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QND – measured state remains there even after the measurement process.  Wavefunction still collapses to it’s measured state, but measurement process doesn’t cause it to change state after the collapse.  An ideal projective measurement.  Ex. spontaneous emission of an atom causes it to decay to a state outside the qubit basis.  Ex. measurement of a particle’s position that doesn’t change it’s position (very hard)



Outline

• Motivation
– Imaging of ultracold atoms, QIP with atoms and ions

• Example measurements
– Ideal fluoresence measurement
– Interaction free measurement

• Cavity assisted detection of an atomic qubit
– Characterization of ‘knowledge’ available, accessed
– Unavoidable effect of measurement (backaction)
– Avoidable effect of measurement (photon scattering)



Trapped atom imaging techniques
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Both absorptive and dispersive techniques have the same SNR for a given level of 
destruction for low OD samples (see Making, Probing, and Understanding BECs)

Nature 453, 1008-1015 (19 June 2008) 



How destructive does measurement of 
an atomic state have to be?

• Consider an ideal fluoresence measurement

SystemMeter

atom picks up a recoil due to spontaneous emission

AND

Spontaneous emission can cause heating of the atom, or scattering into a state outside the qubit basis.



Elitzur and Vaidman’s
Interaction free measurement

Possible outcomes

• No detector clicks (P=1/2)

2) Detector C clicks (P=1/4)

3) Detector D clicks (P=1/4)

Elitzur A. C. and Vaidman L. (1993). Found. Phys. 23, 987-97 

3) Detector D clicks (P=1/4)

Kwiat et al (1995). Phys. Rev. Lett. 74 (24) 



Detection error and ‘knowledge’

• For coherent states
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Cavity assisted detection of an 
atomic qubit

ideal
n incident photons, m scattered photons

Discuss 



Cavity assisted detection of an 
atomic qubit

ideal

Every one of the n photons probes atomic qubit, but only n/C=m are scattered.

n incident photons, m scattered photons



Max knowledge available 
(estimated)

Knowledge accessed 
(measured)

Discuss losses: 
coupling to TEM00 of orthogonal pol., losses at mirrors, 
Emphasize this is still maximum knowledge available to experimenter
Discuss actual accessed information (losses due to detection error, efficiencies, 



Back-action measurement using the 
quantum Zeno effect.

Go through zeno effect, discuss comparing it to model
“We model this system as a coherent driven qubit undergoing on average ~n projective measurements that are randomly distributed over tau”



Spontaneous emission during detection.
• Initialize in bright state |1>
• Apply detection light 
• Apply microwave Pi pulse
• Check if atom is in |0> 
• Based on survival probability of |1>, estimate scattering assuming known 

branching ratios



Detection error and knowledge versus 
number of scattered photons.

Detection error below 10% while scattering less than 0.2 photons on average



Conclusions

• A full experimental characterization of a quantum 
measurment in the ‘energy exchange-free’ 
– ‘knowledge’ gained (~measurement error)
– State collapse (backaction)
– Spontaneous scattering– Spontaneous scattering

• Demonstrated higher knowledge/ lower detector error 
per scattered photon than possible with free-space 
fluoresence measurements

• Applications: non-destructive imaging of ultra-cold 
atoms, QIP with neutral atoms and ions.


