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Topological phase in d,f electron systems
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Classification of Tls/TSCs in free fermions
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Classifying TL/TSC : useful

Reduction of topological classification

-Correlation can reduce Z classification
e.g., 1D class BDI, Z — 7.3




Kitaev chain (TRS, PHS)

classification Z
=[# of gapless edges]

Majorana modes

Fidkowski and Kitaev (2010)
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The reduction of topological classification is addressed by many groups.

Y.-M Luand A. V. Vishwanath (2012);
M. Levinand A. Stern (2012);

H. Yao and S. Ryu (2013);

S.Ryu and S.-C. Zhang (2012);

C.-T. Hsieh, T. Morimoto, and S. Ryu (2014);

Y.-Z. You and C. Xu (2014);
H. Isobe and L. Fu (2015);

. , T.Y and A. Furusaki (2015);
C. Wang, A. C. Potter, and T. Senthil (2014); T. Morimoto, A. Furusaki, and C. Mudry (2015)

The periodic table in correlated systems

is obtained in1, 2, and 3D

Class T C | d =1 d="2 d =3
A 0 0 0 0 Z 0
Alll 0 0 1 Z, 0 Lg
Al +1 0 0 0 0 0
BDI +1 +1 1 Zg,Z, 0 0
D 0 +1 0 Z, Z 0
DIII —1 +1 1 Z, Z, 7
All —1 0 0 0 Z, Z,
CII —1 —1 1 7,2, 0 Z,
C 0 —1 0 0 Z 0
ClI +1 —1 1 0 0 Z,

T. Morimoto, A. Furusaki, and C.

Mudry (2015)




Motivation

[ The reduction is a recent progress of the theoretical sides. J

But...

No candidate materials for
the reduction of the classification

We propose

L The CeCoIns/YbCoIns superlattice as a candidate material

]




Experimental observations N
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We find that N\
the superlattice: topological crystalline superconductor
mean-field level Correlation l
# of CeCoIns # of A
layers (M, Vtot) Majorana|Protection
2 (4,0) 4 yes
3 (1,0) 1 yes
4 8,0) | 8 NO
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Results

-at a mean-field level A
L Topological crystalline superconductor
_J
” ofaf/zf: e (VM5 Vtot) ﬁac\)j];r'ana
2 (4,0) 4
3 (1,0) 1
4 (8,0) 8




Non-interacting case: BdG-Hamiltonian with magnetic field

BdG-Hamiltonian for CeCoIns layers intra-layer: normal part \
— -I- ; 2)] i ]
H = . Z !ckﬂw[hm(k)_w Clemo ( Zeeman term
+ Z &Tucn:r Ckmo'c kma’ + h. C., m09ne1'ic ]}m(k) = f(k)(-;U + amg(k) - o — pplio®
koo’ leld
| f Rashba term
=+ Z fJ_C;ﬂmngm’cr + h.c. g(k) := (—sin(k,),sin(k,),0)"
\_ k. (mm').o _/
YbhColns E(k) = =2t (cos(k,) + cos(ky)) —y
CeColns

Reflection \
plane \
intra-layer: pairing potential

Am-(k) — 3 L/)m dm%

dm2 p-wave

\ N




Non-interacting case: symmetry of BdG-Hamiltonian

[H =15 UlH (k)T ] [Nambu operator )T]
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Chern numbers in the superconducting phase

Block-diagonalize with reflection / PBC:Chern number v., ﬂk
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\ - ==
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[mirror Chern #] v\ = V*;”_ Topological crystalline superconductor
with vp = 8 and Vit = 0

[total Chern #] vtot = vy + 1V




Results
-At the mean-field level

[ Topological crystalline superconductor I
Correlation ]
mean-field level /
pd

#
# ofaf,zfg Ins (VM: Vtot) Macjjir'ana protection
2 (40) | 4 ves
3 (1,0) 1 yes
4 (80) | 8 NO




Gapping out respecting A-symmetry

complex fermion

—

Two pairs of Majorana
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# of helical Symmetry [R ( Zﬁfgg ) R = ( —ij(ia):) )
complex fermion protection
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Conclusion

4
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We propose the CeCoIns/YbColIns superlattice system

as a plat form of reduction of topological classification

ZXZ——ZZXZS

_/
# of CeColns # of Protection
layers (¥a1; Veot) Majorana|(correlated
2 (4,0) 4 yes
3 (1,0) 1 yes
4 (8,0) 8 NO

[ This might be observed with ] -

systematic STM measurement for 2,3,4,5,6,..layers




Part 2: Testbedof Z — Z.4 incold atoms

TY-Danshita-Peters-Kawakami arXiv:1711.xxxx

Motivation ~N

For more direct observation,
it is better if the interaction can be tuned...

7

difficult in real materials... ]

\

7

Interactions can be tuned in cold atoms ]

\

I The testbed of Z — Z.4 can be build up
by loading 1Dy atoms to a one-dimensional lattice




Simple model of 7, —> Z4

Toy model
2-leg Su-Schrieffer-Heeger model with interactions

\

-
1

H = HtSSH + UZ Nyt — rn'?,aJ, 2) + JZ Sai . Sbi

% %

Non-interacting part

(
Hissg =

T .
—1 Ziegdd C?l—l—lcwC?ﬂfﬂr

\

T .
-V Z‘iEE‘UeTL Ci+1aoCiao + h.c.

chain a .—--‘&——#ﬂ—-‘—_‘
chain b @_‘_H_’

1D class AIIT: Z (for free fermions)




Simple model of 7/, — /4

1 1
H = HtSSH + U;(nmfr — 5)(713-% — 5) + J; Saﬁ- . Sb?;
Intuitive picture
less modes
gaple ode (@h)
l
[ U=J=0 | (@)
b1)
(bl)
- (chain,spin)
U>0 \ o
=0 %
ho gapless edge
>0 —
J >0




(1) How to prepare
the above toy model or other similar?

(2) How to observe
the destruction of gapless edges?




(1) How to prepare
the above toy model or other similar?




[Similar' model can be build up by loading ]

161Dy : strong magnetic dipole-dipole interaction ———

(21 g)? 3
DT: J‘D{ J‘B} [Sl . 'Sfi _ r_E(Sl _.].1.){52_.11}]5

[optical pumping] + [Zeno effect]
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43

J
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Effective two-leg ladder of spin-1/2
(
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. ) . A 162 /21
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Numerical results: bulk properties
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spin exchange J/t

@
Degeneracy
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¢ Bulk is gapped

Energy gap (OBC)
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All of edge modes are
destroyed by Uand J




(2) How to observe

the destruction of gapless edges?

U=5t

‘charge gap - |
x0.1 Spingap .

0 0005 001 0015 0.
J/t

Finite charge gap@ edges

02

m) Radio frequency spectroscopy
(~[ARPES measurement])

How to observe spin gap?




How to observe the spin gap?

Energy
A
Spin gap: = [Nl [Dal o
m) Observing time evolution
1), [2) : Eigenstatesof H = | —— | T)al 1)o — | L)al o
[¥(0)) = c1]1) + 2]2) ‘
Z |ci|*(i| A|i) + 2a15 cos(wait + 612)
woy = Fn — E
ajpe?z = ciea(1]A[2)
- Superposed state can be prepared by shining a half-m pulse
-Oscillation of (57) , tells us the gap size wmp [gap size]~1nK




Summary of part 2

G)ading 161Dy atoms, )
one can prepare a testbed of

Zi — Dy

* Interactions can be tuned 0 0.05 0.1 0.15 0.2
in experiments!! J/t

{ 7, — Z4 can be observed by ]
/ ’ A

*Radio frequency spectroscopy: [charge gap]~80nK

- Time-evolution of the expectation (S;)  [spin gap]~1nK

-

TY-Danshita-Peters-Kawakami arXiv 1711.xxx>



Thank you!
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