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Abstract

Based on the single-photon structure model, the standing wave electric 4-photon (SWE4-P)
composite, the standing wave magnetic 4-photon (SWM4-P) composite in one-dimensional
longitudinal constraint space and the standing wave 8-photon (SW8-P) composite structure in the
laser microcavity are derived; The electromagnetic field of the TMoiw mode in microwave cylindrical
resonant cavity is studied and analyzed, and the photon structure basic unit of this mode has been
identified as the standing wave cylindrical 8-photon composite structure. The cylindrical photon is
of the same size as the cavity volume, the photon volume being V=nR’L. The standing wave 8-
photons composite structure contains a SWE4-P composite and a SWM4-P composite with a phase
difference of 90°. So, the energy unit of the TMow mode in the cavity is 8 Zzw .

Keywords: standing wave electric 4-photon (SWE4-P) composite; standing wave magnetic 4-photon
(SWM4-P) composite; standing wave 8-photon (SW8-P) composite structure

1. Introduction

After the canonical quantization of the electromagnetic (EM) field [1-3], the concepts of two
transverse photons, i.e., right-spin photon and left-spin photon, were obtained. “Photons, massless
spin 1 particles, have only two eigenvalues of their spin along the direction of their propagation
(wave vector k), +h. These two spin values correspond to right- and left-handed circular polarizations,
respectively [4]. However, this single-photon does not correspond to the concept of circularly
polarized EM field in classical electrodynamics [5]. Jackson wrote in his book: “The circularly
polarized states are composite, which is an easy way of allowing for a phase difference between the
two linearly polarized (LP) states out of which the circular states are constructed”.

A single-photon state is generally considered to contain only one photon, and it has multiple
polarization quantum states [6—16], such as horizontal linear polarization (HLP), vertical linear
polarization (VLP), diagonal (45°) linear polarization (DLP), antidiagonal (-45°) linear polarization
(ALP), right-handed circular polarization (RCP), left-handed circular polarization (LCP), etc. In fact,
these polarization states are not true single-photon states. The results of the single-photon structure
model [17] show that these quantum states are all 4-photon composite monomer. Here to distinguish
the circular polarization states, the photons with spin angular momentum of +# are defined as
right/left-spin photons; while the 4-photon composite monomer with spin angular momentum of +4#
are called right/left-handed circular polarization 4-photon monomers.

Photon is deemed by some people a derived concept: it arises as a ripple of the EM field. Or
instead, they view the EM field as fundamental, with the photon appearing only when we correctly
treat the field in a manner consistent with quantum theory. The others view the photon quantum as
fundamental with the EM field arising only in some classical limit from a collection of quantum
photons. This study considers that photons and EM fields are objectively existing, and should not be
changed by mathematical processing. It is very necessary to reveal their internal unity and
consistency.
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Particle physics says that “the excited state of the EM field is manifested by the appearance of
photons”. “The excited state of the electron field is manifested by the appearance of electrons”. By
analogy, a particle is the manifestation of its field in an excited state. The atomic excited state is
defined as the shell electrons are in a high energy level and a photon equal to the energy level
difference must be radiated when the electrons transition to a lower energy level. However, the “EM
field excited state” is not defined, and the results of this study will clarify this fuzzy concept.

The single photon structure model [17] is to construct the photon quantum with the EM field
vector matter. Conversely, can the classical continuous EM field in constraint spaces be constructed
from photons? The answer is yes. For example, the alternating electric fields in parallel-plate
capacitors, the pure alternating magnetic fields in current-carrying solenoid coils, the EM fields of
single longitudinal mode TEMuw in a laser [18,19] microcavity, the EM fields of the fundamental mode
TMow in microwave cylindrical resonant (MCR) cavity can all be constructed with multi-photon
composite structure.

The constraint spaces can be divided into two categories, longitudinal constraints and transverse
constraints, the former will form standing waves, the latter will still be traveling waves. Cavity types
are standing wave systems, and waveguide types are traveling wave systems. MCR cavities are three-
dimensional constraint spaces; guide-wave systems are laterally two-dimensional constraint spaces.
This paper is devoted to a discussion of the photon structure of standing-wave EM fields, and does
not enter into a discussion of the travelling-wave EM fields of guide-wave systems, in the interests of
brevity.

2. LP Standing Wave 4-Photon Composite

When a pair of LP photons is reflected back and forth between two parallel conducting planes,
the reflected photon pair at the incident point has a half-wave loss relative to the incident photon
pair. There are two cases: one is that the magnetic field component is reversed, and the electric field
component remains unchanged. The other is that the electric field component is reversed, and the
magnetic field component remains unchanged. Thus, between two parallel conducting planes, when
the reflected LP photon pairs meet and superimpose with the incident LP photon pairs, to form a
standing wave (since their velocity cancel out to zero) 4-photon (SW4-P) composite, there are two
types: One is the magnetic field component canceling out to zero, leaving only the electric field
component to overlap and form a LP standing wave electric 4-photon (SWE4-P) composite. The
second is that the electric field components cancel each other out to zero, leaving only the magnetic
field components to overlap and form a standing wave magnetic 4-photon (SWM4-P) composite. The
following will be discussed separately.

2.1. SWE4-P Composite Structure

Between two parallel conducting planes, suppose EiH:1 and E2H> are the incident LP photon
pairs; EsHs and EsHa are the reflected LP photon pairs, both is said with respect to one of the reflecting
planes. When they meet and co-volume superpose, the electric field components of the photon pairs
EiH: and E:2H> polarized in the y axis are in phase with the electric field components of the photon
pairs EsHs and EsHa, while their magnetic field components are 180° of phase, as shown in Figure 1(a),
they form a SWE4-P composite. Figure 1(a), (b), (c), and (d) show the orientation of the electric-field
and magnetic-field substance vectors in each of the four photons at phase points 0, 90", 180" and
270", respectively. To simplify the diagram, the orientation of the wave vector k and angular
momentum j of each photon is not shown.
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(b)

Figure 1. Periodic evolution of the electric and magnetic field vectors of each photon in the SWE4-P composite.
(a) At 0° phase, Ei, Ez, E3, and Es are in the same direction along the y axis; (b) At 90° phase, E1Es overlapping in
the -x axis and Ez2Es overlapping in the x axis direction, the electric field is canceled out in reverse; (c) At 180°
phase, Ei, Ez, Es,and Es are in the same direction along the -y axis;(d) At 270° phase, EiEs overlapping in the x
axis and E2Es overlapping in the -x axis, the electric field is canceled out to zero in reverse. Then, rinse and repeat.

Note that H1 and Hs are always reverse cancelled to zero, and H2 and H: are always reverse cancelled to zero.

Where the photon EiHi1 and the photon EsHs are the right-spin photon along the k direction and
left-spin photon along the -k direction, respectively, and their resultant wave vector is zero and the
resultant velocity is also zero, becoming a standing wave photon pair; their magnetic field
components Hi and Hs are always in opposite directions and become hidden components that are
invisible, and their electric field components Ei1 and Es are always in phase and doubled, becoming
“manifest components”.

Likewise, the photons E2H> and EiH4 are the left-spin photon along the k direction and the right-
spin photon along the -k direction, respectively, and their resultant wave vector is equal to zero, and
the resultant velocity is also equal to zero, they also become a standing wave photon pair; the
synthetic magnetic field component is also a “hidden component”, and the electric field component
is also a “manifest component”.

The total spin angular momentum of the homo-body four photons synthesis is equal to zero, the
total wave vector is also equal to zero, the total magnetic field component is always equal to zero,
and there is only the total electric field component Ey, which is shown a pure electric field oscillating
harmonically along the y-axis.

E, 0)=(£+H) ei"’t+(E2 +H,) et +(E,—H,) e " HE,—H,)e™ =4F coswt. (1)

Its energy
u, Y% [Tel(E (a)t)]zd(a)t):v—p [ &[4E, cos et d(at), = 4h0. 2)
Pooopdo O 2mdo P P

The SWE4-P composite structure provide a pure alternating electric field, similar to the pure
alternating field inside a capacitor. It can be said that the SWE4-P composite is the basic unit that
constitutes a pure alternating electric field.

2.2. SWM4-P Composite Structure

Between the two parallel conducting planes, the photons HiE1 and HzE: are the reflected x-
linearly polarized photon pairs (wave vector -k), and the photons HsEs and H4Es are the incident x-
linearly polarized photon pairs (wave vector k). They meet and superpose into a 4-photon composite.
Among them, HiE: is left-spin photon along the -k direction, HsEs is right-spin photon along k
direction, they form one stationary pair; HzE is right-spin photon along the -k direction, HsE: is left-

spin photon along the k direction, they form the other stationary pair. At 90° phase, the phase of the
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magnetic field components of the photon pairs HiE1 and H2E: is the same as that of the photon pair
H3Es and HsEs, their magnetic field pointing to the -x axis as shown in Figure 2(b), while the phase of
their electric field components is always opposite and cancel each other out to zero. Figure 2(a), (b),
(c), and (d) show the orientation of the magnetic- and electric- field substance vectors of each photon
at phase 0,90,180° and 270", respectively, with the wave vector and angular momentum
orientations of each photon not shown.
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Figure 2. Periodic evolution of the electric- and magnetic- field vectors of each photon in the SWM4-P composite.
Note, E1 and Es are always in opposite directions, E2 and Es are always in opposite directions also. (a) At 0° phase,
H1Hs overlapping in the y axis and H2H overlapping in the -y axis; (b) At 90° phase, Hi, Hz, H3, and Ha are in the
same direction along the -x axis; (¢) At 180° phase, HiH3 overlapping in the -y axis and H2H: overlapping in the
y axis; (d) At 270° phase, Hi, H2, H3, and H: are in the same direction along the x axis. Then, rinse and repeat.

Note that E1 and Es are always reverse cancelled to zero, and Ez and Es are always reverse cancelled to zero.

The synthetic total spin angular momentum of the four photons of the composite is equal to zero,
the total wave vector is also equal to zero, the total electric field component is always equal to zero,
and there is only one total magnetic field component Hx, without other components, which is shown
as a pure magnetic field oscillate harmonically along the x-axis,

H (t)==4H sin ot . 3)

The total magnetic field is a pure alternating magnetic field, just like the pure alternating
magnetic field inside the current-carrying solenoid coil. It is seen that the SWM4-P composite is the
basic unit that constitutes the alternating magnetic field.

Just like the SWE4-P composite, there is no net energy flow, Poynting vector s = 0. As for the
effective energy of the SWM4-P composite, there is

V n
u4p:p2—'zoj.o (—4Hpsin a)t)zd(a)t)zélyob’sl/p:élha). 4)

This shows that the energy of the SWM4-P composite is also the energy (47@) of 4 single
photons, and the conservation of energy is observed.

3. The Photon Structure of the Single Longitudinal Mode TEMuw in a Laser
Microcavity

The simplest laser microcavity consists of an active medium and two reflecting mirrors and is
an open cavity without boundaries on the sides. The eigenmode photon runs back and forth between
the two reflective surfaces, activating the medium particles to produce stimulated emission, and the
positive feedback continuously proliferates produce optical amplification. The function of the
resonator cavity is to preferentially amplify the eigenmode of light with a certain frequency and
consistent direction, while suppressing light of other frequency and directions. A strong beam of light
is formed in the cavity with the same direction of propagation, frequency and phase, i.e., laser. To
extract the laser from the cavity, one of the reflecting mirrors can be made partially transmissive
[18,19], with the transmitted part becoming the available laser, and the reflected part in the cavity to

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2236.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 July 2025 d0i:10.20944/preprints202507.2236.v1

5 of 14

continue to proliferate photons. The single longitudinal mode TEMuw in the optical resonator cavity
is a standing wave mode, and the basic unit of the output laser is a propagating LP4-photon (LP4-P)
monomer [17]. Intra cavity photon structure is a standing wave 8-photon (SW8-P) composite
structure formed by superposition of the reflected LP4-P monomer and the incident LP4-P monomer,
as shown in Figure 3. The LP4-P monomer (E1,H1, Ei',H1',E2,H2,E>'H>") can either be transmitted out

as an output laser unit or reflected back.

H L H —
< £ 14 E S — —_—
Y H.\ ¥ Ha\~
H- E.H.E/ H-E.E.H:
(a) Incident 4-photon Monomer (b) Reflected 4-photon monomer (c) Standing-wave 8-photon complex.

Figure 3. The standing-wave 8-photon composite structure in a laser microcavity is composed of an incident 4-
photon monomer(a) overlapping a reflected 4-photon monomer(b). (b)The electric field components of the
reflected monomer are 180° out of phase with those of the incident monomer (subscript 3,4 in (b) correspond to

1,2 in (a), respectively), whereas the phase of the magnetic field components remains unchanged.

When the laser output mirror is taken as the reflection reference plane, and the tangential
component of the electric field on the reflection surface is demanded to be equal to zero, requiring
that electric field component of the reflected photon is reversed (half-wave loss), while the magnetic
field component remains unchanged. So, the reflected monomer (Es,Hs,Es',Hs',Es,Hs,Es'Hs") and the
incident monomer (Ey,H3,E1’ ,H1',Ez2,H>,E2"H2') meet and superpose into an 8-photon composite
structure along the way. Since the wave vectors cancel out in opposite directions, the velocities also
cancel out to zero, resulting in a standing wave 8-photon (SW8-P) composite structure. This
composite structure is just a specific structure in the constraint space, not a stable structure.

Figure 4a shows that the electric field E1" of photon 1" and electric Es of photon 3 are always
opposite and cancel each other out to zero, and the electric field E:1 of photon 1 and electric field E3’
of photon 3’ are also always opposite and cancel each other out to zero. Only E, E?, Es, E' contribute
to the x-directed electric field, obviously

EX :4Epcos ot . (5)

The four photons E:H2,Ex’H>',EsHs,E</H4 forms a standing wave electric 4-photon (SWE4-P)
composite, which produces a pure alternating electric field.

Figure 4b shows that the magnetic field components H2 of photon 2 and H4 of photon 4" are
always in opposite directions, canceling each other out to zero; The magnetic field components Hz" of
photon 2’ and Hs of photon 4 are always opposite, canceling each other out to zero. Only Hi, Hr', Hs,
H3" contribute to the magnetic field in the y direction,

H, =4H sinot. (6)

The four photons HiE1,H1'Ev',HsE3, Hs'Es’ forms a standing wave magnetic 4-photon (SWM4-P)
composite, which produces a pure alternating magnetic field.

It is apparent that in this standing wave 8-photon composite structure, four of the photons have
their magnetic fields canceled to zero because of their opposite directions; the electric fields of these
four photons are doubled and strengthened because of their same directions, thus only the electric
field is shown. In this standing wave 8-photon structure, the other four photons are just canceled
their electric fields and only display the magnetic field. Moreover, the electric field and magnetic field

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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are orthogonal, and their time phases differ by 90°, i.e., sine and cosine functions. This is determined
by the fact that the electromagnetic field matter in the single photon structure model is an orthogonal
vector, which is a universal law. The total energy of the SW8-P composite structure,

V, on
uspzi—pj L1y (4H, cos at)’ +5, (4E, sin wt)*1(det) =4V, (5, (E,” + 1,H,?) =8ha. )
2 w0

¢X

(a) The electric field component (b) The magnetic field component
of the 8-photon complex of the 8-photon complex

Figure 4. The SWE4-P and the SWM4-P composites included in the SW8-P composite structure.

4. The Photon Structure of the TMow Mode in a MCR Cavity

The TMow mode of the MCR cavity has the lowest resonant frequency ( ep,,= J;(2.405)c/R) and
the longest resonant wavelength (4 =2nR/2. 405=2. 62/ ). TMow single-mode operation is often
used to accelerate charged particles, and the cavity is called an accelerating cavity [20], and the mode
is called an accelerating mode. Now we begin to discuss the microwave photon structures of the

TMow mode in the MCR cavity, and compare it with the mathematical description of the classical EM
field.

4.1. The EM Field of the TMo1 Mode in a MCR Cavity

In the MCR cavity with inner radius R and length L, the exact expressions of the EM field
distribution of all resonant modes in the cavity are given in classical electrodynamics [21,22]. The EM
field distribution of the TMoiw mode is the simplest, as follows:

EZ=EOJO(j01p/R) cosmt
H =(we R/ J,).J}(Jyp/R)E,sinat . ®)
E=E =H =H =0

P [ P z

The TMow mode is an accelerating mode with only two field components. The electric field
component E: is in the z-axis direction, while the magnetic field component is in the angular direction,
and the phase difference between the electric field component and the magnetic field component is
90°. Where Jo(x) is the zero-order Bessel function, Jo'(x) is the derivative of zero-order Bessel function,
and //(x)=-7 (x), J(x) is the first-order Bessel function. The jo is the first zero point of the zero-
order Bessel function, and its value jo=2.405. The Bessel function curves are shown in Figure 5a. On
the =0 axis of the cavity, Jo(0) =1, it means that the electric field has the maximum value, E: (0, z)
=Eo. At the p =R, the side wall of the cavity, because Jo(2.405) =0, the electric field is zero, i.e., Ez (R,
z) = 0. The magnetic field at the p =0 axis, because 7 (0)=0, it means that the magnetic field is zero,

i.e.,, Ho(0, z)=0. However, near the side wall of the cavity, where p=R, J1(2.405)= 0.5019, the magnetic
field Ho(R, z) has a bigger value, using the relation //(x)=-/ (x), the H, in Eq. (8) can be as

sz—wgo(l?/jm)onl(jmp/f?)sin ot . 9)
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The amplitude of the angular magnetic field at p = Ris proportional to J1(2.405) (Figure 5a). The
spatial distribution of the classical electric and magnetic fields in most spaces between the cavity axis
and the cavity side wall is shown in Figure 5b (note there is 90° phase difference between the electric
field and the magnetic field). The field in the cavity is axisymmetric, there is no periodicity in both
the ee-direction and the e:-direction. The electron beam bunch is injected along the z-axis in a suitable
half-period, which can be accelerated by the axial electric field E.. When the electric field peaks to
accelerate the charged particles, the transverse circular magnetic field is nearly zero, since there is a
90° phase difference between the electric field E. and the magnetic field H,.

(@) (b)

R

Jo(x)

0.8 -

P
ater-. een #,=0

06 k- Ja(x)

0.4 |

x R
at mr—E.s-n,{_ :1

0.2 -

Figure 5. The EM field distribution of the TMoio mode expressed by both Eq. (8) and Eq. (9). (a) The zeroth-order
and first-order Bessel functions curves. (b) Schematic diagram of the electric field line and the magnetic field
line of the TMoio mode in the MCR cavity.

4.2. Consideration to Construct the EM Field of the TMoio Mode with Photons

The intracavity field is a standing wave field. A single photon cannot be localized, a single LP
photon pair cannot be localized either. Only co-volume identical LP photon pairs with opposite wave
vectors k can be stationary since the wave vectors cancel out to zero, thereby the velocities also cancel
out to zero (by the way, the photons in a MCR cavity are zero velocity photons). That is to say, the
photon structure allowed in the resonant cavity can only be the standing wave 4-photon composite
structure. Although, they have no translational velocity, but they do keep a spin velocity, i.e., a spin
angular velocity.

Then we look at the resonant wavelength of TMoiw mode, Ay =2. 62R, and the photon diameter

in free space, d=0.5032A, now let 4= 0. 50324,,,~1. 327 < 2R. Compared with the cavity diameter 2R

and cavity length L<2R, the photon size is not small and comparable to the cavity size, so the cavity
volume can only accommodate one photon volume.

Furthermore, the photons in the cavity must be deformed into a cylinder to satisfy the Helmholtz
equation and boundary conditions of the MCR cavity. The cylindrical photons of length L and radius
R have the cavity axis as their symmetry axis. The electric-field substance vector, the magnetic-field
substance vector, the wave vector and the spin angular momentum vector of the photon in free space
are all Cartesian vectors [17]. After entering the constraint cavity space, due to the interaction with
the cavity wall, these vectors of each cylindrical photon turn into the orthogonal curve vectors (Ee,
Hey, kep) of the cylindrical coordinate system (o, @, z), ey, ey, e: are unit vectors on the o-, ¢-, z-axis,
respectively.

On the 0=0 axis, Jo(0) =1, J1(0)=0, so E=(0,z)=Eocoswt, and Hy(0,z)=0. Without magnetic field, it is a
pure alternating electric field; And at the side wall of the cavity where p=R, Jo(2.405) =0, J1(2.405)
=0.519, s0 Ez(R, ¢, z) =0, Ho (R, @, z) = -weo(R/2.405)]1(2.405) Eosincwt. Without electric field, it is a pure
alternating magnetic field. The electric-field and magnetic-filed components are mutually phase-
shifted by 90° and superimposed orthogonally elsewhere.

For the amplitude of the electric field E: given by Eq. (8), the amplitude of the magnetic field He
given by Eq. (9), it is observed in Figure 5(a) that at x=1.44, the zero-order Bessel function Jo(x) and
the first-order Bessel function Ji(x) have a point of intersection, i.e., Jo(1.44) =J1(1.44). Using this value,

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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for any microwave frequency it can be calculated the amplitude ratio E-/He= 1/(weoR/2.405) =377€),
which is consistent with the wave impedance of the photon [17].

Considering that the field in the cavity is axisymmetric, there is no periodicity in both the
angular ey direction and the longitudinal e:-direction. For cylindrical photons, the electric and
magnetic field matter vectors are located in the cylindrical surface (z, ¢); the wave vector and angular
momentum along to the radial e, or -ep.

In order to satisfy the conditions of pure electric field E. (near axis) and pure magnetic field (near
side wall), and to satisfy the conditions of phase difference of 90° between them, need two kinds of
SW4-photon composite. The SWE4-P composite can provide a pure electric field along z-direction.
The field substance distribution of its each photon along e,- direction obeys J 0( 2.405p/ }E) function,

is uniform along both the e¢- and e--directions. The SWM4-P composite can provide a pure magnetic
field Hy along the eo-direction. The field substance distribution of its each photon along ep- direction
obeys ]1(2_ 405p/ }?) function, is uniform along both the e¢- and ez-directions.

The superposition of two kinds of SW4-P composite provides both the harmonic oscillation
electric field along to the z-direction and the harmonic oscillation magnetic field along to the ee-
direction in the MCR cavity. The SWE4-P composite and the SWM4-P composite are configured in a
1:1 ratio, satisfying the principle of equal partition of EM energy in the cavity.

About the changes over time, demand that the SWE4-P composite obey coswt function and the
SWM4-P composite obey the sinwt function. Looking at the structure of the EM field given by Eq. (8)
and (9) and comparing it with the electric and magnetic field expressions for the SW8-P composite
structure given in Section 3, one easily realizes that this TMow mode’s photon structure is a typical
SW8-P composite structure. There is an inherent correlation between the SWE4-P composite and the
SWM4-P composite, that is, the spatial orthogonal, the time phase difference of 90° relation, and the
volume integral of its electric field energy is equal to that of the magnetic field energy (i.e., each half
of the EM energy).

This SW8-P composite structure is the basic unit of the TMoio mode photon structure. Below we
will discuss each of these in detail.

4.2.1. The SWE4-P Composite of the TMoiwo Mode

The EM field matter distribution of each photon in the cylindrical-shaped SWE4-P composite
follows the zero-order Bessel 0 ( jo1 p/ R) function along the radial p and is uniformly distributed

along both the angular ¢ and the axis z. For a cylindrical photon, the electric and magnetic field
matter vectors (E, H) of each photon are located in the cylindrical surface (¢, z), while the wave vector
k and angular momentum j are in the radial (+ ey) direction. Right/left-spin photons in free space
obey the Ex(fH)—>k spin rule, how to implement the spin rule for right/left-spin cylindrical
photons? We divide each cylindrical photon into an infinite number of differential volumes (dV) by
using the three orthogonal curve-surfaces ((p, @), (¢, z), (z, p)). In each dV the EM field matter vectors
(E, H) of each photon spin-rotate about the local wave vector k at @ according to the Ex(+H)—>k
spin rules like as in the Cartesian coordinate system as shown in Figure 6.

Intracavity four cylindrical photons EiHi, E2H>, EsHs and EsHs, at wt=0°, are shown in Figure 6
(a), (b), (c) and (d), respectively. The electric field substance vectors are all along the z-axis, which
becomes the manifest component; while the magnetic field substance vectors cancel out to zero,
which become a hidden component. The direction of the electric field is along the z axis, and the
magnetic field direction is along the angular ¢ and connected the head and the tail. In order to see
this clearly, take the same dV as shown in (a’), (b’), (¢') and (d’) of Figure 6. The Hi of photon EiH: is
along the -ee direction, E1H1right-spin, both its wave vector k and its angular momentum j are along
the ep direction; The H: of photon EzH: is also along the -e¢ direction, E2H: left-spin, its wave vector k
is along the e, direction, but its angular momentum j is along the -e, direction; The Hs of photon EsH3
is along the ey direction, EsHs left-spin, its wave vector k along the -e, direction, but its angular
momentum j along the ep direction; The Hs of photon EsHs is along the ey direction, EsHa right-spin,
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both its wave vector k and angular momentum j are along the -e, direction. In a word, the field
substances superposition of the same dV belonging to these four photons results in zero magnetic-
field vector synthesis, zero total wave vector synthesis, zero total angular momentum synthesis and
four times electric-field vector synthesis of single photon. This result is correct for the entire SWE4-P
composite.

. "r~.‘
A S
SR R

3

K1

Figure 6. The orientation of the E: and Hy of each cylindrical photon and the directions of the spin and wave-
vector of each cylindrical photon in the same dV at wt = 0° phase for the SWE4-P composite. The magnetic fields
of the photon EiHi and E:H: are along -e¢, as shown in (a) and (b), respectively, but the spins are different, the
former is right-spin, while the latter is left-spin, as shown in (a’) and (b’), respectively. Their wave vectors are
along the ey direction. The magnetic fields of the photon EsHs and E:Ha are along ey, as shown in (c) and (d),
respectively. But their spins are different, the former is left-spin, and the latter is right-spin, as shown in (c’) and

(d’), respectively. The wave vectors are along the -ep direction.

Figure 6 shows only the vector direction at the initial phase (wt=0°) of photon EiH:, E2H>, EsH3
and E:Hs within the SWE4-P composite. Figure 7(a), (b), (c) and (d) show the direction of the electric
field substance vector and the magnetic field substance vector in the same differential volume
belonging to four different photons at 0°, 90°, 180° and 270° phase points, respectively. Note that Hi
and Hs are always in opposite directions and cancel each other out to zero, and Hz and Hs are always
in opposite and cancel each other out to zero. The dV, (a’), (b’), (<), (d’) of each photon in Figure 6
only corresponds to Figure 7(a).

(b) (d)

-Z ) =z |
=0 @r=90" wr=180

Figure 7. The evolution of the electric- and magnetic-field vectors in a dV belong to the four photons (EiHi, E2Hb>,
EsHs, EsHas) within the SWE4-P composite (displayed in the cylindrical surface (¢, z)). (a) at @¢=0°, the electric-
field vector of the four photons is along the z axis; (b) at @¢=90°, the electric-field vectors of the four photons are
pairwise cancel out to zero;(c) at @r=180°, the electric-field vectors of the four photons are all along the -z axis;
(d) at @r=270°, the electric- field vector of the four photons are pairwise cancel out to zero. The cycle starts again

and again.

The result of superposition of four photons is that the total magnetic field is always 0, invisible,
and the total electric field E is a manifest component which is four times the intensity of the single
photon. There is no net wave vector and no net angular momentum in any dV, but the substances in
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each dV which belongs to each photon keep independent spin. The z-direction electric field of TMo1o
mode is contributed by the SWE4-P composite alone. Obviously, it is the basic unit of the z-direction
electric field of TMow mode in the cavity. As a result, the pure electric field oscillates along the z-
direction with angular frequency . The electric field generated by the SWE4-P composite can be
expressed as bellow:

(£),,=4E J,(Jyp/R)coswt. (10)

4.2.2. The SWM4-P Composite of the TMoiwo Mode

Each photon in the SWM4-P composite is also deformed into a cylinder of length L and radius
R. The EM field matter distribution of each photon in the SWM4-P composite follows the first-order
Bessel / (J,,p/K) function along the radial p and is uniformly distributed along the angular ¢ and

the axis z. The electric field E and magnetic field H of each photon are located in the cylindrical surface
(¢, z), the wave vector k and angular momentum j are along the + e, direction, as shown in Figure
8. A significant difference from the SWE4-P composite is that the superposition of four photons
results in that the total electric field component is zero. And the total magnetic field component along
the eq direction, and oscillates harmonically at the angular frequency .

Take a dV to illustrate the physical mechanism. As shown in Figure 8, at wt = 90° phase, the
magnetic field Hi (i=1,2,3,4) belonging to the four photons of the SWM4-P composite are all along the
-e¢ direction, while their electric field components are pairwise opposite to each other and cancel out
to zero. Specifically, in the dV, the magnetic field Hibelonging to photon 1 is along the -e, direction,
the photon HiE: left-spin, its wave vector ki is along the -e, direction, and its angular momentum j
is along the e, direction as shown in Figure 8(a’); the magnetic field H> belonging to photon 2 is also
along the -e, direction, the photon HzE: right-spin, both its wave vector k2 and angular momentum j2
are along the -e, direction as shown in Figure 8(b’); the magnetic field Hs belonging to photon 3 is
along the -e¢ direction, the photon HsEs right-spin, both its wave vector ks and angular momentum js
are along the e, direction as shown in Figure 8(c’); the magnetic field Hs belonging to photon 4 is
along the -ey direction, the photon HiE: left-spin, its wave vector ks is along the e, direction, its
angular momentum js is along the -e, direction as shown in Figure 8(d’). In a word, in the same dV
belonging to the four photons, the superposition result is that the total electric field vector synthesis
is zero, the total wave vector synthesis is zero, the total angular momentum synthesis is zero, and the
total magnetic field vector synthesis is four times that of the single photon. This result is correct for
the whole SWM4-P composite.

-Hep Ee.

Figure 8. The orientation of the Hy and E:of each cylindrical photon and the directions of the spin and wave-
vector of each cylindrical photon in the same dV at wt=90° phase for the SWM4-P composite. The total magnetic
field directions of the four photon HiEi1, H:2E>, HsEs and H4Es are all along -ee direction, their resultant electric
field is zero in (a)—(d), but the spins are different, the photon HiE1, HsEs are right-spin, as shown in (a”) and (¢),
respectively. While the photon H2E2, HiEs are left-spin, as shown in (b”) and (d’), respectively.
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Figure 9 (a), (b), (c) and (d) show the direction of the electric field substance vector and the
magnetic field substance vector in the dV shared by four cylindrical photons at the four phase points
of 0°,90°,180° and 270°, respectively. Note the E1and Es always cancel each other out to zero, the Ez
and E: always also cancel each other out to zero. The field synthesized by the four cylinder-photons
is a pure magnetic field. The magnetic field produced by the SWM4-P composite harmonically
oscillates at angular frequency o along the ey direction,

(#,),,= 44 J (2. 405p/R) sin et . (11)

The SWM4-P composite is the basic unit of the angular magnetic field of TMoio mode in the MCR
cavity.

ot=180" or= 270

Figure 9. The evolution of the electric and magnetic field vectors from four photons (H1E:, H2E>, HsEs, H4Es) in
each dV of the SWM4-P composite over a period (displayed in the cylindrical surface (¢, z)). (a) at @¢=0°, the
total magnetic field vectors of the four photons are along the +z axis, and pairwise cancel to zero; (b) at 4r=90°
, the total magnetic field vectors of the four photons are all along the -e¢ direction; (c) at @r=180°, the total
magnetic field vectors of the four photons are again along the +z axis, and pairwise cancel to zero; (d) at r=270°
, the total magnetic field vectors of the four photons are all along the e, direction. The cycle starts again and

again. The photon differential volumes (a”), (b”), (¢'), (d’) in Figure 8 only correspond to here (b).

4.3. The SW8-P Composite Structure of the TMoiw Mode

A superposition of a SWE4-P composite and a SWM4-P composite with a total of 8 photons as a
basic unit constitutes the EM field of the TMowo mode. The pure electric field E: near the axis is
contributed by the SWE4-P composite alone, the pure magnetic field Hy near the side wall is by the
SWM4-P composite alone, and the mixed electric and magnetic fields with a phase difference of 90°
in other regions are jointly contributed by both SWE4-P composite and SWM4-P composite. The co-
volume superposition of the SWE4-P and SWM4-P composites (total of 8 photons) as the basic unit
provides the energy storage for the TMouw of the MCR cavity. That is to say, the energy storage in the
cavity increases step by step with the unit (8% ) of 8 photons. This is a result deduced from single
photon structure model [17].

The physical process that occurs in the cavity can be understood from the classical EM theory.
As the electric and magnetic fields of eigenmode that satisfy the Helmholtz equation and boundary
conditions of the MCR cavity, oscillating at angular frequency w. The electric energy is converted into
the magnetic energy, and the magnetic energy is converted into the electric energy, and so on, the
electric and magnetic energies are converted into each other.

From the photon’s point of view, the physical process occurring in the cavity is the result of the

EM field vector matter spin-rotate independently about their respective wave vectors (*e,) at the

angular velocity w in each dV of the eight cylindrical photons. This physical mechanism is more
intuitive, concise and clear than the abstract image of “electric and magnetic energy can be converted
into each other”. Of course, the classical theory of the EM field is still very accurate in its mathematical
description, which is unrivaled by the photon's point of view.
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5. Discussion

The standing wave 8-photon composite structure is the inevitable result of the superposition of
two running wave 4-photon monomers moving in opposite directions in a longitudinal-constraint
space. The standing wave electric 4-photon composite and the standing wave magnetic 4-photon
composite, which are phase by 90°, are specific states in which the running wave 4-photon monomers
exist in a longitudinal-constraint space. Once it leaves this constraint space, standing wave 4-photon
composite ceases to exist. You absolutely cannot extract the standing wave electric 4-photon
composite or the standing wave magnetic 4-photon composite from the cavity space. What can be
extracted from the cavity space is only the running wave 4-photon monomer, which is commonly
referred to as “single photon” in the current literatures. The two-photon generated by II type
spontaneous parametric down-conversion (type II SPDC in BBO) [23] is actually two 4-photon
monomers with cross polarization. And so-called “ non-Gaussian triphotons entangled state” [24,25]
is actually an entangled state of three “running wave 4-photon monomers”. Because according to the
single photon structure model [17], the normal unit of the pump laser is a running wave 4-photon
monomer, and no matter it is divided into two monomers or three monomers in the nonlinear crystal,
each of its monomer is still the running wave 4-photon monomer (although people still refer to it
“single photon”).

6. Summary and Conclusions

Based on the single photon structure model [17], the SWE4-P composite and the SWM4-P
composite are deduced in one-dimensional constraint space. They are the basic units of pure
alternating electric field and pure alternating magnetic field, respectively. The SW8-P composite
structure is deduced from the laser microcavity. It can simulate resonant EM field of the TMoiw mode
in the MCR cavity, but the photon has already been deformed into a cylinder, and its wave vector is
radial, and the EM field matter vectors are located inside the cylindrical surface (¢, z).

On the one hand, the TMoio mode has the lowest resonance frequency and the largest resonant-
photon volume comparing to photon of other modes. The volume of the entire cavity is one-photon’s
volume, and its EM field, though it is at least 8-photons superimposed, is always confined to inside
of a single photon volume, so it only shows classical continuity and it is impossible to show particle
nature. This is the root cause why the EM fields and the photons look so different. This way, photons
and classical EM fields no longer appear completely different and unrelated, but have intrinsic unity
and consistency.

In a popular sense, the standing wave EM field and the corresponding standing wave photon
structure are the same thing. There is no so-called “excited state’ and ‘ground state’ in an EM field.
Photon and EM field are just two different ways of description. The lower the frequency, the more
convenient it is to describe it with the field (within the photon volume), and the higher the frequency,
the more convenient it is to describe it with photons (outside the photon volume). This is also the
significance of quantum optics.

On the other hand, for cylindrical photons, not only its exterior shape varies extremely, but its
content changes even greater, first of all, its wave vector becomes a “variable vector (e,)”, and
secondly, one of its field substance vectors (e,, ez) also becomes a variable vector. In this way, spin of
each photon becomes extremely complicated. How to perform the spin rule E x(+H) — k ? Only by
cutting the photon into infinite differential volumes with three orthogonal curved surfaces, allowing
the field substance in each dV to spin around the local wave vector with angular velocity w. The
execution of the spin of each photon is so precise that the four photons (SWE4-P) in cancel their
magnetic field components and double the strength of their electric field components, and the other
four photons (SWM4-P) cancel their electric field components and double the strength of their
magnetic field components, what is it that is playing the role of manipulation so exactly? It is the
mission of future physics to reveal this unknown substance. This is where the significance of this
paper lies.
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It can be said that the photon is a quantized EM field-particle, and the electric and magnetic
fields are the collection of the SWE4-P composite and SWM4-P composite respectively, or said that
the EM fields are the collection of the SW8-P composite structures.
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