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DeterEn ining the Factor izat lion Par aBEeter and St r ong
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A M m a u e am obeen -Mon d the Colo.¢,µ P" ¤¤ed decay mode R .- D{ - M J by the Belle and CU O

Cob ber- tie-m m¡ ,, . ê m ti tõ ve m at" is d ² e m Û ² Eelæ £" for É e a , t iu de- d B- - D{ ¤ V po- -i -

ble . × Ð ,m ng ( iso- ptzz) phM e d eem -ce m Bú D,r »m a tm . m fom d to k about 29¤ by use d the Bene

² u or 26£ by m d the q z o data , implying that tlZEb --a e inta actions raid Bt M k ned iedble . Applm e

the factod u m n µ pem m m on to I = 3/2 ¤nd I = 1/2 m -pm m p l iu des d Bú D,Ôdecay- - we obtain ² e

mtioot dÇd ed ve Wih zeoeSEcienu d ± af : 4 4 ¤ 0.n A m ila mí is Æ" ô dEe
EYEaF itude d fInal - -tate interactions in Bú D ¤ Ð mid zt k compg able ÷ × that m Bú DÐ, and the factor -

ization h" £É a a wÆb een-ig

Et e y w o E² f a c t o d z a Zi o n , B En e - o n d e c a y - i m - p i n , Ü Ø e p h a s e

T w o - b o d y n o n l e p t o n i c d e c a y s o f t h e t w e B ú D Tr h a v e b e e n d p a t i n t e Ó , t i n B p h y s i c s f o r a

s t r i n g e n t t e s t o f t h e f a c t o r i m U o n h y p o t h e s i s a n d a q u m t i u u v e a n a l y s i s o f a n a l - s t a t e i n t e m e t i o n s [ l l

h Þ l o H U p p m - e d d m y m o d e R ú D Y h ó f o r t h e a r s t t i m e b m ¤ m d b y t h e B e l l e U ] ±

C U O LB ] C o l l a b o r a t i o n s - I t s b m c h i n g m t i o i s f o u n d t o b e ë £ = ( 2 . 9 1 ¢ 0 . 6 ) x 1 0 · ( B e l l e ) o r

( 2 . 6 ó 0 . 3 ¿ 0 . 6 ) Á 1 0 ¤ 4 ( C L E O ) . h m m p a r i Ø n , t h e b r a n c h i n g r a t i o - o f t h e c o l o r - f a v o r e d d e c a y

m o d m R ú D - i a d B J + D o zÓ ¤ m J Î , = ( 3 . o d . 4 ) x 1 0 ¤ 3 a n d J Ö - = ( 5 . h 0 . 5 ) x

1 0 - M j . O n e c m ½ t h a t t h e n ® e l y e x p e c t e d c o l o r s u p p m M o n d o e - a p p e E f o r R ú D o d ; i . e . ,

J ¾ - é . ¦ - - 3 2 ¤ ë £ . W i t h t h e h e l p o f t h e n ¼ , e x p e d m e n t a l d a t a , O m i s n o w a b l e t o m a l m t b e

i e o s p i n E, l a t i o n s f o r t h e a m p l i t u d e s d B ú D Ð d e c a y - i n a m o m c o m p l e t e w a y t h a n b d o m ( s e e ,

e . g . , R e f s . [ 5 ] a n d [ 6 ] ) . 1 1 1 e n i t b e c o m e s p o e a b l e t o c h e c k w h e t h e r a n a l - s t a t e i n t e r a c t i o n s m

Þ i E c a n t i n s u c h a e l u s i v e | A B | = |Ê A Ć | =U 1 tômmm Enmm'ØsÚ i

EnmIn1aó t i o En2 ¢wó o E4 EÊs w e l l .

1 T Ee m a i n p u × o e e d t h i s p a p e r i s t o d e t e m zi n e t h e s t m n g ( i s o s p i n ) p h a s e d i E e EW 1c e a n d t h e

f a c t o M U o n p m M e r a f / a ? m B ú D Ð d m y s . h f o m e r i s f o u n d t o b e a b o u t W b y u m o f t h e

B e l l e d a t a o r 2 6 0 b y U - e d t h C L E O d a u , i m p l y i n g É ± t h a l - - t a t e i n t e r a c t i o n s En i d Et n o t h n e d i -

g b l e . W e o b t a i n a f / a : ~ 0 . 2 7 . a v a l u e i n g M a Á e m n t ÷ × t h e t h w e t i c a l m p e c t a t i o n - A t t h e

e n d d t h i s p a p e r - w e p m e n t a s i m i l a r i s o e p i n a n a l y s i s f o r t h e d e c a y m o d e s B ú D . Ð . ¤ r r e s u l t

s h o w s t h a t t h e m a g n i M d e d s n a l - s t a t e i n t e r a c t i o n s i n B ú D . Ð t r a n s i t i o n s m i d Et b e c o m p a r a b l e m t h

t h ó i n B ú D Ð t r a n s i t i o n s , a n d t h e f a c t o r i u t i o n a p p m a m a t i o n w o r k s e o n - i s t e n t l y i n b o t h d t h e m .
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t i o n s [ ? ! " t h e i s o s p i n c o d g u m u o n | 1 , - 1 µ . ' I T Ee m f o r e t h e i r a m p l i t u d e s , d e n n e d m p e d i v e l y Ø
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A + - = A 312 + J ZA m , AÞ = J Z AM - A vz , A o- = 3 AZI2 , ( 1)

wt Im A 3f2 and A 112 Êm d m ped ively for I = 3/ 2 and I = 1/ 2 im pin ampl itudes . In obtai ni ng

Eq . ( 1) , we have assumed that them is no mi xtum of Bú DÐ ì ú other channel s . I t is obvious

th± t}m e M m uon ampl itudes fom m iÆ pi n tm ngle in the eompl ex plane : A + - + J EA Þ = Ao- -

Of comw , the sizes d A + - ' Aoo and A o¤ cm stmid Edom aM l y be detem ined from the bmnChi ng

mti os e ven above . u en we am abk Ø em M the mtio A yz/ A Irz , boÉ iu sin and i ts phase , by

use d Eq . ( 1) . We and¤|¦ |-J Ö¤
A Irz ã Ý Ö - + · ) - ë , '

t a ¢ f 3 È ' . . - ZA N Jº . 1
8 ¤ ¤az i 2 2Ê | ;= ameoe{ } , ( 2 )º É A Irz f l J 81 Ë E M M( ¯ - + × ) - Jß ] j

whem k E TU TÔ = 1 .Ä 3 Á 0 .027[4J meÄ um the diE emnee between the li fe time of R and that

d BJ . On the oduhier hand , the t iny phase- space COEecti ons induced by the ma88 dig emnces mt -

rFED- and mJ - FFb - have been ned ected in obttuned Eq . ( 2 ) .

Using the central val ues of É - , ë £ , 1 : and k , we obtai n r and S ó fol lows :

×· { 1 0 (̧ BîMÐeddluh«lke
m d 8ÌÐ ±· { Ø

1 .Ñ 0 ( C L E O )h ; 2 6 £ ( CÁ I ¹ê E 0 )·

.

H erEWE-s of the input parametem am taken into account , we aM that r may change fmm 0 .5 to 1 . 5

m d S cm be Ø smal l æ OOi n the extmme case . It i s most l i kel y , however , that s takes the value

e ven i n Eq . ( 3 ) , implyi ng thó fl nal 4 ate interactions in Bú DØ tmIMM ons Eni d u not be smal l . h

addi t ion , r ® l means that É e two i sospi n ampl i tudes have comparable contri butions to the decay
modes R ú D + j and R ú DOJ .

Let us pmeed to calculate the i sospin ampli tudes A M and A lI2 WiÉ the help of the factoriza-

ti on hw othesis . Fimt d all , we assume that anal -state intemctions wem absent ( i . e . , 8 = 0 ) . I n
thi s assumpti on , the tmm iti on ampl itudes d R ú D + Ð- , E: ú DOTEo and BJ ú DOTE- cm be ß -

pm88ed in terms oi thEª e topologi cal ly digerent m u t -di agram ampli tudes : X ( color--favomd tOFOlo-
gy ) , Y( col OE~suppressed topology ) and Z ( anni hi lati on topologÃ ) [' ] . Expl ici tl y , we have

Y Z
A . ( S = 0 ) = X + Z , A ( Ä - 0 ) - » - » , A ( 8 - 0 ) - X + Y , ( 4 )

Þ - - J E d o - - -

wheIYE

X = ¥ t

Y = ¥ Á4 fÛÙ̈ (WVù d ÑØ̈ )X´ ¨ í̈Ó̈ )Ë̈ìM̈J ªJ |ÊÓoÔWµX´

Z = ¥ Ádf̈̈̈ (WV̧d ¨ ¨ | Ó A|ç̈ µXǽöÙ0Ð| Ó ÄA|¡R µ (5)

i n the QCD¤impmved factori zm on approm a ion - Hem d and d m the eE´ ¯ Wi lson coem -

d ents , v eb and v ud am the relevant Cabibbo- k obayastd - Maskawa matri x elements . Now we take E-

Rd -state i nteractions into account ( i . e . , 8 ,&O) . T11e i so@pi n ampl i tudes A m and A ln cm then k

W T E t t e r E a s
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² EeEÉ© 83Jz and SIIZ Ópmsent the stmng phases of I = 3/ 2 and I = 1/ 2 isoepin cmEf EF rati ons , mspec-

ti vel y . Note that 83rz - Sm = S holds by derm uon . subeHtuung Eq . ( 6 ) into Eq . ( 1) and taki ng

s m = ² , we m able Ø m mduce Eq . ( 4 ) -

h compad Î n M É X and Y , the am i hi l ati © topology Z is expected to have siÁ iScant forma-
factor suppm Sion IOJ . Themfom ½ neglect Z and obtai n

d U d
= J E ÷ Á ÷ = J E a I + ç ( 7 )

2 X - Y 2 a F - ga f

from Eq 8 . ( 5 ) and ( 6 ) , wheze
C ´ DOH Eu ) ¨ | 0 µ´ i H Eb ) M | B J µ ( mi - FFd )f D r -e( m: )

= ´ rr - | ( ð ) v-A | 0 µ´ D + | ( Eb ) v-J E D Z ( m; - mi ) f -e F T D( m; ) ¤ ( 8 )

Using r - 1 . O obtai ned M Eq . ( 3 ) and C¤ o .9 e m in Rd . [ 9 ] , " £" determi ne the mtio d
the d ed ve Wi lson cod -m nts t and a f wiÉ tk help d Eq . ( 7 ) :

Áf d d r - 1
- Z F = » ¤ - - » » - 0 . 2 7 .

Á ? Z r + J f

1TIi s mSUIt i s i n good ap eenzent wiÉ the tlm£" " ed expectaHon [l ]
Next we M m to the decay modes E: ú D ¤¤Õi , E: ú D - 07to and BJ ú D ¤~ -

The Bel le and
CL EO Coll aborati ons have recentl y m orted the evidence for the color -m ppm sed transition E: ú
D - oJ , from which a p± imi na17 value d the branchi ng m o cm be obtai ned lM j : -b Þ =

( 1 .5 1 : : : 1 ) Á 10 ¤4( Bel le ) or ( 2 .O d -h 0 .7 ) Á 10 ¤4( CU O ) . h contmst , the col or -favoM

decay modes E: ú D - v - and BJ ú D . £Ð- have the fol lowi ng branchi ng mt ioJ : J¢ - = ( 2 .76

Á 0 .2 1) Á 10 - V nd í . = ( 4 . h 0 .4 ) x 10 ¤3 . As Bú D ¤ Ð decays have the M m i sospi n con -

figurati ons æ Bú ² , ozze may carzÃ out m analogous analysi s to determ ne the ratio of I = 3/ 2 and

I = 1/ 2 isospi n ampli tudes ( both i ts mae Ii tude F and i tg phase h ) tor the fommr . We obtai n

- (098 (Belle) ' {190(Mle),
' a n d s - i ( 1 0 )

0 . 9 7 ( C L E O ) ; l 2 5 0 ( C L E O ) ,

usi ng the cem l val ues of Õ - , Jboo , í - and K - We m that the maF i tude of fhBal - state inter-
actions i n B¼ D ¤ Ð decays mi d It k compaú le ÷ × that i n Bú Drr decays . A more pm m mea-

sum mnt d B: ú D ¤¤Ð o wi l l nam w the m r bar aê cia ed m É its bm EChi ng ratio b oo and allow m

to extract the value d s M id ly . TEe resul t F z L si mih - to r Ô 1 for B+ DÐ , indiem ng that the
two i sospi n ampl itudes have compamble contributions to the decay mode, E: ú D ¤ + Ð- and E: ú
D . £Ð0 .

Applyi ng the factorization appmxi Enation to Bú D ¤ Ð decays , one m y anal ogously calcul ate the

mti o of tile eb d i ve Wi lson coem d ents r M a f h m ½ is

af d JZF- i
¿Ù = ? ¤» » - . 0 . 25 .
a T Z F + J Z '

t - ´B¤¤i ´EU MLioµ́ i | (Ebj u l BJ µ- f .. , ? ø mL ) A £
´ Î ? | (h k a|0µ́ EF̈ |4ESK A R f j L Ar s- (Ð ) " Ôy

wheIü

has been used{9j

other .

One cm 8ee that

h summa® , WE have analymd the imepin relations for the amplitudes of R ú D{ - h i ,  : ú
ú DÉ. ,£Ð- »azzsition8¤ 1Ee stmng phase dib mnces am found to k about 290 ( orD( ¤)0Ðo and B;

ß Ü ï í ë Ë ï í (EfEP& NP) Ú 26í

(12)

af f a:a m consistent wiÉ eachthe valueg of a f / a ;e and
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260) and 19£ ( or 250) , EüSpecuvely , in Bú DFr and Bú D .. Ð . We have al so appli ed the factoriza-

tion hypothesi s to the decay modes under discussion . VJe and that the val ue of the factod zation pa-
m eter af / Á:a M m ted fmEEE Bú DÐ is compatible ÷ × ô t ¢ ¢ ed fmIIE Bú D- TU and both of

them aÓ i n good ag eem nt ÷ × the tlzeOEÐ cal expectaH¶ ¤ We awai t mOÓ precise measurements of
the color -suppressed decay modes R ú Dod and R ú D ¯ t a B meson factom h in OMer to make

a mom str ingent test d the factorim uon appmxi maZi on and a mom accumte anal ysis of a nal -state in-

teraeb ons .
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