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The five texture-zero mass matrices:

: X 0 [Culere. 0 [Ce 0
M = 0 Ay |Bule®Pe | VN = [ |Cyle~ B,  |B,lei*
Cule™*?ex |Byle™* 2« D, 0 |Be"i A,
. 0 |Cql 0 0 |Co 0
M~ = |Cd| 0 |Bd| / MY = |Cg| 0 |Be| ;
0 |B4| Aqg (1) 0 |Be As (2)

We are shown that the analyzed texture (1) needs at least four Higgs doublets,
to reproduce the five-texture zeros with the PQ symmetry.

The same Higgs doublets reproduce satisfactorily (2) .
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PQ symmetry and the minimal particle content

Particles |Spin [SU(3)c |SU(2) |U(1)y Qpro(z=1 Qpq(i =2 Qprq(i =3 U(l)p
Q Q Q Q
qLi 1/2 3 2 1/6 |—2s1 +2s2+a| —s; + 82+« Q Ty
UR; 1/2 3 1 2/3 $1+a So +a —81 + 282+ a| Ty,
dRi 1/2 3 1 —1/3| 281 —3sa+a | 81— 282+« —S 4+« Ea
lLi 1/2 1 2 —1/2 |—2s1 +2s2+a’| —s1 +s2+ o Te,
€Ri 112 1 1 —1 | 281 —3so+a’ | s1 —2s9+ 0@’ —so 4+ o’ T
VRi 1/2 1 /] 0 |—4s;+5s2+a'|—s14+2s2+0a’ s+ o T
Particles | Spin | SU(3)c | SU(2) 1 U(;)Y Qrq U(1)rq
o1 0 1 2 1/2 81 Ty
d2 | O 1 2 | 1/2 52 Zén
o3 0 1 2 1/2 —s1 + 2s2 Tpq
@4 0 1 2 1/2 —3s1 + 4s2 Ty
2 el s s
L TQ
Qr |1/2| 3 1 0 |%e %70 fo;
N " A V. ' Vi
QPQ(SM N,a)(y) = 3 (SIQ?Q(w) Hi(ef Sl)Qsp?Q(w)) + an"Q(w) + O Qp‘Q(w),

with e = (1— Ag/N) and Ag = LQr —LQr
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Naturalness of Yukawa couplings

) U1,
0 |yix'loa 0 0 U? yb32111
D45 D3| A J )
MP =||yRos 0 |yRllos| MV =| O Y201 Ya302
0 D3 |5 D25 Uiy 0192%~ _[/3~
Ya3 U3 Y33 V2 Y13 V1 Ya3 V2 Y33 U3
’l}i — Uz/\/i

By setting various Yukawa couplings close to 1 in the quarks sector (except y55, y35° and yi3'
we obtain:

1 = 1.71GeV, 0y =291GeV, ©v3=174.085GeV, 104 =13.3MeV.

v 14

(V2 402 402 +02) = (246.24 GeV)?
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Mass spectrum for the scalar sector:

The mass spectrum of the scalar fields is above the TeVs scale, except the SM
Higgs which was set to 125 GeV. The pseudoscalar sector (CP odd fields) have
two zero mass eigenstates, the axion field and the Goldstone boson which is
absorbed by the longitudinal component of the MZ boson. A similar result is
achieved in the charged sector where it is possible to identify the two Goldstone
bosons needed to give mass to the SM W+ fields.

Us
fa = oN  US R 10°GeV.

CP even = {1.41 x 10°,6.54 x 10°,1.97 x 10®,1.09 x 10°,125} Gev
CP odd = {6.54 x 10°,1.97 x 10°,1.09 x 10°,0,0},GeV
Charged fields = {6.54 x 10°,1.97 x 10%,1.11 x 10°,0}. Gev



LOW ENERGY CONSTRAINTS

I(K*

—_— I'(B— K*a) =
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Collaboration Upper bound

E949-+E787 [148,149] B (K* — nta) < 0.73 x 1071°

CLEO [150] B(B* —» 7%a) <4.9x107°
CLEO [150] B(B* - K*a) <49x107°
BELLE [151] B(B* — p*a) < 21.3 x 107°
BELLE [151] B(B* - K**a) < 4.0 x 1075
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|92yl (GeV™)

CONSTRAINTS ON THE AXION-PHOTON COUPLING
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