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The U(1)4 problem

o In the limit whre the SM fermions are massless the QCD lagrangian
has the symmetry U(N)y @ U(N)a, for the first family N = 2.
U(2)V = SU(Q)\/ & U(l)V: 5U(2)/ isospin symmetry & U(l)B
Baryon number conservation.
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The U(1)4 problem

o In the limit whre the SM fermions are massless the QCD lagrangian
has the symmetry U(N)y @ U(N)a, for the first family N = 2.
U(2)V = SU(Q)\/ & U(l)V: 5U(2)/ isospin symmetry & U(l)B
Baryon number conservation.

o The global U(2)a = SU(2)a ® U(1)a symmetry is broken
spontaneously by the quark condensate, thus, one expects 4
Nambu-Goldstone bosons (7%, 7=, 7+, 7(?)), but 7 is too heavy.
Although pions are light, there is no clue of another light state in the
hadronic spectrum. Weinberg dubbed this the U(1)a problem,
suggesting that, somehow, there was no U(1)a symmetry in QCD.
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The Strong CP problem

'T Hooft realized that the current associated with the U(1)a
symmetry is anomalous, i.e., ﬁuJé‘ = %F“Vﬁw where N is the
number of massless quarks. From this it is possible to add to the
lagrangian the CP violating term: £ = 03‘?;! F‘”’l:_w,, which produces
an electric dipole moment for the neutron

dn = e(mq/ms)0 =~ 10~ %0e-cm. The current bound from PSI
collaboration set d, < 2.9 x 10%°e-cm. Why 6 is so small?, this is the

strong CP problem.
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The PQ solution.

Paccei-Quinn Solution

o Peccei and Quinn suggested that the SM has an additional U(1)pc
chiral (global) symmetry which drives § — 0. This global U(1)pg
symmetry was named after Roberto Peccei and Helen Quinn.
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The hierarchy problem

What is our work about?

Our aim is to use the U(1)pg symmetry to generate quark textures
motivated from the data. In particular, we are interested in the hermitian
textures

0 0 |Cu|ef¥cu
MY = 0 A, |By|e'®su | |
—idc, —iop,
|Cule |Byle D, 1)
0 |Cs O
MP=1||Cs O [Bdl],
0 |B4l Ag
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The PQ charges of the SM fermions are:

Particles Spin 5U(3)C SU 2)L U(l)y QPQ(/' = 1) QPQ(i = 2) QPQ(i = 3) U(l)pQ
qLi 1/2 3 2 1/6 251 +2%+a  —si+sta @ Xq;
URi 1/2 3 1 2/3 s1+a s+ a —s51+2% +a Xu;
dgi 1/2 3 1 -1/3 251 — 35+« s51—2% +« —s+a Xd;
T, 1/2 1 2 -1/2 251425 +d —si+s+d o X,
eRi 1/2 1 1 -1 251 — 35 + o 51— 25 +a —s5+a Xe;
VRi 1/2 1 1 0 —4s1 +55 +a’  —s1+2s5+a s+a Xy,

The columns 6-8 are the PQ (Qpq) charges for the SM quarks in each
family. The subindex i = 1,2, 3 stands for the family number in the interaction
basis. The parameters sy, s, and « are reals. The normalized charges are
S10= %5172 and additionally §, = (e + $1). The heavy quark PQ charges satisfy
xL — xg = N(1 —€), with e £ 0.
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The model particle content.

In order to generate these matrices at least 4 higgs
doublets are needed.

Particles Spin  SU(3)c¢ SU(2), U(l)y Qprq U(1)pq
ol 0 1 2 1/2 s1 X,
o, 0 1 2 1/2 5 X
o 0 1 2 1/2 —s+ 25 X5
o 0 1 2 1/2 —3s; + 45, Xon
51 0 1 1 0 Xslislfsz#o Xs
S» 0 1 1 0 xs, =XR —xL # 0 Xs
Q 12 3 0 0 xq
Qe 1)2 3 0 0 XQu = XQe 70 on

Beyond SM scalar and fermion fields and their respective PQ charges. The
parameters si, s, and « are reals, with s; # s,. The parameters s;, s, and « are
reals. The normalized charges are §; » = %51,2 and additionally § = (e + & ). The
heavy quark PQ charges satisfy x, — xg = N(1 — €), with € # 0.
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The model particle content.

by choosing the VEV in a convenient way it is possible to
reproduce the quark masses and the CKM mixing matrix
and Yukawa couplings of order 1.

u,D
Y/ P~ 1 (2)

So, by setting various Yukawa (for quarks) couplings close to 1 (except
yi$2, yB3 and y41) we obtain:

U =1.71GeV, ¥, =2.91GeV, V3 =174.085GeV, ¥y =13.3MeV. (3)

Pres: Name (RRI-WVU) Short title Month-Year 9/30



High energy Lagrangian

2
Lo D (Dp®®) D% + 3 iy Dy + > (DuS;) ' DHS;
P i=1

_ D _ Uag
- (quy,-j Yo% dg; + aLivij YO ug;

+ Zuyffad’aeRj + ZUY&’Q&’D‘VR/ + hc)

+(AQQRQLS: + h.c) — V(®, 51, 5), (4)
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The model particle content.

Scalar Potential

v(®,S;)
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The model particle content.

It is possible to obtain dimension five effective lagrangians

by means of the non-linear transformation
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The model particle content.

Effective quark-axion interaction vertex.

from L, v we obtain the flavour-violating derivative couplings:

ALyo = — duadpy” (ga‘:/f,-g + ’YSg.fﬁ:;-) dj, (7)
where;
8l = 5 A ®)
ad;d; 2faC§ff V,A»

In this expression we made the substitution A = facgfr. The axial and
vector couplings are:

Dij Dij Dij
AV,JA = ARI{’(d) + ALLJ(q)7 (9)

i

with AfY(q) = (UP x UPT)" and Af(d) = (UR xg ug)
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Low energy constraints

Constraints from Semileptonic decays

it is shown that the decay widths of pseudoscalar K*(B) mesons into an
axion and a charged pion (vector K*) are given by

m3 m2\° 12 2
F(K — T a) 1671' (1 - rr72> )‘Kwa ( )|gads’
K

* 3/2
r(B — K*a) = 65 Ak A5(m3) gkl (10)

where Aymg = (1 — {7 ) (1 {mel)
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Low energy constraints

Constraints from Semileptonic decays

Collaboration Upper bound
E949+E787 [1,2] B(KT — 7a) <0.73 x 10710
CLEO [3] B(B* — nta) < 4.9 x107° (1)
CLEO [3] B(B* — K*a) < 4.9 x 1075
BELLE [4] B(B* — p*a) <21.3 x 1075
BELLE [4] B(B* — K**a) < 4.0 x 107°

These inequalities come from the window for new physics in the branching
ratio uncertainty of the meson decay in a pair Dv.
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Low energy constraints

Frame Title

+

Tree level diagram contribution to the FCNC processes K= — 7% a and

B* — K**a.

Pres: Name (RRI-WVU) Short title Month-Year 16 /30



Frame Title
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Allowed regions for semileptonic meson decays. We use the relation
f, m? )
m, ~ 0.5m7777r ~ 0.5?7T between the axion mass and the decay constant f,.

a a
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Low energy constraints

Frame Title
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The excluded parameter space by various experiments corresponds to the
colored regions, the dashed-lines correspond to the projected bounds of coming
experiments looking for axion signals, the blue region corresponds to the
parameter space scanned by our model in the interval —1 < e < 1.
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S: and S, potential.

2
V(®,S) = > i SiSk
. 4 2
+ ZAsk (SiS°+ DD e, (0 0)) (5050
i=1 k=1

+ /\5152 (51 51) (52 52)
+ A <(¢;¢3> S+ h.c.>

+ B <<¢{¢2> S+ h.c‘>

* 3 () &g (ma) 6 02

) vs,+€s, +iCs, .
In these expressions §; = ——L—=L; [ =1,2.

V2
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A dark matter candidate

dark matter connexion

The scalar potential V/(¢dq, S1,S,) is invariant under the symmetry
S — 5;( (which is equivalent to a Z» symmetry), but this symmetry is broken
by the interaction term A\qQr Q. 5S> + h.c.. In fact, from this interaction, it is also

Possible to g.enerat-e, at one loop, a mass ’Ferm for the CP-odd field % (m<52)28 C_%Z
in the effective Weinberg-Coleman potential.
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Conclusions

Conclusions

@ In this work we have proposed a PQ symmetry that gives rise to quark mass matrices with five texture-zeros. This
texture can adjust in a non-trivial way the six masses of the quarks and the three CKM mixing angles and the CP
violating phase.

@ Since in our model the PQ charges are non-universal there are FCNC at the tree level. We calculated the tree level
FCNC couplings from the effective interaction Lagrangian between the kinetic term of the quarks and the axion, these
couplings are well known in the literature.

Q@ The model has as a candidate for dark matter a pseudo-scalar field, which is identical to that of the Complex Singlet
Extension of the Standard Model.
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Conclusions

Scalar Potential

“Appears and dissapears.” Burchell et al (1998)

Appears and dissapears.
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Conclusions

Scalar Potential

Reappears

Appears;
Appears
Appears
Appears

© © 0 o
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Conclusions

Descriptive statistics

Add an image or table.

Pres: Name

Name Turn Height
Juan 1.9
Jose 1.7
Michael 1.95
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Conclusions

Model
Yi = Bo + B1Xi + Bo2Xoj + B30ther; + vS; + u; (13)

o Var8.1

o Varl.
o Var8.2.

o Var2.
o Var8.3.

o Var3. .
o Median income.

o Var4.

Median home value.

©
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Conclusions

Frame title

Name Turn Height

Juan 1 1.9
Jose 2 1.7
Michael 3 1.95
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ReSULT

Chart Title
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Conclusions

Result

Name Turn | Height

Juan 1 1.9

Jose 2 1.7

Michael | 3 1.95
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Discussion

Commentl
Comment?2.
Comment3.

Comment4.
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Conclusions
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