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The Structure of the Nucleons as Compound of
a Bradyon and a Tachyonic Pion

Hyun, Nam Gyu + Hong, Nak Hyung

Abstract

The Structure of nucleons as compound of a bradyon and a tachyonic pion is
discussed. Assuming that mass and charge density distributions of the
tachyonic pion in its rest frame are represented by exponential functions, we
can calculate the spin, magnetic moment, charge and magnetic moment root
mean square radii of nucleons. If it were also supposed that the excited
states of the nucleons are caused by the finite speed of the tachyonic pion.

we can calculate the masses of nucleon resonances ( N) and delta resonances

(4) by the supposed canonical momentum gquantization condition.
I . Introduction

It was suggested long ago that the virtual cloud of the hadrons are made
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of tachyons(l) and the unstable resonance particles might be composed of
bradyon particles and tachyons(2). From the known fact that a free bradyon
and a free tachyon can trap each other in a relativistically invariant way,
Corben built up a relativistically invariant bootstrap(3). But he did not
completely explain the dynamics of the resonances. So we further develop the
theory and wish to explain the properties of Nucleon's spin, magnetic
moments and resonances.

From the usual expression for the energy-momentum of relativistic particle,

we have
m
E = . sl = — ¥ (1)
(1-H * (1-?

Hence E and | #] would become imaginary if we take v >1. We note that

the rest mass m, which appear in eq.(1) cannot be measured directly even

for slow particles. Since only energy and momentum are measureable, we are

therefore free to hypothesize particles for which speed v >1 always and my

is imaginary quantity (4]

my = tm; (m, real) . (2)

In this case, the energy and momentum will remain real quantities, satisfying

mv

E= ——1, Ipl = —F | (3)
(*-1)° (v2=1)*
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and E®—p* = —m!. We note that |p|>E, and that the velocity is

defined by v = —Lgsl—)l. For this tachyon the value v = oo is allowed,
and at this infinite speed tachyons carry constant momentum m; but no
energy.

Such an infinite speed transcendent state of a tachyon is analogous to
quantum mechanical state at rest, in which a definite value of momentum
implies total uncertainty of position. Since quantum mechanics deals largely
with phase velocity, a tachyon is more acceptable in quantum theory than in
classical theory(3). A tachyon with infinite velocity is described by a
wavefunction that is periodic in space and independent of time, but a bradyon
(time-like particle) at rest is described by a wavefunction that is periodic in
time and independent of position.

Actually Corben considered two particles satisfying the  Klein-Gorden
equations{3,5)

D'PD®P¢, = mby, DDV, = —miy,, (4)

with DY = d,—tweA;, and Df,’)=a,,—ie,A,,, my =m,. The first
Klein-Gorden equation describes a bradyon of mass =, and charge e, but the
second describes a tachyon with imaginary part rest mass(real) m, and charge

e;. We postulate the auxiliary condition between these time-like and space-like

states:

DP¢D Y, - o (5)
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If ¢ = ¢, it follows that

DD, = m , (6)

where m® = m(z,—mfZO,D,, =d,—1eA, and e = ¢;+e,. Applied to the

eigenstates of energy and momentum, eq.(5) implies

p;(‘b)p/(li) — 0 — p(b) 1 p(f)' (7)

Therefore, if a free bradyon with mass m, and free tachyon with imaginary
part rest mass m,; have infinite relative speed. they can trap each other in a

relativistically invariant way.

Let us now assume that a tachyon which is revolving along a circumference
around the bradyon is bound by a repulsive force(6). It reaches minimal
(potential) energy when its speed diverges., so that condition eq.(7) is
satisfied. In Such a case one may consider the bradyon-tachyon compound as
a couple of two free particles(7).

Let us also suppose that “spperluminal Lorentz transformation’ exist in
four dimensions. Then the electric four current density and the other four
vectors must transform in the same way as four momentum(3]. Therefore, if

we assume that tachyonic electric charge is oax(?") in its rest frame, similar

to the mechanical momentum, the electric current density #(») becomes

constant as ¢y — oo

7)) = ou4(¥), when v = o (8)
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We have already seen similar result with momentum: |[p| = m;  when

v = . The superluminal transformation also transforms the Klein-Gorden

equation according to

O¢ = mbe — ¢ = —m’y . (9)

Thus to every bradyon we could expect the existence of a tachyon with the
same mass and internal quantum numbers(3).

To study the shape of these tachyons. we consider a particle that its
surface is spherical when at rest, and it becomes ellipsoid when subluminal,
and when superluminal such a surface becomes a two sheeted hyperboloid. If
it is point-like, it becomes, when superlumional, a double cone infinitely
extended in space and rigidly moving with the tachyon speed wv. Therefore,
tachyons appear more similar to fields than to points and it would be
desirable to find out the space-time function yielding the density distribution

of a tachyon(8-9).

. Model

We assume that a trapped tachyon is rotating along circles around the
bradyon at the center with infinite relative speed inside the nucleon. We also

suppose that a free bradyon’s rest mass m, is 939 MeV, charge ¢ equals to
0 (+e) and a free tachyon's mass m; is 139.56 MeV, charge e, is
+e (—e) for the proton (neutron). Then the proton’s (neutron’s) rest mass

will be 928.57 MeV and charge +e (0). Although these nucleon’s rest mass

is not unexpected quantity. the total energy of the compound particle in the
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bradyon rest frame is the same as the observed rest mass energy ( 939 MeV)
of the nucleons. Furthermore, the fact that there exist none-zero constant
momentum and charge current density of the infinite speed tachyon inside the
nucleon will enable us to calculate the spin and magnetic moment of the

nucleons.

It is known, through electron scattering experiment, that nucleons are not
point particles but have fuzzy boundary(10). It is expected that the
magnetization is also distributed over the volume of the nucleon(11), and the

charge distribution function can be put as follows(12,13]

o) = p(0) e °, where a = constant, (10)
) ) 1
with the dipole fit, the root mean square radius <7%4>2 and magnetic

1
moment <> % are (13 14)

1 1 1
Al protom)d 2 = (AL proton)> * s < ylneutron) > ® = 0.84 fm, (11)

but very small or vanishing neutron charge radius is mystery.

Simiarly to these exponential function model of the nucleon charge distribution

function, we consider the revolving tachyon ( we call it tachyonic z* for
proton and #x~ for neutron hereafter) charge density distribution function

0 ,.(7) (normalize to unit volume) of protons and o, 4(7)of neutrons in

its rest frame as follows

Pral?) = —Ag—;e‘“" + (1+A)E— -,
Pual?) = "[_876 e %ﬁa— (%—I)S(r')]. (12)
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Here. « and B are chosen respectively to be  2.22 fm™' and 3.64 fm™t
and x = 0.594, A = 0.145, so that the root mean square radii of the
proton and the neutron are 0.826 fm and O respectively.

The magnetic moment of the nucleons and the mean square charge radius

¢ 74> and magnetic moment radius (74> can be defined as follows

(B)z- 4% [paD(F x5 dr

(rg> = fyrzpch(r) dr ,

=1 - =
<ru(protom) > = 2.9y —zezf‘,”zpp,ch(r)( y Xv)zdr,

— 1 2 P
Py neutron) > = 1911y %fvrp,,.c,,(r)( ry Xv)zdr (13)

where uy is nuclear magneton.

From eqs.(8),(12) and (13). we can calculate magnetic moments and root
mean square radii of charge and moment of the nucleons. Results are shows

in Table 1.

We can also suppose that tachyonic pion mass distribution function

Omss{ 7 ) ( normalized to unit volume integral) in its rest frame as follows
3 , gy
Omas ¥) = A—‘g;e‘" +(1-4) %e . (14)

Here, o, 8 and A are chosen as before so that the root mean square
radius of Omes(7) is 1.061 fm.

The expression for the z-component of mechanical angular momentum

(spin) is

(D2 = m1 [ Omas N7V )zdr (15)
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Using the following mass density and volume element superluminal

transformations
, 1
pmax(r) = p_:;ss—(—;')' dr = dr ( 7)2—1 Yo (16)

we can calculate the spin of the nucleons. Results are also shown in Table 1.

proton neutron
spin 172 h 172 b
magnetic moment 279 un -1.911 un
<re>"? 0.826 fm 0
<> 0.916 fm 1572 fm

Table 1. Spin, magnetic moment, rms radii of the charge and magnetic moments of

the nucleons calculated by the mode! of the bradyon-tachyonic pion compound.

II. Resonances

In inelastic electron-proton scattering, the scattered electron spectrum
contains two features. First, one sees a number of bumps that correspond to
excited states of the proton(10,14) and they are called resonances. Moreover,
the radial dimensions of the excited states represented by the bumps are
comparable to the dimensions of the proton itself in its  unexcited
condition(10].
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The second feature is called continuum: inelastic scattering for continuum
behaves nearly as if it were produced by point scatterers inside the proton.
But the nature of these point scatterers and their relation to the observed or
postulated particles is not yet clear(14].

So. from now on. we would like to explain these by our model of a
bradyon and a tachyonic pion compounds. In analogy with bradyonic case we

might assume the Lagrangian for a free tachyon(7]

1l
L =m (=172, (>1) , (17)

and in the usual way

oL
pi: avi

d 2 7
= a—vi{ml(v -1 °}

myv;

= — (18)
(v*—1) 2
Then the total energy E of the tachyon can be defined as
l; = ple - 14
m
= —ll . (19)
(v¥—1) 2

If the trapped tachyon is no longer free. we can write as usual the

Lagrangian with the potential U as follows

1
L= m(*-1)°% -U (20)
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where we supposed that the potential has the following form

Nmgm, . (21)

U - 1
n?—1)?

Here we will consider only the uniform circular motion. that is. motion in

which the magnitude of the velocity and rms radius r of the tachyonic pion is

constant. Since we can put #» = 0 = &, the canonical monmentum

corresponding to a coordinate of rotation & is given by

oL
bo= 54

Nmgm,

]
HA 92—1)%

1
= lm(? #-17-

Nmym
= %[mlr"' vzoll] ,

(v*-1)°

(22)

and the Hamiltonian is

H= piQi—L
= p,r+ ps0 — L

0

Ny (14 2
l)z -

= %[mlﬁ-

(v*-1)?

(23
Dl )

Similarly to the Bohr angular momentum quantization condition, we would

like to postulate the canonical momentum quantization condition as follows
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po o —L— [myr+ Lg%
(=17 vl
=+ (1=101,2 ) (24)

Now, we want to determine the parameters so that the first excited

nucleon state is 4(1232). If we substitute arbitrary strong charge
1
g8 ( =0.22hc) into Nmgm,, and r = < P> ? = 1.061 fm, and

m; - 139.567 MeV, then eqgs.(22) and (23) can be rewritten as

H = E )

2
= —L[139.567+40.91601 + —E—] ( MeV),

(2-1)° (vi-1) 2
po= —2—1[0.7504+ %2
(v8-1)? vi—1
(1+5 R, (25)

where v, is the speed and E, 4() is the energy of the tachyonic pion
corresponding to the integer /.
Since the radial dimensions of the excited nucleon states are comparable

to its unexcited one., we assume that the rms radii of the tachyonic pion

mass density distribution are constant. Then the total energy E. () can be

put as
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Etor(l) = Etacll(l) + 939 (MeV) . (26)

Thus the E,(/) will be compared to the experimental masses of N and 4

resonances [16), and these results are shown in Table 2 and Figure 1.
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Theoretical Experimental

I

Eucn(l) (MeV) Ewx(l) (MeV) particle mass (MeV)
0 0 939 p,n 938, 939
1 295 1234 A 1232) 1230 ~ 1234
2 526 1465 N(1470) 1400 ~ 1480
3 739 1678 N(1680) 1670 ~ 1690
4 945 1884 A(2080) 1850 ~ 2000
5 1148 2087 N(2080) 1830 ~ 2100
6 1347 2286 A(2300) 2204 ~ 2450
7 1545 2484 4(2500) 2468( ¢ 50 )
8 1742 2681 N(2700) 2162 ~ 3000
9 1938 2871 A(2850) 2800 ~ 2900
10 2133 3072 N(~3000), 4(~3000) 3100, 3200 ( + 200)
11 2327 3266 A(~3000) 3300( + 200)
12 2521 3460 N(~3000) 3500 ( & 200
13 2714 3653 A(~3000) 3700 ( 3+ 200)
14 2907 3846 N(~3000) 3800 ( ¢ 200)
15 3099 4038 N(~3000) 4100 ( & 200)

Table 2. Comparison of the theoretical
resonances

and experimental masses of N and &
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Figure 1. Ground state and excited states of the nucleon

-190-



HE LR 234 HelEez F4Y WA 2 15

References

(1) E. C. G. Sudarshan, Phys. Rev. DI1, 2428 ( 1970 )

(2) E. Recami., Report IFUM—088/s.m. ( Milan Univ. Aug. 1968 )

(3) H. C. Corben, in Tachyons, Monopoles and Related Topics. edited by E. Recami
(North-Holland, Amsterdam. 1978 ), p.31.

[4) O. M. P. Bilaniuk. V. K. Deohpande, and E. C. G. Sudarshan, Am. J.
Phys., 30, 718 (1962) : G. Feinberg. Phys. Rev. 159, 1089 ( 1967 )

(5) H. C. Corben, Lett. Nuovo Cimento, 20. 645 ( 1977 ). 22, 116 ( 1978 )

(6) E.Recami, in Tachyons. Monopoles and Related Topics. edited by E.
Recami (North-Holland, Amsterdam, 1978 ). p.3.

(7) E. Recami, Riv.Nuovo Cimento. 9. 1 ( 1986 )

(8) A. O. Barut, G. D. Maccarrone and E. Recami, Nuovo Cimento. AT1. 509
(1982)

(9) E. Recami and W. A. Rodrigues. in Progress in Particle and Nuclear
Physics, Vol.15, edited by A. Faessler (Pergamon Press, Oxford. 1985)
p. 499.

(10]) H. W. Kendall and W. K. H. Panofsky, Sci. Amer.. 224, 61 ( 1971 )
(11) M. R. Yearian and R. Hofstadter. Phys. Rev.. 110, 552 ( 1958 )
{12) R. Hofstadter. F. Builler and M. R. Yearin, Rev. Mod. Phys.. 30, 482
( 1958 )
(13) L. 1. Schiff. Rev. Mod. Phys.. 30. 462 ( 1958 )
(14) H. Frauenfelder and E. M. Henley, Subatomic Physics ( Prentice-Hall,
Englehood. N. J. 1974 ), pp. 128 - 133
(15) P. Castrorina and E. Recami. Lett. Nuovo Cimento. 22, 195 ( 1978 )
(16) C. G. Wohl, et al., Rev. Mod. Phys., 56, S1 ( 1984 ). 52 sl ( 1980 )

191-



16 HBHE 124 (1995.12)

E-

BHAEIA 2345 Aol2oz 24T WA 22} o £FAM £y ax)
HEANA 235 ol Azs A% YE 2T} ASYEZ dehio] Db Ay
L FRHEE WS 29 A5 E Y HAY Hake ArlsE wAESe Asda

[e]
naa
A

T AT w2334 go) o) g3 FE7F #3te S A4S o)A Rd T A
99, 29 $3& 2 £%2(canonical momentum) %zt8 AL WGy W
Aheb et FHES] AFESL ARG 5 g

-192-



	<Abstract>
	I. Introduction
	II. Medel
	III. Resonaces
	<References>
	<국문초록>



