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through strain, the hole spin coherence here lasts only as 
long as the optical lifetime of about 1 ns. Samples that 
inject a single hole into the QD can be used to take full 
advantage of the hole spin coherence of 1 s. Further 
enhancement of the response to strain and coherence time 
should also be possible using the entangled states of 
coupled QDs in similar structures. 

We anticipate that this research will enable a new class of 
precision sensors based on solid state artificial atoms 
integrated into semiconductor devices that are engineered 
to be sensitive to one aspect of the environment. High 
sensitivity to mechanical motion is relevant to a number of 
DOD interests, including accelerometry for inertial 
navigation, and gravity gradiometry for detecting shielded 
nuclear materials. This research also has the potential to 
revolutionize the growing field of coupling quantum 
systems to macroscopic systems for fundamental science 
and improved functionality. 

Acknowledgements 

This work was supported by the U.S. Office of Naval 
Research, the Defense Threat Reduction Agency (Award 
No. HDTRA1-15-1-0011), and the OSD Quantum Sciences 
and Engineering Program. 

References 

[1] J. Teissier, A. Barfuss, P. Appel, E. Neu, and P. 
Maletinsky, “Strain coupling of a nitrogen-vacancy 
center spin to a diamond mechanical oscillator,” Phys. 
Rev. Lett., vol. 113, no. 2, p. 20503, 2014. 

[2] A. D. O’Connell, M. Hofheinz, M. Ansmann, R. C. 
Bialczak, M. Lenander, E. Lucero, M. Neeley, D. 
Sank, H. Wang, M. Weides, J. Wenner, J. M. Martinis, 
and A. N. Cleland, “Quantum ground state and single-
phonon control of a mechanical resonator.,” Nature, 
vol. 464, no. 7289, pp. 697–703, Apr. 2010. 

[3] I. Wilson-Rae, P. Zoller, and A. Imamo�lu, “Laser 
cooling of a nanomechanical resonator mode to its 
quantum ground state,” Phys. Rev. Lett., vol. 92, no. 7, 
p. 75507, 2004. 

[4] M. Metcalfe, S. M. Carr, A. Muller, G. S. Solomon, 
and J. Lawall, “Resolved Sideband Emission of 
InAs/GaAs Quantum Dots Strained by Surface 
Acoustic Waves,” Phys. Rev. Lett., vol. 105, no. 3, p. 
37401, Jul. 2010. 

[5] C. E. Kuklewicz, R. N. E. Malein, P. M. Petroff, and 
B. D. Gerardot, “Electro-elastic tuning of single 
particles in individual self-assembled quantum dots.,” 
Nano Lett., vol. 12, no. 7, pp. 3761–5, Jul. 2012. 

[6] E. Zallo, R. Trotta, V. Křápek, Y. H. Huo, P. Atkinson, 
F. Ding, T. Šikola, A. Rastelli, and O. G. Schmidt, 
“Strain-induced active tuning of the coherent tunneling 
in quantum dot molecules,” Phys. Rev. B - Condens. 
Matter Mater. Phys., vol. 89, pp. 1–5, 2014. 

[7] I. Yeo, P.-L. de Assis, A. Gloppe, E. Dupont-Ferrier, 
P. Verlot, N. S. Malik, E. Dupuy, J. Claudon, J.-M. 
Gérard, A. Auffèves, G. Nogues, S. Seidelin, J. Poizat, 
O. Arcizet, and M. Richard, “Strain-mediated coupling 
in a quantum dot-mechanical oscillator hybrid 
system.,” Nat. Nanotechnol., vol. 9, no. 2, pp. 106–10, 
2014. 

[8] M. L. Kerfoot, A. O. Govorov, C. Czarnocki, D. Lu, 
Y. N. Gad, A. S. Bracker, D. Gammon, and M. 
Scheibner, “Optophononics with coupled quantum 
dots.,” Nat. Commun., vol. 5, p. 3299, Feb. 2014. 

[9] D. Kim, S. G. Carter, A. Greilich, A. S. Bracker, and 
D. Gammon, “Ultrafast optical control of 
entanglement between two quantum-dot spins,” Nat. 
Phys., vol. 7, no. 3, pp. 223–229, Dec. 2011. 

[10] S. G. Carter, T. M. Sweeney, M. Kim, C. S. Kim, D. 
Solenov, S. E. Economou, T. L. Reinecke, L. Yang, A. 
S. Bracker, and D. Gammon, “Quantum Control of a 
Spin Qubit Coupled to a Photonic Crystal Cavity,” 
Nat. Photonics, vol. 7, no. March, pp. 329–334, 2013. 

[11] T. M. Sweeney, S. G. Carter, A. S. Bracker, M. Kim, 
C. S. Kim, L. Yang, P. M. Vora, P. G. Brereton, E. R. 
Cleveland, and D. Gammon, “Cavity-stimulated 
Raman emission from a single quantum dot spin,” Nat. 
Photonics, vol. 8, no. 6, pp. 442–447, May 2014. 

[12] A. L. Falk, P. V. Klimov, B. B. Buckley, V. Ivády, I. a. 
Abrikosov, G. Calusine, W. F. Koehl, Á. Gali, and D. 
D. Awschalom, “Electrically and Mechanically 
Tunable Electron Spins in Silicon Carbide Color 
Centers,” Phys. Rev. Lett., vol. 112, no. 18, p. 187601, 
May 2014. 

 
 

 

 
 

311




