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Abstract: It is extremely fascinating and astonishing that the gravitational field on the surface of a neutron 

star is with a relativistic mass density of 2.65 × 1016~5.87 × 1018𝑘𝑔𝑚−3 which can be larger than 

the mass density of the neutron stars (~1017𝑘𝑔𝑚−3 ). Therefore, it is the author’s first intuitional 

imagining that this field could directly convert into mass. In so strong a gravitational field, electron and 

proton could be produced directly from graviton–photon collision. The gravitational field exists in 

everywhere in our universe. No vacuum that the region of a space is “empty” does exist. A particle is 

clearly always being acted on by the gravitational field. The quantum vacuum fluctuation and vacuum 

polarization need be re-understood with the interaction between photon and gravitational field. Therefore, 

the gravitational field is naturally one of the foundations of modern physics. 
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Before 1900, the gravitational field is not needed for the foundation of physics. Therefore, it was omitted traditionally 

although it has to be considered in modern physics. In 1643, as Torricelli[1] presented the concept of vacuum, the 

gravitational field had not been known. So, in the Torricellian vacuum, the gravitational field is not excluded. It is a 

fact that the Torricellian vacuum is useful in many areas of current physics. For example, in the thermodynamics and 

statistic mechanics, based on the Torricellian vacuum, the motion of particles can be well described. But, now, the 

super strong gravitational field was observed. The gravitational acceleration on the surface of a neutron star is 2 ×

1011~3 × 1012 times that of the Earth.[2] 

 

It is important, a gravitational field is with energy. It is well-known that there is 𝑚𝑔ℎ =
1

2
𝑚𝑣2. The gravitational 

field can make a mass 𝑚 moved with the energy of E =
1

2
𝑚𝑣2 as the mass is freely falling in the field. The 

energy of the field of the Earth can be accurately measured. And, it is known that the energy density of a gravitational 

field， U𝑔 =
𝑔2

8𝜋𝐺
,[3] is determined with the gravitational acceleration 𝑔 and the Newtonian universe gravitational 

constant G.  

 

From E = m𝑐2  we know, correspondent to U𝑔 =
𝑔2

8𝜋𝐺
 , there is a relativistic mass density 𝑑𝑔 =

1

𝑐2

𝑔2

8𝜋𝐺
 . It 

means that, in the region of a space in anywhere that we now call it the vacuum there is an energy density of U𝑔 =

𝑔2

8𝜋𝐺
 and a relativistic mass density of 𝑑𝑔 =

1

𝑐2

𝑔2

8𝜋𝐺
 of the gravitational field. 

 

On the surface of the Earth, 𝑔𝑒 = 10m𝑠−2, correspondently, 𝑈𝑔𝑒 =
𝑔2

8𝜋𝐺
≈ 5.97 × 1010kg𝑚−1𝑠−2. In this 

case, 𝑑𝑔𝑒 =
1

𝑐2

𝑔2

8𝜋𝐺
≈ 6.63 × 10−7kg𝑚−3  is very little. So, it can be neglected in the traditional physics. For 

example, the mass density of the hydrogen gas is 𝑑𝐻 = 8.9887.5 × 10−2𝑘𝑔𝑚−3. Therefore, the gravitational 

field on the surface of the Earth with the relativistic mass density of 𝑑𝑔𝑒 =
1

𝑐2

𝑔2

8𝜋𝐺
≈ 6.63 × 10−7kg𝑚−3has little 

effect on the mass density of the hydrogen gas. But, for a super strong gravitational field (Here, we call the 

gravitational field with 𝑑𝑔 =
1

𝑐2

𝑔2

8𝜋𝐺
≥ 1 × 103𝑘𝑔𝑚−3 the super strong field), the energy density and relativistic 

mass density are very big. For example, the gravitational acceleration on the surface of a neutron star is 𝑔𝑛 = 2 ×

1011~3 × 1012𝑔𝑒 . Correspondently, there are U𝑔𝑛 =
𝑔2

8𝜋𝐺
≈ 2.39 × 1033~5.37 × 1035𝑘𝑔𝑚−1𝑠−2  and 

𝑑𝑔𝑛 =
1

𝑐2

𝑔2

8𝜋𝐺
≈ 2.65 × 1016~5.90 × 1018𝑘𝑔𝑚−3. We know, the density of water is 103𝑘𝑔𝑚−3; the largest 

mass density in the Earth is 2.259 × 104𝑘𝑔/𝑚3 (the osmium). The relativistic mass density of the gravitational 
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field on the surface of a neutron star is much larger than the largest mass density in the Earth. In any case, such strong 

a field cannot be omitted. 

 

The mass density of a neutron star is 𝑑𝑛 ≈ ~1017𝑘𝑔𝑚−3 . Therefore, the relativistic mass density of the 

gravitational field of a neutron star can be larger than the mass density of the neutron stars.  

 

For a star and its field, from 𝑑𝑔 =
1

𝑐2

𝑔2

8𝜋𝐺
 and 𝑑𝑚 = 𝑀/(

4

3
𝜋𝑟3), for 𝑑𝑔 ≥ 𝑑𝑚, there is 

 

 𝐺
𝑀

𝑟
≥ 6𝑐2                                (1) 

or 

          r ≤
1

6

𝐺𝑀

𝑐2                                  (2) 

 

  
2𝐺𝑀

𝑐2   is the Schwarzschild radius. It indicates that, as the radius of a celestial body is less than 
1

12
  times the 

Schwarzschild radius, the relativistic mass density of the gravitational field on the surface of the star is larger than the 

mass density of the star. 

 

It is extremely fascinating and astonishing that the relativistic mass density of the gravitational field is larger than 

the mass density of the star. The first intuitional imagining is that the mass, including electron and atomic nucleus, 

could be directly converted from the field. In theory, it was presented that, graviton could be converted into photon, 

and vice versa.[4,5] This conversion was widely studied in the condition of strong field, such as that of blackhole.[6-

11] The electron-positron pair and hadronic pair produced from high energy photon-photon collision was 

experimentally observed.[12-20] The photons can annihilate into: 1) a charged and neutral pair such as γγ →

 W+𝑊− , qq̅ , γγ → 𝑍0𝑍0 , 2) lepton pairs, and 3) charged and neutral Higgs. Therefore, according to current 

theory, proton could be produced from the sub-collision of graviton-photon conversion: high energy photon produced 

from graviton-photon collision—leptons produced from photon-photon collision—proton produced from the 

collision of these particles—Higgs mechanics makes virtual particles transferred into real ones. But, here, it is 

conjectured that the proton could be produced directly from the high energy graviton-photon collision. 

 

A gravitational field is emitted from a mass. A ray of gravitational field can be shown as Figure 1 which is with a 

direction along the radial direction of the gravitational field. The graviton is with a spin ±2. The direction and spin 
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±2 could indicate that, the ray of gravitational field is chiral. If electron and proton could be produced from photon-

graviton scattering, the chirality of the field should result in that only one kind of electron and proton can be produced, 

instead of that the matter-antimatter pair is produced. This may be the reason that the antimatter is very rare. 

 

Figure 1 is very familiar with many people. But, it has not been taken as an evidence for that a gravitational field 

is chiral. It is noted that the photon is with spin ±1. A light ray also is with a direction. Therefore, the photon-photon 

collision could be chiral. But, now, it is believed that only the matter-antimatter pair can be produced from the γγ 

collision. Therefore, it is questioned that whether or not the production from the γγ collision can be chiral. 

 

 

 

                                 Ψ =
𝐺𝑀

𝑅
                spin of graviton 

                                               A ray of gravitational field 

                              mass 

 

Figure 1. The chirality of a gravitational field. 1) At any a point of a gravitational field, there is a 

gravitational potential Ψ =
𝐺𝑀

𝑅
 . 2) The gravitational field is with a gravitational acceleration 𝑔 =

𝐺𝑀

𝑅2  

which is directed toward to the central of the mass. 3) The graviton is with the spin ±2. 

 

 

 

In the Breit-Wheeler process,[21] the condition for the electron-positron pair produced from high energy photon-

photon collision is 𝐸𝛾1𝐸𝛾2(1 − 𝑐𝑜𝑠𝜑) ≥ 2𝑚𝑒
2𝑐4, where 𝐸𝛾1 and 𝐸𝛾2 are the energy of the photons, 𝑚𝑒 is 

the mass of the electron. Analogy to the condition, as the energy of the graviton 𝐸𝑔 is large enough, the electron and 

proton could be produced from photon-graviton collision. Therefore, for the mass of electron 𝑚𝑖 and that of proton 

𝑚𝑗, under the condition of 

 

𝐸𝛾𝐸𝑔(1 − 𝑐𝑜𝑠𝜑) ≥ 2𝑚𝑖𝑚𝑗𝑐4                   (3) 

 

the electron and proton could be directly produced from graviton-photon collision. 
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From the conservation of charge and spin, the Feynman diagram for the photon-graviton collision could be 

expressed as Figure 2. It means that, before collision, the sum of the charge for graviton and photon is q = 0e +

0e = 0 and the sum of the spin for the graviton and photon is s = −2 + 1 = −1 or s = 2 − 1 = +1; while 

after collision, the sum of the charge is q = −1e + 1e = 0 and the sum of spin is s = −
1

2
+ (−

1

2
) = −1 or 

s =
1

2
+

1

2
= 1. However, now, Figure 2 is only an imagined one. But, it could be checked observationally. 

 

 

 

                       γ                              e 

 

 

                       𝑔                               p 

 

Figure 2. Electron-proton produced from photon-graviton collision: 𝜸𝒈 → 𝒆𝒑 . Because of the 

direction of the gravitational field and the spin of graviton, it is conjectured, the proton (p) and electron (e) 

could be directly produced from the graviton(𝑔)-photon(γ) collision. 

 

 

 

The mass of a proton is much larger than that of an electron. In 𝐸𝛾𝐸𝑔(1 − 𝑐𝑜𝑠𝜑) ≥ 2𝑚𝑖𝑚𝑗𝑐4, a critical energy 

for the graviton is needed to produce a proton. According to U𝑔 =
𝑔2

8𝜋𝐺
, the critical energy is determined with the 

distance R from the source mass as shown in Figure 3. Here, we call R the critical distance. It determines that, inside 

the critical distance, the proton could be produced. While out of this distance, only little proton could be produced by 

the Heisenberg’s principle of uncertainty. Therefore, the numbers of the protons out of the critical distance is sharply 

reduced to almost zero as shown in the Figure 3.  

 

The observation of Sgr A* showed that there are the ionized and neutral gas, dust and hard x-ray which form the 

clumpy streamers or filaments orbiting around Sgr A*.[22] And, the reason for the origin of these matters are being 

discussed. If electron, proton and other particles could be produced from photon-graviton collision, this observation 
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could be understood and explained. And, the critical distance could be observed from Sgr A*. It is important, the Sgr 

A* is a good object for observing the super strong gravitational field. 

 

 

 

 

 

                                             R  

                                                    R1 

                                                       R2 

 

 

Figure 3. The distribution of the protons and other particles around a mass with super strong field. 

Determined with 𝐸𝛾𝐸𝑔(1 − 𝑐𝑜𝑠𝜑) ≥ 2𝑚𝑖𝑚𝑗𝑐4, the distribution of the particles produced from graviton-

photon collision should be layered sharply. The protons should be assembled inside the R region. Out of R, 

the protons are almost zero. In the R1 region, there should be the leptons and the hadrons with the mass less 

than the proton. In the R2 region, the leptons are very little. 

 

 

The quantum fluctuation was observed experimentally.[23,24] Now, the quantum fluctuation is also called 

“vacuum fluctuation”. Quantum vacuum fluctuation is a fundamental concept in the quantum field theory.[25-28] It 

is thought that a real photon could be generated from a vacuum. In current quantum field theory, a quantum 

electrodynamics vacuum is the lowest energy state of the electromagnetic field when the fields are quantized. 

Therefore, it is thought that the deep space is approximations of the vacuum with a few hydrogen atoms, a lots of 

photons, the cosmic background radiation and neutrinos. And, the artificial vacuum can be arrived at. It seems that, 

the difference between the quantum electrodynamics vacuum and the Torricellian vacuum is little. In both of them, 

the gravitational field has not been excluded. 

 

It is clear and certain, in the experiments,[23,24] the electrons interacted by the gravitational field cannot be omitted. 

The photon-graviton collision has to be considered. Therefore, from Refs. [4,5], I prefer to believe that the observed 
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quantum fluctuation[23,24] is an effect of graviton-photon collision and the conversion of graviton into photon. In 

this sense, it could be concluded that the graviton with the graviton-photon interaction was detected in quantum 

fluctuation. 

 

It is clear, the quantum fluctuation is related with Heisenberg’s principle of uncertainty. Therefore, as the vacuum 

zero-point energy is replaced by the energy of the gravitational field, the current explanation about the quantum 

fluctuation only need be improved. 

 

The vacuum polarization also need be re-understood with the gravitational field. It is thought that the “vacuum 

polarization” was observed in lab[29] and from the strong magnetic field of the neutron star.[30,31] On a neutron 

star, the effect of gravitational field is super strong. It is clear, it is not suitable to omit the effect of such strong a field 

on the electromagnetic field or photon. 

 

Light bending by gravity and gravitational redshift were well known nowadays. Under the condition of the super 

strong gravitational field, some of strong and new effects could be possibly discovered by analogy to that in the 

electrodynamics. For example, analogy to the Zeeman effect, as a light ray running through a strong gravitational 

field, the direction of this light ray could be changed by the gravitational field and this change could be very large. If 

there are the gas around a star, the effect analogous to the Kerr effect and Faraday effect should be produced. 

Therefore, the observation in Ref.[30,31] may be a new kind of the quantum effect of the super strong gravitational 

field on electromagnetic field and photon. 

 

It was presented that the photon and electron may be originated from vacuum under the condition of chiral 

symmetry.[32] But, if the gravitational field is considered, it could be concluded that the photon and electron can be 

converted from the gravitational field and this conversion is chiral. 

 

Historically, the first studied field is the gravitational field. In 1600s, René Descartes presented that the attractive 

force of the gravity is produced from the ether vortex.[33] But, in current physics, the theory of gravitational field is 

only based on the analogy to that of the electromagnetic field. It is believed that the gravitational field of a mass is 

analogous to the electric field of an electron. But, different from the interacting electric field which can be neutralized 

for that there are positive and negative charges, the interacting gravitational field is invariant for that gravitational 
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field cannot be distinguished as negative or positive ones. It is clearly shown that this analogy is invalid. In strict 

scientific standard, a physics theory only can be developed from observation and experiment. Therefore, it can be 

thought that, now, we have not had a complete theory for the gravitational field. 

 

Factually, observation and experiment have laid the foundation to develop a scientific theory of gravitational field. 

First, Newtonian theory of gravity with the observation of celestial orbit and with the experiment of artificial orbit 

laid the foundation to develop the theory of the interaction of gravitational field. Newton demonstrated that the 

repulsive gravity can be produced from the interaction of gravitational field.[34,35] (But, Newton’s repulsive gravity 

has been omitted till now.) From Newton’s repulsive gravity, it could be concluded that the interacting gravitational 

field could be limited.[36] Second, the gravitational redshift and the light bending by gravity were observed. It 

showed that the energy of photon and the motion of a light ray can be varied by gravity. From the gravitational 

redshift, according to the law of energy conservation, it could be concluded that, the energy of the graviton can be 

correspondently varied by the photon.[37,38] Therefore, the gravitational acceleration of the Earth could be varied 

with strong electric and magnetic field. Third, the quantum fluctuation[23, 24] and “vacuum” polarization[29-31] 

were observed. As the gravitational field is considered, the quantum fluctuation could be understood as that the 

graviton is converted into the photon[4,5] and the “vacuum” polarization could be understood as that the motion of 

light ray and the energy of photon are changed by the gravitational field. 

 

Therefore, it is possible that the graviton with the graviton-photon interaction was detected in the experiments 

[23,24] for quantum fluctuation and could be detected in the gravitational-magnetic/electric field interaction[37,38]. 

 

These features for a gravitational field were well observed: 1) It is measurable. From mgh =
1

2
𝑚𝑣2, the energy 

of a gravitational field can be accurately measured. 2) A gravitational field is emitted from a body. So, a gravitational 

field is with a direction. 3) The gravitational field is not uniform in the universe. There are the super strong 

gravitational field and very weak ones. Therefore, the gravitational field is not a kind of ether. Also, it is not dark 

energy or dark matter. 

 

The first intuitional imagining from the super strong gravitational field is that the field could be directly converted 

into mass for that the relativistic mass density of the field is much larger than the largest mass density in the Earth. 

The conversion between the graviton and photon was theoretically studied and the electron-positron pair and 
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hadronic pair produced from high photon-photon collision were observed. And, the charged and neutral Higgs 

produced from photon-photon collision was studied[12-20] Therefore, in current theory, mass could be produced 

from photon-graviton collision. In this work, it is presented that the electron and proton could be directly produced 

from photon-graviton collision. 

 

Now, the super strong gravitational field has been observed and the conversion between photon and graviton may 

have been measured[23,24] and was studied under the condition of strong field.[6-11] Therefore, it is the time to 

observe the graviton to other particles conversion in the super strong filed. 

 

It is well known that a mass is always with a gravitational field. If the electron and proton could be produced from 

the photon-graviton collision, it should mean that, the mass and gravitational field could be converted into each other. 

But, it has not been known that which of them is the premise. And, it is very mysterious that what is the reason that 

can make an object with a relativistic mass density of 𝑑𝑔𝑛 =
1

𝑐2

𝑔2

8𝜋𝐺
≈ 2.65 × 1016~5.90 × 1018𝑘𝑔𝑚−3 of a 

field and that why it has not become mass. 

 

And, the relativistic mass density of the magnetic field also is very large. The magnetic field on a magnetic star 

can be B ≈ 1 × 109T .[30,31] The relativistic mass density of this magnetic field is 𝑑𝑚 =
1

𝑐2

𝐵2

2𝜇0
≈

4.40 × 106𝑘𝑔𝑚−3. It is 103 times the density of the water. Therefore, the large relativistic mass density of the 

field is the common nature for both gravitational and magnetic fields. 

 

New discovery is always remodeling the foundation of physics. The super strong gravitational field has been 

observed for several decades. It need be integrated into the foundation of modern physics. The gravitational field 

with the relativistic mass density of 1012~1014 times the largest mass density in the Earth clearly shows that the 

current concept of vacuum, including both Torricellian vacuum and quantum electrodynamics vacuum, need be 

changed. The quantum electrodynamics vacuum is one of the foundations the quantum field theory. Therefore, the 

results based on the foundation need be changed. It seems that, as the concept and the term of vacuum are replaced 

by that of the gravitational field, this change should not affect the main conclusions, including the experimental results, 

based on the concept and term of vacuum. 

 

It was believed that ether, vacuum and cosmic background radiations (CMBR) are the objects that exist in 
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everywhere of our universe. The ether was taken as the main foundation of physics in 1900s.[39] Now, the vacuum 

is taken as the foundation of several areas of physics. But, the ether has not been observed. And, in theory, there is 

the vacuum while in practice vacuum neither does exist naturally nor can be made artificially. And, the CMBR is 

very weak, it only can be observed in a limit distance. Therefore, gravitational field is the only object that exists in 

the observable space of our universe. In the experiments and observations about the quantum fluctuation[23,24] and 

“vacuum” polarization in lab[29] and in the super strong gravitational field,[30,31] the effect of gravitational field on 

the law of physics has to be considered. Thus, the gravitational field naturally is one of the foundations of physics. 
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