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Abstract

The difference between induced by box diagram value of € and
experimentally measured value of € is estimated. It appeared to be
around 5—10%, depending on the values of hadronic matrix elements.
With this result, the fit of CKM marix parameters within the SM is
performed.
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1 Introduction.

It is well known that CP - violation in K° — K° mixing is described by the
parameter €. Within the SM, this parameter is given by box diagrams. It
depends in particular on the CKM matrix elements. On the other hand, the
experimentally measured parameters are € and €. € and € enter the mea-
sured ratios of decay amplitudes of kaons into 77 states. These amplitudes
are superpositions of amplitudes A(K° — (77);) = A;e”’ of kaon decays
into states with definite isospin I = 0,2, A; are weak amplitudes, §; are
strong rescattering phases(see Appendix for details). The parameter € can
be expressed as [1]:

[mAO
=€ . 1
€ e—l—zReAO (1)

Within the SM, ImA, originates from the so-called strong penguin di-
agrams. Amplitude A, also has an imaginary part which originates from

electro-weak penguin diagrams. That is why ImAg >> ImAs. The ratio
ITI’LAO
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ters is performed, one equates the experimentally measured value of |e| and

is much smaller than € and when the fit of the CKM matrix parame-
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theoretical expression for |€|, neglecting the term #, see [2],[3]. In par-
€4o
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2% correction to €”. The aim of the present paper is to take this usually

neglected term into account.
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ticular it was claimed in [4] that the contribution of
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In order to estimate the ratio we exploit the fact that it enters the
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expression for —[1]:
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The ratio — is experimentally measured and great amount of work was

where w =

€
done in order to calculate it(see [5] - [10] and refs. therein). In particular



ImA
the quantity R—AO was computed theoretically using different methods. We
€A

shall use the results of these computations.
[mAO
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At first step we neglect ImA,. Then |épeor.| coincides with |eq,y |, and we
reproduce the results of [2],[3].

At second step we take into account that ImAy # 0, but neglect the
mAO

RGAQ

We shall imply the following three step procedure for estimating

contribution of EW penguins in Eq.(2). Then we extract the value of
/

€
from experimentally measured quantity — with the help of Eq.(2).
€
At third step we take into account the contribution of EW penguins:

ImA
ImAy # 0. The consequence is that one cannot extract 0 fom Eq.(2).

R€A0
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Finally, we perform a fit of CKM matrix parameters, taking the term

ImA
7 AO in Eq.(1) into account and using numerical estimate of it, obtained at
€A

step 3.

So one has to use the results of theoretical computation of

2 Difference between € and e.

The quantities € and € are related by Eq.(1). Taking into account that the
phase of € is approximately 7 [1] (see also Appendix), from Eq.(1) we deduce:

s ITI’LAO N 1 ~19 ITI’LAO
= |6+ —\/2|e\+(f\| u)’ B
Thus:
o= \/§R6A ReA ~ e V2 ReAy
The experimentally measured value is [11]:
|| = 2.282(17) x 1073, (5)



Now we start our procedure of estimating |é|. At first step we neglect
ImAO

Red, and obtain:

|E| = |e=*P| = 2.282(17) x 1072, (6)

This formula is always used in the fits of CKM matrix parameters, see
[21,[3]-

Second step: We take into account that ImA, # 0 but neglect ImAs;.
Then Eq.(2) reduces to:

€ ot iemso-py W ImAo. (7)
€ V2 le| ReAy
Taking into account that (6g—02)esp = 42£4° [12], we obtain the following
expression for :
P Red,

ImAy 2]l

Red, w o€ (8)

Substituting experimental values from [11] we get:

— =18(4)x 1073, w=0.045, |e|] =2282(17) x 107* =

€
ImA
TR0 (1.34£0.3) x 1074 (9)

In this way we get the following value of |€|, which is the result of the
second step:

€| = 2.37(2) x 1072 (10)

This number coincides with the value obtained in [13], Egs.(9.3),(9.4).
Third step: Now let us take into account the presence of EW penguins:
on
€40
mAO

€Agp
the Introduction, such result was obtained in the literature while calculating
/

I
ImAy # 0. Then Eq.(2) does not allow to extract from the experimen-

. As announced in

tal data and we need explicit theoretical result for

€
theoretically —.
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In order to calculate — from Eq.(2) , one needs theoretical expressions
€

for ImAy and ImA, (the values of ReAy, ReAs, ||, dp — d2 and w are well
/

€
measured experimentally). Short review of the history of — calculation can
€

be found in [10]. The expressions for ImAy and ImA, are usually presented
in the following form:

G
ImA, = —\/—glm(thVtZ)P(o)(l — Qp),

ImA, = —%Jm(vtdv;)P@), (11)

where
PO = "yi(Qi)r, 1=0,2. (12)

Here V;4 and V;% are CKM matrix elements, G - Fermi constant, (Q;)o.2
are matrix elements of 4-quark operators responsible for K — 77w decays,

y; being their Wilson coefficients, {2;5 introduces a correction due to isospin

1 (ImA
breaking effects: ;5 = —M.
w [mAO

From (11) we have:

]mAO _ GF
ReAy V2Re A,

This formula contains the CKM matrix elements (which we are going to
fit), but for the estimate of the small correction to |€| we can use mean values
from [15]: Im(Vi4ViE) = 0.000127. ReA, is well measured experimentally:
ReAy = 3.33 x 1077GeV. Concerning PO (1 — ;p), we use data from the

!/

€
calculations of — done in [8], which succeed in describing the experimental
€

Im(ViaVis) PO(1 — Q). (13)

/
value of —.
€
Hadronic matrix elements were evaluated in [8] using large N.. - expansion.
From Table 2 of [8] we find the following range of values (corresponding to

the quark condensate value (< Y >)% =0.240 — 0.260 GeV at u = 2GeV):
PO(1 —Qp) = (7.1 £2.1) x 1072GeV?.



ImA
Substituting this into (13) we get: M2 _ (—2.234+0.66) x 10~*.

RGAQ N
This leads to the following range of values for |€é|:

239 x 107 < €< 2.48 x 1072, (14)

We have taken the paper [8] as an example, and similar estimates can be
/

€
made using other results, obtained in the framework of — calculation (see
€

[5]-[10]).
The range of values for |é| presented in Eq.(14) can be written as:!

|é| = (2.44 4 0.04) x 107, (15)

and we use it in Section 3 to perform the fit of the parameters of CKM
matrix. As we see the value of |€| is larger than that obtained at step 1 by

(5—10)%.

3 Fit of the parameters of CKM matrix

We use in our fit of the CKM matrix experimentally measured values of
modulus of matrix elements V,4,Vis,Vib,Vea,Ves, Ve and also €, Amp, and
sin203.

We assume these experimentally measured data to be normally distributed.
Also the theoretical uncertainties are treated as normally distributed. Let us
note that other people treat theoretical uncertainties in other way [2], [3].

The most precise determination of |V,4| comes from the averaging data
from nuclear and neutron [ decays [15]:

|Via| = 0.9734 £ 0.0008. (16)

From kaon semileptonic decays the element |V,4| is determined with the
better accuracy than in other methods (like hyperon semileptonic decays).
We use the recent value [15]:

|Vius| = 0.2196 + 0.0026. (17)

From the inclusive and exclusive B-decays governed by the transition
b — ul~ 1y, we get [15]:

!We note that a number, very close to our central value, can be extracted from [14].
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|Viao| = 0.0036 £ 0.0007. (18)

The element |V.4| was measured in deep inelastic scattering of neutrinos
and anti-neutrinos on nucleons with charm production [15]:

V| = 0.224 4 0.016. (19)

The best accuracy in |V,s| comes from the measurement of the ratio of
hadronic W-decays to leptonic W-decays [15]:

V| = 0.996 & 0.013. (20)

The averaged value of |V3| extracted from exclusive and inclusive semilep-
tonic B-decays including ¢ quark is [15]:

V| = 0.041 + 0.002. (21)

Theoretical expression for |é| valid for m; > my was first obtained in
[16]. In modern notations it looks like:

GZm?2,my f?
~theo F'W''KJ K * )2
= ———"=DB ccS cs c]m ‘/cs c 22
e = SRR (Tl (VW) (22
+14eS (4, xt)fm[(Vts‘/tZ})2]
200 s 2) IV VVis Vi) (23)

Here, the S(z;,z;) are usually called the Inami-Lim functions [17]:

3 = 31
o\1-2/) "

S( ) ! + 3 3 ! Inx
iy Xj )ity = Likj ||~ - i
o 3017 J 4 2(1 — IZ) 4(1 — l’i)2 Ty — Ty

3 1
+(xz = ‘Tj) - Z (1 _ l’z)(l — x]):| ) (25)

where z; = m?/m%, depend on the masses of ¢ quark and ¢ quark (m, =
1.2+£0.2 GeV[18], m; = 174.3 £ 5.1 GeV [18], my = 80.42 £0.04 GeV [18]).
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The QCD corrections have been calculated to next-to-leading order: 7. =
1.32+0.32 [19], ny = 0.574£0.01 [20], ner = 0.47+0.04 [21]. The kaon decay
constant extracted from the K+ — p*v decay width equals: fr = 160.4+1.9
MeV [18]. The Kg — K mass difference is Amyg = (3.491 4 0.006) x 10715
GeV [18]. The world average for the bag parameter By reads: By = 0.87 £
0.06 + 0.14uencn [22]. Fermi constant G = 1.16639(1) x 107°GeV ~2[18].

From the study of B® — B oscillations the experimental value of |Vi4]
should be extracted:

G2 «
Ade = T;anBdm%S(xt)f%dBBd‘thvtb|2’ (26)

where np = 0.554+0.01 [20] is a QCD correction, mp, = 5.279440.0005 GeV
[18] is the B meson mass, myy is the W boson mass, S(x;) is the Inami-Lim

2
function for the box diagram, x; = nT—;, fB, is the B meson decay constant,
w

and Bp, is the so-called bag factor. We use the following numerical value:
I,V Ba = 230 4 28 4+ 28 MeV [23].

From B decays to CP eigenstates containing charmonium and neutral
K-meson sin 23 is measured with good accuracy. The average result of Belle
and BaBar is [24]:

sin20 = 0.73 £ 0.05(stat) 4 0.035(syst). (27)

Theoretical formula for sin 28 comes from the consideration of the unitarity
triangle:

277(1 —p)
7+ (1 —p)*
The x? expression which we minimize looks like:

Vtheo _ V690P 2 Vtheo — V/exp 2
X2(A7)‘7p7n):< ud ud ) +< us us )

Uvud UVus

theo __ ewp 2 theo __ 1/€xp 2 theo __ Y/exp 2
Vub ) + (‘/cd ‘/cd ) + (‘/cs ‘/cs )
UVub chd chs

€o exp\ 2 theo __ exp\ 2 €o ~ex 2
<Vth —Va p) + (Ade Amp, ) + (w)
OA,, O¢

sm2ﬁth8" sm?ﬁ””) 2
)

Osin28

sin2( = (28)

+

+

+



where theoretical expressions depend on the Wolfenstein parameters A, A, p,
n. Expression (29) was minimized varying A, A, p, 0.

Performing the fit we use the value of |¢"*°| from Eq.(15). The main
uncertainty in €€ originates from that in By and it dominates in o¢. That
is why we use oz = 0.4 x 1073,

Here are our results:

A =0.2229 + 0.0021

A=0.83+£0.04
7= 0.3550.0%
7= 020

x?/n.d.o.f.=81/5 .

In Fig.1 you can see a set of bounds on the parameters p and 7 of the CKM
matrix. They comprise three circles, two branches of a hyperbola, and two
straight lines. Three circles originate from the V,;, measurement (the green
one), the measurement of Amp, (the red one) and from the lower bound
on Ampg, (the yellow one). The hyperbola originates from the measurement
of CP violation in the mixing of K-mesons. Straight lines come from the
measurement of CP asymmetry in BY(BY) — J/WK decays.

4 Conclusions

Numerical difference of the quantities ¢ and é (which describe C P-violation
in K-mesons) was estimated in the Standard Model. Fit of CKM matrix
patameters accounted for this difference was performed.
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Figure 1: The domains at (p,7) plane allowed at 1o from Vi, Ampg,, ex
and sin 23 measurements. 95%C.L. upper bound from the search of Amp, is
shown as well.

A Basic formulas for K'-K" system

It is known that states K° and K° are not mass eigenstates. Mass eigenstates
are their linear combinations:

1 [K0+I_(0 ~K°—K°}
K+: = +e€ )
VIt ]E? V2 V2

1 {KO—I_{0+~KO+I_{O}
£
VI+H[E? V2 V2

Let’s denote matrix elements of the effective Hamiltonian between K°
and K© states as follows:

(29)
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<K0|H|K0>:<K0\H|KO>:M—%F,

<K0|H|K0 >= Mlg—%rlg,

< K| H|K®>= M, — %rg. (30)

The eigenvalues and eigenvectors of this matrix Hamiltonian are:

Ar =M — §F + \/(M12 - §F12)(Mf2 - §FT2),

{M+ZPM0+QJ\Z[0 q_ Mikz_%rﬁ (31)
M_=pM°—qM° " p M12—%F12'

Introducing quantity € according to the following definition:

qg 1-

[N

(LN

we come to Eq.(29).

ImM
Taking into account that I'ys is real and T2 0.1 [13] we get the
R6M12
following expression:
i Im M
q ~1— 27717212 (33)
p My — 5119

Eigenvalues of Hamiltonian may be written as Ay = (m4 — %Fi)2, where
m- are masses of corresponding states and I'y - their widths. Then denoting
K, and K_ states as Kg and K respectively, we have \_ — A, = 2my(mp—

ms—%(I',—Ts)). On the other hand A\_—\; = —2\/(M12 — D) (Mf, — i0%,) ~
—2(Mys — iTy2). This leads to:

q -
z - ~ 1 — 2¢. 34
p S G —ms = 1(T; —T3)) (34)
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Taking into account that I's << I'y and Ampg ~ I's/2, we obtain:

i]mM12/2mK d‘n' ]mM12/2mK
. ~e Ve —2 7 &
(Amps — 5(I'r = T's)) V2Ampg

Thus calculating Im M, within the SM we find the theoretical prediction
for €. (Let us note that since ImM2 is negative, the phase of € approximately
equals 7).

Now we proceed to decays of kaons into pairs of pions, whose amplitudes
are well measured experimentally.

It is convenient to deal with the amplitudes of the decays into the states
with definite isospin:

€~ —

(35)

AK® —» rtr7) = e2ei2 4 2 il —L \/2¢0 0
f V3
AR = ntnm) = —=e %2¢12 4 2 90 /90 i%

v f

A(K — 7979 \/7 20102 _ 0 100
3
A(KO — 7T07r0) \/;a2e €2 162 - %6_Z§0 260 (36)

where “2” and “0” are the values of (77) isospin, &, ¢ are the (small) weak
phases which originate from CKM matrix and d, are the strong phases of
m-rescattering.

Experimentally measured quantities are:

AKp, —7mtn™)

A(Kg — mtm—)’
A(Kp — 7n°70)
Tloo = .
A(Kg — m070)

- =

For the amplitudes of K and Kg decays into 7t7~ we obtain:
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— 1 A isoey. - Qo iS00y s
AK, > 7tn7) = — | —=e"22isin & + —v/2¢024 sin } +
( L ) \/5 |i\/§ 52 \/g 50
€ a2 s, o is
+— | —=¢"22 cos &y + —=1/2602 cos } ,
\/5 |:\/§ 52 \/g 50
_ I {ax ; ap ;
AKg - mhn) = — |:—6Z622 cos &y + —=1/262 cos ] , 38
( S ) \/5 \/g 52 \/g 50 ( )
where in the last equation we omit the terms which are proportional to the
product of two small factors, € and sin ¢y 2. For the ratio of these amplitudes

we get:

AKp, —ntn™)  _  singy
Ny— = —~ =€t
A(Kg — mtm—) cos &
i€'927%) gy cos &, [sinéy,  sin&

V2 agcosy [cos&  coséy
where we neglect the terms of the order of (ay/ag)?sin &2, because as/ag &~
1/22.

The analogous treatment of K ¢ — 7% decay amplitudes leads to:
A(Kyp — 7%  _  sin&
Noo = =€+
A(Kg — 7970) cos &

_ it /5% cos &3 {sinfg sinfo] ~ (40)

agcos&y | cos &y " cos &o

Introducing conventional quantities € = %7]+— + %7700 and ¢ = %77+— — %7]00,
we get:

. 1
e — %61(52—50)&7 []mA2 — U}Ion]
0

~+ ]mAO
= € 1
¢ ReA,’

(41)

RGAQ ~ Q9
RGAO - CLO'

Equations (41) are our starting point in the present paper; see Introduc-
tion.

where Ay = €%29a45 4, and w =
,0 ,05
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