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A lthough short light pulses that are only a few cycles 
in length can now be readily produced and mea

sured, these pulses are usually very intense and the mea
surement technique relies on the high intensity. By con
trast, a group at the University of Rochester has recently 
succeeded in measuring the distribution of time interval 
between two photons on a femtosecond time scale. 1 , 2 

The method is based on an interference technique, and 
although the measurement makes use of photoelectric de
tectors feeding into a coincidence counter, its time resolu
tion can be orders of magnitude shorter than the resolving 
time of the detectors. Indeed, the accuracy of the time in
terval measurement exceeds the fundamental limit for the 
localization of a single photon. 3 

The basic idea is to mix the two photons to be studied 
with a beam splitter, and then to detect the reflected and 
transmitted photons with two photodetectors in coinci
dence. A variable time delay Τ between the photons is in
troduced by moving the beam splitter slightly toward one 
or the other detector. If the two incident photons happen 
to be in the form of two identical wave packets, then de
structive interference of the two-photon probability ampli
tude at the beam splitter leads to zero photon coincidences 
when the two wave packets overlap in time (Τ = 0). On 
the other hand, when one photon wave packet is delayed 
relative to the other one by a small amount, there is no 
longer complete destructive interference, and the coinci
dence rate rises. When the delay Τ is made large enough 
that the two wave packets no longer overlap in time, the 
coincidence rate becomes constant and independent of the 
delay. 

An experiment has been carried out in which the coinci
dence rate was measured as a function of beam splitter 
position in µm, or the relative time delay in fsec, for two 
photons that were generated in the process of parametric 
down-conversion.1 The resulting curve gives the time de
lay distribution for the two photons, and from the 100 
fsec width of the dip one can deduce that each photon was 
in the form of a fsec long wave packet. This is just what 
would be expected from the bandwidth of the interference 
filters through which the photons have passed. 

Results of coincidence counting experiments for various 
differential time delays in fsec superimposed on the theo
retical curve. (Reproduced from Z.Y. Ou and L. Man-
del, Phys. Rev. Lett 61, 54, 1988.) 

A n interesting variation of the experiment occurs when 
each photodetector responds to a different optical frequen
cy φ1 or φ2, by use of two different optical filters in front 
of the detectors. Then the two-photon coincidence rate ex
hibits a modulation cos (φ1-φ2)τ superimposed on the dip, 
and this has been observed. The figure shows the results of 
a recent experiment.2 The method should allow spatial 
beating at optical frequencies to be observed, apart from 
registering the time delay between the two photons. From 
the position of the central interference minimum in the 
figure, the average time interval between the two photons 
can be determined by a least squares procedure to an accu
racy of about 1 fsec, which is shorter than the optical peri
od, and several orders of magnitude shorter than the de
tector electronics. 

The experiments demonstrate that even though there 
are fundamental quantum limits that one encounters in 
attempting to localize the position of a photon to better 
than a few wavelengths in space or better than a few peri
ods in time,3 the time average interval between two pho
tons is apparently not so limited. This average interval can 
be determined with sub-period precision. 
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