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Gold-plated mode reexamined: sii2B) and B°—J/WKg in the standard model
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We study the corrections to the determination of s#)(fom the time dependerEP asymmetry ofB°
—J/WKg which arise in the standard model. Although a precise prediction of these corrections is not possible
we find that they are indeed extremely small, of the order of less than a per mil of the observed value. This
means in turn that any deviation visible at tBdactories will be a clear signal for new physics.
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[. INTRODUCTION to a small hadronic scale. It is worthwhile to note that many
elements of our calculation are similar to the calculation of
The measurement of the mixing-induc&P asymmetry the lifetime difference in the system of neutfl mesons
in the so-called gold-plated mo®®— J/¥Kgis becominga which is performed in an effective field theory framework in
precision measuremeft]. Currently the relative uncertainty [7].
is at the level of five percent and is going to decrease further The second source is the decay amplitude itself which has
in the next few years as more data from Bdactories are small contributions carrying a differe@P phase compared
analyzed. to the leading piece. The latter is much harder to estimate
From the theoretical side the time dependéRtasymme- and we shall refer to well known methods.
try in this channel is related in the standard model to @n(2 A full discussion of the standard-model effects would also
in a very clean way4], i.e. it is not plagued by hadronic require to include the effects fro@P violation in the kaon
uncertainties, at least at the level of current experimentagystem. We shall not discuss these effects in the present pa-
precision. However, the precision of the experimental dat@er, we focus completely on the effects coming from Be
will increase further, making thi€P asymmetry an interest- system.
ing probe for new physics. In the next sections we set up the calculation of these two
Possible new physics effects have been discussed in songentributions and discuss the methods of calculation. Finally
detail in a generic framework if5] where both the charged we summarize our results and conclude.
and the neutral modes &—J/WK have to be taken into
account. IN[5] certain observables have been defined which Il. BASIC RELATIONS
are sensitive to different aspects of new physics. i i
However, in order to quantitatively pin down a possible ~CP asymmetries are measured at Biactories by detect-
new physics effect and to assess the reach to new physid§g the decay products of the coherédftB® pair. One of
the small standard-model contributions have to be under corthem is identified as a flavor state using e.g. a leptonic tag-
trol. Although estimates of these effects have been giveing mode while the decay of the other int€C® eigenstate
some time agd6], it is worthwhile to reconsider these esti- is observed. Usually, in the calculation of these rates a pos-
mates motivated by the experimental precision to be exsible CP violation stemming from the mixing on the tagging
pected soon. side or in the tagging decay is neglected which results in the
In this paper we shall try to get a quantitative estimate forwell-known formula for the deca®—J/¥Ks
the time-dependentP asymmetry in this channel beyond

the simple relationfin the convention used in E¢t) below] B J/VKsy (1) CoarikCOSAMY = Sp g SN AMY
_ [ace™ lo(t)= cosiAT't/2)+Dg_ ywk SINM(AT'/2)
Ce-uwk=0 Sg_ywk =SiN(2pB). ) (@)

The corrections to these relations originate from two sourceswith
The first source is from the corrections to th&= *=2 part

of the Hamiltonian. In the present paper we compute these 1—|\|? 21Im[\]
contributions systematically in an effective field theory by CBHJ/\I'KS: —1+|)\|2, B—J/WKg™ —1+|)\|2,
subsequently integrating out heavy degrees of freedom down
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q p\  A(B - J/WK) do in this paper. The approach is similar to the one used for
N=l=) D (3 D-D mixing [9-11], and also for the\ S=2 Hamiltonian in
Plg 19/ A(B"=J/¥Ky) [12]. The advantage is that one may express the contributions

H d h ¢ h terizing the mixing i to the mixing phase in terms of matrix elements of certain
erep andq are the parameters characterizing th€ mixing iy .5 operators, which can be estimated in factorization. Fur-

the K- andB-system, whileA(B°— J/WKs) is the amplitude  armore, one can resum systematically large logarithms us-
for the decay into th€P eigenstate)/ VK. ing the renormalization group.

Our aim is to investigate all effects correcting the leading “The first step is the usual one, in which theboson and
contribution and therefore we take also into account the iny, o top quark are integrated out at a common sgatem;
fluence of the mixing in thé& system on the tagging ampli- ~Myy. The result is the well knowrAB=2 operator of
tude assuming that there is 1@P violation in the taggiﬂg dimension six, which is
decay(cf. [2], the effect of the width difference and theK
mixing on theCP asymmetry have been already considered
some time ago if3]). Defining

GE
Hef 2= ZktzthCO(Xt)QO
4

2 2

K .
b5, 32 [l e 0
B ; Qo= (b7,d0) (b y*dy) @
the CP asymmetry becomes where
—\/* — m2/n2
aE;J"""S(t)=[aggJ’“’KS]O(t)Jrg— gsinZ(Amt)sinz(Zﬂ). Na=VapVaa, X=Mi/Miy
(5) and

These relations above are true in general and take into Colxe) = 4-1+x¢  3x{Inx ®
account a possible width difference, a possible di€et o 4(1-%x)%  2(1-x)°
asymmetry as well as the mixing effects on the tagging. The
lifetime differenceAT’ as well as +-|\|? and e are small is obtained from the usual Inami-Lim functidi3]. Note
and the leading term is obtained by neglecting these quantthat we extracted explicitly a facton? which is reminiscent
ties. Furthermore, since the weak phase of the decay amplpf the GIM mechanism.
tude of the leading contribution vanishes in the standard con- However, Eq.(7) is not the only contribution tAB=2.
vention, S measures the weak phase of theB=2  Other contributions originate from two insertions 8B=1
contribution to the effective Hamiltonian which is—again to operators
leading order—simply B. i

We make use of the general relation TAB=2_ _ EJ d4xT[H§f?:1(x)H§f?:1(0)], 9)

Cs. 24 (Sg, >+ (Dp_ywk)’=1, (6
(Coamwid™* (Saared) "+ (Daarvied) © \ihere the relevant operators are

which allows us to replac@B_,J,q,KS by its leading order 4G, - o
expressiorDg_ 5y = C0S(), since it is multiplied by the Hﬁf'f?’:1=ﬁ[VSbVw(bLyﬂcL)(cLy“dL)

small quantityAI't in the expansion. Note that typically

t is of th d f theB lifeti d h h m n
Allfr(;l. e order o meson lifetimer and we have +VEVLa(bLy,c0) (U y#d) + VEVeq(bLy,UL)

X(cLydy) + VEVya(bLy,u) (u y#d)] - (10)

which yield non-local contributions at the scate- My .

The phenomenon of mixing betweBandB is due to the Furthermore, the matching at the scigy yields—aside
box diagrams with a doubl&/ exchange in the full elec- from the above dimension-6 operator appearing in #g—
troweak theory. These diagrams have been evaluated sorfi#nension-8 contributions involving two covariant deriva-
time ago in the full standard model including the quarktives. These have been partially calculatedlin]; however,
masses of all quarks in the lo§g]. After GIM cancellation, We do not need these contributions for our purposes, since
the leading term is due to the top quark, giving rise to athese pieces are again dominated by the top quark and thus
contribution of the order r,/Myy)? with the weak phase have the same weak phase as the leading part.
2. Subleading terms are either of the orden,(M)? In addition, keeping a non-zero charm mass, the
which again carry the phases2and thus will not contribute Matching calculation yields an operator of the form
to a modification ofS, or of order fm./My)? which carry a mﬁ(b,_yﬂd,_)(b,_y”d,_) which we shall treat as a dimension-8
different weak phase and hence will yield a correctior8to operator as well. The matching of this operator involves the

Instead of calculating the box diagrams in the full theorycalculation of the box diagrams keeping the charm mass non-
one may also use an effective theory picture which we willzero.

IIl. CORRECTIONS TO THE MIXING
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Lowering the scale turns the high momentum part of the
non-local contributions into local operators. This effect is
described by a renormalization-group mixing of the non-
local operators into local ones. We define the non-local op-
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2

~ A ,
Co(My, X)) =— @Clz(xt),

erators as

Ty=- '5 f d*XTL(bLy,e) (X)(cLy*dL) () (bLy"cL)(0)

X(cLy,d)(0)] (119

Tp=— I§ J d*XTL(byy,.c0) () (UL y*dL) (X) (bLy"up )(0)

X(cLy,d)(0)] (11b

Ta=—3 f d*x T (b y,,u) (X) (U y*dy) (x)(bLy"u ) (0)

X(uLy,d0)(0)]

and find that these operators mix already at orde){ into
local AB=2 operators of dimension [80]

(119

Q,=0(b,y,d.) (b y*d,)
Qp=d"d"(b_y,d,)(b_y,d,) (12)

Qs=mZ(b,_y,d ) (b_y*d,).

This order @4)° mixing happens via the diagrams

The anomalous dimension matrix at order)C is

1
4872

y (13

-  k O O
N N N O O
o w o O O
o O O o o o
o O O o o
S O O o o

and the operators are into O

=(Q1,Q2,Q3,T1,T2,T3)T.

gathered

The initial conditions for the renormalization-group run-
ning are from matching. As discussed above, we do not e
plicitly need the matching conditions f@,; andQ,, so we

get

2
A t

Ci(Myy X)) =———=CXy),
1(Mw,Xy) 96,2 12(%t)

. 1
Ca(Mw,X) = —— (2A M Ca(X) +\D),
32

CaMy)=2Z, Cs(My)=2\c\,,
Ce(My) =22, (14)

where we have used the tree-level matching of Alie=1
operators for the non-local terms. The function

3% 3x2In x,
4(1=X)  4(1—x,)?

Ca(x)=Inx,— (15

is derived from the Inami-Lim functionC,, and C;, are
functions ofx; which could be obtained from the matching of
the dim-8 operators with two derivatives. We do not give
these functions here, since they are not needed in the follow-
ing.

The next step is to perform the renormalization-group
running using the renormalization-group functions at order

(a's)o

O léw=0 16
Sl S O (16)
where C=(C,,C,,C5,C4,C5,C;) are the coefficients of
the operators.
Running down to the scale of thequark mass we switch
at u~my again to another effective field theory in which the
b quark becomes static. At this scale one has to replace the
derivatives acting on thb quark field by[15]
id,b—(my ,+id,)h, (17
whereh, is the staticb quark field moving with velocity .

Keeping only the leading term in therdy expansion we
have to match onto the operators

Po=(h{y,d.)(h{ ) y#d,)

P, =m3(h{")y,dy)(h ) y#d,)

v

P,=m3(h{2d,)(h{3d.) (18)

Py=mZ(h{y,d)(h{)y#d)),

v

whereh{*/”) denotes the static quark/antiquark field, which

"have become completely different fields in the static limit.

Performing the matching and the renormalization-group
running we may evolve down to scales around the charm-
quark mass. At such a low scale all contributions become
local, once the up-quark mass is neglected. In fact the dim-8
operators of the generic structure
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(h'™Dd,)(h{2Dd,), operators(cf. e.g.[10]). They originate from diagrams like
v,R v,R (lﬂEU C)

with D being a derivative inserted in any possible way, will
yield contributions proportional tqhéCD. Compared to the
pieces considered here, these are suppressed by a factor
Adcp/mz and thus may be neglected.

Inserting back all the CKM factors, we make use of CKM .
unitarity, i.e. the fact that ,+\.+\;=0. This separates the
running from CKM factors, which means that each Weakl_
phase is multiplied by a renormalization-group invariant.
Thus theAB=2 contributions at the scalg~m. can be
expressed in terms of the local effective Hamiltonian

he contributions from these operators can be brought into
the form

<BO| 06 quarkfl5§0>~<Bo| (de)(ﬁvd)(au) |§0>

AB=2_ “F Gé m2 ¢ 2 : N
Her "=—73 tCO(Xt)PO+ CaaXt) XA =AM | —+E|+0O| —
4 b mb
mZ 2)\t2 mg (21)
_In Pl Clz(Xt) - 5 P2
M3, MSV o
) where¢ is defined as
m
2\ Ay C3(xt)—ln(M§) +)\§)P3]. (19)
w _ _ —
B|(h,d)(h,d)(uu)|B°
(B (b (h, (B o)

. _— . . (B°(h,d)(h,d)(cc)[B)
The first term in this expression is the well known leading

term, while two of the subleading terms are proportional to

mj; and carry the same weak phase as the leading term. he GIM mechanism as well as the OPE guaranteedhst
these contributions we have the two unknown matchingf the same order as thnzlmb terms. Altogether, the dim-9
functionsC,, andC;,; however, the running gives the large operators are suppressed with respect to the dim-6 operators
logarithm which in this framework is assumed to dominate.py a factor ofAZ D/mb, as could have been guessed from
Furthermore, the renormalization group reproduces the wefhe OPE. Hence. they are a negligible contribution, at most of
known result for the term proportional txmc, which will the absolute order of 16.

modify the mixing phase. Note that this effective Hamil-  Another class of corrections are tdas) QCD correc-
tonian is given in terms of local operatoPs. We shall es-  tions which are known for most of the processes at the two-
timate the matrix elements of this effective Hamiltonian us-loop level[16]. For the box diagrams they have been already

ing naive factorization at the scaje~m,. calculated some time agsee the references ji6]). How-
From this effective Hamiltonian we can obtain the correc-ever, one may use the effective field theory to resum large
tion to the mixing phase. Numerically we find logarithms of the formugIn(My,/u), wherey is a hadronic

scale. Since there are large logarithms already at ordgP (
the situation is similar to the one in the transitisp-d( ¢,

N [ Mlz} 1 m2 [Ved [Veu| | [ Ved [ Ve which has been discussed|[it7].
m = - The result given in Eq19) does not resum the logarithms
M Co(X 2 |Vl |V Vil |V .
M1 o) m¢ ValVio| | [ViallViol of the formagn(My,/u). For the case of tha S=2 effective
m2 Hamiltonian, the next-to-leading result has been given in
X sin(28)cog28) + 2| Ca(x,) —In| — [12], however, in our case the situation is slightly different
M\ZN due to the fact that the mass of the bottom quark sets a large

scale and thus a matching to an effective theory with a static
b quark at the scalge~m, is possible, which is still pertur-
bative. The running below the scatg, down to the scalen,
resumes logarithms of the form ing/n?; however, these
=—(4.48£2.55x10 4, (20 logarithms are not large and hence the resummation is not
really needed. In principle one could run perturbatively even
below the charm mass, yielding a result like E49) in
At the tree level, the next order in thenif expansion terms of local operators, but the running below is a very
consists of operators of dimension-9, which are six-quarksmall effect which we shall neglect in the following.

X(sinB—sin(2B)cosp)
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Working at one loop requires to include the one-loop cor- , i _ _
rection to theAB=1 effective Hamiltonian as well as the Too =~ Ef d*xT{[(bLy,q0) () (al ¥*dL) ()],
mixing among the locahB=2 operators of dimension 8.
However, since we are only interested in the contributions X[ (b, y"a})(0)(aLy,d)(0)],}, (24)

that modify the relation between si§p and Sg_ywk, We
shall simplify the discussion by neglecting the mixing among

the AB=2 operators of dimension 8, since only the singleWhere o and o’ may take the values-,—. Ignoring the
dim-8 operator proportional tm? will contribute to this ef-  MiXing among the local dim-8 operators we choose as the
fect. basis
The running of theAB=1 effective Hamiltonian forces
us to introduce operator§; with different color combina-
tions. It is well known that for theAB=1 operators the
renormalization-group evolution is diagonalized by the com- 2 B _
binations[ 18] arotp J Y O:(QS,T:c+ aT;—c Tee aT;—u+ :T:,—u )
- 7 yn 1 T~ 7 yn T—— T++ T+— T—— T
[(bLV,MQL)(qLY dL)]i:z[(bi,Lyﬂqi,L)(qj,L"}’ dj,L) cu *'uu »luu uu) .
t(H,L')’qu,L)(aj,,L'y#di,L)]- For the case at hand the relevant contribution is the mix-

(23) ing of the operators from the time-ordered products into the
local operatorQs, for which we also keep the mixing with
Thus it is convenient to introduce the non-local operators irtself. The anomalous dimension matrix, including tree level

the form and this restricted set afg corrections, becomes
aS
- 0 0 0 0 0 0 0 0 0
ar
3 o,
2— 0 0 0 0 0 0 0 0
1672 m
1 o,
— 0 - — 0 0 0 0 0 0 0
167>
1 s
0 0 —4— | 0 0 0 0 0 0
1672
3 0 0 0o |22 o 0 0 0 0
3272 m (25
Y= .
1 @
— 0 0 0 0 -— 0 0 0 0
32172 T
1 @
0 0 0 0 0 —4— | 0 0 0
32q7? m
0 0 0 0 0 0 0 |2—= 0 0
aS
0 0 0 0 0 0 0 0o —-—— 0
ar
aS
0 0 0 0 0 0 0 0 0 —4—
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In terms of the “diagonalized” coefficients where 8yo=11-2N;/3 is as usual the coefficient of the one-
loop QCD beta function. Due to the special structure of the
C*T=Cyy+Cyy+CyotCyy anomalous dimension matrix, we obtain the renormalization-

group equation for the coefficie@; of the operatoQ;
C™ =CputC1y—Co—Cyy

L d
C" =CpnCytCpp—Cyy Md_ca(ﬂ)z S(’U“) Calp)
7
C "=Cy~Cyy—Cyp+Cy (26) Y Ff( M )27y§/ﬁo
the matching conditiongi.e. the starting points for the 1672 e=++.7-,—— |\ as(My) '
renormalization-group evolutigrare
(29
CIF(MZ)=N\2, C!7(MZ)=2)\2, C_.. (M2)=\2,
oW ot W oW wherel’* *+* ==~ =3,— 2,1 originates from the first column

of Eg. (25). Note that there is a factor two far — due to the
equal contribution fromt+ — and — +. Furthermore, the fla-
vor dependence of the time-ordered products’ mixing into the

CirME)=2 Ny, Cl (ME)=4rc\,,

CC*U*(MSV):z)\C)\u, quasi-local operators appeared within the structt)xré
432N A= —A\;. The factor of two here stems from the
_ __ fact that theuc and cu flavor combinations give the same
++ + 2\ _ 9y 2 27\ 2
Cau (M) =\j (Miy)=2A wu (M) = contribution.
(27 The equation foIC5 can be solved by standard methods;

the solution of the homogeneous differential equation is
where we combined- — and — +.

The solution of the renormalization-group equatit
one loop for the Wilson coefficients of thd B=1 oper—

—2y3!
ators is well known [y77 =57 ay(u)/m,y "~ CO(u)=c. as(p) ) 73/o (30
=2,—1,—4] and yields 3 as(My)
ag(p) )-29""'%
C ’ =C ’ M : ) 28
g’ (#4)= Cqq (Mw) (as('\/'vv) @8 By settingCs(u) =c(u)C{(u) we get the solution
|
)= ( as( ) )‘273/Bo &M (2(;3_:%)_1)—1. 1 ( ay(p) )2[(73—75)/130]
ST agMy) o(Mwx)* g Bo ag(w) | ag(My)
- (31
ag(My)

We shall consider only the evolution from,, down tom,, since atm, we would need to consider again a different set of
operators, including static quarks for theand later also for the and their renormalizatiofl9]. While this can be done in
principle, the corresponding logarithragin(m,/m,) and agln(m./w) are smaller than the ones from the running frivhy, to
my, and we shall include here only the leading term.

We obtain for the QCD corrections at~m, the explicit formula

Mu} 1 m§|vcd||vcb|( as( ) )2}3/,30 Vel Vool
Al = — —_ 2 2 2| C
m[|M12| Colx0) m2 Veel Vel | M) ViallVyp] S2RI00%28)+2{ €00
2(v5—79) )1 1 ( ) )2“9395)%1 1 -
_ 3 . I I _
h ( Bo Y ladm) | a(My) My || (SNB=siN2B)cosh) |,

(32
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which turns into the simple cadef. Eq. (20)] as ag(My) IV. CORRECTIONS TO THE DECAY

—0. Numerically, one obtains at=mj The operators contributing to the deda to J/¥Kg are

all of the flavor structure{g)(qgs) where at leading order

M, , we have from the current-current operatays c,u. From
Alm My =—2.08x10"", (33  these two operatorsj=c is Cabibbo-favored over=u.
12qeo Furthermore, also the penguin contributions are dominated
by the charm quark, such that all contributions to the decay
which has to be compared to carry the same weak phase and hence one expects a very
small directCP asymmetry{4]. Note that the top quark con-
tribution has been integrated out already at the weak scale for
M, ., both the QCD and the electroweak penguin contributions.
Alm M) =—3.00<10 (34 However, looking for small deviations we have to study

the small terms carrying different weak phases which is the

) ) L (bu)(us) contribution. Aside from the QCD penguin contri-
without QCD corrections. This indicates that QCD can re-pytions also electroweak penguin contributions become im-
duce the absolute value of the correction to si)(Boming  portant once small corrections are studje@]. We identify
from mixing by about 30%. Although we have not included the corresponding matrix elements of the two different
the mixing among the dim-8 operators, we still take this ascontributions—tree and penguin—to the effective Hamil-
the size of the QCD corrections to be expected. We concludgnian in the numerator and denominator of the ratio of am-
that these contributions are safely below the percent level. plitudes

A(B°—J/WKg) (WK Tey(b—ces)|BY) + (WK Tes(b—uus)|B%)| £u/ée”
A(B°—J/WKg) (JIWKg Ter(b—ccs)|BO) + (I WKy Ter(b—uus)|BO)| &,/ et

(35

whereZ4(b— qqs) is the sum over the operataimultiplied ~ Perturbative.
by their Wilson coefficients with the quark content i

—>qas). It is convenient to define the ratio

¢ c

(IWK ¢ Teg(b—uus)|BY) | &,
I:= e — —,
(VK g Toe(b—ccs)|BO) | e
The evaluation of the loop requires to insert a typical
&l Vbl Vad momentum transfek? passing through the up-quark loop
" Nal[Vad =0.0203+0.0066 (36)  [21]; furthermore, the loop also depends on the typical scale
C Cc CS|

wp of the problem, which will be the mass of thequark.
Since the loop involves only scales well above the hadronic
as an expansion parameter. In this way we get scale, one obtains again local operators and thus one may use
as an estimate

A(B°—J/WKg) 1+re” Peng e
K ( S _ —~1-21irsinvy, Heip (b—ccs)
S A(B°—J/WKg) 1+ret!” )
(37) Ge| a — — My
BN 3, (SP)v-alcC)y | 1+ 0 wZ
where Nawk=—1 is theCP eigenvalue. N 5 K2
The main obstacle to obtain a reliable quantitative esti- + 3—s(sTab)V_A(cTac)V] . §—In — | i,
mate is the evaluation of these hadronic matrix elements. m M
Some time ago the so-called BSS mechanigdj has been (38)

suggested, where theu-loops are evaluated perturbatively,

assuming a sufficiently large momentum transfer througtwhere the first term originates from the electroweak penguin
this loop. In fact, this approach has been supported recentigontribution and the second one from the QCD penguin con-
by QCD factorizatior{22], indicating that the loop is indeed tribution.
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The remaining problem is to estimate the color-singlet V. EFFECTS ON THE CP ASYMMETRY
and the color-octet matrix element. We shall take a simple-
minded approach and estimate the sizes of these matrix el
ments from the total rate of the dec®/— J/WKg. From
the measured? lifetime, 7=(1.537+0.015) ps[23], and
the branching ratio BRR’— J/WK ) = (4.25+ 0.25)x 10" *

_ Now we are ready to collect all elements for G® vio-
fation terms within the asymmetry. The quantiiy? is close

to unity, the deviation being a small quantity of the same
order asr. Thus we write|]\|2=:1+ § and get

[23] one can calculate the matrix element for the S
cc-contribution by taking the square root Co oK™ 5 (44)
(I WK |(sb)(cC)|B)|exp=(8.36+0.66 X 10° MeV>. Therein s is given by
(39
S=AA+e= i La
The matrix element with the charm pair being in the octet =AA+e=41Im[r]siny—Im Mo (45)

is estimated by splitting the effective Hamiltonian in singlet

and octet contributions. In naive factorization only the sin-\ hare AA is the deviation of théK/AlZ from 1 ande has
glet piece survives which, however, yields a rate roughly 8,oen defined in Eq4).

factor three to four too low compared to experiment. The £o. the ratio between the off-diagonal width and mass
difference comes from nonfactorizable contributions which 4+rix elements one can take e.g. the calculatidi2# (this

we shall ascribe completely to the octet term. To obtain auantity has also been calculated at N[29]) [32];

estimate of this matrix element from the measured total rate
we also need the relative phase of the two contributions,

. : , . I, 4w mZ | VpViy
which we take from QCD light-cone sum rule estimates in e=—Iml—=|=— T
[24] (see alsd25]). The relative phase turns out to be small M| ColX) m2 | ViV,
and so we may simply add the two parts.
y SmPY P ~+(5.18+2.96 x 10 4, (46)

For the singlet matrix element calculated by means of

factorization we get from which we obtain a numerical value for

[(31WKg|(sb)(cc)|B®)|sme=(3.96+0.36 X 10° MeV?3. 5=—(1.02+0.79x10 %, (47
(40)
Including all small corrections, the time-dependes®
Inserting for the Wilson coefficients the valufl] asymmetry inB’— J/WKg has to be fitted to

. , 5
c(1>=c1+Nic2=o.10io.03, C®=2C,=2.24+0.04, acAl)=—[SIN(2B)+ASg_ywi]-sin(AmD)—5cogAm)
Cc
(41) .

32

gsinz(Amt)sinz(Z,B)

we get as an estimate for the octet matrix element

ATt
(3IWK ¢ (ST2b)(cT?c)[B%)| = (1.97:0.64 x 10° MeV?. +sin(48)——sin(Amy). (48)
(42
Besides the correction to the leading sig2erm and the
Taking the scale to bey, and momentum transfer as;,y cosine term there is now a small constant contribution to the
gives (the two contributions are the electroweak and theCP asymmetry as well as terms proportional to’gkmt) and
QCD penguins, respectively t sin(Amt).
The correction to the mixing-induce@P violation is

5 K2 (note that the term containing the imaginary part cincels
r=[—(0.16+1.27)+=0.66]x 10"+ §—In — |t in the expression for the correctipn
)7
ASs =2 Im[r]sinysin(28)— A Im Maz
=Rgr]=(—3.62+1.55x104, VK Y M
_ M*
Im[r]=(—4.48+1.92x10 4. (43 +2$inyRe{r 12}
|M12|
We have to point out that the estimates of these matrix "
elements are extremely difficult and hence quite uncertain; A _ 12
the electroweak penguin contributions have been estimated =2sinyRdrjcos2f)—A Im[|M12| '
in a recent paper with a similar approd&@6]. (49
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With the most recent value of sing@=0.736+-0.049[1],  original paper4] it was argued that in the standard model
the corrections imM\ S . 5y, have the size of the contamination from “wrong” weak phases is tiny in this
decay, but in the meantime the measurements became so

M } precise that we considered it worthwhile to attempt again to
12

|M12|

= —(2.08+1.23 x10* (509  Qquantitatively analyze these small standard-model contribu-
tions. In particular, we have used an effective field theory
ansatz for the analysis dfB=2, which has not been em-
2 sinyRdr]cog2B)=—(4.24+1.94x 10" * (50  ployed before to this process.
Our motivation was twofold. First of all, it has been ar-
gued that theCP asymmetry could give a hint to new phys-

.

and sum up to ics, which has been analyzed genericallyf 5. It turns out
that the general picture conjectured & is supported by the
ASBHJ/\IIKS: —(2.16+£2.23 X104, (51 present analysis. Secondly, tiBefactories are doing very

well and produce a large amount of data. Already now the
which is a correction of roughly a third of a per mil with measurement of th€P asymmetry in the gold-plated mode
respect to the measured value for sjg)2but due to the is a precision measurement with uncertainties at the level of

large uncertainty could also be much smaller. less than ten percent. In the near future this measurement
From the mass difference as measured quantity and thaill improve further.
approximate calculation for We have shown that the corrections to be expected in the

standard model can partially be calculated systematically,
2 2 namely the part originating from corrections to the mixing.
_ 3m mp) o 8m; |Vcb||Vcd|COSB AM Unfortunately, the second contribution, which is the one
2Co(Xt) m? 3 m2 Viol|Vidl B from the decay matrix element, is much harder to access, so
(520 we still cannot obtain a reliable estimate for the corrections
. ] . to theCP asymmetry of the gold-plated mode. This situation
one can determine the term leading to a linear dependence @du|d be improved once data on the de@y-J/VKg be-
tin Eq. (48) comes available, since some of the uncertainties could be
eliminated using these dafta8]. However, currently one has
AT~ —(1.773+0.249 X 10 12 MeV to use the methods that have been proposed by different au-
thors and one can infer that the corrections will be very
~—(2.694-0.379x10° 3 ps L. (53 small, in the range of a few per mil. At least we can conclude
) ) i from our analysis that there is still room for new physics in
Hence, this term has a typical size of the order of this observable, since a deviation from the standard-model
prediction at the level of percentahich is not yet the ex-

) AT g0 . perimental accuragywould indicate the presence of new

AT~

again a very small contribution, which, in addition, will not ACKNOWLEDGMENTS
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