
Spin g factors and neutrino magnetic moment of elementary fermions  

Jae-Kwang Hwang 

JJJ Physics Laboratory, Brentwood, TN 37027 USA 

e-mail: jkhwang.koh@gmail.com 

Abstract; 

The spin magnetic moments and spin g factors (gs = -2) of electron, muon and tau are explained 

based on the electric charges (EC) and lepton charges (LC) in terms of the three-dimensional 

quantized space model. The spin g factors of electron, muon and tau are gs =  -2 which is the sum 

of the EC g factor (gEC = -1) and the LC g factor (gLC = -1).  The spin g factor (gs = -2) of the 

electron is predicted by the Dirac’s equation. The orbit g factors of electron, muon and tau are gL 

= gEC =  -1 from the EC g factor (gEC = -1) without the contribution of the LC g factor (gLC = -1). 

The spin g factors of the elementary fermions are calculated from the equation of gs = gEC + gLC + 

gCC where gEC = EC/|EC|, gLC = LC/|LC| and gCC = CC/|CC|. For example, the spin g factors of the 

neutrinos and dark matters are gs = -1. The spin g factors of the u and d quarks are gs = 0 and gs = 

-2, respectively. The g factor problem of neutrinos with the non-zero LC charges are solved by the 

LC Coulomb force of Fc(LC) ≈ 0 . It is, for the first time, proposed that the binary motion 

(fluctuations) of the mEC and mLC masses for the electron, muon and tau leptons make the 

anomalous g factor. This binary motion could be originated from the virtual particle processes 

including the photons. Also, the weak force (beta) decay is closely related to the binary motion of 

the mEC and mLC for the electron, muon and tau leptons.   

Key words; Anomalous spin g factor; Lepton charge (LC); Neutrino magnetic moment; Weak 

force decay; EC and LC partial masses; Three-dimensional quantized space model (TQSM).   

1. Introduction  

The spin magnetic moments of the electron, muon and tau leptons have been actively studied [1-

30]. The experimental spin magnetic moments of these leptons have been successfully reproduced 

by the quantum electrodynamics (QED) calculations [1-30] but, for further studies, could need the 

new ideas beyond the standard model. The electrically charged leptons of e,  and  have the spin 

magnetic moments with the spin g factor of gs=-2. The spin g factor (gs = -2) of the electron is 

predicted by the Dirac’s equation. The observed non-zero values of a = (geff – gs)/gs = (geff +2)/(-

2) indicate that there are the anomalous magnetic moments for the electrically charged leptons. 

The anomalous magnetic moment (a) values have been calculated successfully through the virtual 

particle processes of photons, leptons, weak force bosons and hadrons including the QED 

calculations in terms of the standard model (SM). As well known in the classical electrodynamics, 

the orbit magnetic moment has the g factor of gL = -1 for the rotational motion of an electron. The 

spin angular momentum (s) can be replaced with the orbital angular momentum (L) in the magnetic 

moment equation. Then the g factor value is changed from gs = -2 to gL = -1. It is thought that the 

spin angular momentum of s = ½ makes the twice more contribution than the orbital angular 

momentum of L to the magnetic moment of an electron. The reason why the g factors are different 

for the spin angular momentum and orbital angular momentum is not clearly explained in the 

standard model (SM). I think that this is the g factor problem. 
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All charged elementary fermions have the (rest) masses. In other words, the electric charges (EC) 

of the elementary fermions are created based on the masses. And the neutrinos have the zero 

masses in terms of the standard model (SM). The neutrinos have the zero EC charges and zero spin 

magnetic moment because of the zero masses in SM. But the neutrino spin of ½ should be based 

on the non-zero neutrino masses. The elementary fermions with the zero masses cannot have the 

spin of ½.  The neutrinos cannot have both the zero mass and the spin of ½ in terms of the SM 

model. And it is known that the neutrinos have the very small masses. This means that the massive 

neutrinos with the spin of ½ can have the very small negative EC charges and spin magnetic 

moment in the SM model. This does not follow the systematics of the EC charges for the leptons 

and quarks in the SM model. I think that this is the neutrino mass problem.    

The g factor problem and neutrino mass problem cannot be solved in terms of the present SM 

model. The radical new ideas for the extension of the standard model are required to solve these 

two problems as shown in Figs. 1 and 2. The present three-dimensional quantized space model 

(TQSM) [31] (see Figs. 3 - 6) is considered as the extended standard model in the present work. 

The electric charges (EC), lepton charges (LC) and color charges (CC) of all elementary fermions 

[31] are tabulated as shown in Fig. 3. The leptons have only the electric charges (EC) in terms of 

SM. However, the leptons have the electric charges (EC) and lepton charges (LC) in terms of the 

three-dimensional quantized space model (TQSM) [31] as shown in Fig. 3. If the spin magnetic 

moments for the leptons are made by the EC and LC charges, the spin magnetic moment term of 

the Dirac’s equation is the total spin magnetic moment including the EC and LC contributions in 

Fig. 1. If the electron rotates around the positively EC charged proton with LC = 0, the orbit 

magnetic moment of the electron includes only the EC contribution but not the LC contribution as 

shown in Fig. 1. The anomalous magnetic moment is explained by using the binary motion 

(fluctuations) of mEC and mLC with the distance (d) by the Z boson force. The binary motion in 

terms of the TQSM model in Fig. 1 could be originated from the virtual particle processes of 

 
Fig. 1. The spin and orbit g factors are compared in terms of TQSM model 

[31]. See Ref. [32] for the lepton Coulomb force, Fc(LC) and Partial 

masses. See Figs. 2 – 4, too. 

The electron with (EC,LC) = (-1,-2/3) has gs = -2 and gL = -1 .

Same origins of gs and gL for the electron in terms of TQSM

The term comes from the binary motion (fluctuations) of mEC and mLC through 
the Z boson force. The mEc and mLC masses are not merged but overlapped. 

gEC = EC/|EC|=-1,   gLC = LC/|LC|=-1

gL = gEC = EC/|EC|=-1

m = mEC + mLC
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photons, leptons, weak force bosons and hadrons including the QED calculations in terms of the 

standard model (SM). The spin magnetic moment of the electron neutrino is shown by using the 

LC magnetic moment in Fig. 2. Therefore, the spin magnetic moments of the leptons including the 

neutrinos are newly discussed by including the LC charge effects in the present work. The effective 

charge is defined as Qeff = (k1/k2)
0.5Q ≈ 0 for 𝑘1 ≈ 0. Q is EC for the dark matters, LC for the 

Fig. 3. The masses, spins and charges are closely related to each other [32]. By 

using these relations, the partial masses used in the g factors can be calculated. 

E = cDtDV = |q|DV = mc2

For the elementary fermion with the charge (q) configuration of (EC,LC,CC),

E = mc2 =  (|EC|+ |LC| + |CC|))DV = (mEC + mLC + mCC) c2

s = ½ = s(mEC) + s(mLC) + s(mCC) 

|EC|: |LC| : |CC| = mEC : mLC : mCC = s(mEC) : s(mLC) : s(mCC)  

If the rest mass (m) of the elementary fermion is given, partial masses and 
partial spins can be calculated by using the charge(q) configuration of 
(EC,LC,CC). The calculated tables are shown for all elementary fermions of 
the 3 dark matters (3 bastons), 9 leptons  and 27 quarks in the present work. 
Note that the volume (DV) and angular velocity (w) are the same for m, mEC, 
mLC and  mCC. Then the partial spin is proportional to the partial mass.

Fig. 2.  Spin magnetic moment of the electron neutrino. See Ref. [32] 

for the lepton Coulomb force, Fc(LC). See Figs. 1 and 3-4, too. 

 

Spin magnetic moment of the electron neutrino in TQSM 

ne: (EC,LC) = (0,-2/3),

ne

e

e: (-1,-2/3),  W+: (1,0)ne - e elastic scattering

g
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e

g

W+

ene

e

ne
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(Not observed) (New experiments are needed.)
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leptons and CC for the quarks in Fig. 2. The EC and LC partial masses of the leptons given in Figs. 

3 and 4 [32] are used to explain the g factors of the leptons in the present work.  

 

 

 

 

 

Fig. 4. Lepton spins are calculated for the EC and LC charge 

masses [31,32] which are used to explain the g factors. 

ne n n

EC 0 0 0

LC -2/3 -5/3 -8/3

mEC 0 0 0

mLC m(ne) m(n) m(n)

m(l) m(ne) m(n) m(n)

s(mEC) 0 0 0

s(mLC) 1/2 1/2 1/2

s(l) 1/2 1/2 1/2

e  

EC -1 -1 -1

LC -2/3 -5/3 -8/3

mEC 0.307 39.62 484.6

mLC 0.204 66.04 1292.2

m(l) 0.511 105.66 1776.8

s(mEC) 3/10 3/16 3/22

s(mLC) 2/10 5/16 8/22

s(l) 1/2 1/2 1/2

Leptons (l)mass: MeV/c2 mass: MeV/c2Leptons (l)

From the lepton (e(-1,-2/3)/(-1,-5/3)) - p(1,0) deep inelastic scattering, spins 
(s(mEC)) of the u and d quarks are determined. Total spins (s = ½) of the u and d 
quarks should include the CC charge effect of A(CC=-5)3. Note that p(1,0) is the 
lepton-like particle. The neutrino masses (mLC) are not zero because the lepton 
charges (LC) are not zero. 

Fig. 5. The spin and orbit g factors are compared in terms of TQSM model 

[31,32]. 

Therefore, gEC = EC/|EC| and gLC = LC/|LC|.

EC = -1

LC = -2/3

For the electron with s= ½ and (EC,LC) = (-1,-2/3), 

gEC = -1 

gLC = -1 

gs = -2 = gEC + gLC

Spin magnetic moment

L = mvr = mvECr = LEC

Orbit magnetic moment

p(1,0,-5),  
e(-1,-2/3) p

e
v

gL = gEC = EC/|EC| = -1 

m

The electron has the internal structure of mEC and mLC. The spin g factor (gs=-2) of 
the electron is the sum of the EC g factor (gEC = -1) and LC g factor (gLC = -1). The 
additional g factor (ags) comes from the binary motion (fluctuations) of mEC and mLC

through the Z boson force. The mEc and mLC masses are not merged but overlapped.

If q = N(-e),

m = mEC + mLC

mEC

mLC

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 December 2021                   doi:10.20944/preprints202112.0340.v1

https://doi.org/10.20944/preprints202112.0340.v1


 

2. Magnetic moments and spin g factors of the elementary fermions  

 

Dark matters (bastons), leptons and quarks [31] have the charge configurations of (EC), (EC,LC) 

and (EC,LC,CC), respectively. The charges of these elementary fermions can make the spin 

magnetic moments and spin g factors. In Fig. 1 and 2, two cases of the electron and electron 

neutrino are taken into consideration. In the standard model (SM), the spin magnetic moments of 

the leptons are derived only by the electric charges (EC). But in the present TQSM model, the spin 

magnetic moments of the leptons are derived by both the electric charges (EC) and lepton charges 

(LC) as shown in Figs. 1 and 2.  The electron has the charge configuration of (EC,LC) = (-1,-2/3). 

Then the spin g factor (gs) of the electron is the sum of the EC g factor (gEC) and the LC g factor 

(gLC) in Figs. 1 and 14. The observed spin g factors (gs) of the electron with q = (-1,-2/3) and the 

muon with q = (-1,-5/3) in Fig. 3 is -2. The spin g factor of -2 is reproduced by the Dirac’s equation 

for the electron. gEC is -1 and gLC is -1. The gLC value is -1 for the electron with LC = -2/3 and the 

muon with LC = -5/3. From these observations, the gEC and gLC are defined as gEC = EC/|EC| = -1 

and gLC = LC/|LC| = -1. Also, the orbit magnetic g factor (gL) is -1 for the electron in Figs. 1 and 

5 - 7. The orbit magnetic moment of the electron is made only by the EC Coulomb (Fc(EC)) force 

but not by the LC Coulomb force (Fc(LC)) because the LC Coulomb force is zero.  The proton has 

the zero LC charge (LC=0) in Figs. 1 and 5 and the LC Coulomb constant (k1) is nearly zero [32]. 

This indicates that the orbit magnetic moment is the electric magnetic moment with gL = gEC = -1. 

Therefore, the reason why the spin g factor is -2 and orbit g factor is -1 for the electron is explained 

by introducing the lepton charge (LC) for the electron and muon.  

 

In Fig. 5 - 9, the anomalous g factors of the electron, muon and tau are explained by using the 

binary motion of the mEc and mLC calculated in Figs. 3 and 4 in terms of  TQSM. The experimental 

spin g factors (geff) of the EC charged leptons are different from the predicted s[in g factor (gs = -

Fig. 6. The anomalous spin g factor in terms of TQSM model. See Ref. 

[32] for the Z boson force and partial masses. 

Therefore, gEC = EC/|EC| and gLC = LC/|LC|.

EC = -1

LC = -2/3

For the electron with s= ½ and (EC,LC) = (-1,-2/3), 

gEC = -1 

gLC = -1 

gs = -2 = gEC + gLC

Spin magnetic moment

for binary angular momentum

with the 
distance (d)  by the Z boson force, FZ.

PPA

PPA: point particle approximation

Z
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2). The difference is defined as the anomalous g factor (a = (geff-gs)/gs). The electron, muon and 

tau have two masses of mEC and mLC. If these two masses are fluctuated in the binary motion, we 

can calculate the binary angular momentum (sbin = as) which is added to the spin (s) of ½ in Figs. 

6 - 9. Then the anomalous g factor can be written as geff = gs(1+a).  This binary motion with the 

distance of d is made by the Z(0,0) boson force. The Z boson has the experimental mass of 91 10-

11 eV/c2. The graviton mass is taken as 3.2 10-31 eV/c2 in Fig. 7. For the binary motion, 

 

 

 

The experimental value of aexp = 0.00115965218073(28) [23] gives the distance of d = 4.5447 10-

28 m for the electron. This means that the binary motion with the distance of d can predict the 

anomalous spin g factor when the Z boson force and graviton mass are properly given. The same 

calculations are tried for the muon and tau. In Fig. 8, the experimental value of aexp = 0.0011659209 

(6) [1-4] gives the distance of d = 5.3580 10-35 m for the muon. The anomalous magnetic moment 

of the tau lepton seems to be negative in Fig. 9. Therefore, the anomalous g factor is aexp = - 0.018 

(17) which gives the distance of d = 2.6972 10-36 m. The better and more experimental data are 

needed for the further research because the experimental aexp values are relatively large compared 

with those of the electron and muon. The binary motion in terms of the present TQSM model could 

be originated from the virtual particle processes of photons, leptons, weak force bosons and 

hadrons including the QED calculations in terms of the standard model (SM). In Fig. 9, the g 

factors of the tau leptons are shown. The experimental anomalous g factors of the tau lepton 

[14,16,17] have the negative values. But the standard model predicts the positive anomalous g 

factor for the tau lepton. The negative anomalous g factor of the tau lepton means in terms of 

TQSM that the binary angular moment has the negative value with the opposite direction to the 

spin direction as shown in Fig. 9.   

 

sbin = mECmLC(
GZd

mEC +mLC
)0.5 = as 

Fig. 7. The anomalous spin g factor of the electron. See Ref. [32] for the 

Z boson force and partial masses. 

EC = -1

LC = -2/3

For the electron with s= ½ and (EC,LC) = (-1,-2/3), 

gEC = -1 

gLC = -1 

gs = -2 = gEC + gLC

Spin magnetic moment

with the 
distance (d)  by the Z(0,0) boson force, FZ.

FZ

For the binary angular momentum,

PPA

PPA: point particle approximation
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The magnetic moment measurement is very difficult because the neutrinos have the zero electric 

charge (EC). The upper limit of the spin magnetic moment of the electron neutrino from the n-e 

elastic scattering has been given in the SM model. The spin magnetic moment is discussed in terms 

of the TQSM model in Fig. 2. In the TQSM model, the neutrinos have the LC charges in Fig. 4. 

This means that the neutrinos have the LC magnetic moments. But the LC coulomb force between 

the electron and electron neutrino [32] is nearly zero in Figs. 2 and 5. The effective charge is 

defined as Qeff = (k1/k2)
0.5Q ≈ 0 for 𝑘1 ≈ 0. Q is EC for the dark matters, LC for the leptons and 

CC for the quarks. Therefore, in the ne and electron elastic scattering experiment, it will be very 

difficult to measure the LC spin magnetic moment because of Fc(LC) ≈ 0 in Fig. 2. To measure 

Fig. 8. The anomalous spin g factor of the muon. See Ref. [32] for the Z 

boson force and partial masses. 

EC = -1

LC = -5/3

For the muon with s= ½ and (EC,LC) = (-1,-5/3), 

gEC = -1 

gLC = -1 

gs = -2 = gEC + gLC

Spin magnetic moment

with the 
distance (d)  by the Z(0,0) boson force, FZ.

FZ

PPA

PPA: point particle approximation

Fig. 9. The anomalous spin g factor of the tau. See Ref. [32] for the Z 

boson force and partial masses. 

EC = -1

LC = -8/3

For the tau with s= ½ and (EC,LC) = (-1,-8/3), 

gEC = -1 

gLC = -1 

gs = -2 = gEC + gLC

Spin magnetic moment

with the 
distance (d)  by the Z(0,0) boson force, FZ.

FZ
,

PPA

PPA: point particle approximation
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the LC spin magnetic moments of the neutrinos the new experiments are needed. It is thought that 

the observed magnetic moment of the electron neutrino comes from the loop virtual process of W+ 

and e in Fig. 2.  The experimental loop magnetic moment has the upper limit of 4.5 10-12 B [7] 

for the electron neutrino.    

  

Fig. 10. Beta decay and binary motion (fluctuations) of the electron. 

EC = -1

LC = -2/3

Binary motion and weak force (beta) decay of the electron

m = mEC + mLC

with the 
distance (d)  by the Z(0,0) boson force, FZ.

PPA

PPA: point particle approximation

Z

e (-1,-2/3) 

W (-1,0) 

ne (0,-2/3) 

e  

W (-1,0) W (-1,0) 

ne (0,-2/3) 

ne (0,2/3) 

Z

ne (0,2/3) 

e (-1,-2/3) 

Fig. 11. The spin g factors of the elementary fermions. 

Bastons (EC), g(0) Leptons(EC,LC), g(0,0) Quarks(EC,LC,CC), g(0,0,0)

EC EC EC

X1 -2/3 -1 0 0 0 0 2/3 1 1 1

X2 -5/3 -1 -1 -1 -1 -1 -1/3 -1 -1 -1

X3 -8/3 -1 -2 -1 -1 -1 -4/3 -1 -1 -1

Total -5 -3 -1

LC LC

X4 -2/3 -1 -1 -1 0 0 0 0

X5 -5/3 -1 -1 -1 -1 -1 -1 -1

X6 -8/3 -1 -1 -1 -2 -1 -1 -1

Total -5 -3

CC

X7 -2/3(r) -1 -1 -1

X8 -5/3(g) -1 -1 -1

X9 -8/3(b) -1 -1 -1

Total -5

Spin g factors of elementary fermions (

gEC = EC/|EC|, 
gLC = LC/|LC|, 
gCC = CC/|CC| 

gs = -1, a = 0  for dark matters
gs = -1, a = 0  for neutrinos, 
gs = -2 for e, , ,  d, Q1  
gs=0 for u,     gs=-1 for c, t,            
gs = -3 for s, b, Q2, Q3

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 December 2021                   doi:10.20944/preprints202112.0340.v1

https://doi.org/10.20944/preprints202112.0340.v1


The beta (weak force) decay of the leptons can be explained by using the binary motion of the mEC 

and mLC in Fig. 10. The beta decay of the electron is shown as one example in Fig. 10. The 

neutrinos with the charge configuration of (0,LC) have the anti-neutrinos with the charge 

configurations of (0,-LC) in Fig. 4. The electron neutrino, muon neutrino and tau neutrino have 

the charge configurations of (0,-2/3), (0,-5/3) and (0,-8/3), respectively. Finally, in Fig. 10, the 

proposed spin g factors are shown for the dark matters (bastons), leptons and quarks. By using 

these spin g factors, the spin magnetic moments can be given as the equation of s = (gs e s)/(2m) 

= (gs e) / (4m). Note that the dark matters and neutrinos do not have the anomalous g factor because 

the dark matters and neutrinos have one mass of mEC and mLC, respectively. In other words, the 

dark matters and neutrinos do not have the binary motion (fluctuctions). And the u quark has the 

spin g factor of gs = 0 and the d quark has the spin g factor of gs = -2.   

 

3. Summary and conclusions  

TIn the present work, the electric charge, lepton charge and color charge are expressed as EC, LC 

and CC. The elementary fermions are made of the three bastons (dark matters) with the charge 

configuration of (EC), 9 leptons with the charge configuration of (EC,LC) and 27 quarks with the 

charge configuration of (EC,LC,CC). The spin magnetic moments and spin g factors (gs = -2) of 

electron, muon and tau are explained based on the electric charges (EC) and lepton charges (LC). 

The spin g factors of electron, muon and tau are gs =  -2 which is the sum of the EC g factor (gEC 

= -1) and the LC g factor (gLC = -1).  The spin g factor (gs = -2) of the electron is predicted by the 

Dirac’s equation. The orbit g factors of electron, muon and tau are gL = gEC =  -1 from the EC g 

factor (gEC = -1) without the contribution of the LC g factor (gLC = -1). The spin g factors of the 

elementary fermions are calculated from the equation of gs = gEC + gLC + gCC where gEC = EC/|EC|, 

gLC = LC/|LC| and gCC = CC/|CC|. For example, the spin g factors of the neutrinos and dark matters 

are gs = -1. The spin g factors of the u and d quarks are gs = 0 and gs = -2, respectively. The g factor 

problem of neutrinos with the non-zero LC charges are solved by the LC Coulomb force of Fc(LC) 

≈ 0. To measure the LC spin magnetic moments of the neutrinos the new experiments are needed. 

It is thought that the observed magnetic moment of the electron neutrino comes from the loop 

virtual process of W+ and e. It is, for the first time, proposed that the binary motion (fluctuations) 

of the mEC and mLC masses for the electron, muon and tau leptons make the anomalous g factor. 

This binary motion could be originated from the virtual particle processes including the photons. 

Also, the weak force (beta) decay is closely related to the binary motion of the mEC and mLC for 

the electron, muon and tau leptons.The experimental anomalous g factors of the tau lepton have 

the negative values. But the standard model predicts the positive anomalous g factor for the tau 

lepton. The negative anomalous g factor of the tau lepton means in terms of TQSM that the binary 

angular moment has the negative value with the opposite direction to the spin direction. The 

effective charge is defined as Qeff = (k1/k2)
0.5Q ≈ 0 for 𝑘1 ≈ 0. Q is EC for the dark matters, LC 

for the leptons and CC for the quarks.  
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