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Abstract

We discuss models of the flavour problem and dark matter based on the discrete Zy x 2y x Zp flavour sym-
metry. A new class of dark-matter emerges out of these models, which is defined as the flavonic dark matter.
An ultra-violet completion of these models based on the dark-technicolour paradigm is also presented.
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1. INTRODUCTION

The incompleteness of the standard model (SM) manifests itself in many ways. For instance, the absence of any mechanism for the
origin of the fermionic mass spectrum and the mixing patterns, including that of leptons. This is known as the flavour problem. For
a review of the flavour problem, see reference [1]. Moreover, discovery of dark matter extends the span of the incompleteness of the
SM to a point where the need to go beyond the SM becomes inevitable.

In this work, we discuss some new developments to solve the problem of flavour and dark matter together through a generic
ZN X 20 X Zp discrete flavour symmetry [2, 3, 4]. The ultra-violet origin of this symmetry lies in a dark-technicolour scenario
where multi-fermion chiral condensates provide a solution of the flavour problem [2, 4, 5, 6]. A subset of this symmetry, ZN X 2y,
is capable of providing a dark matter candidate referred to as the “ flavonic dark matter” together with a solution to the flavour
problem [7].

We shall present our discussion along the following track: In section 2, we present a phenomenological investigation of two
proto-type Zyn X 2y flavour symmetries by deriving the bounds of the flavon field of the Froggatt-Nielsen (FN) mechanism [8]
using the flavour physics data. In section 3, we discuss a joint solution of the flavour problem and dark matter, which gives rise to
the flavonic dark matter. We discuss an atypical solution to the flavour problem based on the VEV hierarchy in section 4, which is
based on the Zy x 2\ x Zp flavour symmetry. A dark-technicolour paradigm providing a UV completion of the Zy X 2y X Zp
flavour symmetry and the VEV hierarchy is discussed in section 5.

2. Zn X Zym FLAVOUR SYMMETRY

The Zy x 2\ flavour symmetry effectively determines flavour structure of the SM, including that of neutrinos [3]. The key idea is to
extend SM symmetry by introducing a complex singlet scalar flavon field x, which transforms under the SU(3). x SU(2); x U(1)y
symmetry of the SM as,

x:(1,1,0). (@D)
The Lagrangian that provides masses to the charged fermions of the SM reads as,
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Employing the principle of minimum suppression [9], it turns out that Z, X Z5 is the simplest realization of Zy X Z); symmetry.
We term it as the minimal Zy x Zy; model. Under this symmetry, the charges to various fields are assigned in the way, as depicted
in Table 1.

It is observed that certain Yukawa couplings in the minimal model based on Z, x Zs5 flavour symmetry are not order-one, which
is conventionally favoured in literature. We adopt a non-minimal form of Zy x 2\ paradigm, Z, X Zg flavour symmetry, where the
Yukawa couplings are indeed order-one, and assign charges to the SM and flavon fields, as shown in Table 1.



Andromeda Proceedings BSM 2023, Hurghada, Egypt

Fields Zz Z5 Fields Zz 25 Fields Zz Zg Fields Zz Zg
UR,Cr, tr + w? 1[)12, lpfz + w?t UR, tr + 1 lptzl, l[J{1 + w
dR,sr,br - w 1/)23, 1/1{'3 + | w? CR + | wt 1,0‘{%, zpfz + | o
er, MR, TR - w X - w dRr,Sr,br - w? P, ¢ + 1

Veg: Vipo Vg | - | @® @ + 1 er, R, TR -l WB 1/){3 + | Wb
¢Zl, 1,0{1 + w Vegs Vig s Vg - w’ X - w

TABLE 1: Assigned charges to SM and flavon fields under Z;, Z5, and Z9 symmetries, where w is the fifth or ninth root of unity.

2.1. Masses and mixing patterns

The minimal model based on Z, x Zs5 flavour symmetry allows following mass matrices for up and down-type quarks, and charged
leptons,

u 4 u 4 u 4 d 5 d 5 d 5 {5 l .5 {5
o [Y1€ 3V12€2 y13€2 v ygl1e3 }/}lzes y}i353 v y%1€3 y}2€3 y}3€3
— u u u — — 4
My = V2 yz%f 3/2%6 yzgf Mg = /2 3/2d1€ yzdze yzf My = Vo ]/2(}16 yzﬁze y2/3€ : ©)
Y31 Y3 Y33 Y31€ Y€ Yzs€ Y316 Y€  Y33€
And for the non-minimal 2, X Zg flavour symmetry, the corresponding mass matrices are
u -8 U 6 u -8 d .7 d .7 d .7 L .7 {7 {0 7
v y}lles %264 y1143€8 v ?/1165 y12€5 1/(11355 v .’/}165 3/1255 y}3€5
My = 2 Y21€ ]/22€4 ype | Ma= V2 1/5163 y§2€3 y23€3 M= V2 1/%'163 y2'2€3 y%3€3 : )
u u u 4
Y1 Y€ Yz Y3167 Y€ Yzz€ Y316 Y€ Yzs€

The masses of the quarks and charged leptons are obtained in terms of the expansion parameter €. Their expressions at the leading-
order take up the form as shown in table 2 [10] [9].

[ Masses || 2y X Zs5 [ Z, X 29 ‘
{my,me,my} || =~ {\ydé‘glf |y5‘5|ezr |y?}\€4}v/ﬁ =~ {|35§‘3|r I%%\e‘lr Iyi‘%\es}v/ﬁ
{my, ms, mg} = {\y33|€, |}/22\€3, |y11‘€5}”/ﬁ = {|y33|€3/ \y22|e5, \y11|e7}v/\/§
| l 3 ! 5 I 3 | 5 | 7
{mT,mH,me} = {\y33|e, |}/22‘€ , |y11‘€ }Z’/ﬁ = {|y33|€ ’ ‘y22|€ ’ ‘y11|€ }Z’/\/E

TABLE 2: Leading order mass patterns of quarks and leptons in terms of parameter € for minimal and non-minimal models.

The quark mixing angles up to the leading order are approximately as given in table 3 [10].

| Quark mixing angles || 2y X 25 [ 2y X 29 ‘
d u d U
sinfy, =~ |V, ~ e Yne? ~ |42 T2 e?
12 [Vas| v v
d U d
sin 0,3 ~ |V, ~ | Y Y2 ~ Y| 2
23 = |Vip| ‘ygg Vi vl
ino |V | ¥ Yy Yis | 4 ¥ Yy | 4
sin @13 ~ ~ |4 _ — et |~ €
13 ub Y33 Y52V Y5 Y4 Y5y

TABLE 3: Leading order expressions for quark mixing angles in terms of the parameter € for minimal and non-minimal models.

For our numerical analysis, the values of the expansion parameter € turn out to be 0.1 and 0.23 for the minimal and non-minimal
models, respectively [9].

2.2. The scalar potential
The scalar potential of the model can be written as,

—V =120 0+ Mo 0)? — 12 XX+ Ay (X' X)* + (p X* + Hee) + Ay (x* 1) (97 9). ()

Under the assumption that there is no Higgs-flavon mixing, Ay = 0, flavon field can be parametrized by excitations around its VEV
in the following way,

_ fs() Fiax)

x(x) /3 (6)
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where f represents the VEV of the flavon field, while s and a denote its scalar and pseudoscalar components, respectively.
The minimization conditions for the scalar potential yield the following expressions for the masses of the scalar and pseudoscalar
components of the flavon,

Mms = \/pix =2 :\//\77()’,
mg = +/—2p. )

It is evident from equation 7 that the mass of the pseudoscalar is contingent on the soft-symmetry breaking parameter p, establishing
it as a free parameter of the model, alongside the VEV f.

2.3. Bounds on the flavour scale of the Z, x Zy; flavour symmetry

Now we discuss the flavour bounds on the parameter space of the Z, x Zy; flavour symmetries [9]. We show the summary of the
most stringent bounds on the parameter space of both the minimal and non-minimal Z, x Zy; models, where M = 5,9, in figures
1. Currently, the quark flavour observables from K® — R? mixing and D? — DY mixing impose stringent constraints on the parameter

o ZyxZs ZoxZy
10°
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Cs,
[LHCb-1I] |Mi,P)
S 10t = L G
= ) R .- r |My,P| . o o)
« 103 = «— 103} - ]
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. e v F . m
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FIGURE 1: Summarized representation of constrained m, — f parameter space for both the minimal Z, x Z5 and non-minimal
Z, X Zg models, depicted in the left and right panels, respectively.

space for both the minimal and non-minimal models. The observable R, which is ratio of BR(B; — u" 1~ ) and BR(Bs — p*pu™)
turns out to be crucial in the phase-II of the LHCD as it eliminates a large parameter space, as shown in figure 1.

3. FLAVONIC DARK MATTER

The ZyN x 2y flavour symmetry framework unveils a remarkable scenario by offering a novel configuration to address both the
flavour problem and the existence of dark matter within a unified and comprehensive framework. This is achieved by adding the
following term to the scalar potential [7],

XN

V= 7/\AN74

+H.c,, (D

where A = |Ale®®, and N denotes the least common multiple of N and M in the Zy x Zy; framework. For a value of N being larger
than a particular threshold, the axial flavon field becomes light enough to be a DM candidate. We refer to it as the flavonic dark
matter (FDM) [7].

The flavon attains VEV as (x) = f/+/2, leading to Zy symmetry breaking. The axial flavon mass is expressed as [7],

1 - -~
m2 = g\/\|NzeN’4f2. @)
To achieve the cold dark matter density correctly, the mass of the flavonic dark matter is determined as,
4
1 12
o =34 x 103V (0 ¢Gev> , @
0

where ¢( represents the initial misalignment of the axial flavon field from its true vacuum during the inflationary phase. For details,
see [7]. Taking ¢ = agf /N, the required axial flavon mass m,, and VEV f turn out to be,

2

2/5
Mg = 0.88 x 10'® <5N4N4|)‘) eV, 4
a
0

3
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TABLE 4: Assignment of charges to the SM and the flavon fields under the Zg and Z,, symmetries, where w is the 8th or 22nd root
of unity.

~ 1/10
f=25x10 N ) Gey (5)
' a§|A|eN—4 '

We utilize a framework based on Zg x Z,; flavour symmetry that furnishes a set-up to impart dark-matter candidate with simultane-
ously addressing the flavour problem. Unlike the two prototypes discussed in the section 2 , the Zg x Z, flavour symmetry prohibits
the generation of mass of the top quark through tree-level SM Yukawa operator rather, they are generated by the non-renormalizable
dimension-5 operator. Following the charge assignments to the SM and flavon fields under these symmetries, as given in table 4, the
mass matrices for the charged fermions can be written as,

U 8 U 5 U A d 7 d 6 d 6 09 04 0 4
v y11€7 y1264 y13€3 v y%1€6 y312€5 y};’es v y/nelo y}zes y}Ses
— u u u — — C C C
My = W y21€5 yzzez Y€ | Ma= 2 y51€4 3/22€3 y§3€3 My = /2 y2é1€8 y22€5 y%ses : (©)
u u u 4
Y31€" Y€ Y33€ Y€ Yn€  Yz3€ Y31€"  Yn€  Yzz€

The approximate expressions for masses of the quarks and leptons at the leading-order are [7],

{me,me,mu} = {lyfsle, |yhle®, |vi] €®}o/ V2,
ygz’ e, yil‘€7}v/ﬁ/ )
Vi ’ Yo/ V2.

{my, ms, myg} ~ {|yds|€%,

5

(e my ey = {lys €, [vha| €2,

The quark mixing angles are determined as [7],

i Vo _ W ; Vs V5| o
sinfpp ~  |Vys| =~ ﬁ_yTz €,sinfy ~ |Vl ~ 2B 2B 2,
Y3 Y33
d i 0 U
sinBx~ |V.,.|~ Y13 _ Y2¥s _ Yia| 3 ®
13 | ub| E/ga y’ﬁzyg3 Y33

For Zg x Zy, flavour symmetry, the value of N is determined to be 88, which using in equations 4 and 5 result in,
f~10x10"GeV, and m, ~ 1.9 x 10 3eV, 9

assuming € = 0.225 with |A| = 1 and a9 = 1. To ensure the prolonged stability of flavonic dark matter, its decay into electrons and
positrons pair must be prohibited, implying m, < 2m,. This condition sets a rigorous constraint on the parameter N and VEV f for
the existence of flavonic dark matter, specifically requiring that [7],

N >53, and f >4 x 10'1GeV. (10)

The decays of FDM to neutrino is highly suppressed due to coupling of the neutrinos to DM being of the order of €20, The axial
coupling of photon to DM turns out to be gpyq = ﬁ%, which results in the corresponding decay width I'(a — yy) = 1.69 X
10~%8GeV [7]. These results suggest that the lifetimes of these processes exceed the age of the universe, indicating the stability of
flavonic dark matter. The predicted photon coupling versus the flavonic dark matter (FDM) mass is presented in figure 2. It reveals
that FDM masses exceeding approximately 1 keV, corresponding to N < 67 and vp < 4 x 10'2 GeV, are excluded. This exclusion
aligns with recent constraints from INTEGRAL/SPI data [11]. Notably, these predictions also coincide with that of the GUT-scale
QCD axion mass at around 10~ eV, leading to a prospect for investigations in future [12]. The mass range above the keV level can
be explored further through the upcoming THESEUS experiment [13].

4. THE FRAMEWORK OF THE VEV HIERARCHY

In this section, we turn up to an approach that stands in stark contrast to the FN mechanism relying on Zy x Zy flavour symmetry
but shares the use of discrete symmetries. The Hierarchical VEVs model (HVM) firstly proposed in [4] redefines the flavour problem
by incorporating three Abelian discrete symmetries Z,, Z}, Z!' and six gauge singlet scalar fields x;, (i = 1 —6), whose VEVs account

4
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m, [eV]

FIGURE 2: Predicted mass ranges for detection of flavonic dark matter (depicted by the thick green line) and axion-like particles.
[14].

for both the fermionic mass spectrum and flavour mixing. The masses of the SM fermions are produced by the following dimension-5
operators,

1 - - - d —
L= & |YiPL vk X + YL oWk Xivs + viPL oWk Xivs | + He. €y

The hierarchy in the masses and mixing patterns is explained by VEVs hierarchy in a way that (x4) ~ (x1), (x2) >> {(X5),
(X3) >> (xe)s (X3) >> (x2) >> (x1), and (x6) >> (x5) >> (Xa)-

To account for the neutrino masses, an additional gauge singlet scalar field x7 is added, and neutrino mass patterns are recovered
through the type-I seesaw mechanism. The HVM framework, however, does not offer any explanation to the leptonic mixing angles.
This problem is addressed by a standard HVM (SHVM) [5], which provides remarkably precise predictions of leptonic mixing angles
by linking them to the Cabibbo angle in the form of inequalities.

The realization of SHVM involves enlarging the HVM framework by extending the SM through the generic Zy x Zy X Zp
symmetry. To produce the flavour structure of the SM assuming normal hierarchy for neutrino mass patterns, one must ensure that
N =2,M > 3,and P > 14 [5]. We take the Z, x Z; x Z14 symmetry, and the charges to different SM fermionic and scalar fields
under this symmetry are assigned, as shown in table 5.

Fields Zz Z4 214 Fields Zz Z4 214 Fields Zz Z4 214 Fields Zz 24 314
UR - 1 wll dg, Sg, br + 1 w!? 1/;23 + 1 w? TR + | B w
CR + |1 | wb X4 + | 1 | wB 1/){1 + | W’ | wl? Veg + | w | &b
R + |1 | ot X5 + | 1 | ot 4){2 + | W® | Wl Vi - w | WP
X1 - 1 w? X6 + 1 w10 1/){3 + W w® Vg - w w3
X2 + | 1 | Wb wzl + |1 | wB eRr - WB | Wl X7 - w? | WP
X3 + 1 w? lpzz + 1 w UR + | @ | 0B @ + 1 1

TABLE 5: Charges assigned to SM fermions and scalar fields under Z,, Z; and Z;4 symmetries, considering normal mass ordering
for neutrinos.

The mass patterns of charged fermions are obtained through dimension-5 operators in the Lagrangian given in equation 1,
considering the VEVs pattern of yx; fields as discussed above. The corresponding mass matrices are,

v [V HO yZ3€2 v yg1€4 ygzé:‘l ?/3364 v Yirel y§2€4 3/§3€5
My = 7 0 ynher ypes |, Mp= 73 | Vs Uhes Yies My = | 0 vees vmel| 2
0 ¥5e Yses V5166 Y5€e Vs 0 0 yhe
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The masses of the charged fermions are retained as [5],

u u €s€
me = |yks|esv/V2, me = |yher — y”y””iz%” v/ V2, my = |y €10/ V2,
33
d d V315
my ~  |yislesv/V2,ms ~ |yl — % €50/ V2,
Y33
d d d (d ,d d d
Y12y Vi (V5105 — ¥51Y%) — VaiYiaYs
my ygill_ 12 ;1 - 13\Y31Y22 21 32 12933 | o o /0/2,
d _ Yn¥» (e y23y32)
Y d Y0 = =4 33
Y33 Y33
me o~ |ykslexv/ V2, my & |yhlesv/ V2, me = |yi| 10/ V2, 3)
The quark mixing angles are obtained as,
d u
€ € € €
sin 6y ~ yig =5 sin B3 ~ y23 > yig’ > yig’ sin62,, @
Ynes| €5 Yis€s Y53 Y33
d u u
€ €
sin 63 ~ y}f—4 — y}f 2 ylS sin 63, @ Me ~ sin 63, — e, )
Y3366 Y3363 y33 Y3z | Mt my
where €; = (?[C\J’ €; < 1, and we made the assumptions that €4/€5 = sinfp = 0.225, €5/€¢ = sin b3, \y'fS/yg3| ~ 1, and

lyi5/ 45| ~ 2. Consequently, the SHVM predicts the quark mixing angle sin ;3 to be approximately sin 9?2 — 2(mc/m;), aligning
well w1th its experimentally observed value.

4.1. Neutrino masses and leptonic mixing parameters

To recover neutrino masses, we add three right-handed neutrinos veg, v4r, vrr to the SM and write the corresponding Yukawa
Lagrangian as,

xixj(or xix?)
Y. j
_[’g(ukawa = y;‘/jl/JLiqDVfR T] + H.c.. (6)

The Dirac mass matrix turn out to be,
o [Vi1€1€7  Yia€a€7  Yis€ser
Mp = 7 0 Y5y€1€7  Yy3€s€7 |, @)
0 Y5,€5€7  Yi3€s€7

which results in following mass expressions for neutrinos,

v v
v Y3¥3m
Y22 v

33

€470/ V2, my ~ ly4q] €167,0/ V2. (8)

my = |y§3\e5e7v/ﬁ,m2z

For the benchmark values of y}’j obtained through our numerical analysis [5], the masses of neutrinos turn out to have the values

{m3z,my,my} = {5.05 x 1072,8.67 x 1073,2.67 x 10~*} eV. The predictions for leptonic mixing are pivotal in SHVM. Assuming all
the couplings to be of order one, the leptonic mixing angles can be expressed in terms of the Cabibbo angle in the following way [5],

v s %,V v l
a0 Y12 | Y1264 | Y23Y13€4 Y12 Y12 y23y13 64 .
sinfj, o~ R e i > | === - = > 1 —2sin 6, 9
Yo Yp€s5  Y33Y33€5 Y22 Y22 y33y33
/ v 0
. €. €
sin 953 ~ y% — y12/374 ]/% y23 4 >1_sin 012,
Y33 Y3365 Y33 Ys3| €5
v 4 v 4
.ol Y13€4 | Y1365 Y13 | €4 y13 €5 msg
51n913 = v € - > T ? > Sll’l912 — mf,
Y3365 Y€z Vil & | vk c

where ms/m. = €5/€. The latest measurement of Cabibbo angle yields sinf1, = (0.225 + 0.00067) [15]. It is clear from above
equations that sin (9{2 as well as sin 953 shares the same precision of the Cabibbo angle’s experimental precision. Using the Cabibbo
angle measurement, leptonic mixing angles are obtained as sin 9{2 = 0.55 4+ 0.00134 and sin 653 = 0.775 4 0.00067.

6
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Using running masses of strange and charm quarks at 1 TeV (m, = 0.5321’8:8;‘3L GeV, mg = 4.7ﬂ§ x 1072 GeV) [16], we obtain
sin 0f3 = (0.1169 — 0.1509). However, the experimental lower end excludes (0.1169 — 0.1413), and the theory rules out the upper end
(0.1509 — 0.1550). Thus, the final conclusive range for sin 9f3 is predicted to be 0.1413 — 0.1509. The upcoming neutrino experiments
like DUNE, Hyper-Kamiokande, and JUNO may test these predictions [17].

The SHVM rules out the possibility of neutrino masses originating from Majorana-type neutrinos, as the charge assignment of SHVM
forbids both the Majorana Lagrangian and the Weinberg operators [5]. Consequently, the SHVM predicts neutrinos to be of the
Dirac-type [5].

5. THE DARK TECHNICOLOUR PARADIGM

A UV completion of the SHVM can be obtained through the dark-technicolour framework [6]. The dark-technicolour model consists
of the symmetry S = SU(3). x SU(2); x U(1)y x SU(N1c) x SU(Nprc) x SU(Ng) symmetry, where TC stands for technicolour,
DTC is for the dark-technicolour, and F is a strong dynamics of vector-like fermions [4]. The TC quarks transform under the symmetry

S as [4],

T = (g%) £ (1,2,0,N1¢,1,1), Tig  (1,1,1,Nrc, 1,1), )
1
L

Bi,R : (1/1/71/NTC/1/1)/

where electric charges +% for T and —% for B.
The DTC dynamics has the following fermions,

D = Cirr:(1,1,1,1Nprc,1), Sitr:(1,1,-1,1,Nprc, 1), @)

where electric charges of the quark C is —l—%, and that of the S is — %
The vector-like fermions of SU(Ng) dynamics transform as,

} 4 : 2
FL,R = ulL,R = (3/ ]-/ g/ 1/ llNF)/Di/R = (3/ ]-/ _51 1/ 1/NF)/ (3)
Nig = (1,10,1,1,Ng),E = (11-211Ng).

There are three axial U(I)EC’DTC'F symmetries in the DTC paradigm which are broken as U

the generic Zy X Zy X Zp flavour symmetry, where N = 2Ktc, M = 2Kpyc and P = 2Kg [18].

TC,DTC,F .
(1), = ZoKreprer producing

Ll Tr DL, Dr DL, l Dr DL,

erc ¥r Fr gprc Dr DL gprc eprc Pr DL pprc

fr erc Fr Fo gprc Pr Do gprc eprc Dr Dr pprc  [fr

FIGURE 3: Feynman diagrams corresponding to charged fermion masses in the dark-technicolour paradigm. The diagram at the
top depicts generic interactions of SM, TC, F, and DTC fermions, while diagram at the bottom shows the formation of fermionic
condensates resulting in masses for charged SM fermions.
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The mass of a charged fermion is originated from the interactions given in fig. 3 and turns out to be [6],

A3 1 A”Hrl
ZTC . ,BTC exp(n;k), (€D
Agrc AF Agpre

mgo= Yf

where n; = 2,4, - - - 2n represents the number of fermions in a multi-fermion chiral condensate playing the role of the VEV (y;) in
the SHVM [4]. The multi-fermion condensate can be parametrized as [19],

(Gryr)") ~ (Aexp(kax))™, )

where Ay shows the chirality of an operator, k denotes a constant, and A is the scale of the gauge theory. From this, we conclude
that,

ni+1
1 Aprc

exp(n;k). 6

DL DR DL DR

Eprc Dr DLEDTC VR

Fr

epTCc Dr Dr EDTC

FIGURE 4: Feynman diagrams corresponding to the masses of neutrinos in the dark-technicolour paradigm. The diagram at the top
shows generic interactions among the SM, TC, DTC gauge sectors, while the diagram at the bottom represents the formation of
fermionic condensates leading to neutrino masses.

The neutrino masses are recovered by the generic interactions given in figure 4, where it is assumed that the TC and DTC sectors
are accommodated in a GUT theory where the interactions between the F; and Fr fermions are mediated by the gauge bosons of
the GUT. The VEV (x7) corresponds to the chiral condensate (F; Fg). The masses of neutrinos become,

3 i+1 3
Ate 1 Apre ox (nlk)i Ag
Ao Ar Al PV R A2

ETc *F EDTC F Agur

my = Y exp(2k). 7

For more details, see ref. [6].

6. SUMMARY

In this work, we have discussed new approaches to address the flavour problem and dark matter together. The flavour bounds on
the models based on Zy x 2\ flavour symmetries are extremely stringent in the phase-II of the LHCb, and most of the parameter
space is ruled out.

These new frameworks provides origins of the flavour problem and dark matter based on discrete Zy x Zy x Zp flavour
symmetries. Origin of these symmetries may lie in a technicolour paradigm. We notice that these new frameworks result in a new
class of dark matter referred to as the flavonic dark matter.
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