STRUCTURES OF ATOMIC NUCLEI

GUAN-YAO TSENG             P(1-19)
INTRODUCTION
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The beginning of this treatise was in 1963.The cognition of a nucleus is different from the traditional way, it based on a deductive inference, not by perceptual knowledge or experiment. 

The three processes of alpha decay, transuranium and fission are well known to us, nevertheless why and how of them are still not answered in the category of energetics. For a purpose, this thesis insists that the nucleus consists of some definite different groups of nucleon. It is just the play of them, which initiates variant processes in the nucleus, that correlate to the recombination of mass. To deal with the change of mass in a direct way, it is necessary to improve the concept of space and time, let the mass and kinetic mass be instead of energy and momentum respectively. After made some inference, the existences of masson, T-on, and nucleon system in the nucleus are confirmed, the origin of nuclear force is then clear, the physical meaning of the Experimental Rule is understood well and the secrets of the three nuclear processes are revealed. The descriptions are vivid and reasonable. 

AN EXPERIMENTAL RULE OF ALPHA DECAY 
There exists an experimental rule of alpha-decayed isotope, which may be stated as follows: 

When the mass number A and atomic number Z of an alpha decayed isotope with Z>83 and half-life more than four days is counted by the discriminant function (A+83-3Z)/3, the result is bound to be 12,13,14 or 15, provided remainder appears, the quotient should be plus one. 

To be clear at a glance, all isotopes submitted to the rule above are listed in Table 1. 

In view of the electronic structure of an atom relates tightly to its spectrum, the nuclear structure ought to relate with the rule of isotopic spectrum too. In order to find out the physical meaning of this rule, a new self-consistent theory is proposed. 

Tab.1 Isotopes submitted to the experimental rule 

84Po206   13  208    13  209    14  210    14  88Ra223   14  226    15
89Ac225   14  227    15  90Th227   14  228    14  229    14  230    15

232     15  91Pa230  14  231    14  92U230   13  231     13  232    13

233     14  234    14  235    14  236    15  238    15  93Np235   13 

237     14  94Pu236  13  237    13  238    13  239     14  240    14

241     14  242    15  244    15  95Am241  13  242     14  243    14

96Cm240    12  241    12  242    13  243    13  244    13  245    14

246     14  247    14  248    15  97Bk245  13  247     13  249    14

98Cf248    13  249    13  250    13  251    14  252    14  253    14

254     15  99Es252  13   253   13  254    14  255     14  100Fm257  14

MICRO-UNIT SYSTEMS 
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 in the uncertainty relations of Heisenberg has different values in different unit systems. This property can be used to set up a new unit system called micro-unit system in this paper. Let the quantities with prime and without prime be denoted the cgs unit and micro—unit respectively, then 
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Where P and r should express the same component. The relations that (1b) can be obtained directly from (1a) would be the forms:
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 are three real parameters and the conditions 
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are fulfilled . In order to make the dimension be uniform in an equation, here and hereafter the quantity in a bracket will denote the numerical value without dimension. Substituting (1-2a) into (1-1a) and then comparing with (1-1b), one get 
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From (1-2a) one get the relation of velocity 
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Let cノand c be denoted the velocity of light in the prime and without prime system respectively and 
(cノ ) = (
[image: image14.wmf]h

ノ) -υ= 2.997925×10 10                                                              (1-4c)
hence υ=0.3883624                                     (1-4d)
From (1-2b) one get 

   ( c ) =1                                                    (1-4e)

Define new physical quantities 

Wノ=Pノ/cノ;         mノ=Eノ/cノ2 ;       Rノ=cノrノ ;      Qノ=cノ2 t´                      (1-5) 

substituting (1-2a) and (1-2b) into (1-5) one get  
Wノ=W(
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ノ) θ+2υ  ;  mノ=m(
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ノ) θ+2υ  ;   Rノ=R(
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ノ)η-2υ   Qノ=Q(
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ノ)η-2υ    (1-2c) 

Let [ m ] , [ L ] , [ T ] , [ E ] , [ P ] , [ V ] , [ W ] , [ Q ]  and  [ R]  be  the micro-units of corresponding quantity, from (2) one get 

1 [ m ] = 1 [ W ] = (
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ノ) θ+2υ gr. ;  1 [ L] = (
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ノ) η-υ cm  

1 [ E ] =( 
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ノ) θ erg. 

1 [ T ] = (
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ノ)η sec. 

1 [Q] =1[ R] =(
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ノ) η-2υ cm2.sec - 1  ;  1[ V ] =(
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ノ)-υ=cノ 

1 [ P ] =(
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ノ)θ+υgr.cm.sec-1                                          (1-6)

One can then derive the relation from (6) 

1[E]=1[m] [V] 2 =c2[m]                                               (1-7) 

In micro-unit system, the units are determined by three parameters θ, η and υ. Since υ was given by (4d), according to (3), if θ or η is given, the whole systems are fixed. Now let the rest mass of an observed particle be a unit of mass, so that the value of θ is given. According to (7), the unit of energy is equal to the rest energy of the particle. It is not need for any further assumption, this unit system assures to make (
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)=( c)=1. 

 When the average mass of a Proton and a neutron be a unit of mass, the corresponding units of length, time and energy are 

1 [m]=1.673× 10-24gr. 1[ L] =2.1×10-14cm.                           (1-8)

1 [T] =7.013(10-25sec;  1[E] =1.504×10-3erg=938.903MeV 
DYNAMICAL FOUNDATION OF THE (R,Q) SPACE 

Using equation (1-2) and (1-4e) one can obtain the relations of the corresponding physical quantities defined in (1-5) 
(E) = (m);  (P) = (W);   ( t ) = (Q);  ( r ) = ( R)                      (2-1)
With the help of (1-3) one can obtain the relations from (1-2c) 
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   Hence the corresponding relations exist as follows 

   ΔWノ.ΔRノ≥
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ノ;   ΔW.ΔR≥
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                                                             (2-3)
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                                      (2-4) 
[image: image335.wmf]It may be seen, eqs. (3) and (4) can be obtained directly by substituting (1) into(1-1). When we said that (1-1) is the uncertainty relation of Heisenberg in (r,t) space, then (3) and (4) will be the uncertainty relations in (R,Q) space ,which is quite different from (r,t) space. The physical quantities in (R, Q) space are m, W, R and Q, while in (r, t) space are E, P, r and t. Since there exist the uncertainty relations in (R,Q) space, the behavior of the micro-object should be described by the method of quantum mechanics. It is necessary to find out the operator and its eigen function in this space. For example, P is the eigen value of operator 
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Substituting the corresponding values of (1) into (6) one obtain the eigen function in (R,Q) space 
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   Evidently, the operators 
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Hence the fundamental dynamical equations in (r,t) space can be converted into (R,Q) space after substituting by (1). 

We shall show how to use the method of quantum field theory in (R,Q) space.  Since eqs. (6) and (7) are the field functions in (r,t) and (R,Q)space respectively, they can be transformed into each other by (1), we must have 

ψ(r,t)=ψ(R,Q)                                       (2-9)

The Lagrangian L of the field must be a bilinear built up from ψ and 
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¶

, and the Lagrange equations are the proper field equations which are 

L=L(ψ(,
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(ψ( )                                     (2-10)
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(ψ()=0                        (2-11)

We shall prove that 
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( in (R,Q) space takes the forms  
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Q   (2-12) 

while in (r,t) space it becomes 
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 It can be seen when (13) is transformed by (1) and then compare with (12), only the constant c is absent, the Lagrangian and Lagrange functions do not change.  Since it demands the field equation to be Lorentz covariant, the coordinates of Minkowski space must be given exactly in terms of the coordinates in (R,Q) space, it will prove to be the forms. 

R1, R2 , R3 , R4 =iQ                                         (2-14)
whiile in (r, t) space  
x1 =x,  x2 =y,  x3 =z,  x4 =ict                               (2-15) 

   For convenience, we take the plane containing axes of any one x and x4 as referring plane. A point in the plane is denoted by (x,x4). The distance from this point to the origin is related by d2 =x2 +x42 =x2-c2t2 , If points (x, x4) lie on the bisector, then d2 =0. When the Minkowski coordinates are in term of (R,Q) space, the corresponding points are denoted by (R,R4). On the bisector it must be R2+R42 =0,then we obtain R4 =iR. On the other hand, a point on the bisector of (R,Q) plane must be R=Q, hence R4=iQ, (12) and (14) are then proved. 
The Dirac equation in (R, Q) space takes the form
(((
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) ψ(R,Q)=0                              (2-16)

 where m0 is rest mass of the particle. Multiplying (16) from left by (4
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, we obtain the canonical form 

i
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 EMBED Equation.3 [image: image81.wmf]¶

ψ(R, Q)/
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Q =((nŴ +m0()ψ (R, Q)                    (2-17)

   where following conventional notation (n= i (4(n, ( = (4 and (42=1.

   The Klein-Gordon equation in (R,Q) space takes the form 

   (
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(
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( -m02/
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2)ψ(R,Q) =0 

   Substituting (12) into (18) we obtain                          (2-18)
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2)ψ(R,Q) =0     (2-19) 

Up to now the application of quantum mechanics and quantum field theory had been developed from (r,t) space to (R,Q) space. In order to reveal the physical meaning of the variable W, one can solve the Dirac equation (17) for a free fermions For 
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    (2-20)
     where (n are Pauli matrix. Suppose the solution is eq.(7). The calculation is completely the same as it in (r,t) space. The necessary and sufficient condition that (17) has solution is 
  m2-m02=W2                                           (2-21)

  When substituting W=P/c and P=mV into (21), one can see it is a relativistic mass equation, but the negative branch is not, so that we must find out the complete physical meaning that (21) contains. On the other hand, when one solve the Klein-Gordon equation (19) for a free boson, it leads to the same result as (21).every term in (21) is just a mean square term, to verify it, multiplying (19) from left by 
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 and then integrating over all space we get
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   Now let 

   (m = m-m0                                              (2-23)

   be the increment of mass from rest to motion. In general , Δm can be positive or negative depending on where the particle is moving. A nucleon moves in free space m>m0, whereas in bound state it is m< m0.  For instance, the mass of every nucleon in He4 had been decreased about 7 Mev in average, since a nucleon may be in free state or in bound state. If the nucleon of each kind is the same, then we can find out the average mass among a large amount of nucleon in these two states. If m0 is just the mean value at certain velocity V, then we can write from(23) 
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   In comparison of (24) with (22) one has 
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   Since W2 is the eigen value of operator  Ŵ2, then  

    W2 =((m)2                                                                    (2-26)

    W =±(m                                              (2-27) 

   Using (23) ,(27) can be written separately as 

   m (V)+ = m0 + W( V )                                     (2-28)

   m (V)- = m0  ( W( V )                                     (2-29) 

Whatever W is positive or negative, nevertheless the observed mass in (28) and (29) can only one is m > m0, the other must be m < m0 . 

   According to the formula of relativistic mass 


   m(V)=m0(1(V2)-1/2 =m0+m0F(V)                            (2-30)

   where 

   F(V)=
[image: image101.wmf]2

1

(V)2 +
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3

(V)4 + ּּּּּּּּּּּּּּּּּ≥ 0                   (2-31) 

   In comparison of (28)with (30) we obtain 

   W(V)=m0F(V)                                           (2-32)

   hence Wc2 is kinetic energy, so that we call W the kinetic mass. 
   For (29) with m(V)<m0, it is a motion in bound state, whereas (28) with m(V)>m0, it is a motion in free state,

   From (28) and (29) we have 

   m0=( m(v)+ +m(V)-)(2                                     (2-33) 

   this is the condition that (24) can be made. 

CHARACTERS OF BOUND NUCLEON 

Suppose the bound nucleon can be described by a square potential well. According to quantum mechanics its momentum in one dimension is 

   Pn =n(
[image: image103.wmf]h

/L              n=1,2,3,.......                     (3-1)

   where L is width of the well. When r<n, one can write  

   Pn =Pr +(n-r)P1                                          (3-2)  

   The ground state P1 can still be expressed by 

   P1=(m0V1)( m( (V(                                       (3-3)

where m0 is rest mass and V1 is velocity in ground state. According to the uncertainty relation, the momentum and effective width of the well in ground state. 

   (P=P1=(m0V1)(m((V( = (
[image: image104.wmf]h

/L;   (x=L/ (                   (3-4)

   are a pair of conjugate uncertainties. The momentum of the nucleon is expressed by 

   P=Pn +(P                                              (3-5a) 

   P=Pn ((P                                              (3-5b)

From the viewpoint of statistics, (P may be considered as the measured error, the average value of P is 
[image: image105.wmf]P

=Pn. In deeply analysis, (5b) did not fit to the condition: since P=0, the nucleon is at rest, but (5b) indicates that the nucleon is in ground state. owing to this contradiction, (5b) must be ruled out. The interpretation of (5a) in statistics has already been invalid, (P is not the measured error again. It may be seen from (5a), when P≤(P, all pn can not exist, so that (P is an undetected part or annihilated part, but its magnitude is still certain. Using (2) and (4), (5a) can be written as 
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 Let 

   
[image: image107.wmf]L

~

=L/(n-r+1)                                              (3-6)
then 

   
[image: image108.wmf]L

P

P

~

~

~

1

h

p

=

D

=

          
[image: image109.wmf]p

L

X

~

~

=

D

                   (3-4b)

 is the same as (4), it is a pair of conjugate uncertainties, 
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is then a new width inner the original well. 
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can not be detected either, It has different values in different states, correspondingly, the area confined the nucleon is different too. We shall describe eq (5c) concretely. It is somewhat like a bar of length p erected on a bowl of water. the part above 

the surface of water is Pr, the other part immerged in water is 
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 and the nucleon is in a region of dimension 
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/(n-r+1) when we put  p1=1, Then 

[image: image336.wmf]The nucleon has an intrinsic momentum P which is different from the observed momentum Pr , When 
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=∝, the nucleon is said to be in a free state. One may ask how 
[image: image116.wmf]P

~

D

 can disappear with so many different values from P? To explain it, we must assume that a bound nucleon before enter into the nucleus, it must possess the intrinsic momentum and generates a hidden particle with velocity u and mass M at the moment when it reached the velocity V1 of ground state in the nucleus. The nucleon and its generated hidden particle constitute a nucleon system denoted by{m+M}. The function of the generated particle is much the same as the bowl of water mentioned above. What about the disappeared momentum 
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is just the result of annihilation in the nucleon system. Evidently, this annihilation is possible, if only the mass M of the hidden particle is negative, which we shall prove it to be so. 

The generation of mass M is somewhat like the generation of instantaneous force in colliding body, hence it can be described with  ( function in a special way 

   M=bK((V-V1)                                   (3-7)

where b is nuclear parameter having different values in different nuclei , K is called mass-impulse of the nucleon which is equal to  

   K=∫GdV;     G=c-1m0V                         (3-8)

where c is velocity of light and G is nucleonic ability of hidden mass. Substituting (8) into (7) and using the relation (V1)C=V1 then 
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bc-1m0V((V-V1)dV=b(m0V1)(m(           (3-9)  

   Since the unit of M and m is the same, we then write 

   (M)=b(m0V1)                                   (3-10)   

Let the momentum Mu/b of hidden particle take part in the interaction according to the assumption above, it must be equal to (P, the uncertainty of nucleon, then 

   Mu=b (P                                      (3-11)

Using (4), we find 

Mu=b(m0V1)(m((V( =b(
[image: image119.wmf]h

/L                        (3-12)   

   in comparison of (9) and (12), we see that 

   u=1 (V( =c                                     (3-13)

The velocity always equal to the light is one of the main properties of the hidden particle. We see from (9), when V<V1 then M=0, u=0. 

When the hidden particle has been generated, it coexist with the nucleon and lies on the same spherical surface. The observed radius R of this sphere is defined as 
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Using (10), (11), (12), relations (m((V((L(=
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and (P·(X≥
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 we obtain 

   R≥
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/b(P=
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/Mu=(L(/b(m0V1)=(L(/(M)               (3-15)  

It can be seen the larger the mass M, the smaller is the R. In ground state, R is smallest, then M=
[image: image125.wmf]h

/Ru . Since u=1[V], 
[image: image126.wmf]h

=1[m][V][L] and R ≈10-13cm>1(L(, which lead to the conclusion that M<1(m(. This means the generated mass M is certainly smaller than that of its generator. We can now assert from (11), one can not measure the mass of hidden particle directly, since (P can not be detected, M can not be detected either. This is the reason why we call it the hidden particle. 
Because the two particles interact within the nucleon system, which give raise of mass uncertainty. Let Qm and QM be the conjugate variables of m and M respectively. According to (2-4) 

 (m ·( Qm≥
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                                       (3-16) 

 (M·ΔQM≥
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                                       (3-17)

From (1-3), we have 

    Qノ/Q=Vノxノ/V x                                        (3-18)

    Qノ=kVノxノ ;    Q = kVx                                (3-19)
where k is a constant. When the nucleon moves on the sphere of radius R with velocity V then 

Qm =k R2
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                                       (3-20) 
where 
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 is an angle of rotation in the plane of moving nucleon, 
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 is its angular velocity. Because the hidden particle has velocity of light, its mass spread uniformly on the sphere like a band of ring and maintains to contact with the nucleon, then the ring rotates following the nucleon with the same 
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 and 
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 hence 

   QM = kR2
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   We see that at any case and any time it must be 

   Qm =QM                                               (3-22)

According to (3-5a), and (2-29), all uncertainties are the difference of its intrinsic and observed values. Let m, M and Q be intrinsic values, 
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 and 
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 be observed values, then
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   On account of the condition (22) which demands
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we then obtain from (23) and (24)
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Substituting (27) into (16) and (17) we get 
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   Substituting (25) and (26) into (28)we get
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It is worth to note, when
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 turn to large at will as a is large enough, but 
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 is still a fixed value, this means that (29) does not obey the conservation law of mass, It must be something wrong identified to the mass 
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. To make (29) be conserved, we must conceive 
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 to be negative. Let –
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be negative mass, then (28), (29) and (26) become
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  The negative mass M of hidden particle had been identified, we take off the superscripts in (30), (31) and (32) which will not lead to mistake, hence 
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   Taking care of (25) and (35) we can further write (34) into new form
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   This equation tells, before and after interaction, the algebraic sum of mass in the 
nucleon system is conserved, the larger the (m, the small is the 
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, when (m is largest or 
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is smallest, the nucleon system is in its ground state, so that we call (m the binding mass. 

Every elementary particle has its own definite mass, spin and charge. We see from (2-21), the positive and negative mass can exist one to one correspondingly, the negative one we shall call it the negative-masson. It is assumed that all hidden particles generated by nucleon must be the negative-masson. 

If there is no particle of negative mass corresponding to the formula E=Mc2, then the picture of physics would be an incomplete scenery, and the Einstein’s formula is not a universal proposition either. However none of it would be free, since a masson in a state of -(E1( or -(M1( could transit to a lower state of -(E2( or -(M2( where (E2(> (E1(, (M2(> (M1(. The difference (E2( ( (E1( or (M2( ( (M1( could be converted into useful work, such a transition could be carried out continuously, since (M2( is in no way limited for a free masson. It is impossible for a free masson could serve as infinitely large source of work.  Nevertheless, in a nucleon system, according to equation (36) 
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< (M( the masson is bound and can exist in it. When 
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= (M(, the nucleon system is separated, the nucleon is then free, and the masson comes to ruin without remains, since it is created from nothing, and disappears into nothing too. 
ORIGIN OF NUCLEAR FORCE  
The Hamiltonian of a nucleon system can be written as 

H=Wm2/2m0+WM2/2M0+U(R,Q)                                  (4-1)

where Wm and WM are kinetic mass of Particles m and M respectively, U is potential function which has dimension of mass, Q belong to the system, and R depends on the components of the system
   R=Rm-RM                                                   (4-2)
Because  

dW/dQ=(H, W(=-
[image: image167.wmf]¶

U/
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R                                    (4-3)  

Where W is referred for each component of Wm and WM, correspondingly, R is referred for each component of Rm and RM. Define
Fm=-c3
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RM                             (4-4)
be the applied nuclear forces to particles m and M respectively by the field. Carrying out all the components of W in (3) and using (4) and (2-29) we obtain 
Wm+WM=-((m+(M)=c-3∫(Fm+FM)dQ                          (4-5) 
Fm=(FM                                                  (4-6)   
The force applied to each particle by the field may be conceived as the inner force of the system acting between particles m and M. owing to this, the particles m and M can coexist on the same sphere, this is the actual cause that nuclear force is originated. We see from (5), the nuclear force relates closely to the binding mass, if (m≠0, them Fm≠0, the observed masses of m and M are all smaller than their intrinsic mass, Only when (m=(M=0, then Fm=0, they had perfectly recovered to the intrinsic mass, and both of them went out from the sphere. The nucleon is free and the masson is ruined automatically.
  The negative masson likes a thin band, it possesses surface tension. When several nucleons coexist in a nucleus, each of them generates a negative masson, they do not contact each other, there is no direct nuclear force acting between them, but can be affected by changing the surface tension crowded each other among the negative massons. 
A group of spheres with nearly the same radii constitute a thin layer region, Let the largest number of nucleons in a region be n, the average binding mass be mc, then the total binding mass in a region are nmc. Because the negative masson likes a ring, when the nucleons fully occupy the region, although each of them contact with their own negative masson, the binding mass in a region seems as if it is offered by one negative masson of mass M generated by one nucleon hence 

   M=nmc                                                   (4-7)
REGIONAL STRUCTURE OF ATOMIC NUCLEI 

Since every nucleon in nucleus generates a negative masson ,what kind of it can be generated? Because the masson is created in a special way of equation (3-7) which is different from the interaction in Two fields or particles. It is unnecessary to consider the conservation of mass, Charge, baryon number and strangeness etc. in the nucleon system. Its mass depends only on the velocity and mass of the nucleon. However, two conditions are necessary to consider, 1) the total electricity of the nucleon system must be zero, 2) the total spin of the nucleon system must equal to the nucleonic spin. When these two conditions are fulfilled, the generated masson can only be (, K ( or(. We know from (3-15), the nucleus is then divided into four regions which are called (,K ( and ( regions depending upon what  kind of masson is generated. The radius of each region is successively smaller according to the above order. 

The negative massons ( and K are bosons with spin zero, the mass of each is smaller than that of nucleon, hence they can be generated singly. Thus in ( region, the nucleon systems are (P+((( and (N+(0 ( and that in K region are (P+K(( and (N+K0(. Therefore the total charges in each region is Zero, this is the reason why hundreds of proton can cluster in a small volume of nuclear size. Although the electrostatic force disappears in every region where the total charges are zero, but it is still in working between regions, because the negative masson as well as its charge can not be detected from outside of the region 

According to (4-7), if the average binding mass in a region is given, the largest number of nucleons in a region can then be determined. The average binding mass of proton and neutron can be determined as follows: C12 has 12 nucleons and 12amu, an atom will increase 1 amu in average when a nucleon  is added. Let P and N be the intrinsic masses of proton and neutron respectively, 
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and 
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 be their corresponding observed masses. Because a proton is added to nucleus, an electron is added to the atom too, then
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According to (3-25), the average binding mass of proton or neutron is
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Since 
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Hence   (m=(P+e+N)/2(1amu=7.6265Mev                         (5-3)
where P=938.256, N=939.55, e=0.511006, 1 amu=931.532. Because (1/2)((0+(()=137.277 and (1/2)(K0+K()=495.79; here (0=134.975, ((=139.579, K0=497.75, K(=493.83. from (4-7), one can obtain the largest number of nucleons in ( and K regions
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There are 18 protons and 18 neutrons in ( region, 65 protons and 65 neutrons in K region. The total protons and neutrons in these two regions are both 83. 
When the average mass of a proton and a neutron is regarded as unit of mass, the corresponding unit of length had been given in (1-8), that is 1[L]=2.1×10-14cm. Take the masses of ( and K in term of the unit of mass, they are 0.146 and 0.528 respectively. From (3-15), the radii of ( and K region are 
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T NUCLEON AND TRANSURANIC ELEMENT 

The ( and ( regions require more in-depth discussion, because the negative massons ( and ( are fermions with spin 1/2,each of them must be generated in pair by nucleon with spin anti-parallel, If the nucleon in these regions is still proton and neutron, the mass of the generated masson is much greater than that of nucleon. As pointed out early, the nucleon must be greater than its generated masson. Therefore, there must be some kind of heavy nucleons in these regions which shall be called T-nucleons or T-ons, denoted by the symbols (T()p , (T()n    , (T()p and (T()n . The Greek alphabets ( and ( in the bracket designate to what region the T-on belongs, the subscripts p and n indicate whether the nucleon carries a positive  charge or not. In some case they are written as TP and Tn when one does not concern what region they belong to, or as (T() and (T() when one does not concern whether they have ever been carrying charge, Thus, each (T()p generates (0((( and each (T()n  generates (+((( or 2(0, each (T()p generates (0+(( and each (T()n  generates 2(0.The Nucleon systems in (  and ( regions are then 

((T()p +(0+(((, ((T()n +((+(+(
  ((T()n +(0+(0(, ((T()p+(0+((( and ((T()n+(0+(0(.
what property the T-on should possess? First, from the fact of creation of transuranic element, T-on must consist of proton and neutron, and from the fact of alpha decay and nuclear fission, T-on can be divided into proton and neutron, hence some glued mass is needed for T-on to form. Second, T-on must be a fermion, it consists of odd number of usual nucleon. It can be shown that Tp is formed from 2N+P and Tn is formed from 3N. For N(P+e(+
[image: image185.wmf]n

 and P(N+e(+ν, the glued mass g is therefore the same for all T-ons. For instance, the (T()P is formed as follows: When 2N+P acquiring sufficient energy to increase the relativistic mass mc, the binding mass of (T()p , enter into ( region and generate negative mass of (0(((+gM. According to (3-36), the interaction is 
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where gm and gM are positive and negative glued masses, Mc is binding mass of the negative 
masson, and 

      (gm+gM)=0; (mc+MC)=0                                       (6-2) 
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It is quite evident that 
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 is the result of interaction 

2N+P+gM=2N+P-gm+(gm+gM)+0                               (6-5)

Define 

[image: image190.wmf]c

p

p

m

T

T

+

S

=

S

)

(

)

(

                                       (6-6)

Using(3), (5) and (6), then (1) can be written as 
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 So that (T()p and (0 + ( ( are just what we expected the T-on and it’s  generated mason，  
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are their observed masses. Therefore equation (1) contains two processes, namely glued up the T-on and offered the binding mass, which are taking place at the same time. All other Tps and Tns can be formed by similar process as (1), so long as 3N is instead of 2N+P when Tn is instead of Tp, the negative masson is instead according to its generator. The Transuranic elements can then be formed.  
Since T-on is formed by 2N+P or 3N, we may conceive that the observed mass of T-on is the sum of 
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These two equations are congruent with (3-25) if the glued mass g in the T-on corresponds to the binding mass in the nucleus. According to (5-1),(8) and (9) we have  
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The solutions of (8) ,(9) and (10) are
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 =3 amu((N-P+e)/2=2793.6935 Mev
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=3 amu((N-P-e)/2=2794.9874 Mev                              (6-11)
   g=23.66 Mev
   Take care of (7), when T-on acquired enough energy equal to its binding mass, as if it would become a free one, but it is unfortunate for the glued mass of T-on is much smaller than its binding mass (see Tab.3)When it absorbs energy equal to its glued mass, it is being split up according to (3) into three usual nucleons. This is the reason why we can never discover a free T-on. 
PROCESS OF ALPHA DECAY 

   Alpha decay may be expressed as follows 
   zE1A=Z-2E1A-4+(+W                                             (7-1)
where zE1A denotes the nucleus with atomic number Z and mass number A and W>0 which is the mass corresponding to the kinetic energy of the daughter nucleus Z-2E1A-4 and ( particle. As for the ( particle is not a fermions, it is not the family of nucleon and can not be bound in the nucleus. If it were a bound nucleon, it would possess the observed mass 
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, so that the condition 
                     zE1A=Z-2E1A-4+
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                               (7-2)
must be fulfilled before decay. On comparison between (1) and (2) we must have 
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hence  (<
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, this contradict to the behavior of bound nucleon which is 

necessary to be 
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<(, Therefore ( particle can not be a nucleon. When it has been formed, it must leave the nucleus at once. The isotopes of (  decay may be divided into two kinds of A-Z>83 and A-Z<18. Here discuss only the former.

When a pair of Tp and Tn located in the same region collide each other, the Tn gives Tp a quantity of mass equal to g, the same time, the same amount of g transfers between the massons. Let (T() be an example 
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where the superscripts of prime denote a new observed masses. For

(T()n and 2(0, they would interacts according to (3-36) 
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where
 (gm+gM)=0                                                   (7-7) 
  since 
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 For, (T()p and (0+ ( (, they would interact as follows 
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here we have used (4), (5), (7) and (6-3). Suppose 
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 Now the right side of (8) are all perfect particles, they go away from ( region simultaneously. When 2N+P arrive at ( region, where they generate negative massons 2(0 and (( to form three nucleon systems 2(N+(0( and (P+(((. Because the ( region had already been filled up with nucleon system. the three new formed nucleon systems can not retain there. They capture a nucleon systems (P+((( from ( region together to form a new nucleus for leave. Hence 

   2(N+(0(+2(P+(((=(                                         (7-10) 

this is so called the alpha decay. 

We have already shown that 
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 decay occurs when a pair of Tp and Tn colliding each other in the same region, hence the ( decayed nucleus must contain T-on, Apparently, the necessary and sufficient condition for a Tn and a Tp to exist in a nucleus are respectively 
   (A-Z)>83;  Z>83                                            (7-11)
   It had been know, there is a series of decayed isotopes listed on Table 2 
              Tab.2 Alpha decayed isotopes of A-Z=84
   58Ce142   60Nd144   61Pm145   62Sm146   63Eu147   64Gd148   65Tb149
   66Dy150   67Ho151   68Er152   69Tm153   70Yb154   71Lu155
  In this table the mass number in each of these isotopes is smallest,  their atomic number are all smaller than 83, they have only one Tn but have no Tp, how can the ( decay take place? It is mainly due to the large difference in number of charged and without charged nucleon in a nucleus. There are two ways to diminish the difference, one is ( decay and the other is to let 2N+P together entering into ( region to form a Tp. Both of these two ways cause the difference to diminish two. When the Tp is so formed from 2N+P, the nucleus has both Tp and Tn, then the ( decay becomes possible.
The mass number A of a nucleus in the range 83>A-Z>18 can not be alpha decay, because the nucleon system (N+K0 (or (P+K(( in K region would have not any method to turn into ( N+(0 ( or (P+(( (. Nevertheless, in the  range A-Z<18, the nucleus can be alpha decay in special cases.

  The existence of ( decayed isotopes listed in table 2 not only show that the principle of ( decay is trusty, but also prove once again that the proton or neutron in a nucleus can not be more than 83.

MODEL OF ATOMIC NUCLEI 

From eqs.(6-7),(6-2),(7-8), (7-9) and making the mass of all massons to represent absolute value by putting a negative sign before them. We then obtain the mass of T-ons: 

(T() p  =2N+P+((0(+((((((one decayed mode of ((0+(()(
(T() n1 =3N+((0(+((0(((one decayed mode of ((0+(0)(
(T() n2 =3N+((+(+((((((one decayed mode of ((++(()(
(T() p  =2N+P+((0(+((((((one decayed mode of ((0+(()(
(T() n  =3N+((0(+((0(((one decayed mode of ((0+(0)(                (8-1)

The data of decayed mode had been given in reference 1. It may be seen, each of the (+, (0, ((, (0 and (( has decayed modes 8,3,5,10 and 13 respectively. According to (1), the different mass states of (T()p, (T()n1，(T()n2, (T()p and (T()n are correspondingly 15,9,40,130 and 100. The total mass states are 294. However, the probabilities of every mass state is quite different. It had been know, the modes of largest fraction are (+(P(0, (0(((, (((N((, (0(((0 and ((((((. Using these decayed modes, the mass of each T-on in (1) can be calculated with the results listed in Table 3. We had used (1), (6-11) and the following data of hyperons: (0=1191.5, (+=1189.47, ((=1196, (0=1314.9, ((=1321.3, (=1115.5.

   According to (4-7), the largest number of T-ons in ( and (  region are 
   n(p    =            11, n(n 1     =13, n(n   2 =9, n(n    c =12, n(p =n(n =17                          (8-2)

The (T()n will be classified into two cases , first, if the region contains only one kind of Tn1 or Tn2, the largest number of Tn in this region is 13 or 9, if Tn1 and Tn2 are mixed in a region, the largest number is 12. In this case, there are three possible mixed mode:1) Tn1=9, Tn2=3;  2)Tn1=10, Tn2=2;   3)Tn1=11, Tn2=1. 

Taking into account (5-4) and ,(2), we see that the largest number of elements in nature can not be more than 111. If both (( and (0 are probable, it might be 119

  the radii of ( and ( regions can be calculated as the same as (5-5) 

   R(=8.2( 10(15cm;  R(=7.5(10(15cm                              (8-3)

According to the magnitudes of mass generated by T-on, the radii of every nucleonic layer are successively smaller in the sequence

 Rn( > RP(  > RPK  > Rnk  > Rn1(  > Rn2 ( > Rp(  > Rn( > Rp(                (8-4)

The nuclear model in Figure 1 is plotted according to (4), where the solid circles denote the charged nucleonic layers and the dotted circles denote the neutral layers. 

Tab.3 Mass and binding mass of T-ons 

T-on       (T()p     (T ()n1     (T()n2    (T()p    (T()n
Mass      3010.227  2972.65  3053.16  2948.002  2947.5    

Binding    

Mass      216.5335  177.66   258.17   154.32   152.51
Fig.1 Regional structure of nuclei
[image: image338.jpg]



NUCLEAR   FISSION

 Let the atomic number, mass number and volume of the nucleus be denoted by Z, A and V respectively, then the density of charge e1 and the density of mass number ( can be expressed as 

    e1=Ze/V                                                  (9-1) 

    (=A/V                                                   (9-2)

We can see from the nuclear model, the layers of neutral nucleon act as a screen to the charged nucleons which diminish the electric field induced by charges Ze to the value

   E ~ (Ze                                                  (9-3)

   Where ( is the coefficient of effective charge. Evidently 

   ( ~ 1/(=V/A                                               (9-4)

The force F acting on unit volume, in the sense of microunit, by the field E is e1E. Using (1),(3) and (4) we get

F ~ (Z2e2/V ~ Z2e2/A                                      (9-5) 

We known from (5-5), the ( region has a minimum radius, which is also the radius of a nucleus, so that the nucleus has a smallest volume VO . On account of the action of repelling force F, the volume is being swelled to V. deformation D=(V-VO)/VO  is proportional to F. Hence

D=k( Z2e2/V =KZ2e2/A                                     (9-6)

 Where k and K are constants. The deformation of a nucleus with atomic number Z depends on its mass number A. The smaller the A, the larger is its deformation.  When A reaches to a critical value Ac, D also reaches to critical value Dc. Hence
Dc=k(Z2e2/Vc=KZ2e2/Ac                                    (9-7)
 Each kind of isotope with atomic number Z has a critical mass number Ac. When D<Dc, the nucleus swells uniformly. If now there are 3n neutrons in K region entering into ( region by accident to form n Tns. Although Z and A do not change in the whole nucleus, yet the density of mass number ( in K region has been suddenly changed to a smaller value (1, which causes ( and D to change correspondingly into (1 and D1. let 
   (=b(1    b=65/(65-3n)                                 (9-8)
From (4) we have

(1=b(                                               (9-9)

and (6) becomes 

   D1=bk(Z2e2/V=bKZ2e2/A                                (9-10)

When the deformation D1> DC, the deformation of the nucleus is not uniform again, it enlarges along the radius pointing to the holes left behind by the neutrons, the fission takes place. For a nucleus with D approximate to Dc, the fission can be initiated by inner energy agitation or influence by outer neutron. As a matter of fact, when the deformation D> Dc, all T-ons in the nucleus impacts each other and split into usual nucleons, the nucleus is then split into two parts. this is the actual fact of nuclear fission. For example, the uranium has Ac=227,Dc=37.286Ke2, for U235,  D1=37.746Ke2,  the nuclear fission is possible, as for U238, D1=37.27Ke2<Dc, the fission is impossible (here b=1.048, n=1), but when n=2, the fission is possible again. 

ENERGY LEVEL AND MAGIC NUMBER 

It had been pointed out earlier, the nuclear force comes from the interaction inner the nucleon system confined in a region of nucleus. suppose the motion of a nucleon in every region can be described by an isotropic harmonic oscillator wave function 
 (((
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3r2Z2) ((=E(            (10-1)
Where r stands for ( K, ( and ( region. The energy levels are

   ErN=(N+3/2)
[image: image223.wmf]h



 EMBED Equation.3 [image: image224.wmf]w

r  N=0,1,2,3,………                            (10-2) 

   The orbital angular quantum number L will be 

   L=1,3,5,7………………N when N is odd                          (10-3)
   L=0,2,4,6………………N when N is even 

In considering the total angular quantum number J, every energy level in (2) must be

(2J+1)                                                     (10-4)

fold degeneracy. since

J=L±1/2                                                   (10-5)

Hence the multiplicity of degeneracy must be 

   2(2L+1)                                                     (10-6)

The degenerate fold of every L constitutes an difference sequence, The general term would be 

an=a1+(n-1)d

   or

   an=a1+(N-L)d/2

where n runs from 1 to n and L runs from N to 1 or 0

Hence

   N=2(n-1)+L                                                 (10-7)

   The multiplicity of degeneracy of a given N is easily calculated 
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and the total degeneracy of all N is 
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  States with angular momentum Quantum number are denoted respectively by 

L=0, 1, 2, 3, 4 
  s p d f g

In consideration of all equation from (2) to (9). We can draw the energy levels of each region in Fig.(2) 

Fig.2 Energy level and magic number

           N      nLj        (2J+1)

           2.   .  1d3/2        4       (17)   112  113

           2.   .  2s1/2        2       (16) 

           2.   .  1d5/2        6       (14) 

 ( region   1.   .  1p1/2        2       (8)

           1.   .  1p3/2        4       (6)

           0.   .  1S1/2        2       (2)     97   98

           2.   .  1d5/2        6(12)    (13)    95   96

           1.   .  1p1/2        2       (8) 

 ( region   1.   .  1p3/2        4       (6)

           0.   .  1s1/2        2       (2)           

           4.   .  2d3/2        4       (65)    83

           4.   .  2d5/2        6       (64)    82

           4.   .  1g7/2        8       (58)          

           4.   .  1g9/2        10      (50) 

           3.   .  2p1/2        2       (40)

           3.   .  1f5/2         6       (38)

           3.   .  2p3/2        4       (32)    (50)    

 ( region   3.   .  1f7/2        8        (28) 

           2.   .  1d3/2        4        (20)

           2.   .  2s1/2        2        (16) 

           2.   .  1d5/2        6        (14)    32

           1.   .  1p1/2        2        (8)            

           1.   .  1p3/2        4        (6) 

           0.   .  1s1/2        2        (2)     20

           2.   .  1d3/2        4        (18)           

           2.   .  2s1/2        2        (16) 

           2.   .  1d5/2        6        (14)

 ( region   1.   .  1p1/2        2         (8)     8     

           1.   .  1p3/2        4         (6) 

           0.   .  1s1/2        2         (2)     2

     It had been known, the greatest number of nucleon in each of (, K, ( and ( region is 18, 65, 13 and 17 respectively. We known from (9), N must be 2, 4, 2, 2 correspondingly to these regions. From (2) 

   
E(2/E(0=E(2/E(0=E(2/E(0 =2.33;  Ek4/Ek0=3.6                      (10-10)

The energy of ground state can still be derived from (3-10) 

Er0=(Mr2/mr)/2b2                                             (10-11)

where Mr is the mass of masson in r region and mr is the mass of nucleon in that region. Hence 

Er0/Eso=(Mr/Ms)2(ms/mr)                                       (10-12) 

   For M(=134.975, Mk=497.75, M(=2389.9, M(=2636.2, m(=mk=939.55,  m(=3012.9,  m(=2947.5 

   We then obtain 

   Ek0/E(o=13.6,  E(0/Eko=7, E(0/E(o=1.25,                          (10-13)

   From (10) and (13) then 

   Ek0/E(2=5.8, E(0/Ek4=2, E(0/E(2=0.54                             (10-14)

   from (10), (13) and (14) the order of the energy levels is 

   E(0< E(2< Ek0< Ek4< E(0< E(0<E(2<E(2                           (10-15)

   We see that 3Ek4> E(0> E(0 which means that 2N+P or 3N laid on the higher energy level in K region can easily jump into ( or ( region to form a T-on. The energy levels in different regions separate each other except E(2>E(0, the levels overlap there. But this does not mean that the located nucleons in ( and ( regions can overlap or can interchange each other, since the radius of the sphere located by T-on is not function of energy, it is function of mass of the generated masson only.

       We can see from Fig .2, the usual magic number 2, 8, 20, 32, 50 and 82 are all in ( and K regions. It is necessary to specify the magic number in ( and ( regions. For Z>83, the nucleus disintegrates easily, the magic nucleus is defined by its long life. Since 2N+P can easily jump into ( to form a Tp before 
[image: image227.wmf]a

 decay, the number of Tps in a nucleus is uncertain and can not be used for the purpose to label the magic number. There is an interesting phenomenon to be noted, when Z >83, the number of Tns in a nucleus can only be in the interval 9 to 17 (by(16)). Hence the magic number begins on 1d5/2 level in ( region. Above 1S(1/2) level in ( region, the magic number is absent, because the number of Tn is not enough to occupy fully in higher level. Hence the magic number appear in ( region only when this region is occupied fully of Tns i. E. 12 or 13, which corresponds to the magic number 95 or 96, because it includes still 83 neutrons. In ( region, only when 1s1/2 is occupied by two Tns, the nucleus has 14 0r 15 Tns corresponds to the magic number 97 0r 98. It is worth to note, corresponding to the greatest number of Tn2 in ( region, there is no magic number, because when Tn2 is greatest, the Tn1 is absent, the density of mass number is so small when Tn2 appears alone, the nucleus is unstable. 

It had been pointed out, in a nucleus there are 83 neutrons and 83 protons, the other nucleons are all T-ons. Every neutron or proton corresponds to one mass number and every T-on corresponds to three mass number. To a nucleus with Z>83, the number of Tns can be estimated easily, since it has (Z-83) Tps, which correspond to (3Z-3(83) mass number, in ( and ( regions there are 166 protons and neutrons which correspond to 166 mass number, the rest mass number (A+83-3Z) belongs to Tns, hence the total number of Tns in the nucleus is 

  (A+83-3Z)/3                                              (10-16)

 This is just the discriminant of the experimental rule stated in beginning. 

On account of eq.(10-16) gives the number of Tn in a nucleus of Z>83, it is also the discriminant of the Experimental Rule. From the discussion of energy level, the number of Tns in a magic nucleus is 12, 13, 14 or 15. Since an alpha decayed magic nucleus is classified by its long-life, if the lower limit of long-life is four days, then all isotopes listed in Tab.1 are magic nuclei, the number of Tns in them is also 12,13,14 or 15. theory is congruent with experiment. hence the experimental rule may be restated as: 

The number of Tns in ( decayed nuclei with Z>83 and half-life more than 4 days is bound to be 12,13,14,or 15.

Take note of the three Converted processes of nucleus, the plays of T-on and masson are so lifelike and reasonable. All these facts manifest that the existence of T-on and masson in nuclei is believable.
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APPENDIX

Explanation and proof of some formula

(1) Proof of (1-2C)

Refer to (1-2a)and (1-2b),since 
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     Q.E.D.     The same for other equalities.

(2) Proof of (2-1)

Since 
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(m)=(E )  Q.E.D.  The same for other equalities.

(3) Proof of (2-4)
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(4) Space Conversion

    According to (2-6) and (2-7) we have
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    According to (2-5) and (2-8) we have
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    From (2-12) and (2-13) we have      
[image: image262.wmf]m

m

R

r

C

¶

=

¶


    Accordingly, a non-relativistic equation in (r,t) space Can be converted into a equation in (R,Q) space when its operators are replaced correspondingly to equation (1-5), and the relativistic equation in (r,t) space can be Converted into a equation in (R,Q) space when its operators are replaced Correspondingly to equations (2-13) and (2-12), on account of (2-1), The value of the equation after conversion does not change.

(5) Proof of (2-16)

    The Dirac equation in (r,t) space is
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(6) Proof of (2-17)

    Multiplying (2-16) from left by 
[image: image265.wmf]g

4
[image: image266.wmf]h

 and use the conventional notation
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    i.e.  
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(7) Proof of (2-21)

    Let
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    For B and D have Solution, it must be
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(8) Proof of (4-4) and (4-5)

    In (r,t) space, the hmiltonian of a nucleon system may be the form
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    The Schrodinger equation is
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    After space Conversion we have
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    According to quantum mechanics we have both operator equation
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    The equations stand for each component of P, W ,r and R. as well as

    Both particle m and M. Since   
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(9) Proof of (8-1)

    Because (gm+gM)=0,   gM=-gm, (mc+Mc)=0,   (6-2)   
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    Because the negative masson has negative mass, Such as 
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    The same for other equalities

(10) Proof of (10-8) and (10-9)

    Because   L=1,3,5,7……N  When N is odd
              L=0,2,4,6……N  When N is even                              (10-2)
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Turn back to monograph.
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