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Fur t her A nalysis of IDL gIEBOn Fusion º f eetEanism
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we h ow Mule about the d ha ve W g vð " ' dzm m la ge m cem im e- M peÉ z ba ve QCD ea i matioas .
In × × pµ er , we ® , eva d kin² d É' " fom fu ØÄ " d ea ë e e h m ma cal rem h wiú ú e e× É -

mezzt - We End that - thoue Ewe know l i ttle about É' 9g fo,Ø factor , U di - d t»on h Sion meehm i¤Ä " important

m Bú k q' , ² e bm ehiù ú £. d h dm " Bú Ý ' Ã uld k m md l OJ wtziÍ Í be ta ted by h am

expenmenu .
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1 Introduct ion

, [ E l
C L E O e o l l a b o m u o n h m i m p m v e d t h e i r p r e v i o u s m e a S Em m e n u d B ú hReeently ,

× Eese branehing mti os am much larger than the estimation- under the standard the£" ct ical f rame
which is baaed on the eEed i ve Hami l toni an and general factoriu t ion appmxi raat ion . Now i t i s com-
monly bel ieved that the- e large branchi ng mtioe am due ­ the special pmpezt ies d É' . m d several
new mechanism have been pmpoeed Ø enhance the decay ç ´ of Bú É' k azzd Bú É' X.¤. In the

foll owi ng we onl y di scus- the standazd model ( s - f ) mechanism because we thi nk that the contribu-

ti on of the SM should be Can asl ly exami ned × , t .
Halperin and a m iekyu ] propo-ed m intemsti ng mechani sm : É' can be diEì tly pmduced

thEW³ h m ú É' s if ´ , ' | eypYSC | 0 µ = - if J Ô Ý . But if this mechanism domi nates , m e

easi ly End. that
Br ( BO+ õ' K ¤× , | ´ ó i G c ) , . J Oµ´ K ¤' | d b ) vaA | BOµ | 2 2

Br ( Beú É' Er ) - | ´ , ' | G c ) v- A 10 µ´ t | ( 7 Ä , - a l r µ | 2

| ÷ M E¤ AF - ´ M ; ) ´ f E¤ ¤p s ) | z i A F - ( M ; µ V

l 1 . 0 . 9 , ( 2 )
| Ä ( Ð - M i ) F F ( M ; ) | 2 1 F F ( Ð ) !

which i s i n contradicti on m th the std ngent upper l i mi t d t ú õ' IC o e ven by CLEOLtJ :

Br ( BO- - T1' IC O) ´ 2 .0 Á 10 - 5 . ( 3 )

So thi s mechanism is unl ikely to be domi nant . Becam e the d eeti ve Venn d bú 899 in SM is vew
smal l , b+ 899+ 871' [3] is al so impoesible tO ä eØ nt for the laEF Bú É' k branchi ng mti06 ¤ Atwood

Reed v, d 28 M-7 ¿ ' 01
- Sµ p£" eti by h m ml Naô ral se4e. e¤ Fou- da mn d ² Aa¤ ¤nd sØ e Cea ó ­ n d Scmnee md Technoh g d Chin-
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azzd Soni [4J pmpoeed that bú s9 . and g .. ú ý ' vi a QCD anomal y cm account for the large semi - in-

clusive branchi ng ratio@of Bú É' X . . CIZ OM] has meastm d the É' momentum spectm m in B+ 71' x -

and the measurement favors thi s mechani sm . But because theÓ is m exb3 gluon i n the End state ,
UId es8 the 81120n is sd m d abeoÉ ed into the É' wave functi onsM] , i t m em digcul t to md im i ts

» , n m tribution to two-body ezelusive decay Bú yf k .
/ ¤É ý 9 ¤ Mot ivated b7 ttze idea d Ref s . [ 4 , 7 ] , dze authom

(1- Ç Kt ® y q d Rd . [ 8 ] proposd di -d uon M ion mechanism ,

Ù µ / : Ù which iedµÐ inÊ 1. Bmuse boM ¤ gltEOEES
a m h ± , i t s e e m m a s o n a b l e t o e v e a p e Et u r b a t i v e

xp ( l - y µ

QCD estimaHon . But because d o® iF Eom ce about the
Fig. l m e diae am tbr di -d uoa × " ´ z torn1 factor d vl ' gg vertex , them am large unceEt ai ntim

mechanism. in cal culati ons . So in the fol l owi ng we wou ld reanalyym
di -glum1 fusion mechani sm in detai l usi ng mved ki nds d ´ 99 | É' µ fontI factors and Þ mpam our

IEtuned cal results wiÉ experimental data .

2 Analysis of DL gIEBon Fusion Mechanism

We fl mt gi ve a bd ef i ntmduction on how to esti mate contr ibutions of db d uon fusion mechanism

in pen urbative QCD .
g- g- f vertex can be parameted zed asW]

´gÃ | 71' µ=48¤bg:Af F(÷ , " )fFWkf l444; , (4)
where A vif i s a coEmtant m d cm h ext racted fmm Jj Ðú Ì ' or õ' ú y y , g . i s QCD coupl ing Þ n -

stant , F ( â , ± ) is ´ 99 | 71' µ fom factor and F ( 0 , 0 ) = 1 . Ned ecung the transveme momentum of

quark s , we take the wave hBEECHom for B and k meeon Ø

1 I 1 I C× =- i h U X M+ mB)Y V - » » éE(y)( 4+ mk)ù , (5)B d d s, E - d d

where I c i s m identi ty in coloT SP- eh and the interp t ion d the di str iM Uon ampl i tude i s related to

the meson decay constant ,

h U ) d z = æ , j h ( Ý - » ¸ )-­ -2ø
h this paper, we take the dist ibution amplitudes at tO]

/ 3h ( z ) = z j t b t B) , Å ( y ) = ÷ ( 1 - y ) ( 7 µ

Ò 2en we cm wr i te the ampl i tude of Fig . 1 "

-8 =

whem r Ì is the eged i ve bú sg veEt ex , [111

É=ª v; Ð ¨ ¨ zA )ç 1¤¤F;Ø
ad the color factor G = ÷ 1 b [ r t ] ² = i Finally we obtain

- d3 d3 3

¥ Á:Û Ð hjÐ B(z)M Y)F(¨ µX-d =
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r z hi [ (p ¤kz) ( q - h ) ¤ (p ¤ksµ( , - ht ) ] + F; mBmb[ ( q ¤ hz) k? - ( , . KEX K, ¤&2Õ
Ô¶ âJM « ,¨ d-FHdf Ñau:3, ¢ ' ø 41,l I4 »: -t Å ª . É ¢Ì ; 1l ¨ nj M N ; ; 2À 1 v u iw J

( 10 )

I n t h e a b o v e i n t e g r a l , tÉ }h EîÕ e®m EÓ ü m W o .m iô n gÁÌ Eud zd l a×m Ed t t" i e± g fb Emm õ£°° Emm nm 2 t² hë e Eå 9éÓ uØ £ " P rm £ pm a Áê t £° Em Ë a± En 'Ð d .Ø 0 m ð m Ø tÉ h eÏ Ü" e

Ð

W e ad d a sm a l l pô u Ó imm aeeÁ1éEnmE×a®r y n u mb e r i çd ( e µ 0 ) tØ£ tÉ}h1ûe d e n o m i n a t o r Ø geÙt a c on v er ge n t ihMEn2" " l .

T o e v a l u a t e t h e n u m e r i c a l m u l t d E q . ( 10 ) , m ta k e th e f o m f ac t on F 1 an d R ac COEd i n e t o

R ef s - l 4 , 12 ] Ø

F I = ç ( C a + C a ) , F 2 = - 2 C s , ( 1 1 )
Á -

w h m c d a m W i l s o n £ oe m c i e æ æ t h e N L L l e v e l . B e ca u se Q C D c o m et i o n s m y k l a rg e , ì d o

n o t ta k e l 7¤11] F E ù - 5 an d F 2 ± 0 2 w h i c h am d e r i v ed h m t h e S M M t h o u t Q C D eo Ð e c t i o n s - I t i e

al w ay s su b t l e t o e h o o- e th e sc d e d a . , b e ca m e th e av e ra ge m m en u µ ar ed o f t h e gh o n s m

´ k i µ - 12 C e V Z , ´ k i µ - I C e V 2 , ( 12 )

w e p r e f e r t o c h o o - e Á . = J U k f M J K ; ) = 0 . 2 8 th m g h ½ al so e v e th e b ra n c h i n g m t i o e w h e n

u h ( k i ) = 0 2 1 0 r a . = a j K D = 0 3 8 i n T ab l e l M T ab l e 2 .

¤ r Ø e l m e b m c Î ª r ¬ £ . d B ú K Ö ' M B ú ø ¢ , ' h u M t d 1 0 ¤ ¤ s b y u a ª e a m a t f o r ï h d a

F ( k i . k ; ) = 1 . w h e n a . ( k h u G e V M O . 2 1 . Á . ( k : = 1 G e V ) = 0 . 3 8 M d a . = J a . ( k i ) Á . ( k : ) , @ . m .

Tab'e 1.

F(Ê ,ki ) - 2.

BV(B-4 I W') 1¤" 6.Ø 21.3 132 440 141 0.94 113 10.1 ¤.t U Ð£-7
EMP--FÉ') 2.¤¤ 6.m n .2 1.½ 4.59 14.¤ 0¤" 126 10.5 8.9:if Ã0.9
' (B¤., E¤¤$77 ¤.£4 133 43.4 2.40 8.Ø 23.¤ E ." ' ¤" Ú.1 ´ ¤.7

T-Me 2. me bmmMù r-60¤d Bú h ' and Bú KW h Ä t d m-' " ï hg¤ fom factor

F ( Ð , " ) E m L ' W h en a d - 1 2 G e V ) - 0 . 2 1 . a . ( k i g E G e V ) = 0 3 8 . ¤ n d
2 k v k z ¤ . , - -

" £¤" J Ó" ¤.. , ' E, .td

a. 0." £ 2¤ 0." £-22 0.2. £." £." £-2 0.'
' (B-- r f } @.¤ 2m 6A om i a sm o., 1¤" 4.u at U Ã£-7
8±EF--EF¤} £-a 2.15 6.m o.., 1.70 S-n 0.¤0 1.,, 4¤" 8., : if so.-
aM¤¤- E¤¤Äf} ¤." 1 17 ¤." £.¤7 2." 1 16 0.54 1.¤ 5.¤® ´ ¤.7
h {P--E¤¤¤} 0¤" 3.3£ " -2 0.e 2.40 7¤" O-m 1¤" 6.11 ´ 2.o

As to the ´ gg | 71' µ form factor F ( ¨ , Î , because d our complete i g zorance there m large m eer-

tai ntim i n the numericd evd ua i on d h . ( 10 ) . h th fol lowi ng m w several k inds d fom fac -

tOE3 .
h Reh . [ 4 . 7 ] , ² ¢ thors have assumed É at q2.dependence d the fom factor is weak and Ø

m approximati on they take fom factor as a constant Ø explai n large m m -inclusive decay Bú XJ I ' ¤

ð « ú È :Bú Ih1' Ð Ö º Ó ' á ú ÆÄ ø » ½ Ð ¿ 3

we do

h p.IB1

a . ¤ J ¤ . ( k i ) ¤ . ( ë ) ¤ ¤ .2¤.
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× 1e diEemnee between Rd . [ 4 ] and Rd . [ 7 ] is É ± the m nni ng of Á. ( 11 ) ÷ × the scal e is consid-

emd i n Ref . [ 7 ] but not in Rd . [ 4 ] . We al so use their m satZ M esti mate exclusive decays Bú

h ' and Bú K ¤¤V ¤ Using Eµ . ( 10 ) , we gi ve numerical EeSUIts in Tabl e 1 . From the tabl e it seem

that the constant fom factor can account for the large branching mti os of Bú KV , but tInfod m atel y

we would get much larger brm Chi ng ratioe d Bú IC V , which is stmnd y in contradiction m th the

CLE0 ' s meaSEm mentt u ( sm , for instance , the case of f B = 0 .06 i n Table 1) .

Fmm Eq . ( 10 ) , we notice that the ampl i tude must be integ ated ý er a ì de range d k i and

ë , themfoÓ the eg ects of k i , k; dependence of F ( ± , ± ) must be taken into account .

×h m̈­ a tü1Ëtô ¨ ddÇ¢ [ô̈ 8́ ] cd h ¾µ e É́ e fô° ºM t­ ½́ âùM:ÊÔÔÀ ,JJA lkÎùsdØ;D ) = 2̈ (J jf ? fUù IkEØ ô çØ Î Ð a fô¾

- W e h a v e f o l l o w d t h e i r c a I CEd a i o n s a n d i t s e e m t h a t t h e i r n u m e r -

i c d Ó SU I t s m o v e m st i m a t e d t h a n OEm s ( i n T a b l e 2 ) b y a f a c t o r d a b o u t t h m e . F m m T a b l e 2 . w e

c m se e t h a t o u r e s t i m a t i o n s d h ( B - 4' õ ' K ) a m a b o u t 1 0 ' 5 , b u t w h e n c o n s i d e r i n g É a t h e s t a n d a Id

t h e o m t i c a l f r a m e ( b a s e d o n d h c t i v e H a m i l t o n i a n a n d g e n e r a l f a c t o Et m u o n a p p m × m u o n ) c m

g i v e M ] B r ( B + T1 ' K ) ú 3 . 6 Á 1 0 - 5 , i t i s s t i l l p o Ù ö l e Ø ä c o u n t f o r t h e e x p e Et EI 1e n t a l d a t a o n l y i f

t h e c o n t r i b u t i o n s f m m d i - d u o n f u s i o n m e c h a n i s m a n d t h e s t a n d m d t h e o r e t i c a l f m m e c o n s t r u c t i v e l y

i n t e Ef e r e . H t h i s i s t m h t h e n b e c a u s e t h e e o n t d b u t i o n s Ø B r ( B ú É ' K ¤ ) f m m t h e s t a n d a zd t h e o M -

i d h m e a m n e d i g b l e , t h e d i - s h o tI f u s i o n m e e t Ea n i s m w o u l d b e d o m i n a n t i n B ú É ' K ¤ , i . e . ,

B r ( B ú vf k ¤¤ ) ± 1 0 ' ø Ò11i c h c m k t e s t e d b y a zt u m m e a s t Em m e n t s d C L E O o r B f a c t o d e s .

b e a n a n d P e t m v [ 14 ] p r o p o e e d a m o d e l d t h e g - g - q , v e n e x i n w h i c h a p e e u d o - c a l a r c u m n t i s

coupled Ø two si tzons thmugh quazk loom -U eir pezuú ú ve calculati ons yid d a form factor

F ( â , ó ) ñ 2 a f WBf X

f ¤ ¤ . 4 . ¤j dg tÉ-·g dy , (Ø
; j ' ,mFnz ?Ê̈ -· ( 1 - ª·̈ -ç y ) ( ZØÚ kÔ : + y IksdØØÉ;ÔÍ )· .

t a k e a u = Á d = 1 , a . = 2 a EEd n m d i z e F ( Ê , æ ) ÷ × t l m n o m a l c o n d i t i o n

F ( 0 , 0 ) = 1 . W e u se t h i s f o r m f a c t o r i n E q . ( 1 0 ) ô ö ä = 0 . 0 6 a n d g e t

B r ( B ú É ' K ) = 1 . 2 8 Á 1 0 - 7 , ( 1 4 )

w h i c h i s t o o s m a l l t o ä c m M f o r t h e e x p e d m e a t s .

I n R e f . [ 1 5 ] , t h e a u t i w m c d c u l a t e t h e t r ó ES i H o n f o r m f a c t o r i n d c o u p l i n g Ø Ã Ã i n t h e

f r a m e o f a p e r t u r b a t i v e Q C D b a s e d o n t h e m o d i f l e d f a c t o r i m u o n f o m m l a . 1 1 1e y S n d t h a t n EERI e d c a l l y

t h e i r m SU I t s a m e x t m m e l y s i EØ l a r t o t h M o b t a i n e d b y a p p l y i n g t h e i n t e Ep o l a t i o n P EW e e d u m i n t h e

manner of Bmdsky and IZ page[16l in the case of two oH-shel l ph04ons :

² Ã ( M ) Ð 1 - ª ) l

, t 13 ]f a c t o r w o r k s w e l l i n J / Õ + Ã É

with

and Að = 2Ðf ö= 0 .83GeV .
to that d d ú Ã Ã :

i X Z K I
F(t ki ) = 11- ç l , (17)

- z l A 1
É f F

whem we app rox i mate A f = A * ¤ By u si ng th i s f orm fact or , we cal cu l ate dze bm Ch i ng rat io@of Bú

k q ' wh i ch are l i st ed i n T ab le 3 . u e resul t s are abou t E ft y ti m es smal l er t hm th e ex per i ment al d ata .

Ú 264¿ß Ü ï í ë Ë ï í (EEP& NP)

X2 ( Ki - k; µ'
-- k: - k; - 2 ki k; h ( KV K; ) .

We as-m e that the a ueMm d the »ana tion of vI' ú 9

( 16)
9. is similar
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TÄ., 3. me bmË" ª rMM d ' Ô' E,r ­ ¤d E­ ., . . . ¤a ¤ ­ " '
F(Ö ," ) - u - XZFAZ)¤' .

0.04 0." £ 06 0.07 0." ¢
' {¤¤- t v) 2.31 1.71 1.M 1.Ø Ó"

h exped mental × , pOle appmxim u on is d en u-ed ­ ± ¡ ,, omm tm squam dependence d

f o m f a c t o r ] . A s a t ® , w e a l s o a s s u m e F ( K Z U ) - l z f o r o u r c a l c u l a -
1 ¤ 2 - ( 1 - k i / m ; ) ( 1 - k ; / m ¤ )

tions , we l ist the mSUIts in Tabl e 4 . AM we can see tha this ki nd d fom h etm would make the di -
d uon fusion mechanism eomPIetely ned i g ble in Bú É' K .

Table 4 .

F(­ ,ki )¤ '{2¤À" Å·tsdki" í }- 1

¤.04 ¤¤" O.e¤ ¤." £¤"
' ´õ àð'À'H d 2.01 130 0." Ã, . .n

To exami ne the val idi ty d pmt urbative QCD in the above eaculaUom , or in other words ,

whether the ampli tude calcul at ed by penuE43ative QCD is domi nated by hard gi EBOn contr i butions , we

ç ctzt on k i and cOEµ m the mSUIts M th thoee wi thout cut - Tak ing A QCD" 2Þ MeV , ½ l ist the

numed caJ ÓSUIts in Tabl e 5 .

Tabse s . Wba ä = @.06 . tbe rath d -M M COBM bg² £" ' Ø dbd m a aMon med - nð ' ° wt² ,

ki m t d A b , 4A b M 9A L EE-

Ý -h rÚ 7 Ý ,é}. , Ý .¤3}-t bF-m h aor

Ab 71% 1Ø% Ç% " %
4AS, 6 % " % ä % Ã%
,Ab n % 71% 17% ' %

We cm see that had glum conHi buti ons am red ly domi nant in the case d com tant form × c-

tor BEat i f we take fom f¤cw as F ( IM ) = Á2 ª , hM Ê Ð buti ons m m Ò thi s

does not mean that non-pem rbative contd butions are domi nant i n this cÄ e . 1TEis i s due to the fact

th t the m 81sk i ty in the fom factor is accidently cloee to the other singu lari ties in k i m d k ; M

then enhance the COZEUibutions of soft gluon .

3 Remarks and Conclusions

Ç 1e azztlEom d Rd . [ 8 ] pmpo-ed di -d uoa fusion mechanism to n plai n the l arge branching m-
ti0@d Bú É' K , but because of our ig mm ce ab£ut d ed i ve q ' gg venex , them are lmF uneeEt ai n-

tm i n peô Ð ti ve QCD ´ mat ions - We t17 8eveml k inds d ´ gg | Ø' µ fom fad om , ± th ud 1

5÷ á ú à Ä Ü » ½ Ð ¿« EEÓ

F( h?.hi } ¤ 1
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OUI- calculat ions , we a nd É ± constant fom factor is consi stent ì ú the data d Bú É' K , but ineon -

sistent ì ú the data d B ú q ' K ¤ m some cases d diEem t Á. or ä ¤ M we take F ( Ä , " ) =

¥ ª ; ¨ e auô d Rd [ 8 ] ha¨ ú ¾ u¨ Sion mechani sm is i mm u nt in Bú ú

but not dominant . As a consequence - we coul d anti cipate that Br ( Bú É' K ¤ ) would be ú £" 10 ¤s

which can be tð ð by h tum expem Eents . We also w the other tlm e kinds d fom factors m d they

d e ve ve® SEYEd l contri M Ho-zs to the branchi ng ratioe .
We conclude ô , thm å we know l i tt le ¤ ut ´ 99 | Ø' µ form factor , if di -d uon fusion mecha-

nism i s imPOEt m t i n Bú É' K . the branchi ng mtios d Bú É' k would be dd mi tely amuzzd 10 - 5 .
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Bú K'1' Ð «

ª ª « º Ó À á ú ÆÉ Ü â ' Bú KÛ' ´ £ ó Ä Ö § È . » ø É Ú Ò Ç Ô É'µ

Ð § ¥ ã ª ® õ Ù ,Õ Å £CD Ä í Û Æã æ Ú Ü ó Ä » · ¨ Ô . ¾ Ä ¢ Ô Ë ¸
Ö » ¬ Ä É'" Î ´ ò Ó , ¢ « ý µ á û Í µ ¨ à È Ï . Ò Ç ¢ Ö , ä » Ò Ç Ô
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