A modified Fritzsch ansatz with ;additgiqnal; vﬁratsofden perturbation
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AV Veal? 22 maf e, [Via/Vial? = maf mé, and |Vig| 8 [V cant he: obtained
e fhooretgcally in a better accuracy.
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1 Introduction

In the st'z‘m(la.rd clectroweak model, the family structure of Yukawa couplings
is not (‘()1‘13"1‘*ﬁ11“‘~l by gauge invariance so that the values of the fermion masses
and the flavor mixing paramcters arc completely model-undetermined. In trying
to understand this intriguing puzzle, various forms of mass matrices have been
proposed to deal with quark mixing and CP violation in the electroweak inter-
actions [1]. Among those suggested ansatze, the most popular and economical
one is the Fritzsch ansatz [2] where the masses of the heavy quarks ¢ and b are
introduced initially, and the masses of the light quarks u, d, s, and ¢ are generated
by weak-interaction mixing., Unfortunately, the phenomenological prediction of
the Fritzsch ansatz to the top quark mass my [3] is below or at hest near to the
lower bonnd of iy indicated I)iy«the enrrent experimental data [4]. This implics
that the Fritzsch approach should be either abandoned or modified to fit onr het-
ter experimental knnWlodge of the Kobayashi-Maskawa (ICM) matrix and the top
guark mass. R.(ecvntly, three different phenomenological approaches have been at-
tempted for the modification of the Fritzsch mass nmtrices\}y\l £ and M 0 [5-8].
The first is to treat the Fritzsch ansatz as the tre‘ev approximation resulting from
a spontancously broken symnetry of the lug:mngimu and to take into acconnt the
corresponding radiative corrections so as to make the ansatz compatible with all

the present data [5]. Another approach is to introduce two additional nonzero

0 g6 that the gen-

off-diagonal elements into the original Fritzsch matrices A
cralized mass matrices can serve as a full realization of the idea that the lighter
gquarks in cach charge subscctor get masses through mixing [6,7]. However, this
treatment fails to lead to an appreciable increase in the upper bound of the top
gquark mass [7]. The third approach, examined by Gupta and Johuson [8], is to
introduce an additional nonzero diagonal element for the charm gquark ¢ into the

Fritzsch matrix ML based on the fact that the mass of the ¢ qmirk is much

larger than those of the u, d, and s quarks, but comparable with that of the b
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quark [9]. They obtain m?™* < 170 GeV by comparing their theoretical results

for the KM matrix elcments with the relevant experimental data [10]. @

Here, we also follow a phenomenological approach to present a modified form
of the Fritzsch mass matrices, in which the diagunal clements for botls the charm
and strange quarks may be nonzero as the additional first-order perturbation. In
such a treatment, the masses of the heavy ¢ and b quarks might still be regarded ©
as the ” driving terms ” , and the masses of the light « and d quarks as the
second-order perturbation which pick up values through mixing of the first and
second families. The intermediate masses of the ¢ and s quarks, regarded as the
additional first-order perturbative terms, might not gain their values fully via
mixing of the second and third familics since they are not too small compared
with the + and b quarks. Indeed, there is a simple but nontrivial reason which
motivates one to improve and develop Gupta and Johnson's work by introdusing
an add‘iti()u:‘d nounzero diagonal element for the s quark into AL (1 On one hand,
the masses my and my set the scales for A () and M (;f-”, respectively. On the other
hand, the ratio m, /iy, is larger than the ratio m./my in view of the cxisting lower
bound of m, given by the experimental data [4]. Hence it is more natural and
reasonable to introduce both the nonzero diagonal clewent for the e qnark into
A },."} and that for the s quark into A };5’) for the modification of the Fritzsch ansatz,
Note that this treatment includes the same number of paramecters as that with

full off-diagonal mixing [6,7], so that it is also worth looking at.

Of course, it will be nice to justify the Fritzsch ansatz and its generalized
forms by dynaical principles. Some attempts have heen made for this purpose
in the previons literatures [1]. Instead of trying to construet a model gi\"ilig rise
to the modified Fritzsch mass matrices in a natural wa&’, here we are going to
explore the consequences of our ansatz on the flavor mixing and ﬂu* top quark
wass. A remarkable result is that our ansatz can make the ﬁppvﬁ bound of m,

twice as much as that predicted by the original Fritzsch ansatz. We find that the
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magnitudes of the KM watrix clements can be restricted very well by the quark
masses, and the interesting relations |Vip/Val? = my/me, |Vig/Vi,|* = mg/m,,
and |Vo| = [Vi,| can be obtained thcbretically in a better a.ccur‘acy. Therefore,
we expect that our generalized Fritzsch ansatz might provide some clues to the
origin of the fermion mass matrices and be helpful in constructing models of the
Higgs-boson couplings of qnhrks, which are currently of much experimental and

theoretical interest.
2 The modified Fritzsch ansatz and the KM matrix

Our interest is focused on the following form of the modified Fritzsch mass
matrices with three families of quarks:
0 xe O )
M=1 2" w y|, (1)
0 ye ' |
where the real parameters , 9, z,w and the phases o, 3 differ for M and A9
matrices. In Eq.(1),we have required that the diagonal clements corresponding to
the light « and d quarks are vanishingly small. Because the masses of the heavy ¢
and b guarks set the scales of M and M), respectively, we can require further
that the diagonal clecments corre#;mndiug to t and b are a,pproxin;atcly equal to

the observed valnes of their masses:
FAL B RPN 2 oy, ' (2)

It, should be noted that the mass matrix M can yield ™ =~ m, and ) ~ m,
naturally only if * € y < z and w < z. Based on the idea that the intermediate
masses of the ¢ and s quarks might not pick up values fully through mixing of the
second and third families, we can treat w*) and w!? as the first-order perturbative
variables as y™ and y in the corresponding M and M watrices, and restrict

their values in the following ranges:

0<uw™ <m, 0<w<m, (3)



It can be seen later on that the nonzero w has little effect on the scale term z
and the second-order pcrﬁtrbatim term 2 in the muss matrix A, but affects the
first-order perturbative term y. |

In order to evaluate the KM matrix, one diagonalizes the quark mass matrix

M throngh the following unitary transformation:

M = ‘UAI,;;MU"’ (4)
with
' my 0 0
A‘Idiag = 0O -my; 0 . . R ()
0 0 my - »

d
Here my, my and gz correspond to m,, n., m, for 1\15;29, and g, m,, my for J\I‘S‘“’g,
respectively. In view of our knowledge of the quark masses [11] , we retain only

the leading powers of my fmg,my /iy, my/my, and w/mng, and obtain

1/2
Mg 1/2
v = ( & (mymy) / R
nmy — My +mg —w
i 1/2 :
y = (..4,2 + 2w + mymg + mgng — 'mx"l:l) % [(mm2 + w)ma]'7?, ©
z = my — Mg+ my — w X my.

Thus the matrix U can be approximately given by

1 - (%;_)'/2 [nqngmzim!]?/?:} ;

”n 3

- [?P}s;s’!;%g.y’)] 1z e—ilatd) (m';;:m)'/z e~ilatd)  gmitati)
The flavor mixing matrix : A
Vienr = ylta+pytd (8)
is then obtained as follows B
1 B+ At Ach (€D — (Ceitr)
View =1 —A+Be® et e(ED = (Ce*) |
Beit (¢CC — (Dei) et ((C — ¢Deitr) | (‘,»"(J{w‘)m ]

(9)

o




where , 1
1/2 /2 ‘ 1/2
M my m,
A=) B=G e=Ge)
m, , m, "y

e+ wh\1/2 fm, + w? 1/2
¢ = (.'_'.’__.......'..) L f= (T )

m, m,

and

$ = a'—a?, ¢ = p*—p%

1/2
0= ()",
nig

(10)

(11)

In obtaining Eq.(9),we have kept only the leading term of every matrix elewnent

[12]. To transform Vip in Eq.(9) into a simpler form, we wmake the following ’

successive rotations of the quark fields:
(1) c—rce®, t— teil®rid)
(2) n—s ue'®=%, d— defB-9),

(3) t—te?, b— be”,

where o ‘
' ' sin ¢,
= arctan |————
¢ | cus ¢y — -5] ?
‘ [ sin b2
6 = arctan .
Accordingly, we obtain
1- 197 7 Ape'
Ve = -y 1~
_Bﬂei(‘i’l "‘f‘) _..p 1

where : |
n = (A2 + B? — 24D cos ¢1)l/21

p = (C*C? + €D — 2(6CD cos §3) /%,

(12)

(13)

) (14)

(15)

and we have added the next-to-leading terms in the diagonal elements 1,4 and

V., by using the unitary condition.


http:arctA.ll

Clearly, the form of Vi in Eq.(14) is quite similar to that parametrized by
Wolfeustein [13]. To some extent, this similarity wight imply the reasonableness
of the qnark mnass matrix M given in Eq;(l), and one may be interested in spec-
ulating the nnderlying physics whieh gives rise to M. In the next section, we will
explore some consequences of onr modified Fritzsch ansﬁtz by means of Eqs.(1)

and (14).
3 Predictions and discussion

Except the top qnark mass, there still exist fonr nnknown parameters in the
KM matrix Vicar (see Eqs.(13-15)): ¢y, e w0 and w!?, originating from the
proposed mass matrices M and M. Here we do not want to allow those
unknown parameters to vary numerically so as to achieve close agrecment between
the thcorctical results and the experimental determined central values of the
maguitudes of the KM matrix elements [8] Instead of guantitative evalnation,
we use our ansatz to restrict the magnitudes of the nine KM matrix elements; to
give an upper bound of the top qnark mass, and to look at the rephasing-invariant

measure of C'P violation.

According to our argmment that the diagonal element w0 (10®) may vary
from zero to m, (m,) in the modificd wmass matrix M (M), we obtain from.

Eqs.(3) and (10) that

1<¢< V2 1<¢E< V2 (16)

For various possible values of the unknown phases ¢; and ¢;, the ranges of 5 and

p in Eq.(15) are limited by

B—-—A < nyn< DB+4,

, (17)
D-V2C¢ < p < VAD+C).

In obtaining the lower bound of p in Eq.(17), we have taken ¢ = V2 and £ = 1,

in view of the fact m!™* > 89 GeV and C < D [4,11], to ensure sufficient

7
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cancellation between C aud D. Using Eqs.(14-17), the magnitudes of the KM

matrix elements can be &pproxinmtclyrestricted‘ by the quark masses as follows:

1/2 : ; 1/2

m my N Mg Mmy. My Mg

1_.___'1______2(._'£.__) < |lelgwcs| < 1- -2 —= ,
me My, mem,/ - T - ST me M, mem,

ma\V?  rm,\1/? o ma\"?% fmg\V?
)7 -G2) s Malmival < (57 +(52)

'8 “C . ] 'C
o\ /2 me 1/2 m, 1/2 mAVZ
(2’_3_) L \/5 (","") S .I\'rcbl ~ |\'rtsl S \/5 I:(""") + (_2) 9
my ny _ 1\ my/

Val  (200)"
Nl (ma)”

[Ven| me
Vil (1&{)"’
Vil m,) '’

l\;“,l ~ 1-
(18)

Three features should be noted in the above expressions.

(7) The magnitudes of V,,, and V4 (Vg and V,,), which correspond to the flavor
wixing between (within) the first and second quark failies, are mainly limited
by 1y, mg,m. and m,. They are approximately independent of the masses of the

third guark family, m, and my,.

(7i) The magnitudes of V4 and V,,, which correspond to the flavor mixing
between the second and third quark families, are mainly determined by 1e, m,, 1y
and my. They are approximately independent of the masscs of the first quark

faunily, m, and my.

(7t7) The ratios |V /Ve|? and |Viq/V,|? are approximately equal to in,/m.
aud mg/m,, respectively [9,14]. They are almmost irrclevant to the corresponding

Lieavy quark masses my and ;.

It is remarkable that Eq.(18) can straightforwardly yield the npper hound of

the top gquark mass:

m,\Y?

. ‘ L - T
ny < 2::;};[(———‘), ,-—IVd,]] . S (19)

my
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This result shows that onr modified ansatz can wake the upper bound of m, twice
as mmch as that predicted by the original Fritzsch ansatz [3]. The coefficient 2 in
Eq.(19) come out under the condition w() = m, and w!® = 0. This weans that in
our generalized quark mass matrices the maximal value of the upper bound of m,
can be obtained when the diagonal elements corresponding to the light quarks «,
d, and s are vanishingly small, while those corresponding to the heavy gquarks e, b,
and t are a}pl)roximatoly equal to the observed values of their masses. This speciad
situation has just been chosen by Gupta and Johuson [8]. Here we get it in a
more general and natural way, Using the current values |V, = 0.030 — 0.058 [10],
&:rc(l GeV)=1.35 £ 0.05 GeV and m,/m;, = 0.033 + 0.011 [11], and transforming
my(1 GeV) into m(my) [15], we obtaiu the approximate value of the upper bound

of the top gquark mass as follows:
ml™ < 100 GeV. | (20)
Of cowrse, this result increases the previous values of the npper bound of m,
predicted in R(?fS.[3,G_,7].
Finally, lct us look at the rephasing-invariant measure of C'P violation [16]:
J = (Vi Vi)l (21)

Using our flavor mixing matrix Viy with leading-order elements in Eq.(14), we
oi)tain | ‘

J = ABp® sin ;. (22)
Note that our C P-violating phase factor (¢!** ) is associated with the second-order
perturbative terms in the quark mass matrices A/(*) and M, Thus C P violation
wight be vanishingly small if m, and my tend to be zero or a, is equal to aq.
A similar result has also been obtained in Ref.[9] with more detailed arguments.

As a result, the maximal value of J in Eq.(22) is given by
Jmar = 2ADB(C + D)?, (23)

which is of order 104 — 10-3 for current values of the quark masses [4,11].

9
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4 Summary - o :

We have followed a phenomenological approach to find a modiiiéd form of the
Fritzsch quark mass matrices to deal with the flavor mixing and CP violation
in the electroweak iutora,ctions. Based on the idea tlmt tlle internmdiate ‘masses
of the ¢ and s quarks might not pick up vahtes fully via nuxmg of the secoud
and third fawilies, we have introduced two nonzero dlagonal elements fur the
c and s gquarks into the ongnml Fritzsch matrices as, the addlhonal ﬁrst-ordcr
pe-xturlmhon. Our ansatz leads, to an interesting Wolfenstein pattcrn of the flavor
mixing matrix, and makes the upper bound of the top quark mass twice as mnch
as that predicted by the Fritzsch ansatz. In addition, the nmgﬁitndes of the
KM matrix clements can be restricted very well by the quark 1nasses, and sone
relations such as |V ub/v,,,,P & omyfm, and I'l d/l 2 & mgf/m, are obtmned in a
better accurm-y We have also looked at the rephmsmg—mvarmnt measure of C'P

violation nsmg our miass matrices.

In conclusion, our modified Fritzsch ansatz for the qﬁafk niass wiatrices is
in agrcement with the present exporiniental kuowledge on the KM matrix and
the top quark mass. No doubt, any simple ansatz (containing ouly a few free
parameters), which can account for the ubserwed systemutlcs of femmm masses,
is uscful in order to find clues of the origin of the fermion mass matrices. We
are looking forward to obtaining more precise experimental data to examine our

phenomenological model.
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