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Overview

- Review: excitons and heterostructures
- Holes in strongly correlated layers
- Strongly correlated bilayers

- Excitons in strongly correlated bilayers
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Excitons: a little theory

- Bound electron-hole pair -
- ‘Hydrogen-like’ with Bohr radius: a="-
- General phase diagram: o

EHP

ionization

log T rE

free exciton gas

BEC BCS = El

LR SRR R R R R SRR R R R R e e ]

log n
Ref: Snoke, cond-mat/1011.3844; Moskalenko & Snoke, "BEC of Excitions” (2000) l
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Excitons: experiments

- Bulk laser excited excitons in Cu,O

Spectral function > BEC?
Transport > Superfluidity?

Ref: Trauernicht et al, PRL 52, 855 (1984)
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Excitons: experiments

- Trapped exciton-polaritons
- BEC at 19 K, coherence proven

Ref: Kasprzak et al, Nature 443, 409 (2006)
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Double layer excitons

hole layer

- Double layer excitons
- Features:

- Tunneling, zero Hall, drag
- Experimental realization:

.* electron layer
o4

.

Quantum Hall Bilayers Coupled Quantum Wells
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Ref: Eisenstein & MacDonald, Nature 432, 691 (2004);
Butov et al, Nature 418, 751 (2002)
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Detour: Oxide Heterostructures

- LAO/STO interface conductivity
- Electronic reconstruction

- Twente 2011: NCCO/LSCO interfaces

Ref: Ohtomo & Hwang, Nature 427, 423 (2004);
Nakagawa et al, Nat. Mater. 5. 204 (2006
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Our research

- What are the properties of excitons in

electron-hole strongly correlated oxide
heterostructures?

- Problem:

No (good) theory for the doped Mott
iInsulator
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The exciton t-J model

- Assumptions:
- only interface layers are relevant
- excitons are bound states
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Effective t-J model of Excitons
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How does a single exciton move In
the bilayer antiferromagnet?

- A single hole moves in a quantum
antiferromagnet

- Effective Hamiltonian
- Self-consistent Born Approximation;

- Effective Hamiltonian for the Exciton from the
bilayer Heisenberg model

- Spin Dynamics of bilayer Heisenberg model
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A single hole in t-d model
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Ref: Schmitt-Rink, et al. PRL 60, 2793 (1988) l
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A single hole in t-d model
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Ref: Schmitt-Rink, et al. PRL 60, 2793 (1988) l
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Bilayer Heisenberg model

H = Z(-:zl ';/I + Si2 :1_’) + Jo Z(:il + Si2)
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Singlet-Triplet Basis and MF Ground
State
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Singlet-Triplet Basis and MF Ground
State

Mean-field order parameter: (S,T) = 1mm
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Spin-Wave Theory in the Singlet-
Triplet Basis
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Bogoliubov Transformation
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Effective Hamiltonian for a single exciton
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Self-consistent Born Approximation
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Simulation in the single layer case

Spectral Function

1.2 ¢ ! ! 1 Y 1 1 |
P2
Pi/4
| 0
1 >
l |
| |
08}
— |
o2 |
E 06}
%
04 1 - -
0 . SSSorr ] S 1 1 1 Do
-4 -3 -2 -1 0 1 2 3 4
E

Leiden University. The university to discover.




08 T T T T T T T
Pi/2
Pi/4

|
06 [ | —

05 | .

03 r | -
; \ .
| \
| - |
f \ ), Y \
] \ v " \
' \ ,* s \
02 | | o AT\ §
» 7, ’l - /- ]
| | \\- ST S . \
! ' . \
‘. y y \I-.
/ \\
0.1} : B

Leiden University. The university to discover.




Spectral Function
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Spectral Function. J=0.2, gap=1.5, free-part =0.5
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Bilayer numerical results
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A(k.omega)

Spectral Function, JA=0.200, alpha=1.600

1 [ ) 1 T T T T
| (0,0)
| P (Pif2,0)
. : (Pi, 0)
: b (Pi, Pif2)
| s (Pi, Pi)
0.8 I : (Pif2, Pi/2) -
: l ' A
0.6 : ' " '0 \ :
' ; : ' | ||
y - | |
! : \ [
' ' \
| | ,
' ‘ | ‘.
0.4 ' A
l. "' ||.
0.2 | i : i :
y r"‘ \ I\
' ' / '..'
f , ' P e \
o Nk \ ¥
' o R . R
0 | .zLJ/'\‘-_;.#s'.'.‘-r-'{-"-'—' i LIt ra [V, Ga v e
-8 -6 -4 -2 0 2 4 6 8

Leiden University. The university to discover.




Spectral Function, JA=0.200, alpha=1.000
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