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We study the implications of the recent Bd - Bd mixing data on the quark 
. . - sector parameters - mt, ~13 and 6 - within the three generation standard model. 

We derive limits on several experimental quantities: rs, et/c, branching ratios of 

rare K and I3 decays. The Fritzsch scheme for quark mass matrices is consistent =- 

with the experimental data only if several experimental and theoretical quantities 

-- - assume values at the limit of their allowed ranges. This allows a unique solution: 

mt - 85 GeV, ~13 - 0.035, 6 - loo', with many definite predictions. The Stech 

scheme and its extension by Gronau, Johnson and Schechter are inconsistent with 

the experimental constraints. We study how a direct measurement of mt or srs 

will improve our constraints and predictions. 
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- 1. Introduction 

:- The standard model with three generations of fermions has undergone nu- 

merous experimental tests. All these tests have confirmed again and again the 

validity of the standard model predictions of low-energy phenomena. The pre- 

dictions of the minimal standard model can all be given in terms of eighteen 
- 

independent parameters. Of these, ten are related to the quark sector of the 

theory. 

The ten parameters describing the quark sector of the three generation stan- 

dard model consist of six quark masses, three mixing angles and one Kobayashi- 

Maskawa (KM) ph use. The quark masses are best determined from meson spec- 

troscopy and chiral perturbation theory. The mixing angles are best determined 

from flavor changing tree level decays of mesons. We call these “direct” measure- 

ments. Further information on the value of the parameters comes from processes 

that occur only at the loop level of the standard model. We call such inform.ation 

“indirect” measurements. 

. . 
- . -Seven of the quark sector parameters are relatively well known. These are 

five-of the quark masses (given here in GeV): 

md - 0.009 ; ma - 0.15 ; mb - 5 

mu - 0.005 ; m, - 1.5 
-- - 

and two of the mixing angles: 

S12 - 0.22 ; S23 - 0.05 

(14 

P-2) 

We gave here only the order of magnitude of these parameters. Later we comment 

on the accuracy of our knowledge of some of them. All the above values result 

from direct measurements. 

- -Three parameters are rather poorly determined. The top quark has not yet 

been found. There is a lower limit on its mass, coming from its non-observation in 
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e+e- anihilations: mt 2 23 GeV. If the difference between the sqaured masses of 

-the t-quark and the b-quark were too large, the predicted value of sin2 0~ would 

deviate too much from its measured value. This gives [l] mt 5 180 GeV. We 

will refer to the bounds 

- 23 GeV 5 mt 5 180 GeV (l-3) 

as “direct” bounds, although the upper limit comes from an indirect measure- 

ment. The third mixing angle, ~13, has only a direct upper limit on its value 

s13 5 0.011 (1.4 

We will later explain how this limit is determined. The phase b has only very 

loose bounds on its value, coming from the measurement of the CP-violating 

parameter E. 
- 

Recently, the ARGUS collaboration has found a positive evidence for Bd - Ed 

‘mixing [2]. This result significantly contributes to our knowledge of the quark 

sector parameters. The combination of the B - B mixing data and of the E value 

gives constraints on the allowed values of the three poorly determined parameters. 

In the near future, a large amount of additional information is expected to be 

found from further studies of B physics. Another possible source of information 

is the continuous search for the top quark. The first purpose of this paper is 

to analyze the implications of the existing ARGUS data on the quark sector 

parameters and to understand how near future experiments will further restrict 

the allowed domain of these parameters. 

The implications of the B-B mixing data on the standard model parameters 

were previously discussed in several papers [3 - 61. We here give a much more 

detailed analysis and a broader scope of results. 

- -‘In the standard model, mixing angles and quark masses are unrelated. Sev- 

eral models beyond the standard model suggest special forms of mass matrices. 
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. ._ 

These mass matrices have less than ten independent parameters, thus giving re- 

.lations among quark masses, mixing angles and phases. Consequently, they are 

more constrained than the standard model, and one could check if their predic- 

tions are consistent with the experimental values of the quark sector parameters. 

In this paper we consider four such schemes: the Fritzsch scheme [7] with eight in- 

- _ dependent parameters, the Stech scheme [8] with seven independent parameters, 

the Fritzsch-Shin scheme [9] and the Gronau-Johnson-Schechter (GJS) scheme 

[lo], each with six independent parameters. We check whether the predictions 

of these mass matrices are consistent with the new ARGUS results and with all 

earlier data. For the schemes which do not fail to account for the observed B - B 

mixing, we study their predictions for the results of future experiments. 

The general lines of our calculations and our main results were given in a 

previous paper [5]. H ere we give the details of these calculations, a much more 

detailed explanation of the different considerations and additional results and 

predictions. - 

The paper is organized as follows: In chapter 2 we describe the constraints on 
. . 

- ‘I the quark sector parameters. We emphasize the ambiguities involved in inferring 

values for ~23 and srs from direct measurements. We review the constraints 

on mt, srs and 6 coming from the E measurement, and carefully analyze those 

resulting from the B - B mixing measurement. In chapter 3 we give predictions 

-- - for future experiments (B, - B, mixing, direct CP violation and rare K and 

B decays), based on the allowed range of parameters derived in chapter 2. In 

chapter 4 we present the different schemes for quark mass matrices that we study. 

We explain the relations between the “physical” quark masses (involved in the 

physical processes which serve as measurements for mixing angles) and “running” 

quark masses (which appear in the mass matrices). In chapter 5 we study the 

consistency of the Fritzsch scheme (and its extension by Shin) with the new 

experimental data. In chapter 6 we study the consistency of the Stech scheme 

(ard its extension by GJS) with these data. In chapter 7 we give our conclusions, 

and describe further experimental tests expected in the near future. 
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2. The quark mixing matrix in the standard model 

2.1. PARAMETRIZATION c-n 

We use the following parametrization [II] for the CKM-matrix: 

- 
c12c13 s12c13 sl3e 

-i6 

-s12c23 - c12s23s13e 
i6 

c12c23 - s12s23s13e 
i6 

s23c13 (2.1) ‘- - 

s12s23 - c12c23s13e 
i6 

-c12s23 - s12c23s13ei6 c23c13 

where cij E cos 8ij and sij E sin 0ij. _ The notations follow those of ref. [12]. It is 

experimentally known that 

a. The -mixing angles are small, so that all cij fulfill cij = 1 to order 10b2. 

b. The sij fulfill ~12 > ~23 > ~13. 

Consequently, we may use the approximation 

1 s12 sl3e 
-i6 

- 

v= -s12 - s23sl3e 
i6 1 s23 P-2) 

s12s23 - s13e 
i6 . . -s23 1 

- . 
The second term in V& is only relevent in the calculation of the CP-violating 

parameter E. z- - 

2.2. “DIRECT” MEASUREMENTS 
-- - 

The main advantage of the parametrization (2.2) is that direct measurements 

of the matrix elements Vu,, V& and VUb are trivially translated into VaheS of 

~12, ~23 and srs (respectively). 

An analysis [ 131 of the Ke3 and hyperon decays gives for ~12 = IV,, I: 

s12 = 0.220 f 0.002 P-3) 

- -The value of ~23 = IV&] can be extracted from the semileptonic B-meson 

partial width 114 - 181. 0 ne assumes that it is given by the b-quark W-mediated 
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decay: 

where F(mz/mi) is a phase space factor: 

- 
F(x) = 1-8x+8x3-x4 -12x2 In(x) P-5) 

Thus, (~23)~ is given by 

k2d2 = [F] [ BR(b ; cep’)] [ mgr(;2,mil] 
c 

(2.6) 

We use the experimental data [17] 

BR(b + c&) = 0.121 f 0.008 (2.7) 

. . 
- 

and [18] 

rb = (1.16f0.16) X lo-l2 set (2.8) =- 

-- - 
The quark masses mb and m, that should be used in our different calculations 

are subject to many theoretical uncertainties [15,17]. We take these uncertainties 

into consideration by allowing for large errors: 

m, = 1.5 f 0.2 GeV ; mb = 5.0 f 0.3 GeV P-9) 

However, it is unlikely that in any single calculation we should use m, and mb at 

thZr opposite limits. The meson masses are close to the respective upper limits 

in eq. (2.9), while the physical quark masses are close to the lower limits. Thus, 
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for the ratio ??Z,/?nb, relevant-o eq. (2.6), we take a smaller range: 

?&/mb = 0.30 f 0.03 (2.10) 

Using the full range of the ratio (2.10) we get: 

- 
F(m~/m~) = 0.52 f 0.07 (2.11) -- -. 

.-. 

The determination of ~23 from the B-meson semileptonic decay (eq. (2.6)) is 

thus subject to both experimental and theoretical uncertainties. Due to the m!- 

dependence, we cannot determine (~23)~ to an accuracy better than 30%. Adding 

the errorsin quadrature we get 

(~23)~ = (1.85 f 0.65) X 10e3 (2.12) 

which gives _ 

+0.007 
s23 = 0.043-,J),, (2.13) 

. . 
- . 

One may argue that while the amplitude for the decay is reasonably described 

at the quark level, the phase space factor should be calculated with the meson 2 - 
misses: mb M MB and MD ‘< m, 5 MD*. Both mb and m,/mb are larger 

than the values we used before. Consequently, the value of the relevant factor -- - 
m~F(m~/m~) does not change much. Allowing the full range of BR(b --+ c&e) 

and rb we get: 

0.35 <F(mz/mi) < 0.40 
(2.14) 

0.038 5 ~23 5 0.050 

As this calculation gives ~23 values within our former bounds (2.13), we may 

safely use eq. (2.13) as our bounds. As for the lower range of F(mz/mi) derived 

using meson masses, all our calculations (other than the above ~23 calculation) 

useonly the upper limit on F(mz/mi). Thus we may safely use eq. (2.11) for 

these calculations. 
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Recent measurements tend to give Tb-VaheS closer to the lower limit in eq. 

(2.8). Th’ 1s may eventually lead to somewhat higher ~23 values. 

The non-observation of charmless B-decays [ 171, 

- 

r(b--@) <oo8 

I’(b -+ dot) - ’ ’ 

gives an upper bound on ~13 = Iv&]: 

(2.15) 

,m -. 

~13 5 [0.08 F(m,f/m~)]‘/‘s23 (2.16) 

__. In order to avoid the large uncertainties involved in the determination of ~23, we 

will use the the ratio between srs and ~23 rather than ~13 itself: 

Ivubl q=iw= 5.5 [0.08 F(mz/mi)]1/2 < 0.22 (2.17) 

where we used F(m:/mi) 5 0.59. As ~23 5 0.050, 
- 

s13 2 0.011 (w9 

. . 
- . 

This bound strengthens the validity of the approximation we made while 

replacing IV,,l, ]V&,] and ]Vub] with ~12, ~23 and ~13: this approximation is 

actually good to order 10m4. ’ 

-- - Recent measurements [19] suggest an upper bound which is more stringent 

than the one in eq. (2.15). Thus, our use of the bound (2.17) may be regarded 

as conservative. 

To summarize: Direct measurements give 

S12 = 0.220 f 0.002 ; S23 = 0.043~~:~$ ; S13 5 0.011 

We will often use 

(2.19) 

- 
(s2s)2 = (1.85 f 0.65) x lo-3 ; q = 2 5 0.22 (2.20) 



2.3. “INDIRECT” MEASUREMENTS 

:- The experimental results that we use to further limit the allowed range of 

the quark sector parameters are the measurements of the CP-violating parameter 

E, and the B - B mixing parameter X& The standard model contributions to 

these parameters come from box diagrams and are GIM-suppressed. Relating 
,m - - 

these experimental results to the CKM parameters depends on the assumption 

that there are no significant contributions from diagrams beyond the standard 

model. 

CP-violation: c The expression for E [20] with the parametrization (2.2) is 

I4 = C- BK - [s23129sin6 {[v3f3(Yt) - n]w12 + 72ytf2(yt)(S23)2[S12 - qc0s6]} 

(2.21) 

where 

Yi = - fg (i = c,t) 

3 YtU + Yt) 
f2(Yt) =1 - 2 (l _ yt)2 

[ . . 1+ + ln(yt) 1 - . 
f3(Yt) =ln (;) -&T& [l+&l”(Yt)] 

&%~&MKM& 

6r2fiAh& 

(2.22) 

z - 

-- - Eq. (2.21) gives a relation among the three undetermined parameters of the 

quark sector, (mt, q, 6). Other parameters in eq. (2.21) may be divided into 

two groups: 

a. Parameters which are known to a high accuracy (uncertainties of a few 

percent or less). These are ~12 (eq. (2.3)) and 

1~1 =2.3 x 1O-3 

c =4 x lo4 (2.23) 

- q1 =0.7 ; q2 = 0.6 ; q3 = 0.4 

The three parameters vi are QCD corrections [21]. The dimensionless con- 
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stant C was calculated using 

GF =1.166 x low5 GeVB2; Mw = 82 GeV 

f; =(0.16 GeV)2; MK = 0.498 GeV; AMK = 3.52 x lo-l5 GeV 
(2.24) 

- b. Parameters with large uncertainties. These are m, (eq. (2.9)), (~2s)~ (eq. 

(2.12)) and the B K p arameter, which is usually estimated to be in the range 

.- -. 

1 
+?K<l. (2.25) 

Either-or both of mt and q may be soon directly measured. Thus, we present 

the “c-relation” (eq. (2.21)) in two ways: 

(i) We fix mt and get a curve in the q - 6 plane. We show two examples in fig. 

(1.a): in order to demonstrate the c-relation for both low and high values - 
of mt we select mt = 55 GeV and mt = 120 GeV. We take here BK = 1. 

Using the central values, ~23 = 0.043 and m, = 1.5 GeV, we get the 
- . 

-- - 

central curve. Taking the maximal values, ~23 = 0.050 and m, = 1.7 GeV, 

gives a lower bound on q, while taking minimal values, ~23 = 0.034 and 

mc = 1.3 GeV, gives an upper bound. Values of (6,q) within the band 

(Andy below q = 0.22) are allowed. Comparing the two mt values, one can 

see that the higher mt, the lower the curves. 

(ii) We fix q and get a curve in the mt - 6 plane. We show two examples in 

fig. (1.b): we choose q = 0.20 and 0.06 to show the e-relation for high and 

low q-values. Again, we take BK = 1. Taking for ~23 and m, the central, 

maximal or minimal values, give the central curve, a lower bound and an 

upper bound on mt, respectively. The region within the bounds and with 

23 GeV 5 mt 5 180 GeV is allowed. Lower q-values give higher curves. 

‘. 
- -We studied the implications of the E relation for the whole range of mt and q 

in a similar manner to the one given in the above examples. Additional examples 
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are given in figs. (4)-(g) (t g th Q e er with information from the Xd data). We 

.derived the following conclusions: 

- 

a. The c-bounds by themselves do not exclude any range of mt within the 

direct bounds. Values of q below 0.02, and values of 6 below 20’ (and 

above 178O) are excluded. 

b. Smaller BK values raise the E curves (in both the q - 6 plane and the 

rnt - 6 plane), thus strengthening the lower bounds and weakening the 

upper bounds. 

__. c. The upper bound on q is more stringent than the direct bound only for 

large mt. The upper bound on mt is more stringent than the direct bound 

only for large q. 

All these results by themselves are known. We present them here because we 

will later be interested in combining these results with those derived from the 

new B - B mixing data. 

-B - B mixing: Xd The ARGUS collaboration has recently observed Bd - Bd . . - . 
mixing with [2] 

?-d = 0.21 f 0.08 (2.26) 

We will use the parameter Xd E y which is related to rd by: 
-- - 

x2 
rd = 2 + xi 

The expression for Xd is [14,22]: 

(2.27) 

(2.28) 

We-neglect here the contributions of lighter intermediate quarks (u, c) and cor- 
mz rections of order z due to external momenta. 

t 
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Note that while K - K mixing depends on Re[M12(K”)], the B - B mixing 

.depends on IM12(B”)l. 

In our parametrization 

- 
Ivtd12 = (s23)2 [s:2 + q2 - %2qco36] (2.29) 

while IVtb12 = 1 to a high accuracy. 

_-. 

Eqs. (2.28) and (2.29) give a relation among the three parameters mt, q, 6. 

Again, the other parameters in these equations may be divided into two groups: 

CL. Parameters which are well known. In addition to the previous parameters, 

GF, MW and ~12, we now use 

MB = 5.28 GeV; 7 = 0.85 (2.30) 

where 7 is a QCD correction [14]. 

- . 6. Parameters with large experimental errors (Xd, 7bsz3) or theoretical ambi- 

guities (B~fi). From eqs. (2.26) and (2.27) we get 

xd = 0.73 f 0.18 (2.31) 

One should note that ~23 and rb appear only in the combination [q,(~23)~], 

which does not depend on 76, as can be readily seen from eq. (2.6). There- 

fore, the error on this combination is somewhat smaller than on (~23)~ 

alone: 

rb(S23)2 = (3.25 f 1.10) x 10’ GeV-1 (2.32) 

where errors on the quantities in eq. (2.6) were added in quadrature. The 

- - hadronic parameter Bg (analogous to BK of the Kaon system) is believed to 

be close to 1. However, there is much uncertainty involved in the calculation 
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of the B decay constant fB. QCD sum rules give results which depend on 

the on-shell b quark mass: using mb = 4.26 GeV gives [23] fB = 190 f 

30 MeV, while using mb = 4.8 GeV gives [24] fB = 130 f 15 MeV. Other 

approaches use the B -’ B* mass difference [25], the MIT bag model [26] 

and potential models [27]. They all give values in the region 50 MeV 5 

-- fB < 150 MeV. We will use 

BB jg = (0.15 f 0.05 GeV)2 (2.33) 

.-. We note that our constraints on the quark sector parameters strongly de- 

pend on the upper limit in eq. (2.33). 

We can write: 

.“, : 
where: 

&j/C’ = j/t f2(@)[$2 + q2 - 2s12qco36] (2.34) 

- 

. . 
- c’ = [r&;3)]&kfj@B j;)M$IVtb12 = 5.1:;:; (2.35) 

We.used here the full range of [rb(S2s)2] and Bg ji. We will use eq. (2.34) with 

the numerical values (2.31) and (2.35) as our “X&relation” among (mt, q, 6). As 

the product in eq. (2.32) d oes not depend on rb, improved measurements of the 
-- - 

&lifetime will not affect the Xd relation, but may - rather paradoxically - affect 

the r-relation through a possible shift in ~23 values. 

We present the Xd relation in two ways, demonstrated in fig. (2): 

(i) We select a value for mt (again, we take as examples mt = 55, 120 GeV). 

This is shown in fig. (2.a). Using Xd = 0.73 and C’ = 5.1 we get the 

central curve in the q - 6 plane. The edges of the band are derived using 

(xd = 0.55, c’ = 12.1) and (Xd = 0.91, C’ = 1.5). For the low mt the 
- 

upper bound lies far above the direct upper limit q 5 0.22 and is not shown 

in the figure. For the high mt there is no lower bound on q, namely q = 0 
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is allowed. The allowed (6, q) values are those within the band and below 

q = 0.22. 

- 

(ii) We select a value for q. Again, we take as our examples q = 0.20, 0.06. This 

is shown in fig. (2.b). Using Xd = 0.73 and C’ = 5.1 we get the central curve 

in the rnt - 6 plane. A lower bound on mt is derived from (Xd = 0.55, C’ = 

12.1). An upper bound on mt is derived from (Xd = 0.91, C’ = 1.5). For 

low q values the upper bound lies far above the upper limit mt 5 180 GeV, 

and therefore it is not shown in the figure. The allowed (6, mt) values are 

those within the band and with 23 GeV 5 mt 5 180 GeV. 
__. 

We studied the implications of the Xd relation for the whole range of mt and 

q in the method described in the above examples. Additional examples are given 

in figs. (4)-(g) together with the E relation. Our conclusions are: 

a. The xd-bounds together with the direct upper limit on q, exclude mt values 

below 42 GeV. 

b: No range of either q or 6 is excluded for all mt-values. In particular, 
. . - q = 0; 6 = 0 is an allowed solution for large enough mt. The Xd relation 

by itself cannot give us direct information on CP-violation. 

-- - 

C. The upper bounds on rni and on q are always less stringent than the direct 

bounds. 

2.4. RESULTS 

In the last section, we analyzed the relations among the three undetermined 

parameters of the quark sector, mt, q and 6. Now we combine the “c-relation” 

(eq. (2.21)) with th e “Xd-relation” (eq. (2.34)), and require that values of the 

three parameters would be consistent with both simultaneously. In addition they 

should, of course, obey the direct limits, 23 GeV < mt 5 180 GeV and q 5 0.22. 

The combination of the two relations gives us: 
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a. Allowed values of (mt, q, 6). These are all points within both the c-band 

and the xd-band, which are consistent with the direct bounds. 

-- 
b. The most likely values of (mt, q, 6). Th ese are the intersection points of the 

- 

central curves (provided they are within the direct bounds), corresponding 

to central values of all parameters in eqs. (2.21) and (2.34). 

As an example, we take the combined information of figs. (1) and (2), and 

show the results in fig. (3). 

With mt fixed (fig. (3.a)) at 55 GeV the central solution lies outside the 

direct bounds (as is the case for all mt 5 82 GeV). The value of q should be 

above 0.13 and the phase 6 is in the range 105’ - 165O. 

With mt = 120 GeV the central solution is q = 0.11, 6 = 155’. Values of q 

above 0.03 are allowed. This limit is determined by the e-bound only, as is the 

case for mt 2 100 GeV. The phase 6 should be in the range 40° 5 6 5 175O. 

With q fixed (fig. (3.b)) at 0.20, th e central solution is mt = 87 GeV, 6 = 

162O.. Values of mt above 45 GeV and 35’ < 6 5 178’ are allowed. 

. . 
- . .With q fixed at 0.06, the central solution is mt = 151 GeV, 6 = 138’. Values 

of mt above 76 GeV and 25’ < 6 5 165’ are allowed. 

As can be seen from these examples, the Xd bounds are significant for low 

mt values and for large q values. At large mt and small q values, most of the 
-- - excluded region of parameters is a consequence of the E bounds. 

We use the same method to give results for several values of mt and q. In figs. 

(4)-(6) we show the allowed regions in the q-6 plane for mt = 45, 65, 85, 180 GeV 

with BK = 1, 0.7, 0.4. We also give the central solutions. 

In figs. (7)-(g) we show the allowed regions and the central solutions in the 

mt - 6 plane for q = 0.18, 0.14, 0.10, 0.04 with BK = 1, 0.7, 0.4. 

For each selected value of q we derive a lower bound on mt. The collection 

ofihese points from all q values gives a curve in the mt - q plane. This curve, 

shown in fig. (lo), can be used in two ways: 
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(i) Once we have a value for q (or an upper bound), the curve gives the lower 

bound on mt. 

(ii) Once we have a value for mt (or an upper bound), the curve gives a lower 

bound on q. 

- 
If the actual q and mt lie both on this curve, it is required that all parameters: 

s23, mc7 Xd and &d& should simultaneously have values that correspond to 

their experimental or theoretical limits. 

. _-. 

The collection of all centr.al solutions gives another curve. It is more likely 

that we would find q and mt on this curve, as it corresponds to central values of 

all parameters involved. This curve is also shown in fig. (10). 

To summarize, we get the following bounds on mt and q: 

43 GeV 5 mt 5 180 GeV 

0.02 5 q 5 0.22 

- However, the mt and q-values are more likely to be found in the range 
- 

83 GeV 5 mt 5 180 GeV 

. 0.04 5 q < 0.22 

(2.36) 

(2.37) 
2- - 

-- - The phase 6 is probably in the range 108O - 17S”, but values as small as 20’ and 

as large as 178’ cannot be excluded. 
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- 3. Predictions 

There are several experimental quantities that depend on the values of the 

unknown parameters (mt, q, 6). However, at present they cannot constrain these 

parameters for two possible reasons: Either the theoretical calculations of these 

quantities involve additional uncertainties, or the experiments have not yet 
- 

reached the needed level of sensitivity. Thus, instead of getting constraints we 

give here predictions for these processes, based on the bounds that we derived. 

3.1. B, - B, MIXING: x8- 
.-. 

Although the calculation of both Xd and xS is subject to large uncertainties, 

the ratio between these quantities is expected to be well-approximated by 

x5 IVts12 -- 
cd - Ivtd12 

(3.1) 

One assumes here that the lifetime 76, the mass mb, the BB-parameter and the 

. . 
- decay constant f~, are all equal for Bd and B,. In our parametrization 

- 
X8 -= 

(s23)2 
xd Is12s23 - s13ei612 = Is12 -‘qe ) i6 2 P-2) 

The ratio is a function of q = 2 and 6 only, and is independent of mt and ~23. 

-- - This ratio-is minimized when 6 is taken as close to 180’ as possible (the phase 6 

cannot be exactly 180° because it would lead to c = 0): 

where the second inequality results from q 5 0.22. This gives: 

x, > 2.6 ===s- rs 2 0.77 (3.4 

-Tl%s, a large B, - B, mixing is expected, independently of mt. Actually, for 

most of the range of the parameters we expect the mixing to be near-maximal. 
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With 6 - 90° we get r s > ll.94. In fig. (11) we give lower limits on r, for 

.0.02 5 q < 0.22, and 6 - 90°, 180°. 

If q is negligible (compared to ~12) we expect ra = 0.985. 

3.2. DIRECT CP-VIOLATION: f 
- 

The contribution from the “penguin” diagram to c’ gives [16] 

.-. 

< 1 6.0c,, ( s23s;;fin”) 

E 

where 

(3.5) 

The “penguin” operator is Qe, while the Wilson coefficient is es, where the CKM 

. . -factor was explicitly taken out. The calculation of both 5s and (xx]Qs]K”) is 
- 

subject to major theoretical ambiguities. The Wilson coefficient depends on the 

QCD scale and on mt. As for the hadronic matrix element, recent lattice cal- 

culations [28] give values which are much smaller than the vacuum insertion 

approximation. In addition, one has to correct the C” parameter for isospin 
-- - 

breaking effects and for electromagnetic “penguin” graphs. On all of these am- 

biguities we have nothing to add here. Our analysis concerns only the product 

of the mixing angles and the phase. 

;: 

The CKM factor is maximal for ~23 - 0.05, q - 0.22 and 6 close to 90’. This 

would give E’/E - 1.5 x 10m2C”. A lower limit on the CKM factor is derived 

when q is at its lower limit - 0.02 (in which case sin 6 - O(1) from the c-bound). 

We get cl/e - 8 x 10V4C”. This lower limit is determined by the E bound, so 

at3his stage the B - B mixing data do not improve the predictions. We will, 

however, return to the subject when we study the Fritzsch scheme in sect. (5.4). 
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The three recent experimental results are [29]: 

:: g =(-0.46f0.53 hO.24) x 1O-2 
E 

c =(+0.17 f 0.82) x 1O-2 
E 

g =(+0.35 f 0.30f0.20) x 1o-2 - E 

P-7) 

,e - 

3.3. -IT+ + 7r+zm 

The branching ratio for the decay K+ -+ &VD is [20] 

3 I~~=2v~~v~d~(yj,zi)~2 
Bk(K+ --+ T+VD)= 2x2BR(K++ r"e+ve)c 

i=l pL~2 

- where zi = w and 
W 

4-2 2 

- 

D(y,-2) = --i& 1-z 
( ) 

In(z) + iy + 5 1- A-- .--I--- 

. . 
-. 

* +; [-J-(e)z+1+ (&j yl.':lzJ 1-y 

We use [30] 
a 

XE = 0.0025 
-- - 47T sin2 8~ 

BR(K+ + r'e+v,) = 0.048 

and get [20] 

where 

Iji G 
- -- 

The zi can 

(3-g) 

L- - 

BR(K+ + ~+~ii) = 6.0 X lo-‘):fii 
i 

(3.10) 

(3.11) 

/c,“=, v~8vjdD(?/j,-%)~2 

p?hs~2 
= I~(Y~,G) + s23vtdD(Yt,&)12 

s12 
(3.12) 

be put to zero, except for z, in D(y,, ,q), where the non-negligible 
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mass of the r gives a smaller-D: 

:: -D(Y~,G) = D(yc,+) = 3.9 x 1tr3 ; D(yc,zr) = 3.1 x IO-~ (3.13) 

- 

The second term in fii depends on all three parameters (mt, q, 6). The two terms 

in fii give comparable contributions. 

To get an upper limit on the branching ratio we replace (in eq. (3.12)) Vtd with 

l&d] and put for ~23 and ]I&] their upper limits. An upper limit on l&d] is derived 

from the direct limits on ~23 and ~13, lVtd/ 5 0.022. An indirect upper limit on 

. _- ]Vtd] is derived from the Xd relation (eq. (2.28)) with Xd = 0.91, 73 = 1 psec 

and Bsfi = (0.1 GeV)2. It is more stringent than the first limit only for 

mt 2 140 GeV. The upper limit on the branching ratio is shown in fig. (12.a). 

It varies from 9 x lo-l1 for mt =~ 45 GeV to 5.3 x 10-l’ for mt’= 180 GeV. 

A lower limit is derived by taking the lower limits of both E]Vtd] and 

ERe(v-d). We note that the lower limit on the real part can be considerably 

smal!er than that on the absolute value. The lower limit on l&d] is derived from 

eq.. (2.28) with Xd = 0.55, Q, = 1.32 psec and BB fi = (0.2 GeV)2. As for 

&?(.vtd), we numerically searched for the minimum in all the allowed range of the 

parameters (~23, q, 6) and checked for consistency with the lower bound on I&l. 

The lower bound on the branching ratio is also shown in fig. (12.a) and is in the 

-- - range (6 -~7) x 10-ll. 

The limits on BR(K+ -+ K+VD) were previously studied in ref. [3]. The 

range of parameters used here and in ref. [3] is slightly different. When this 

difference is taken into account the upper limits agree, but our lower limit is 

lower by approximately a factor of 2. 

For the central values of the parameters we find BR(K+ + nr+vfi) = (1.4 - 

1.8) x lo-lo. The present experimental upper limit is [30] 

- 
BR(K+ + T+Y~) 5 1.4 x 1O-7 (3.14) 
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. 

3.4. Kg + p+p- 

z: The short distance contribution to the decay Kg + pcL+pcL- is given by [20] 

- 
rwi) BR(K; + p+p-)sD = 4x2- 
m+) 

BR(K+ --+ p+v,) 
[Re C,“=, v;,v,dc(Yj)] 2 

ILs12 
,m - 

(3.15) 

where 

C(y) = ; & ( > 
2 3 Y 

NY) + ;Y + 41-y 
._ .-. 

In addition to the previous parameters we now use [30] 

BR(K+ + p+v,) = 0.64 

T(KL) =5.2 x lo-*set 

T(K+) =1.2 x lo-*set 

. . 
- We get 

BR(K; --+ p+/.,C)sD = 6.7 x 10-5e 

(3.16) 

(3.17) 

(3.18) z - 

where 
-. - 

[Re c,“=, v;,vjdc(Yj)] 2 1 
2 

e*= = IVUSI” c(Yc) + ERe(vtd)C(yt) (3.19) 

We find C(yc) = 3.3 x 10H4 and C(yt) = O(1) so, as in the case of K + TW, 

the two terms in C are of the same order of magnitude. 

We find the limits on the short distance contribution to the branching ratio 

inYnethods similar to those described in the previous section. The upper limit is 

shown in fig. (12.b). It varies from 2 x 10-l’ for mt = 45 GeV to 5.6 x 10mg for 
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mt = 180 GeV. Th e experimental result is [30] 

:: BR(K; -+ p+p-) = (9.1 f 1.8) x lo-’ (3.20) 

However, one usually assumes [31] that the important contribution to this mode 

comes not from the short distance diagrams but from the two-photon interme- 
,m -. - 

diate state. Subtracting the calculated two photon contribution gives [31] that 

the short distance contribution should be less than 5.6 x lo-‘. Even our up- 

per limit is consistent with this bound. The central solutions of (mt, q, 6) give 

BR(K; + /.L+/+~ = (4.8 - 13.5) x 10-l’, and a lower limit can be put of 
. _-. 

order 1 x 10-l’. These results indeed support the importance of the two photon 

intermediate state to this decay. 

The branching ratio for the decay b -+ SUD is given by [32] 

. . 3 (~~=2V~sV~bD(Yj,Zi)J2 
- J3R(b + SVD) = x2BR(b + (u,c)i?Q c 

i=l IVub12 + F(mz/mi)IVcb/2 (3e21) 

Using 

-- - 
BR(b + (u,c)&) = 0.12 

we get 

BR(b -+ SVD) = 7.5 x 10-7. 3& (3.23) 

(3.22) 

where 

[D(yt, 0)12 
zd F(mz/mi) 

(3.24) 

Asthe contribution of the c-quark is very small, the effect of putting m7 + 0 

is negligible. The branching ratio is, to a good approximation, a function of mt 
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only. This is shown in fig. (12.~). The branching ratio varies from 2 x 10-e for 

.rnt = 45 GeV to 4.6 x 10m5 for mt = 180 GeV. 
:; 

The quark level decay discussed here may be realized in the hadronic level 

by B + Kvi;r, or by more complicated final hadronic states such as Kn, KTX 

etc. 
- 

3.6. b--u7 

The branching ratio for the decay b + s7 is given by [33] 

BRfb + ~7) = gBR(b 
lx;=2 v;,v,bF2(yj)12 

+ (% ‘)“‘) Iv&l2 + F(m~/m~)Ivcb12 

where 

[ * 2 7 1 - F2(y)= 3(Y 
1) 

+ 
4(y 1)2 

+ y2(l Py) - - 
2(Y 

- 
q3 
1 y + 

(Y 
ln(y) - 

lJ4 

. . Using the known parameters we get - 

BR(b + ~7) = 4.5 x 10-4k 

where 
-- - 

IC,“=2v;8vjbF2(Yj)/2 

’ = [&,I2 + F(m~/m~)IVcb12 = 
F2(Yt) - Fz(YJ2 IF2 (Yt)12 
q2 + F(mz/mi) m F(mz/mi) 

(3.25) 

(3.26) 

(3.27) 
z - 

(3.28) 

In the last approximation we used F2 (yc) = 1.9 x 10e4 < Fz(yt) = 0(10-l). For 

mt < A&w one cannot ignore QCD corrections. The main effect is to replace [34] 

- 
F2bt) + [Fz(yt) + i$ln(yt/ya)l (3.29) 

where yB = Mi/M&. The QCD correction always dominates the Fz(yt) term. 
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Again, we are in a situation where the branching ratio depends on mt only. 

.This is shown in fig. (12.d). The dashed line shows the results with the QCD 

correction. This calculation becomes unreliable when mt approaches Mw. The 

branching ratio varies from 1 i< 10e5 (8 x 10e5 with QCD corrections) for mt = 

45 GeV to 1.3 x 10m4 for mt = 180 GeV. The quark level process b -+ s7 is 

- _ realized in the hadronic decays B -+ Kci) 7, where Kti) are excited states of the 

kaon. The decay into the ground state K” is forbidden by angular momentum 

considerations. The calculation of the exclusive modes involves further hadronic 

uncertainties [35]. 

_-. In conclusion, we analyzed the implications of the parameters (mt,q, S) on 

several experimental measurements. The ra and E’/E values are determined by q 

and 6, and are independent of mt. The rare B decays, are determined by mt and 

insensitive to q values. The rare K decays are functions of all three parameters. 

- 4. Relations among masses and angles 

- 4.X. SCHEMES FOR MASS MATRICES 
- . 

.Within the standard model, the quark sector is described by ten free pa- 

rameters. In the physical (mass) basis, these are the six quark masses, three 

mixing angles and one phase. These parameters can all be experimentally de- 

termined. -Whatever their experimental values are, the standard model remains -- - 
self-consistent. 

In the interaction basis, our parameters are entries of the yet undiagonalized 

mass matrices. If we had some theoretical principle from which we could deter- 

mine the mass matrices, we would predict the values of the physical parameters. 

In several schemes of mass matrices, the number of independent entries of the 

mass matrices is less than ten: either some entries vanish or there are relations 

among the non-vanishing entries. These schemes provide us with relations among 

quZ.rk masses, angles and phases (the motivation for such relations is discussed, 

for example, in ref. [36]). 
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One should check that these relations are consistent with the experimental 

.data. If the relations suggested by a certain scheme are not compatible with the 

experimental constraints, then either the scheme is incorrect, or the use of its 

predictions should await the finding of additional new physics. 

We discuss four schemes for mass matrices: the Fritzsch scheme [7], the 
- - Fritzsch scheme with the Shin phases [9], the Stech scheme [8] and the Gronau 

- Johnson - Schechter (GJS) scheme [lo]. These schemes were consistent with 

all previous data [7 - 10,37,38]. We check in chapters 5 and 6 their consistency 

with the new B - B mixing measurement (combined with earlier data). 
_-. 

4.2. EXPLICIT FORMS OF MASS MATRICES 

The Fritzsch scheme suggests that in the interaction basis the quark mass 

matrices are of the form 

MQ I 

. . 
- . 

0 &ei4, 0 
a4 ei4b 0 bClei4b 

0 b9ei& c9eid)c 

(4.1) 

By a redefinition of the phases of the right-handed up quarks and of the right- 

handed down quarks we can bring both M” and Md to a hermitian form. By 

further rotating both left-handed and right-handed (up and down) quarks with 

-- - the same unitary phase-matrix, we can make Mu real. Thus, without loss of 

generality, we can choose a basis [39,38] in which the Fritzsch matrices have the 

form: 

(4.2) 

Within the Fritzsch scheme, the quark sector is described by eight parameters. 

Therefore we expect this scheme to provide us with two predictions for relations 

among quark masses, angles and phases. 
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Within the Fritzsch scheme, Shin suggested the following ansatz for the 

.phases [9]: 
z< 

(&I = go0 ; 1421 = o" (4.3) 

The motivation for such values is that they may naturally arise in certain types 

- _ of Higgs potentials. The Fritzsch scheme with the phases fixed has only six 

independent parameters. Thus we now have four predictions for relations among 

the quark sector parameters. 

The Stech scheme suggests that in the interaction basis the quark mass ma- 
. . _-. trices have the following properties: 

M” = M”t = MuT 

Md=Mdt=aMufA 

where A is an_ antisymmetric matrix and Q is a constant. Actually, the mass 

matrices need not be hermitian, but can always be brought to a hermitian form 

-without affecting the low energy parameters. As Mu is a real symmetric matrix . . 
- . 

it can be brought to a diagonal form by an orthogonal transformation. In this 

new basis the mass matrices are of the form [8] 

The a, b and c parameters are all real. Within the Stech scheme, the quark 

sector is described by seven parameters. It gives us three relations among quark 

masses, mixing angles and phases. 

Gronau, Johnson and Schechter [lo] suggested to have mass matrices of the 

Fritzsch form (4.2)) with the Stech constraints (4.4). This scheme has only six 

insependent parameters, leading to four predictions of relations among quark 

masses, mixing angles and phases. 
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4.3. QUARK MASSES 

5; The masses of the quarks, which are the eigenvalues of the mass matrices to 

be discussed, are not the physical masses but parameters in the Lagrangian. This 

means that they are running masses, which should all be taken at a single energy 

- _ scale. In the different schemes, the three mixing angles and the phase depend on 

muss ratios rather than on the masses themselves. As mass ratios are, to a good 

approximation, independent of the energy scale, the scale itself can be arbitrarily 

chosen. Following ref. [40] we- use: 

md/ms =0.051 f 0.004 

mu/m, =0.0038 4~ 0.0012 

ms/mb =0.033 f 0.011 

(4.6) 

In our calculations we ignore the relatively small error on md/??Z8, but we consider 

the full range of the other ratios. 
. . 

- . The relations we get involve the undetermined mass ratio m,/mt. In order 

to confront these relations with the Xd and E bounds, involving the physical mass 

of the t quark mfhys, we must: 

-- - a. Specify m, at a certain energy scale ,u. We take /.L = 1 GeV. The value of 

mC(p = 1 GeV) is given in ref. [40]: 

m,(p = 1 GeV) = 1.35 f 0.05 GeV P-7) 

b. Translate the relations involving m,/mt into relations that depend on the 

running top mass rnt(p = 1 GeV). 

- C. Write these relations in terms of the physical mass of the t quark. The 

relation between the physical mass and the running mass, including a first 
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order QCD correction, is [40]: 

In order to relate mt(p = mt) to mt(p = 1 GeV) we use the usual equation 

- for the running mass [4O]: 

m(p) =m. 2P170 1nL + 1 1-p 
PO3 L 

where: 

PO =ll- ;Nf ; 70=2 

(4-g) 

(4.10) 

L =ln(/.~“/A”) ; A = 0.1 GeV 

; , and jrz is the renormalization group invariant mass. The physical mass of 

the top quark as a function of its running mass at 1 GeV is given in fig. (13). 

. . A good approximation for rnfhys in the interesting range between 40 GeV 
- 

and 180 GeV is mFhys - 0.6 mt(p = 1 GeV) ( we use the full expression in 

our calculations). In what follows we, again, denote the physical mass of 

the t quark by mt. ’ 

-- - 
5. The Fritzsch scheme for quark masses 

5.1. THE EIGHT PARAMETERS 

We study mass matrices of the form 

M” = (u: f 5) Md = ( ude:i41 :I2 bd>2) (5.1) 

- 

The six real parameters (a”, b”, c”, ad, bd, cd) can be expressed in terms of the six 
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_ -_ 

quark masses: 

a”=,/=; b”zde; cU=mt 

ad=,/=; bdwdK; cdMrnb 
F-2) 

- 

The approximation is good to o(md/m,) - (l/20). The two phases (di,&) can 

be expressed in terms of the quarks masses and the two known mixing angles, 

S12 and s23 

(5.4 

Thus, all eight parameters of the Fritzsch scheme are expressible in terms of 

seven known parameters (five quark masses and two mixing angles) and the yet 

unknown mass of the top quark. Consequently, for every selected value of mt, 

we get predictions for the unknown mixing angle, srs: 

. . 
- . Sr3 M l$E+ e-i41E (E- .i42@ / (5.5) 

I 

and for the phase 6 [38]: 

sin 6 sin 41 

512523 

M 
313 

- cos 

6 
cosq5,- 

F 
;; 

8 u 

(5.6) 

In this chapter we find whether the predictions (5.5) and (5.6) are consistent with 

the allowed ranges obtained in chapter 2. 
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5.2. SIMPLE LIMITS ON THE RANGE OF PARAMETERS 

x Eq.. (5.4) gives a lower limit on the unknown mass 

m, 2 (f& s23)2 
mt 

- 

Using z 2 0.022 and ~23 5 O.CEKI we get 

ratio n: mt 

(5.7) 
* - 

_-. 

3 2 0.01~=+-mt(p =l GeV) 5 145 GeV 
mt F-8) 

For other values of ms/mb and ~23 we get more stringent bounds. For example, 

the central values m,/mb = 0.033 and ~23 = 0.043 give rnt(p = 1 GeV) < 

73 GeV. 

We find that the bound (5.8) is translated into a bound on the physical mass 

mt 5 88 GeV,-so we study the predictions of the Fritzsch scheme only for 

. . 43 GeV 5 mt 5 88 GeV. - . (5-g) 

The lower limit is the one derived from the E and Xd bounds in chapter 2. As 5 - 
mentioned above, other values of ma/m* and ~23 lead to more stringent bounds. 

-- - The upper bound corresponding to central values, rnt(b = 1 GeV) 5 73 GeV, 

leads to a bound on the physical mass mt 5 47 GeV. 

Eq. (5.9) considerably reduces the range of parameters that we need to 

study. It is possible to further reduce this range without exact calculations by 

considering eq. (5.5). First, we rewrite eq. (5.5) in the following way: 

- - 

The phase 43 is defined through szsemi43 = 6 - eFi42@. This gives an 

30 



upper limit on q: 

- (5.11) 

Using m8/mb < 0.044, mu/m, 5 0.005 and s 23 > 0.034 we get q 5 0.13, so we 

study the predictions of the Fritzsch scheme only for 
- 

0.02 5 q 5 0.13 (5.12) 

-.. .- 

The lower bound is the one derived from the E and Xd bounds. For other values 

of m,/mb and ~23 we get more stringent bounds. For example, the central values 

m,/mb = 0.033 and s 23 = 0.043 give q < 0.10. 

In fig. (6) we gave the allowed region in the mt - q plane. The two bounds 

(5.9) and (5.12) overlap within this allowed region only for 

56 GeV <mt 5 88 GeV 

0.04 <(I 5 0.13 
(5.13) 

. . 
- Thus, in order to check consistency of the Fritzsch scheme with the allowed 

(mt, q,&) values, we need to make explicit calculations only within the bounds 

(5.13). T - 

5.3. RESULTS 
-- - 

We calculated the values of q and 6 predicted by eqs. (5.10) and (5.6). This 

was done as follows: 

a. We select a value for mu/me and find C#J~ from eq. (5.3). We note that the 

sign of ~$1 is undetermined. 

b. We select values for ?YZ8/WQ,, m,/mt and ~23 and find $2 from eq. (5.4). 

Again, the sign of $2 is undetermined. 

- C. We find q from eq. (5.10). The two possible relative signs between r$r and 

~$2 give two possible solutions. 
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d. We find 6 by solving eq, (5.6). F or each of the two solutions of q, there are 

two possible solutions for 6 corresponding to the two possible signs of $1. 

Thus, for each selected set of parameters ~23, m,/mt, m,/mb and mu/m, 

we have several possible solutions for q and 6. 

On the other hand, for each set of values of mt and ~23 we have an allowed - 
region for q and 6 from the experimental measurements (as given, for example, in 

fig. (4)): We th en check whether the Fritzsch predictions are within the allowed 

range. 

__. We find that for almost all values of the parameters the Fritzsch solutions 

are below the experimental lower bounds. In order to get a consistent solution 

a. The mass ratio ma/mb should be close to its lower limit, m,/mb - 0.022. 

The mixing angle ~23 should be close to its upper limit, ~23 - 0.050. 

The B-B mixing parameter Xd should be close to its lower limit, Xd - 0.55. 

The B decay constant f~ should be close to the upper limit of its theoretical 

evaluation, Bsfi - (0.20 GeV)2. 

b. 

c. 

d. 

e. The BK constant should be close to the upper limit of its theoretical eval- 

uation, BK - 1. 

-- - Only if all of these conditions are simultaneously fulfilled, there is a very 

narrow region of (mt, q, 6) which is consistent with both the Fritzsch relations 

and the experimental data. This region is within the following bounds: 

82 GeV <rnt 5 88 GeV 

0.06 <q 5 0.08 (5.14) 

96’ <S 5 110’ 

InXg. (14) we show the Fritzsch solutions consistent with the experimental data 

for mt = 85 GeV and for q = 0.07. 

32 



-- 

We remind the reader that when we gave the E and the Xd bounds we did 

not add errors in quadrature but allowed for the full range of all parameters. 

The consistency of the Fritzsch scheme and the three generation standard model 

requires many experimental and theoretical quantities to simultaneously assume 

values at the limits of their allowed ranges. This is an unlikely situation. However, 

- _ the Fritzsch scheme cannot be completely excluded. 

In conclusion, if the Fritzsch scheme is to be consistent with the standard 

model, then the three unknown parameters of the quark sector should assume 

the values 
. _-. 

mt - 85 GeV ; q - 0.07 ; 6 - 100’. (5.15) 

The bounds on other known parameters of the quark sector become more strin- 

gent, 

s23 - 0.05 ; melmb - 0.22. (5.16) - 

The values of ~23 and q give ~13 - 0.0035. In addition, there are no ambiguities in 
. . 

- . the. e-relation (BK - 1) and in the &j-relation (Xd - 0.55, Bsf$ - (0.2 GeV)2). 

5.4. PREDICTIONS 

-- - 
The Fritzsch scheme provided us with a full determination of all the parame- 

ters of the quark sector in the three generation standard model. Thus, it predicts 

the results of future experiments which depend on these parameters. We now 

give the predictions for all the experiments described in chapter 3. We use the 

values given in eqs. (5.15) and (5.16). 

(1) The x,-parameter assumes the value (eq. (3.2)): 

X.9=&= 11 + re = 0.98 
- 

Thus B, - B, mixing is near maximal. 

(5.17) 
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(2) For the CP-violating parameter c’/c we get (eq. (3.5)): 

-. d 
- - 0 47 x 10-2c” 
6 - 

(5.18) 

If C” - 1, this is close to the level studied by present experiments. 

- 
- (3) The calculation of the rare kaon decays is simplified by taking yt = $ F=: 1. 

In the expression (3.8) for BR(K+ t T+VD) we have D(yt = 1, z =” 0) = 

11. Consequently Ije = P - 8 ’ fi - 5.7 x 10m5 and fi,, = 4.6 x 10P5. This gives 

_-. 
BR(K+ --+ T+vP) = 6.0 X lOA C fii = 9.6 X lo-i1 (5.19) 

i 

(4) For the Kz + pw+pL- decay (eq. (3.15)), we have C(yt = 1) = g --+ 6 = 

4.0 x 10m6, and consequently 

BR(K; + j~+p-)~~ = 6.7 x 10-5& = 2.7 x 10-l’, (5.20) 

- . 

which is consistent with the assumption that the two-photon intermediate 

state dominates this mode. 

We note that as mt M Mw, QCD corrections to the above calculations are 

small and may be neglected. 

(5) In the calculation of the rare B decays we again put yt M 1. As discussed 

before, the other parameters do not affect the results, because we normalize 

our results to the semi-leptonic branching ratio. For the b + SW mode 
A 

(eq. (3.23)), we have Dg = F(:i/“m2, and consequently 
b 

BR(b + am) = 7.5 x 10-7. 3&r = 8.7 x 1O-6 (5.21) 

- 

(6) For the radiative decay (eq. (3.25)) we have Fz (yt = 1) = &. As mt - Mw 
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we ignore the QCD corrections. We get 

BR(b + sy) = 4.5 x 10-4p = 4 x 1O-5 (5.22) 

- 

QCD corrections are likely to give a somewhat higher value for this branch- 

ing ratio. 

(7) We note that the low value of sis - 0.035 predicted by the Fritzsch scheme 

indicates that non-charmed B-decays will not be observed in the near fu- 

ture. In particular 

(5.23) 

where we have used the full range of q (eq. (5.14)) and F(mz/mi) (eq. 

(2.11)). If th ere is a direct observation of such a mode in the near future, 

it is likely to give a lower bound on q = 2 which is higher than the upper 

-bound of the Fritzsch scheme, q 5 0.08. Thus, such an observation may 

exclude the Fritzsch scheme. As for non-leptonic non-charmed decays, the 

calculation of their branching ratios is subject to large uncertainties. Using 

the calculations and the.parameters presented in ref. [41], we find 

-- - BR(B’ -+ T+T-) - 1 x 1O-5 

BR(BO + 7rrfp) - 3 x 1o-5 

BR(B’ -+ r+A,) - 3 x 1O-5 

BR(BO --+ p+p-) - 2 x 1o-5 

BR(B’ + p+A;) - 3 x 1O-5 

(5.24) 
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5.5. THE FRITZSCH SCHEME WITH THE SHIN PHASES 

-. In our calculations of the Fritzsch scheme parameters we find I+11 - 78O and 

1421 - 6’. The proximity of ,these phases to the Shin ansatz, 1411 = 90° and 

[&I = O”, makes it interesting to check whether this ansatz can be accomodated 

with the experimental data. ,m - - 

The values of the six real parameters are the same as in the general Fritzsch 

scheme (eq. (5.2)). 

The mixing angle siz is given by 

S12 M (z+z)“’ (5.25) 

As all three parameters in this equation are known, we should check this relation 

for consistency. We find that it suggests that both mass ratios should be close to 
- 

their lower limits, 2 - 0.047 and 2 - 0.0026, while the mixing angle is at its * 
-upper limit, ~12 - 0.222. 

- . 
The relation for ~23 

becomes a-prediction for 2: actually the lower limit in eq. (5.7) now becomes 
-- - 

an equality. As we know already that the Fritzsch scheme is consistent with the 

experimental data only for ~23 - 0.05, 2 - 0.022, we find 

mt(p = 1 GeV) - 145 GeV ==+ mt - 88 GeV. 

- - 

As for the unknown mixing angle, srs we get 

(5.27) 

(5.28) 
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For the phase 6 we have 

sin 6 
7 -toss 

R5 (5.29) 

- The allowed region for q - 6 with mt = 88 GeV is shown in fig. (15). The 

Shin solution lies outside of the allowed region. It is consistent with the c-bound 

but notwith the xd-bound. However, it lies very close to the allowed region, and 

as we ignored corrections of O(.z) to the Fritzsch predictions we conclude that 

the Shin ansatz is still not completely ruled out. If we have an experimental lower 

bound on the ratio q in the near future, it may invalidate the Fritzsch matrices 

with the Shin phases. 

. _-. 

6. The Stech scheme for quark masses 

6.1. RELATIONS AMONG ANGLES AND MASSES 
. . 

- . 
We study mass matrices of the form 

The relations are most easily obtained [8] from 

vMd(diag)vt = aMu(diag) + 2 (6.2) 

The matrix V is the CKM-mixing matrix (eq. (2.2)). The matrix 2 is hermitian 

a& without diagonal elements, but in general it is not antisymmetric. - 

Equating the (3,3) 1 e ement of both sides in eq. (6.2) gives Q! % 2. 
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Comparing the (1,l) element gives 

md - (s12)2m, + (s13)2mb = am, =+- s12 M 
J 

!I!?.! 
ms 

which is consistent with the known values of ~12 and z. 

- Comparing the (2,2) element gives 

(6.3) 

(s12)2md - m, + (s23)2mg = -am, * S23 zd 
ma mc - - - 
mb mt 

(64 

.-. The third relation is derived by noting [8] that the matrix 2, being hermitian 

and with no diagonal elements, fulfills Re[det A] = 0: 

Re[ (-s12ms+s23s13ez6m) (s12s23ms + sl3e -i6mb) (s23mb)] = 0 ==+ 

cos6 
(6.5) 

- 6.2. RESULTS 
. . 

- . 
.For any given values of ~23 and % we have a prediction for 2 (eq. (6.4)). 

This is translated into a value for rnt(p = 1 GeV) and then into the physical mt 

in the manner described in sect. 4.3. An upper limit on mt is obtained when 

-- - 523 = 0.050, 2 = 0.022: 

mt(p = 1 GeV) i: 72 GeV + mt 5 46 GeV. (6-6) 

As the experimental data gave mt > 43 GeV, there is only a very small “window” 

open for the Stech scheme: 

43 GeV 5 mt < 46 GeV 

-%Ger values of ~23 and higher values of 2 give smaller mt and are excluded by 

the experimental data. 
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For mt as low as 45 GeV, the CKM-matrix element Vtd should be near its 

.upper limit in order to give large enough B - B mixing (see eqs. (2.26) and 
_ (2.27)); This requires q cos 6 - -0.20 which, given the known values of srz and 

2, is clearly inconsistent with the prediction (6.5). In fig (16) we show the 

region allowed for q - 6 with mt - 45 GeV. We also show the curve representing 

- _ the Stech scheme (eq. (6.5)). Th ere is no overlap between the Stech prediction 

and the region allowed by experimental data. Thus we conclude: Within a three 

generation standard model, the Stech scheme is excluded. 

6.3. THE GRONAU- JOHNSON-SCHECHTER SCHEME _-. 

The parameters in the GJS scheme obey all the constraints of both the 

Fritzsch scheme and the Stech scheme. Consequently, if any of these schemes 

is excluded, so is the GJS scheme. Thus we conclude that the GJS form of mass 

matrices is ruled out together with the Stech form. 

7. Conclusions 
- . 

.We studied the quark sector parameters within the three generation standard 

model. We analyzed the constraints coming from two types of measurements: 

direct constraints from tree level decay widths, and indirect constraints from E 

-- - and Xd measurements. We find that the new B - B mixing data, when combined 

with the CP-violation data, give the following new bound: 

mt 2 43 GeV (7.1) 

In addition, for any given value of mt we found the allowed region for srs/@a 

and 6. Alternatively, for any given value of srs/szs we give the allowed region of 

mt and 6. 

- -The new constraints allow us to improve the predictions of future experi- 

mental results. The B, - B, mixing is expected to be near maximal. The ratio 
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E’/E can be at the level of present experiments, but much smaller values are still 

.possible. We get the following bounds on rare decays branching ratios: 

5x10-11<@R(K+ + 7r+vq 2 5.4 x lo-lo 

9x10-111BR(Kg --'/w~+p-)~~ 5 5.6x10-' 

2 x IO-~ 5 BR(b + SW) 54.6 x 1O-5 - 
I x 1O-5 5 BR(b + sy) 5 1.3 x 1o-4 

(7.2) 

-.. .- 

Different schemes for quark mass matrices give additional relations among 

quark masses, mixing angles and phases. Thus, the range of parameters is further 

constrained. We find that the Fritzsch scheme is inconsistent with the experimen- 

tal data for most of the range of the different parameters. Only if many parame- 

ters simultaneously assume values near their experimental or theoretical bounds: 

BK- 1, Bsfg - (0.2 GeV)2, xd - 0.55, ~23 - 0.05 and m,/mb - 0.022, we 

get a very small allowed region of parameters near the values: 

mt - 85 GeV ; ~13 - 0.0035 ; 6 - 100' V-3) 
. . 

- . 
As all parameters are practically determined by this unique solution, it gives very 

definite predictions for all the experiments mentioned above: 

r8 - 0.98 

-- - g -047x10-2c" 
E - 

BR(K+ + T+YD) - 9.6 x lo-l1 

BR(K; + p+/..~-)~~ - 2.7 x 10-l' 

BR(b --) SVD) - 8.7 x 1O-6 

BR(b + sy) - 4 x 1O-5 

r(b+u&) -ool 
I’(b -+ doe) ’ 

(7.4 

-TliG Fritzsch solution with the Shin phases is more unlikely to be consistent with 

the experimental data but it is not completely ruled out. 

.- 
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- -_ 

The Stech form is excluded by the new data. Even when all parameters are 

taken to their extreme values, the Stech relations cannot be fulfilled within the 

allowed range of parameters. The GJS extension of the Stech scheme is also ruled 

out. 

- 
All our bounds and conclusions are valid within the three generation standard 

- model. They remain valid in theories beyond the standard model provided that - - 

there are no significant contributions to CP violation and to B - B mixing from 

processes other than those present in the standard model (see ref. [6] for recent 

studies of B - B mixing in theories beyond the standard model). Our results 

cannot be applied if a fourth generation exists. 

We gave here improved constraints on the three parameters mt, q and 6. 

Two of these, mt and q = sis/szsi may soon be directly measured. If mt is found 

to be less than 40 GeV, new physics beyond the three generation standard model 

, I- is implied. The prediction that rs is near maximal is valid in the standard model - 
as well as in many extensions of it. If we find rs 5 0.77, the most likely possibility 

-is the existence of a fourth generation. 
- 

Many near future experiments may rule out the Fritzsch scheme. A direct 

observation of non charmed b decays (implying q > 0.08) is the most reasonable 

candidate to do that. If we find mt < 82 GeV or rs < 0.98 the Fritzsch scheme 

will be excluded. If we find better ways to calculate ~23 and get ~23 < 0.05, again -. - 
the Fritzsch scheme will not be valid. However, if this better calculation gives 

an upper bound which is weaker than the one we use (or if experiments find a 

shorter b lifetime than is quoted now), the constraints on the Fritzsch scheme 

- 
L- - 

may be loosened up a little. 

We expect the accumulation of new data from B physics to provide us with 

a much better knowledge of the standard model parameters. We should be able 

to decide whether a three generation standard model still gives a satisfactory 

-piZure of the experimental data and whether the Fritzsch scheme is consistent 

with this picture. 
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FIGURE CAPTIONS 

- Figure 1: Examples of the E bounds. (a) Allowed range of q = 2 and 

S-for mt = 55, 120 GeV and BK = 1. Heavy and light solid lines give, 

respectively, the central value and the edges of the band allowed by E. The 

dotted line is the direct upper limit on q. The shaded area is the allowed 
- 

region. (b) Allowed range of mt and S for q = 0.20, 0.06 and BK = 1. 

Heavy and light solid lines give, respectively, the central value and the 

-.. .- 

edges of the band allowed by E. The dotted lines are the direct limits on 

mt. The shaded area is the allowed region. 

Figure 2: Examples of the Xd bounds. (a) Allowed range of q = 2 and 6 

for & = 55, 120 GeV. Heavy and light dashed lines give, respectively, the 

central value and the edges- of the band allowed by Xd. For mt = 55 GeV 

the upper bound is outside the graph. The dotted line is the direct upper 

limit on q. The shaded area is the allowed region. (b) Allowed range of mt - 
and 6 for q = 0.20, 0.06. Heavy and light dashed lines give, respectively, 

^ the central value and the edges of the band allowed by Xd. For q = 0.06 the . . 
- . 

-- - 

upper bound is outside of the graph. The dotted lines are the direct limits 

on mt. The shaded area is the allowed region. 

Figure 3: (a) Allowed range of q = 8a3 u and 6 for mt = 55, 120 GeV and 

BK = 1. The meaning of the lines are as in figs. (1.a) and (2.a). The central 

solution (the intersection point of the two central curves) is denoted by a 

solid circle. For mt = 55 GeV the central solution lies outside of the direct 

bounds. The shaded area is the final allowed region. (b) Allowed range of 

mt and 6 for q = 0.20, 0.06 and BK = 1. The meaning of the lines are as 

in figs. (1.b) and (2.b). Th e central solution is denoted by a solid circle. 

The shaded area is the final allowed region. 

Figure 4: Allowed range and central solutions of q = z and 6 for mt = 
- - 45, 65, 85, 180 GeV and BK = 1. Solid lines give the c bounds. Dashed 

lines give the Xd bounds. The dotted line gives the direct bound. The 
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central solution is denoted by a solid circle. The shaded area is the final 

allowed region. 

- 

Figure 5: Allowed range of q = E and 6 for mt = 45, 65, 85, 180 GeV 

and BK = 0.7. The meaning of the lines, the solid circle and the shaded 

area are as in fig. (4). 

Figure 6: Allowed range of q = E and 6 for mt = 45, 65, 85, 180 GeV 

and BK = 0.4. The meaning of the lines, the solid circle and the shaded 

area are as in fig. (4). Th ere is no allowed region for mt = 45 GeV. 

.- Figure 7: Allowed range of mt and 6 for q = 0.18, 0.14 0.10, 0.04 and 

BK = 1. Solid lines give the E bounds. Dashed lines give the Xd bounds. 

Dotted lines give the direct bounds on mt. The central solution is denoted 

by a solid circle. The shaded area is the final allowed region. 

) 
Figure 8: Allowed range of mt and 6 for q = 0.18, 0.14 0.10, 0.04 and 

BK = 0.7. The meaning of the lines, the solid circle and the shaded area 

are as in fig. (7). 
. . 

- . Figure 9: Allowed range of mt and 6 for q = 0.18, 0.14 0.10, 0.04 and 

BK = 0.4. The meaning of the lines, the solid circle and the shaded area 

are as in fig. (7). For q = 0.04 there is no allowed region. 

; 
-- - 

Figure 10: Allowed range (shaded) of q and mt for BK = 1, 0.7, 0.4 and 

the curve (dot-dash) representing the central values. Dotted lines repre- 

sent direct bounds while the solid curve is the indirect bound from the 

combination of the E and the Xd bounds. 

Figure 11: Lower limits on rs for 6 - 180“ (solid line) and 6 - 90“ (dotted 

line) as a function of q = fJ$. 

Figure 12: (a) Upper and lower limits on BR(K+ + n+vii) as a func- 

tion of mt. (b) The upp er limit on the short distance contribution to 

- - BR(K~ + /J+P-) as a function of mt (solid line). The dotted line gives 

the experimental value for this branching ratio. The dot-dashed line gives 

47 



the calculated upper limit on the short distance contribution. (c) The 

branching ratio BR(b + SVU) as a function of mt. (d) The branching ratio 

BR(b --+ sy) as a function of mt. The solid line gives the results with- 

out QCD corrections. The dashed line includes QCD corrections, with the 

- 

assumption mt << Mw. 

- Figure 13: The physical mass of the t quark mphys as a function of the 

running mass at 1 GeV, mt(,u = 1 GeV). 

Figure 14: (a) Allowed range of q and 6 for mt = 85 GeV, BK < 1. The 

small shaded area is the overlap of the region allowed by the Fritzsch scheme 

and the region allowed by the data. Higher mt values are excluded by the 

Fritzsch predictions. For lower mt values there is no overlap between the 

two allowed regions. Solid,- dashed and dotted lines are defined as in fig. 

(4). (b) All owed range of mt and 6 for q = 0.07, BK 5 1. The small 

shaded area is the overlap of the region allowed by the Fritzsch scheme and 
- 

the region allowed by the data. For other values of q there is no overlap 

^ between the two allowed regions. Solid, dashed and dotted lines are defined 
- . as in fig. (7). 

-- - 

Figure 15: Allowed range of q and 6 for mt = 88 GeV, BK 5 1. The solid 

circle gives the Shin prediction. Higher mt values are excluded by the Shin 

predictions. For lower mt values the Shin solution lies even further out of 

the allowed region. Solid, dashed and dotted lines and the shaded area are 

defined as in fig. (4). 

Figure 16: Allowed range (shaded) of q and 6 for mt = 45 GeV, BK < 1 

and the curve (dot-dash) representing the Stech scheme. The two do not 

overlap. Higher mt values are excluded by the Stech scheme. Lower mt 

values are excluded by the data. Solid, dashed and dotted lines are defined 

as in fig. (4). 
- 
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