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THE PROBLEM A. Ordinary quark and scalar content B. New extra particle content
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In the SM, the fermion masses are provided by Yukawa interactions consistent with Ok SRR 3 »: (5 (v2+&; + i¢8)> (L2l | 13
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Vacuum Expectation Value (VEV) v =246 GeV.. 1 = %(vl +& 4ip0 || L2 2/3 to=py+&+iG) 1L 173
2
, Op = %(UO‘ + 50 + i(a) (1; 1, O) '1/3
Calling ¢ the left-handed quark dou- — D j ol
blet, Up and D% the right-handed up- _LQ — QL(gbh )z’jDR lable 1
and down-type singlets, and + = 1,2, 3 . . h - -
the three phenomenological families, the 4+ qZL ( ¢ LU )ij [ 17? L he. and the extra discrete symmetries:
Yukawa Lagrangian reads V Zo: ¢ — —¢o, 00— —0y, Diy— —Di Tpp— —Tog
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Lagrangian leads to the mass matrices U, \/5 By requiring the above symmetries and the mixing with the extra Particles, we
\** ) find extended mass matrices with the form:
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However, the experiments show that
the mass of the heaviest quark (top) X X X | e XXX
- 1s about 5 order of magnitude larger \ / | X XX
arge . :
(1/e) than the lightest quark (up). This
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Let us assume that the gauge symmetry contains . | _
an additional abelian symmetry, such that P G =Gy ®U(l)x

\vsc1 0 0 | vhy

The values of the extra charge X, shown in part A of Tab. 1, are non-universal

in the left-handed quark sector: for ¢ = 1 has X; = 1/3 while X535 = 0 for i = 2, 3. After diagonalization, we find the following ratios:

The Yukawa Lagrangian con- — [ ~ — al LDy, Dj +ad% (b LU 'Uj
sistent with the above symme- @~ 4L (01 )1] i qL(¢1 )aj R
try, with a = 2, 3 reads: + h.c..

Y, Vi_Vy., ¢ "measures’ the level of asymmetry between the t-quark and
U Ty—1Iy

— € — the lighter (¢ and u) quarks. If e = 0 (i.e. Yy =Y}), the c-quark
Y YU +Y3’ YU +Y; becomes massless

The ratio between the mass of the ¢- and t-quark is sensible to the asymmetry

The mass matrices, which exhibits three null eigenvalues, are now of the form: Me ~ —YE  parameter. Thus, there is a scenery where the closer are the values of Yy and

— D . . e u
my 1 +1y€ Y;, the larger is the difference between m,. and m;. We find ye =~ —7.3 x 10

/O ! O\ /* * *\ The ratio between the mass of the u- and b-quark is inverse in
hU — | % % x MD _ U hD — 100 0 My, ( Y1 ) Ys  the heavy T-quark mass mp ~ vy. Thus, a natural hierarchy

9 ) my - \/§YD mr between u and b arises.
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Kk k) 0 00,
my _ m 42 T he ratio between the d- and S—lquark H21asses 1s determined only by the mass
But: | ¥ Experimentally we do not see any massless quark. m m splitting of the heavy quarks J&and J7. We find m 1 & 20m.
: Y,

X The local U(1)x symmetry predicts a massless gauge boson Z'. Y This figure shows the top quark coupling Y;
However, no such second weak neutral current has been detected. 08t [ ashfuﬁctlﬁpb %f Ehe hght—.%ilarkl Cé)_uphn% _Y%,

| which exhibits two possible solutions. Firs
X The Z' boson induces extra triangle chiral anomalies which are 0.6} the traditional scgeme, where Y}/ Yy ~
not cancelled by the X-charges from Tab. 1. | 135.05 and € =~ —0.985 is required to fit
04r N the experimental masses. Second, we obtain
, , | anura a "natural scheme’ where Y;/Yy ~ 1.03,
Thus, we add the extra particles shown in part B of Tab. 1, where: 0.2} Scheme _ which is consistent with a symmetry where
A v ____________________ degenerated up-type Yukawa couplings is fa-

0 Y0 yored, with € ~ —0.015
v The singlets T and J" are up- and down-like quarks, respectively, with 000 002004 006008 0.10 vored, witll € UL

n = 1,2. They are chiral under U(1)x and vector-like under Gy,.

CONCLUSION: Predictable mass ratios were obtained with few free param-

v/ An scalar singlet xo with VEV v, 1s required to produce the symmetry
breaking of the U(1)x symmetry at a large scale.

eters, and hierarchical structures arose "naturally” without large tuning of the
Yukawa couplings.

v/ An scalar singlet oy is introduced. Since it is not essential for the sym- P
eferences

metry breaking mechanisms, we may choose a small VEV (o) = v, ~ v.
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