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Bú K K Decays with the Soft-Gluon Cor rectionsÇ

A bem a We m al m the Bú IG´ deeays with the Boa-d uon com em ns by usine tbe QCD l ie u- cone m mIes( I ê SR) . AI thoud z

one cm calculate ² e leading order factoriza tioEI P® u and the radiative corme60Em h m had -gluon ezehazª es at a . Od er m QCD

factorization approach , it is wort hwhih to estimate the nod actorizabte ma- d uon CORM buuoas æ£m all the u, e and penF M dia-

F ams systemaucalIy . o ur re- d ts show É at the Boa - d uon eb ets always decrease the brm ching ra60, and e ve a few percentage

COETeetions at moet in the Bú k k decays .

Key w¹ ² B meson decay- , QCD lie u-cone Sm m lè , QCD factod Zation approach

1 Introduction

Recentl y , A . k hodj amim d l ] has pmsented m ap -

pmach to cal culate the had mni c matr ix elements of non --

h ptonic B meson decays wi th in the framewmt of the l id zb

Þ ne sum m leh whem the nonfactod zable soh contribut -

ions cm be eEed ively deal t M É . A s we know , QCD fac -

tOEtmu on appmach[2] pmvided that the hadronic mat ri x ele-

menu for Bú ô , Ib r decays cm h expanded in the pow-

Ð Á. ± ù Emd exhibited a mESØ IIy sÐ
,,.b

pmdicat ive potential . However , this appmach cannot calcu-

i zabl e con td b ut i on s f ro m th e soa - d uo-z exchan ges - U us i t

i s i nt erest i ng to evaI u ate t he con ÐCt ion s fm m th e soh ¤¤gl uon

exc hanges b y usi ng l id zt¤cone Q CD sum m l es .

h th e pm vi ous p aperb ] , t he m l e d the soa - Si taon ex -

changes in B ú m has been st ud i ed by u si ng th e u d u -

con e Q CD su m m l es . Compam d to R d . [ 1 ] , th e cal cu l a -

t i on s are CE d ed ou t n ot onl y for th e ¥, e opem tom bu t al so

f o r t h e p e n g u i n o n e s . R e f . [ 3 ] ¤ v e d t h a t t h e ÷ © Þ r ¤
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EM i ons fmm the sd -gi uon exchm ges m not al ways neg-

l ig ble in the pmcØ S Bú m and the nonfactortzable soft

COMEt but ions am al m a Ã imPOEt azzt Ä the O( Á. ) cormF

ti on paí , and in some cases even have the same OM er ef -

feets as that of the factorizat ion ampl i tude . 111emfom it is

wonhwhi le to eval uate the nOEEfactod zable 8oft-d uon cont-

ri butions m the prom Æ Bú K K .

2 Cor r elator and sum r ul es

Simi lar to the case of Bú m , we cm calculate the

eontributions h m the soh-d uon exchanges in Bú KK in-

cluding the tme and pengu in opemtom -We bee n wiÉ the

d ecUve Hamiltonian ff eu dÀch is m ponsible ibr the Bú

kk decay-[41:

¥ [ ¨ ( Ø ¨ + ä (Ì ) 02( ÌFf -e

VJ JEJqOtb h.c., (1)
,dmm OIA am É e uee operatom and 0 3- - 0 10 denote the

pengREi n onØ . By applying the Fi en transfom ation , the op -

eratom whi ch is Eºelated to the sd corrections to B ú KK

cm k cleariy presented in eg eetive wed E Hami l tonian :
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i Fa i u Ê
¸ VA l M p ) + - r )H-e = ¥ I

01(Ì ) + 2C2(Ì )b1(Ì µ + ­ 1. (2)

wheEü

01 = ( þr JA) ´ ¯ ' Ä ,

and

b 1 = l i ² í u l l k Ê í b i , (4) ì ú
¢ " ' ¢ " ' ..{bJ

the penguin opeM om are d² £" d by eIl ipees-h the above EM

¸ = ¸ ( 1 - Ys) , P ( AÃ ) = 286 .To the opeM or Ot ' j h, ,d ad)

we employ the mSUIts d QCD h ctodmuon appmach di ¤ £ " ; - ( p - q )20 - a I ) ) (- PZü , - ( p - k µZO - m 3) ) x

1¤ etl y to the contzt buti ons fmm the factori zati on and Á.

conections since the mSUIt of I de s R is consistent wi th the

predi cti on of the QCD factorizaHon appmach .

h order to calcul ate the nontactorizable mat rix ele-

menu induced by dEe opemtor 0 1, we chooee a pmper

vaccum-kaon corEÉEl ation function :

m¶ i ldefi ZM Ml {at)
Æø Je J ­ ¤ ë , {p - " " ,Y

44, É´ {p - hµ, J r fl fr r 4PJ ,qms)z+Ù× 'jdð WMs)xF?J(p,qJ)=- |t ze+ §ld4yet́,-h}x "
J J - A lt JJ;p (2p, - 2.,Ø´p - h},´0| T{jE (yò ,(ob? " )} | r (q)µ, i ù , ´PÅ á , -J 212 (p - kv , mJ z -

(5) mif f r¡ EM eldaJ z(Ä )
U.Yssad p s mbiysd m the qu¡ N h J F I ë , lbpm, , y rwhen j F =

Ø m nts inteP olaUng k and B mesoEEL EØspecHvely - U e

decomposi t ion d the cormlation fund on Eq . ( 5 ) in tem

of i ndependent momenta is stm id EHOM Ed and contains

fou r invariant ampli tudes :

F f I ) = ( p - k ) j d l ) + qJ j bl } +

lzap ; bl } + w qFPAIr k ; bJ . ( 6 )

h what fol lows onl y the ampl i tude F (01} i s m levant . To

obtai n F {OJ , we calculate the corEü lation hmCHon by ex-

panding the T-pmduct d thme opemtom , two cum nts and

0 1, near the l i d zt- cone x z N YZ - ( z - y ) 2 - 0 . To su y

away h m hadronic thmsholds in boÉ channels d K and

B CUETents , we choo@e the foll owing ki nemaHeal mg on in

Eh . ( 5 ) :
q2 = p 2 = k 2 = O and | ( p - k ) 2 | - | ( p - gi r l -27

lp2|µ AW, 11}!
EdEem P E P - k » q .

FOllowing the standard pmeedum foz QCD sum mie

calculation , we cm Obtain
A(81) ( B ú KK ) = ´ K ( p ) , K ( - q) | b I | B (p - q) µ =

- i fd . ¾fL -4¤¤i d h ¼ÕØ
l oseõ l as x,áf d . mt JOUµ J4 u
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2 .¤, ¤' {Ä-1 , -
eE ¸ Inzj nzaFQm ( SJ ' ,m; ), ´8)

wÍ h em Ó sd ; a÷ nM d sd : m ed E eß́́ cdd tu im v̄ e t½»hh1umE

8tuEmÛ× i gd }hEtdf o En¢Øù a× Ed c a l c u l a t i o n g v e s t h e f o l l o w i n g Em¢· es tuÀEdI tôs f o r

t h e t ¢wØi s t . 3 a n d t ¢wØi 8 t . 4 cØo EnEt Et b u tUi o EnEs :

, ( 9 )

(3)
ta-} {b. ) {b. }F ¬ = F HOI + F ME

È j µ ,j h t x-

-

Iz) +2( 1- eµq ¤ (p - h)3( q ¤ (p - h) ) ,{ (2- , )(q ¤

(10)
and

F tOI}
"'4

( 2p q - 2 , qk ) ( p - K M m u r fm M E l d , 2 ¤z l d a , e 2 ( Á 3) x(p - k ¤ ' " ,)Z E4 2i h J

1 [ (p - k)q13
pqi Ö - fp - 4¤i Ê £ - k - q±, )4-

ÅÓ j :" 42¤ - ¨ Ø ś eh

1 {(p - k)q12
ö: - (p - ,. , ¦ {p - k - ö ,)4'

wheEü the defIni ti ons of Á SE( Át ) , Á , ( Át )

cm be found in Rd . [ 5 ] .

By tak i ng the dual it y appmxi mati on

and Ái ( Át )

MId applying

Boml t ransfoÐnati on , we get the foll owi ng sum m l e :

imi(Å r " ¢)xA{aJ (Bú KK)

(̄ ji

-
-

Öe¥ ý ië EI ÷ ¶

(1-hu¤he)+hf þx
i - i Ö LÕ,(1-u,,)l3pi (1- u,u- - i » -õ- 11 4¤ l -

1"' r f u »

A(¾ - 2)ô 21),
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whm the ud Et-Þ ne wave functions m intmduced m the

fOMowing :

3 Õ1( ,eJ )a w = Á4 ( ,e,1- se- u , w) + Á , ( w , 1- w - w, w)

a Õ2( w)
a = Õ 1 ( 1 - p , w ) . ( 1 3 )

t J

For h kaon distribution ampl itudes in Eq . ( 12) , ì em-

ploy their m µ otic forms Which wm e ven by Ref . [ 5 ] :
Á3E( Ás) = 360Ál Á2Á; , ú ( Át ) = 1082Á; ( 1 - Á, ) ,

Ç E( Át) = - 4082GI aza3¤

3 Decay ampHtudÊ with the soft--d EBon cor -

rectiom

U e hadmnic matEt x elements of the penguin opemtor

cm k obtai ned fmm the sam pmeedum . In fact , they cm

be repmsented by the tme dia8 3m opemtom exactly . So

the cd cul at iom am si mpl iSed mlat ively . Hem , to compa ü

ì ú the calcul ated resul ts , we m te down the Bú IG´ de-

cay ampl i tude8 for all decay channels m temm of the sum

of thme pazt s : the factod zation pan M f , ² e Á. ££ÐeCHon

tem Ma and the sof t -giEBon oOEEtr iM Uon M d :

,TMh (ñ ú K?½£) = - i ¼f EFr E(0)´ mi - mi M
¢JZ

{ VJ J l a4- ¨ 10+ (¤¤- h )RIll ) , (15)

Md(­h W ) =- ÷ [ vd (2cf ä)}A{× ,
ø/Z

FFZÜw i É R I - -- ( m. + FFBd) ( FFEd - mb) .

,TMhe(ñú KY ) =i ÅfJ E(0)(mi - mU X

{ Vú v; aE- Vúv; [ Á4' 2́ @6+ as)Rz+ aJ } ,

=JZGF K VLC2AfbtLMd(Rú K+K' )

JEGF Vsv; ( c, + c, )AtbJ , (18)

z
mth R, - zz - ( FFZ. - FFZJ ´ ó , î Ã . ) ¤

c -Affu (B-ú K-C) = - i - A Fr E(0)(mi - nzi} x
dZ

{ VJ J i a4- · £+( - 2ä +ò )Rzl } ,

Ú 27¯ß ± ± í ë Ë ï í (EEP&NP)

-¥ {h m i Ð lAÕJMd( B¤ú K- C ) =

(20)

nzE
w i t h R - I n o r d e r Ø d o t h e n u -
m ² 3 - ( m . - FFZ b ) ( m . + m u ) -

medeal calcEdd o-1, we take[I] A = 160MeV , sf =

1.62GeV2 and MZ= 0 .5 - 1.2Gev z for the parametem of

the kaon channel . For the B meeon , we pot f B= 180MeV ,

mb = 4 . 7GeV , d = 35GeV- , Ii b = J m; - m: - 2 .4

GeV , M' 2 = 8 - 12CeVS, j LE( 11b) = 0 . Þ 35GeV2, 82

( Ä ) = 0 . 17GeVZ, j L = 0 3 2ä , m d f h = 0 . 27[71.

(14)

Ò1e values of Wilson eoemd ent8 Ci , coemd ents ai , and

Ð ­ r Ì = þ am take½ m Ref [ 8 ]

Focu si ng on a nu mer i cal compar i son of M f , M É Ø1d

M rd , we wr i te d own th e nu mer ical m SUIt s f or th e dec ay

amp l i t u des M = M T + M F by d en ni ng the tm e am p l i t udeg

MT= M: + M: + ML and the penguin amplitudes MP=

Mf + M: + ML:
M ( ¥ ú K? ½£ ) = M F( ñ ú C K O) = Vtb VJ Á

{ [ 8 . 34 56 8 Á 10 ¤7i ] + [ - 2 . 96 5 15 x 10 - 7 -

1 . 39 3 19 Á 10 ¤7i ] + [ - 1 .0 8 188 x 10 ¤¤i l } , ( 2 1 )

M ( ­ : ú K ÕK - ) = M T ( ® ú K + ¾ ) +

M F ( B! ú K - K - ) = V ..b v ; x

{ [ 1 .m n x 10 - 5i ] + [ - 3 .m 48 x 10 ¤7+3 ò E x 10 1 +

[ - 1 . 22 1 15 x 10 ¤7i ] } + V² v ; { [ 8 . 4 48 3 x 10 - 7i l +

[ - 2 . q 756 8 x 10 ¤' - 1 . 565 ?S x 10 - 7i ] +

[ - 4 . 44 1 13 Á 10 - ' i ] } , ( 22 )

M ( B ¤ + r k ¤ ) = M F( B - ú C K - ) = ù V J Á

{ [ 1 .m n Á 10 4 i ] + [ - 3 ." m x m - u m 11 Á 10 1 +

[ - 1 .08 188 Á 10 ¤s i ] } . ( 2 3 )

F or compad 8011, we p l ot th e b ranchi ng rati os ( B r )

f or them decay m od es as a a m CHon of y i n F i g . 1- - F i g . 3 .

F4 8 . ( 2 1 ) » ( 23 ) show th at t he sof t - d uon con t r ibu t ion s to

the decay am p l i tu d es are mu ch smal l er th an th e f ac tor i za -

t ion pazt s i n B ú K K dm ay 8 . 'I E e con t ri b ut ions depend on

dib m t d ecay modes - In th e case d R ú IC r , t hem m

on ly pengu i n d i aÁ aEE1 eon b t b ut i om and th ey come m ai n l y

f m m th e fac tor i zat i on m d Á . corz, CHon p azt s ; sof t - gh m 1

COEZM b ut i on i s sup p ressed by t he ord er of 10 - I w i t h m -

spect to t he fon ner . Ò 1e m h -d uon eg ect s mak e th e

bm n Ch i ng rat i o smal l er and th e m SUIts are shoÛ¡ z i n F i g . 1 .

(16)

(19)
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Fig . 1 . Dependence of dm bemm»zing ratio on É e

weak phase y m É e R ú V P cham el -'IEe dashed

m d solid l ines eOETeepond Ø the values obtained wiÉ

M f + M. azzd M f + Ma + M d ' " -pecti vely .
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Fig.2 . Dependence of the branching ratio on dze

ì ak phase y m the Bf Ö + I chm el -h dashed

md solid lines com spond to the values obum-d widz

Mt + Me and Mf + Ma + Md , respectively-

u e dashed an d sol id cuw m cOETespond to the values ob-

tamed f EWER M f + Af . - and M f + Me. + M d , mspect ivel y -

h the case of R ú IC K , the soh contri bution has the

same OM er as the Á. corIüCHon pa t s i n the tEüe ampl i -

tudes . h the pengu i n ampi i tEIdes , i t hó the ampl itude of
OEd er 1 0 ¤9 , which is smal ler than those of factod m uon

î Õ È :Bú KK ¥ ä Ð Ä Ø à Ö Þ ý 68 1

and Á. correction pan s( d order 10 ¤7 ) . It is shmm fmm

Fig . 2 that the total bmnChing ratio i s suppressed by soh -

d uon d ects - h the case d g ú C K , the soa --Auozz

ampl i tude is of order 10 ¤s , which is obviously lower than

É a of the factod zaHon ( of order l o - 6 ) and Á. con- CHon

( of OM er 10 ¤7) . Fi g .3 shows that the total bmnChing m-

ti o i s decreased by soh -gl uon eEec¥ , too .

Fig .3 . Dependence d the bmnctm g raUo m the

week phase y m the B - ú KGK ¤ cham el -TEe dashed

m d ml id lines eowe-pond to É e vd ues obtained ì ú

M f + Me mzd M f + Me + M d , mspectively .

In th is paper , we have anal ym d the B ú KK decays

÷ × the soh -gl um coÐect ions by the QCD l id Eb cone sum

m les -U e soh contr i butions depend on decay modes , m d

in most situations they have the ampl i tudes whi ch ï ü sup-
PEessed by the OM er of 10 - l or 10 - 2 d factorim u on and

Á. correction ampl i tudes - ¤ l y in the case of R +

K + K ¤ , they have the same OM er ampli tude wi É Á. cor -

mcti on pans À 1ich is small er than the factorim uon ampl i -

tEEde -Our zeSUIts show that the soft-gl uon eEects on B +

K K are smal l and they al way8 8uppreÄ the branching ratio

values m th 2 % - 3 % com etions .
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