
Enrico Silva - proprietà intellettuale non ceduta

Non è permessa, in particolare, la riproduzione anche parziale 

della presente opera.

Per l’autorizzazione a riprodurre in parte o in tutto la presente 

opera è richiesto il permesso scritto dell’autore (E. Silva)

Enrico Silva - diritti riservati - Non è permessa, fra l’altro, l’inclusione anche parziale in altre opere senza il consenso scritto dell’autore

Luce, materia:

onde, particelle, altro?

Enrico Silva - proprietà intellettuale non ceduta

Non è permessa, in particolare, la riproduzione anche parziale 

della presente opera.

Per l’autorizzazione a riprodurre in parte o in tutto la presente 

opera è richiesto il permesso scritto dell’autore (E. Silva)

Enrico Silva - diritti riservati - Non è permessa, fra l’altro, l’inclusione anche parziale in altre opere senza il consenso scritto dell’autore

Elettroni



Enrico Silva - proprietà intellettuale non ceduta

Non è permessa, in particolare, la riproduzione anche parziale 

della presente opera.

Per l’autorizzazione a riprodurre in parte o in tutto la presente 

opera è richiesto il permesso scritto dell’autore (E. Silva)

Enrico Silva - diritti riservati - Non è permessa, fra l’altro, l’inclusione anche parziale in altre opere senza il consenso scritto dell’autore

Interferenza di elettroni:

un esperimento moderno

http://www.hqrd.hitachi.co.jp/em/doubleslit.cfm

Elettroni emessi singolarmente dalla sorgente, e 

registrati singolarmente sullo schermo.

Doppia 

fenditura

Tonomura et al., American Journal of Physics 57, 117 (1989)

Enrico Silva - proprietà intellettuale non ceduta

Non è permessa, in particolare, la riproduzione anche parziale 

della presente opera.

Per l’autorizzazione a riprodurre in parte o in tutto la presente 

opera è richiesto il permesso scritto dell’autore (E. Silva)

Enrico Silva - diritti riservati - Non è permessa, fra l’altro, l’inclusione anche parziale in altre opere senza il consenso scritto dell’autore

Elettroni: onde o particelle?
Formazione delle frange di interferenza

http://www.hqrd.hitachi.co.jp/em/doubleslit.cfm

Si veda il filmato scaricabile da:



Enrico Silva - proprietà intellettuale non ceduta

Non è permessa, in particolare, la riproduzione anche parziale 

della presente opera.

Per l’autorizzazione a riprodurre in parte o in tutto la presente 

opera è richiesto il permesso scritto dell’autore (E. Silva)

Enrico Silva - diritti riservati - Non è permessa, fra l’altro, l’inclusione anche parziale in altre opere senza il consenso scritto dell’autore

Che percorso segue la particella? 

Gli elettroni arrivano individualmente: corpuscoli!

Al passar del tempo,

l’arrivo di numerosi elettroni produce frange di interferenza.

Non ha significato chiedersi dove sono passati i singoli elettroni che hanno dato 

luogo alla figura di interferenza: finché si tratta di enti in transito, non misurati, 

non ha senso descriverli in termini di onde o corpuscoli.

La statistica è correlata intimamente al comportamento quantistico.

Enrico Silva - proprietà intellettuale non ceduta

Non è permessa, in particolare, la riproduzione anche parziale 

della presente opera.

Per l’autorizzazione a riprodurre in parte o in tutto la presente 

opera è richiesto il permesso scritto dell’autore (E. Silva)

Enrico Silva - diritti riservati - Non è permessa, fra l’altro, l’inclusione anche parziale in altre opere senza il consenso scritto dell’autore

Fotoni



Enrico Silva - proprietà intellettuale non ceduta

Non è permessa, in particolare, la riproduzione anche parziale 

della presente opera.

Per l’autorizzazione a riprodurre in parte o in tutto la presente 

opera è richiesto il permesso scritto dell’autore (E. Silva)

Enrico Silva - diritti riservati - Non è permessa, fra l’altro, l’inclusione anche parziale in altre opere senza il consenso scritto dell’autore

Onde o particelle?

Single-photon wavefront-splitting interference. An illustration of the light quantum in action, V. Jacques, 
E. Wu, T. Toury, F. Treussart, A. Aspect, P. Grangier and J.-F. Roch, Eur. Phys. J. D 35, 561-565 (2005)

http://epjd.edpsciences.org/content/view/232/283/lang,en/

Eur. Phys. J. D 35, 561–565 (2005)
DOI: 10.1140/epjd/e2005-00201-y THE EUROPEAN

PHYSICAL JOURNAL D

Single-photon wavefront-splitting interference

An illustration of the light quantum in action!

V. Jacques1, E. Wu1,2, T. Toury1,3, F. Treussart1, A. Aspect4, P. Grangier4, and J.-F. Roch1,a
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Abstract. We present a new realization of the textbook experiment consisting in single-photon interference
based on the pulsed, optically excited photoluminescence of a single colour centre in a diamond nanocrystal.
Interferences are created by wavefront-splitting with a Fresnel’s biprism and observed by registering the
“single-photon clicks” with an intensified CCD camera. This imaging detector provides also a real-time
movie of the build-up of the single-photon fringes. We perform a second experiment with two detectors
sensitive to photons that follow either one or the other interference path. Evidence for single photon
behaviour is then obtained from the absence of time coincidence between detections in these two paths.

PACS. 03.65.Ta Foundations of quantum mechanics; measurement theory – 42.50.Dv Nonclassical states of
the electromagnetic field, including entangled photon states; quantum state engineering and measurements
– 42.50.St Nonclassical interferometry, subwavelength lithography

1 Introduction

Many textbooks on Quantum Mechanics, like Feynman’s
lectures [1], describe a thought-experiment based on the
Young’s double-slit interference set-up, and realised with
independent particles sent one at a time through the inter-
ferometer. The striking feature is that the image we have
for interference is a wave passing simultaneously through
both slits, incompatible with the image of a particle, which
goes through either one or the other slit but not both.
While the last statement comes naturally for objects pri-
marily known as particles like electrons [2], neutrons [3],
atoms [4] and molecules [5], it can be questioned in the
case of the “LichtQuanten” introduced by Einstein [6] in
1905, since light is primarily described as a wave.

One century later, we present a realization of this text-
book experiment consisting in single-photon interference.
Our experiment, depicted in Figure 1, has several new
striking features compared to previous works [7–10]: (i) we
use a clock-triggered single-photon source from a single
emitting dipole, which is both conceptually and practi-
cally simple [11,12], (ii) we use a wavefront-splitting in-

! A supplementary movie showing the built-up of the in-
terference pattern is only available in electronic form at
http://www.eurphysj.org

a e-mail: roch@physique.ens-cachan.fr

!"
#

!"#

$$%&'()*
+,-.-'%

/0 11#
1-2'.*3
$$+4.,$5

1-&'6&7*'6*

1-2'.*3
$$+4.,$8

Fig. 1. Wavefront-splitting set-up based on a Fresnel’s biprism
(FB). APDs are avalanche silicon photodiodes operating in
photon counting regime. An intensified CCD camera (dash
line) records interference fringes in the overlapping region of
the two deviated wavefronts. When the CCD is removed, it is
then possible to demonstrate the single photon behaviour by
recording the time coincidences events between the two output
channels of the interferometer.

terferometer based on a Fresnel’s biprism, very close to
the basic Young’s double-slit scheme, (iii) we register the
“single-photon clicks” in the interference plane using an
intensified CCD camera which provides a real-time movie
of the build-up of the single-photon fringes.

In early experiments [13], the so-called single-photon
regime was reached by attenuating light. But Poissonian
photon number statistics in faint light pulses leads to the
unwanted feature that more than one photon may be
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Many textbooks on Quantum Mechanics, like Feynman’s
lectures [1], describe a thought-experiment based on the
Young’s double-slit interference set-up, and realised with
independent particles sent one at a time through the inter-
ferometer. The striking feature is that the image we have
for interference is a wave passing simultaneously through
both slits, incompatible with the image of a particle, which
goes through either one or the other slit but not both.
While the last statement comes naturally for objects pri-
marily known as particles like electrons [2], neutrons [3],
atoms [4] and molecules [5], it can be questioned in the
case of the “LichtQuanten” introduced by Einstein [6] in
1905, since light is primarily described as a wave.

One century later, we present a realization of this text-
book experiment consisting in single-photon interference.
Our experiment, depicted in Figure 1, has several new
striking features compared to previous works [7–10]: (i) we
use a clock-triggered single-photon source from a single
emitting dipole, which is both conceptually and practi-
cally simple [11,12], (ii) we use a wavefront-splitting in-
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Fig. 1. Wavefront-splitting set-up based on a Fresnel’s biprism
(FB). APDs are avalanche silicon photodiodes operating in
photon counting regime. An intensified CCD camera (dash
line) records interference fringes in the overlapping region of
the two deviated wavefronts. When the CCD is removed, it is
then possible to demonstrate the single photon behaviour by
recording the time coincidences events between the two output
channels of the interferometer.

terferometer based on a Fresnel’s biprism, very close to
the basic Young’s double-slit scheme, (iii) we register the
“single-photon clicks” in the interference plane using an
intensified CCD camera which provides a real-time movie
of the build-up of the single-photon fringes.

In early experiments [13], the so-called single-photon
regime was reached by attenuating light. But Poissonian
photon number statistics in faint light pulses leads to the
unwanted feature that more than one photon may be
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Table 1. Measurements of the correlation parameter α asso-
ciated to ten independent sets of 105 photodetections (last-
ing about 5 s) registered for (a) faint laser pulses with a
mean number of photons per pulse below 10−2 and (b) single-
photon pulses emitted by the N-V colour centre. As the laser
emits coherent states of light, the number of photons in each
pulse is given by Poissonian statistics, leading to a correla-
tion parameter α = 1.00 ± 0.06, the precision being inferred
from simple statistical analysis with a 95% confidence interval.
On the other hand, an anticorrelation effect, corresponding to
α = 0.13±0.01 < 1, is clearly observed for single-photon pulses
propagating through the Fresnel’s biprism.

(a) Faint laser pulses

Counting time (s) N1 N2 NC α

4.780 49448 50552 269 1.180
4.891 49451 50449 212 0.937
4.823 49204 50796 211 0.934
4.869 49489 50511 196 0.875
4.799 49377 50623 223 0.981
4.846 49211 50789 221 0.982
4.797 49042 50958 232 1.021
4.735 49492 50508 248 1.077
4.790 49505 50495 248 1.090
4.826 49229 50771 219 0.970

(b) Single-photon pulses

Counting time (s) N1 N2 NC α

5.138 49135 50865 28 0.132
5.190 49041 50959 23 0.109
5.166 49097 50903 23 0.109
5.173 49007 50996 28 0.133
5.166 48783 51217 29 0.137
5.167 48951 51049 31 0.147
5.169 49156 50844 30 0.142
5.204 49149 50851 32 0.152
5.179 49023 50977 26 0.124
5.170 48783 51217 26 0.123

single-photon behaviour [24]. Note that the area of the
zero-delay peak, normalized to its value for coherent pulses
with Poissonian statistics, is strictly equivalent to the α
correlation parameter previously defined.

4 Single-photon interference set-up and data
analysis

4.1 Experimental set-up and observations

Using the same N-V colour centre, we now observe the
interference fringes in the intersection volume of the two
separated wavefronts, as shown in Figure 1.

Interference patterns are detected in a single-photon
recording mode, using an intensified CCD camera (iStar
from Andor Technologies, Ireland) cooled at −25 ◦C. An
eye-piece, equivalent to a short focal length achromatic
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Fig. 4. Observation of the interference pattern expanded by
the eyepiece and recorded by the intensified CCD camera. Im-
age (a) (resp. (b) and (c)) is made of 272 photocounts (resp.
2240 and 19773) corresponding to an exposure duration of 20 s
(resp. 200 s and 2000 s). Graph (d) displays the resulting in-
terference fringes obtained by binning columns of CCD image
(c) and fit of this interference pattern using coherent beam
propagation in the Fresnel diffraction regime, and taking into
account the finite temporal coherence due to the broad spec-
tral emission of the NV colour centre. A visibility of 94% can
be associated to the central fringe.

lens (f = 22 mm) is inserted between the biprism and the
camera, in order to obtain a fringe spacing much larger
than the 25 µm pixel size of the camera. Image acquisition
parameter are optimized by adjusting the camera gain and
the detection threshold, so that more than ≈88% of the
bright pixels correspond to detections of single photons.

Snapshots with exposure duration of 1 s are acquired
one after each other, with a mean number of eight pho-
tons detected on the CCD array per snapshot. Accumu-
lated images show how the interference pattern builds up
(Fig. 4). Less than 200 accumulated snapshots are re-
quired to clearly see the fringes pattern, and the final im-
age contains about 2 × 104 single photodetection events.
This is a demonstration of the wave-like behaviour of light,
even in the single-photon regime1.

4.2 Fit of the interference pattern

The interference pattern obtained with a monochromatic
plane wave incident on Fresnel’s biprism would result in
sinusoidal fringes with a visibility equal to unity. In our ex-
periment, the finite spatial extension of the single-photon
wavefront yields more complicated interference patterns.
In order to fit the fringes shown in Figure 4c, we per-
formed a computer simulation of the beam propagation
through the Fresnel’s biprism using free space propaga-
tion theory from classical optics. Starting at the input of
the Fresnel’s biprism with a TEM00 wavefront associated
to a measured 1.25 mm FWHM Gaussian intensity distri-
bution, the output field amplitude is calculated in a virtual

1 To display fringe pattern gradual build-up, we generated a
movie from the 2000 snapshots (available on EPJD website).
The movie frame rate is set to a value of 30 images per second
resulting in a build-up 30 times faster than in real time.
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Fig. 5. Examples of interference patterns observed in the
overlapping region of the two transmitted beams through the
Fresnel’s biprism, for (a) z = 11 mm and (b) z = 98 mm. Over-
layed blue curves are fits evaluated from a model taking into
account Fresnel diffraction and temporal coherence effects.

observation plane located at a given distance z behind the
biprism input plane2. The expected pattern in the CCD
plane simply results from the expansion by the eye-piece
of this calculated intensity pattern.

In order to fit more accurately the fringes minima, we
also take into account temporal coherence effects due to
the N-V colour centre broadband incoherent emission (see
Fig. 2d). Finally the calculated intensity pattern is nor-
malized to the total recorded intensity so that the only
remaining fitting parameter is the observation distance z.
The quality of the fit is illustrated by Figure 4d, recorded
approximately in the middle of the interference field. All
over the interference pattern, the visibility of the fringes
is very well described by the beam propagation simula-
tion with the addition of finite temporal coherence of the
source.

Validity of the model is furthermore confirmed by fits
of interference patterns observed for two others z posi-
tions, as shown in Figure 5. The good agreement between
the fit and the experimental data is an illustration of
the well-known result from Quantum Optics that phe-
nomena like interference, diffraction, propagation, can be
computed with the classical theory of light even in the
single-photon regime [14].

5 Conclusion

Summarizing, we have carried out the two complemen-
tary experiments of “interference observation vs. which-

2 Numerical calculations were done using the LightPipe rou-
tines for Mathcad written by Fred van Goor (Department of
Applied Physics, University of Twente, The Netherlands).

path detection” in the single-photon regime. While our
results may not appear as a big surprise, it is interesting
to note that one century after Einstein’s paper the intrigu-
ing properties of the photon still give rise to sometimes
confused debates [25]. We hope that our experiment can
contribute not only to clarify such discussions, but also
to arouse the interest and astonishment of those who will
discover the photon during the century to come.
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independent particles sent one at a time through the inter-
ferometer. The striking feature is that the image we have
for interference is a wave passing simultaneously through
both slits, incompatible with the image of a particle, which
goes through either one or the other slit but not both.
While the last statement comes naturally for objects pri-
marily known as particles like electrons [2], neutrons [3],
atoms [4] and molecules [5], it can be questioned in the
case of the “LichtQuanten” introduced by Einstein [6] in
1905, since light is primarily described as a wave.

One century later, we present a realization of this text-
book experiment consisting in single-photon interference.
Our experiment, depicted in Figure 1, has several new
striking features compared to previous works [7–10]: (i) we
use a clock-triggered single-photon source from a single
emitting dipole, which is both conceptually and practi-
cally simple [11,12], (ii) we use a wavefront-splitting in-

! A supplementary movie showing the built-up of the in-
terference pattern is only available in electronic form at
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Fig. 1. Wavefront-splitting set-up based on a Fresnel’s biprism
(FB). APDs are avalanche silicon photodiodes operating in
photon counting regime. An intensified CCD camera (dash
line) records interference fringes in the overlapping region of
the two deviated wavefronts. When the CCD is removed, it is
then possible to demonstrate the single photon behaviour by
recording the time coincidences events between the two output
channels of the interferometer.

terferometer based on a Fresnel’s biprism, very close to
the basic Young’s double-slit scheme, (iii) we register the
“single-photon clicks” in the interference plane using an
intensified CCD camera which provides a real-time movie
of the build-up of the single-photon fringes.

In early experiments [13], the so-called single-photon
regime was reached by attenuating light. But Poissonian
photon number statistics in faint light pulses leads to the
unwanted feature that more than one photon may be
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Abstract. We present a new realization of the textbook experiment consisting in single-photon interference
based on the pulsed, optically excited photoluminescence of a single colour centre in a diamond nanocrystal.
Interferences are created by wavefront-splitting with a Fresnel’s biprism and observed by registering the
“single-photon clicks” with an intensified CCD camera. This imaging detector provides also a real-time
movie of the build-up of the single-photon fringes. We perform a second experiment with two detectors
sensitive to photons that follow either one or the other interference path. Evidence for single photon
behaviour is then obtained from the absence of time coincidence between detections in these two paths.
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Many textbooks on Quantum Mechanics, like Feynman’s
lectures [1], describe a thought-experiment based on the
Young’s double-slit interference set-up, and realised with
independent particles sent one at a time through the inter-
ferometer. The striking feature is that the image we have
for interference is a wave passing simultaneously through
both slits, incompatible with the image of a particle, which
goes through either one or the other slit but not both.
While the last statement comes naturally for objects pri-
marily known as particles like electrons [2], neutrons [3],
atoms [4] and molecules [5], it can be questioned in the
case of the “LichtQuanten” introduced by Einstein [6] in
1905, since light is primarily described as a wave.

One century later, we present a realization of this text-
book experiment consisting in single-photon interference.
Our experiment, depicted in Figure 1, has several new
striking features compared to previous works [7–10]: (i) we
use a clock-triggered single-photon source from a single
emitting dipole, which is both conceptually and practi-
cally simple [11,12], (ii) we use a wavefront-splitting in-
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Fig. 1. Wavefront-splitting set-up based on a Fresnel’s biprism
(FB). APDs are avalanche silicon photodiodes operating in
photon counting regime. An intensified CCD camera (dash
line) records interference fringes in the overlapping region of
the two deviated wavefronts. When the CCD is removed, it is
then possible to demonstrate the single photon behaviour by
recording the time coincidences events between the two output
channels of the interferometer.

terferometer based on a Fresnel’s biprism, very close to
the basic Young’s double-slit scheme, (iii) we register the
“single-photon clicks” in the interference plane using an
intensified CCD camera which provides a real-time movie
of the build-up of the single-photon fringes.

In early experiments [13], the so-called single-photon
regime was reached by attenuating light. But Poissonian
photon number statistics in faint light pulses leads to the
unwanted feature that more than one photon may be
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onde o particelle a seconda dell’esperimento (!)

Il fotone (o l’onda) “sa” in anticipo come deve comportarsi?
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Abstract. We present a new realization of the textbook experiment consisting in single-photon interference
based on the pulsed, optically excited photoluminescence of a single colour centre in a diamond nanocrystal.
Interferences are created by wavefront-splitting with a Fresnel’s biprism and observed by registering the
“single-photon clicks” with an intensified CCD camera. This imaging detector provides also a real-time
movie of the build-up of the single-photon fringes. We perform a second experiment with two detectors
sensitive to photons that follow either one or the other interference path. Evidence for single photon
behaviour is then obtained from the absence of time coincidence between detections in these two paths.
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1 Introduction

Many textbooks on Quantum Mechanics, like Feynman’s
lectures [1], describe a thought-experiment based on the
Young’s double-slit interference set-up, and realised with
independent particles sent one at a time through the inter-
ferometer. The striking feature is that the image we have
for interference is a wave passing simultaneously through
both slits, incompatible with the image of a particle, which
goes through either one or the other slit but not both.
While the last statement comes naturally for objects pri-
marily known as particles like electrons [2], neutrons [3],
atoms [4] and molecules [5], it can be questioned in the
case of the “LichtQuanten” introduced by Einstein [6] in
1905, since light is primarily described as a wave.

One century later, we present a realization of this text-
book experiment consisting in single-photon interference.
Our experiment, depicted in Figure 1, has several new
striking features compared to previous works [7–10]: (i) we
use a clock-triggered single-photon source from a single
emitting dipole, which is both conceptually and practi-
cally simple [11,12], (ii) we use a wavefront-splitting in-
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Fig. 1. Wavefront-splitting set-up based on a Fresnel’s biprism
(FB). APDs are avalanche silicon photodiodes operating in
photon counting regime. An intensified CCD camera (dash
line) records interference fringes in the overlapping region of
the two deviated wavefronts. When the CCD is removed, it is
then possible to demonstrate the single photon behaviour by
recording the time coincidences events between the two output
channels of the interferometer.

terferometer based on a Fresnel’s biprism, very close to
the basic Young’s double-slit scheme, (iii) we register the
“single-photon clicks” in the interference plane using an
intensified CCD camera which provides a real-time movie
of the build-up of the single-photon fringes.

In early experiments [13], the so-called single-photon
regime was reached by attenuating light. But Poissonian
photon number statistics in faint light pulses leads to the
unwanted feature that more than one photon may be
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filmato su:

I fotoni “sanno” 

che interferiranno 

con fotoni 

successivi???
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Table 1. Measurements of the correlation parameter α asso-
ciated to ten independent sets of 105 photodetections (last-
ing about 5 s) registered for (a) faint laser pulses with a
mean number of photons per pulse below 10−2 and (b) single-
photon pulses emitted by the N-V colour centre. As the laser
emits coherent states of light, the number of photons in each
pulse is given by Poissonian statistics, leading to a correla-
tion parameter α = 1.00 ± 0.06, the precision being inferred
from simple statistical analysis with a 95% confidence interval.
On the other hand, an anticorrelation effect, corresponding to
α = 0.13±0.01 < 1, is clearly observed for single-photon pulses
propagating through the Fresnel’s biprism.

(a) Faint laser pulses

Counting time (s) N1 N2 NC α

4.780 49448 50552 269 1.180
4.891 49451 50449 212 0.937
4.823 49204 50796 211 0.934
4.869 49489 50511 196 0.875
4.799 49377 50623 223 0.981
4.846 49211 50789 221 0.982
4.797 49042 50958 232 1.021
4.735 49492 50508 248 1.077
4.790 49505 50495 248 1.090
4.826 49229 50771 219 0.970

(b) Single-photon pulses

Counting time (s) N1 N2 NC α

5.138 49135 50865 28 0.132
5.190 49041 50959 23 0.109
5.166 49097 50903 23 0.109
5.173 49007 50996 28 0.133
5.166 48783 51217 29 0.137
5.167 48951 51049 31 0.147
5.169 49156 50844 30 0.142
5.204 49149 50851 32 0.152
5.179 49023 50977 26 0.124
5.170 48783 51217 26 0.123

single-photon behaviour [24]. Note that the area of the
zero-delay peak, normalized to its value for coherent pulses
with Poissonian statistics, is strictly equivalent to the α
correlation parameter previously defined.

4 Single-photon interference set-up and data
analysis

4.1 Experimental set-up and observations

Using the same N-V colour centre, we now observe the
interference fringes in the intersection volume of the two
separated wavefronts, as shown in Figure 1.

Interference patterns are detected in a single-photon
recording mode, using an intensified CCD camera (iStar
from Andor Technologies, Ireland) cooled at −25 ◦C. An
eye-piece, equivalent to a short focal length achromatic
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Fig. 4. Observation of the interference pattern expanded by
the eyepiece and recorded by the intensified CCD camera. Im-
age (a) (resp. (b) and (c)) is made of 272 photocounts (resp.
2240 and 19773) corresponding to an exposure duration of 20 s
(resp. 200 s and 2000 s). Graph (d) displays the resulting in-
terference fringes obtained by binning columns of CCD image
(c) and fit of this interference pattern using coherent beam
propagation in the Fresnel diffraction regime, and taking into
account the finite temporal coherence due to the broad spec-
tral emission of the NV colour centre. A visibility of 94% can
be associated to the central fringe.

lens (f = 22 mm) is inserted between the biprism and the
camera, in order to obtain a fringe spacing much larger
than the 25 µm pixel size of the camera. Image acquisition
parameter are optimized by adjusting the camera gain and
the detection threshold, so that more than ≈88% of the
bright pixels correspond to detections of single photons.

Snapshots with exposure duration of 1 s are acquired
one after each other, with a mean number of eight pho-
tons detected on the CCD array per snapshot. Accumu-
lated images show how the interference pattern builds up
(Fig. 4). Less than 200 accumulated snapshots are re-
quired to clearly see the fringes pattern, and the final im-
age contains about 2 × 104 single photodetection events.
This is a demonstration of the wave-like behaviour of light,
even in the single-photon regime1.

4.2 Fit of the interference pattern

The interference pattern obtained with a monochromatic
plane wave incident on Fresnel’s biprism would result in
sinusoidal fringes with a visibility equal to unity. In our ex-
periment, the finite spatial extension of the single-photon
wavefront yields more complicated interference patterns.
In order to fit the fringes shown in Figure 4c, we per-
formed a computer simulation of the beam propagation
through the Fresnel’s biprism using free space propaga-
tion theory from classical optics. Starting at the input of
the Fresnel’s biprism with a TEM00 wavefront associated
to a measured 1.25 mm FWHM Gaussian intensity distri-
bution, the output field amplitude is calculated in a virtual

1 To display fringe pattern gradual build-up, we generated a
movie from the 2000 snapshots (available on EPJD website).
The movie frame rate is set to a value of 30 images per second
resulting in a build-up 30 times faster than in real time.
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Che percorso segue la luce? 

I fotoni arrivano individualmente: corpuscoli!

Al passar del tempo,

l’arrivo di numerosi fotoni produce frange di interferenza.

Non ha significato chiedersi dove sono passati i singoli fotoni che hanno dato 

luogo alla figura di interferenza: finché si tratta di enti in transito, non misurati, 

non ha senso descriverli in termini di onde o corpuscoli.

La statistica è correlata intimamente al comportamento quantistico.
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Riassunto

• Natura ondulatoria e corpuscolare.

• Probabilità.

Gli esperimenti indicano che una teoria quantistica 

dovrà contenere:


