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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 (guc = -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 g
= grc = -1 from the EC g factor (gec = -1) without the contribution of the LC g factor (gic =-1).
The spin g factors of the elementary fermions are calculated from the equation of gs = gec + grc +
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 F¢(LC) = 0. It is, for the first time, proposed that the binary motion
(fluctuations) of the mgc and mic 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 myc 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, u and t 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 = (gefr — g5)/gs = (Zetr +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 gr. = -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 = 2 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 2 should be based
on the non-zero neutrino masses. The elementary fermions with the zero masses cannot have the

Same origins of g, and g, for the electron in terms of TQSM

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

e e . .
T =—ag.d =(=2)—3 *0, # 0 for the spin motion
s =5 gsS (=2) ZmS HEec Hic p
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e e . ., s(mgc) _ s(mye) _ s
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Us = %95(1 +a)s g = EC/|EC|=-1, g =LC/|LC|=-1 mM=mg+m;

The as§ term comes from the binary motion (fluctuations) of m. and m, through
the Z boson force. The mg. and m - masses are not merged but overlapped.

F.(EC) # 0,E.(LC) =0, Mgc # 0,u,c = 0 for the orbital motion

N e - e - — — e -
M=o gil = (9ec +ch)ﬁL = Hec + Hic = gpe 5L
=gl =D)L 8L = 8ec = EC/|EC|=-1

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.

spin of 2. The neutrinos cannot have both the zero mass and the spin of 2 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 '42 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 mgc and mic 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
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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

Spin magnetic moment of the electron neutrino in TQSM
v, - e elastic scattering v,: (EC,LC) = (0,-2/3), e: (-1,-2/3), W*: (1,0)

m(ve) =mgec + mye =mye  Us(Ve) = Uge + Hic = Hic

mge = 0,myc #0 W+
Mec = 0,uc # 0 Ve Lk Ve
Ve Ve e
vV =0 Y FE,#0
e e e e
bec # 0,4 c # 0
F. = F.(EC) + F.(LC) = 0, F. = F.(EC) + F.(LC) # 0,
F.(EC) = 0 for EC(v, ) = 0, F.(EC) # 0,F,(LC) = 0
For k; ~ 0 and LCefy = (%)O'SLC ~0 Hexp = Us(loop) # 0 for v,
2

Hexp < 4.5 10712 pp for v,

LCyLC, LC. LC,
F(LC) =k, :z £=k, v,ef{:z Il ~ 0

— e -
Us = (_1)ﬂ5 (Not observed) (New experiments are needed.)

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.

E = cAtAV = |q| AV = mc?

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

E=mc2= (|EC|+ |LC| + |CC|))AV = (Mg + M ¢ + M) c?

s =% =s(Mg) + s(Mc) + s(mec) X mw

|[EC|: |LC| : |CC| = mgc: mi¢c: Mec =s({mge) @ s(me) : s(mee)
s(mec) _ s(mrc) __ s(nce) _ S
mgc mpc mcc m

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 (AV) and angular velocity () are the same for m, mg,
m c and mgc. Then the partial spin is proportional to the partial mass.

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.

neutrinos are newly discussed by including the LC charge effects in the present work. The effective
charge is defined as Qefr = (ki/k2)*°Q =~ 0 for k; ~ 0. Q is EC for the dark matters, LC for the
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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.

Leptons (1) mass: MeV/c?  Leptons (l) mass: MeV/c?
Ve Vi V. e u T

EC 0 0 0 EC -1 -1 -1

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

mee |0 0 0 mee  |0.307 [39.62 [484.6

mc m(ve) [m(v,) |m(v)) mc 0.204 |66.04 [1292.2
m(l) |[m(vy) |m(v) |m(v) | Im() |0.511 |105.66 |1776.8

s(med) |0 0 0 s(meo) [3/10 [3/16  [3/22
smyg) (172|172 [1/2 s(my) |2/10 |5/16 |8/22
sty |12 |12 |1/2 s(l) 12 |1/2 1/2

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

Fig. 4. Lepton spins are calculated for the EC and LC charge
masses [31,32] which are used to explain the g factors.

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

. . . e _ e o
Spin magnetic moment 7 — 7 IsS = 2—(956 + 91c)S = Uec + Bic
mEC m m

-10 EC--
Bec EC=-1 s(mgc) _ s(muc) _ s

m=Mg-+mM

gc=-1@® LC=-2/3 mgc mpc m
Myc
g.=-2=gec + 80 Therefore, g, = EC/|EC| and g, = LC/|LC].
—;
p(1,0,-5), e F.(EC)#0,F.(LC) =0,L=mvr=mvgr=Lg
e(-1,-2/3) m e

_ - e - .
UL = %QLL = ﬁgECIL = Ugc

fa=Nle) T =N*-a..I |
Orbit magnetic moment 8 =8 = EC/|EC| =-1 fa=NCe) p =N 2m 9ecl i

The electron has the internal structure of m¢. and m .. The spin g factor (g,=-2) of
the electron is the sum of the EC g factor (g = -1) and LC g factor (g, = -1). The
additional g factor (ag,) comes from the binary motion (fluctuations) of m.. and m
through the Z boson force. The m,  and m . masses are not merged but overlapped.

Fig. 5. The spin and orbit g factors are compared in terms of TQSM model
[31,32].
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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
(gLe) 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 gic is -1. The gic value is -1 for the electron with LC = -2/3 and the
muon with LC = -5/3. From these observations, the gec and gic are defined as gec = EC/|EC| = -1

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

. . — e - e - _— —_—
Spin magnetic moment [y = 5—gsS = 5— (ggc + 91.c)S = Hic + Hic

=-1@ =-
Bec FC=-1 s(mec) _ s(mie) _ s

g.=-10® LC=-2/3 mgc mrc m
Therefore, g;c = EC/|EC| and g, = LC/|LC|.

8,=-2=8c+8ic

Spon Spin = @S for binary angular momentum
mn
s

Stotr =S+ Spin=0+a)s

— e -
Us = ﬁgs(l +a)s

Jerr = gs(1+a) =—-2—2a

Binary motion(fluctutions) with the Gerf —9s  Jerr +2
distance (d) by the Z boson force, F,. 4= 9 s

PPA: point particle approximation

Fig. 6. The anomalous spin g factor in terms of TQSM model. See Ref.
[32] for the Z boson force and partial masses.

and grc = LC/|LC| = -1. Also, the orbit magnetic g factor (gr) 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 (F.(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 (k) is nearly zero [32].
This indicates that the orbit magnetic moment is the electric magnetic moment with g = ggc = -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 mg. and myc calculated in Figs. 3 and 4 in terms of TQSM. The experimental
spin g factors (gefr) of the EC charged leptons are different from the predicted s[in g factor (gs = -
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2). The difference is defined as the anomalous g factor (a = (gefr-gs)/gs). The electron, muon and
tau have two masses of mgc and mrc. If these two masses are fluctuated in the binary motion, we
can calculate the binary angular momentum (spin = as) which is added to the spin (s) of % in Figs.
6 - 9. Then the anomalous g factor can be written as gefr = 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
' eV/c2. The graviton mass is taken as 3.2 10! eV/c? in Fig. 7. For the binary motion,

Gyd

—= )05 =35g
MEgc + My

Sphin = Mgcmyc( )0'5

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

Spin magnetic moment F, =G, MegcMic mgc = 0.307 MeV /c?
d? _ 2
ge=-1® EC=-1 my mpe 42).204 MeV /c
G, =—Gy = 0.2844 10*“G
g.=-1@ LC=-2/3 2 my N N
8,=-2=8+Bic m, = 3210731 eV/c? mz =0.9110" eV/c?
Shin For the binary angular momentum,

i My Spin = Mgemyc(———)%5=as

. a>0 . @™ bin EC LC(mEC + mLC)

o Foro Gerr = 9s(1+a)

PPA T T,

exp = 0.00115965218073 (28)

Bi ti fluctuti ith th
inary motion(fluctutions) wi e d = 4.5447 10-26 m

distance (d) by the Z(0,0) boson force, F,.
PPA: point particle approximation

Fig. 7. The anomalous spin g factor of the electron. See Ref. [32] for the
Z boson force and partial masses.

The experimental value of acxp = 0.00115965218073(28) [23] gives the distance of d = 4.5447 10
26 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 acxp =0.0011659209
(6) [1-4] gives the distance of d = 5.3580 1033 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* m. The better and more experimental data are
needed for the further research because the experimental acx, 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.
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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 v-e

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

Spin magnetic moment F, =G, MgcMyc mge = 39.62 MeV /c?
d? _ 2
gc=-1® EC=-1 , myc = 66.04 MeV /c
G, =—Gy = 0.2844 10*?G
g.=-10® LC=-5/3 27 my, N N
8.=-2 =g+ 8 my =3210731eV/c2 Mz = 09110 eV/c?
Sbin Gzd s
N Spin = MgcMpc(———)"7=as
A § Mg bin EC'I'LC (mEC + mLC)
| a>0 @ ges=0s(1+a) aexp = 0.00116592061(41)
[ e : ‘qt \
® R QZ\,‘. d =5.358010733m
PPA ST My
Binary motion(fluctutions) with the PPA: point particle approximation

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

Fig. 8. The anomalous spin g factor of the muon. See Ref. [32] for the Z
boson force and partial masses.

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.

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

Spin magnetic moment F, =G, MpcMic mge = 484.6 MeV /c?
d? _ 2

_ _ myc = 1292.2 MeV /c
rem @ e Gy = 2 Gy = 0.2844 10426
g.=-10® LC=-8/3 2 mg N N
g.=-2=g+ 8 my =3.21073 eV /c? Mz =091 10" eV /c?

=g,(1+a) Spin =mgem (Ld)“: as
A§ Gerr r—nEng a) Spin e e
| (f Fy, —0.052 < @gyy< 0.013, —0.0080 < @y, < 0.0046
Cepa o Oy d=26972107% m fOT ey = —0.018(17)
Sbin »

Binary motion(fluctutions) with the ~ %calc 0.003737  for planck

distance (d) by the Z(0,0) boson force, F,.
PPA: point particle approximation

Aeqie 2 0 ford—0

Fig. 9. The anomalous spin g factor of the tau. See Ref. [32] for the Z
boson force and partial masses.

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 Qerr = (ki/k2)*°Q ~ 0 for k; ~ 0. Q is EC for the dark matters, LC for the leptons and
CC for the quarks. Therefore, in the ve and electron elastic scattering experiment, it will be very
difficult to measure the LC spin magnetic moment because of F¢(LC) = 0 in Fig. 2. To measure
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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 4.5 107 pg [7]
for the electron neutrino.

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

€ (-11-2/3)
Mg ® EC=-1 W (-1,0) W (-1,0) Mge
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Q0 e(-1,-2/3)
myc @ LC=-2/3 z.
B @
m=mg+m T ve(0,,2/3) 0 Muc
N . O T > @
. g Sl:zn Ve (0,2/3) 79 (0,2/3)
mic
a>0 Lo * v, (0,-2/3)

Ow(o F =g, TECMC
Binary motion(fluctutions) with the z Z g2

distance (d) by the Z(0,0) boson force, F,. G, = mgz Gr = 0.2844 102G
z=—Gy =0. N

PPA: point particle approximation My

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

Spin g factors of elementary fermions (95 = ggc + 9r.c + 9cc)

Bastons (EC), y(0) Quarks(EC,LC,CC), y(0,0,0)

EC
2/3 1 1 1
13 | 1] 1 | 1
43 | 1] 1 | 1

-1

Leptons(EC,LC), y(0,0)

Total

gEc=EC/|EC|r
X4 8c= LC/lLC|,
X5 8cc = CC/|cC|

X6 . e R
Total Hs = ﬂgss
g.=-1,a=0 for dark matters
X7 g.=-1,a=0 for neutrinos, —]

X8 g.=-2fore, u, 1, d Ql
X9 g=0foru, g=-1forg,t,
Total g, =-3fors, b, Q2, Q3

Fig. 11. The spin g factors of the elementary fermions.
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The beta (weak force) decay of the leptons can be explained by using the binary motion of the mgc
and mrc 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 € s)/(2m)
=(gse)/ (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 mgc and myc, respectively. In other words, the
dark matters and neutrinos do not have the binary motion (fluctuations). 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 (grc
=-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 gr = ggc = -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 + grc + gcc where gec = EC/|[EC|,
grc =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 F¢(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 mgc and mrc 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 mgc and mic 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 Qerr = (ki/k2)>°Q ~ 0 for k; ~ 0. Q is EC for the dark matters, LC
for the leptons and CC for the quarks.
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