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Possibility of a large electroweak penguin contribution inB\Kp modes

Tadashi Yoshikawa*
Theory Group, KEK, Tsukuba, 305-0801, Japan

~Received 27 June 2003; published 29 September 2003!

We discuss the possibility of a large electroweak penguin contribution inB→Kp from recent experimental
data. The several relations among the branching ratios which realize when the contributions from tree type and
electroweak penguin contributions are small compared with the gluon penguin can be treated as the expansion
parameters do not satisfy the data. The difference comes from ther 2 term which is the square of the ratio with
the gluon penguin diagram and the main contribution comes from the electroweak penguin diagram. We find
that the electroweak penguin contribution may be too large to explain the experimental data. If the magnitude
estimated from experiment is quite large compared with the theoretical estimation, then it may be including
some new physics effects.
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One of the main goals of theB factories is to determine al
CP angles in the unitarity triangles of the Cabibb
Kobayashi-Maskawa~CKM! matrix @1#. f1 @2#, as one of the
angles, has already been measured and established thCP
violation in theB meson system by Belle@3# and BaBar@4#
Collaborations. The next step is to measure the remain
angles. The canonical decay modes for measuringf2 andf3

areBd
0→p1p2 andB6→DK6, respectively, but the meth

ods have some difficulty extracting the angles clearly.
avoid this difficulty, the isospin relation@6# and SU(3) rela-
tion including B→Kp modes@7–10# are being considered
as a method to extract the weak phases.

B→Kp modes have also been measured@5# and they will
be useful information to understandCP violation through the
KM phases. If we can directly solve these modes, it will b
very elegant way to determine the parameters and the w
phase. However we cannot do so because there are too m
parameters in theB→Kp modes to extract the weak phase
So we need to understand these modes step by step. T
derstand the weak phase through this mode, there are se
approaches by diagram decomposition@7–13#, QCD factor-
ization @14# and perturbative QCD~PQCD! @15#, and so on.
The contributions including the weak phasef3 come from
tree types of diagrams which have a CKM suppression fa
and they usually deal with a small parameter compared w
the gluon penguin contribution. If we can deal the contrib
tions except for the gluon penguin contribution with t
small parameters, then, there are several relations amon
averaged branching ratios ofB→Kp modes. For example
Br(K1p2)/2Br(K0p0)'2Br(K1p0)/Br(K0p1) @14,
et al.#. However, the recent experiment does not seem
satisfy them so well. When we reconsider these mode
compare with the data, we find that the role of a color
vored electroweak penguin contribution may be importan
explain the difference between the relations and the exp
mental data. The color favored electroweak penguin diag
is included inB0→K0p0 andB0→K1p0 and the data of the

*Email address: tadashi.yoshikawa@kek.jp
0556-2821/2003/68~5!/054023~7!/$20.00 68 0540
g

o

a
ak
any
.
un-
ral

or
th
-

the

to
to
-
o
ri-
m

branching ratio are slightly larger than half ofB0→K1p2,
where the 1/2 comes from the difference ofp0 andp1 in the
final state. So we need to know the information about
electroweak penguin contributions inB→Kp decay modes
to understand the effect from the weak phases. The role
pointed out and the magnitude was estimated in sev
works @14#. They said that the ratio between gluon and ele
troweak penguins is about 0.14 as the central value but
experimental data may suggest that the magnitude seem
be slightly larger than the estimation. If there is quite a la
deviation in the contribution from the electroweak pengu
contribution, it may suggest a possibility of new physics
these modes.

In B0→KSp0, we can consider using the time-depende
CP asymmetry to extract the weak phase. However,
mode has the electroweak penguin diagram so that one m
remove the contribution to extractf3. We have to check
whether extractingf3 is possible or not. To do so, it is im
portant to reconsider the electroweak penguin contributio

In this work, we consider a large contribution from th
electroweak penguin contribution from only experimen
data.

The decay amplitudes ofB→Kp are

A01[A~B1→K0p1!

5FAVub* Vus1 (
i 5u,c,t

S Pi1EPi2
1

3
PEWi

1
2

3
EPEWi

C DVib* VisG , ~1!

A00[A~B0→K0p0!

52
1

A2
FCVub* Vus2 (

i 5u,c,t
S Pi1EPi2PEWi

2
1

3
PEWi

C 2
1

3
EPEWi

C DVib* VisG , ~2!
©2003 The American Physical Society23-1



d

th

te

o

uin,

in

by

the
that

t

TADASHI YOSHIKAWA PHYSICAL REVIEW D 68, 054023 ~2003!
A12[A~B0→K1p2!

52FTVub* Vus1 (
i 5u,c,t

S Pi1EPi1
2

3
PEWi

C

2
1

3
EPEWi

C DVib* VisG , ~3!

A10[A~B1→K1p0!

52
1

A2
F ~T1C1A!Vub* Vus1 (

i 5u,c,t
S Pi1EPi

1PEWi1
2

3
PEWi

C 1
2

3
EPEWi

C DVib* VisG , ~4!

whereT is a color favored tree amplitude,C is a color sup-
pressed tree,A is an annihilation,Pi( i 5u,c,t) is a gluonic
penguin,EPi is a penguin exchange,PEWi is a color favored
electroweak penguin diagram,PEWi

C is a color suppresse
electroweak penguin diagram, andEPEWi

C is a color sup-
pressed electroweak penguin exchange diagram. After
for simplicity, we neglect theu- andc- electroweak penguin
diagram because of the smallness, and we redefine each
as the following:

T1Pu1EPu2Pc2EPc→T, ~5!

C2Pu2EPu1Pc1EPc→C, ~6!

A1Pu1EPu2Pc2EPc→A, ~7!

Pt1EPt2Pc2EPc2
1

3
PEW

C 1
2

3
EPEW

C →P, ~8!

PEW1EPEW
C →PEW , ~9!

PEW
C 2EPEW

C →PEW
C . ~10!

One can reduce the number of parameter up to 6~or 12!.
Then, the amplitudes are, by using the unitarity relation
the KM matrix,

A015@PVtb* Vts1AVub* Vus#, ~11!

A005
1

A2
@~P2PEW!Vtb* Vts2CVub* Vus#, ~12!

A1252@~P1PEW
C !Vtb* Vts1TVub* Vus#, ~13!

A1052
1

A2
@~P1PEW1PEW

C !Vtb* Vts

1~T1C1A!Vub* Vus#. ~14!

By this diagram decomposition@8#, one can easily find the
isospin relation among the amplitudes,

A2A101A015A2A001A12. ~15!
05402
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They are rewritten as follows:

A0152PuVtb* Vtsu@12r AeidA
eif3#, ~16!

A0052
1

A2
PuVtb* Vtsu@12r EWeidEW

1r CeidC
eif3#, ~17!

A125PuVtb* Vtsu@11r EW
C eidEWC

2r TeidT
eif3#, ~18!

A105
1

A2
PuVtb* Vtsu@11r EWeidEW

1r EW
C eidEWC

2~r TeidT

1r CeidC
1r AeidA

!eif3#, ~19!

where f3 is the weak phase ofVub* Vus , dX is the strong
phase difference between each diagram and gluon peng
and

r A5
uAVub* Vusu

uPVtb* Vtsu
, r T5

uTVub* Vusu

uPVtb* Vtsu
, r C5

uCVub* Vusu

uPVtb* Vtsu
,

~20!

r EW5
uPEWu

uPu
, r EW

C 5
uPEW

C u
uPu

. ~21!

We assume as the hierarchy of the ratios that 1.r T , r EW

.r C , r EW
C .r A @8#. uP/Tu was estimated to be about 0.1

@19#1 by considering theB→pp and it was also shown by
the ratio of branchings ofB1→p0p1 andB1→K0p1 @16–
18#. In B→Kp mode, the tree type diagram is suppressed
the KM factor Vub* Vus and r T;uT/Pu3l2Rb;0.2, where
Cabibbo anglel50.22 and we usedRb5Ar21h2;0.4. r C

and r EW
C are suppressed by color factor fromr T and r EW .

Comparing the Wilson coefficients which correspond to
diagrams under the factorization method, we assume
r C;0.1r T and r EW

C ;0.1r EW @16,14#. Here we do not have
any assumption about the magnitude ofr EW . r A could be
negligible because it should have aB meson decay constan
and it works as a suppression factorf B /MB . According to
this assumption, we will neglect ther 2 terms includingr C ,
r A and r EW

C . Then, the averaged branching ratios are

B̄01}
1

2
@ uA01u21uA02u2#

5uPu2uVtb* Vtsu2@122r AcosdAcosf3#, ~22!

2B̄00}@ uA00u21uĀ00u2#

5uPu2uVtb* Vtsu2@11r EW
2 22r EWcosdEW

12r CcosdCcosf3#, ~23!

1Note that this ratiouP/Tu does not include CKM factors.
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TABLE I. The experimental data and the average.

CLEO @21# Belle @5,22# BaBar @23,24# Average

Br(B1→K0p1)3106 18.823.321.8
13.712.1 22.061.961.1 17.521.7

11.861.3 19.661.4
Br(B0→K0p0)3106 12.823.321.4

14.011.7 12.662.461.4 10.461.560.8 11.261.4
Br(B0→K1p2)3106 18.022.120.9

12.311.2 18.561.060.7 17.960.960.7 18.260.8
Br(B1→K1p0)3106 12.922.221.1

12.411.2 12.861.421.0
11.4 12.821.1

11.261.0 12.861.1
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B̄12}
1

2
@ uA12u21uA21u2#

5uPu2uVtb* Vtsu2@11r T
212r EW

C cosdEWC

22r TcosdTcosf3#, ~24!

2B̄10}@ uA10u21uA20u2#

5uPu2uVtb* Vtsu2@11r EW
2 1r T

212r EWcosdEW

12r EW
C cosdEWC2~2r TcosdT12r CcosdC

12r AcosdA!cosf322r EWr Tcos~dEW

2dT!cosf3#. ~25!

One can take several ratios between the branching ra
If all modes are gluon penguin dominant, the ratios should
close to 1. The shift from 1 will depend on the magnitude
r ’s. From the averaged values of the recent experimental
in Table I,

B̄12

2B̄00
50.8160.11, ~26!

2B̄10

B̄01
51.3160.15, ~27!

t1

t0

B̄12

B̄01
51.0160.09, ~28!

t0

t1

B̄10

B̄00
51.0560.16, ~29!

t1

t0

2B̄00

B̄01
51.2460.18, ~30!

t0

t1

2B̄10

B̄12
51.3060.13, ~31!

wheret1/t0 is a lifetime ratio between the charged and t
neutral B mesons andt(B6)/t(B0)51.08360.017 @20#.
While, from Eqs.~22!–~25! under the assumption that allr is
smaller than 1 and ther 2 terms includingr C , r A , and r EW

C

are neglected,
05402
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B̄12

2B̄00
5$112r EWcosdEW12r EW

C cosdEWC

22~r TcosdT1r CcosdC!cosf31r T
2%2r EW

2

14r EW
2 cos2dEW, ~32!

2B̄10

B̄01
5$112r EWcosdEW12r EW

C cosdEWC

22~r TcosdT1r CcosdC!cosf31r T
2%1r EW

2

22r EWr Tcos~dEW2dT!cosf3 , ~33!

t1

t0

B̄12

B̄01
5112r EW

C cosdEWC22~r TcosdT

2r AcosdA!cosf31r T
2 , ~34!

t0

t1

B̄10

B̄00
5112r EW

C cosdEWC22~r TcosdT12r CcosdC

1r AcosdA!cosf31r T
214r EWcosdEW

22r EWr Tcos~dEW2dT!cosf314r EW
2 cos2dEW,

~35!

t1

t0

2B̄00

B̄01
5122r EWcosdEW22~r CcosdC1r AcosdA!

3cosf31r EW
2 . ~36!

t0

t1

2B̄10

B̄12
5112r EWcosdEW22~r CcosdC1r AcosdA!

3cosf31r EW
2 22r EWr Tcos~dEW2dT!

3cosf314r T
2cos2dTcos2f3 . ~37!

If all modes are dominated by only the gluonic penguin co
tribution, namely, allr is much smaller than 1, then all ratio
of branching ratios should be 1. But the data are not
Equations~32!, ~33!, ~36!, and~37! seem to differ from 1 so
that there must be some sizable contributions except for
gluon penguin contribution.

If we can neglect allr 2 terms, then there are a few rela
tions among Eqs.~32!–~37! as follows:
3-3
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FIG. 1. The allowed region on the
(r EW ,cosd EW) and @r EW ,r T cos(d EW

2d T)cosf 3# plane at the 1s level.
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B̄12

2B̄00
5

2B̄10

B̄01
, ~38!

2B̄10

B̄01
2

t1

t0

B̄12

B̄01
1

t1

t0

2B̄00

B̄01
2150. ~39!

However, the experimental data listed in Eqs.~26!–~31! do
not satisfy these relations so well. According to the expe
mental data,B̄12/2B̄00 seems to be smaller than 1 b
2B̄10/B̄01 seems to be larger than 1. So it shows that th
is a discrepancy between them. The equations ofB̄12/2B̄00

and 2B̄10/B̄01 are the same up to ther T
2 term and the dif-

ference comes from ther 2 term includingr EW . The r T
2 term

does not seem to contribute to the ratios so strongly.
second relation corresponds to the isospin relation of
~15! at the first order ofr. The discrepancy of relation~39!
from 0 also comes from ther 2 term including r EW . The
differences are

2B̄10

B̄01
2

B̄12

2B̄00
52r EW

2 22r EWr Tcos~dEW2dT!

3cosf324r EW
2 cos2dEW

50.5060.19, ~40!

2B̄10

B̄01
2

t1

t0

B̄12

B̄01
1

t1

t0

2B̄00

B̄01
21

52r EW
2 22r EWr Tcos~dEW2dT!cosf3

50.5460.25, ~41!

so that one can find the electroweak penguin contributi
may be large. All terms are includingr EW and the deviation
of the relation from 0 is finite. Here the errors are determin
by adding quadratically all errors. Using the other relation
follows:

B̄12

2B̄00
2

t0

t1

B̄10

B̄00
1

t1

t0

2B̄00

B̄01
21

524r EWcosdEW12r EWr Tcos~dEW2dT!cosf3

50.0060.26, ~42!
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we can solve them aboutr EW
2 and if we can respect the

central values, the solutions are

@r EW , cosdEW, r T cos~dEW2dT!cosf3#

5~0.26,20.38,20.75! and ~0.69,0.21,0.41!.

~43!

This solution shows the large electroweak penguin contri
tion @but r Tcos(d EW2d T)cosf3 is too large becauser T was
estimated around 0.2 by the other methods#. The allowed
region ofr EW , cosd EW, andr Tcos(d EW2d T)cosf3 at the 1s
level for Eqs.~40!-~42! is shown in Fig. 1.

From this result, we find that the smallerr EW will favor a
largerur Tcos(d EW2d T)cosf3u term with negative sign. How-
ever, such a larger T is disfavored by the rough estimatio
that r T should be around 0.2 which will satisfy thatuP/Tu
;0.1 to explain the largeCP violation in B0→p1p2. Even
if ur Tcos(d EW2d T)cosf3u is within 0.2, thenr EW will also be
larger than 0.2 andr EW will be larger thanr T . This is show-
ing that there is a possibility of a large electroweak peng
contribution. Note that in the caser EW is quite large, the
expansion byr EW may not be good but Eq.~41! will be
satisfied. Roughly speaking, the shift of Eqs.~26!–~31! from
1 seem to depend on ther EW

2 term and the sign. To fix the
solution or confirm the large electroweak penguin contrib
tion, we need higher accurate data.

The contributions from the tree diagram are not so la
except for the cross term with the electroweak penguin c
tribution because (t1/t0)(B̄12/B̄01) is quite near 1. When
we consider the directCP asymmetry, the experimental da
in Table II do not also show so large a value. TheCP asym-
metries under the same assumption are

ACP
01[

uA02u22uA01u2

uA02u21uA01u2
522r AsindAsinf3;0.0, ~44!

ACP
00 [

uĀ00u22uA00u2

uĀ00u21uA00u2
52r CsindCsinf3 , ~45!

ACP
12[

uA21u22uA12u2

uA21u21uA12u2

522r TsindTsinf32r T
2sin 2dTsin 2f3 , ~46!
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TABLE II. The experimental data of the directCP asymmetry and the average.

Belle @5,25# BaBar @23,24# Average

ACP(B1→K0p1) 0.0720.0820.03
10.0910.01 20.1760.1060.02 20.0360.07

ACP(B0→K0p0) 0.0360.03660.09 0.0360.37
ACP(B0→K1p2) 20.0760.0660.01 20.1060.0560.02 20.0960.04
ACP(B1→K1p0) 0.2360.1120.04

10.01 20.0960.0960.01 0.0460.07
ro
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-
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t.
ACP
10[

uA20u22uA10u2

uA20u21uA10u2

522~r TsindT1r CsindC1r AsindA!

3sinf322r EWr Tsin~dT2dEW!

3sinf32r T
2sin 2dTsin 2f3

12r EWr TsindTcosdEWsinf3 . ~47!

ACP
01 should be almost 0 because of the smallness ofr A and

the data is also showing it. Up to the first order ofr, there is
a relation among theCP asymmetries as follows:

ACP
105ACP

122ACP
00 1ACP

01 . ~48!

The discrepancy of this relation is also caused by the c
term of r T andr EW . If we can have more accurate data, th
may also show useful information aboutr EW . BecauseACP

12

is not so large, we can confirm thatr T will not become so
large a value.

In B→p0KS , we can also use some information abo
time dependentCP asymmetry@26#. The measurements fo
B→p0KS are

G~B0→p0KS!1G~B̄0→p0KS!}~ uAu21uĀu2!, ~49!

G@B0~ t !→p0KS#2G@B̄0~ t !→p0KS#

}~ uAu22uĀu2!cosDmt12 Im~e22if1A* Ā!sinDmt.

~50!

We want to consider extracting a weak phasef3 but one
cannot do so because the number of unknown paramete
more than the measurements. Hence we consider using
information fromB1→p1KS to reduce the number of pa
rameters. Here we assume that we can neglect the e
from the color suppressed annihilation diagram becaus
should have aB meson decay constant which works as
suppression factorf B /MB;0.03@8#. So in this discussion, a
an ansatz, we assume thatr A,0.1r C and we can neglect it
However, we will have to confirm the magnitude by usi
05402
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ACP
01 and others. After dividing the overall factor byB1

→p1KS , the measurements under the same assump
with previous discussions are

t1

t0

G~B0→p0KS!1G~B̄0→p0KS!

G~B1→p1KS!

[X

5122r EWcosdEW1r EW
2 12r Ccosf3cosdC,

~51!

t1

t0

G@B0~ t !→p0KS#2G@B̄0~ t !→p0KS#

G~B1→p1KS!

[Y cosDmt2Z sinDmt

5~22r Csinf3sindC!cosDmt

2$sin 2f1~122r EWcosdEW1r EW
2 !

12r Csin~f312f1!cosdC%sinDmt. ~52!

We define them as follows:

X5122r EWcosdEW1r EW
2 12r Ccosf3cosdC, ~53!

Y522r Csinf3sindC52ACP
00 , ~54!

Z5sin 2f1~122r EWcosdEW1r EW
2 !

12r Csin~f312f1!cosdC. ~55!

If r EW was negligible, then one can extractf3 by inputting
f1 because there are just three parametersr C , dC, andf3
for the three measurementsX, Y, and Z. However, as we
discussed before,r EW is not negligible and should be kep
Eliminating r Ccosd C in X andZ, we find tanf3 as a func-
tion of r EW ,
3-5
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tanf35
$Z2Xsin 2f1%

cos 2f1$X2~122r EWcosdEW1r EW
2 !%

. ~56!

If one can estimater EW at good accuracy, one can have i
formation aboutf3 by inputting the value off1 which is
measured byB→J/cKS at higher accurate experiment.
will be extracted from the quantity ofO(0.01) becauser C

;0.02 under the assumption in this work. Indeed, for
solution Eq. ~43!, 2r Ccosd Ccosf3'X2112rEWcosd EW

2rEW
2 ;20.03. So to use this measurement one may n

some corrections fromK2K̄ mixing and the width differ-
ence@27,28#. See the Appendix. We have to note that th
method still includes a few theoretical uncertainties2 for the
estimations ofr EW and r A . To extractf3 cleanly by this
method may be slightly difficult. After extractingf3 by the
other modes, we can use it to estimate or confirm how la
the electroweak penguin contribution is.

In this paper, we discussed the possibility of a large el
troweak penguin contribution inB→Kp from recent experi-
mental data. The several relations among the branching
tios which realize when the contributions from tree type a
electroweak penguin contributions are small compared w
the gluon penguin do not satisfy the data. The differen
comes from ther 2 terms and the main contribution come
from the electroweak penguin contribution. We find that t
contribution from the electroweak penguin contribution m
be larger than from tree diagrams to explain the experime
data. If the magnitude estimated from experiment is qu
large compared with the theoretical estimation which is u
ally smaller than tree contributions@12–14#, then it may be
including some new physics effects. In this analysis, we fi
that what can have some contribution from new physics
the color favored electroweak penguin type diagram whic
the processp0 goes out fromB2K current.

We would like to thank Sechul Oh for many useful com
ments and discussions.

2Indeed before the use of this method we have to note that it
several theoretical uncertainties. We have to extract some s
quantities by removing several unknown parameters, which arer EW

and r A , but we do not know the magnitudes so well. Ifr A is not
negligible, this will not work so well and we need get the inform
tion from the others. Ifr EW will become so large by new physics a
we discussed, thenf1 may also include some effects from the ne
physics@29# so that the input parameter also has theoretical un
tainties.
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APPENDIX: SOME CORRECTION TERMS FROM THE
KÀK̄ MIXING AND THE WIDTH DIFFERENCE

In the discussion about the time dependentCP asymmetry
of B0→KSp0, we neglected the effects ofCP violation in
the K meson system and tiny width difference ofBd mesons
because it is very small. The magnitude isueu5231023 and
DGd /Gd is about 331023 which was estimated in@28#. As
the effects from them have been pointed out in several wo
@27,28#, if r C is the order, we must deal with the contribu
tions. In the Kon system, we define theKS andKL mesons as
follows:

uK0&5
12e

A2
@ uKS&1uKL&], ~A1!

uK̄0&5
11e

A2
@ uKS&2uKL&], ~A2!

wheree is the parameter which shows theCP violation of K.
Then one needs several correction terms includinge and
DGd as the expansion parameters@28# in X, Y, andZ ~note
that the definition of the sign ofe is different from that in
@28#! as follows:

X~ t !5122r EWcosdEW1r EW
2 12r Ccosf3cosdC

1cos 2f1sinh
DGdt

2
1•••, ~A3!

Y52r Csinf3sindC22 Re~e!1O~er C!, ~A4!

Z5sin 2f1~122r EWcosdEW1r EW
2 !

12r Csin~f312f1!cosdC22 Im~e!cos 2f1

1sin 2f1cos 2f1 sinh
DGdt

2
1O~er C!. ~A5!

Here we neglected the terms ofer . In addition to these
terms, there is also a constant term and a proportional ter
sin2(Dmt). X has also a correction term bye but it is of order
er so that one can neglect it. However, indeed, the correc
term has already been included in sin 2f1 determined byB
→J/cKS @28# and the value which subtracts fromZ is effec-
tively @sin 2f122 Im(e)cos 2f11•••# so that one can neglec
the effect inZ.
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