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I show that breaking B − L by one unit of this charge is suitable for neutrino mass generation through an
inverse seesaw mechanism, stabilizing a dark matter candidate without supersymmetry, as well as solving
the muon anomalous magnetic moment and the W mass deviation via dark field contributions. The new
physics is governed by the residual Z3 symmetry of B − L isomorphic to the center of the color group,
instead of the well-studied matter parity.
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I. INTRODUCTION

Of the exact conservations in physics, the conservation
of baryon number minus lepton number, say B − L, is
questionable. Of the fundamental dynamics in physics, the
confinement of colors within hadrons that allows only
hadronic states of types qqq, qq�, and their conjugation/
combination causes curiosity. Such behavior of hadrons
indeed obeys an exact Z3 symmetry that governs constitu-
ent quarks, independent of the colors. There is no necessary
principle of the B − L conservation as well as the Z3

symmetry of quarks, since they directly result from the
standard model gauge symmetry. Indeed, every interaction
of the standard model separately preserves B and L such
that B − L is conserved and anomaly-free, thus quantum
consistent, if right-handed neutrinos are simply imposed,
while the Z3 symmetry of quarks is accidentally conserved
by the SUð3ÞC color group and never violated, because
this Z3 can be regarded, isomorphic to the center of the
color group.
In contrast to electric and color charges, the excess of

baryons over antibaryons of the universe suggests that
B − L would be broken. Furthermore, B − L breaking is
strongly implied by compelling neutrino mass mechanisms
[1–9]. B − L is likely to occur in the theories of left-right
symmetry [10–12] and grand unification [13], but no such
traditional theories manifestly explain the existence of the
accident Z3 symmetry of quarks, similarly to the standard
model. I point out that such hidden features of the standard
model naturally arise from aUð1ÞB−L gauge symmetry. It is

noted that in a period the matter parity—a residual
symmetry of B − L transforming trivially on normal
matter—has been found usefully in supersymmetry [14].
I argue that there is no matter parity at all. The Z3 symmetry
of quarks plays the role instead in which this Z3 relates
to B − L as the smallest and unique residual symmetry of
B − L itself.
Consequently, this proposal leads to novel physical

results for neutrino mass [15,16], dark matter [17–19],
the muon anomalous magnetic moment [20], and the W
mass deviation [21], without necessity of any left-right
symmetry, grand unification, or supersymmetry. Namely,
the neutrino mass generation is induced by an inverse
seesaw mechanism due to the breaking of B − L by one
unit. The dark matter stability is ensured by the residual Z3

symmetry of B − L, i.e., the Z3 symmetry of quarks, while
the muon magnetic moment and the W mass are contrib-
uted by the dark sector that contains the dark matter.

II. PROPOSAL OF THE MODEL

The full gauge symmetry is

SUð3ÞC ⊗ SUð2ÞL ⊗ Uð1ÞY ⊗ Uð1ÞB−L: ð1Þ

Leptons and quarks transform under this symmetry as

laL ¼
�
νaL

eaL

�
∼ ð1; 2;−1=2;−1Þ; ð2Þ

νaR ∼ ð1; 1; 0;−1Þ; eaR ∼ ð1; 1;−1;−1Þ; ð3Þ

qaL ¼
�
uaL
daL

�
∼ ð3; 2; 1=6; 1=3Þ; ð4Þ

uaR ∼ ð3; 1; 2=3; 1=3Þ; daR ∼ ð3; 1;−1=3; 1=3Þ; ð5Þ
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where the subscript a ¼ 1, 2, 3 is a family index, and the
right-handed neutrinos νaR are included for B − L anomaly
cancelation, as usual. The gauge anomaly always vanishes
if including any gauge-singlet chiral fermion (or sterile
fermion), such as

NaL ∼ ð1; 1; 0; 0Þ; ð6Þ

where three copies of the sterile fermion are proposed,
corresponding to three families. Note that the gauge
symmetry suppresses bare masses of νRνR type, while it
allows bare masses of such type for NLNL.
The gauge symmetry breaking proceeds through the

usual Higgs doublet,

ϕ ¼
�
ϕþ

ϕ0

�
∼ ð1; 2; 1=2; 0Þ; ð7Þ

and a scalar singlet,

χ ∼ ð1; 1; 0; 1Þ; ð8Þ

that couples NL to νR through N̄LνRχ couplings. They have
vacuum expectation values (VEVs),

hϕi ¼
�

0

v=
ffiffiffi
2

p
�
; hχi ¼ Λ=

ffiffiffi
2

p
; ð9Þ

such that Λ ≫ v ¼ 246 GeV for consistency with the
standard model. The scheme of symmetry breaking is

SUð3ÞC ⊗ SUð2ÞL ⊗ Uð1ÞY ⊗ Uð1ÞB−L
↓Λ

SUð3ÞC ⊗ SUð2ÞL ⊗ Uð1ÞY ⊗ R

↓v

SUð3ÞC ⊗ Uð1ÞQ ⊗ R

Here Q ¼ T3 þ Y combines the weak isospin and hyper-
charge, as usual, whereas R ¼ Z3 is the residual symmetry
of B − L, explicitly derived below.
Notice that our theory does not conserve a matter parity,

MP ¼ ð−1Þ3ðB−LÞþ2s, since it is broken by Λ, in contrast
to the usual theories of B − L, left-right symmetry, and
SOð10Þ unification. Intriguingly, the postulate of the
B − L gauge symmetry and its breaking by a single
B − L charge, i.e., B − L ¼ 1, reveal important results of
neutrino mass, dark matter, muon g − 2, and W mass
deviation, presented in order.

III. NEUTRINO MASS GENERATION VIA
INVERSE SEESAW

The relevant Lagrangian includes

L ⊃ habl̄aLϕ̃νbR þ fabN̄aLνbRχ −
1

2
μabN̄aLNc

bL þH:c:

⊃ −
1

2
ðν̄aLν̄caRN̄aLÞ

0
B@

0 mab 0

mba 0 Mba

0 Mab μab

1
CA
0
B@

νcbL
νbR

Nc
bL

1
CAþH:c:

Here b ¼ 1, 2, 3 is a family index as a is,
ϕ̃ ¼ iσ2ϕ� ∼ ð1; 2;−1=2; 0Þ, and a superscript c indicates
charge conjugation. Additionally, the mass terms in second
line are obtained by substituting the VEVs of scalars, in
which mab ¼ −habv=

ffiffiffi
2

p
andMab ¼ −fabΛ=

ffiffiffi
2

p
are Dirac

mass matrices that couple νaL to νbR and NaL to νbR,
respectively, while μab is a Majorana mass matrix that
couples NL’s themselves, as given.
m ≪ M is naturally imposed, since v ≪ Λ. Assuming

μ ≪ m ≪ M, the total mass matrix of neutrinos and sterile
fermions takes a form of inverse seesaw [22–24]. Hence,
the observed neutrino mass matrix is approximately given
as L ⊃ − 1

2
ν̄aLðmνÞabνcbL þ H:c:, where

mν ≃mMT;−1μM−1mT ∼ ðv=ΛÞ2μ; ð10Þ

which is doubly suppressed by v=Λ, in contrast to the
canonical seesaw recognized in the usual Uð1ÞB−L model
with B − L breaking by two units instead. The neutrino
masses take sub-eV values suitable to observation, say
mν ∼ 0.1 eV [25], given that Λ ∼ 10 TeV and μ ∼ 1 keV.
Note that the mixing of νL with ðνcR; NLÞ is suppressed by
mM−1 ≪ 1 and is thus neglected. The new fermions νR,NL
obtain a Dirac mass ∼M at TeV scale.
The unique property of this seesaw setup is specified as

follows. Besides giving the new gauge boson mass, the
B − L breaking VEV, i.e., Λ, is the largest scale in
the inverse seesaw for neutrino masses. This is contrary
to the conventional inverse seesaw in which B − L is
broken at a low scale, around keV, to induce a Majorana
mass term; here, this symmetry is broken above the weak
scale, giving rise to a Dirac mass term. Hence, the required
smallness of such a Majorana mass, i.e., μ, is not related to
the B − L symmetry at all. It is noted that in the limit
μ → 0, our theory contains a global lepton-like symmetry,
i.e., f → eiφf for f ¼ lL; νR; eR; NL, which has a nature
distinct from the B − L gauge symmetry. Hence, the small
μ is due to this symmetry protection, i.e., naturally
explained by a bigger theory via a large scale or loops.
Our proposal also differs from the conventional inverse
seesaw in that an unreasonable Majorana mass term for νR
is suppressed by the B − L gauge symmetry, while in the
conventional theory such νR Majorana mass arises as it has
an origin identical to the NL Majorana mass.
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The Λ scale as given is suitable to collider constraints on
the Uð1ÞB−L gauge boson, called Z0. Indeed, the LEPII
studied processes eþe− → ffc for f ¼ μ; τ contributed by
Z0, giving a bound mZ0=gB−L > 6 TeV [26]. Here gB−L is
the Uð1ÞB−L coupling, and the Z0 mass is mZ0 ¼ gB−LΛ.
This translates to Λ > 6 TeV [27]. The LHC searched for
dilepton signals through pp → ffc contributed by Z0,
supplying a bound mZ0 ∼ 4 TeV for Z0 couplings identical
to those of the Z boson [28]. This converts to
Λ ∼mZ0=g ∼ 6 TeV, similar to the LEPII.

IV. RESIDUAL SYMMETRY AND RESULTANT
DARK SECTOR

Note that Λ breaks only Uð1ÞB−L down to R, whereas v
that breaks the electroweak symmetry obviously conserves
R. The residual symmetry R takes the form R ¼ eiαðB−LÞ
since it is a Uð1ÞB−L transformation. R conserves the
vacuum Λ if RΛ ¼ eiαð1ÞΛ ¼ Λ, since Λ has B − L ¼ 1.
It follows that eiα ¼ 1, or α ¼ 2πk, for k integer. Hence, I
obtain R ¼ ei2πkðB−LÞ ¼ ½w3ðB−LÞ�k, where w≡ ei2π=3 is the
cube root of unity. The model fields transform under R as
in Table I, where B − L is supplied for convenience in
reading. It is clear that R ¼ 1 for every field corresponds to
the smallest value of jkj ¼ 3, except for the identity with
k ¼ 0. Hence, the residual symmetry R is automorphic to

Z3 ¼ f1;G;G2g; ð11Þ

where G≡ w3ðB−LÞ, and G3 ¼ 1 for every field, as men-
tioned [29]. Obviously, the residual symmetry Z3 is
generated by G, called matter generator, opposite to the
matter parity studied in supersymmetry.
Z3 has three irreducible representations 1, 10, and 100

according to G ¼ 1, w, and w2, respectively. The field
representations under Z3 are given in Table II. It is clear
that every field transforms trivially under Z3 with G ¼ 1,
except for quarks. Quarks are in 10 with G ¼ w, whereas
antiquarks belong to 100 with G ¼ w2. Hence, the hidden Z3

symmetry of quarks in the standardmodel can be interpreted
to be the residual symmetry of B − L. In contrast to the
hidden symmetry, the residual symmetry explicitly relates to
B − L that would lead to dark matter with an appropriate
B − L value. That said, a dark field possesses a B − L
charge such that the matter generator is nontrivial, i.e.,
G ¼ w3ðB−LÞ ≠ 1. CombinedwithG3 ¼ 1 that ensures theZ3

symmetry, I obtain

B − L ¼
�−1=3þ k

−2=3þ k0
¼ � 1

3
;� 2

3
;� 4

3
;� 5

3
; � � � ð12Þ

for k, k0 integer. This identification of dark field is inde-
pendent of its spin. Additionally, the signs� correspond to a
dark field and its conjugation. Each dark field can pick up a
B − L charge only differing from either of the two basic
charges, say−1=3 and−2=3, by an integer number, because
of the cyclic property of Z3. For such reasons, it is sufficient
to introduce two dark fields with respect to the two basic
charges, respectively; that is, a dark (Dirac) fermion and a
dark vector transform under the gauge symmetry as

F∼ ð1;1;0;−1=3Þ; V ¼
�
V0

V−

�
∼ ð1;2;−1=2;−2=3Þ;

which couple to lepton doublets,

L ⊃ xal̄aLγμFLVμ þ H:c:; ð13Þ

in order to make the model phenomenologically viable. The
detailed reason of this choice (cf. [30]) comes from themuon
g − 2, presented below. Notice thatV andF transform under
Z3 as 10 and 100, for G ¼ w and w2, respectively, as given in
Table III.
Apart from the above couplings, V and F possess the

Lagrangian terms [31],

L ⊃ F̄ðiγμDμ −mFÞF −
1

2
V†
μνVμν þm2

VV
†
μVμ

þ iκ1V
†
μAμνVν þ iκ2V

†
μBμνVν þ iκ3V

†
μCμνVν

þ α1ðV†
μVμÞðV†

νVνÞ þ α2ðV†
μVνÞðV†

νVμÞ
þ α3ðV†

μVνÞðV†μVνÞ þ λ1ðχ†χÞðV†
μVμÞ

þ λ2ðϕ†ϕÞðV†
μVμÞ þ λ3ðϕ†VμÞðV†μϕÞ; ð14Þ

where Vμν ≡DμVν −DνVμ, and Dμ ¼ ∂μ þ igTjAjμ þ
igYYBμ þ igB−LðB − LÞCμ is covariant derivative, in which

TABLE III. Dark field identification according to Z3.

Dark-field V F

G w w2

Z3 10 100

TABLE II. Matter generator and field representations under the
residual symmetry Z3.

Field l q χ fN;ϕ; Ag
G 1 w 1 1
Z3 1 10 1 1

TABLE I. B − L charge and R value of all fields, where l, q, N,
and A define every lepton (including νR), quark, sterile fermion,
and gauge boson, respectively.

Field l q χ fN;ϕ; Ag
B − L −1 1=3 1 0
R 1 wk 1 1
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Aμ (Aμν), Bμ (Bμν), and Cμ (Cμν) denote gauge fields (field
strengths) of SUð2ÞL, Uð1ÞY , and Uð1ÞB−L, respectively.
(Omitting a small kinetic mixing between two Uð1Þ
gauge fields, C is identical to Z0, while A, B define W, Z,
γ.) This theory preserves theZ3 symmetry that acts onV,F, in
contrast to that in [32–34]. After the symmetry breaking, the
vector doublet is separated in mass, m2

V� −m2
V0 ¼ λ3v2=2,

proportional to the weak scale, small compared to V masses,
m2

V� ¼ m2
V þ λ1Λ2=2 þ ðλ2 þ λ3Þv2=2 and m2

V0 ¼ m2
Vþ

λ1Λ2=2þ λ2v2=2, atΛ scale.Darkvectors generically violate
the unitarity of S-matrix. The unitarity condition for
hVV†jSjVgV

†
gi with Vg ∈ fA;B;Cg constrains κ1 ¼ g,

κ2 ¼ −gY=2, and κ3 ¼ −2gB−L=3, whose coefficients cor-
respond to the gauge charges of V under symmetry (1). This
match of κ1;2;3 to gauge couplings must be applied so that the
theoryworkswell up to the current energy of colliders at TeV,
where the standardmodel is still good, in agreementwith [32].
The unitarity condition for elements like hVV†jSjVV†i and
hVVjSjVViwould relateα1;2;3 themselves, but sinceα1;2;3 are
irrelevant to the processes studied in this work, I will not refer
to them further. On the other hand, interactions in (13) also
give rise to unitarity violations like hVV†jSjll†i. The unitarity
is preserved, independent of xa, by introducing either a new
fermion or a new vector that appropriately couples to V, l.
But, except for this role, the extra particle would not alter our
results considered below, thus skipped.
It is noteworthy that because F and V are color neutral,

the lightest field of them cannot decay to colored quarks,
despite the fact that both the dark field and quarks trans-
form nontrivially under Z3. Indeed, since the lightest dark
field is color neutral, it cannot decay to a single quark, due
to color conservation. Further, if the dark field decays to a
pair of quarks, the final state must take the form qqc due to
color conservation. Because qqc is trivial under Z3, while
the dark field is nontrivial under Z3, the decay of the dark
field to qqc is suppressed by Z3 conservation. If the dark
field decays to three kinds of quarks, the final state must
take the form qqq due to color conservation. But, this state
is trivial under Z3, while the dark field is not. Hence, the
decay of the dark field to qqq is suppressed by Z3

conservation. Generically, if the dark field decays to a
number of quarks, the final state must be composed of qqc

and/or qqq due to color conservation. But this final state is
trivial under Z3, hence suppressed by Z3 conservation. In
this case, the stability of the lightest dark field is preserved
by the color charge conservation, in addition to Z3. This
stability mechanism differs from many extensions for dark
matter, including supersymmetry.

V. DARK MATTER ABUNDANCE AND
DETECTION

There are two candidates for dark matter, V0 and F.
For the case of V0, it must be the lightest of dark fields,
mV0 < mF and mV0 < mV� [35]. Unfortunately, this vector

candidate as a complex field belongs to a weak doublet
interacting with the usual Z boson and is not separated in
mass. The gauge interaction will induce a large scattering
cross section of V0 with nuclei by t-channel Z exchange
in direct detection, which is already ruled out by experi-
ments, analogously to the inert scalar doublet [36]. The
model predicts the realistic dark matter to be a dark
fermion, F [37]. This fermion candidate interacts with
the usual particles via V and Z0 portals. The annihilation
processes of F to usual particles are described by Feynman
diagrams in Fig. 1, where we define l ¼ fνa; eag for usual
leptons and q ¼ fua; dag for usual quarks.
As shown below for the muon g − 2, the V� mass and x2

coupling satisfy jx2j2=4πm2
V� ∼ ð800 GeVÞ−2. Hence, the

t-channel diagram exchanged by V largely contributes to
the annihilation cross section, unless mF is much smaller
than mV , in agreement with [34]. I also assume mF ≪ mZ0 ,
besides the condition mF ≪ mV . Further, because of
mV0 ≈mV� and mZ0 ¼ gB−LΛ, the annihilation cross sec-
tion that includes both V, Z0 contributions as in Fig. 1 is
approximated as

hσvi ≃ 1 pb

�
mF

6.5 GeV

�
2
�
800 GeV
mV�

�
4
��P

ajxaj2
4π

�
2

−
�P

ajxaj2
4π

�
1

6π

m2
V�

Λ2
þ 37

432π2
m4

V�

Λ4

�
: ð15Þ

This result excludes annihilation to top quarks, similarly to
annihilation to right-handed neutrinos, since the dark
matter is radically lighter than such fields. It is clear that
ðmV�=ΛÞ2 ∼ 10−2ðjx2j2=4πÞ for Λ ∼ 10 TeV. Hence, the
contributions of the mV�=Λ terms, i.e., of the Z0 boson, to
the annihilation cross section are small. The expression in
brackets is dominated by the first term due to the con-
tribution of V. Taking

P
a jxaj2=4π ∼ 1 in perturbative limit

and mV� ∼ 800 GeV similar to the muon g − 2 below, the
dark matter gets a correct abundance, i.e., hσvi ∼ 1 pb [25],
ifmF ∼ 6.5 GeV. Here I assume that there is no asymmetry
in number density between a dark particle and a dark
antiparticle.
In direct detection, the dark matter F scatters with quarks

confined in nucleons exchanged by Z0, described by the
effective Lagrangian,

FIG. 1. Dark matter annihilation to normal matter.
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Leff ⊃
g2B−L
9m2

Z0
ðF̄γμFÞðq̄γμqÞ: ð16Þ

Therefore, the scattering cross section of F on a nucleon
ðp; nÞ is evaluated by

σp;n ≃ 3.7 × 10−45
�
10 TeV

Λ

�
4

cm2: ð17Þ

Given that Λ ¼ 10 TeV, the model predicts σp;n≃
3.7 × 10−45 cm2, in good agreement with the XENON1T
experiment for dark matter mass at 6.5 GeV [38,39].
It is noted that the Z3 symmetry allows only multi dark-

particles produced at particle colliders. Monophoton events
may be recognized at the LEPII experiment, recoiled
against the missing energy carried by a pair of dark matter
F, governed by the effective interactions

Leff ⊃
jx1j2
4m2

V�
ðF̄γμFÞðēγμeÞ þ ðAAÞ þ ðVAÞ þ ðAVÞ; ð18Þ

which are derived directly from (13), with the aid of the
Fierz identity. These vector and axial vector operators have
been studied in [40], leading to a bound

mV� >
jx1j
2

× 470 GeV ∼ 800 GeV; ð19Þ

according to jx1j2=4π ∼ 0.92, as expected. This mass limit
agrees with the relic density and direct detection, as well as
the muon g − 2 below.
Further, monojet signals may be generated at the LHC

against large missing energy carried by a F pair, set by
the effective interaction as in (16) because the Z0 mediator
for this process possesses a mass mZ0 ¼ gB−LΛ radically
heavier than the transferred momentum (<1 TeV), with
an appropriate gB−L value. Reference [41] has limited
g2B−L=9m

2
Z0 ¼ ð1=3ΛÞ2 < ð1=1.1 TeVÞ2, which is always

satisfied for Λ at TeV. Indeed for Λ ∼ 10 TeV, the monojet
signature is negligible. Additionally, since the LHC is more
energetic, a pair of dark vectors each with mass about
800 GeV may be produced as pp → VV† and followed
by V; V† decays to stable F dark matter, V → Fcl and
V† → Flc, due to Z3 conservation. Total cross section is
σðpp → VV† → FFcllcÞ ¼ σðpp→ VV†Þ×BrðV → FclÞ
×BrðV† → FlcÞ, with the aid of narrow width approxima-
tion. The cross section σðpp → VV†Þ is governed by γ, Z
but not totally understood in this setup, since it violates
unitarity similarly to the mentioned process hVV†jSjll†i,
due to lack of UV completion. It is shown that relevant UV
theory [42] only removes unphysical contributions arising
from bad behavior of V at high energy, while does not
significantly modify the cross section σðpp → VV†Þ that
comes from new fields living at UV regime >1 TeV

(cf., e.g., [43]). Hence, σðpp → VV†Þ is obtained by γ,
Z contributions after removing the bad terms, given at
quark level as σðqqc→VV†Þ≃ðπα2=36E2Þð1−m2

V=E
2Þ3=2

½Q2
qQ2

VþQqQVvqvV=s2Wc
2
Wþðv2qþa2qÞv2V=s4Wc4W �, where

the energy of quark obeys E ¼ 1
2

ffiffiffi
s

p
> mV ≫ mZ.

I have defined vq ¼ T3q − 2s2WQq, aq¼T3q, and vV ¼
T3V − s2WQV , where Qq;V (T3q;V) are the electric charge
(weak isospin) of q, V, respectively. Alternatively,
this cross section can be derived, assuming the equi-
valence theorem σðqqc → VV†Þ ≃ σðqqc → ΦΦ†Þ, where
Φ denotes the Goldstone boson doublet associated
to V, which couples to γ, Z like V. At high energy V is
identical to Φ that has quantum numbers as left-handed
slepton doublet, i.e., σðqqc → VV†Þ ≃ σðqqc → l̃Ll̃

†
LÞ. The

ATLAS [44] and CMS [45] have studied a process for
direct slepton production pp → l̃l̃� → llcχ̃01χ̃

0
1 assuming

Brðl̃ → lχ̃01Þ ≃ 1, where χ̃01 is the LSP dark matter, setting a
bound for charged slepton mass at 700 GeV. Given that V
significantly couples to llc product, i.e., BrðV → FclÞ ≃ 1,
the SUSY result applies to our case without change, i.e.,
mV > 700 GeV. Hence, the equivalence theorem ensures
high energy behavior of V as a well-studied slepton,
predicting its mass limit, as expected.

VI. MUON g− 2
The anomalous magnetic moment of muon,

aμ ¼ 1
2
ðg − 2Þμ, in the standard model is now established,

aμðSMÞ ¼ 116591810ð43Þ × 10−11 [46]. The recent meas-
urement of aμ provides an exciting hint for the new physics
[20], in which this new result combined with the old E821
result [47] gives a deviation,

aμðExpÞ − aμðSMÞ ¼ ð251� 59Þ × 10−11; ð20Þ

at 4.2σ from the standard model prediction. If this result
is confirmed, many new physics approaches might be
disfavored, since such deviation is larger than the electro-
weak contribution, say aμðEWÞ ¼ 153.6ð1.0Þ × 10−11, and
potentially in tension with those from the electroweak
precision test and current colliders.
I suggest to solve this question by a contribution from the

dark sector. That said, the presence of interactions in (13)
contributes to the muon g − 2 through a diagram given in
Fig. 2. Assuming mμ ≪ mF;mV� , I obtain

Δaμ ¼
jx2j2m2

μ

8π2m2
V�

Z
1

0

dtt
tð1þ tÞm2

V� þ ð1 − tÞð1 − t
2
Þm2

F

tm2
V� þ ð1 − tÞm2

F
;

where x2 couples F to the muon doublet of interest. The
integral is of the order of 1, thus
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Δaμ ∼ 2.5 × 10−9
�jx2j2

4π

��
800 GeV
mV�

�
2

: ð21Þ

Compared to the muon g − 2 deviation in (20), it gives

mV� ∼ 800

ffiffiffiffiffiffiffiffiffi
jx2j2
4π

r
GeV: ð22Þ

This prediction agrees with the dark matter constraint. The
V� field gains mV� ∼ 800 GeV for jx2j2=4π ∼ 1.

VII. W MASS DEVIATION

The renormalized masses ofW, Z in the on-shell scheme
are related by m2

Wð1 −m2
W=m

2
ZÞ ¼ ðπα= ffiffiffi

2
p

GFÞð1þ ΔrÞ,
where Δr ¼ ðΔrÞSM þ ðΔrÞNP presents quantum correc-
tions due to the standard model and the new physics,
respectively. The standard model predicts mSM

W ¼
80.357� 0.006 GeV, extracted upon the precisely mea-
sured parameters ðGF;α; mZÞ and ðΔrÞSM ≃ 0.038 [48].
Given that the new physics arises as oblique contributions,
one obtains ðΔrÞNP ¼ −ðc2W=s2WÞΔρ, where Δρ ¼ αðmZÞT
is the ρ-parameter deviation from the standard model
related via the T-parameter. Recently, the CDF II colla-
boration has reported a novel result of W mass,
mW ¼ 80.4335� 0.0094 GeV, differing from the standard
model prediction at 7σ [21]. This high precision measure-
ment of W mass reveals an exciting hint for the new
physics, implying ðΔrÞNP ≃ −0.00489. With αðmZÞ ¼
1=128 and s2W ¼ 0.231, it gives rise to T ≃ 0.188.
In the present model, the deviation of the measured W

mass from the standard model expectation arises from a
positive contribution of the non-degenerate vector doublet
V to the T-parameter, evaluated by

T ¼ 3α−1ðmZÞ
16π2v2

�
m2

V� þm2
V0 −

2m2
V�m2

V0

m2
V� −m2

V0

ln
m2

V�

m2
V0

�
;

where the coefficient 3 comes from three physical degrees
of freedom of massive vectors [49]. I have included the
contributions of V to W, Z self-energies arising from both
gauge interactions of V and κ1;2;3 couplings furnished by
the unitarity constraint. The computation in [50] for T in
’t Hooft-Feynman gauge coincides with the above result in
the unitary gauge. Notice that gauge dependence similar to
the standard model W, Z, γ contributions to T does not
arise, since V is not a gauge field [51]. Because the vector
mass splitting is small, i.e., m2

V� −m2
V0 ¼ λ3v2=2 ≪ m2

V0 , I
further approximate

T ≃ 0.188
λ23
π

�
783 GeV

mV0

�
2

: ð23Þ

This coincides with the measured value of W mass, i.e.,
T ≃ 0.188, given that

mV0 ≃ 783

ffiffiffiffiffi
λ23
π

r
GeV: ð24Þ

This mass is comparable to that of the charged dark vector,
if λ3 is similar in size to x2.

VIII. CONCLUDING REMARKS

I have investigated a Z3 symmetry of matter set by
G ¼ w3ðB−LÞ transformation, governing quarks as well as
neutrino masses via inverse seesaw. This Z3 yields two dark
fields V, F as potential solutions to dark matter, muon
g − 2, andW mass deviation. Components of V gain a mass
about 800 GeV, whereas Fmass is at 6.5 GeV. Couplings of
V with leptons and Higgs boson are near perturbative limit,
jx2j2=4π ∼ 1, jx1j2=4π ≲ 0.92, and λ23=π ∼ 1 [52]. Such V
also satisfies all other high energy collider bounds [32]. The
present effective theory of V, F with predicted couplings
reveals that the more fundamental theory may encounter
either a Landau pole or a technicolor scheme above
TeV [53].
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FIG. 2. Dark field contribution to the muon g − 2.
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