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Motivation

Quanteninformationstechnologie

universeller Quantencomputer

—> benotigt universellen Quantengattersatz

Photonen als flying Qubits
- intensive Wechselwirkung!
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1D photonischer Kristall | | T
Wellengleichung in 1D: —k
c> 0°E 0%E
g(x) 0x2  0Ot2 " > x

[Optical Properties of Photonic Crystals; K. Sakoda; Springer (2001)]

mit der periodischen relativen Permittivitat

e(x) =¢e(x+a)

| 2mm
> Fourierzerlegung €~ (x) = z K €XP (1 - x)

m=—co

el (x) =~ k_jea Ky + Ky € a
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1D photonischer Kristall | | T
Wellengleichung in 1D: —>k
c> 0°E 0%E
E(X) axz - atz O > X

[Optical Properties of Photonic Crystals; K. Sakoda; Springer (2001)]

Ansatz: E(x,t) = E,(x,t) = ug(x) explilkx — wit)}

E.(x, t) = z E.. exp( cmmn )exp{i(kx — wit)}

m=—co
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1D photonischer Kristall | = T

Wellengleichung in 1D: —>k
c> 0°E 0%E
E(X) axz - atz O > X

[Optical Properties of Photonic Crystals; K. Sakoda; Springer (2001)]

Ansatz: E(x,t) = E,(x,t) = ug(x) explilkx — wit)}

E.(x,t) = Z E., exp{ (an )x—iwkt}

Tm=—0o
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c? 0°E 0°E

1D photonischer Kristall e(x) 0x2  9t?
0°Ey , 2mm .
52 = (—iwy) Z k., exp{ ( )x — 1a)kt}
m=—co
c? 0%E, _2nm 27
~ e a4+ Ky + K elﬁx)-
=(x) Ox 1 0o+ Kiq
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c> 0°E 0°E
1D photonischer Kristall £(x) 0x2 _ Ot2
2(m — 1)m)? 2
En-1k41 {k + ( ) } +E,,11K_1 {k n 2(m + 1)7T}
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c? 0°E 0°E

1D photonischer Kristall e(x) dx2 ~ At?
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[Optical Properties of Photonic Crystals; K. Sakoda; Springer (2001)]
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3D photonischer Kristall
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[Photonic Crystals: Molding the Flow of Light; J. D. Joannopoulos, S. G. Johnson, J. N. Winn, R. D. Meade; Princeton University Press (2008)]
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2D photonischer Kristall
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[Photonic Crystals: Molding the Flow of Light; J. D. Joannopoulos, S. G. Johnson, J. N. Winn, R. D. Meade; Princeton University Press (2008)]
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Detekte im 2D photonischen Kristall
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[http://ab-initio.mit.edu/photons/tutorial/L2-defects.pdf (Stand: 03.07.2011)]
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Detekte im 2D photonischen Kristall
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[Photonic Crystals: Molding the Flow of Light; J. D. Joannopoulos, S. G. Johnson, J. N. Winn, R. D. Meade; Princeton University Press (2008)]
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Detekte im 2D photonischen Kristall
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[High-Q photonic nanocavity in a two-dimensional photonic crystal; Y. Akahane, T. Asano, B.-S. Song, S. Noda; Nature, Volume 425, 944-947 (2003)]
(bearbeitet)
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Detekte im 2D photonischen Kristall

L=2,5A (full width at 1/e)

3
&
.......... ke
............... L0 J ¥
............... [s)
............... =
.............. S
'-0---‘.---“.‘--.‘\ | | i
» »
e e e Real space coordinate (A)
g3
©
OV
"QE
(]
© =
T2
.m~
5380
uo_m ' ' ' ' 1 ' ' Il i

-4 2 0 2 4
Wavevector (2r/A)

—

Lattice constant, a Shift

[High-Q photonic nanocavity in a two-dimensional photonic crystal; Y. Akahane, T. Asano, B.-S. Song, S. Noda; Nature, Volume 425, 944-947 (2003)]
(bearbeitet)
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Jaynes-Cummings-Modell

H%](: = Hrelg + Hatom + Hww

in Drehwellennaherung

[Quantum Optics; D. F. Walls,

(rOtating wave appI'OXimatiOn) : G. J. Milburn; Springer (2008)]

(bearbeitet)

H = hwa'a + —6,+g(a'é6_ + as,)

L P
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|9)

[Elements of Quantum Optics;
P. Meystre, M. Sargent III;
Springer (2010)] (bearbeitet)
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Jaynes-Cummings-Modell

_ At a hwg
H]C = hwad'a +T

9 =(3) =10, leo=(7) =)

6,+g(até_ + as,)

eine Anregung (Photon) im Resonator

- Basiszustande
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1)Photon
0)Photon

O)Photon

O)Atom
1 )Atom

O)Atom

2. Resonator QED

Jaynes-Cummings-Modell

[Quantum Optics; D. F. Walls,
G. J. Milburn; Springer (2008)]
(bearbeitet)

9)

[Elements of Quantum Optics;
P. Meystre, M. Sargent I1I;
Springer (2010)] (bearbeitet)
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H = hwa'a + —6,+g(a'é_ + as,)
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[Quantum Optics; D. F. Walls,
G. J. Milburn; Springer (2008)]

(bearbeitet)




Jaynes-Cummings-Modell
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Tﬁz+g(d+6_ +aé,)

e

[Quantum Optics; D. F. Walls,
G. J. Milburn; Springer (2008)]
(bearbeitet)

¢

[Quantum Information & Quantum Computing

(Experimental Part); O. Benson (2009)]
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3. Kontrolliertes 2-Qubit Phasengatter
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Kopplung von Quantenpunkt und Resonator

0 M

temperature scan count

[K. Hennessy, A. Badolato, M. Winger et al.; Nature 445 (2007)]

' 7 nm

Reflected intensity (experiment, normalized)

w
S
e
2
©
—
@
Q.
£
o)
—
(o2}
e
5
]
@
—
v
£

927

928
A(nm)

929

D e T i ]
Y A N Y

0.8

0.6

0.4

0.2

-

cariy

Cavity \

N

QDY

QD

Mnm) 926.5 9267 926.9

[D. Englund, I. Fushman, A. Faraon, J. Vu¢kovié; Photonics and Nanostructures - Fundamentals and Applications 7 (2009)]
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Umsetzung
eines kontrollierten 2-Qubit Phasengatters
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[Controlled Phase Shifts with a Single Quantum Dot; I. Fushman, D. Englund, A. Faraon, N. Stoltz, P. Petroff, J. Vu¢kovi¢; Science 320 (2008)]
(bearbeitet)
260 3. Kontrolliertes 2-Qubit Phasengatter ﬁa\




Umsetzung

eines kontrollierten 2-Qubit Phasengatters

~Tt/2

-t

temperature scan count

[Controlled Phase Shifts with a Single Quantum Dot; I. Fushman, D. Englund, A. Faraon, N. Stoltz, P. Petroff, J. Vu¢kovi¢; Science 320 (2008)]

(bearbeitet)
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Vielen Dank fur Ihre Aufmerksamkeit!
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