ETILE—FRICHTDREEFHR—ILIRGE

T. Yoshida (U. Tsukuba)

TY-Kudo-Hatsugai Sci. Rep. 9 16895 (2019)

Workshop: SMEOB TR TY-Kudo-Katsura-Hatsugai arXiv: 2005.12635
2020/08/26 e@Kyoto U



Motivation Long-range entangled

Short-range entangled (topo. +U)
i| = Topological insulators | = Fractional quantum Hall
H=H. Weyl| semimetals = Z2 spin liquid

* nH topo. ins.

H#H'| . exceptional points 272
Question
L Topological ordered phases for non-Hermitian systems? J

Yes |

FQH states with 1/3 filling can emerge
for non-Hermitian systems.




Hamiltonian 4
~Spinless fermions in magnetic flux~
( \ 2(’) ()
Heff — Hkin + Hint
2@{5 ()

o O O O

Hkin = — Z toei@j C;-er
(i,7)

Hint =V Z TV T
(i,7) nearest neighbor interactions:
\Z/ non-Hermitian

V=Vgp—il

.

VR >0

v >0
J




Y.Ashida et al, PRA (2016)
M. Nakagawa et al, PRL (2018)
K.Yamamoto et al, PRL (2019)

Inelastic collision (Feshbach resonance) J

~Relevance with cold atoms~

L Atoms may release their internal energy as kinetic energy

®
System

/ Environment

( Two-body loss:
L L, — ﬁcic@+ew(y)

Time-evolution of open quantum systems

. 1
0p = =ilto. )+ 3 (ELapll — S{ELLaso})
* J

\_

p(t) :density matrix of the system



~Relevance with cold atoms~

4 )
Time-evolution of open quantum systems Lo — ﬁ CiCiteqy)
1
Op = —i[H LopL! — Z{LI L,
P ?’[ Onp]_l_Z( PLq 2{ o np})
\_ ° /

Suppress jump term by measurement

Observe
particle loss

Environment



~Relevance with cold atoms~

4 )
Time-evolution of open quantum systems Lo — ﬁ CiCiteqy)
1
3 = —|H ] M A LT LO:;
p=—i| op]+Z( o~ 5ila p})
\_ N J

Suppress jump term by measurement

Observe
particle loss

Environment



~Relevance with cold atoms~

-

\_

Time-evolution of open quantum systems

Op = —i[Ho, p] + ) (M - %{LLme})

\
L, — ﬁc?;c?;_|_em(y)

J

Suppress jump term by measurement s

¥

‘

\_

— —i(Hegp(t) — p(t)H

7
— z 2 T
Heg = Ho + 5 L. L,

)

J

Observe
particle loss

¥

Environment

\_

4 Hint =V Z T
(i,7)

V = Vr—id

~N




~Warm up: Hermitian case~

0001 -

[ * Presence of the bulk QGPJ ° o(a) 0 I25 0.5

/N,

* 3-fold degeneracy for ground states
Haldane PRL (1983)

[ * Ctot=1 for the ground state triplet J

2nIm|trF]
b Opy = 1 / 3 s




~non-Hermitian case~

(a O
LL]
I &
E 005! ¢
| Q "
i 0.0 'y
| B
-10.1 -10.05 10

ReE



[ For non-Hermitian systems, eigenvalues take complex number's...]

Q:definition of ground states?

, )
* minimum RelL ?2?
State with —
- longest lifetime??

A:
We define ground states with minimum ReF
".") it also has longest lifetime

@) O0f o r: = =<V =exp(—ingm/10)
We define energy gap as : o | ng=0 -
A =ReE, —ReE, | £ ..l ot / ggj
L4 | ng=3
1 ng=4 -
10.1 -10.05 10 No™ o



[ We conclude emergence of non-Hermitian FQH states (1/3 filling) ]

based on ~N
- 3-fold degeneracy for PBC (topological degeneracy)

* Ctot=1 for 3-fold degenerated ground states

. J

(a) 0 e s e o V="V

o2 9 — 7T/5
E
= &
— -0.05 . A

sk
o &
8
-10.1 -10.05 -10

ReE



0.00] —————— -~
[ 3-fold degeneracy for ground states ] < ey b
P
o
0 0.25 0.5
1/N;
(2) ' ' 1 -0.01
- -10.07 iie . 2 ]
LL] m 1 . LLI
2 -10.08 ] -0.005 E
® @
-10.09 & & 0
1 2 3 4

n - label of states

[Many—body translation symme’rr'y] ‘ [’rhr'ee-fold degeneracy for the PBC ]

Hermitian case: Haldane PRL (1983)



[ We conclude emergence of non-Hermitian FQH states (1/3 filling) ]

based on ~N
%-fold degeneracy for PBC (topological degeneracy)

« Ctot=1 for 3-fold degenerated ground states
- J




[ total Chern number (Ctot=1) for ground states triplet? ]

0..do
Ctot:/d d.y

271

trF'(6,,0,),

an(exa Qy) — euyL<8u\Ijn|81/\Ijm>R-

~

(" Left and Right eigenvectors )
H|an>R — |len>REn

- A/




[Non—Her'mi’rian FQH states emer'ge.]

But,
L What are unique phenomena induced by non—Hermi’rici’ry?]




Energy gaps opens for V=i ————

= 3-fold degeneracy for PBC

= Ctot=1 for ground state triplet

- y, : :
@ o FFTT V=N ) 0 FT
L [ _ Pt
i o | Iﬂ'
Ué | e |2 — I-a
—=-0.05 | 2 - -0.05 Ilr
o “a b 5
'“”I -10.03 10 5 085 0.8 -0.75
ReE 100+10% ReE

o: V=i




Why purely dissipative in’ri;c;"rsiczrr;‘ o gop? ir;irgzo -G -G 2hwg
-0—-6—0C hwg
4 )
Hoth = PoHinit Fo + PoH i Pr ! P Hin Po.
EY — Hyy,




Why purely dissipative interaction Energy | -G -G 2hwg

opens the gap? for V=0

4 )

Hypwo = PoHineFo + PoHine 1 75— o

Repulsive interaction

due to Landau level mixing

J




Why purely dissipative interaction Energy | O—6 —O-
opens the gap? for V=0 2hwo

s N N

Howh = PoHini Fo HFPoHin Pr

Repulsive interaction
due to Landau level mixing

J

\_

Repulsive interactions induced by dissipations: reminiscent
of quantum Zeno effects




Summary R I
u'_él -0.05 *" ",
Non-Hermitian FQH states (1/3 filling) N °g “
- 3-fold degeneracy for PBC (topological degeneracy) 101 'I;C}I-? 10
c
_ « Ctot=1 for 3-fold degenerated ground states

J
Dissipation induces nHFQH

l reminiscent of the Zeno effect ]

, We also find that topology of FQH states is maintained

even in the presence of the jump term

by introducing the pseudo-spin Chern number

0

Foo =€ Y _ LU0} pnl0] pn) k.
L TY-Kudo-Katsura-Yoshida arXiv:2005.12635 n

df .. db |
Coy 1= / ‘)i J ImFoq (0, 0y).

J



Thank you!



