/
oo Resmurch
0... Publishing

Optics and Photonics Journal, 2021, 11, 121-131
https://www.scirp.org/journal/opj

ISSN Online: 2160-889X

ISSN Print: 2160-8881

The Size of a Photon

Richard A. Hutchin

Optical Physics Company, Simi Valley, USA

Email: rahutchin@opci.com

How to cite this paper: Hutchin, R.A.
(2021) The Size of a Photon. Optics and
Photonics Journal, 11, 121-131.
https://doi.org/10.4236/0pj.2021.115010

Received: March 22, 2021
Accepted: May 18,2021
Published: May 21, 2021

Copyright © 2021 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

This paper begins by exploring a useful and neglected detail of a photon—its
physical size perpendicular to the direction of propagation in the same way as
an atom or neutron has a physical size. Such a photon size would be quite
separate from the cross-section of a photonic interaction, which depends on
the material interacting. Such a perpendicular dimension of a photon will be
invariant under Lorentz transform parallel to the light propagation direction
and will thus be the same for all frequencies of light. This study also leads to
new details about how a photon interacts, offering an explanation for the fa-
miliar physics where light slightly above and below the mean frequency of an
excited state can still excite the same state without violation of conservation
of energy—a mystery explored thoroughly in a previous paper without find-
ing the solution offered here. As usual, a better elucidation of the details of
light interaction also leads to new insights—especially about the vacuum
field. The Appendix summarizes some previous research relevant to this
discussion.
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1. Introduction

When we talk about a photon, we specify a frequency/wavelength and direction
and position, but its physical size is typically not mentioned. It is the atom or
molecule that sets the cross-section for a photon interaction not the photon it-
self. Given this gap in the physics of photons, we have explored here the ques-
tion of the size/width of a photon perpendicular to its direction of propaga-
tion—defined as the size of a hole that will pass the photon with at least 90%
probability.

While this question is simple and direct, the answer to this question opens a

doorway to understanding decades of past research by many groups around the
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world showing annual variations in radioactive decay rates peaking around Jan-

uary each year.

2. The Logic to Determine the Perpendicular Width of a
Photon

We use the logic shown in Figure 1. We begin with a photon of frequency £.
Then the coordinate frame is shifted by velocity Av so that the same photon now
has a higher frequency £ given by the relativistic Doppler shift equation as

shown in Equation (1).
A=c/f, (1)

Using Equation (1), we can now choose a Av close to the velocity of light ¢
where the photon wavelength (1 = ¢/£) is much smaller than the size of a neu-
tron. With such a short wavelength we can then pass the photon through a hole
diameter of 1 neutron = 1.6 x 107" m with high transmission and negligible dif-
fraction.

It is especially important to note that with a standard Lorentz transformation
the width of the photon perpendicular to its propagation direction will be pre-
served under all changes in the observer coordinate system. Thus, the width of a
photon will be the same in any coordinate system.

If we choose the velocity increase to be close to the velocity of light, then the
wavelength of the photon in the shifted coordinate frame can be as small as we
like, and in this case, we select a Doppler shift that reduces the photon wave-
length to 107° m.

With such a small photon wavelength, it is no problem to pass the photon
through a hole the size of a neutron or less (1.6 x 10™"* m) with lots of room to
spare.

This conclusion can be generalized to all coordinate systems since dimensions
perpendicular to the velocity change are invariant with the velocity change. This
well-known physical principle implies that the width of the photon perpendicu-

lar to its direction will be the same size in all coordinate systems for any velocity

shift along the photon path ie, for all frequencies of the photon.
The conclusion of this short discussion is that the perpendicular width of a
photon doesn’t change with its frequency and is expected to be as small as 107

meters, based on well-proven Lorentz transformations.

Photon 1 Photon 1’
Freq f; Freq f, = f; *[(1 + Av/c)/(1- Av/c)]*5
1. Begin with 2. Shift 3. Photon 4. Width
Photon of Coordinate Frequency unchanged
Freq f; Speed by Av increases

Figure 1. Using a standard Lorentz transform along the direction of an emitted photon,
the frequency £ of the emitted photon can be shifted to any value without changing the
width of the photon perpendicular to its direction. Thus, the width of a photon is inva-
riant in all coordinate frames and all photon frequencies.
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This extremely small size suggests that a photon has no energy, but interacts

with the vacuum field to provide energy for excitations.

Thus, the above discussion with Figure 1 tells us that the size of a photon
perpendicular to its velocity is constant for all wavelengths and is comparable to
the shortest wavelength a photon can possess, which likely will be one of the

prime constants in physics.

3. Implications

3.1. The Width of a Photon Perpendicular to Its Velocity Would Be
a Universal Constant of Extremely Small Size, and Thus the
Volume and the Energy of a Photon Would Be Close to Zero

Even more constraining is that the energy excitation of a photon will not come
until the end of the photon string actually arrives at the object irradiated. As an
example, a decay time of 10 nanoseconds makes the leading part of a photon
emission 3 m long (¢ x 10 nanoseconds) while the photon at the tail is around
10*° m or so wide and likely a similar dimension in length. As a result, the vo-
lume available for interaction in the photon itself appears very small in all three

dimensions—perhaps less than (107’ m)* = 107 m’.

3.2. With Such a Negligible Volume, the Energy in the Photon May
Well Be Considered Zero

Photons interact all over our labs, and we see energy being released as they are
absorbed. However, given that the volume of any photon appears to be essen-
tially zero without any matter in it, we explore here the possibility that the pho-
ton is a trigger without any significant energy of its own.

We hypothesize that the function of a photon is not to provide energy, but to
initiate a process that provides energy.

To be specific in this discussion we imagine a photon that has traveled a long
enough distance after emission so that it has negligible E&M field around it. It is
thus modeled as a 10 m diameter string (or smaller) with a photon seed at the

end containing negligible and possibly zero energy.

However, we know that a photon is able to excite an electronic state as we see
in our labs all the time. Assuming no significant energy in the minuscule photon
volume, the excitation process from the incident photon must emit negative
energy E&M radiation in order to generate positive energy for the excitation.
Since we often model E&M fields as complex, emitting negative energy seems
plausible. We are simply looking at the familiar excitation process in greater de-
tail.

3.3. The Energy Generation Process

One clue we have is that the energy effect of a photon, when captured, is
Planck’s constant h times its frequency v. Since Planck’s constant 4 is the energy
scale factor for the vacuum field, we propose an interaction of a zero-energy

photon with the vacuum field to provide the excitation energy.
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We know from quantum mechanics that an excitation of a fixed state always
creates the same excited state no matter what its exact input photon frequency.
In particular, the same excitation can be generated by a small band of photon
frequencies. We thus need a physical theory that supports a fixed excitation
energy from a band of input frequencies of light.

Immediately raising this question: When the same excitation is coming
from a band of different frequencies, how do we deal with conservation of
energy? [1].

To allow the excitation of an electronic state by a band of frequencies, we need
three hypotheses:

1) A photon of frequency v,, within the excitation bandwidth of an excitable
state can be captured by that electronic state.

2) Since we have found that a photon has no significant energy, the photon
capture must stimulate an E&M radiation process of negative energy to generate
the excitation energy of the state.

3) For every photonic excitation, this E&M radiation process can be activated
by photons over a range of frequencies to give exactly the same excited state re-
sult.

The energy of a photon (meaning its effect on matter) is usually considered to
be h*frequency, but when we look more closely, at an excitation, we find the pa-
radox that the same electronic excitation is created by a range of photon fre-
quencies, both lower and higher than the nominal state excitation. Most bother-
some, is that this excitation can even be accomplished by photon frequencies
where Av is less than the excitation energy. The experimental result is that the
energy to excite a state is the same for all exciting photons no matter what their
frequency, which means that the excitation energy doesn’t come from the pho-
ton, which is just a trigger to the excitation process.

How is conservation of energy preserved?

This issue was raised in reference [1], which evaluated several candidate ex-
planations without finding a solution.

Since the probability of receiving a photon that exactly matches the energy of
an excitation state change is almost zero, the well-known principle that a band of
incident photon frequencies will all cause the same excitation of an electronic
state is essential for our universe to be active. However, the photons whose fre-
quencies are closest to the excitation energy will have the highest interaction
cross-section.

This discussion concludes that the excitation energy cannot come from the

photon, whose function is simply to activate the excitation process.

3.4. Proposed Model of a Photonic Interaction

Now return to a photon in the lab interacting with an atom. The physical model
we have now derived for a photon excitation in an atom is summarized here.
1) When an incident photon interacts with an atomic state, it will have a fre-

quency close to an available excitation transition but no energy in its negligible
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volume.

2) The photon absorption by the atomic state triggers a negative energy emis-
sion from the current atomic state in the same direction as the incident photon
at the frequency of the excitation.

3) That negative energy emission generates the positive excitation energy
of the electronic state as well as the momentum and angular momentum
changes.

4) Some later time, that state decays when it captures a vacuum photon at the
proper frequency range, releasing a positive energy E&M emission that provides
the resulting momentum kick.

5) Both the negative and positive energy E&M emissions diffuse into the
background of space, adding to the vacuum field whose total energy is zero.

With this model, energy is fully conserved and these processes will continually

increase the vacuum field in the universe.

3.5. Interim Discussion

We have presented a simple logic in this paper concluding that all photons have
essentially zero volume and thus zero energy. This means that the excitation of a
state occurs not from the photon’s energy but from the photon’s trigger. In our
proposed model, the triggered state then emits negative energy E&M radiation
until the electron is excited to the higher state—always creating the same excita-
tion energy no matter what the exact frequency may be of the photon that trig-
gered the excitation process.

This process matches the experimental observations where a small frequency
range of incident photons can all excite the same electronic state. This process
also resolves the problem of the different frequencies of light all having the same
excitation energy since the energy of excitation comes from a negative energy
emission of the activated electronic state not from the photon, which is shown
above to have no significant energy at all [1].

This process of having a triggered excitation generate its own energy may be
universal. As a result, there would be perfect conservation of energy in the un-
iverse even when Planck’s constant times the frequency of the incident light is
too low or too high for the exact energy boost required to lift an electron or nuc-
lear particle into a higher state. And the traditional Av exciting photon energy is
almost always too low or too high given the continuous spectra of photons in the

universe.

3.6. Impact on the Cosmos

This model requires that the E&M radiation from all sources mostly dissipates
into the cosmos, where it has been accumulating since the start of the universe.
This radiation would include all the positive energy radiated when an excited
state decays as well as the negative energy radiated when a state gets excited in

nearly equal proportions.
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The resulting radiation, having accumulated over the lifetime of the universe,
would be immensely powerful and zero mean energy—making us consider the
vacuum field as its possible result.

If the vacuum field does come from these universal excitations and emission
processes, then we would expect to see the level of the vacuum field slowly in-
creasing with time. Since the vacuum field controls the rate of time, we would
also see a universal red shift with distance, caused not by an expanding universe
but by a universe whose time rate is slowly increasing due to the vacuum field
slowly increasing.

We have called this vacuum field radiation by the name “Casimir radiation”
since its accumulation sets the value of vacuum field, which Casimir first dis-
covered.

Sources of Vacuum Field Radiation (Casimir Radiation): Stars would be espe-
cially strong sources of this vacuum radiation, although every warm body would
be a source. Previous tunnel diode experiments [2] [3] detected this vacuum
field radiation from the Sun at 13 sigmas and from a nearby source in our galaxy
(consistent with Betelgeuse) at 7 sigmas using Esaki tunnel diode current at con-
stant voltage and temperature to measure the changes in the vacuum field. That
tunnel current is exponentially sensitive to h, Planck’s constant, that traditional-
ly controls the strength of the vacuum field.

See the Appendix for more details about this experiment.

We also detected a gradient in h across the Earth’s orbit of 851 ppm, peaking
in the second half of December (Figure 2).

In this paper, we assume the reverse relationship, that the radiation strength
of the vacuum field determines /4, which can vary spatially with local radiation
coming from nearby stars. We also assume that such radiation comes from all

warm bodies but dominantly from stars, as does almost all other radiation in the

universe.
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Figure 2. An Esaki tunnel diode experiment, carefully controlled for temperature and
isolated from local fields, showed both annual and daily variations in the tunnel current.
The annual variations were interpreted as a variation in the Planck parameter h across the
Earth orbit. The daily frequency variations had two components associated with the
Earth’s rotation: One locked to the Sun at 107" false alarm probability and a second
locked to a direction in the cosmos at 107 false alarm probability. The first has 365 cycles
per 365 days and the second 366 cycles per 365 days over two years, so the data plotted
above separated the two signals well.
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The previous tunnel diode experiment measured [1]:

1) The sinusoidally varying tunnel current across the Earth orbit (1 cycle per
year).

2) The sinusoidally varying tunnel current aligned to the Sun (365.24 cycles
per year).

3) The sinusoidally varying tunnel current from a star in the nearby universe
(365.24 + 1 cycles per year).

We found high probability detections from all three effects as shown in the
data plotted below.

Note that Casimir radiation from a nearby star is easy to separate from Casi-
mir radiation from our Sun since the signal from the remote star has one extra
rotation of the Earth per year, compared to the Sun. More specifically, the
Earth’s rotation around the Sun subtracts one rotation from inertial space rota-
tion.

Thus, we expect 365 signal oscillations per year for solar radiation and 366
signal oscillations per year for a remote star source. Both were clearly seen at
high confidence as shown in Figure 2 [2].

These data show that there are radiative sources for the vacuum field. This
current paper provides a physical mechanism for the previously detected va-
cuum field radiation in the continuous excitations and emissions of electronic
states.

In support of this model, we have used data from a 2.5 year tunneling experi-
ment, showing an increase in the tunnel current on the sun-side of the Earth and
a larger variation across the Earth’s orbit, peaking in December-January. In ad-
dition, a third variation was found roughly aligned with Betelgeuse—suggesting
that the red giant Betelgeuse may be a substantial source of Casimir radiation.

The model that explains all these variations has the time rate of the universe
steadily increasing as the vacuum field increases from the continuing photonic
interactions of stars and other matter. Such a universe could show the same red
shift with distance that we see today but due to the increasing vacuum field with
time and not due to an expanding universe.

The left side of Figure 2 shows the 2.5 year history of the tunnel current in the
Esaki tunnel diodes—chosen for their extreme stability. Assuming there might
be a transient in the start up of the experiment, the last two years of the data
were used in the analysis.

There were three different frequencies of signal detected in this experiment
(2].

1) One year cycle: The largest detected signal showed a gradient in h of 851
ppm across the Earth’s orbit.

Peaking in the second half of December.

2) 24-hour Cycle: 2.31 ppm (Probability of Random chance 107") locked to
the Sun at 365 cycles per year. This would correspond to Casimir radiation from

the Sun (9.5 sigma).
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3) There was also a daily signal of 1.71 ppm (7 sigma) (Probability of Random
chance 107) locked to a direction in the universe consistent with Betelgeuse—a
gigantic red star brightly seen every night. It is clearly separable from the 24
hours cycle since it has one extra cycle per year, two extra cycles in the two years
of data.

3.7. Gradient across the Earth Orbit

The strongest signal detection at 851 ppm peak-to-valley was a signal with one
year period, which would correspond to a gradient in the vacuum field (ie, a
gradient in A) across the Earth’s orbit, peaked in the second half of December.

Such a gradient would come from a remote and powerful source.

3.8. Sun Source

A frequency analysis of this data over two years also detected a daily frequency
(365 cycles per year) locked to our Sun at 2.31 ppm peaking around local noon.
This would correspond to Casimir radiation (vacuum field) coming from the
Sun.

Probability of random event = 1.05 x 107"

3.9. Star Source

In addition, a weaker source for the vacuum field of 1.71 ppm was detected with
a frequency of 366 cycles per year consistent with a remote star source, generally
aligned with the giant red star Betelgeuse. It is weaker in our solar system be-
cause Betelgeuse is very far away compared to our Sun.

Probability of random event = 1.0 x 107

4. Conclusions

Impact on the Cosmic Red Shift: If the vacuum field is radiated by all stars,
the rate of time is speeding up everywhere as the universe ages. The effect of a
steadily increasing rate of time would be that stars further away appear redder
than stars close to us, and the red shift will be roughly linear in distance—matching
the observed red shift. The physics for the well-known cosmic red shift in this
new model is simply a steady increase in the vacuum field with time—radiated
continuously by every star and warm object in the universe. Even more, this ra-
diated vacuum field seems to be required to explain a gradient in tunnel current
across our Earth orbit and an enhanced tunnel signal on the sun side of the
Earth as experimentally observed.

Impact on radioactive decay: This paper shows a 2.5 year history of annual
variations in tunnel current, also suggesting that radioactive decay rates would
be affected—both especially sensitive to the vacuum field. While the tunnel cur-
rent experiments were done by the author, the radioactive decay experiments
were done by different groups around the world. Siegert [4] published 15 years

of data showing radioactive decay of *’Ra peaking around Jan 30 each year. Al-
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burger et al [5] found *Si decay peaked around Feb 8 in 4 years of data. Parka-
mov [6] found annual variations in the radioactive decay of “Co and also a
mixture of *’Sr”Y, peaking in January to February of each year. The number of
time varying decay reports caught DARPA’s interest, so Ref [7] was funded by
DARPA to assemble the many experimental results related to time varying ra-
dioactive decay in the hope that someone could integrate them into a single
theory.

The results of this paper all applied to tunnel current and a low frequency va-
cuum field of Avabout 0.3 eV. The annual and daily variations in tunnel current
were well suited to explore some new physics of the vacuum field. The outcome
was a candidate explanation for the cosmic red shift that requires no Big

Bang—ijust a lot of hot stars.
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Appendix

Two Charts from OSA Presentation [2]: Casimir Radiation Detected from the
Sun at 13 Sigmas by Richard A. Hutchin.

Figure A1 shows the fully assembled system in its shielded cage. The five pa-
rallel Schottky diodes shown in Figure A2 are in the shielded cage on the right
side, keeping them well isolated from the power supplies and the data acquisi-
tion electronics.

The 5 Schottky tunnel diodes (Figure A2) were attached to a thick, tempera-
ture controlled, copper plate using thermally conducting glue, and the tempera-
ture of the plate (as well as many other temperatures in the system) were moni-
tored every 10 seconds along with all the currents and voltages. We had pre-
viously calibrated tunnel diode current versus temperature and removed the
small effect in the processing as the internal temperature shifted slightly. That
temperature was set to over 40°C so that it could be maintained closed loop by
adding heat to the thick copper plate that supported all the tunnel diodes.

A constant current (separately measured every 10 seconds) was applied to the
5 Schottky tunnel diodes in parallel, and the resulting voltage was measured and

recorded also every 10 seconds for 2.5 years.

Oi} Fully Assembled System

~

Data Acquisition Schottky Diode Sensor

Faraday cages for
microwave shielding

i

Data . .
at Backup and isolation
acquisition ower supplies
computer P pp

28

Figure Al. This picture shows the Esaki tunnel diode experiment that operated in our lab for
2.5 years measuring the vacuum field intensity versus time of day and time of year. The output
of this experiment is shown above in Figure 2. All the power regulation and data acquisition
equipment were installed in the left Faraday cage while the sensor head with its 5 parallel
Schottky diodes was in its own shielded cage on the right. All temperatures, voltages, currents
and signals were archived every 10 seconds for 2.5 years.
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Q%G I(Alxssembly of the Sensor Head
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Copper
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tunnel
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to control
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mounts

25

Figure A2. All critical sensing components were in their own isolated and shielded box.
The 5 Schottky tunnel diodes (known for their stability) were used to measure the shift in
Planck’s constant A by their current fluctuations. Tunnel diodes are exponentially sensi-

tive to A.
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