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Relationship between Phonon Effects and Frustration in Quantum Spin Systems
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In phonon systems with spin-phonon interactions, we developed a method to derive
effective Hamiltonians by removing a degree of freedom of phonon analytically. The effective Hamiltonians
describe frustrated quantum spin sgstems with competing spin interactions energetically. Furthermore,we
expanded this method to be applicable to the one-dimensional spin-phonon interaction systems with the
geometric structure changes, the high-dimensional systems with the interchain interaction due to phonons,
and the one-dimensional systems with the nearest-neighbor and next-nearest-neighbor spin-phonon
interactions. We was able to understand the novel states and phase transitions to occur in the ground
states of both the phonon system and the frustrated quantum spin system by using our method to connect
the two systems.



A Y -

[1]

A -

XXZ

XY

A ¥ =

A =

[2]

A -

TSR BRER IR A =T x J RIFREAE

NI DHN, RFFETIH, A~ %/ W

Mathematica

[3]



erg A -7 /) UM EAAERZ SO

(€))
vr-74 /) CRIMEAERANS 5 —RITHR,

@
(©) WA v—T + /

@
WD EXICHWONAZ A -7 % /

TTF-CuBDT 72 EOEA L L - 3 =)L 2

=7 4 7 R AEAEH T difference
coupling’ * site phonon’

CuGe0,

* local coupling’ * bond phonon’

Cu
0 Ge
ALTAELTBY, A-7% ./ MHEAE
0 Ge

BEOAY -7+ / R EAEH

NIZAE -7 5 /) AR EAER & s &

J LAY -7 UEMEEER
g

g=0
g
g=0
REICHD AT, AT/ A
a g
Ji-J,
S/ J; a
) CuGe0,

vr-7 % ) UEMEEHD 3

7=0Icit, AV -7 3 7 UM EAEROKR

Q@A -7/ UEMRAEERE LT,

[4]



WA =7 % J

A2 K= RREFEBIBAE R O &R 1 %

< >

[1] H. Suwa, “Geometrically Constructed
Markov Chain Monte Carlo Study of
Quantum Spin-phonon Complex Systems”,
Springer Theses (2014).

[2] S. Akiyama and C. Yasuda, “Quantum
Phase Transition in Antiferromagnetic
Heisenberg Chains Coupled to Phonons”, J.
Phys. Soc. Jpn. 80 (2011) 104709.

[3] K. Nomura and K. Okamoto, “Critical
properties of S = 1/2 antiferromagnetic
XXZ chain with next-nearest-neighbour
interactions”, J. Phys. A 27 (1994) 5773.

[4] F. Becca, F. Mila, and D. Poilblanc,
“Tetramerization of a Frustrated Spin-1/2
Chain”, Phys. Rev. Lett. 91 (2003) 067202.

C. Yasuda and S. Akiyama, “Quantum
Phase Transition Induced by
Geometrical Changes in Spin-Phonon
Interaction”, J. Phys. Soc. Jpn. 84
(2015) 014705. . DO
http://dx.doi.org/10.7566/JPSJ.84.0147
05

L TR - RITEEAY T % )

71

2006 3 20

L TEHE - REEA Y T % ) v

70 2015

69 2014 3 28

http://www._phys.u-ryukyu.ac. jp/~cyasuda

/

@
YASUDA, Chitoshi

@
AKIYAMA, Satoru



