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Qubit-coupled nanomechanical resonator

Flexural Motion

Flexural frequency is 
a sensitive function of the

state of the qubit

-

+
E

Cooper-Pair Box (CPB) 
Charge Qubit

E/h ~ 1-10 GHz

m

k~ 60 N/m

x
m~ .4 pg

/2 ~ 60 MHz

Fundamental Mode

Goal: Develop the CPB as a tool
to engineer/measure quantum 

states of the nanoresonator
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NL

Measurement: VNR= 7.0 V, NR/2 ~60 MHz, Tmc ~ 100 mK
Model:  /2 = 1.40 MHz, T =100mK
EJ,max /h= 13.2 GHz, EC /h= 14.0 GHz
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With this couplinq strenqth, proposals suqqest it should be possible to 

implement qubit "Iasinq", squeezinq of NEMS, and other techniques 
(Kerr Nonlinearity) F.L. Semiao, K. Furuya, G. Milburn Phys. Rev. A 79, 063811 (2009). 

(Lasing) J. Hauss" A. Federov, C. Hutter, A. Shnirman, G. Schon, PRL. 100, 037003 (2008) 

(Squeezing) P. Rabl" A. Shnirman, P. Zoller. Phys. Rev. B 70, 205304 (2004). 

With realistic improvements to couplinq strenqth, should be able to implement 

techniques to qenerate coherent superposition states 
A. Armour, M. Blencowe, New J. Phys. 10 095004 (2008). 
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Microwave Frequency: 12.5 GHz
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Have demonstrated tunable coupling between CPB charge qubit
and nanoresonator. Well-described by a simple dispersive model.

Used the dispersive interaction to perform spectroscopy of CPB and 
observe LZS interference effects.  

Demonstrated use of CPB for parametric amplification of the 
mechanics.

Lots of room for improvement in engineering coupling strength, as 
well as qubit quality (e.g. moving to higher Ej/Ec, embedding coupled 
device in SMR).  Prospects for using the CPB to manipulate/measure 
quantum states of the mechanics looks promising.
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