
problem is turning out to be more thorny and convoluted than anybody suspected. But it also one
that profoundly influences our reasonable expectations for future sensors.

The human eye is extremely sensitive to light. Physicists have known for some time that the light-
sensitive rods at the back of the eye can be stimulated by single photons. But they do not know
whether this influence can propagate through the visual and cognitive system and lead to
perception.

The technology to test this idea has only recently become available. In the last few years, physicists
have developed photon guns that can produce pairs of photons on demand, with high reliability.



Pairs are important because they provide a way to monitor when the photon gun has been
triggered. One photon is sent to the experiment while the other is kept by the experimenter, who
then knows the gun has fired.

The experiment itself is simple in essence. It involves firing a photon into a human eye and then
deciding whether the subject has observed it or not.

In practice, the experiment is tricky, not least because of the sheer number of trials required to get
a statistically significant result and the unreliability of human observers.

Last month, Alipasha Vaziri at the University of Vienna in Austria and few pals published the
results of their own version of this experiment. They beamed single photons into the eyes of
human subjects and asked them to record when they “saw” a photon. They also asked them to
record the confidence of their observation on a scale of 1 to 3.

The experiment involved over 30,000 trials of which 2,420 used actual photons. The subjects
correctly observed photons 51.6 percent of the time.

That leads Vaziri and co to a clear conclusion. “Humans can detect a single-photon incident on the
cornea with a probability significantly above chance,” they say in Nature Communications.

But that result is now being questioned. Today, Paul Kwiat and pals at the University of Illinois at
Urbana-Champaign say the data does not support such a robust conclusion. They say Vaziri and



co’s experiment lacks the statistical power to back their conclusion. “We cannot conclude that
humans can see single photons based on the data of this study,” say Kwiat and co.

Kwiat’s group is well placed to judge this work, having conducted their own experiments on the
limits of human vision.

So for the moment, the jury is out—we cannot yet clearly say whether humans can observe single
photons.

But why is this important? The answer is that this kind of work explores the physical limits of
biology. The energy of a single photon is almost unimaginably small—in the region of 10-19 Joules.
And yet the human brain is a warm, wet machine that is regularly swamped by noise.

The ability to detect such a small amount of energy would reveal just how powerful biological
senses can be, even in warm wet environments.

That’s an ability that physicists and engineers would dearly like to copy. So this work, and the
work that is likely to follow, will set the bar for bioengineers. Whatever the limit turns out to be,
expect significant technological advances as a result.
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