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We investigate the'/e for K— 7 in a sequential fourth generation model. By giving the basic formulas
for €'/ € in this model, we analyze the numerical results which are dependent,aand the imaginary part of
the fourth CKM factor, Ian,SVt,d (oer,SVt,d and the fourth generation CKM matrix phage We find that,
unlike the SM, when taking the central values of all parameters'far, the values ok'/ e can easily fit to the
current experimental data for all values of hadronic matrix elements estimated from various approaches. Also,
we show that the experimental valuesedfe and rareK decays can provide a strong constraint on both mass
and mixing of the fourth generation quark. When taking the values of hadronic matrix elements from the lattice
or 1N expansion calculations, a large region of the up-type quark masis excluded.
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I. INTRODUCTION culation of the Wilson coefficients at a next leading order
(NLO) level [10]. For €'/ €, one of the goals of the SM is to
Although the standard modéBM) is very successful for determine the hadronic matrix elemept2-17.

explaining the particle physics experiments, it has to face the The interest in this paper is not in this nonperturbative
difficulties of many interesting open questions, suctCds  part but the new effects with the fourth sequential generation
violation. The new experimental results fer/e, which  particles in the short-distance part. Except for the SM expla-
measures diredE P violation in K— 77 decays, have been nation, there are many directions in the search for new phys-
reported by the KTeV Collaboration at Fermil@lh] and ics beyond the SM18—24 to resolveCP violation. Unlike

NA48 Collaboration at CERN2], the SM, almost any extension of SM has, in general, Gd?v
violating phases. That is to say, they give néW violation
Re(e'/€)=(28.0:4.1)x10™* KTeV, (1) sources. The new physics @P violation beyond the SM
includes CP violation in supersymmetry modeld9] and
Re(e'/€)=(18.5:7.3 10 ° NA4S, (2)  extensions of fermion sectd®0,23,24, scalar sectof21]

and gauge sectd22] of the SM. In extensions of fermion

while the new world average reafi3,3| sector, there are many models, such as vectorlike quark mod-

Re(e'/e)=(21.1+4.6)x 10°* 3 els [23], sterile neutrino modelg24], proposed for probing
' ' ' new effects orCP violation.
This establishment of direcE P violation rules out old su- In this paper, as in Ref25], we consider a sequential

perweak modelf4]. Yet while the SM predicts a nonvanish- f(?urth generation moqe{IZS,ZG, ir,‘ which an up-type_que}rk
ing €'/, the values in Eqs(1), (2), and (3) exceed most !, down-type quarkd’, lepton 7', and heavy neutrino’
theoretical predictions of S6,6]. Someone has to face and &€ added into the SM. The propertlgs of these new fermions
resolve this discrepancy. Some possibilities to accommodai@'® all the same as their corresponding counterparts of other

the data in SM have been pointed ¢ats]. three generations except their masses and CKM mixing, see
The SM makes precise assumptions on the mechanisthable I. ] )
that generates the P violation. The only source oE P vio- As the SM does not fix the number of generations, so far

we do not know why there is more than one generation and
what law of nature determines their number. On the one
hand, the purely sequential fourth generation is constrained,

lating phase originates from the elemem’%idj of the
Cabibbo-Kobayashi-MaskawdCKM) matrix with three
guark generations. In the SM, there are both indiregtgnd
direct (¢’) CP violation. The analysis o'/ e can be divided

into the short-distancéperturbative part and long-distance TABLE I. The elementary particle spectrum of SM4.
(nonperturbative parts. Using the effective Hamiltonian . .

[Hw=2iCi(x)Qi(x) [9,10]], one can obtain an expression uplike ~ downlike  charged  neutral
of €'/e that involves CKM parameters/(, ), Wilson coef- quark quark lepton lepton
ficients (y;) and local operator matrix element&y;),). The u d e Ve
source of most theoretical uncertainties #re is mainly  SM fermions c S i u
from the difficulty in calculating nonperturbative pdlocal t b r v,
operator matrix elementscomparing with the phenomeno- new fermions t’ b’ 7 v,

logical determination of CKM parametef&l1] and the cal-
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even excluded in much of the literati&7]. For example, in  tains nine parameters, i.e., six angles and three phases. But
Refs.[28,29 the method of Padapproximates is used to there are not any direct experimental measurements of them.
show that for a large fermion mass, it is possible to dynami-So we have to get their information indirectly from some
cally generatep-wave resonance and then tSeparameter meson decays. We investigate three rétedecays, K"
bound can serve to exclude a heavy fourth generation of> 7" vy, K, —mvp, andK, — u™ ™ [36], in SM4. These
fermions[29]. Referencé30] found that there is no violation decays can give the constraint of the fourth CKM factor
of the S parameter upper bound for any value of the heavymVy, V.4 (or V;,Vy 4 and a fourth generation phas?,
fermion mass and that elastic unitarity, imposed as a conwhich is needed for calculating:(/€)™". We shall take it as
straint on strongW, W, scattering, yields no information an additional input parameter. As a consequence, the total
concerning and sheds no light on the existence of a heave'/¢) is the sum of €'/€)S™and (¢'/ €)* contributed by the
fourth generation. The Reff31] compared various precision SM and the new particlé’ correspondingly. Unlike the SM,
determinations of the Femi consta@ to get the rather when taking the central values of all parametersefdi, the
stringent bound of third and fourth generation lepton mixingnew value of €’/¢€) can reach the range of the current ex-
angle 634. It found that the fourth charged lepton is too perimental results whatever values of the nonperturbation
heavy and seems nonexistent. The precision electrowegkart, hadronic matrix elements, are taken in all known cases.
measurements can also give the strong constraints to the s&tso, the experimental values ofe/(/€)®® impose strong

quential fourth generation, in particular tiseparameter ex-  constraints on the parameter space oMMV,.q andm, .
cludes it to 99.8% C.L. if is degenerate, and if not a srifall In Sec. II, we give the basic formulas faf/e with the

parameter is allowed and then it is excluded to 98.2% C.L¢, \1th uplike quarkt’ in SM4. In Sec. Ill, we analyze the

[32|]_|' the other hand ) wally. th CERNconstraints on the fourth generation CKM matrix factor
owever, on the other hand, experimentaly, the Im vf,svt,d which is necessary for calculating/e in SM4.

ete” collider LEP determinations of the invisible partial Section IV is devoted to th cal vsis. Finallv. i
decay width of thez® gauge boson only show that there are ection 1V 1s devoted 1o the numerical analysis. Finaiy, in
Sec. V, we give our conclusion.

certainly threelight neutrinos of the usual type with mass
less thanM ,/2 [33]. But the existence of the fourth genera-
tion with a heavy neutrino, i.em, =M/2 [34] is not yet Il. BASIC FORMULAS FOF(34) €'/e AND WILSON
excluded. Perhaps there exists some more deep or mecha- COEFFICIENTS y;”(p) IN SM4
nism to give the room of the sequential fourth generation, The essential theoretical tool for the calculatioretfe is
because we really do not know why there are only thregne AS=1 effective Hamiltoniar{9,10],
generations. So, it is not invaluable to research these new
generation as one of the new physics. Before having a more G
fundamental reason for three generations, one may investi- Hw=2 —FVudV’Js[Zi(M)JF 7yi(w)]1Qi( ) (4)
gate phenomenologically whether the existing experimental T2
data allow the existence of the fourth generation. This is also
the main purpose of this paper. There are a number of papevéith 7=V{\V,q/(V}Vuq). The directCP violation in K
[26,27) for discussing the fourth generation phenomena. — 77 is described by'. The parameteg’ is given in terms
In our previous pap€35], we have investigated the con- of the amplitudes Ag=A[k—(77),_o] and A,=A[k
straints on the fourth generation from the inclusive decays of- (7 #),_,] as follows:
B— X4 I~ andB— Xgy. In this paper, we further study its
effects on directCP-violating parametere’/e in K—zar
decays as well as possible new constraints frethe and €=——=¢&1-Q)expid), (5)
rare K decays. We limit ourselves to the non-SUSY case in V2
order to concentrate on the phenomenological implication of
the fourth generation and will call this model as SM4 here-where
after for the sake of simplicity.
CP-violating parametere’/e is a short distance domi- _ImA o ReA, _1ImA, ®)
nated process and is sensitive to new physics. In the SM4 ReA,’ ReA,’ o ImAg
model, there are not new operators produced. The new par-
ticle involved is only the fourth generation up-type quétk  and® = #/2+ 8,— 8y~ m/4. With the effective Hamiltonian
The heavy mass df propagating in the loop diagrams of (4), we can cast Eq5) into the form
penguin and box enters the Wilson coefficieptsas well as

top quarkt andW boson. The effects of the fourth generation €' (12)_ p(32)
particles can only modify; . Each new Wilson coefficient —~ = ImA[PTE=PE], (0
y'™®( 1) is the sum ofy®(u) andy®(u) contributed byt

andt’ correspondingly. We can ggff‘) by taking the mass \where
of t’ as one of the input parameter. Moreover, for obtaining
€'/ e in SM4, we must know something about elemevitg;
i (12) = (12)— e} —
of the fourth generation 44 CKM matrix which now con- P E P rz Yi{Qi)o(1= 2y ), )
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FIG. 1. The additiona{a) EW, (b) QCD penguins, an¢b) box
diagrams witht’.

pER=Y Pi(3/2)=£ > Vi(Qia, ©)

with r=Grw/(2|ReAy)|). y; are the Wilson coefficients
and the hadronic matrix elements are
Qi =((mm)|Qi[K). (10
The operatorsQ; and (Q;), are given explicitly in many
reviews[9,10].
When including the contributions from the fourth genera-
tion up-type quark’, the above equations will be modified.

The corresponding effective Hamiltonian can be expresse
as

G
Hu=2 Tgvudvzizi<u>+ry?M<m+r'y§“’<m]Qi(m
(11)
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with 7=V{\V,y and r'=vf,svt/d. In comparison with the
SM, one may introduce the new effective coefficient func-
tions y;"*"( )

!

.
Y =yt —y ), (12

wherey;(x) are the Wilson coefficient functions in the SM
and yi(“) are the ones due to fourth generation quark contri-
butions. The evolution foyi(“)(,u) is an analogy to the one
y?M(w) in SM [9,10] except replacing theé quark byt’
quark. The corresponding diagrams of penguin and box are
shown in Fig. 1.

Using Egs.(11) and(12), Eq. (7) can be written as

[

(4)
=Im )\I[P/(lIZ)_ P!(3/2)]
€ t '

SM
+

6/

€

6,

€

(4)

6/

€

(13

where the definitions oP’ (Y2 and P’ gre the same as
Egs.(8) and(9) only by changingy; () into y(¥(u), and
MmNy =MV, Vyg. (14)
Thus the main test of evaluating/e in the SM4 is to
calculate the Wilson coefficieng&f“)(,u) and to provide the
possible constraints on Iy, . The constraints of Im,, will
be discussed in the next section. The calculatiop{8f ) is
Hwe same as their counterpaﬁ""(,u) in the SM and can be
simply done by changingn; to m;,, which is easy to be
found in any corresponding reviey9,10]. Here we repeat
the same calculations and only provide the numerical results
for y(u) as the functions of the masg . In the numerical

calculations we take a large range forquark massmy,
=50, 100, 150, 200, 250, 300, 400 G¢®6], see Table II.

TABLE Il. AS=1 Wilson coefficients af.=1.0 GeV forA =340 MeV andf=3 effective flavors at

leading ordery]=y3=0.

m; (GeV) 50 100 150 200 250 300 350 400

z -0.594 -0594 -0594 -0594 -0594 -0594 —0594 —0.594

z 0.323 0323  0.323 0323 0323 0323 0323 0323
yi 0.028 0032  0.036 0042 0048 0055 0064  0.074
yi -0.049 -0052 -0056 ~—0059 -—0.064 -0.069 —0.075 -—0.081

ye 0.011 0011  0.012 0012 0013 0013 0014 0014
ye -0.089 -0097 -0.112 -0104 -0.107 -0.111 -0.114 -0.118

yi a -0.114 -0.076 —0.004 0.092 0210 0348 0506  0.686
yi -0.034 0011  0.097 0210 0350 0514 0704  0.917
yila -0.367 -0825 -1.335 -1.913 -2571 -3318 -4.159 —5.098
yija 0172 0397 06475 0932  1.255  1.622  2.037  2.498
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TABLE Ill. Comparison of Br* — =" vv), Br(K,— #°vv), and BrK,— #°v») among the experi-
mental values and SM predictions with maximum mixing.

BI’(K+—>7T+V;) Br(KL_wn-OV;) Br(K,—utu)

Experiment <2.4x10 ° [37] <1.6x10 ©[38] (6.9+0.4)x 10 ° [39]
(4.2+9.7-3.5)x 10 %0 [44] <6.1x10 ° [40] (7.9£0.7)x 10 ° [41]
SM (8.223.2)x 107 [43] (3.1+1.3)x 10" 1 [43] (1.3+0.6)x 107 ° [42]

I1l. CONSTRAINTS ON CKM FACTOR V) V4 IN SM4
vsttd Vch:s thv?s

N ot \5 7tXo(Xt)

Bl‘(KJ“H'n'JrV;):K+

Though we have no direct information for the additional
fourth generation CKM matrix elements, while constraints

may be obtained from some rare meson decays. In[BE, A ders 2

we obtained the values of the fourth CKM factaf, \V,/, +——— mXo(Xer)| (15

from the decay oB—sy. In this paper, we shall investigate A

three rareK meson decays: two semileptonic decalfs,

—a vy and K .— 7% v, and one leptonic decay, o —  |ImViaVig

— " [36] within SM4. These decays can provide certain Br(K —mvv) = 5 mXo(Xt)

constraints on the fourth generation CKM factm/rﬁsvt/d, )

ImV}, Vi g and ReV;, V.4, respectively. Im Vi gVy Xo(Xe) 16
Within the SM, the decayX— mwvv are loop-induced A® 7 XolXe)]

semileptonic FCNC processes determined only by

Z%-penguin and box diagrams. These decays are the theoreti- Re(VogVh)

cally cleanest decays in rate decays. The great virtue of Br(K_— i) sp= K, #pé

K, — vy is that it proceeds almost exclusively through

direct CP violation [45] which is very important for the N

investigation ofe’/e in SM4. The precise calculation of n Re(thVts)Y (X))

these two decays at the NLO in the SM can be found in Ref. N> oL

[46]. While experimentally, its branching ratio has not yet )

been well measured, only an upper bound has been given and Re(Vt,de,S)

is larger by one order of magnitude than the one in the SM s Yo(Xt) | , 17

(see Table .1 This remains allowing the new physics to A

dominate their decay amplitudd8]. Moreover, unlike the )
previous two semileptonic decays, the branching ratigVhere — x ki, K, Xo(Xt), Xo(Xt), Yo(%t), Yo(Xtr),Po,Po
Br(K,—u*u”) has already been measured with a verymay be found in Refs[9,10]. The QCD correction factors
good precision, while its experimental result is several timegre taken to bez=0.985 andsp, =1.0[47]. .
larger than theoretical prediction in Sidee Table Ill. This To solve the constrains of the fourth generation CKM
also provides a window for new physics. matrix factorsVy, Vi g, ImV{, Vg, and ReVy Vg, we

In the SM4, the branching ratios of the three decay modesust calculate the Wilson coefficientg(x;;) and Yy(X;).
mentioned above receive additional contributions from theThey are the functions of the mass of the fourth generation
up-type quark’ [47]: top quarkm,, . Here we give their numerical results accord-

TABLE IV. Wilson coefficientsXq(X/),Yo(X;) to mg .

my (GeV) 50 100 150 200 250 300 400 500 600
Xo(X¢r) 0.404 0.873 1.357 1.884 2.474 3.137 4.703 6.615 8.887
Yo(X¢r) 0.144 0.443 0.833 1.303 1.856 2.499 4.027 5.919 8.179

'From Ref.[40], one can easily derive by means of isospin symmetry the following model independent bound:
Br(K°—x* V7)<4.4>< Br(K,— =" V;),
which gives
Br(K°— 7" v1)<6.1x10°.
This bound is much stronger than the direct experimental bound.
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TABLE V. Phenomenological values &;. An asterisk marks an educated guess.

/ / / / / / / / / /
B(ll 2) B(21 2) B(31 2) Bal 2) B(51 2) Bgl 2) B(71 2) Bgl 2) Bgl 2) B(l%Jz)
130 6110 10 52 B2 INPUT 1.0¢ 1.06 7.0¢ 7.5
B(13’2) B(23/2) B(33/2) 823’2) B(53/2) Bgslz) B(73/2) Bg3/2) B(93/2) B(l%/z)
0.48 0.48 16 52 1.0+03 1.0+0.3 10° INPUT 048 048
ing to several values af;, (see Table IY. We found that IV. THE NUMERICAL ANALYSIS

the Wilson coefficientXo(x,/) andYo(x,) increase with the In the calculation of’/ e, the main source of uncertainty

m.. . To get the largest constraint of the factors in E4$), are the hadronic matrix elemer(®;), . They depend gener-

(16), and(17), we must use the little value an,, . Consid- o
) . ! ally on the renormalization scaje and on the scheme used
ering that the fourth generation particles must have the mass

. 0 renormlize the operatof;. But the calculation of Q;),
larger thanM 2/2[33], we takem,, with 50 GeV to get our is much beyond the perturbative method. They only can be
constraints of those three factors.

Then, from Eqgs.(15), (16), and (17), we arrive at the treated by npnpert#rbiatlve n|1(ethods,I such as :?tt||ce ?ethods,
following constraints: 1/N expansion, chiral quar _m_ode S, and_ chiral effective
Lagrangians, which is not sufficient to obtain the high accu-
racy. We shall present the analysis tdrquark effects when

* —4
VireVed <2x107%, (18) considering the uncertainties ofQ;), due to model-
dependent calculations.

[Im Vfrvad|$1-2>< 104, (19 It is customary to express the matrix eleme(), in
terms of nonperturbative paramet@&§’? andB(*? as fol-
lows:

|ReV}, Vgl <1.0<10 4. (20

(Qu)o=B"(Q))§"™, (Qi),=BFQ)5™. (22
For the numerical calculations, we will takém V}, V, |

<1.2x10 4 The full list of (Q;), is given in Ref.[12]. We take the

It is easy to check that Eq18) obeys the CKM matrix phenomenological values & [17] (see Table Y except for
unitarity constraint, which states that any pair of rows, or anyB§"? and B which are taken as input parameters with
pair of columns, of the CKM matrix are orthogonall]. The  values calculated by three different nonperturbative methods.

relevant one to those decay channels is Other numerical input parameters are given in Table VI.
We take the values d@{"?andB{*' in three nonpertur-
ViVt VaVeat+ VigVig+ Vi Vg =0. (21)  bative approaches: lattice methods\l Bxpansion, and chiral

quark modelgsee Table VII and Figs. 234n each case.

Here we have taken the average values of the SM CKM The numerical results are shown in. Figs. 2_4.WhiCh cor-
matrix elements from Refl1]. Considering the fact that the respond to the three cases of calculat_lng hadronlc_ matrix el-
data of the CKM matrix is not yet very accurate, there still SMents: lattice method, 1/N expansion, and chlral quark
exists a sizable error for the sum of the first three terms{mdel' We n9W, present a study_f@r‘_/e_ as functlons of
Using the value o/, V, 4 obtained from Eq(18), the sum M\ andm, @ €'/ e versus Im\,, with fixing my, is plotted

. . . in Figs. 2a)—4(a); €'/ e versusm;,, with fixing Im \;, is plot-
of the four terms in the left-hand side of E&1) can still be ted in Figs. 2b)—4(b); and the allowed parameter space of

4
close to 0, because the values\gV,q are about 10* |\, andm,. is plotted in Figs. &)—4(c). We shall analyze
order, ten times smaller than the sum of the first three ones iggch case in detail as follows.

the left of Eq.(21). Thus, the values ot/:‘,svt,d remain In Figs 2a)-4(a) we plot eight lines corresponding to
satisfying the CKM matrix unitarity constraints in SM4 m,, =50, 100, 150, 200 250, 300, 350, 400 GeV, respec-
within the present uncertainties. tively. First, we notice that the slope of the line decreases as

TABLE VI. Numerical values of the input parameters.

ReA, 3.33x10 ' GeV O, 0.25 Gr 1.166<10°° GeV 2
ReA, 1.50x 10 & GeV w 0.045 Im\, 1.34x10 4
mg(m;) 8 MeV m, 138 MeV At 340 MeV
mg(m,) 130 GeV my 498 MeV My 80.2 GeV
me(mg) 1.3 GeV F. 131 MeV ag(My) 0.117

mp (M) 4.8 GeV Fy 160 MeV Y 1/129
m,(m,) 175 GeV Sindy 0.23
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TABLE VII. The input values ofB§"? andB{¥? in three cases.  experimental average. For a large rangenpf, (¢'/€)® is

not large enough to make total/e reach the experimental
lattice method I expansion  chiral quark models  ayerage. But in the chiral quark model, the SM value is about

B 1.0+0.02-0.05[48]  0.81[6] 1.6+0.3[7] 18.8><'10*4 which is in the b error range of the present

B2 0.8+0.15[14] 0.49[6] 0.92+0.002[7] experimental average so thf_;{ﬂe can reach the exp_erlmental

average for all values ah;, in the reasonable region. Thus

once the nonperturbative method calculations become more

m,, increases. At a value o, , about 230 GeV, the slope is reliablg and the e_xperimental measurements get more accu-
zero because the second part in the right-hand side of EGCY. it may provide more strong constraints on the forth
(13) vanishes. The reason is similar to that in SM, i.e., withgeneration quark from the study e/ e. Unfortunately, we
increasingm,, the EW penguin diagrams become increas-can’t get any information on the upper boundrof .

ingly important and their contributions te//e are with the We also plot in Figs. @)—4(b) eight curves correspond-
opposite sign to those of QCD penguin diagrams so that &g to ImA,=1.0, 0.75, 0.5, 0.25,-0.25,-0.5,—0.75, and
some values ofn,, there is a cancellation. The behavior —1.0x 104, respectively. Thus similar results as those in
comes essentially ona®;, becomes larger than 230 GeV, Figs 2a)—4(a) are arrived. These curves are divided into two
the slope is negative. Its absolute value increases mijth  types determined by the sign of the fourth generation CKM
Such a behavior comes essentially from the change of theactor Im\,. . The reason is also similar to the analysis for
Wilson coefficientsy!” asm,,. Second, from Figs. @-  Figs. 2a)-4(a). Figures 2b)—4(b) also show the constraints
4(a), we found, within the constraints on Iy, from the  on Im\, . It is interesting to see that there is an excluded
three rareK meson decays, that'/e can generally be con- region from 0 to 0.&10 * based on lattice gauge theory
sistent with the experimental average except for some rangeesults and from 0 to 0.2610™* based on the N expansion

of m,, once the nonperturbative parametB{g’® andB{*?  results, while there is no such excluded region based on the
are taken from values calculated based on the lattice gaugdiral quark model results. The reason is the same as that in
theory and IN expansion. Such a range roughly ranges fromthe analysis of Figs. (2—4(a). Moreover, it seems that
170 to 300 GeV, which can be seen from Fige) 2nd 3a). Im )\, favors the negative values which may be interesting
There is no excluded range for the case of the chiral quarkince the negative value of INy, is better to satisfy the
model. This is because in the first two cases, the SM valuesnitarity constraints of the CKM matrixsee Eq.(21)].
(€'/€)SM are about 8.8 104, which is much lower than the Therefore if a fourth generation exists, from both the theo-

40 40 T
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FIG. 3. Same as Fig. 2 in /expansion.

FIG. 4. Same as Fig. 2 in chiral quark model.
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retical and experimental parts, one might be able get usefulsu* 1™, which allow us to obtain the bounds on the fourth
information on the fourth generation CKM matrix eIements,generatmn CKM matrix factof\/ Myg. In particular, we

such asV{, Vi, which has been studied in our previous have analyzed the numerical resultedfe as the function of
paper[35]. m,, and imaginary part of the fourth CKM factor I, V4

In Figs. 2c)—4(c), we show the correlation between * . .
Im\; andm;, . The three curves in the figure correspond to( rViVira and a fourth generation CKM matrix phasg.

the experimental values of the new world average anddts 1 The correlation betweea'/e and ImV{, V. has been stud-
error, respectively. It is seen that the allowed parameteted in detail with different hadronic matrix elements calcu-
space is strongly limited for all three cases when the ratidated from various approaches, such as lattice gauge method,
€'l e is around the present experimental average within 1 1/N expansion, and chiral quark model. It has been seen that,
error. The allowed parameter space is divided into two piecesnlike the SM, when taking the central values of all param-
except in the chiral quark model. This is in agreement witheters, the values of’/e can be easily made to be consistent
the analyses in Figs. (@,2(b),3(a),3(b),4(a),4(b). Such a with the current experimental data for all estimated values of
small parameter space indicates thate may impose a very the relevant hadronic matrix elements from various ap-
strong constraint on the mass and mixing of the fourth genproaches. Especially, we have also investigated the allowed

eration up-type quark. parameter space of;, and Ime,SVt,d, as a consequence,
when considering & error of the current experimental data
V. CONCLUSION for €'le, the allowed parameter space fan,, and

ImV7}, Vg is very small and strongly restricted. This im-
plies that the experimental data in tKesystem can provide

strong constraints on the mass of thejuark and also on the

fourth generation quark mixing matrix.

In summary, we have investigated the dir€d®-violating

parametere’/e in K%-K° system with considering the up-
type quarkt’ in SM4. The basic formulas fo¢'/e in SM4
have been presented and the Wilson coefficient functions in
the SM4 have also been evaluated. The numerical results of
the additional Wilson coefficient functions have been given
as functions of the magss;, . We have also studied the rel- ACKNOWLEDGMENTS
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