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Abstract 


In this paper I review recent theoretical development on the direct C_P violation 
para-meter e'/ e in the standard model and the accuracy of the predictions for 
it. 

Direct CP violation is measured by the ra
tio e'IE, which has been studied extensively. 
The motivation to study the direct Cpo vio... 
latioo is known to understand the fundmen-' 
tal question: is the CP violation observed in 
19641 inKo decay due to a fifth force -the csu_ 
perweak' interaction of Wolfenstein model', or 
acomplex.,·phase in the quark. mixing matrix 
of Cabbibo~Kobayashi-Maskawascheme3 in' 
the standard model? Since the theoretical 
predictions for 5'/e in these· two mod~ls are 
diffrent: e'/e =:;: 0 in the superweak model and 
E'/e =O(10-3)4~6 in the CKM modeL 

The recent. experimental situation is not 
. . - . 1 

yet conclusive for these two models, the NA31 
reported 

, 
:. = (2.~ ± 0.7) x 10-3 (~) 

and the' E7318 reported the value 
. J 

~ = (0.60 ± 0.69) x 10-3 (2) 
e 

As the calculation OiE'/ e in CKM model 
is not naive as in the superweak model, it has 
.been studied more than ten years. I will briefly 
review in this talk the recent. theretical devel
opment for e'Ie. In the standard notation 

~ =. 1.25 X 1O-3(~;~) 

(Os(,u) < Qs >o)(l·-n) (3) 
'0.05· 0.07 

Here (i) Imet = IVcbllVublsin6' is a parameter 
of CKM matrix. (ii) Os < Qs >0 arises from 
the strong ·penguin. and (iii) 0 d:: flEwp + 
0'l-'lJ+ 0', with flEWP = COs < ,Qs ?,2 
+01 < Q1 >2)/(~C6 <Q6 >0) being the 
relative contributions of electroweakpenguins 
and n'l-'l' the 1r°-TI -Tl' mixing~The Wilson 
coefficient functions Oi. are Ol;)tained by inte
grating the renormalizationgroup equations 
with both QCD and QED corrections present. 
It has been studied by many groups. The 
calcula.tions~-l1 up to 1989 were only limited 
to the case when top quark mass mt is much 
smaller than W-boson massmw (mt<::. mw). 
While the experimental data in 1989 indicated 
Ith~t the top quark mass may be . heavy. In 
fact" in 1984 it was also pointed out by Chou 
et a.L12 that top quark mass might be larger 
than W-boson mass ( mt > mw). It is there

.foreneccesaryto evaluate the ·'coefficient func
tions Ci in the case that mt>mw~, which were
performed in 1989 by severalgroups13-11. The 
most interesting observations for mt > mw 
ar~ that the coefficient function Cs has only 
a very weak dependence on top quark mass, 
the coefficient functions Orand 0 8 have, how
ever, a very strong dependence on top quark 



mass '~t .arid are increased 'very rapidly as top 

quark mass.be~omes larger than the. W:':boson 


. mass, where the renormalization group effects 

play' a cru~ial' rule. Consequently when using . 


. ' the hadronic matrix elements. computed with; 

chiral Lagrangians1S at the tree level, the con

tributions of electroweak p~nguinand strong 

penguin are comparable 'and important ·can-· 

cellations occur between these two terms when 

top quark mass is large. Because of this case 

that one year ago it was thought that for a 

.heavy top quark the ratio e'/e couldbeeome 


17very small14- 'and thus imitate the super
wea.k theory2 for mt .~ 210 GeV.. 

The estimates for the matrix elements of 
the operators QSl Q7 and Qa are, however, in-' 
complete because they do not· reproduce the 

. physical values for the. isospin ~mplitudes Ao 
andA2. For this reason the authors4

-
S im

, proved the estimates for the hadroni~ matrix 
elements by including the one-loop 'corrections 
in ,chiral perturbation theory. The numerical 
calculati?ns found that4

-& for I-' = 1 Ge V and 

A4 = 300MeV 

< .Q6 >0 

< Qs >2 

nEWp 

= 2.8 < Q& >~o 

,= 1.44( 125Mer )2GeVl (4) 
m" 

- 1'.47 < Qs >~o " 
= O.94( 125MeV y.1Ge:V3 (5) 

m" . 
= 0.52n~~p J6, 

" 
which revealed that the importance of t-heelec
troweak penguin relative to the gluon pen
guin is diminished and reduced by a fact 1.9. 
Therefore the large cancellation betwee~ elec..; 
troweak pe~guin ands'trong penguin ~oes not 
occur any more even when the ma.ss. of the top· . 
quark is very large. 1n addition the next-to
leading order corrections to the Wilson coeffi
cient f~nctions were also found19 to diminish 
thenEwp by (20 ,..." 30)%. _ 

. The accuracy of the improved estimates 
were discussed· in detail' In· the most recent 

, . 

\ . 

paperS. Oneo( the' criteria is the scale: J1. .. 
depend~nce. Thequantiti~s which enter phys
icalprocesses are Ci(J1.) <·Qi >tand, in prin.. 
ciple, should be iridependent' of p,~ For that 
a.useful approach was developed. by Bardeen·) 
Buras· and Gerard~o, who suggested to calcu
la.te. the chir~ loop~ with a finite cutoff Mcut ' 

~d regard Mcut . to be a physical . quantity 
which is not removed by counter terms,but 
instead is identified with the renormalization 
scale JJ. of the short distance contribution Ci(JJ.) 
~ It! was noted that for A. =200MeV and , , 
wh~n J1. changes from O.6GeV tq 1.0 GeV 
the va.riation for 0& <Q& > is about 18:%. 
These should be compared .with a variation of' 
lOO% for <Q& > alone. Th~ improvement 
for < Qa >2 is even more impressive, since 

· the variation of Os(p,) < Qs >2 is l % while 

<' Qs >2 varies 65%. 
Additional support for chiral calculati<:>ns 

comes from the fact that the}' reproduce the 
· transition amplitudes Ao and A2• Similar cal

culations were published eadier20 and included' 
theone-loop corrections for < Ql>1 and; 
<Q2 > I· When the new values for < Q6> 
were included, a better a~reement forAo was 
foundS,&, see table 1. 

, Moreover, most of the models which fa
vor to. theDa! = 1/2 amplitude 'Ao also ob
tained big values of < Q& >0. For example, < 

· Qa >0= 1.46( 12~~V'?GeV 3 in a linear q. chi
ral dynamic mode121 and < Q& >0= 1:40GeV 3

, 

... in. the bag mode122 , comparing these val ... 
ues with eq.(4), a remarka.ble 'agree~ent occur 
among these models. 

The estimat~s.of 1met. depend on elements 
of the CKMmatrixand OP phase 5. The ma.. 
trix~lements IVcbl and /Vub!are determined di
rectly . from semileptonic. B-meson decays23t24 

>; , 

.:. '. " . IVubl .... /Vcb / = 0.041 ± 0.003, IVcbl ' 0.12 ± 0.03 (7) 

The estimate of the Op· phase is quite standard 
from fitting the Ele parameter forKo mesons 



1 

, Table 1. Prediction~ for the amplitude Ao in unitof)0~7GeV. 
In parentheses' ~re the earlier values of BBG20 . ' 

1n1l (MeV) 100 . 125 r 150 175 200 

Ae;/%;1' 1.18 0.96 0.840.76 0.72 
(0.78) (0.67) (0.63) (0.61L (0.60) 

and BO -Bo mixing. Choosing for the addi
tionalpar~me~ers25 

BIc 	= 0.75 ± 0.20 (8) 

and 

1T/~C,DffsfB = 120 ± 18MeV (9) 
" 	 , " 

where the stable 'values oilB calculated fror;n 

QCD are sensitive to the choice of the pole 


. mass ofthe bottom quark26. With these input' 

prameters' the .r~nge of Imet is given' by 

0.5~ x,lO-4ee~· 1met ~. 2.~5 X~0-4Xt (10) 

e.= [140GeV'J1.42(1 + 0.ll~140GeV) (11) 
'mt .·mt 

Xi :::;: [140GeV)0.8 r+ 0.754(1 _ 140GeV)1.~ 
mt mt 

After a brief review for the theoretical devel
opment' of the calculations for each factors in·· 
vol ved in the com.putation ofe'/ f:, it is now in 
the po;sition to make the conclusions for the' 
,ratio e'/ e.For 100GeV :5 mt < .2S0GeV 

, i) The :superweak behavor of e'/ e in the· 
CKM s~heme of the standard model is ex
cluded definitely since 

0.35·< 1 ..... n :5 0.70 (12) 

ii) £'/e is enhanced by a factor 3.5 due to 

next-to. leading order contributions 


. 0.6 < Qe >0= 3.506 < Qa >O·!LO. '(13) 

iii) The biguncertanties still'mainly come 
from the range of 1m(t. 

0.24' X 10-4 :5 Imet < 2.6 X 10-4 (14) 

iv} The allowed values of e'/e , 

,( 150:'e'v )20.46x 10-3 < : :S 8,. 7~1,0-J(150:'eV )2 

(lS) 

v) Simultaneously the 6.1 = 1/2 am~li-

tudes are closer to .the data and the depen

,dence of the amplitudes on J1. is also improved. 
, 	 . 

vi) Taking the plausible central values 

of input parameters", a consisitent prediction 

comes ·to 


, 	 ' 

me 	,....., 140GeV, S,....., lS00 (H3) , 
./ 

and 

,e' ~ 2.6 X 10-3 { lS0MeV? 
 (17)' 
e . mil " 


It is therefore optimistic that the measurement 

of tJ;le ratio e;J leis sufficient to'distinguish the 

superweak model andCKMmodel.. Let us 
 r 

wait for the improved new experiments NA48, 
KTeV, DAPHNE and CP LEAR. 
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