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Hermitian quark mass matrices with four texture zeros
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We provide a complete and systematic analysis of Hermitian, hierarchical quark mass matrices with four
texture zeros. Using triangular mass matrices, each pattern of texture zeros is readily shown to lead to a definite
relation between the CKM parameters and the quark masses. Nineteen pairs are found to be consistent with
present data, and one other is marginally acceptable. In particular, no parallel structure between the up and
down mass matrices is found to be favorable with data.

PACS numbgs): 12.15.Ff, 11.30.Hv, 12.15.Hh

. INTRODUCTION a, a, as
The standard model is known to have a large number of M=| P1 b2 b 3
parameters. However, most of them are contained in the pair Ci C, C3
of quark mass matricedl, andMp . Of the thirty-six pa-
rameters in these two complex matrices, only [t&R quark
masses, three Cabibbo-Kobayashi-Maskd®@&M) angles  \ye may regard the three rows as components of the vectors
and aCP phasé are physical. This redundancy arises from - -

unphysical, right-handetRH) rotations in both the) andD a,b andc. Then the transformation into the triangular form
sectors, in addition to common left-handédH) rotations, amounts to a rotation into a new coordinate system where the

which cancel out in the CKM matriNCKM:VLVD where axes are aligned in the directions of the unit vectols: (
ViMyUy=M&9andviMpUp=M22 To eliminate these < C)/|bxc|, cx(bxc)/(|c[-|bxc]), and c/|c|, respec-
unphysical degrees of freedom, it was pointed out eglir  tively. It follows that

that RH rotations can be used to reduce Hdth andM to
the upper triangular form, which in the hierarchical basis

exhibits most clearly the quark masses and left-haritlet) a-(bxc) (axc)-(bxc) a-c
rotation angles: lbxc| c|-|bxc| Ic|
X X X M= 0 [bXc| b-c 4
|cl cl
MyUR=M,=| O X X (1) »
0 0 X 0 0 |c|
X X X For complex vectors, b, andc, each transforms as &
MpUR=Mmt=[ O X X1 (2) under RH SU3) rotations. From[3x3],,~3, [3x3
0 0 X X 3]anti~ 1, etc., we readily find
a-(bxc) (axc)-(b*xc*) a-c*
The matricesUS andUS can be constructed explicitly as |5><5| |5| . |5><6| |5|
R13R>3R15, such thatlR; eliminates thg3,1) element of\, - - S s
etc. Another way to obtain the triangular matrix elements M= [bxc] b-c (5)
directly is by a geometric argument. Let us write a general Ic| Ic|
(real) matrix M in the form 0 0 |9|
c
*Email address: chiu@physics.purdue.edu Note that this construction is unique up to a diagonal phase
"Email address: tkkuo@physics.purdue.edu matrix multiplying from the rightM'—M'P, P=diagonal
*Email address: wu@dirac.uoregon.edu phase matrix.
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TABLE I. The eight hierarchical Hermitian matrices with,1)=0. The corresponding triangular forms are also listed. Matrices in this
table can be paired up to form quark mass matrices with 4 texture zerosAttere |C|?(1+|E|%D), B'=B+ CE*, andD’'=D +|E|2.

M, M, M3 My
0 B C 0 0 C 0 B 0 0 B C
B* D' E 0 D E B* D' E B* D O
ct B 1 ct B 1 0 E* 1 ct 0 1
BJ? A —-CE* C BJ? BJ?
,|C|2,u B C ,u B 0 ,|C|2,u B C
D 0 D E D D
0 0 1 D 0
0 1 0 1 0
Mg Mg M, Mg
0 B C 0 0 C 0 B 0 0
B* 0 E 0 DO B D 0 B* 0
c B 1 ct 0 1 0 0 0 B 1
2 -Ick o cC B2 2
H—|C|2 B C 1] —u B O H B 0
P 0 DO D E?
0 “E? E 0 0 1 0 DO 0 —|Ef E
0 0 1 0 01 0 o0 1

After we have transformedll; andMp to the upper tri- as most favorable to present d&fa.

angular form, we may reduce them further by common LH In this paper, we will apply the same technique to the
rotations on both. Since there are three degrees of freedom study of Hermitian mass matrices with four texture zeros,
these rotations, we can use them to generate three additionahich generally entail one testable relation for each pair. The
zeros in the pair. Note that this result is only approximatelystudy of 4-texture-zero Hermitian mass matrices has been a
correct. The LH rotations will generate small elements in thesubject of interest recently3—8|. Attentions have been fo-
lower-left part of the matrices, which can be removed bycused on specific models or structures, which can lead to
even smaller RH rotations. Thus, the process actually corpredictive values for the CKM matrix elements. However,
sists of a sequence of rotatioRs, which can be schemati- due to the complexity involved in the analysis, no complete

cally expressed as---Rs((my/my)2Vy,,(My/mg)2V,,, investigation has been performed so far. Using the triangular
(M1 /mg)2V19)R;1(V12,Vas, Vi MRy ((My /m,) Vo, (M, /mg)  basis can greatly reduce the amount of work involved in
Vo3, (Mg /mM3)Via)- - -. analyzing the viability of 4-zero textures. With this efficient

The above argument provides an algorithm to reduce antool, we are able to provide the first complete study of all
pair of M and My, into upper triangular forms, with the viable four-zero texture pairs that exhibit hierarchical struc-
minimal nine non-vanishing elements between the two mature. The results are presented in Tables | through IV.
trices. As was shown earlier, the most interesting property of
this reduction is that to a good approximation, all of the
reg1aining ni_ne non-vanis_hing matrix elementsNt and II. HERMITIAN MASS MATRICES AND TEXTURE
M*® are physical and are simple products of a quark mass and ZEROS
some CKM matrix elements. This method can thus provide
us with a powerful tool to assess the viability of any pro- We start with quark mass matrices in the triangular form.
posed mass matrices. It was applied to Hermitian mass maJsing the mass relationsm,:m.:m~\8%\%1 and
trices with five texture zeros, and a unique pair is identifiedmg :mg:my,~\*:A2:1, and the CKM element¥ =X\, V¢,
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TABLE Il. The ten possible candidates for Hermitian, hierarchical quark mass matrices with varilsiinglements. Also listed are the
testable relations derived from each pair. In writing relation R1, we have used for simplicity in presemgtiovi.s=V =1, andK
=e'%/my/ms—V,s/V.s. Except for pattern 7, all other relations require properly chosen phases to be viable. The nine viable pairs lead to
4 different relations, three of which are similar: R2, R3, and R4. Relation R6 predicts a too\§p&ll.,, which makes pattern 10
disfavored.

Pattern (M{=0M3'=0) Relation Viable
m, m
! (M1.M7) R1: |vub—K-v:;|2=‘—“i—C|K2| ves
me  m
m, m
2 (M2.Ma) RL: |vubK-v:;|2~‘—ui—clK2| ves
me  m
Y mg . /m V2
3 (M2,M,) R2: | ==\ -y ——— Yes
Ves ms me (me/my) £Vg,
4 (M3,M,) ma V_us:‘ [ma_ s\ [Ma Yes
VCS mS mC
m, m
> (M. M2) RL: |vub—K~vt*s|2=‘_ui—°lK2| ves
me  m
m, m
6 (Ms,Ms) RL:Vyp— K- V2= 2 K| ves
me  m

m
7 (Mg,M,) R4: [V, d= ‘/Hd Yes

S
8 (M71Ml) R3: V_us 2‘ ﬁ_eié‘ ﬂ‘ Yes
\ V. m v m,
9 (Mg,My) ma V_us:‘ [ma s /@‘ Yes
V mg me
m
~+4/—, andR3 No
m,

(o

10 (M3, M3) R5: E = % R6: ﬂ
Vts ms Vcb

~N2, Vyp~\%4 and Vi~\3, the properly normalized Hermitian basis. Triangular matrices thus stand out as the
Yukawa matrices folJ andD can be put into the most gen- unique basis whose matrix elements correspond directly to

eral triangular form, qguark masses and LH rotation angles. This feature makes the
triangular form especially useful for analyzing the texture of
agh® bya® ¢yt aph? bpA3 cpAd quark mass matrices.
U_ 0 din® e 2 D_ 0 dor? e\ (3) To av0|q flne tuning in gen.eratlng the CKM mixings,
T bA e T p& =% ] naturalness criterifil1] has been imposed when writing the
0 0 1 0 0 1 above triangular matrices. This simply implies that, for the

(6)  LH rotation angles|Vy pl;; <[V x O(1). Note that this
. condition can always be implemented by applying a common
Here, all of the coefficientsab, - - -) are assumed to be of | y (otation onTV and TP.
order unity or less. Without loss of generality, we also (4) We can puff¥ andTP in the minimal parameter basis
take the diagonal parametdi®.ay, ap, dy, dp)t0  (mph), with only three nonzero off-diagonal elements be-
be real throughout this paper. We offer the following re-iveen them. This is achieved from E@) by common LH

marks. , , " 5 _ rotations to generate three zeros. For example(1t® ele-
(1) The hierarchical structures 1~ andT" are manifest.  ent of T2 can be set to zero by a common LH rotation

As was shown earlief1,2], we can glagonTallze g‘e”_‘ aP- R;4(—cpA®). This method produces ten pairs of triangular

proximately with only a LH rotationiv L;ZS:VU,DTU’ »With  matrices, as listed in Table | of Rel2]. The elements of

the matrix elements\(y p);;=Ti; 2/ T (i<]). each pair consist of a simple product of quark mass and
(2) The diagonal elements of” and T° are essentially CKM elements. Nothing is unphysical in the m.p.b. As a

the quark masses. The CKM matrix elements are simplyesult, the viability of a given texture can be readily tested by

given by V'™~ (Vp);;—(Vy)i;  (i<j). These simple re- turning it into one of the ten.

lations are lost when we go to other bases, including the Turning now to Hermitian matrices, the consequences of
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TABLE Ill. Nine possible candidates fdvl; or My with nonzero (1,1) element. Both Hermitian and
triangular forms are given in the hierarchical basis. Hefe=D + |E|?, andA"=A+|CE|?/D+|C|2.

MQ MlO Mll M12 Ml3
A" 0 C |B|? A+|C2 0 C |BJ? A 0 O
A+t— B 0 A+t— B 0
0 D E D 0 D O D 0 D
c B 1 B~ D' E c- 0 1 B D 0 E* 1
0 E* 1 0 0 1
A —-CE* C A B O 0 C B O 0 0
0 D E 0 D E D 0 0
0 o0 1 0 0 1 0 1 0 0 1
M14 M15 MlS M17
|BJ2 A 0 C A 0 A 0
-— B O
E? 0 0 E 0 0 E 0
B* 0 E cC* B 1 0 E 1 0 0
0 EX 1
A B 0 A -CE* C A 0 O A O
0 -E? E 0 -E? E 0 -E? E 0 D
o 0 1 0 © 1 0o 0 1 0 0

their texture zeros can be easily understood in terms of the triangular parameters(6f. E@r this purpose, one can start
from Eq.(6) and, by a RH rotation, generate the corresponding Hermitian form

byb,
aU+cUc’{,+%>>\8 (by+cuef)n® cun?
U
U_ 4
v (b5+chen®  (dyrepefnt ez | CETORD) @
chn? esn? 1

bpbj
ap+ o D))\“ bpA®  cpA®
dp

D_ 2

cEN3 esn? 1

We immediately see that whereas off-diagonal Hermitian zefi.e., quark masses and LH rotation anglédote that these
ros [e.g.,Yfg, v;{g or Yi[j’ (i#])] have a one-to-one corre- simple relations between the Hermitian and triangular forms
spondence to zeros in the triangular form, the diagonal Herare approximate, and follow from the hierarchical structure
mitian zeros(i.e., Y};, Y5,, andYY) entail definite relations in Eq. (6).

between diagonal and off-diagonal triangular parameters We are thus led to the following procedure in analyzing
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TABLE IV. Possible Hermitian pairs and their corresponding relations Mr'¢0, M3'=0), and
(M{'=0, M{#0). Herel';*=1+VZ m,/m,=1+0.4 at the scalen, . In writing relations R7 and R8, we
have used for simplicity/,,= V.=V 4=1, andK=e'’\Jmy/m;—V,s/V.s. The particular paifpattern 21
that leads to predictions marginally acceptable by data is indicated by #. Note that no viable 4-texture-zero
pair exists withM '+0 andM3'#0.

Pattern (ME+#0ME=0) Relation Viable
11 Mg,M-) Yes
12 (M19,M>) Yes
13 My1,M3) Yes
14 (M12,M3) Yes
15 M3,M,) Yes
16 (M 14,M3) Yes
17 M 45,M3) Yes
18 M46,M1) Yes
m,
19 (My7,M)) R4: [Vyd=\/— Yes
mS
Pattern (M{=0M3'#0) Relation Viable
mu
20 Mg,M ) RO: |V, pl= o Yes
t
m, -1/2
21 (M2, M) R10: [Vypl=\/ T~ #
t
22 (M3,M) | Vub m, No
R6: | ——|=1\/—
Vcb me
23 (M7,My9) | Vuo m, No
R6{ ——|=\/—
Vcb me
24 (Mg, My9) | Vuo m, No
R6| —|=\/—
Vcb me

Hermitian texture zeros. First, we obtain all possible textureprocedure to the analysis of Hermitian matrices with four
with certain number of zeros forY andYP by referring to  texture zeros.

Eq.(7) and Eq.(8), as listed in Tables | and Ill. Then we can
list all the 4-texture-zero pairs. Second, each pair is trans-
formed into one of the ten triangular forms in the m.p.b.,
using common LH rotations when necessary. Possible rela-
tions between quark masses and mixing can then be read-off The study of viable 4-texture-zero pairs is straightforward
for each pair by referring to Table | of RgR2]. Finally, we by following the procedure outlined above. For convenience
arrive at all the viable textures after confronting the predic-in our analysis and presentation, we categorize the mass ma-
tion of each pair with data. In the next section, we apply thistrix pairs (M ,Mp) according to whether or not the (1,1)

Ill. ANALYSES OF MATRICES
WITH FOUR TEXTURE ZEROS
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matrix element is zero:(1) M{!=0M%'=0, (2) M} o bp -
—0ML£0, (3) MI=0ML#0, (4) ME~0MLE£0. The Mu=Ruz =GN |Res — UMy
results are presented in Tables 1-1V, which contain all the
viable 4-texture-zero pairs. It is seen from the tables that ay\® b6 bp 5
; 11 u uN>———dyr> O
almost all of the viable textures haw;=0. D
The first category involves eight types of Hermitian ma- = 0 dy\? 0l (11

trices, which are listed in Table | along with their corre-

sponding triangular forms. These Hermitian matrices contain

1, 2 and 3 texture zeros favl, and/orMy. Their corre-

sponding triangular matrices can be simply obtained from , bp

Egs. (7) and (8). They are then paired up to form possible MtD=R12( - d—)\> Roa( —ey\?)Mp

patterns for the quark mass matrices. Note thigt, M3, b

Mg, M5, andMg are the ones appearing in the analysis of 4 3 bp 3

five texture-zero matricg®,10,4. One notable feature about aph 0 cpA g (eo—ey)r
.. . . D

the pairing is thaM  and M allow different texture zeros, _ 5 ) (12)

as can be seen from EqS) and(8). For example, whereas 0 dpX (ep—ey)A '

M2%#0 (unless we give up naturalngss12?=0 is allowed 0 0 1

due to the much larger mass hierarchy in the up-quark sector.

As a second exampléli'=MZ?=0 is allowed but the same . v . _

relation is not valid forMp again because of the different _ !dentifying (M ,Mp) with the Sth triangular pattern in

mass hierarchies. As another tip for the pairing, a quick @ble I of Ref.[2] gives

0 0 1

: (14)

check on the CKM matrix element can be useful in the 2 _
screening of possible candidates. For instance, Mhg, i1 ,) A*by /dy=Abp/dp=—=Vys/Ves. (13
air is out because both thd€R,3) elements are zero, which 11_ a1l o
ﬁ\ turns givesV.,=0. The same cannot be said about Her-AS My i M35 —O.m thg Hermitian fgrm, we have two cqr-
- . . L responding relations in terms of triangular parameteys:
mitian pairs with vanishing1,3 elements. HereYy,, and = —|by|2/d, and ap=—|bp|2/dy. With these two rela-
Vg may or may not vanish since they are of higher order in; Léq (1U3) can b[()a writtetl)'] in l[Dh'e well known form
\, and may be induced from a combinBq, and R,; rota- T
tions. In this latter case, a further investigation is required. V m m
The viability of each {1 ,Mp) pair can be assessed by U z’ \/ - eidy Y
converting them, through common LH rotations if necessary, Ves Ms Me
into one of the ten triangular pairs in the m.p.b. as listed in _
Table | of Ref.[2]. Testable relations can then be obtained.\l’vcr:fe rReeiz[ggqugano/tgutgg% 'tﬁgogaigz%12;;&;{&2&;38:?
o iII_ustrate t_he method, we first study thmé’M.l) pair in dependé on' additional phases besidethus leavings a free
detail. The triangular forms foll andM, are given by parameter. In this sense, Ed4) places a constraint on the
mass matrices in fixing the phasebut it is not a prediction
an® b 0 in terms of physical quantities alone. We conclude that the
U v (Mg,M;) pair is a viable texture since E(L4) can be made
Mg—Mi=| © duh*  eyN? , (9)  valid with a properly chosen phasi
0 0 1 To assess the viability of any given texture, we will need
to know about the quark masses and CKM elements. We use
for the quark masses at, values taken from Ref12]. The
CKM matrix elements are taken frofii3], except forV,,

aph* bpr® cpAd andVq, for which we use a recent upddt&4,15:
0  dph? ep\?
M.—ML~ D D ] 10 V
S (10 o2 =0.092¢0.014, (15)
cb exp
0.15< E <0.24 (16)
Here,dy = —|ey|?. This (M{,,M}) pair has eleven nonzero T WVl

elements, and two more zeros are needed to put it into one of

the ten triangular pairs in the m.p.b. There are several way¥/hereas Eq(15) comes from an average of the LEP and
to achieve this. For example, a common LH 2-3 rotation withSLD measurements, E¢L6) comes from a standard model
0,5=—ey\? will set the (2,3) element d¥l, to zero, and a fit to the electroweak data. Note that H46) implies |V 4|
common LH 1-2 rotation with9,,= — (bp /dp)\ will gener-  <0.01.

ate a second zero at the (1,2) position\df, . In this way, After a straightforward analysis of all possible texture
we arrive at pairs, we arrive at the nine viable pairs of Hermitian matrices
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for the first category. These are listed in Table II, together Vib
with their testable relations. Note that relations R1 and R2 ‘—

allow two different solutions depending on the signdyf,

and that some textures share the same quark mass-mixing

relation.
Also listed in Table Il is the particular paipattern 10
which is parallel in structure:Nl 3,M 3). This texture pair has

been the center of focus in recent studies of Hermitian

4-texture-zero quark mass matricgs-8]. To analyze the
predictions of this pair, we first write down the triangular
form

agh® by 0

4 2
M3_>Mb2 0 du)\ eu)\ , (17)
0 0 1
aph\* bpA® 0
2 2
Ma—Mp=| ) TR @R ag
1

We need one more zero to put the triangular pdi,,Mb)

PHYSICAL REVIEW D 62 053014

m
=\ (23
Vcb me
Vid My
=\ 24
Vis mg (24

Using the unitarity of the CKM matrix, the two relations
in Eqg. (21) can be combined to give

Vus_ Vip rd bD . b_U

= A2, 25
Vcs Vcb Vcbvcs dD dU ( )
where we have assumed 3tM=1 without loss of gener-
ality. Using|bd|=—aydy, |b3|=—apdp, and Eq.(22),
Eq. (25) can be cast in the form

:‘ N
mS mC

Note that Eq.(26) is similar but different from Eq(14):
while the phase in Eq(26) is in principle fixed by the
CP-violation parameteey to be a~ 7/2 [15,14], the phase
S in Eq. (14) can be varied freely as the standard modé@

. (26)

Vus
VCS

in the m.p.b., and this can be attained by a common LH 2-¥iolation depends on other phases as well. The relations in

rotation of 6,3=e \? (6,3=ep\?) to set the (2,3) element
of M{, (M}) to zero. For example, we can have

agh® bya® 0

, 4
My =Rps(—e\My=[ O duA™ O (19
0 0o 1
ap\* bp\® 0
M5 =Ry —euA?)Mp= 0 doA® (ep—ey)r®
0 0 1
(20

Note that Q\/I{j ,M‘[;) corresponds to the 2nd of the ten trian-
gular pairs in the m.p.b. as listed in Table | of REZ]. A

simple comparison between them gives the following rela-

tions for the Hermitian 13,M3) texture:

V b Iy b
Jub TV 2 td :_D)\' (22)
Vcb dU Vcchs dD
and
b,d VigVi
arg{—dUbD =aEarg{— “ lb : (22
utb Vuqub

where « is the e-angle of unitarity triangle. Now the two
zeros at the (1,1) position oM3,M3) imply two relations
among the triangular parametetb?|=—aydy and|b3|=
—apdp . This allows us to rewrite E¢21) in the form

Egs.(23), (24), and(26) were also obtained in Ref3-8].

Whereas Eqs(24) and (26) are allowed by data, the pre-
diction of Eq.(23), Vp/V¢p,=0.053+=0.006, is disfavored by
the recent measuremdisee Eq(15)]. The same conclusion
has been reached for three of the five Hermitian pairs in our
five-texture-zero analysi]. It is interesting and surprising
that going to four-texture-zero does not help with this prob-
lem of low V,/V¢,. Furthermore, even varying, andm,
in a reasonable range will not be able to accommodate a
value ofV,,/V.,=0.08[16]. In this regard, we are in dis-
agreement with the analysis of R¢k], where much larger
values(0.083-0.099 for V,,/V., were obtained. We note
also that texture zeros are not invariant under change of ba-
sis. Our result for the pairM;,M3) is valid only in the
hierarchical basis. Otherwise, larger values\gf/V,, are
allowed, as in Eqs(23)—(26) of Ref.[7]. For these reasons,
we exclude the M3,M3) pair from the “Yes” column in
Table II.
It is worthwhile to compare in detail the results of our two
examples. Both the pairdv(g,M ) and M3,M3) have four
texture zeros. But the former yields one relation that is not
physically predictive in natur¢Eq. (14)], while the later
gives rise to two independent predictions of E(3),(24)
[note that Eq(26) is not independemt

In general, for a pair of Hermitian matrices with four
texture zeros, there are eight real parameters plus one or
more phases, so we expect at most one prediction. This is the
case for the pairNig,M,), where we have more than one
unremovable phases and no physical prediction. The situa-
tion is different with M3,M3). From Eqs.(19),(20), using
ay=—|byl?/dy andap=—|bp|?dp, the independent pa-
rameters ardby|, |bp|, |dyl, |dp|l. |eu—ep|, plus
two overall mass scales and one physical phase. Thus, trian-
gularization reveals that the paiiM(,M3) actually contains
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one less parameter than expected, because only the comban be shown that these texture pairs are related by weak
nation (e, —ep) enters. Put another way, we could sgt  basis transformation, and thus are physically equivalent.

=0 (or ep=0) without any effect. This means that the
physical contents ofNl;,M3) are the same as the five tex-
ture zero pair 1,,M3) or (M3,M-). In addition, we can see

that the five-zero pairNlg,M3) also reduces to the same  Because of the many redundancies in the quark mass ma-
triangular form by a LH 2-3 rotation. Thus, we conclude thattrices, a lot of work has been done in search for more restric-
all four pairs, M3,M3), (M7,M3), (M3,M7), and tive patterns of matrices which are still compatible with ex-
(Mg,M3), are physically equivalent. The analytical predic- periments. In the literature, such considerations have focused
tions of the last three pairs were studied in Rei. on Hermitian mass matrices with a certain number of texture
Similar analyses of the Hermitian pairs withl j+0  zeros. It was found that the maximum allowed number of
and/oerquéO follow directly. The results are presented in texture zeros is five. Amongst them one unique pattern has
Tables lll and IV. In Table Ill, we list the nine hierarchical been identified which is most favorable with data. It is
Hermitian matrices with (1,50 that are used in the con- worthwhile to understand the situation for pairs of matrices
struction of viable Hermitian pairs. The corresponding trian-with fewer texture zeros.
gular matrices are also given in the table. The viable Hermit- In this paper, we have investigated systematically Hermit-
ian 4-texture-zero pairs constructed from Tables | and Il aréan hierarchical quark mass matrices with four texture zeros.
listed in Table IV, together with their predictions for quark By transforming the Hermitian matrices into the triangular
mixing. Whereas there is no viable pair with bdﬂﬁlqéo form in the minimal parameter basis, and using the fact that
andM&#0, nine pairs withM 5'#0 andML'=0 are found the latter contains only physical masses and CKM matrix
to be compatible with data. Of the Hermitian matrices withelements, we can quickly rule out many of the possible pairs
M&'=0 andM3'#0, one pair is viable, and the 2nd pair, of mass matrices. For the remaining candidates, we showed
(M5, M), leads to the same prediction fdf,, as that of the that each pattern of texture zeros implies certain relations
5th five-texture-zero pafisee Eq(15) in Ref.[2]]. This pair between quark_ masses an_ql mixing. The_se relations can be
allows two different relations depending on the signdgf. used to de.termlne thg V|ab|I|jcy of each pair qf mass matrices
While the plus-sign relation is marginally acceptable, thePY comparing them with available data. In this way we iden-
minus-sign relation is disfavored by data. tlf_led nineteen pairs of mass matrices Whlch are c_ompatlble
Before we leave this section, we would like to point out With current data. One paipattern 21 is marginal, with the

that some of the disfavored Hermitian pairs can give rise tdin@l verdict depending on more accurate experimental num-
nontrivial predictions. For example, the four pairs bers. Of the nineteen viable textures, none has a parallel

(M;,My) and M, ,M2)(i=2,4,5), all lead to the relation structure between the up and down mass matrices. In particu-
lar, the popular parallel-structure pair that has been a focus
Vgl = \/Vﬁsmc/mﬁr m, /m; of much attention, pattern 10, leads to a low value of
Vu/Vep, and is not favorable with present data. We also
=|Vyd Vme/myX (1+ O(A?))>1%. (27)  found that, by a proper LH rotation, pattern 10 can be shown
) o ) ) o to have the same physical contents as tlive@ch are them-
This prediction contradicts the experimental limit [ffidl  selves equivalehof the five pairs studied earlig2,9]. The
<1%, as can be derived froBB mixing [see also Eq.16)]. asymmetry between up and down quark mass matrix textures
As another example, the Hermitian paiM{,M4,) entails could serve as a useful guideline in search for realistic mod-
the relation: els of quark-lepton masses.

m
|Vcb|= H(:
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