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Calculation of Rare Decay B +ú DJ ¹ »£

QCD Approach ý

A M u-- d 1TEe Em decay B ¤ ú DJ K - o em oeeï £zdy via annihi lauon diag ams M th Standazd Model - We calculate the

branching mtio in peztuzbauve QCD appmach M sed on IET factoriEa60n theorem . We BEEd that ² e branching ratio of this decay is

about of order l o - -
, which m y h sensitive M new physies.

Key words penurba ive QCD, annihilation ram decay , wave h nction

1 Int r oducti on

R a m B d e c a y s a m v e É i m p o r t a n t i n p a n i c l e p h y s -

i ÷ , b e c a u s e t h e y a m i m p £ " a n t w i n d o w s i n t e s U n g t h e

M a n d a r d m o d e l ( S M ) a n d t h e y m Ø n S H i v e t o n e w p h y s -

i c s . A 8 a m t i z e r s i m p l e m e t h o d , f a c t o r i z a t i o n a p p zw a c h i s

a c c e p t e d , b e c a u s e i t e x p l a i n e d n × n y d e c a y b r a n c h i n g m -

t i o s s u c c m d zl l y [ 1] . R e c e n t l y , 8 0 m e e E O Et s h a v e b e e n

m a d e t o i m p m v e i t s t i l e o m t i e d a p p l i c a t i o n . O n e d t h e s e

m e t h o d 8 i s t h e p e ô ² a t i v e Q C D a p p m a c h ( P Q C D ) .

M a n y r a m d m a y b n En d i n g r a t i o @ s u c h ï B ú I U M , B ú

Ð Ð [ Ê , B ú Ð p [ 4 ] w e m p r e d i c t e d , u s i n g t h i s a p p m a c h .

I n Óñ c é n± t cÐ ad l c Euí Ò

DÐ ; .Ð )h + Kr 0 h a v e b e e n a n a l y z e d i n t h e P Q C D a p p m a c h [ Ð ,

w h i l e õ ú D J K ¶ i s n o t c a l c u l a t e d . h d e c a y B + ú

D J K Ö , n o n e d q u a r i f s i n t h e a n a l s t a t e s i s t h e s a m e ±

t h o e e q u a r k s i n t h e B m e s o n . Ò 1i s d e c a y i s a p u m a n n i h i -

l a t i o n t y p e d e c a y , w h i c h i s d e s c r i b e d a s B m e s o n a n n i h i -

l a t i n g i n t o v a c u u m a n d D : , l t ¯ b e i n g p r o d u c e d f m m

v a c u u m a f t e n v a M s . D e t a i l e d i n f o m za t i o n a b o u t P Q C D p i c -

t u Ó e m b e p t i n R d . [ 8 1
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L u c a i ¤D i az1232)U YinglA l)

1( Phymes Depg ô ê , Nmj img Normal IJmvem ty, Naª Ìº÷E210097, china}

2( Insti tute d ô dz Eaeeg PhyÑ" ' CAS, Be4j iE¦ ò ÷ " , CMm )

h m C D , t h e d e c a y a m p l i t u d e i s u s u a l l y s e p a r a t e d

i n t o s o h ( Õ ) , h a zd ( H ) a n d h a d e r ( C ) d y n a m i c s b y

d i g e r e n t s c a l e s . t h e f a c t o r i m u o n t h e o re m a l l o w s m t o

w i t e t h e d e c a y a m p l i t u d e m e o n v o l t16 0 12 ,

M åÝÝ tôþu

Õ D ( kÉ 2 µ Õ Eõ . ( kh 3 ) H ( lkýth 1 , lkÉth2 , k 3 , t )Å ]l . (u 1 )

h Eù q . (Ø 1Ô ) , k , ( i z 1 , 2 , 3 ) m m o m e n t a o f l i g h t q u a zb

i n e a c h m e so n . C ( t ) i s W i l so n c o e m d e n t w h i c h c o m e s

f m m t h e Q C D m d i a H v e c o r r e c t i o n s t o t h e f o u r q u a r k o p e r -

a o m . Õ M i s t h e w a v e f u n c t i o n w h i c h d e s c r i b e s t h e i n n e r

i n f o r m a t i o n d m e $ 0 13 M . H d e s c r i b e s t h e f o u r - q u a r k o p -

e r a t o r a n d t h e × za Et p a i r f r o m t h e se a c o n n e c t e d b y a h a d

g l u o n w h o s e sc a l e i s a t h e o r d e r o f M B , Ø H c m k

p e rt u r b a t i v e l y c a l c u l a t e d . T h e h a r d p a zt H i s c h a n n e l d e -

p e n d e n t , w h i l e Õ M i s i n d e p e n d e n t o f t h e s p e c i f l c P EW e e m -

e s .

S o m e a n a l y t i c f o r m u l a s f o r t h e d e c a y a m p l i t u d e s o f

r ú D J K - o d e c a y s w i l l b e g i v e n i n t h e n e x t s e c t i o n . h

s e c t i o n 3 , w e e v e t h e n u m e r i c a l m SU I t s a n d d i sc u s s i o n .

F i n a l l y , w e c o n c l u d e t h i s s t u d y i n s e c t i o n 4 .
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ñ ç e e al e u l a i oa d t h e h a d p - zt H rd i ab l e -

2 Bõ + ú D® : »½¹Ã ¦¶ . a m p l i t u d e s 1h 1Eh 1Øe h ea v y B m̈ d D . nmmEØe¤ n w aôÓ a× Eumn¢1ÍòcdØt"ôi

s±t Edi cd t ed d bù y h ea vy q× EuEmarÆk s®y mm EnmIn2̧ed t £ . h t h e h e a v y q u ar k

F o r s i m p l i c i t y , ½ Þ n si d e r B m m a m st . h d ze l i m i t , w e m y u m o n l y o n e i n d e p e n d e n t d i s t d b u t i m m -

l i e u - c o n e c OOEÔh a te , t h e B m es o n m o m en t u m P I , D ; p l i t u d e f o r e a c h d t h e m [ 11] .

mô­ o©¾­­ fmÍ¾ôamômem¶ En×uþ̈t¢E

ú (1¤1,OT) , pz = ú (1 -
- - -

PE

- 1

:22(r3.UJ 2 'p3 =

whem h = Mõ / MBM1d r3 = Af r o/ MB¤

l id u ( anti - ) quark momenta in B : DJ

Ø IEI , lg2 , and 153 , mspecHvely , we cm chooee

IE1 = ( Z I P : , 0 , ISET) , K2

ls3 = ( 0 , Z3P j ,

Ò 2e i t - o meson ' s longi tudi nal polarizat ion vector e

transveme Pol azt zatiOEE V° tor h m e ven by :

r i ,OT) ,=1 L (- é -J2Af r o Eel

» ©L (OJ J T) -J2ME-- -e T =

111ezu i n tegrat ion over À , k i , an d k ; i n E q . ( 1 )

l eads to :

Ð i ô de ® j É 1

TÎ r [ C ( tÏ ) Õ Bd ( ZÐt , bð 1) Õ D ( Zh 2 , bh 2 , e ) x

Õ E. ( ì , b , ) H ( ë , b t J , t ) Á

s t ( x t ) e - S( ,) ] , ( 5 )

where b®i s th e conj u gate sp ä e cOOd i nate of IE¡ , an d s

i s t he l aEÂeet energy sc al e i n H , " th e h zEMUon i n t erms

of z t an d b t ¤ Ò 2e lazF logazt th E138 ( l n m w/ t ) com i ng

fm m QCD m d at ive coÐeet i on s Ø four qu ar k opem tom am

i nc luded i n the W i l so n coem d en ts C ( s ) . Ç Ee l arge dou -

bl e l oÁ r i th m ( l Ef z ®) on the l ongi tu d i nd d i m et i on am

8u mm ed b y th e th m shol d Ó sum m aHon [91 , an d t hey lead Ø

a j et h nct ion SS ( x t ) wh ic h smean the end - poi n t si ng A¤

lz i t i es on z t ¤ 'ITm l ast f actor , e - S( Í , con tai n s two k in d s

of l oÁ r i th m s . On e d the l aE¬e logad th ms is due to th e

m non naI K a h n of u l t m - vi ol et d ivergence h tb , th e oth er

is doub l e l ogar i th m l n2 b fm m th e overl ap of col l i near and

sof t d uon con ü Ct i ons . T h i s Su d d ov for m fact or m ppm ¹ -

es the sof t dyn ami cs eg ect i ve l y [ 10] . u u s i t mak es pen u r¤

ü,4:Ú ,

(2)

Denoting the

and it o meson8

whem M = B , D. . For the l iå t k meson , only the Ion -

si tudi nal wave functi on for m tgoing state is Iü levant ,

which is wri tten Ä :

ñ ( X34 ) Å [ M E¤ M U M A )

4 P 3ù ¤ ( Ú2 , b3) +

M E- M r ( Ê , b3) ] .

õ ,² ) ,

(7)
(3) Unlike the heavy mesons, there m thm digem t distd¤

and bution amplitudes.
h th e d e c a y r ú D : r o , t h e eE e c t i v e H a m i l to n i -

an ± t h e sc a l e l o w ï t h an M w i s th e sa m e Ø B + ú D : k o

d e c a y

H d = ¥ ¨ [ C 1 ( Ì ) ð ) + G®̈ØØ (×ØØ1ÌÑ̈̈lÅḾ )̈̈̈ O¶± 2̈ ( Ì

( 8 )

O 1 = ( b y p P L d ) ( Åy F P L ¤ ) ,

(4)

~~

(a)

EE--

·
B¤

Rg.1.
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ing to the eEect ive Hami l tonian , the lowest OM er diaÁ m m
d õ ú D: l t - o am drawn in Fig . 1 . As é td above ,

thi s decay onl y has annihi lation diap ams .

Ah er pertmtBati ve QCD calcul ations , we get the h e-

torizable contdbution F . , and the nonfactorim ble eontd -

M Uon M . i l l ustrated by Fig . 1 ( a ) ( b ) and Fig . 1 ( c )

( d ) , Eüspect i vel y .

F².=ô
[ { ( 1 - Z3 - 3 r i + 2 z z r i ) Å ¤ ( Z3 , b3) +

r 2( 1 - 2 Ê ) r 3é i ¤ ( ä , b3) -

h ( 3 - 2 Z3) r 3- 2¤ ( ´ , , b, ) l E f ( t ; ) Á

h a( Z2 , Z3 , bz , b3) - 1́ I - r i ) Z2ð ¤ ( ì , b3) -

2 r 2( 1 + z z) r 3Ç ¤ ( Ú3 , b3) l E f ( t : ) x

h . ( 1 - Z3 , 1 - z z , b, , b2) ] , ( 10 )

M. =¹ 6 4TECFAf;|ldÀ ää Á
J 2 N m J o

~

b t d bI bzd b2ð ( ZI , b i 74# , ( Ú2 , bz) x

[ { z z( 1 - 2 4 ) ' E¤¤ ( Æ, , &, µ +

r z( Z2 + mz - 1) r z ù ¤ ( as , b2) +

r z( z z - z , + 1 ) r , ' 2¤ ( ä , b2) i x

E L ( t L ) h j B} ( Ã , Z2 ,« , , bh bz ) -

{ ( - ( Z2 + 2 z z - 2 ) ý + z , ) é E¤¤ ( ª , , b2) +

r 2( 1 - z z - z , ) r , , ; - 1 2, , b2) +

rz ( 3 + Z2 - Z3) r sé: - Ø , , bz ) ! Á

E L ( s: ) h ;2} ( Ú1, z z , ä , bt , b2) ] . ( 11)

h our w£Ë , r i , r ; and Ú1 i n mBEnemtom m ned ect ed -

h Eqs . ( 10 ) , ( 11 ) , CF = 4/ 3 i s the g oup factor of

SU ( 3 ) e Á uge p wup , and th h actions E f , t : -2 , h . m

e ven in the appendix d Rd . [ 5 ] .

Compmt ng m th the pmviously calcul ated BO ú

D; ¤) - t decayu u we End that the leadi ng M £ Þ ntd -

bution ,

oum . However the eubleading twtst eonu i but ion , which is

proport ional to r z r 3 in FÇ 8 . ( 10 ) and ( 11) , i s qui te di f -

feEünt .
FREe total decay widÉ for V ú D: r o decay i s e v-

en as

ct M2 .
¹ ¹ ( 1 - r D x

1 2¢ , r z

| VJL VA f EF.

r (B+ú D: r o)
S Zº

ß Ü ï í ë Ë ï í (HE & NP) Ú 27í

11ze decay wi dd1 for CP conj ugated mode . B ¤ ú D; i t - 0 ,

is the same value ­ õ ú D: Ê £ , j ust mpl acing v ; v d

by Vub V· . Since them is onl y one ki nd d CKM phase

involved in th is decay , ther- is no CP vi ol ation in the

standaEd model .

3 Numer ical Resul ts

We use the same B and D. meson wave h nctions ç
OEü [5]

ñ , ad 2
Å (Ó,b) = NBZZ(1- d mp| - ó Ö

L aÉØ b
- Â(Ý

,D(¨ ) =J - fDd1
, , , Ò , .

11+Ö £ - ¨ Ð - Â(± )21.

ÓTIe k .
BEeso n s distdbution ampli tudes aEü e ven by

lidu cone QCD Sm mld u] :

, .
= ¹ L - 6z( 1 - z) i h 0.57 x

2 J 2Ne
(1 þ ´ µ + 0.Ò7¤ c?' £ - h ¨ ,

- 2z) [3(1 - 2z)2

10(1 ¤ b µ - 1] + 1.6ecr u - h ) +
0.060 - 2z )2[50 - 2z)2 - 3] +

0.36[ 1 - X 1 - h )( 1 + la(1 - d ] i ,

' E¤ ( z )

' -

zzÜ ¢ i0 3(1' i ¤ ( z )

, .
' K U ) = » õ » - i 3 ( 1 - h ) [ 1 + 0 . 2 ( l - h h

z J ZNe

0 .6( 1Ozz - 1OZ + 1) ] - 0 . 12z ( 1 - z ) +

0 .36[ 1 - 6z - 2ln( 1 - z ) ] } , ( 17)

wiÉ the Gegenbauer polp zom ale,

þ Ä = Â Ø - 1) ,

Ä e ) = Â ( ± - 3082 + 3) ( ¨

h adCHUon , we use the following input parametem, for

meson decay constants and the CKM matrix elements md
the lifetime d BÕ[13] ,

A = 190MeV , f D- 2 22A MeV , Ñ = 200MeV -

( 19)
+ M.) |2. (12}
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| Vú | = 3.6x 10-3, | Vd| = 0.224, mm x elements, the bmching mtio d B++ D; Å ' is

Ó õ = 1 . 6 7 Á 1 0 ¤ 1 2 8 ¤ ( 2 0 ) m u c h s m a l l e r t h a n É a d t h e n e u t r d d e c a y E F ú

Ò 1 e b m n c h i n g m t i £ o b t a n e d f m m t h e a n a l Ï i c f o r - D ; i t ¤ + -

m EE l a s m a y k s e n s i t i v e t o m a n y p a r a m e t e m Ø p e d a l l y S i n c e p U E a n n i h i l a H o n t y p e B d e c a y s a m s u p p m s s e d

t h o e e i n t h e m e s o n w a ¼ × n c t i o a s i s - 6 ] . S i m i l a r t o t h e B ú c o m p a r e d t o s p e c t a t o z d i a e m m d e c a y s , t h e s o f t f l n a l s t a t e

D Ã k d e c a y t s É ½ f o u n d t h a t t h e b r a n c h i n g r a t i o i s i n t e r a c t i o n s m y k iô nmë 1 P" 0 Eªô tôô a×m Enõ1Ô t

n÷ ´ sÊ¾ em nm 8¢ iHMt" i v̄ e Â t h e v a r i e t y o f t² lhh 1m e pô a Imú ½ tù e v̄ s i n tô }hh 1Ø e K . c m d e c a y i n t o D - o a n d õ , w h i c h t h e n s c a u e r i n t o ® ,

m e e o n w a v e f u n c t i o n . B u t t h e y m s e n s i t i v e Ø t b e h e a v y V t h m u o a n a l s t a t e i n t e E a c t i o n b y e x c h a n g i n g a k Õ

B a n d D . m e s o n w a v e f u n c t i o n p a m m e s e m . F o r i l l u s t r a t i o n m e s o n - T E i s p i c t u m i s d e p i c t e d i n F i g . 2 , w h i c h i s d m -

d t h e u n c e r t a i n t i e s d t h e b r a n c h i n g m t i ü , w e c h o o e e t h e c u l t t o c a l c u l a t e a c e t E r a s e l y , s i n c e S Z E a l s t a t e i n t e m c t i o n i s

f o l l o w i n g B a n d D . m e s o n m w h n C H o n p a m m e t e m p m l y n o n - p e 1t EE r b a u d 14 l - h R d . [ Ê , t h e Eü S U I t s h m

0 . 3 5 G e V Ö Ä Ë 0 . 4 5 G e v , ( 2 1 ) P Q C D a p p m a c h f o r t ú D J K + d e c a y m m c o n s i s t e n t

0 . 2 1 G e V g g Ø D Ë 0 3 O G e v , ( 2 2 ) ÷ × t h e e x p e d m e ± , À 1 i c h s h o w s É ± t h e s o h f l n a l s t a t e

i n t e m C H o n m a y n o t b e i m p o r t a n t .

0 . 2 1 G e V s z a D S S 0 . 3 0 G e V . ( 2 3 )

P t ù

h a b w e p a m m e t e r r a n g e , t h e b m a c h i n g r a t i o m m a l i m d d , . . ¤ l / l

Ð É Ø Õ / l

by the decay mstmtsmd the cm mmx elements is: / |
B r ( B + ú D : E O ) = ( 1 . 5 Á 0 . 3 ) Á l o - - x j ´ f k É Ø )

B - t u b } ¢ ¢ l( fdD WWA̧| )2¹ md}
1 9 0 M e V - 2 2 0 M e v f W . Þ 3 6 ¤ 0 . 2 2 4 1 ¤ U

D K d )

C o n s i d e r i n g t h e m ü " m t y d A , f D - a z z d t h e C K M m ¤

t r i x e l e m e n t s , t h e b r a n c h i n g m t i o d t h e B + ú D : i c o d e ¤ R g . 2 . d o m i n m t d i a F a m ¤ h d s t a t e

c a y m ± t h e O M e r O Af 1 0 4 . T E i s i 8 8 6 1 1 f a r æ £ m t h e c u r - m t e r a c b o n -

Em t e x p e r i m e n t a l u p p e r l i m i t [ 1 3 ] ,

B r ( B + ú D : E O ) ´ 5 Á 1 0 ¤ 4 . ( 2 5 ) 4 C o n c h s t o n

T a b - e l D e c a y b m m c h h g m a o e a ú u h t e d h P Q C D a p p m - z h

Ø Ê ú e a m e m m m e t e m f o r B m d D . w w e h c Ä Ä , a n d I n h a d m n i c t w o - M y B m e s o n d e c a y 8 . t h e e n e E¬ Y

f D . = f D ; 2 2 2 0 M e V - m l e a s e Ê l a r g e r t h a n 1 G e V ¤ ' I T E e a n a l s t a t e m e s o n s m o v e

- o v e É f a s t . ' I T I e m f o m t h e s o f t a n a l s t a t e i n t e r a c t i o n m a y n ´

D e c a y c h m m l D : K O D : - r D J K ¤

t b ( l o - - ) 1 . 4 8 ó 0 . 2 4 2 . 4 8 ó 0 . 4 2 1 . 5 2 ó 0 . 2 7 b e i m p o l t a n t m t h e t w o - b o d y B m e s o n d e c a y s - U e P Q C D

a p p m a c h b a s e d o n k T f a c t o r i z a t i o n t h e o r e m i s a p p l i c a b k Ø

F o r c o n P a r i s o h w e l i s t t h e b m n c h i n g r a t i o e d B + t h e c a l c u l a t i o n o f B m e s o n d e c a y s .

ú D Y ) + K O a n d B + ú D : r o c a d e 1 E l a t e d i n P Q C D µ ¤ h tÉ th 1 iô 8 wm o r÷ k . ½ c a l c u l a t e t h e Bõ + ú D® : Kí . 0 d e c a y

põ mm¢ a cd }h E , um ¿ ù t h s" a nmm 1Øe Pô a rm a±m znmI

×ô En 1 ć t× imó¶ En 1 s . F o r s i m p l i c i t y , ½ ò f D . = f o : = 2 73 M e V . m e s o n a p p e a r i n t h a n a l s u t e m e s o n s , t h i s p m e s s Þ -

F m m t h e a b o v e m S El l t , w e c m s e e ú ´ t h e b r a n c h i n g r a H o c u m o n l y v i a a n n i h i l a t i o n t y p e d i a g r a m s . W e E n d t h a t ,

d r ú D : K - o i s a l i t t l e b i t h F r É a n É ± d B Õ ú t h e b r a n c h i n g m t i o d B + ú D J i t - o i s s m d i n S M ,

D : i F ' ] . F m m e q u a t i o n ( 1 0 , 1 1 ) a n d f b m u l a s i n w h i c h i s a r o u n d 1 0 ¤ 8 . Ä i s b m EE C h i n g r a t i o w i l l b e m e a -

R d . [ Ê , w e S n d t h e c o a c i e n t s o f s u b l e a d i n g t w i s t b e ¤ 8 1 B r e d m t h e m c b i n a u u m - T E i s b r a n c h i n g r a t i o p m d i c t -

Ø m n e Á t i v e , b u t t h ä a m a l l p r o p o a i m d t o h r 3 w t k h d i n t h e S M i s S En d 1 . 1 1 2 e m f o ¿ , o n e h a s Ø m m u m i t

i s a l i t t l e b i t s m a l l . B e c a u s e d t b e s u p p m Ø i o n d f C K M e a m f u l l y t o f l n d t h e n e w p h y s i c s C O M Et b u t i o n .
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