
Ú 26í Ú 7Ú
2002ê 7Â

A n a l y s i s o f D s ú Ü B e y o n d N a i v e F a c t o r i z a t i o i

GO N G H ai -Jun SUN Jun - Feng D U Dong- Sheng
( Insti tute d ô 6 2 Enmgy phF, icL TK Chine-e Academy d Science- , BeuiÖ l oom 9 ,China)1)

A M - et We m alm the decay D.ú Î ± É QCD h ctoriza tion m the heavy quark limi t . Th e noz¤actor-

izable eonMbu" oas , inclUdi ne ha d specu Ør conØ bution -g ¬ discussed and numerical resul ts am present-

ed . Our pmdiction- on the branching ratio of the decay am m aF eement wi th the expen ment . We al so
use a pum phenomenolog eal method to esti mate tbe branching ratio fbr D, ú ç ô ½ the en - ting DO+

K Ð data .

Key wor² £ CD factoriZat ion , D. , nORh etortzable eonut butions

1 Introduction

Both CLEO[1] and BES[2] have mPOEt ed thei r dimet model - independent meaSUEY-menu for the

D. + ç branching fEÓaction :

[ ( 3 .59 Á 0 . 77 ó 0 .48 ) Á 10 - z CLEO ,
Br ( D.ú ç ) ¶ , a aÒ 2l ( 3 .9 : : ¢ ; f M l o - z Bm .

Ò 1e avemge bmnching mtio d D.ú ç is ( 3 .6 Á 0 . 9 ) x 10 - M ] .

1TEe pmem esti mation of the branchi ng rat io for the decay D.ú ç is veÉ imPOEt ant . Fimt , it is

dim eult to measure É e abeol ute branchi ng rati o d D. ú ç because m do not know the fract ion of

D: DJ pai r pmduction in õ d anni hi lation in Ø mpu ison ÷ × DIi pai m ( BES used ó i ú

D: DJ to obtai n the Ômt di met model - independent measEm ment d the D. + ç bmnChing fmCHon ,
however , ÷ × only Wo" double-tagged " events ) . But we need to know the branching EYEti o for the

study of B decays such m B ú D-X ete . MOEÔover , moet of the measEm ments of the D. meson

branchi ng fracti ons m m rmal i m d ­ the clean D.ú ç channel . Second , theoreti cal ly , the decay of

D.ú ç is domi nated by specu tor diag am m É extem al emi ssi on of pion . Ä is is em im- to handl e

compamd wiÉ other excl usi ve non- leptoni c decay channels . Another mason for choosi ng the Cabib-
boJ avoM decay D.ú ç is É ç , in thi s decay channel , hom isoepin analyses[4¤Ê , we a nd that the B-

nal su te invol ves only a Si ngh i sospi n , " them i s no i ntd em ee d ed - fmm the elask tl nal state

interactions ( FW ) when we calculate the branching rat io of D.ú Î

b evi ous cal culati ons for the bmnChing m o Br ( D. ú ç ) am based on the nai ve factodzat ion
appmach whi ch is propoeed by Bauer d d . ( BSW ) [6] . But i n BSW appmach , non-factorizable ef -

feets cm not be calculated , they hm to k p× m etedmd by m d ed ive color number r whi ch h

trea d as a free pammeter - Moreover J Ø 12l ts obtained ÷ × m w apPEWeeh sti l l depend on renomml i -
mu on 8cal e m d scheme . 1TEe authom in Ref . [7] exami ne dze D. ú ç aznpli tude thmud l a oom ti tuent

quazt -meson model . Wi th thi s model , the cal culated decay width F ( D. ú ç ) is laEF r than the
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ex p e r i m e n ta l d a ta - P av e r an d R i a m d d i J st u d i e d D . ú ¤ i n a v al e n c e q u a d E M an d e m o d e l , i mo or -

p o ra t i n g c h i d sy m met r i es , th e m SUI t i s c o m p m b l e ÷ × t b e u p e r i m en t a l d a ta . I n R d s - M J O] , É e

au t h o m eo m i d e m d t h e c o m b u U o n f m m t k Þ l o r o c t e t : ´ é | Ḧ : |̈ D ;Ô µ , wë thEem Ó H¢ ? ) .

Â̧ 2 . ( ±̈Ð ~̈ ) ( dÝ̈ .1®dØ ) ¨ ®̄ d̈ ²¢Ð dÉ u É

u n e e ñ a En t¢Ee 8 .
h th e p a st y ea n - B e n e k e e t d . d e v e l op e d Q C D f a c t o r i m u o n ( Q C D F ) ap p m - c h [ 11] t o c a l c u l a t e

th e h a d m n i c m a t r i x e l e m en ts of B d ec a y s i n th e h ea v y q u a Et l i m i t . I t h as b ee n u sed f o r m a n y B d e -

m y s m od e s I I I - tZJ M t h i n t e m ¤t i n g m u l t s . h th e p Ó , e n t p a p e r , w e ÷ l l fo l l ow th i s m et h od to c a h u l a e

t h e b r a n c h i n g ra t i o f o r D . ú Ü . h i t m a s on a b l e t o ap p l y Q C D f ç £ É ç £12 m et h od t o c h a m d e c a y s ?

W e l l , Ô m t l y . c h a m q u a zt i s h ea vy ( m eµ A OCD ) an d D . i s e v m h ea v i e r A l th o u 6 1 m e ´ FFZb ¤ s e c o n d -

l y A h e p e EU EM i v e Q C D ( ò C D ) i s ap p l i c ab l e t o h a d p m ce ð w h e n th e m o m e n t u m t r a n sfe r Q 2 i s

ve Ç l a r g e . B u t ac t u a l l y f b r " m p m ee ò ò , w izen Q 2 µ 1Ge V 2 , P Q C D i s a l r ea d y a p p l i c a b l e . So i t i s

q u i te p om b l e t h a t Q C D fa c t o d m u o n i s a p p l i c a b l e f o r D . d e c a y s . Ò 1i d l y - a l th o u d z + i s h ea Ç

( FFh h l G e V ) , b u t + ab eo EÐ th e sp ec t a t o r q u a EK i n D . , m Q C D f ac t o r i za t i o n c m st i l l b e ap p l i e d .

C o n s id e r i n g th e ab ov e Ø Â 1am e n ts , w e sh o u l d w t o u m Q C D f ac t o r i za t i o n m et h o d t o st u d y D . ú ç i n

d et a i l an d se e w h a t w i l l co m e ou t .

2 D,ú ÕÐ ô QCD Factoriza" OEE

1 E e l o w e n e r g y d e d i v e H a m i l t o n i a n f w D . ú Ü c m h a p m m d " f o l l o w s :

º = ¥ ¨ [ Ø Qö̈ 1AA (ØM ÌÑ )h +́̈ CGØ 2

× EØe º u® r .µ Eóa EË4t E lh£ c ad A £ä p eÊ EØ £ m Q ' . 2 m

Q 1 = ( t ec . ) v - A ( ­ , d p ) v - A Z Q 2 = ( É c , ) vd a p d . ) v -A , ( 2 )

É e r e a , p a m t h e o d o r i n d i e ± d S Ej ( 3 ) c , m p e d i v l y . W i l s m e o d M e a t s c t ( Ì ) a m e d e u l a b l e

w i t h t h e m n o r m a l i m u o n p u p i m p r o v e d p e EU ú ú £ " t b e OEY ¤ u e n e x t - t 0 ¤ l e a d i n a o r d e r ( N I Ñ ) Þ r -

r e c t i o n s t o C . ( Ì ) h a v e b e e n p m s e n t e d i n R d . [ 13J . h t h e n a i v e d i m e n s i o n a l m g u l a d z a H o n ( N D R )

s c h e m e - w e e v e t h e n u m e r i c a l v a l u e - f o r c t ( Ì ) a t h m e r e n o m za l i z a U o n s c a l e s :

C 1 ( l G e V ) = 1 . n 2 , C z ( 1 G e V ) = - 0 . 5 Þ ,

C , ( m j z 1 . m , C 2 ( m e ) = - 0 . 3 9 0 , ( 3 )

C 1 ( 2 G e V ) = 1 . 1 5 3 . C 2 ( 2 G e V ) = - 0 . 3 1 4 .

U n d e r n a i v e f a c t o r i u U © , t h e d e c a y m p l i M d e d D . ú ç r e ¤ ²

d ( D ; ú ç ¤ ) = J Z G F v ; v d f ö m A Y ( Fn b ( Å ¤ . P D ) - a 1 , (Å 4 )

ë m­ a t = CØ Ë + ü C̈ f ié8í É n³ rÐ d Ð ° F Ë q Ø̈ ½­­ e¢Ø­ cØØa± zn­ 1

d e p e n d s ¶ td}hEÓe rmme" n oÙÃmmÐÖÊ°nm2§Ðad l iuz aç " £¶ '" ' 8äc d e Ì , b e c a u s e tÉb e w çb 8£m En E cØ£ dÄ E±ô cd ime¶ n tu s C E (Ø Ì ) ' CG 2 ( 1Ì i ) , amEn1d h e n c e

Á¶ 1 , Áä 2 d² e PÏ e En±3Ðd £¶ n Ì ' w t ze m a s t h e d e c a y c o n s t m zt a n d f o m f a c t o r a m i n d e p e n d e n t o f Ì . S o t h e a m -

p l i t u d e j ( D . - ' ç ) i s Ì - d e p e n d e n t . O n t h e o t h e r h a n d , i t d o e s n o t c o n s i d e r t h e n o n f a c t o d m b l e d -

f e c t s . H w e c a l m l a e i t ÷ × Q C D f ¤ c t o r i m u o n a n d t a k e a l l t h e h i d E o r d e r c o m e t i o n s i n t o - e e o m h

a t a n d t b e a m p l i t u d e J 4 ( D . ú Ü ) M H K Ì i n d e p e n d e n t . h o m - p a p e r , w e c d c u l a t e i t o d y t o d ze

Od e r d Á . ¤ " a d a n d t h e a m p l i t u d e J 4 ( D . ú ç ) s t i l l d e p e n d ¶ Ì , b u t t h e d e p e n d e n c e i s l e ss m F

SEt Ev e t o Ì .

Ú 26íß ¡ ï í ë Ë ï í (HE &NP)
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h the QCD factoriza ion , the hadm nic zm u tx elements d D.ú ç cm be E- presented syIIú £l i -

cal l y m :

´ ñ | Qi ( Ì ) | D . µ = ´ Fr | J I | 0 µ´ é | J 2 | D . µ ¤ [ 1 + Z r d + O( A ö / me) l . ( 5 )

h the D. ú ç decay , ² e emi tted meson Ð Ê Hsht , the hadmnic matEtx elements cm be õ i ttÄ " :

´ ñ | ö ) | D . µ = Ð ¨ ( µ ³ ( z ) + j ; d ed d y T ? ( Û , Ý 1( e ) ð ( ç +( y )

( 6 )
A f -+ denotes the D.ú + M m i tion form factor , Õ D( Å) , Õ ö( z ) and Õ +( y ) label l i ghtcone di str ibu-

ti on ampli tudeg ( Iê DAU d D- A and + meson , mspecHvely . T iI , E denote hard -seatteri ng kem el s

which m cal cu lable M peô bative theoq Needed ng the O( A QCOM e) eom cti ons , T J J m hazd

d uon exchange domi nant . Other nonpem 2143at ive eontr i butions am eontai ned i n the IA: DAs of mesons

or the form factor - 11Ee second tem in Eq . ( 6 ) m mmnts the ha d spectaw contributi on .

We next pmeed Ø calculate the nonfactoEt zable d ects m the D: ú +Tf wi ú £ CDF appmach .

m en i n heavy quark l i mi t , for si mpl i ci ty , we wi ll neglect the masses d l ie u quadm and Ð . We con-

8ider the Venn con¤ ctions and haEd spectator i nteract i ons depicted in Fig . 1 . Ê 1e technique is si -

mi l iar to that of the Bú md k mode , madem cm d er to Rd . [ 11 ] for detail s . A s m Rd . [ 11] , we

obtai n the QCD coem d ent¤ ¶ ( i = 1 3 ) ó NIÂ in NDR scheme . TTEen the eoem d ent8 Át m e ven

as

(a)» (d) and hard spectaw dagmzs for FÂ .(e) , (f) ,respecuvely.

N2- 1
i s t h e n u m b e r o f c o l o r s ( f l a v o m ) , a n d C - h t h e f a c t o r o f c o l o r .ã ¡ ò - 1

deEEEe the symbols in the above expressions m the same ± Beneke' s, ,dEich am

Here N=3(f =4)

÷× × hMÐ emgh donMZ)d t ¼lnz-- 3
tion is e ven by

f 4d
E 2 7

» £ ü È zD.ú Î Ä í Û Ö ö 667

C, É C.
¹ + ¹ » ä , F .
N 4 , E N z ,

C , a a C ,
- 4 + ¹ - L C , F -
N 4 Ø N 1

Á1 = CE

Ë/ XY ÉX
(¤}

Üï ¢ /

We

Fz - 18- Ø ß +f E+f ¤¤

f I =l d« (Ó (z),
(8)

Çze had specu tor 8cattedng eontdbu¤

f Ú fIAeeu eµE e×Ø fEÒe,(y)
AF' (O)mi h® - 7 ù" - T m » § ' (9)
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w ize n h ( f B. ) i s t k é ( D J m e ê d e c a y c o n s t a n t J Y ( 0 ) t h D . ú + Ö ç t i o n f o m M o r a m m

m o m e n t u m t m zzs f e r , m d e t h e H O t - £ o n e m o m e n t u m f m C H o n d t h e s p e c t a t o r q u a zt i n t h e D . mm e 'Ù¾£© a ,

fh E ¨ d e Ð ¨

Ë D P a± 'mú m e tùeÊØrdi Fms 8 o©u r i¶eÁ 1£Ør m cß e aú b £́ çúIËt t h e D¡ . EmIn1e s £ En 1 w a v̄ e . × Enm2Çc tui oÞ En1 , i t i s e x p e c t e d ­ b­ e d O M e r A Ò E

( dÉ 1Øe v a l u e d t h e Q C D s c a l e A QCD f o r n a w u r n u m b e r f = 4 i s A a z = 3 3 5 M e V w i É t h e M S

s c h e m e [ 13] ) . F o r t h e D - m e s m , m o s t o f i u m o m e n t u m i s c a d e d b y t h e h e a v y q u a zt h t h e m o m e n t u m

d t h e s p e c t a t o r × Òa r k i n t h e D . m e s o n i s v e É s m a l l . S o i u w a v e h m u o n i s v e Ç a s y Em me t d c . F O E-

c o m e EI i e n ß , w e t a k e A D / m mh a= A QÞ / m ¡ " 0 . 2 i n o u r c a l c u l a t i o n .

F o r t h e d e c a y D . - , , ë , t h e a zzn ± l a u o n d i a g a m s a m s u p p r e s se d a c c o d i n g ­ t h e O k u b o ¤ Z w e i g -

I i z u k a ( O Z O m l e b e c a u s e t h e + B Ee - o n Ê n e a z i y a p u m ­ s t a t e - M o m o v e r , a c c o r d i n g Ø t h e p o ì r

c o u n t i n g i n R d . [ 1 1 ] , ² e c o a t d b u t i o n s f m m t h e w e a k a n n i h i l a t i o n a m a f a c t o r d A o c d m Q s m a l l e r

t h a n t h o e e f m m t h e l o ç ' Ú- o zd e r d i a g ï n , t h e v e zt e x c o m e t i o n d i a e a n m a zzd Î o n . H o w e v e r ,

t h o e e t e r m s t h a t a m p o w e r s u p P Ee s se d c m n o t b e c a l c u l a t e d w i t h Q C D F a p p m - c h . 1 T I Ot ad E t h e a u -

t 110 I S o f R e f . [ 1 1 ] s i m u l a t e d t h e c a l c u l a t i o n s d h u d ä a t t e d n g k e m e l s t o e ð m a t e t h e a n n i h i l a t i o n

c o n t r i b u t i o n s w h i c h m h m s i n g i e g i u o n e î d u n g h t h e r e m l a r g e tm e a t m u e s i n t h e i r P Ee d c t i o n s .

I n m c d c u l a t i £ " , t h e a n n i h i l a t i o n c o m b u t i o n s m d O M e r Á : b e c a u se d u i p l e d u m × Si o n t o + ,

" t h e y c m b e n e g h c ù d i n t h e d e c a y D . ú ç .

F m m t h e e x p r e s s i o n ( 7 ) o f t h e Q C D e o e S Ed e n t s ¶ , ÷ × t h e m n o n n a l i z a 6 0 n p w u p e q u a t i o n f b r

H Z] d c t ( Ì )
W i l m c o e m d e n t s G U M l e a d n g OM e r l ÷ ô m m m a H o n : E r = ª Y k t ( Ì ) ,

A n s
w h e r e y i s t h e m o m a l o t a s d i m e n s i o n m a t r i x , w e E n d » - L = 0 ( i = 1 , 2 ) ± t h e o r d e r d Á . ¤ Ò 1 i s

d l n Ì

m a k e s t h e 11 ¤d e p e n d e n E e d t h e d e c a y a m p l i t u d e c a l e u l a e d w i É Q C D F a p p r o a c h l e s s se m i H v e t h m

t h a c a l c u l a t e d ÷ × n a i v e f a c t o r i z a t i o n . Ò 1i s p o i M e m a l s o b e s e e n m u d El y h m t h e d a t a i n T a b l e 1

a n d F i g . 2 .

1.4L M¨ FI } û­Ð» lT
1.o f RW t} É »þ l t

0.6 t t

02 t lm{ad I

- 02 } i l

f ô J l- 0.6 E - - ¤ ¤ 44 »
1¤0 32 IA m BS J¤í ç ,24

q

Fig.2 . Dependenee d a1 md Br on the renom aAizatioa scale Ì in BSW and QCDF . 1Ee
do¤ d and × ,bed lines OOTreepmd to the valme obtamed M² Õö( z ) = 6z ( 1 - z ) and

¨ )=Ç -Â),µ

h the D. rea hame, the two body decay width is

F ( D. ú ç )

wheEü

Å² ¢r £ } ®ÉëÉ¹ Éþþj jþþ̧Jr |

ê ::::¼:
. 2 5 L . l

i (b} l
a o z . . . . a

coÐesponds Ø tho-e obtained with BSW apPEWeeh .

Ú |ä D.ú Æ |Zê ,
»­ û

(10)
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Tabse 1 . The valueg d at and Br at Ì = 1GeV , me and ZGev cabcu»ated vdth QCDF and BSW appro- ch
( N a = Þ ) . For QCDEF.we cstCut- te the m ctator conwtbuuen wt ² two a rerent wave h nd om d É h ¤

QCDF eohm Ô, . th vatueg h the m n Mbææ m ú £. e Ö th @, ( x ) = 6x ( ' - x ) , the vah ± M the brä kets

,

i s t h e m a Á i t u d e d t h e m o m e n t u m d + m m o n . u e e o m s p o n d n e b r m c h i n g r a t i o h g v m b y

r ( D . ú Ü ) 1

B& r (Ø D . ú +Ü Ø ) = " , rr . " =

Ò . .¦ . .d» » » T D

h o u r n u m e r i c d c a l c u l a i £ " , w e w t l l t a k e t h e t b M o w i n g v a l u e s f b r t h e m l e v m t i n p u t p a r a m e t e m l s l :

| V, | = | V-d | =0.¶ 5.ù = 131MeV-A =233MeV- me= 1.45GeV,f p =280MeV- M &wtbe
t b m f a c t o r A Y ( O ) , f o r l a c k d m p e d m a z t a I d a a , w e u e e t h e v d u e t a k e n h m t h e R d . [ 6 ] A : . + ( O )

= 0 . 7 0 .

F o r d iôs±É tuØE¿ tô bhô çu'ËÍôtHØim£¶ 'n E a± zë lhiÎô t¢Eu'Þd& e d Ð , t w o k i n d s d t h e w a v e a×Ó EumEnz®é t" i £Ù 'mEms ±m · uØ ' ed d , ü̧ Eße Ê t² }hh EÊe a® s® y ë Ø¤ nm
iº c

fôm [h Ë Õ¶® »J ( Z̈ )Ê =· 6ÜÐ Z̈ (Íû 1· -Å ẍ ) , t́ »hhEm̈e £́ tdô»

l i s t t h e v a l u e s d a¶ 1 , a 2 a n d b m n c h i n g m t i o ( B r ) a t Ì = 1 G e V , m e , a n d 2 G e V w i É d i E e m n t w a v e

h u m o n s d Ð . T h e n u m m a l m u i t s w h i d a m c a l c u l a t e d ÷ × B S W a p p m - c h ( w h m m t a k e N f

= Þ b e c a m e t h e e x p e d m e n t d d a t a d M A R K ó ¤ c h a m d e c a y s d o M s h o w c o l o r s u p p m - i -

o n l B4 j ) a m a l s o l i s t e d f o r c o m p a d s o n .

h i s n e c e ó a É t o n o t e t h a t t h e Q C D F a p p m a c h g v e s a t ( i = 1 . 2 ) m i m a g n a r y p a ² , w h i c h

e m e - f r o m t h e g l u o n e x c h a n g e b e t w e e n t h e q EBa r b U m d d m Ð a n d t h e s q u u t i n + ( s e e F i g . 1

( c ) , ( d ) ) . F m m t h e n u m e n e a l v a l u e - - u m m a r i n d m T ¤ b l e 1 , ' " S EEd t h a t t h e e o n u t b u t i o n s d t h e

v e z t e x c o m e t i o n s a n d t h e h a r d µ e d a t o r d i a g â m i n F i g . 1 c a n m d u c e o v e r 1 0 % d t h e v a l u e s O b -

M i n e d m t h B S W a p p m a c h . A n d t h e c o e f n d e n t e a l , ò a r e l e s s s e n s i t i v e t o t h e c h o i c e o f t h e w a v e

f u m e u o m . h F i g . 2 , ÷ d e p i c t t h e d e p e n d e n e e d a t a n d B r o n s c a l e Ì , w e a l s o s h o w t h e m S U I t s

c a l c u l a t e d b y B S W × p r o ¤ c h f o r e o m p a r i s o n . 1 E e h o m o a t - l s o l i d l i n e - m F i g . 2 ( b ) s h o w t b e u p e r -

i m e n t a l b r a n c h i n g m t i o u 1 Ò l e v e l . I t i s c l e a r t h u d " ' c a l e d e p e n d e n c e d t h e v a l u e s c a l c u l a t e d

¶ t h Q C D F a p p m a c h m m i l d e r t h a n t h a t c a l c u l a t e d ÷ × B S W a p p m a c h . B u t t h e Ì d e p e n d e n c e

s t i l l e x i s t s , t h e Ó a s o n i s t h a t w e c a l c u l a t e a . o n l y U O m - l o o p l e v e l , t h e s o t Br e e d Ì d e p e n d e n c e i s

h m t h e M d E O M e r d e c u - W h e n c o n s i d e r i n g t h e e £ a u i b u t i o n s f r o m t h e h i d E ´ d a e O E e d o n - i n a .

o r A ö / ç , t h e Ì d e p e E1d e m e o f o u r p m d i d o n s ÷ l l h a l n h e r r e d u c e d .

I n F i g . 2 . w e a l s o s h o w t h e r e s u l t s w h i c h a · c a l c u l a t e d w i É d i E e r e n t w a v e h a m e t i o n s d Ð i n t h e

c d c E E l a t i o n s d t h e h a d µ e c t a t o r e o n t r i b u t i o a m Q C D F . I t s h o w s Þ i n t h a t a t a z z d B V m l e æ æ ¤

» £ ü È ED.- ' Î Ä í Û Ö ö 669

" Ê WÓ ¤.(h a(x- Â) ¤

J [ mi ¤ ( ï + ô µ2} { m2 ¤ ´ ï - ô , }Z]
| p | = ' ñ

2" '
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, i H v e t o t h e se l e c t i o n o f t h e w a v e f u n c t i o n o f Ð . M OÓ o v e r - w e f i n d É ± t h e m SU I t e o b t a i n e d w i t h

Q C D f a c t o r t m u o n a p p r o a c h f a l l i n t h e l e a l l o w e d m g o n f m m t h e c e n t n d e x p e r t m e n t a l v a l u e 3 . 6 Á

10 ¤ 2 ' " a m d a e d t h e s e l e d o n o f t h e w w e h m c t i o n d F m m o n . ,¡InTEE¡£¢Ø1uEdå 1 t h e b r a n c h i n g m " £¶ @ w¶ i tÉ
h

BÉ s w aµ P Pmmm .± e h ® a½l±" ÅÚ td»hm i n t½hh e 1M Ò mû eö o¶¶ a¡ ,JJAtdÉô»hM­ 1×½i s aÄp" p m .¡ tÄªªØ eÅ . Nr ? = Þ i n o r d e r t o n t t h e e x p e d -

m e n t a l d a t a , " i t i s m o r e p h e n o m e n o l o g i c a l i n c o m p a d m w i t h Q C D F a p p m a c h . F m m F i g . 2 . w e

c m s e e a p p a r e n t l y t h a t o u r p r e d i c t i o n s w i t h Q C D F a p p m - c h a m s m a l l c o m p ¤ m d m t h t h e v a l u e s o b -

M i n e d w i t h B S W a p p m - c h .

3 Di rect ´ imau oa d BH D. - +ÕR)

Now we mtiEnate Br ( D.ú ç ) dimetly h m thN o w w e e s t i m a t e B r ( D . ú ç ) d i m e t I y h m t b e m at e d d a a d V ú K ¤ - i . A s m m n g s p e c ¤

" É A UÉ J a t a t ® d i Þ a m d o m i n a n c e , D J ú + , r m g o t h r o u e z

L / Í F q EE® t d e e a y d i a g a n z d e p i c t e d i n F i g . 3 ( a ) × × t h e d e -

f - J c a y w i d t h i n E q . ( 1 0 ) . U s i n e t h e e x p e r i m e n t a l d a t auc ; É ve É SKû ô" in sec.2.weFt |p|=0.Ä .
E { ¤ } E B { ² £ C o n s i d e r t h e d e c a y Ef - - x - i w h i c h p m e e e d s

d o m i n a n t l y t h r o u e z d i a p â m F hg . 3 ( b ) . Ò 2e CO M Et b v

F18 3 . D i - e a m s t br É e d e ea y s d D . ú ¤ t i o n d i u m n i h i l - t i o n d i a 8 2 m i s v e w s m a l l Ø t h a t i t

a n d D B ú Et ¤ ð ¤ c a n k n e d e c t e d . o b v i o u s l y , i n F i g . 3 . d i a e a m ( a )

Ô , d ( b ) m v e Ç ¤ i m l i a r - M - M ( a ) i s m P Ea c e d b y

a , m m l l g e t ( b ) . h a d d i t i o n , t h e p e zt i c k d e c a y w i d t h o f D o - - K . Ð é

2 | p ' |
I º ( D P ú K . Ð ) = » | J 4 ( E f ú K - r r ) | 1 Ò 4 , ( 1 2 )

8 7 r m i p

w b a e | p ' | = 0 . 7 1 9 . 'I h m o m -zt u m d K . i n t h e d m a h m m a l m Ma t h m e " t h a t d + i n

D : ú + , r Õ . S o t h e I m n t z c o n t r a c t i o n d e c t s d t h e w a v e f u n c t i o n s d + a n d K . m n e a r I y t h e

M m e . W e k n o w t h a t t h e d e c a y a m p l i t u d e s ®4 ( D . ú ç ) m d d ( Õ ' ú K ¤ , r ) m p m p o n i o n a l t o t h e

¼ " " n e t i o n o v d a p i n t Þ d s d D : - + a n d D e - K - , ÷ m t i v ´ . M o m ½ , | P | = 0 . Ä a n d

| p ' | = 0 . 7 19 m m É a t h e s e o m i a p i n t Ö m l s m a l m o e t t h s a m e u n d e r t h e c o n d i t i o n d S U ( 3 )

e m m e t É ¤ Ò 2e S U ( 3 ) s y m m e t y b m a k i n g d e c t s i n t h e c a s e - d D : ú + , f m d v ú r ä f

sh o u l d h f m d y s m a l l . A s m µ p m x i m H o n , w e c a zz t a k e

| J 4 ( D . ú ö ) | - | J 4 ( D a ú K ¤ ¤ õ ) | . ( 1 3 )

U s i n g t h e e x p e r t m e n t a l d a t a l i s t e d i n R d . [ 3 ] : Ó ( U P ) = ( 0 . 4 1 2 6 ó 0 . Þ 2 8 ) Á 1 0 ¤ É , B r ( 0 0

ú K - 1 ¤ ) = ( 5 . o d . 4 ) % , r ( D . ) = ( 0 . 4 9 6 1 :ç x 1 0 ¤ t z s a d h . ( 1 0 ) » ( 1 3 ) , " o b t a i n

R V ( D . ú ö Ê ( 5 . 4 0 ó 0 . 4 5 Æ , w h e r e t h e e r m r £ o m s h m t h e d a a d T ( D × , B r ( D O ú K ¤ , r )

m d r ( D . ) . I t h a l i t t l e o u t s i d e t h e o n e Ò a l l o w e d E- e o n f m m t h e e e n ú l e x p e r i m e n t a l v a l u e 3 . 6 x

l o - 2 . B u t i n o u r e s t i m a t i o n w e d i d n o t i n c l u d e t h e S U ( 3 ) b m a k i n g e g e e t w h i c h i s m u é l y a f e w

p e EW n t . S o e o n s i d e d n g t h i s e g e e t , t h e e s t i m a t i o n w o u l d h c o m p a t i b l e w i É t h e d a t a .

y y
Fig .3 . Di« rams for ¤ e decay- d D. - ' ç

aad IFú K . Ø.

­ , we wtl l get ( b ) .

4 Conclusions

We have anal yzed the decay d D. ú ç ÷ × £ CD h etorim uon in the heavy quark l imi t . We

calcul ate the nonfactoriFAble £ontri butions , includ ing venex con- eUon , and hard -spectator contr ibu-

tiOE1¤ A ccod i ng to our calculat ion , the bmnChing mtioe ÷ × QCDF appmach is n© " 'u i ti ve to the

ehoice d the wave hmet ion d pion . Our predict ions are i n ae w ment ì ú the pmm nt m ped mental

ß ² " í ë Ë ï í (HEP&NP) Ú 26ï
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data - U e di rect egainza ion d Br ( D.ú ç ) h m Deú K . Ð data e ve- a bit larger msult comp- m g

÷ × the pre,ent data - But the measured data on Br ( D.ú ç ) m still roue z, we need mom dô for

drawing our and coach siaa .

we shad t h . D . Yang ad G . zhu j br hdM d dm ammas abous QCD f adod mUoa .
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