arXiv:gr-qc/0507055 v1 13 Jul 2005

Determination of Gravitomagnetic Field through GRBs or X-ray Pulsars

Ning WU^∗, Dahua ZHANG

Institute of High Energy Physics, P.O.Box 918-1, Beijing 100039, P.R.China

July 13, 2005

Abstract

In gauge theory of gravity, there is direct coupling between the spin of a particle and gravitomagnetic field. In the surface of a neutron star or near black hole, the coupling energy between spin and gravitomagnetic field can be large and detectable. Precise measurement of the position of spectrum lines of the corresponding emission or absorption can help us to determine the gravitomagnetic field and electromagnetic field simultaneously. The ratio ΔE_e ΔE_p can be served as a quantitative criteria of black hole. In GRBs or X-ray

pulsar, absorption spectral lines of electron were observed. If the absorption spectral lines of electron and proton can be observed simultaneously, using the method given in this paper, we can determine the gravitomagnetic field in the surface of the star, and discriminate black hole from neutron star.

PACS Numbers: 98.70.Qy, 04.70.-s, 04.70.Dy, 04.60.-m, 04.80.Cc. Keywords: Gamma ray burst, black holes, gravitomagnetic field, quantum effects of gravity.

∗email address: wuning@mail.ihep.ac.cn

1 Introduction

The classical effects of gravitomagnetism were studied for more than one hundred years. The close analogy between Newton’s gravitation law and Coulomb’s law of electricity led to the birth of the concept of gravitomagnetism in the nineteenth century[1, 2, 3, 4]. Later, in the framework of General Relativity, gravitomagnetism was extensively explored[5, 6, 7] and recently some experiments are designed to test gravitomagnetism effects. Some recently reviews on gravitomagnetism can be found in literatures [8, 9, 10].

In quantum gauge theory of gravity[11, 12, 13, 14, 15, 16], gravitoelectric field and gravitomagnetic field are naturally defined as component of field strength of gravitational gauge field. In gauge theory of gravity, the definition of gravitomagnetism is more general, that is, the gravitomagnetism defined in the literature [5, 6, 7, 8, 9, 10] only corresponds to the time components of the gravitomagnetism defined in gauge theory of gravity. It is known that gravitational Lorentz force is a direct classical gravitomagnetic effect of a moving mass point in gravitomagnetic field[17, 18].

In classical level, gauge theory of gravity returns to general relativity. In quantum level, gauge theory of gravity is a perturbatively renormalizable quantum theory, so based on it, quantum effects of gravity can be explored. Based on a unified theory of gravity and electromagnetic interactions[19, 20, 21], some known quantum effects related to gravitational interactions are discussed in the literature [22]. In this paper, emission and absorption of a spin particle in strong gravitomagnetic field is studied. A proposal to detect such kind of emission or absorption is given and the meaning of such kind of measurement of gravitomagnetism is discussed. Determining the gravitomagnetic field of a star can help us to known which star is black hole, for can only black hole have very strong gravitomagnetic field.

2 Coupling between spin and gravitomagnetic field

In gauge theory of gravity, gravitational field is represented by gravitational gauge field C^α_μ . Its field strength is F^α_{μν} . The gravitational field and gravitoelectric field are defined by E_i = F_{0i} = E^α_i P̂_α, (2.1)

B_i = − 1 2 ε_{ijk} F_{jk} = B^α_i P̂_α, (2.2)

where P̂_α is the generator of global gravitational gauge group.

The equation of motion of a Dirac particle in both electromagnetic field and gravitational field is[22] [ γ^μ(∂_μ − ieA_μ − gC^α_μ ∂_α) + m ] ψ = 0. (2.3)

Making non-relativistic limit of the above equation, we can obtain the following Schrodinger equation for a non-relativistic Dirac particle in strong gravitomagnetic field and electromagnetic magnetic field is[22]

i^{∂Ψ}_{∂t} = [ 1 2m ( −i^→D −e^→A +mg^→C^0 )_2 + mgC^0_0 − eA_0

−^g_2^→σ ·^→B^0 −^e_{2m}^→σ ·^→B_e −^{ig}_2^→σ ·^→E^0 −^{ie}_{2m}^→σ ·^→E_e ] Ψ, (2.4)

where_→ C^0= (C^0_i ), (2.5) → Be and^→Ee are electromagnetic field,^→σ is the spin matrix of the Dirac particle, g and e the coupling constant of gravitational interactions and electromagnetic interactions respectively, A_μ is electromagnetic gauge field, and^→A is its vector potential. It could be seen that the classical Newtonian gravitational potential naturally enters into the Schrodinger equation. Besides, there is direct coupling between spin and gravitomagnetic field, no matter the Dirac particle carries electric charge or not.

When there are strong gravitomagnetic field and electromagnetic magnetic field, there is coupling between spin and gravitomagnetic field and electromagnetic magnetic field, which has the following coupling energy ΔH = − g 2 → σ ·^→B^0 − e 2m → σ ·^→B_e . (2.6)

When spin transition from down to up in gravity, it will radiate the following energy

ΔE = | | | |g → B^0 + e m → Be | | | | . (2.7)

The above results are only applicable to point-like particles. It is known that neutron and proton are not point-like particle, for they have inner structures. Now, we extend the above results to general cases. If we denote the magneton^→μ of a particle as_→ μ= g_L e 2m → J , (2.8) where^→J is the spin of the particle and g_L is the Lande g-factor, the coupling energy ΔH should be ΔH = −g_L g 2 → σ ·^→B^0 −^→μ ·^→B_e . (2.9)

Then, the particle will emit the following energy during spin transition

ΔE = g_L 2 | | |g → B^0 + e m → Be | | | . (2.10)

The separations of different Landau levels is integer multiples of ΔE. Detecting such kind of radiation can directly measure the gravitomagnetic field on the surface of the star.

3 Determination of Gravitomagnetic Field from GRBs or X-ray Pulsars

It is known that, in Gamma-Ray Bursts(GRG), some absorption spectral lines are detected[23, 24, 25]. Spectral features due to electron cyclotron resonance have been discovered from some X-ray pulsars[26, 27, 28, 29]. These spectral lines are traditionally interpreted as cyclotron harmonic in strong magnetic fields of about 10^{12} gauss. Now, according to equation (2.7), gravitomagnetic fields also contribute to such kind of excitation. It is known that ordinary neutron stars are spinning with high angular velocity, and their angular momenta are also very high, so the gravitomagnetic fields generated by neutron stars should also be quite large. For a spinning black hole, its gravitomagnetic field should be very strong near the event horizon. Therefore, in these cases, the positions of the spectral lines contains the information of gravitomagnetic fields in the surface of the star, and we can determine the gravitomagnetic field through precise measuring the positions of those spectral lines. But just from one serial of spectral lines, we can not simultaneous determine the gravitomagnetic field |g^→B^0 | and magnetic field |^→B_e |. So, besides detecting the spectral lines of electrons, we need also detect the corresponding spectral lines of protons or neutrons. The masses of proton, neutron and electron are different, and their energy levels of spin transitions are also different. For electron, the position of the lowest spectral line is ΔE_e = |g_{Le}| · | | | |g → B^0 + e m_e → Be | | | | , (3.1)

and those for proton and neutron are ΔE_p = |g_{Lp}| · | | | |g → B^0 + e m_p → Be | | | | (3.2) and ΔE_n = |g_{Ln}| · | | |g^→B^0 + e m_n → Be | | | (3.3)

respectively, where m_e m_p and m_n are masses of electron, proton and neutron respectively, and g_{Le}, g_{Lp} and g_{Ln} are Lande g-factors of electron, proton and neutron respectively. It is know that

m_e : m_p : m_n ≃ 1 : 1836 : 1839, (3.4)

g_{Le} : g_{Lp} : g_{Ln} ≃ 1 : 2.79 : −1.91. (3.5)

If the excitation is pure electromagnetic or dominantly electromagnetic |g^→B^0 | ≪ | e m_e → Be |, (3.6) then we should observe three serials of spectral lines, and the positions of the lowest spectral lines of electron, proton and neutron should obey the ratio

ΔE_e : ΔE_p : ΔE_n ≃ 961 : 1.46 : 1. (3.7)

Suppose that the detected spectral lines reported in literature [23, 24] are from excitation of electrons in strong electromagnetic field, that is ΔE_e is about 20 KeV, then ΔE_p should be about 30 eV. In this case, we should also observe some spectral lines with equally spaced at about 30 eV, 60 eV, · · ·. But if those spectral lines are from excitation of protons, that is ΔE_p is about 20 KeV, then ΔE_e should be about 13 MeV. If we precisely measure the position of spectral lines and find that they obeys the above ratio, we can conclude that the GRBs comes from a neutron star or that X-ray pulsar is not a black hole, and the gravitomagnetic field in that neutron star is relatively very weak.

It is known that, at the event horizon, the gravitational gauge field is divergent, and the field strength of gravitational gauge field is also divergent. It means that, near the event horizon, the gravitomagnetic field can be very strong, or can be much stronger than electromagnetic field. So near a black hole, the excitation can be pure gravitational or dominantly gravitational, then

ΔE_e : ΔE_n : ΔE_p ≃ 1 : 1.91 : 2.79, (3.8)

and we should not observe any absorption lines at lower energy region. In this case, the position of the lowest spectral line of neutron is close to that of the second harmonic of electron, and the position of the lowest spectral line of proton is close to the third harmonic of electron. If the position of the first, the second and the third spectral lines satisfies the above relation, not exact 1 : 2 : 3, and there are no harmonic spectral lines at much lower or much higher positions, it is possible that the GRB comes from a black hole or the X-ray pulsar is a black hole.

If both gravitomagnetic field and electromagnetic field contribute to the excitation, then 0.36 < ΔE_e ΔE_p < 658. (3.9)

Therefor, directly observing the absorption spectral lines of proton and precise measuring the position of the spectral line will help us to understand the mechanism of the excitation and the nature of GRBs or X-ray pulsars.

For a spinning black hole, its gravitomagnetic field will be very strong and its electromagnetic field will be relatively weak. So, the spin transition or cyclotron harmonic is dominantly gravitational, and ΔE_e ΔE_p ∼ 0.36. (3.10)

So, the ratio^{ΔEe}_{ΔEp} can be served as a quantitative criteria of black hole. In other words, using this ratio, we can discriminate black hole from neutron star.

4 Summary and Discussions

In gauge theory of gravity, there is direct coupling between spin and gravitomagnetic field. In GRBs or X-ray pulsars, absorption spectral lines of electron were observed. If these lines originate from strong coupling between magneton and electromagnetic fields, there must exists new serials of spectral lines at much lower or much higher positions. Simultaneously determination of the absorption lines of electron, proton and neutron can help us to determine both the gravitomagnetic field and electromagnetic field, and help us to understand the nature of GRBs or X-ray pulsars. The ratio of the position of the lowest spectral line can be served as a criteria of black hole.

In order to observe the absorption spectral lines of both electron and proton, experimental observation should be performed in a large scope of energy region, at least from 1 eV to 100 MeV, which covers the spectral range from visible light to γ rays. Therefore, a combine observation of astronomical telescope, X-ray telescope and γ-ray telescope is needed.

References

[1] Maxwell J.C., Phil. Trans., 155, (1865) 492. [2] G. Holzmuller, Z. Math. Phys., 15, (1870) 69.

[3] F. Tisserand, Compte Rendu hebdomadaire des sceances de L’Academie des sciences, 75 (1872) 760; 110 (1890) 313.

[4] O. Heaviside, Electromagnetic Theory, The Electrician Printing and Publishing Co., London, 1894, Vol. I, Appendix B; O. Heaviside, The Electrician, 31 (1893) 281-282 and 359.

[5] A. Einstein, Phys. Z., 14, (1913) 1261.

[6] H. Thirring, Phys. Z., 19, (1918) 204; 19, (1918) 33; 22, (1921) 29. [7] J. Lense and H. Thirring, Phys. Z., 19, (1918) 156; B. Mashhoon, F.W. Hehl and D.S. Thesis, Gen. Rel. Grav., 16, (1984) 711.

[8] M.L. Ruggiero and A. Tartaglia, gr-qc/0207065. [9] B. Mashhoon, gr-qc/0311030. [10] G. Schafer, gr-qc/0407116.

[11] Ning WU, Commun. Theor. Phys. (Beijing, China) 42 (2004): 543-552. [12] Ning WU, ”Renormalizable Quantum Gauge General Relativity” grqc/0309041.

[13] Ning WU, ”Gauge Theory of Gravity”, hep-th/0109145 [14] Ning WU, Commun. Theor. Phys. (Beijing, China) 38 (2002): 151-156. [15] Ning WU, ”Quantum Gauge Theory of Gravity”, hep-th/0112062 [16] Ning WU, ”Quantum Gauge Theory of Gravity”, talk given at Meeting of the Devision of Particles and Fields of American Physical Society at the College of William & Mery(DPF2002), May 24-28, 2002, Williamsburg, Virgia, USA; hep-th/0207254; Transparancy can be obtained from: http://dpf2002.velopers.net/talks pdf/33talk.pdf [17] L.D.Landau and E.M.Lifshitz, The Classial theory of Fields,(Course of theoretical physics, v.2) (Pergamon Press, Oxford, 1975)

[18] Ning WU, classical gravitational interactions and gravitational Lorentz force, gr-qc/0503039.

[19] Ning WU, Commun. Theor. Phys. (Beijing, China) 38 (2002): 322-326. [20] Ning WU, Commun. Theor. Phys. (Beijing, China) 38 (2002): 455-460. [21] Ning WU, Commun. Theor. Phys. (Beijing, China) 39 (2003): 561-568. [22] Ning WU, Non-Relativistic Limit of Dirac Equations in Gravitational Field and Quantum Effects of Gravity, gr-qc/0504024.

[23] E.P. Mazets et al., Nature, 290 (1981):378. [24] T. Murakami et al., Nature, 335 (1988):234. [25] E.E. Fenimore et al., Ap. J (Letters), 335 (1988):L71. [26] Wm. Wheaton et al., Nature, 282 (1979):240. [27] W. Voges et al., Astrophys. J. 263 (1982):803. [28] N.E. White et al., Astrophys. J. 270 (1983):711. [29] T. Makishima et al., Astrophys. J. (Letters) 365 (1990):L59.