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Abstract

We investigate phenomenology in a Two Higgs Doublet Model (THDM)
within the Universality Strength for Yukawa couplings (USY) hypothesis.
It is assumed in this model that all the Yukawa couplings have the same
moduli. The two Higgs doublets are also supposed to develop vacuum
expectation values (vev’s) with the same moduli. In favor of this mecha-
nism, not only the quark mass hierarchical relations m,,m < m,, m,
,m < m, but also m, <m, are naturally explained. Furthermore, the suf-
ficiently large phase invariant CP violation parameter J is obtained. In
addition, the scalar mediated FCNC’s are generated at the tree level.

1. Introduction

At present, phenomena of particle physics are almost understood with-
in the Standard Model (SM) [1]. However, there are many problems in the
SM. Particularly, the flavor structure of the Yukawa couplings cannot be
predicted, without providing a reasonable explanation for the quark mass
hierarchy, m,,m, < m,, m;,m <m, and m, <m,. In order to solve this fla-
vor problem, many suggestions have been proposed in literature. The
Universality Strength for Yukawa couplings (USY) hypothesis was pro-
posed in 1990 [2] as an interesting solution, and since then it has been
studied extensively [2-12].

In the SM within USY hypothesis, while the six ordinary quark mass-
es and the absolute values of the Cabbibo-Kobayashi-Maskawa matrix
elements IVCKM| are reproduced correctly, the sufficiently large phase
invariant CP violation parameter J=Im{, V. V. 'Vin') cannot be

im” jn’ jm
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obtained, as shown by Branco, et al. [4]. Then, in order to reproduce the
experimental value of J, an extended USY model including extra quark
singlets and Higgs singlets was studied[12].

It this article, a Two Higgs Doublet Model (THDM) within USY
hypothesis is proposed as an alternative USY model. Two specific ansatz
are considered.

* In view of the grand unified theory (GUT) the moduli of the Yukawa
couplings for the up-type quarks are the same as those for the down-
type quarks.

* The vev’s of the two Higgs doublets take the same absolute value.

Then, the following results will be obtained.

- The scalar mediated FCNC’s appear at the tree level, while the Z medi-
ated ones do not.

+ The top-botom mass hierarcy m, < m, is naturally explained. In addi-
tion, the CKM quark mixing matrix ¥V,, and rephrasing invariant CP
violation measure J can be reproduced.

This article is organized as follows. In Sec 2, the SM within USY
hypothesis is reviewed. In Sec 3, the THDM within USY is presented,

and its phenomenology is investigated. Sec 4 is devoted to summary.

2. Review of the SM within USY hypothesis
2-1. The democratic limit

It will be shown that the quark mixing between the first and second
generations in V,, is obtained in the democratic limit.

A 3X3 democratic ordinary quark mass matrix is given by

LR
Ma=Jf111. 2.1)
“l11 1

where a =u or d. It is diagonalized as
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where F, is an orthogonal matrix composed of the three eigenvectors of

M,,. Here, it is naturally seen that the quark masses of the third genera-

tion are much larger than those of the first and second generations.

eigenvalues and eigenvectors of M, are shown in table 1.

Tablel.The eigenvalues and eigenvectors of M.

The

eigenvalues eigenvectors
1 1
m, =0 X, = 7 —\7—5,0
0 . (1 1 2
‘ *\V6'J6 6
3A,v (
m =

1 1 1
\\/5’\/5\6)

Because of the two degenerate eigenvalues, m, =m_ =0 , their eigenvec-

tors may be arbitrary linear combinations of X, and X,.

We start with the basis of the up-type quarks as

(142 -1/42 0

1/46

1/3

1/vJ6
1/\3
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. ’ ’ ’ .
The eigenvectors of M, X, ,X, and X, are given as

i
’ .

X, =X, cos0-+x,sin0
’

1X, =X, sinf —-x, cosf , (2.4)

X; =X,

providing the basis of the down-type quarks,

-
% X, cos @ +Xx, sinf
’ .
F,={x, |=|x,5n0—x,cos0 |, (2.5)
’
X

where x1' , XZ' and x; and are orthogonal each other. The CKM matrix
is given by

T
Ver = FF, , (2.6)
which in democratic limit becomes as

cos@ sin@ O
Vegrry =| —SIn@ cos@ O] | (2.7)
0 0 1

By taking the input value @ =0.227 [rad], the experimental result of the
quark mixing between the first and second generations are naturally
reproduced in the democratic limit. It is, however, clear that the quark
mixing involving the third generation cannot appear in Eq. (2.7) of the
democratic limit.
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2-2. Reproducing the experimental values

In the democratic limit, either quark masses of the first and second
generations or the quark mixing involving the third generation are not
generated. Then, keeping the advantage of flavor democracy, some
extended scheme should be considered to generate them. The USY is a
powerful mechanism in such an extended flavor democratic model.
Within USY mechanism these can be generated by the aid of adding phas-
es to the Yukawa couplings.

The quark mass matrices are provided within USY as

ei¢all eifﬁalz ei¢a 13

M = A etan G gt | (2.8)
ei¢a31 ei¢a 32 ei¢a 33

In 1997, it was shown by Branco et al. that if suitable values are taken for
¢a,-j, all the quark masses and the absolute values of the CKM matrix
|VCKM| are correctly reproduced [4]. The part of its result is given as
m, =1.0MeV,m, =1.35GeV,m, =174GeV, m, = 6.5MeV,m, =165MeV,m, =5.4GeV ,
and

0.9752 0.2213 0.0032
Vx| =1 02210 0.9745 0.0391] (2.9)
0.0117 0.0375 0.9992

Then, the rephrasing invariant CP violation measure J is estimated
as J =1.8x107.

This is much smaller than the experimental value S e, = 3.08x107°[131. It
is hence clear that some new contribution to CP violation beyond the SM

is necessary. It also remains as a problem why the top quark is much
heavier than the bottom quark.
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3. THDM within USY hypothesis
3-1. The model »
There remain two problems in the SM within USY.
1. The rephrasing invariant CP violation measure J is much smaller
than the experimental value.
2. It is not naturally explained why the top quark is much heavier than
the bottom quark.
To solve these problems, we investigate the THDM within USY hypothe-
sis, by taking the following two ansatz.
* The moduli of the Yukawa couplings are the same as ¢.
- The vev’s of the two Higgs doublets have the same absolute value as V.

The Yukawa couplings are given as

_ D, tepd 2), tad©2)
Lyawa =hy 0 @ ujR+A’uij g, P U R

uif

(3.1)
1 i 1 2 T 2
A g, OV + 2,0, ®Pd,,  +he

u, ’
where /’Laij(x) =ccxp(i5a(x)).exp(j¢aij(x)) and ¢, = [dl ) . Then, the
quark mass matrices are given as i

cv . : . .
M, = N [exp(zéu“) )-exp(ig, ;) +exp(i5,?)- exp(zqim.j(z))] (3.2)

M, = % [exp(i6 )-exp(ig,, V) +exp(i6,) - exp(ig,, )] (3.3)

It is supposed here that the deviation from the flavor democracy is small
as ¢aij(x) <1,
For simplicity we begin to study in the limit m, =m, =m,d =m_ with

the democratic mass matrices,

111 1 11
M, =% exp(i5,*)|1 1 1|+exp@s, )1 1 1 (3.4)
111 111
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111 111
Md=% exp(iS,™)|1 1 1|+expis,™)|1 1 1 (3.5)
111 111

In this limit the top-bottom hierarchy m, < m, is derived only when Su(l)
is almost the same as 6, and the difference between 8, and §,? is

nearly .

3ev

V2

exp(i5,?)

v

2

exp(i6, )

2 cxp(i5,)

T —

EEX exp(id d(l))

V2

Figl. Representation of m, <m, .

By perturbative calculation we found the phases ¢,,,-j(x) to reproduce
the experimental values of the V,, and the rephrasing invariant CP vio-
lation measure J. The CKM matrix may be represented with the
Wolfenstein parameterization as

1-22/2 A AV (p—in)
Verry = —A 1-2%/2 AA? . (3.6)
AV (—p—in) —AA? 1
— 125 —

NI | -El ectronic Library Service



Kobe Kai sei Col | ege

For simplicity it is supposed that 8, = 5,%,and v=29 . Then, the rela-
tions for the phases 8,%,5,%,and 4,,*’s are found in terms of the
Wolfenstein parameters as

]6d(1) _BJ(Z)I =7 ——"'—‘mb (1_ 2/1) ¢utj(l) =0 ¢uij(2) =(
3v > b >
2m, A - m,A
G = $® =0, ¢d22(l) =y = 3b ) ¢d33(1) = = —
v 3v
o« @ mA2—AnA 1+ A)] o _ . @ MA2+AnA 1+ Q)]
Oz =Qun = s =@y = >
6v 6v
mA[1- 4 2,3] m Z[1+AT[/13]
¢d13(l) = ¢d31(2) = 6 i > ¢d31(l) = ¢413(2) =—* )
\% 6v
o @ _ mbﬂ'[3+An2‘2(l+)L)] O _ @ _ mb/lL[3—An)uz(l+ﬂ.)]
Gurs” =@y = 6v s Pan =y = 6v .

(3.7)

3-2 Scalar mediated FCNC’s
This THDM provides FCNC’s as follows.

* Scalar mediated FCNC’s are present at the tree level.

- Gauge boson Z mediated FCNC'’s are absent at the tree level.

On the perturbative calculation, the scalar mediated FCNC’s appear to be
too large to satisfy experimental value in the case that the nondiagonal
elements of the Yukawa couplings are of the same order as the diagonal
ones. In order to suppress the FCNC’s sufficiently, it will be necessary
that the first and the second terms in Eq. (3.1) are almost simultaneously
diagonalized by the unitary transformations U, , and U to diagonalize
the up-type quark matrix M, , while the third and the fourth terms in Eq.
(3.1) are almost simultaneously diagonalized by the unitary transforma-
tions U, , and Uy . to diagonalize the down-type quark mass matrix
M, . Hence, the phases ¢dij(") to break the democracy should be much
smaller than the phase difference l5 0 =6,2|. Itis a future task to find
the allowed range of ¢a,-j(x) for estimating the possible magnitude of the
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scalar mediated FCNC'’s.

4. Summary

The THDM within USY hypothesis is fascinating as a possible solution
to the flavor problem in the SM. It is shown that the quark masses, Vi, ,
and rephrasing invariant CP violation measure J can all be reproduced.

Moreover, the scalar mediated FCNC’s appear at the tree-level, while the

Z boson mediated ones do not. So far, suitable values of a,-j(x) ’s are not

found yet so as to suppresses sufficiently the scalar mediated FCNC’s sat-
isfying the experimental data. This will be deserved for a future investi-
gation.
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