Rabi Oscillations of Impurity-Bound Eledrons in Semiconductors

eledronsin semiconductors

Mark Sherwin
Department of Physics and iQUEST*
UCSB

*institute for Quantum Engineering, Science and Technology

Quantum Information Research at UCSB

Pilse amplitides
time

— Faraday Rotation

T o e U

—a
gﬂ o 01 02

0 pm 100 pm Ax

. . Manipul ation of Electron and Nuclear Manipulation of 3-D Confined
Quantum Optics with Quantum Dots Bl qingin Semiconductors with Interband Light [lllElectrons with terahertz radiatio
(A.1mamoglu group) (D. D. Awscha om group) (M. S. Sherwin group)

Materials and processng: Evelyn Hu, Pierre Petroff, Art Gossard groups

*x6.8k BAS9 22kV Sum

5 microns

Dr. Mark Sherwin, UCSB (ITP 9/2501)



Rabi Oscillations of Impurity-Bound Eledrons in Semiconductors

Acknowledgments

e Collaborators:

Dr. Bryan Cole (Now at Toshiba, Cambridge)

— Jon Williams (Ph. D. 2000, now post-doc & Caltech)

Rabi osc.
impurities. ~ Sean Roy (undergraduate, now string theorist at Stanford)
— Dr. Tom King (post-doc)
— Matt Doty (Ph. D. student)
— Prof. Colin Stanley (U. of Glasgow)
— Dr. Philippe Boucaud (Centre d’ Electronique Fondamenta )
THz - _ 1 oh Gill (Ph. D. student)
Absorption
Q.Dots ~ Dr. W. Schonfeld
— Prof. P. Petroff
THz
— Nathan Jukam (Ph. D. student)
resonators
— Prof. Ataclmamoglu
— Prof. D. D. Awschaom
* Suppat:

DARPA, ARO.

Outline

* Two-state systems and quantum bits

» Observation of Rabi oscillationsin a doped
semi conductor

 Implications for quantum information
processng

Dr. Mark Sherwin, UCSB (ITP 9/2501)




Rabi Oscil lations of |mpurity-Bound Eledrons in Semiconductors

Two-state system in an oscillating field
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~Two-state systemsin semiconductor s
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Hydrogenic donors

» Example: Siin GaAs
» Effedive massapprox.: H atom w.
- m->m*=0.067
— Dielectric const. -> 13
— Ry->Ry*~ (m*/m,) (/€?)13.6 eV ~4 meV

e Samples & experiment
- Epitaxial GaAs, N-N,=10" cm'3
- From Prof. Colin Stanley, U. Glasgow
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Photocurrent spectrum, GaAs (B=0)
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Donorsand acceptors: inhomogeneous
broadening

David Larsen, Phys. Rev. B 13, 1681 (1976

B-dependenceof Hydrogenic levelsin GaAs
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Data: Stillman and Wolfe, 1969
Calculations: B. Tom King (following Larsen, 1968)
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Medhanism for resonant photoresponse
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UCSB Free-Eledron Lasers
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Rabi oscillation

Photocurrent (arb. units)
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Density Matrix Model

* Equations
- 1s |1>
- 2pt 2>

— Y,: population relaxation rate

5
Ml = i_h[H’p]]_l = y1p22

ol
P = = [H.0],, = V1022 = Va02

. ; ; 1
— y,: dephasing rate X, = (L) =—[H.pl, - V00
— Y, ionization rate ~ I
— Initial conditions: H=H, + ek, (t)* X

P1:(t=0)=1, p1(0)= p(0)= 0 photocurrent signal (1 - p,,(1))
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Resonant rabi frequency, dephasing and
ionization ratesvs. THz electric field
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Photosignal vs. pulse duration, B
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Experiments under way
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Spin-orbit splitting of 1s-2p_trangtion
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Absor ption of high-purity GaAs
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3.7umthick sample  R. G. Ulbrich and G. W. Fehrenbach, Phys. Rev. Lett. 43, 963 (1979)

All-optical semiconducting quantum computer

Interband laser

Quantum bit

/

THz Whispering gallery THz laser field

resonator

Sherwin, Imamoglu, Montroy, Phys. Rev. A60, 3508 (1999)
Imamoglu et. al., PRL 83, 4204
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Example of local 1-bit operation: “x-pulse”

Interband laser (IL)

Qubit
) )
THz laser —O o— 1>
photon J T
energy <~ S 0>
IL on / IL off
Energy
AC Stark shift
Time

Theoretical opportunities, figure of merit

» “First-principles’ modeling of experimental data
— Intensity-dependent dephasing
— Intensity-dependent frequency
» Redistic cdculations of deaherencerates--how long can

they be?
— Nishikawa and Barrie (1962(!))
+ T,~5x10%s (B=0, T=0).

— Max. observed Rabi frequency (2007)
+ Q=5x10'!Radiang's.  (B=3.5T, T=2K)
* How many Rabi oscillations w. o. extrinsic dephasing?
- QT,=2500?
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