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Abstract — We review the electroweak theory to find out some noteworthy issues. In
this theory, the Higgs mechanism makes the gauge bosons obtain their mass. If the
vacuum states of the Higgs fields are the sources of mass for the massive gauge bosons
W and Z even electron e, then this lowest energy v of the Higgs field must be smaller
than the Higgs boson of 125 GeV even smaller than the electron’s rest mass of 0.511
MeV. It shall be like the zero-point energy of a linearly harmonic oscillator and those
massive gauge bosons consist of many such lowest-energy quanta. However,
substituting the weak coupling constant g = 0.77 into the mass equation of the W
boson, it seems to give v equal to 208 GeV much heavier than the Higgs boson.
Furthermore, the scalar Higgs boson is a charge-zero (q=0) and spin-zero (S=0) massive
particle so the vacuum states of the Higgs fields have the same characteristics if they
were treated as the lowest-energy quanta. However, the massive gauge bosons W and Z
are all spin-1 (S=1) particles and moreover, W bosons are charged. Therefore, how to
constitute those massive gauges bosons from the vacuum states of the Higgs fields
becomes a questionable concept. On the other hand, due to the local gauge invariance,
all mass terms have to be removed for fermions and the Yukawa coupling can provide
their mass through the Higgs mechanism. It is also a similar problem that the fermion
like electron is a spin-1/2 (S=1/2) massive particle and how to constitute the mass of
electron from the vacuum states like the spin-zero Higgs bosons is another serious
problem. Those considerations cause seriously ponder whether the Yukawa coupling is
the way to provide the mass of fermion? The vacuum states of the Higgs fields are not
an appropriate way to provide a stable source of mass for electron with infinite lifetime.
Especially, the electron-positron pair production from two photons directly reveals us
that the mass of electron and positron is from the photon fields through the coupling.
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. Introduction

Quantum field theory (QFD) combines quantum mechanics, special relativity, and
classical field theory to form concepts and tools for the characteristics of the high-
energy particles [1-5]. In the early 1950s, based on the success of quantum
electrodynamics (QED), QFT was believed by many theorists that it could eventually
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describe and explain all microscopically physical phenomena, not just the interactions
between electrons, positrons, and photons. However, the renormalization process
cannot be used universally. All infinite values from the perturbation calculations in
QED can be removed by redefining a few physical quantities but this method doesn’t
fit to many theories. In 1954, Chen-Ning Yang and Robert Mills generalized the local
symmetry of QED to build the non-Abelian gauge theory, or the so-called Yang-Mills
theory [1,2]. In 1961, Sheldon Glashow tried to combine the weak interaction with the
electromagnetic interaction and established a theory [1,2], but it lacked the mechanism
of spontaneous symmetry breaking. The Higgs mechanism was proposed by Peter
Higgs in 1964 [1,2]. Its spontaneous-symmetry-breaking mechanism shows that the
gauge symmetry in Yang-Mills theory can be broken. In 1967, Steven Weinberger and
Abdus Salam built the unified theory of the weak and electromagnetic interactions
based on the Yang-Mills field theory, and introduced the Higgs mechanism into
Glashow's electroweak theory [1,2]. Thus, the electroweak theory was obtained, the
form as we see nowadays. Weinberger further proposed that the mass of quarks and
leptons can also be obtained from the vacuum states of the Higgs scalar fields.
Therefore, the Higgs mechanism is widely believed to explain the mass sources of
particles, including W and Z bosons, and fermions [1-5].

However, according to the success of QED, the electron-positron pair production
from two photons seems to directly tell us that the mass of electron and positron is from
the photon fields through the coupling between the electron field and the photon field
[1,2]. The mass-energy equivalence also reveals the relation between energy and mass
[1,2,6]. If the mass of electron comes from the vacuum states of the Higgs fields, then
the electron-positron pair production and its inverse process cause our confusion.
Therefore, we try to discuss the source of mass in the electroweak theory from different
viewpoints in this paper.

1. Review Of The Gauge Theory And Standard Model

In this section, we briefly review the gauge theory and the minimal standard model
in which #=c=1 are used in the most places. 7 is the reduced Planck’s constant and ¢ is
the speed of light in free space. Theoretically speaking, the gauge fields can proceed
the gauge transformation by gauge groups. The Lagrangian is invariant under the gauge
transformation. SU(3) is the gauge group for the strong interaction, and the electroweak
interaction is described by the SU(2)xU(1) group. What is so-called the standard model
is described by the SU(3)xSU(2)xU(1) group [1-5]. In the U(1) Higgs mechanism, first
considering the Klein-Gordon Lagrangian [3,5]

L= (aa(p)*(aa(p) +V(o*9), (1)
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where @ is the complex Higgs field and the mass term is removed due to the gauge
invariance. U(1) gauge transformation involves phase transformation in which the
transformation group is Abelian. @& satisfies the gauge phase transformation [3-5]

D - @' =e o, (2)

where A is the phase. The gauge theory requires Lagrangian having global gauge
invariance after gauge transformation when 4 is a constant. The prove is as follows

L- L =[3,(e7 )] [0#(e7®)] + V(eiAde ) = L. (3)

When A is a variable, in order to satisfy this requirement, the partial derivative d, has
to change to the covariant derivative D,, so we have [1-5]

D, =0, +iqA,, 4)
where A, is the gauge vector field and its local gauge transformation is [1-5]

A, - A, + 0,4 (5
Hence, the Lagrangian possesses invariance shown as follows

L-oL = [(6” + iqAL)(eiqup)]*[(a# + iqA“’)(eiqu))] + V(e—iqu)*eiqA(p)
= [(au +iqA, — iqauA)(eiqu))]*[(au + igAH* — iq@”/l)(eiq/lcp)]
+ V(d*P)
= (D,®) (DH®) +V(0*®) = L. ©

Furthermore, the local gauge invariance also requires additional Lagrangian describing
this free-propagation gauge vector field, which is [3-5]

1 af 1 2 a
Lp = —Z aﬁF +§m AaA ’ (7)
where [1-6]
FaB = g2AP — 9B A“, (8)

In order to satisfy the local gauge invariance, the m-term has to be removed as
mentioned previously. The new Lagrangian satisfying the local gauge invariance is [1-
5]

* 1
L= (D,®) (D*P) — 7 FapF ¥ =V ("), 9)
It means that all gauge bosons describing here are zero mass which are correct for the

photon in the electromagnetic interaction and the gluon in the strong interaction but not
for W*, W, and Z bosons. Therefore, the Higgs mechanism is used on a larger



symmetrical group to solve this unsatisfied problem.

Next, the SU(2)xU(1) gauge transformation is reviewed in the electroweak theory.
In the section, we mainly follow the contents in Ref. 3. In the first generation of the
lepton section, it consists of a left-handed doublet of fermion [1-5]

0= (i) =30 (5)

e

and a right-handed Fermi singlet [1-5]
1
Yy = 5(1 + ¥, (11)

The Lagrangian also consists of a doublet of complex scalars, three AL gauge bosons
related to the SU(2) symmetry, and one B, gauge boson related to the U(1) symmetry.
The lepton and scalar doublets follow the transformation [3-5]

r_ igloiai ig’lﬁY
Y 5P =e“2 e 2Py (12)
U U
2 1

where i runs from 1 to 3, g and g are respectively two coupling constants for the SU(2)
and U(1) gauge groups, ai and S are independent rotation angles, oi are Pauli matrices,
and Y is the hypercharge operator [3-5]. Un-similar to the doublet, the gauge
transformation for this singlet is

_‘l gy
W =e 29 Py, = y, .. (13)
The gauge transformations for the gauge fields are [3-5]

Al = Al + 0,0, — geAay, (14)

and
B‘Q =B, +Y9,0. (15)

The covariant derivative now is [3-5]

S s 1,
D, =0, +igA,+ 9 By, (16)
where
L,
A, = EaiA#. 17)

The arrow “—” means the derivative acting on the right and “«—” means the derivative



acting on the left. The double arrow “«—” means the derivative acting on both sides and
equal to right minus left. If we define a gauge field tensor [3-5]

F,=D,A,—D,A, (18)

then it satisfies gauge invariance under the gauge transformation. This gauge field
tensor has similar definition which is [3-5]

1 .
F, = EO-iFHLV' (19)

It gives the electromagnetic type Largrangian [3-5]
Lfiela = —%FJVFWV = —%tr(FWF’”) (20)
by using the relation
tr(al-aj) = &j;. (21)
Similarly, the gauge field tensor for B, associated with U(1) symmetry is [3-5]
B, = 8,B, — 8,B,. (22)

Therefore, the unbroken Largrangian is [3-5]

L= Llepton + Lfield + Lscair + Lint, (23)
where
_ (o SRS SENIN
Llepton =1, (EYHDH) Y +Pg (EV#D[l) Yr, (24)
1 v 1 v
Liiela = —Etr(FWF ) — 2 BB, (25)
Lscatar = (DMQ)T)(D”¢) - m2|Q§|2 - /12|Q)|4; (26)
and
Line = —Go[Pr(@TW)) + (PL0)¥R]. (27)

After spontaneous symmetry breaking, the energy density has a minimum when[1-5]

v 1 m2

Pl =—=— -,

(28)

where v is determined from a minimum of the meson Hamiltonian from the linear sigma
model in the long-wavelength limit [3-5], which is
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Ho = V('®) = -m?|9|” + 2 ||, (29)

This lowest-energy state @ is called the vacuum state of the Higgs field. The fields are
now constrained and they are defined by the choice of gauge. Due to the constraint, the
gauge invariance is spontaneously broken. In this SU(2)xU(1) model, the Higgs field
is a complex doublet state. Now, the doublet state is represented by [3-5]

_ 1 g tie,
¢_E(U+H+i(p3)' (30)

Adapting the unitary gauge U to transform & to a new state @o, in which p1=¢,=¢3=0,
so we have [3-5]

cb'=ﬁcp=q>0=%(fo). 31)

According to this transformation, the other fields become [3]

YL = fh/)L' (32)
Yr = fh/JR, (33)
A, =0A,0t + é (8,0)01, (34)
and
B, =B, + é (6,0)0t. (35)

However, the new Lagrangian after the gauge transformation by using above new fields
is no longer gauge invariance because the gauge is broken by replacing @ with &,. But
there is still another gauge transformation keeping the Lagrangian gauge invariance.
The following local gauge transformation,

. 1 1
Up=e" (ifs+§Y), (36)
can keep the gauge invariance where f is a function of coordinates. The new gauge

fields (A, Z,) has a connection with the original fields (A3,B,) through this
relation [1-5]

(Z#> _ (cos Oy — sin 9W> B, 37)
A,) ~ \sinb,, cos@,/)\43)

This relation also gives [1-5]
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e = L =g sin HW = g’ coS 9W = \/E.gW sin ZHW; (38)

where 8y is the missing angle and gw is a convenient parameter. At the same time, the
charged vector boson fields are defined as [3-5]

1 .
Wt = E(A}t — iA2) (39)
and
__1 .
W, =E(A,1, +iA2). (40)

Due to such transformation Ug, the mass terms of the bosons W and Z are defined as
[3-5]

Mz =9 2 (41)
and

2 9 2

= ) 42
z 4c0529Wv (42)

Then the new Lagrangian after this local gauge transformation becomes several parts
[3-5]

EW 5 1Lz 5 \ou 1 w1 S S
Lithetic = Pe |5 (9 = 07" = me|We = L FuF* = 2 20 2" = S WEW

4 uv 2 uv

1 1 1
o MEZ,ZH + mGWIW T S (8,H)(8*H) — S maH?, (43)

_ 1—y5
LBV =@, [ey“AH +V2guy* <—25in29W + zy )Z”l v,

g .
= eJpyAy + cos O (J¥ — 2sin?6y, /4, )Z,, (44)
EW 9 |@ 1—y® +
L = —ﬁ P,y > YW," + h.c.|, (45)
_ | N .

LEW =@, y# [Z (0,—9,) — \/ngzﬂ] v, (46)

2 2,072

gmp g mp
IEW — _ H3 — H4, 47
" 4My, 32M;, (47



_ g 1 gMy g
LEW = gM,, W, W ”(H —Hz) = Z,ZH <H —HZ), 48
Hy = 98w +4MW +2cosBW # +4MZCOSHW (48)

ng’ = iW“‘W“’[eFIw + g cos Oy, ZW] + i(eAY + g cos By, ZV)[]/VH‘;W—M —

W Ww*], (49)
1

LY = 7 W W e W — W W |

— g2cos Oy [WWHZ,ZV — Wt W, ZV ZH]

— eg cos Oy [2W,;F W HA,ZY — WF WV (AVZH + AHZY)]

+ e2[WWHA,AY

+ W, W, A*AY], (50)

and the Yukawa coupling [3-5]
gmg _
Lgﬂ/kawa = - EM_:/ l‘Uel‘UeH- (51)
muin LEY s the mass of the Higgs boson, and the electromagnetic current and neutral

weak current are respectively [3-5]

]SW = _eymlue (52)

And [3-5]

_ (11—
1§‘=1§%< Zy)%. (53)

where If = 1/2 is the weak isospin of electron. The Yukawa coupling also gives the
relation [3]

(54)

Because the gauge theory doesn’t permit fermions possessing mass, their mass is
thought to come from the vacuum states of the Higgs fields due to the Yukawa coupling.
However, such results exist some basic problems pointed out in the next section.

I1l.  Some Problems About The Source of Mass In The Electroweak Theory
When we study the classical electrodynamics, the Lorentz force clearly tells us that

a particle of charge q like electron can be accelerated or decelerated by the

electromagnetic fields. The rate of change of energy equation in covariant form is [6]



dpt vt g

dt mdr =E

Fabyp, (55)

where U“ is the four velocity, p is the four-vector momentum, z is the proper time, and
F* is the second-rank antisymmetric field-strength tensor defined previously. The
equations of motion inthe (x,t) coordinates are [6]

P _ol5+%x5 56
dt c (56)

and

dE =
Ezqu-E. (57)

According to the special relativity, the mass-energy equivalence explicitly reveals that
the charged particles like electrons increase their total energy as well as their relativistic
mass when their speeds raise [6]. The famous energy-mass equivalent equation is

E = ym,c?, (58)

where vy is the Lorentz factor and yme is the relativistic mass, reveals how the total
energy varies with the velocity of a particle. Therefore, classical electrodynamics
clearly tells us that the electromagnetic fields (F? §) and the corresponding scalar and
vector potentials (@, 4) have something to do with the mass of electrons.

Furthermore, in quantum electrodynamics (QED), when we consider the electro-
positron pair annihilation as shown in Fig. 1(a) or the electron-positron pair production
as shown in Fig. 1(b), both results directly tell us that the relation between electron field
e and photon field A#. The missing photon directly becomes to an electron and a
positron in which the process is clearly described in QED. If electron and positron come
from the vacuum states of the Higgs fields, not from the incident photon, then the
disappeared photon also means the missing energy which directly violate the mass-
energy equivalence. On the other hand, the successful searches of Higgs bosons at
ATLS and CMS [7], one of the rare processes about a neutral Higgs boson decaying to
two photons is [7-9]

H° >y +y, (59)

where HC is the neutral Higgs boson and the Feynman diagram associated with the parts
of vertices [8,9] as shown in Fig. 1(c). In those vertices, H" and H™ are charged Higgs
bosons. This process tells us the interaction between the Higgs field and photon field.
The average mass of H° is fit to 125.10 + 0.14 GeV/c? [7] and the process in Fig.
1(c) directly transfers the mass energy of H° into two photon energy which just proves
the mass-energy equivalence.
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Figure 1. (a) The electron-positron pair production describing in QED. (b) Two-photon production by
the electron-positron pair annihilation also describing in QED. (c) The neutral Higgs boson decays to
two photons including the parts of vertices [8,9]. The forbidden interaction between the photon field and
the Higgs field.

Next, we have to check the physical properties between electron and the vacuum
state of the Higgs field. As we know, the Higgs boson is the scalar boson predicted in
the SM, which is charge-zero (q=0) and spin-zero (S=0) particle [1,5, 7-9]. The lowest
energy state of the Higgs field shall have the same characteristics. When we look at the
equation describing the relation between me and v, it causes our curiosity about how the
lowest Higgs bosons constitute a charged fermion like electron? It makes us wonder

whether the following constitution is possible?
1
Zv(qu,SzO) ----------------- P > m, (qz—e,5=§>. (60)

Furthermore, the finding of the Higgs bosons seems to give the neutral and charged
gauge bosons W*, W, and Z a reasonable explanation of their mass source. However,
all those gauge bosons have S=1, and it also causes our curiosity about how the spin-0
Higgs bosons can constitute the spin-1 gauge bosons? It also makes us wonder whether
the following constitution is possible?

M,+(g=e S=1)

Zv(q:()'s:()) ------------- Fonmmmemne s > M, - (q=—€'5=1)- (61)
MZo(q=0, S=1)

If the massive particles obtain their mass from the vacuum states of the Higgs fields,
their physical properties shall also determine such as the charge and spin at the same
time. However, the vacuum states of the Higgs bosons have no ability for determine
these physical quantities. Especially, the lifetime of electron approaches to infinite and
the mass of electron is very stable. The vacuum states of the Higgs fields are more likely
the energy fluctuation in space. In the Higgs mechanism, the vacuum state of the Higgs
field is the lowest energy state that is similar to the zero-point energy of the harmonic
oscillator. The eigen-energy of the linearly harmonic oscillator is [3]
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E, = (n + %) hw, (62)

where n=0, 1, 2, ... and w is the oscillating frequency. If the mass of electron comes
from the vacuum states of the Higgs fields, then it shall constitute some lowest-energy
quanta Ejowest Which is

7nec2 = NEpowest (63)

where N is an integer. Therefore, we can limit the maximum of the lowest energy by
considering this value less than the lightest elementary particle so we have

Ejpwest < Mec? = 0.511 MeV. (64)

Then we might ask that is it possible to exist inner structure inside electron like quarks
and gluons consisting of proton and neutron? According to this, the mass of the gauge
bosons W and Z shall be integer times Ejowest and their mass ratios shall be fractional,
which are

M
¥ = cos Ow (65)
zZ
and
m, +2G
L=—"2 (66)
My, 9
Furthermore, it requires the conditions
g Ge
=>1& —=>1. 67

However, the g value is 0.66 reported in Ref. 1 and 0.77 calculated in Ref. 3. If we
substitute the latter into the mass equation of W boson, it gives

2My,
v == %= 20831 GeV! (68)

The mass of W boson is 80.2 GeV used here [1-5]. It is even heavier than the Higgs
boson. It is an unbelievable value for the prediction in the electroweak theory! What so
called the lowest energy is larger than the excited energy, the Higgs boson.

Even in the possible process transferring from a photon to the Z boson as shown in
Fig. 2, it seems that the electron-positron pair have something to do with this process
but it still has some problems. First, this is a higher-order process which means it hard
to happen. Second, once this process dominates the final source of the electron-positron
pair largely from the Z gauge boson, it means that the necessary correction in QED even

11



the Maxwell’s equations in classical electrodynamics. However, the experiments to
verify the predictions in QED have proven the highly accurate calculations in QED like
the gyromagnetic ratio [3]. Therefore, even the Feynman diagram in Fig. 2 is reasonable,
it only contributes very slight part in the electron-positron pair production.

When two photons are directly produced from the electron-positron annihilation,
then the Higgs fields will not be the intermediate state as shown in Fig. 1(b). As
mentioned previously, the vacuum state of the Higgs field seems to more likely provide
energy fluctuation due to the Heisenberg’s uncertainty principle. It is almost impossible
to provide a stable source of mass for electron with infinite lifetime. W and Z gauge
bosons, exist in a very short time, not long-term stable particles, so their mass coming
from the vacuum states of the Higgs fields seem to be reasonable without mentioning
the spin problem. It is because the characteristic of the vacuum state provides energy
fluctuation and the energy gathering in a tiny space within a very short time becomes
possible.

e

“, z
N ' \

’(_/z/} v -
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‘\5\ 7
Figure 2. The possible Feynman diagram for two photons through the electron bubble and Z boson
intermediates to become to an electron-positron pair.

IV.  The New Explanation About The Source Of Mass For Electron

According to the above discussions, first thing is to re-explain the Yukawa coupling
from the Lagrangian. Because of the local gauge invariance, all the mass terms in
original Lagrangian have to be removed. At the moment, the Yukawa coupling is added
to make fermion have mass through the Higgs mechanism which has been shown in the
previous section. However, the spin-1/2 massive particle shall not constitute by the
spin-0 bosons as mentioned before, so the Yukawa coupling in the interaction part of
the Lagrangian is no longer in charge of the source of the fermion mass. Then we may
ask what the meaning for the coupling between the electron and Higgs fields is? The
fundamental vertex of this coupling is shown in Fig. 3(a). When we consider the two-
electron scattering event by exchanging a virtual Higgs boson, the Feynman diagram is
shown in Fig. 3(b). This coupling of the Higgs boson to electron doesn’t mean the
electron mass coming from the vacuum states of the Higgs fields even the mass
equation has something to do with v. We have discussed that v shall be smaller than the
electron mass, 0.511 MeV, but the calculation shows it much heavier than the Higgs
boson. Therefore, the Yukawa coupling can represent the scattering between the Higgs

12



boson and electron.

(a) (b)
Figure 3. (a) The fundamental vertex of direct coupling between the electron and Higgs boson. (b) The
Feynman diagram of the interaction between two electrons through the intermediate Higgs boson.
Next, we think about a reasonable term in the Lagrangian to make sure that the mass

of electrons as well as the muon x and pion z comes from the photon fields, that is,
L?t/zvir production — el/_)e]/“l/)eA# = e]gMA/.u (69)

which is the electromagnetic current in the electroweak theory and has been already
mentioned in QED. Due to this term, the total scattering cross section can be calculated
in QED. The coupling between the electron field and photon field also directly reveals
the energy transfer from electron and positron to two photons and vice versa as shown
in Figs. 1(a) and (b). It also the obvious verification of the mass-energy equivalence.
These two cases don’t need the Higgs fields to participate in, and mass and energy can
transfer to each other as the Lorentz force performs in the classical electrodynamics.

V. Conclusions
In the electroweak theory, the Higgs mechanism makes the gauge bosons obtain their
mass. We review this theory and find out some noteworthy issues. First, the lowest
energy Vv at the vacuum state of the Higgs bosons provide the sources of mass re the
sources of mass for the massive gauge bosons W and Z even electron e”. Their mass can
have relations with v accompanying with a coupling constants. According to the mass
equation, substituting the weak coupling constant g = 0.77 into the W boson, it give
208 GeV much heavier than the Higgs boson, 125 GeV. This is a very confused value
because this lowest energy of the Higgs field must be smaller than the Higgs boson of
125 GeV even smaller than the electron’s rest mass of 0.511 MeV. It shall be like the
zero-point energy of a linearly harmonic oscillator and those massive gauge bosons
consist of many such lowest-energy quanta. If the lowest-energy state is higher than the
excited state, the Higgs boson of 125 GeV, then the basis of the concept about the source
of mass loses its rightness.
Second, the scalar Higgs boson is a massive particle with g=0 and S=0 so the vacuum
states of the Higgs fields have the same characteristics if they were treated as the lowest-
energy quanta. However, the massive gauge bosons W and Z are all particles with S=1
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and especially, W bosons are charged. Therefore, how to constitute those massive
gauges bosons from the vacuum states of the Higgs fields becomes a questionable
problem. The local gauge invariance requires the mass term to be necessarily removed
for all fermions and the Yukawa coupling can provide their mass through the Higgs
mechanism. The similar problem is that the fermion like electron is a spin-1/2 massive
particle and how to constitute the mass of electron from the vacuum states of the Higgs
fields is another serious problem. Those considerations cause us think about whether
the Yukawa coupling is the way to provide the mass of fermion?

Third, the electron-positron pair production from two photons directly tells us that
the mass of electron and positron is from the photon fields through the coupling.
According to the success of QED, the process describing in Fig. 2 is very few so it is
also an obvious case that the mass of electron is reasonable from the photon field, not
the vacuum states of the Higgs fields. Hence, the production of the positron-electron
pair clearly indicates that the electron and positron come from the photon field. In
electroweak theory, W and Z gauge fields also interact with the photon fields. It also
shows that gauge bosons are not only generated from Higgs fields. Even if the existence
of Higgs boson is proved, it seems to not prove that the mass gauge bosons in the
electroweak action are completely generated from the vacuum states of the Higgs fields!

In summary, the vacuum states of the Higgs fields are more likely the energy
perturbation in space due to the Heisenberg’s uncertainty principle. It is not an
appropriate way to provide a stable source of mass for electron with infinite lifetime.
The production of the positron-electron pair clearly reveals that the electron and
positron come from the photon field. The Yukawa coupling needs to be re-explained
because it is not in charge of the source of the mass electron. Furthermore, the massive
particle discovered at 125 GeV might be a Klein-Gordon particle.
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