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Abstract. The Hong—Ou—Mandel effect (HOM) is used in many fields of quantum optics
and quantum technologies. It is well known that this effect occurs when two identical photons
in different modes hit a beam splitter (BS) with a reflection coefficient of R = 1/2. The classical
effect consists in the interaction of two photons and was first experimentally demonstrated
by Hong and co-authors in 1987. In this paper, it was shown that this effect can be realized
using free charged particles. It was determined when this effect would manifest itself. The
results obtained for HOM have an analytical form, which simplifies its analysis. The Hong—
Ou—Mandel effect is of fundamental importance in quantum physics and quantum computer
science, as it demonstrates quantum entanglement and interference. The results of the research
can be used in problems of quantum physics and quantum computer science.
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Annoranusga. D¢pdext Xonra — Oy — Mangenss (XOM) ucroyib3yeTcsi BO MHOTUX 00J1acTsIX
KBAaHTOBOM OITMKA W KBAHTOBBIX TEXHOJOTUI. XOpOIIO W3BECTHO, YTO 3TOT 3P@EeKT
BO3HMKAET, KOT/Ia JBa ONMHAKOBBIX (DOTOHA B Pa3HBIX pPeXXMMax ITOTANAl0T HA CBETOMCIUTEIb
(BS) ¢ koaddunmentom otpaxkenuss R = 1/2. Knaccuueckuit apdexr 3axiouaercsi BO
B3aUMMOJEMCTBUU IBYX (POTOHOB M OBLT BIIEPBBIC SKCIIEPUMEHTAJIBHO IPOAESMOHCTPUPOBAH
XoHrom u coaBTopamu B 1987 rogy. B aToii cTaThe ObLIO MOKa3aHO, YTO 3TOT 3(P(PeKT MoxKeT
OBITh peaiIM30BaH C MCIIOJb30BAaHMEM CBOOOIHBIX 3apsLKEHHBIX 4YacTull. beulo ompeaesneHo,
Korga aT1oT 3ddexkt nposaBuT ceds. PesynbTaThl, nmojydeHHble a1 XOM-addekra, nmeror
aHAJIMTUYECKYI0 (hopMy, UTO ympoinaetr ux aHams. dddekr Xonra — Oy — Manpaens numeer
¢dyHIAMEHTaJbHOE 3HAUCHWE B KBAaHTOBOW (DM3MKE M KBAHTOBOW MH(MOpPMATHUKE, ITOCKOJBKY
OH JEMOHCTPUPYET KBAHTOBYIO 3allyTAHHOCTb U MHTepdepeHIInI0. Pe3yabTaTsl Mcciaen0BaHUs
MOTYT OBITh MCIIOJb30BaHbI B 3aayax KBAaHTOBOM (PU3MKU U KBAHTOBOU MH(MOPMATUKU.

Kmouessie ciioBa: XOM-3¢dekT, cBOOOTHBIC 3JIEKTPOHBI, (POTOHBI, KBAHTOBAsT OITHKA
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Introduction

The HOM effect was first demonstrated experimentally by Hong et al. in 1987 [1]. HOM
interference appears in many contexts, both in fundamental research in quantum mechanics and
in practical implementations of quantum technologies [2]. A HOM interferometer scheme was
presented in [1], one of the main elements of which was a beam splitter (BS). To observe quan-
tum interference, a BS close to 1:1 (having reflectivity R = 1/2 and transmittance 7 = 1/2) is
chosen. The theoretical explanation of the HOM effect based on constant R and T and bosonic
photon statistics is quite simple [2].

HOM is a quantum phenomenon observed when two identical photons pass together through a
beam splitter. If the photons are absolutely identical in all quantum parameters, such as polariza-
tion, frequency, and phase, and arrive at the beam divider at the same time, then they will inter-
act in such a way that both photons will exit the divider in the same direction, instead of being
randomly distributed between two possible directions. This effect is a quantum analogue of binary
encoding in programming, used in experiments on quantum teleportation, quantum cryptography
and in the development of quantum computers.

It has recently been shown that the statistical properties of photons in the interaction of a two-
mode electromagnetic field with free charged particles can be identical to a beam splitter [3]. Thus,
the interaction of photons with free electrons is a new and interesting direction for research [4—7].
At present, studies related to the HOM effect in the interaction of photons with free charged par-
ticles have not been encountered in the literature and may be interesting not only as a theoretical
direction, but also as an experimental one.

Materials and methods

There are many methods of entangling photons, but one way or another, all methods are
reduced to the interaction of incoming electromagnetic waves with matter, in the process of such
interaction, photons are entangled, and then quantum-entangled photons appear. The efficiency
of generating such quantum entangled photons can vary and depends on many factors. Studies on
plasmonic platforms based on the interaction of electrons with photons are considered promising.
For example, plasmons can be controlled using electrons and photons, electrons can be used to
change the quantum statistics of photons, and quantum statistics of photons can be transmitted
to electrons. That is why free electrons are interesting from a practical point of view, since as a
result of such an interaction, quantum entangled photons appear.

Thus, the study of the interaction of photons with electrons is an important part of modern
physics and quantum technologies. To calculate the HOM effect, it is necessary to find the cor-
relation function. When using free electrons, the correlation function can be obtained in the form:
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where 1 is the delay time of photons between themselves in modes 1 and 2, ¢(o,, ®,) is the spec-
tral function, R(o,, »,) and T(o,, ®,) is the coefficient of reflection and transmission of photons
on free electrons, which looks like:
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R= e=02"®
(1+¢%) 0 @
T=1-R Q= Mt
(0, +0,)V

where Vis the quantization volume, u, and u, are the polarizations of the first and second photons
with frequencies o, and o, respectively, 7, is the interaction time of photons with free electrons.

Results and Discussion
Next, the spectral function was chosen in the form:
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Function (3) allows to analyze the value of P, for two cases of practical 1nterest The first
case is spontaneous parametric scattering (SPR), for example, for Qp =20, = 0, = O
6,= 0, = 6 — SPR type I, where G, — beam pumping bandwidth, ®, and (5 — The center fre-

quency and bandwidth are respectwely for both the signal and the idle beams The second case is
if G, — o, then it will be a case of Fock states. As a result, a correlation function was obtained.
The calculatlon of this correlation function showed that the HOM effect can be realized on free
electrons. The calculation results are presented in Fig. 1.

Fig. 1. Calculation of the correlation function in the case of identical photons falling on free
electrons is presented. The calculation is presented in the form of two parameters: the time delay
between the 1st and 2nd photons and the value determining the spectral width of the photons
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In Fig. 1, the value Q is defined as: QO =
¢ & G} +0,+0,

Here Q_is some frequency related to the characteristics of the source itself. For example, in
the case of photons in Fock states Qp it is necessary to aim at infinity and it will turn out Q_the
order of dispersion of incident photons. There is a minimum on the resulting graph, which dgrops
to zero. This minimum is called the “HOM dip” and it is this minimum that identifies that the
original photons are identical.
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Conclusion

Thus, in this paper it is shown that the HOM effect for two photons is observed on free
charged particles. In order for the HOM effect on free charged particles to be fulfilled, i.e. for
P, (x = 0) = 0, one additional condition Q g/Q « 1 must be fulfilled compared to the theory of
the HOM effect on a beam splitter. In other words, it is necessary that the spectral width of the
incident photons be many times smaller than the frequency Q. The time delay during scattering
by free electrons is performed in the same way as it is done in the case of a beam splitter. The first
and second photons are sent to the beam splitter with some delay. Another option is to change
the distance from the electrons to the first and second detectors, which also leads to a time delay.
This is an interesting conclusion, which suggests that free electrons can act as a beam splitter
when interacting with photons.

This article shows that this effect is also realized on free electrons, which has not been
shown before.
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