually large thermal

conductivity Castella, etal: PRL 74,
972(1995)
(Sr,Ca,La),Cu,,0,,

Nonvanishing of Drude weight

Nonitegrability with Luttinger
fixed point

1D spin ladder S. Fujimoto, PRL 90,19
(2003)




allistic and Diffusive Transport

Nonintegrable Integrable System
System _ _ |
Nonzero Drude weight . Algebraic form for time correlation

’ function between current functions

Zero Drude Weight _ Exponential Behavior for time
' ¥ correlation function between




(@)  Du(T)>0; 0q.(T)=0
{b) D11 {T) > 0 D'dc(T} = 1)
(¢) Dp(T)=0; 0g(T)>0.

Case (a) — Infinite Conductivity and

exactly conserved current

Case (b) E—) J1 = Je F Jdec

Exponential decay for current-

current correlation function with
full dissipation for current

Case () |IEEEEEE——)




Anisotropic spin ladder model
amiltonian

Because of crystal field effects and easy axis effect, we introduce two global and local
anisotropies: o0.A

H = J Z(bl’rl + S + ASET) + ]Z Tis T 7T s +O0TET s)

+ T (S7ST s+ SYSY 5+ 6S7SE ;).
. —I¥1 L[

f

T § are the spin operator of localized electrons on each chain

and the coupling constants/,], are

antiferromagnetic type.



i Bond operator Representation

°(0) = %(‘ Y=V S'Bi?t:tr:d;r\zlsanﬂf{ |
1 9332(1990)
I =M g =%<s 1, s —igptt,)
R L P I
]0) == (T [V

s's+t't =1

S .S, )=ic,, S —
St [ arts | =0




osonic Representation

The parts of hamiltonian after applying Bond operator
transformation

T Bk.a- i +
il = Z Ak.aly olka + Z > (tk ot o + hec)

With coefficients:

1+ A
i )+ Jeos(k,), Axz=J1L +dJcos(k,)

By = —Jcos(k.), By, = Jocos(k,).

Ak,(x.y) = Ju (



Green'’s function formalism

Interacting one particle Green’s function :

glk,a — Zk,a\/(Ak,a +Zn,a(k90))2 _(Bk,a +Za,a(k90))2

Zk,aUkZ,a . Zk,ol/kz,a
w—Q, ,+io o+ ,—io

G, (k,0)=

2,.a(£,0), 2, 4 (K.,0) is normal and anomalous self energies and Z, ,
is renormalization constant. 1 o> (k ,0)
Z [, =1-  —
. . o 0
Interacting Bogoliubov coefficients: @

A, + k,O
sza :+,_l+ k,a Zn,oz( )
’ 2 20

U2

k,o?
k.,



‘-H:inite temperature Calculations

Dilution of triplet gas | > T<J,J,
k’ =—(T 1t l‘T 0
Matsubara’s Green’s g”’a( T) < T[ k’a( T)L k’a( )]>
functions Ja.a (k T) = — <T(t}f_ﬂ (’T)tl_,rf*_a(o)»
Zk,a,U]z{,a Zk,a’V]z{,af

Ret . :
G T (k,w) = k,iw, — w+10)= — — -
“ ( ) al ! ) w— ,+in o+, +in
Interacting one particle Green’s function : ’ ,

Oy o= Zk,az\"f{Ak,az + RG[EEEUC,O)]}Z —{Biot RG[EE “(k,0)]}
d Re(ZRe )
w=0

n,a

dw

. 1
renormalization constant: Z, ,=1- (

Zy fAy o+ Re[22(K,0)]}

n,o

20

Interacting Bogoliubov coefficients: U,ia,(Vi’a) = (- )5 +



alculation of hard core self-energy

Brueckner approach [Fetter & Walecka] for finding self energy of dilute Boson gas in
the hard core condition :

HU_UE t:ryztﬂztﬁz ai» U— @

La,p

Neglecting™ &, \

anomalous

| > dp dp ,
El (k lu-)n) = — Zjl ﬁr(]) k I) k ]) Z/ _r ?) k ILL j)) CTQO«(,T))



iSelf-Consistent loop
i |
1 After Convergency




Energy current and thermal
i conductance

Energy current is obtained based on the following definition

RE = Z Rihi! h
i : Local hamiltonian

R, denotes the position of a rung on the lattice

H = h,.
; " b= J(SESE, 4SS 40SES y

s i Y 2 .2
w7 m-m+a m*~m+a m+a -|_ Tme-l-ﬂ + Tme-l-a —|_ 6Tme+ﬂ)

2SSV L ASE 72

d 0 _
Jp = Rp = ;Rgam — EIZR;[hm,hg]




Kubo Formula for thermal conductivity

1 1
Jou =LV e 129, L
n i U 1 s .
L") = 55 f dte ) ([T (), B (0)]) = G i, / dre (T (ji(7)iz(0)))
Thermal =) K =—3% lim Im(LI* (w
conductivi C w—0 (L27" ()
, —12J4 vuin! ey . . .
riw,) = Ti3 Z Clho, kX (B iwn )XY (K Jiwn, ) XT3k +kyiw, —iw,, — iw,,)
' kk 1,710

! Y nf ' ﬁ,r_ m ﬂ" ) ﬁ,’ n
C(kl‘vkm) = 147 i Silkoth,) _ goilko=he) _ go-ilkatdhy) _ 52o-2ilky+2ks)

!



i Spin susceptibility

& )
X2k, iw,) = — /o dre*"{T(S.(k,T7)S.(—k,0)))

I L
= — / dre**n7"
4

<T(t_k,z(»r) o] (1) + S (=it (e (T) + itJliJrq’y(T)tq’w(T))) .

(th2(0) + 5, (0) + D0 (—ith ()t ,(0) +it], | (0, ,.(0))).

1)One particle bosonic Green’s function
particle bosonic Green’s function




Vertex correction

Neglecting the below diagrams due to anomalous
Green’s function in the diagrams structures

£y
q-p ko 5 -
/ A g -p .0 q- K,

F \E“‘\ 1725 B \r’
A .
> p.p > ’/ ;\_\ r ,1‘/
24 A=k B Y kp
<
/



i Numerical Results
Obtaining the Interacting

After solving the equations self consistently === green’s function and thermal
conductance

1000

Thermal conductivity of 100
isotropic case versus

temperature for various e
coupling constants. y
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oo—oaan
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ML

0.01

Monotonic
decreasing with i | 1

kTH

temperature

Decreasing

conductance with




iThe effect of local anisotropy

Noticeable change of ) | -
conductivity with local |

anisotropy L .




i The effect of global anisotropy

T T |
) 1/1=02
10 " —
: : e E
There is no considerable -
change due to inter chain 2L
anisotropy 01 =
0.01 = =
0001 | | | | | | | | | | | | | | | |

0.1 1
kT/T
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(53— Green's function (for infinite size limit)
[4—1 Exact (Lanczos, for L=14 rungs)




