PHYSICAL REVIEW D, VOLUME 63, 097301

Texture specific mass matrices andC P violating asymmetry in BS(§8)->¢KS
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In the context of texture 4-zero and texture 5-zero hierarchical quark mass matrice&SPth@lating
asymmetry int(Eg)—w/KS(sin 2B) has been evaluated by considering quark masses anttseale. For a
particular viable texture 4-zero-mass matrix the range of 8iis2.27-0.60 and for the corresponding texture
5-zero case it is 0.31-0.59. Furthermore, our calculations reveal a crucial dependence3adrsiight quark
masses as well as the phase in this sector.
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The recent first measurements of time-depende®  measurements for the particular viable case of texture 4-zero-
asymmetrya ¢ in BY(BY)— ¢K s decay by the BABAR and Mass matrices as well as for texture 5-zero-mass matrices. It

BELLE collaborations suggest that these values could b¥VOU|d also be interest_ing to examine the implications of low
smaller than the expectations from the standard model analy3!US Ofayks, in particular ofa,<0.2, a benchmark for
sis of the Cabibbo-Kobayashi-Maskaw@KM) unitarity tri-  Physics beyond the standard model as advocated by Silva

angle. For example, the reported asymmetry by BABAR andind Wolfensteiri6].
BELLE are We begin with the unique set of texture 4-zero quark mass

matrices considered by Randhaeigal. [12], for example,

ay=0.12+0.37+0.09 BABAR [1], (1)
0 A, O 0 Ay O
ayk=0457023 7006 BELLE [2], 2 M,=| A Dy Bu|, M,=| A} Du Bg|, (5
0 B! C, 0 B} Cy

whereas the earlier collider detector at Fermil@®DF) mea-

surements gavs] where A,=|A|e'%, Aj=|A4e'*, B,=|B,|e"y, and By
=|Byl€'Pd. The elements of the mass matrices follow the

CDF_ v+ 0.41

3yks= 079 0as ©) following mass hierarchy12,16,17
and a recent global analysis of the CKM unitarity trianjglé A <D.~B.<C.. i=u.d. (6)
gives the value teoroeTe '

Within the standard mod is related to the anglg of
ajy =0.75+0.06. (4) R Sy gl
s the unitarity triangle, expressed as

Recently, several authof5—9] have studied the implications VoV*
of the possibility of low value otwKs in comparison to the asll\(/l —sin2g ﬁzar% cdVeb )
CDF measurements as well as the standard model expecta- s ViaViy

tions. In particular, Silva and Wolfenstdi] have examined
the possibilities of physics beyond the standard model in thein 28 can be calculated by evaluating the elemevitg,
caseayy <0.2. Vep, Vig, andVy, from the above mass matrices.

In the context of texture specific mass matriceg_ has The above matrices can be diagonalized exactly and the

: . A ding CKM matrix elements can easily be found;
been evaluated in the leading approximatipb8,11], how- corréspon '
ever without going into the detailed implications @fyx _ on for details we rr—_:fer the reader to RL6]. However f°f .the.

S sake of readability of manuscript as well as for facilitating

the texture as well as the mass scale at which the quarfe giscussion to evaluate si2we reproduce below the
masses are evaluated. Recently, it has been demonstratge, expressions &y, Vep, Vig, andViy:
cd:» ch: 1 -

[12-15 that texture 4-zero quark mass matrices not only
accommodate the .CKM 'phenomer)ology but are also able to = —ae 1+ c(1-Ry(1-Ry

reproduce a neutrino mixing matrix that can accommodate

the solar neutrino problem, atmospheric neutrino problem, +cV(bZ+Ry)(d?+Ry)e'?2, )
and the oscillations observed at the Liquid Scintillation Neu-
trino Detector. In particular, Randhawet al. [12] have

d?+ Ry

shown that there is a unique set of viable texture 4-zero-mass i 2

e : Vep=—acd? 1+ \(1-Ry)(d*+R
matrices in the quark sector as well as in the lepton sector. ~ °° ac 1-Ry © Vi w @
The purpose of the present Brief Report is to investigate in A
detail and beyond the leading order the implications gf —V(b%+R,)(1—Ry) €'%2, 9)
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b2+ TABLE I. Running quark masses,(u«) (in units of GeVj [14].
V,g=ab? L e i1t c\(D2+R,)(1-Ry)
1-R, At =1 GeV At u=m;
—c(1-Ry)(d?+Ry) €2, 10 M 0.004 88-0.000 57 0.002 339900 45
m 0.009 81+ 0.000 65 0.004 69 3955 &
(b2+ Ru)(d2+ Ry d 0.000 66
Vyp=ach?d? e ' 00118
(1-Ry(1-Ry) mg 0.1954+0.0125 0.0934 39138
+V(b2+R,)(d?+Ry) + V(1-R,)(1—Ry)e %2, me 1.506' 037 0.677 00
11
a3 m, 7.18°9% 3.0x0.11

where a=\m,/m,, b=ym./m;, c=ymy/mg, d
=\ms/my, ¢1=ay—aqy, $2=By— B4, Ry=D,/m;, and
Ry=Dg/my. In principle, sin3 can be calculated using
Egs.(7)—(11), however before doing that we first ensure thatyiad out for (i) D,=0, Dg#0, (i) D,#0, andD4=0, the
by varying the various input parameters, the CKM matrixy,, cases corresuponding 0 texture 5-zero matrices.
elements are within their respective range given by the Par- |, tape 11, we have summarized the results of our calcu-
ticle Data Group(PDG) [18]. In carrying out these calcula- |a4iongs at the different mass scales for texture 4-zero and
tions, we have taken the quark massesiascale as recently  toy¢re 5-zero-mass matrices. From the table one can imme-
advocated by Fusaoka and Koitisl] as well as by Fritzsch  giately find that the range of sin®in the case of texture
and Xing[15]. For the sake of completion, however, we have, saro-mass matrices, with input massesnatscale and at
also repeated the whole analysis with masses at 1 GeV scalg, ¢ | s given by
the scale conventionally used. '
To facilitate the analysis, without loss of generality, we sin28=0.27-0.60. (12)
first considerg,=0 as advocated by several auth®,15.
As mentioned earlier we have carried out our calculations athis range looks to be narrow in comparison with the
two different mass scales, i.e.,@}, scale and at 1 GeV, the BELLE and BABAR results and is ruled out by the standard
corresponding input masses are summarized in Table I. Fanodel (SM) analysis. The corresponding range for st 2

calculating the limits on sin/2, we scanned the full ranges of narrows further when quark masses are considered at the 1
all the input masses at different confidence levels as well ageV scale, for example,

at both the scales, varying;, from 0° to 180 °. It may be of

interest to point out that while carrying out the variations in sin23=0.39-0.54. (13

R, andRy, we have restricted their variation upto 0.2 only

as the values higher than that are not able to reproduce thehis can be easily understood from the fact that the light
CKM elements within their range given by PDG. This is in quark masses at the, scale show much more scatter com-
accordance with our earlier calculatiofik?] as well as the pared to masses at the 1 GeV scale. In view of the sensitive
hierarchical structure of mass matrices described by(&g. dependence of sin®on the quark masses, in Figs. 1-4, we
Having taken care of the CKM matrix elements being within have plotted the variation of sirB2with mass ratiosn,/mc,

the limits mentioned by PDG, we proceed to find a range fomy/mg, m./m,, andmg/m,. From these figures, it is easy
sin 28 using expression&’)—(10). A similar exercise is car- to conclude that sin@ is very sensitively dependent on the

m, 47578 181+13

TABLE Il. The range for sin B at different confidence levels of quark masses.

Masses aju=m;, Masses au=1 GeV
Texture 4 zeros Texture 5 zeros Texture 4 zeros Texture 5 zeros

(Dyg=0, D, #0) (D4=0, D, #0)
sin 28
(with quark masses 0.27-0.60 0.31-0.59 0.39-0.54 0.45- 0.54
at 1o confidence level
sin 28
(with quark masses 0.057-0.68 0.08-0.65 0.27-0.57 0.38-0.56
at 20 confidence level
sin 28
(with quark masses 0.04-0.75 0.05-0.73 0.06-0.61 0.07-0.58

at 30 confidence level
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FIG. 1. Variation of sin B with m,/m, at them, scale. All
other masses are at their mean values, whetgas90 °, ¢,=0,

andR,=Ry=0.1.

ratios of the light quark masses,/m. and my/mg, while
variations inm./m; andmg/my, do not affect sin 2 much.
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FIG. 3. Variation of sin B with mg/mg at them; scale. All
other masses are at their mean values, wheggas90 °, ¢,=0,
andR,=R;=0.1.

ered at their & C.L., for example, 0.04—0.75. Thus we see
that with input masses at theirs2and 3o C.L., the entire

This gets further emphaSized when one Closely examines th@nge of BABAR and BELLE is covered, once again empha_
figures, for example, sin2varies from 0.40 to 0.52 when sjzing the sensitivity of sin2 on the quark masses. This
m,/m, varies from 0.0026 to 0.0045, while it varies only prings into focus the better evaluation of light quark masses.

from 0.464 to 0.457 whem./m; varies from 0.0032 to

Further scrutiny of the Table Il reveals interesting results

0.0044. Similarly sin® varies from 0.52 to 0.41 when for the texture 5-zero case. For example, we obtain the fol-

my/ms varies from 0.0383 to 0.0658, while it varies only |owing range for sin B with D,#0, D4=0, and with quark
from 0.458 to 0.461 Whemnslmb varies from 0.0258 to masses at thmz scale and at & C.L.:

0.0364. It is perhaps desirable to mention that while consid-
ering the above-mentioned variation of sj®®n a given
mass ratio all other masses have been kept at their mean

values at than, scale, whereag;=90° andR,=R;=0.1.

In view of the scale sensitivity of sing it is perhaps
desirable to study the affect of quark masses on gim2
higher confidence levels of quark masses in comparison to

the 1o C.L. corresponding to Eq$12)—(15). In the Table I,

sin28=0.31-0.59,

sin 28=0.45-0.54.

(14
and correspondingly with the masses at 1 GeV we get
(15

Thus, in comparison to the corresponding ranges for texture

we have also listed the results for sifi @ith the input quark ~ 4-Z€ro matrices, the lower bound on sj# goes up some-
masses being at theivzand 3r confidence levels. A look at What while there is not much change in the upper bound.

the table reveals that when the quark masses are consider®
at 20 C.L., we obtain the following ranges for siBZor the
set of texture 4-zero matrices given in E§): 0.057-0.68.
These ranges get further broadened when masses are cons

0.462

jis can be understood by an examination of Eds.and

0.464

0.462

0.46 -

Sin2p
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Sin2p
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FIG. 2. Variation of sin B with m./m, at the m, scale. All
other masses are at their mean values, whetgas90 °, ¢,=0,

andR,=Ry=0.1.
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FIG. 4. Variation of sin B with mg/m, at them; scale.
other masses are at their mean values, wheggas90 °, ¢,=0,
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(10), whereD4=0 results in lowering the upper bound on fidence, texture 4-zero and texture 5-zero matrices. This
|Vi4l, thus pushing up the lower bound on sj@ 2n the other  would force one to consider texture 3-zero and texture
texture 5-zero case, for examply+# 0 andD,=0, we find  2-zero-mass matrices, which will be discussed elsewhere.
that it is not meaningful to talk of the range of sif2s in  Therefore it seems that a sharper measurement ofasimil2
this case the CKM matrix elements do not show overlap withhave strong bearing on the specific textures of mass matrices.
the PDG CKM matrix even after the full variation of all the  To conclude, we have found a range for sfdsing tex-
parameters. _ _ ture 4-zero and texture 5-zero hierarchical quark mass matri-
A few comments are in order. In view of the dependence:es with input quark massesra scale. In the texture 4-zero
of sin 28 0n ¢ and ¢, throughVeg, Vep, Vig, andVip, W& cage with masses awlC.L., we get sin B=0.27-0.60 and
have also studied the case when bgthand ¢, are taken i, the texture 5-zero case we get sfir20.31-0.59. Both
nonzero. The results in this case do not show much deviatiopyyire 5-zero and texture 4-zero matrices are ruled out if
from the case whei,=0 and¢; is varied. However when gin 23 js found to be<0.2 and one may have to go to texture

$1=0 and ¢, is given full variation, interestingly we find 3.7er0 matrices. Our analysis indicates a sensitive depen-
that we are not able to reproduce the CKM matrix elementgjence of sin on the light quark masses as well as the

and hence finding a range for si t this case is meaning- phase in this sector.

less. Thus, it seems that tkEP violating phase resides only

in the light quark sector, in agreement with the conclusions M.G. would like to thank S.D. Sharma for useful discus-

of Fritzsch and Xing[10] based on leading-order calcula- sions. M.R. would like to thank CSIR, Government of India,

tions only. for financial support and also the Chairman of the Depart-
Interestingly, from Eqgs(12)—(15), we find that a value of ment of Physics, for providing facilities to work in the de-

sin 28 lower than 0.2 would rule out, with good deal of con- partment.
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