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Two-dimensional density-matrix renormalization group studies of strongly correlated
Dirac Fermion systems

SHIRAKAWA, Tomonori
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We have implemented state-of-the-art DMRG code, which can take world largest adapt
ed states, approximately m~15000. We have then applied this code to interacting massless Dirac electrons
described by a Hubbard type model. Carefully calculating the double occupancy as a function of the on-sit
e Coulomb repulsion U, we have found that there is only one transition with U. In the strong coupling lim
it, the ground state of this model becomes a symmetry broken state. Therefore, our result suggests that th
e metal-i1nsulator transition is accompanied by symmetry breaking in this system. We have also developed th
e DMRG method for the magnetic impurit¥ problem defined in the 2 and 3 dimensions, and the method has been

applied to the magnetic impurity problem coupled with massless Dirac electrons. We have calculated local
dynamgcal magnetic susceptibility and found that, in the particle-hole symmetric case, the Kondo screening
is absent.



1)

QMC
ED
DMRG DMRG
m
DMRG m
S. R. White
5000
[Yan et al., Science 332, 1173
(2011)]
m
2

QMC
[S. Sorella, Y. Otsuka,

and S. Yunoki, Scientific Report 2, 992
(2012)] QMC -

[e.g., M. Hermele, Phys. Rev.
B 76, 035125 (2007)]

®)

[R. R. Nair et al., Nature
Physics 8, 199 (2012)]

Ly (=3)

m 10000
DMRG

u=0

DMRG DMRG

m=15000

@ (b) DMRG

1(a) ()

(a) FEDHR (b) ZAREDR

'
TAVANVAVAVAN
s MXAYAYA.

A4\ 2" aVAVAVAN

(b) L



(b) -
Pm Em
Pm=0 Em
Pm Em
-35.65 \ :
m=5000_
w3570}
&
g -35.75) -
g -
E -35.80 m=15000
= -
& 3585
30 S 0x10° 1L0x10” 1510 20x10° 2.5x10°
Discarded weight P,
m (@) DMRG
Discarded Weight, Pm Lanczos
Ground state energy
Em ) 36
t=1 U=5 DMRG
DG
@
U=0
1/2
uU=0
]
1/2
DMRG
uU=0 U U
DMRG
U
DMRG
m=15000
U T. Shirakawa and S. Yunoki,
“Density-matrix renormalization group
study on a magnetic impurity in the
- honeycomb lattice”, J. Phys. Conf. Ser.,




Tao Li

T. Shirakawa and S. Yunoki,
“Density-matrix renormalization
group study on a magnetic impurity
in graphene”, APS March Meeting,
Denver, USA, Mar. 4 (2014)

T. Shirakawa and S. Yunoki,
“Density-matrix renormalization
group study on a magnetic impurity
in the honeycomb lattice”,
International Conference on
Strongly Correlated Electron
Systems (SCES’13), Tokyo, Japan,
Aug. 6 (2013)

HPCI

http://www.riken. jp/ccmp/

@
SHIRAKAWA, Tomonori



