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ABSTRACT

Observed universal spin and mass relationship for a wide range of astronomical objects
are described by two extended Regge trajectories: disc-trajectory for stars and planets,
and ball-trajectory for galaxies and their clusters. The cosmic Chew-Frautschi plot is
presented and two fundamental points are revealed on it: Eddington and Chandrasekhar
points with coordinates expressed via combinations of the fundamental constants.
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1 Introduction

During his studies of Mandelstam representation in the framework of nonrelativistic quan-
tum mechanics Tullio Regge [1] introduced the concept of moving poles in the plane of
complex angular momenta. Geoffrey Chew and Steven Frautschi [2] transferred the Regge
idea to relativistic hadronic physics for grouping together hadronic particles with varying
mass and spin into single families, organized as the Regge trajectory.

The Regge theory has had a great impact on the development of elementary particle
physics, first leading to the Veneziano amplitude, dual resonance models and then to the
concept of relativistic string.

The purpose of this paper is to demonstrate how the application of the Regge idea in
astrophysics brings quite remarkable results.

In earlier works (Ref. [3]-[7]) devoted to the analysis of observational data on ro-
tation of astronomical systems we proposed the extension of Regge spin-mass law for
n-dimensional objects:

where mp = 1.673-10~27 kg is the proton mass and h = 1.055 • 10~34 J s is the Planck con-
stant. The number n takes integral values n = 1,2, 3, which characterizes the geometrical
shape of the object:

n = l, string: J<*> = fi ( ^ (2)

n = 2, disc: J<2> = k ( ^ ) (3)

n = 3, ball: J<3> = ft (%) (4)

The formula (2) corresponds to the usual Regge trajectory for string-like hadrons and
appears as a straight line in the Chew-Frautschi plot (plot of J vs. m2). A large number
of hadronic resonances lies on such linear rising trajectories in remarkable agreement with
theory.

Formula (3) with choice n = 2 gives excellent description of observational data regard-
ing spin & mass relation for galaxies, their clusters and superclusters, and Universe as a
whole.

Formula (4) for n = 3 is concerned with the rotation of the planets and stars.
We have also the gravitational Kerr spin-mass relation for maximally rotating black

hole:
jiKerr) = <^m_

C

where G = 6.673 • 10"~n m3 kg'1 s~2 is Newtonian gravitational constant and c =
2.998 • 108 m s'1 is the velocity of light. The Kerr relation can also be expressed in string
form: 2

\mpij h c



where mPi = ( ^ ) = 2.177 • 10~8 kg is the Planck mass and jW is given by (2).

2 Leading (Yrast) Regge Trajectory

In fact, the general formula (1) can be understood from simple dimensional considerations
and requirement of similarity. Since m ~ rn, for n-dimensional object and consequently
r ~ m1/" , it follows from classical angular momentum relation J = m v r that J ~
m m1/" ~ m1 + I /" at constant velocity.

In the following we shall show that formula (1) corresponds to the leading (yrast)
Regge trajectory, i. e. trajectory with maximal angular momentum for fixed mass.

The total mass m of the spinning n-dimensional object with radius r, angular velocity
u> = f and density p is:

m = mTOt + prn =

-2T7 + " *
The leading trajectory corresponds to maximal J at minimal m. Minimalizing m with
respect to r

dm J „ ,
Or 2 cr2 v '
dm J

we find

- ( J

This gives from (7):

This is well-known formula (1), if we take the following value for re-dimensional density

P-
mp (2n)n mp

mpc

3 Cosmic Chew-Frautschi Plot

The main objective of present work is the presentation of generalized Chew-Frautschi
log10 — log10 plot for cosmic objects. The cosmologically important Eddington and Chan-
draseckhar points are introduced.

3.1 Observations

Rotation in the Universe is quite common and cannot be ignored during any serious
theoretical considerations. All celestial bodies — planets, stars, galaxies and their systems
rotate.



Fig I.1 presents observational data on log10 — log10 plot for a whole spectrum of
astronomical objects (see [3]-[7] and references therein).

3.2 Theory

Fig 2. presents three straight lines, corresponding to the two Regge-like relations (3) and
(4) for j (2 ' and j(3 ' and to the Kerr angular momentum jiKeTr) from (5).

The two important points appear in this plot:
• Eddington point , It corresponds to the crossover of Regge trajectory for disc J*2'

with Kerr angular momentum. The coordinate of crossover can be readily found by solving
equation J*2' = j(KeTT). This gives the coordinates of the Eddington point:

( he V
muniverse — ̂ p 1 ~~p\ ^ I (12)

\Gny7

• Chandraseckhar point. In the same manner by solving equation J^ = J^KeTT\ corre-
sponding to the crossover of the Regge trajectory for ball with Kerr angular momentum,
we find the coordinates of the Chandraseckhar point:

From (15) it follows that typical star has spin Jstar = 1076 ft.

3.3 Joining Observation and Theory: Chew-Frautschi Plot for
Cosmic Objects

The combination of Fig 1. and Fig 2. results in Fig 3., which presents a generalization of
the famous Chew -Frautschi plot from hadron physics to astrophysics.

The coincidence of theoretical predictions with observations is impressive.

4 Conclusion

An essential point of any theory of formation of the Universe is an explanation of angular
momenta of stars, galaxies and their clusters. One hopes to find clues to the origin of
Cosmos by carefully studying spin-vectors of stars and galaxies [8]-[14]. Can mass and
angular momentum hide inside the stars and galaxies ? The challenge of the "missing
mass" and "missing angular momentum" problem is serious [15], [16], but not fatal. As
noted e. g. in [17] "The need for missing mass disappears if one admits that galaxies and
galactic clusters might not be in (dynamic) equilibrium".

1 All graphics have been drawn by means of computer system Mathematica.



The purpose of this article was to bring attention to the fact, that angular momenta
of galaxies and other celestial objects can be predicted theoretically from Regge-like spin
& mass relations , containing only fundamental constants k, mp, G and c. Spins of
galaxies and their clusters can be obtained by means of Regge relation (3) for disc, which
in SI units reads:

J{2) = 1.5- 106 m3/2 (16)

For planets and stars the Regge relation (4) takes the form in SI units:

j(3) = 53m4 / 3 (17)

This means that in relations (16) and (17) input mass is in kg and the output for J is in
J s = kg m2 s"1

The masses of celestial objects are frequently measured in the units of the solar mass
m& = 1.989- 1O30 kg. Since m@/mp = 1.189-1057, we can rewrite the Regge-like relations
for angular momenta of stars and galaxies as

( \ 3/2

— ) kgm2s-x (18)

m®/

/3> = 1.3-1042 ( — ) kgm2s-1 (19)
\m&/

The success of the application of the concepts of Regge trajectories in astrophysics wit-
nessed on unity and simplicity of nature in the range from elementary particles up to
clusters of galaxies. If verified, the extended Regge relations J^ and J*3' will provide a
basis for the complete solution of the the great mystery of the rotation in Cosmos.
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Observational data for Cosmic Objects
(Angular Momentum & Mass Relation)
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Chew-Frautschi Plot for Cosmic Objects
(Angular Momentum & Mass Relation)
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