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D + PV Decays wi th Final State Interactionså

A K ®, d We empl oy one-p× ,icle exchan ge meú £d Ø ¸ ,dy Dú PV decay- h v - Å , 4 ¤ , ,tp proce--e¤ . TaiEhzg a sm ng phase

into acoom t and m m idem g nod actorimble eSect , we cm get good m tBIts com istent M th the eµ er imental ² u . Noz² etod ó Me d -

h ct m m always lz ge , but m mme cases , É is d ed is neee--® fa aceorm oda me É e egperm ental data - S¥" 18 phases an apprmEi -

mately SU ( 3 ) navor m E Oð ic .

Key w¹ ²

1 Introduction

To unden tand the quark mixi ng sector of the stan -

dad model ( SM ) and search for new physics beyond the

SM , one needs to Mudy the decays of heavy mesons and

cal cul ate pEücisely the transit ion matd x elements of the

heavy mesons decays . The ú £" d istance eEects due to

hó d gluon exchange cm be cal culated M iably and the ef -

feeti ve hamil tonian and factod m Hon approach has been
constructed [ IJ ] , thus a lot of msuits whi ch Et the exped -

mental data wel l have been obtained by factod zation ap-

proach . However , them am sti l l many decay modes which

cm not be acconm odated by factorizat ion appmach . h

fact , the quazb inside heavy mesons am bound by stmng

iEItemctions which m desd bed by EBonpmt urbati ve QCD .

Af ter wealE decays of heavy mesons , the a nal pazt id es cm

reseatter i nto other pan icle sta m dm ud E nonpeEt urÐ t ive
strong intemctions[3¤4i , this i 8 call ed the anal state inter -

act ion ( FS I ) . Many authors have studied F3 I eg ects and

found that the FBI eEects m y pl ay a cnACid mle in some

decay modesMAI . Ê 1erefom it i s necessaE7 to study heavy

meson two-body weak decays beyond the factorization ap-

pmac11. Ç m FYSI pmcess mfem to the 80ft mscatt ering pm-

cess whieh is coM EWl l ed by nonpeEt urbative QCD and cm

not be ml id l y eval uated ÷ × wel l -establi shed theomti cal

Received 10 1anuary 2003

- stEPP£" ed by Nú oed h Mml Science Fom ² tioa d china( 10´ 8017) , É e G± ra d BEPC Nm ond u bomto®

E-mail zlijw@mml . it--p .ä .czn ya Â ó ¤ ma l -ihep --e.en Ed a- - m il . ihep -- e.en

665- -672

ß Ü ï í ë Ë ï í Vol 2 7 , No .8

Aug . , ó ª 3AND NIJCIZ AR PHYSICSEfIGH ENERGY PHY SICS

U Ji ng- Wu Y A NG Mao- 2 1i DU h ng- Sheng

( Inð tute d m gh Ene g ph,, ô , CAS,Be4iine l om 39 . CMna)

f rame . W e have to re ly on phenomenol og eal mod el s t o m -

al p -e the m I eg ects i n ce zt ai n p m cesses . On e c m mod el

th i s m sc att er in g eg m t as one- pan i c l e- exchan ge

p m cess [7¤¤] . Th em M· al so ot he r ways to tm at t he nonper -

tUEh ti ve F3 I eE ec t s m D decays , Ç m m ad em cm m fer to

Ref . [ 9 1 I n th i s paper - we stu dy some ch an nel s of D -, p v

d ecay s, i . e . , D ú Å , 4 . A p ( Here P stand s f or

p seudoec al ar meson , V veew meson ) . D . ú ë h as been

studi ed i n Ref . [ 10 ] , we do not st udy i t i n th i s p aper - W e

u se th e one- p an i c le - exchm ge meth od t o study the a nal

state i n t eract i ons i n th ese decay s -131e mag Utt Ides of had -

m n i c coup l i ngs needed here mÉe extm eted h m ex per i men -

ta l data on t he meastl m d b rm Ch i ng f raeHozm d m sonanc e

decays . h add i ti on , we consid er a st m ng p hase f or the

hadm n ic cou p l i n g l 11l wh i ch i s i mportan t for ob tah zi ng th e

com et b ran ch i n g rat ios of D ú PV decay s . W e al so tak e

i n to accoun t m me possi b l e nontactod zab le eEect [ 12.u ] ,

whi ch i s n eed ed f or some dec ay mod es fm m th e p henome -

nolog eal po in t of v i ew . ì Ee cou pl i n g constan ts ext m eted

f m m exp er i men ta l d ata are sm al l f o r s- c hann el con t ri b11¤

ti on an d l azÃe f or t - chann el con t i bu t ion . 131eEü foEYE the s-

chann el con td M Uon i s EEEBEnezt al l y negl i gib l e i n D ú PV

decay s - W e cm sd e l y dm p th e s- c han nel con td M Uon i n

th is paper -

1TEe p aper i s OEp ni m d Ä fol l ows . Sect i on 2 pm m nu
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the calcul at ion in naive factoriFA tion approach . Sect ion 3

89vm the mai n scheme d one-m ruck -exchamse method .

Secti on 4 is devoted to the numeri cal calculation mzd a s-

CEBasions . Final l y a brief summaÉ i s e ven .

2

U e low energy d ed ve
µ isem byM]

û - - -

a í = ô | V J þ [ C E U e ) v - A ( ± , - A + C A ñ ·

( Ec ) v- A] + Vd VA [ CA  e h - a( wd h - a +

Cz( Ed ) v- A( k ) v- A] + Vd v ; [ C1( ¬ ) v - A

( ± ) v- A + C2( Ld ) v - A( ¹ e ) v - A] | + h . c . , ( 1)

,í em C t m d Cz am the w h oa e£d Ed ents a me -cd e -

We need not £onsider the eozzu tbuÒ£m d pm e ai n opera-

tom in the decays d Dú PV , si nce thei r d ects am small

i n D decays . 'IEe values of C I and G a me , cd e am tak -

m to be C t = 1 . 2 16 , C2 = - 0 .4 15[Ð .

h the naive factom ation appm- eh , the decay aznpl i -

tude cm h generall y factodzed int£ a pmduct d two cur -

reM ma m elem nts m d can k obu ined h om Eq . ( 1) ,

A ( Ef ú r r h GF V.d v ; a z FFZpef r AF er ¤P r ,

A ( I f ú K - p ¤ ) = J Z GF V- VL a Em, - J } ¤ F B®ep¤ ¤p t ,

A ( õ ú E p- M J Z GF Vd v ; mp¤ ( a EJ } F ² ç, ¤ ¤p õ +

a J EAP - Fp- - p v h

M DO+ ÐOE - - K Gv Vd v þ mE 2f k ¤¤ F ? Ê  P d ,

M I r - +õ K ¤ ¤ K J EG V.a Vþ a t mE- J LAr É E¤¤ - P u ,

A ( õ ú õ E O) = J E GF Va v ; mz ¤¤ ( a BL EAr - ez 

P . ¤ + azh ¤¤ FÉ E p . ¤ ) ,

A ( õ + Ø- r ) = - GF Vd VA a , , r J LAF er - P . +

G, V.- VA az m r J } F ? ~ - P o ,

A ( EFú ,õ p - ) g J ZGF Vd VA m, ¤ ¤ ,J LAF e, - - P ö,

Õ + ¶ ) = ¥ ¨ Ú W U Aú P ü +

ù F ? ep¤ ¤P t } ,

A ( D' ú i p ¤ ) = J Z G b VA a t mp + ù F ? ~ - P t ,

A ( D + · ,ä ¤ ) = - GF Vd v þ " ' J a sj L F F et - P D' +

azf öA h er - P J ) , ( 2 )

when the pm metm a 1 ¤nd a z m t² ¹ " [" ]

a t = W h d Ð ß + ð ) ) ,

a 2 = W ) + ½ ) ( ß + X ( Ì ) ) , ( 3 )

ô ² the color number N . · , m d x ( 11 ) is the plzem me-

noloe cd pammeter int roduced for tak ing care d nonfac -

torizable eEects . The EÛelati ve sip m in l ine- 7 , 9 . 11 of

Eq . ( 2 ) m e h m É e i, £µ in a md um . For example - the

££ë ¶ ezzt u= in m SM mem d or r m td butes m

imm Mç ,ò Ée dd mment mtdbmfor cham de¤

¥ Ð m calmzldozzam1) ¨ mç ¤

ô F? (0) = 0.69, F² (O) = 0.76, AF (O) = 0.67,

AF (0) = 0.73[213 2 ) the decay Þmô " ù =

0.133GeV, f E = 0. 158GeV,ù = 0.2GeV, and h ¤ =

0 .n l GeV .
For qz dependence d the foEØ factors- we take the

BSW modelu i

tzon :

F E( qz) z t

dominaneemonopole assump -, i . e . , the

, Aa( O)A, ( qz ) = - 2 ¤. , 1 - qSIm--
F,{0)

1 - qzj Ð . .

(4)
whem nz1¤ . mo¤ are the mlevmzt pole masses .

1TEe decay width d a D mmoa at mst decaying into

PV is

F(Ã Ý =¥ |A(Á õ ) |2Þ ,
" ' w

( 5 µ

ë em the momentum d tbe h al su te pm cle is e ven by

( 6 )

where m 1 ¤ '" 2 am th e ma- - es d th e Snal state pazt i d es .

Ä " ££Ðespond i ng b ran chi ng rat i o is

r ( Dú PV )
B r ( D + P V ) = . ( 7 )

r ¤¤®

TEe nu m ztcd resu h s d th e bm nch ram - d D de ¤

ü " m gt ven i n T ab l e 1 . U e second col u mn i s fo r th e

case x ( Ì ) = O whi c h mea zs them is no nonfac tod zab l e

Ð i M ¸ ¡ ¶Ð Ö (ÔuM1Ì̈»Ñ )â = - Â ,Ä²h Pôa® r

1 .2 16 aEn2d Á 2 = - 0 . 4 15 . 'IE e parametem i n t he fou a h

cd un m a t = 1 . 26 , a 2 2 - 0 . 5 1 ç ¢e ph enomen olog eal l y

used m m an y rd em n£" [ tS] .

c o,zzpazt ng th e ze- u l ts d th e nai ve f act od zat i on i n th e

¤¤eond t o tbu n iz col u mn d T ab k 1 w iÉ the ex ped menta l
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w®h the Äê Õ- -- - d mm¬' ¤

h eay mah tM B m ¨ Br (Th ory) BF(Th é YY- 4 4A Q J BH EÖ, Õ,Ø

¡ Í » ¤£Ð̈̈i4Ài©Ï̈ tE( º̈̈ J̈̈:õI
zóº -ë- EE?, ? ,¡®Hh.h:ÍF , ,Jl 1L.ï Ò² ," TâT AÉ, J £ 1l 2.J1mgh '»4aå@. ' 3.2́, '½E1m£. , ("1

Et, ß E. 'i .?ûJi ¹ 6." 'Ë®É1"1"@. 2ÉP ' .?£ EíE" - z , .é x 1mo- 2 ( 102 * 0.9) x l o- Z

D¤- - r pe 16.08x 10¤2 13.s x 10¤2 12." x 10¤2 (6.6 ð 2.5) x 10 ¤s

EP-- ðPK¤- 2¤" X IO- - 5.61x 10¤3 ¤.5ÈIe - - (2.gó 0.4) x 104

EPú õ K¤¤ 2.4S X IO- 2 3.É x 10¤2 1 28x tõ 2 (6.0 ó O-5) x 10¤2

õ ú ó ø¤¤ 4.a x m- 2 7.86 x 10' 3 ® 2 3 9 x Ø " { 1." ¥ £.19) ÓØ - z

D++ Ø£FF 2.n x m- 3 5.56 2t 10¤3 6.Ô n m " ' (4.04ó 0.18) x m - 3

EP--' ð¢ ' 1.n x IO- 3 1.64x 10" 1.76 %10¤' »

EPú ö, ,P 1.m x 10- 3 3.m x 104 5.M X 10¤¤

EP-- rrf Õ 4.36 x 10- 2 5.42 x 10¤' 5.m x 10¤3

data -one cm not ice that , even consideri ng some noMac -

torizable contribut ion , some of the meul ts ÷ £m the nai ve

factorim uon appmach devi ate siÁ i Scandy from the exper -

imental data .

3 The one-pan icle-exchange method for FSI

Fmm Table 1, we cm m e th± the calcul ati on h m

nai ve factori zati on appmach is in di sagmement m É the

exped m ntd mSUIts for the brand ing mtioe of Dú PV de-

cays . Ò 1e mason is that the physical pictum of naive × c-

tod m u on i s too simple , in which nonpen urbati ve stmng

interaction i s restd cted i n 8i ngle hadmns , or between the

ini t id ± Ed a nal hadrons which sham the same spectator

quadE- H the mass of the init ial particle is laEF , such m

the case d B meson decays , the eg eet d nonpen urbati ve

stmng i nteraction between the End hadm ns most pmbably

i s small because the momentum transfer is large . Howev-

er , i n the case of the D meson , its mass is not so l aEÜe -

Th e enmzy scal e d D decays i s not veÇ hi6 1. NonpertUE¤¤

bative eg ect m y gi ve l aØ e £ontri buHon . ACCOM i ng to the

one-part icle-exchange method , theEªE are s-channel and t-

channel COM Et butions to the Enal state interactions[7.s] -

U e diaF ams of these nonpertuú ´ ¯ Et scattering egects

can be depicted m Fip . I m d 2 . U e a rtst pan Dú PI V2

0r D ú V I R mpmsents the di met decay whem the decay

ampl itudes cm be obtai ned by using nai ve factod zati on
method . 'IEe second pazt mpmm nu mgcatted ng PEWeess

² 1eÓ the egective hadmnic cOUPHEEp am needed in nu-

î ¹ ä È :ø +PV ¥ ä ° © ¬ à ¥ ÷ Ã 667

mezt eal calculation , which cm be extracted h m mperi -

mental data on the mlevant m onm ce decays.

D ¤́
F iùg . 1L . 'ø .d cdú ih'ØÄaa zóm ed i £ £¶ nï ¥w .ú u t i oØEnEus Ø s× EnEÐd . a a e

i n se a c t i o n m D ú P V d e c a y - -

T T I e m a m m a n y r e s o n m e e s n e u t l z e m a s s s c a l e o f

t h e D m e s m . h i s p o m b l e t h a t EBo n p e a u EM U v e i n t e r a c -

t i o m p m p a g a t e t h m zd B t h e s e EÊ £ " a n Ø s t a t ü , s u c h a s ,

K . ( 8 9 2 ) , K ¤ ( 1 4 3 0 ) , ² ( 1 7 1 0 ) , K ¤ ( 1 6 8 0 ) ,

K . ( 1 0 2 0 ) , + ( 1 6 8 0 ) , Ð ( 1 3 Þ ) e t c . F o r s - c h a n n e l t h e

C O E e c t q u m t u m m m ² e r d t h e m s o n a n c e s h o u l d b e J P =

o - . F i g . 1 i s t h e s - c h a n n e l c o n t r i b u t i o n t o t h e E n a l 8 t a t e

i n t e r a c t i o n s i n D + P V , h e m V I a n d R a m t h e i n t e n n e d i -

a t e m e s o n s . I n R d . [ 16 ] w e c m n o t a n d t h e ± e v m t m m -

n a n t s t a t e w h i c h h a s t h e o r r e c t q u m t u m n u m b e r O - , a n d

a t t h e s a m e t i m e c m d e c a y i n t o t h e f l n a l P V s u t m Ø p

s i d e m d i n t h i s p a p e r , ÷ × l a r g e p o s s i b ½ t y , S o w e c m i g -

n o m t h e s - c h a n n e l c o n t r i b u t i o n i n t h i s p a p e r -

F i g . 2 s h o w s t h e b c h a m m l c o n t r i b u t i o n t o t h e a n a l

s t a t e i n t e r a c t i o n s . P t , V 2 a n d V I , P 2 a I ü t h e i n t e n n e d i a t e

s t a t e s f m m d i m e t w e a k d e c a y s . Ä Ee y m s c a t t e r i n t o t h e E -

m l s t a t e s b y e x c h a n g n g o n e p e e u d o s c a l a r m e s o n P . B e -

c a u s e t w o - v e c t o r - m e s o n d e c a y s o f o n e p s e u d o - c a l a r p a zÀ -

c l e P + V V a n d V ú P V h a v e n o t b e e n d e t e c t e d y e t , o n e

c m a s s u m e t h a t t h e i r c o u p l i n g s m t Þ s m a l l . Ä e Ed o m

w e d o n o t c o n s i d e r t h e c o n t d b u t i o n s t h r o u d 1 e x c h a n g n g
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aBA . E L 7 L Z A ¸É f t - i - h -
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D» ´ 2k× DÜþ ¶ tçkÐ|
vÉ 2Ü ¢d i i . Ü Ü l

¤ ¢ - r - P 2 ¢ ® - - - v

,ä Pe

(¤) (b)

Fç .2 . t-cham el con»h utiozm to anal-state mta action

m b + PV due to oae pa tidepeØchange-

( a) D + PI V2ú PV ; ( b) D + VI P2ú PV .

vector p× t i d esM A ³ . In thi s paper the intermedi ate states

am treated Ø be on thei r mass shel l , because one assume

the on- shel l contri buti on domi nates in the a nal state i nter -

actions . 111e exchanged msonances am tmated Ã a vi rtual

paEt i ck - U eir propagatom am taken Ø BEÉgit- W iÁ er

form ,

(8)kz - m z + i mr .Ô'

wtzeÓ k = P I - P 3 = P4 - P 2 and F M is the total decay

wi dth of the exchanged msonance .

We consider the t -channel contri h lAHon . For the

t-channel contd bution , the concemed eEecti ve ven ex in

Fi g . 3 i s VPP , which cm be related Ø the V decay ampl i -

tude . b pl i ci tl y the ampl i tude d Vú PP em be wd tten Ä

Tvpp z g w?4¤( P1 - P2) , ( 9 )

whem p 1 and h am the tbuF momentum d the two

pgeudoseal am , respeet ively . To eÄtract g wp from exper i -

nBent , one shoUuId µ m Eq . ( 9 )  get the decay wi dths ,

í W)=ï |ô |,:

(miLY !Ã ,

v :
Fig.3 . TTEe d ecuve coupling vÄ a m dZe hab nic level .

¢d mm F711 and m2 am the masses of the two End paEt icles

pp , m ped ively , and | p | i s the momentum of one of the

a nal pan icle P in the mst frame d V . Fmm the above

equati ons , one em m e that only the magni tudes of the ef -

fed ive coupl i np M VFF | em be Ø mcM h m em ri -

ment . On the qumt level , the eEeeti ve ven ex should be

control l ed by nonpertuÉ ative QCD . It i s masonabl e that a

stmng phase cm appear in the eEeeti ve coupl ing , which i s

ë ² ï í ë Ë ï í (HEP & NP) Ú 27í

contr ibuted by stmng i ntemd ioE1. U emfom we cm take a
stmng phase for each hadmni c eEeeti ve coupl ing[11] - h

the fol l owi ng , the synú £l g m l l onl y be used to mpmgent

the map Ei tude d the rel evant eg ed ive coupl ing . 111e total

one shoul d k g J , where O i s the strong phase . For ex-

ample , the eSective cOUPHEEP M l l be wd tten in the fom

of g vppeØvw .

Ò 1e t -channel contdM Uon in Fig . 2 ( a) Ê

1 ¸ d3P I f d3p z
AF,É = E l (brY¶ j (br)32E2(2Ð)484(PD- P1- P2)

A ( D ú P A ) Á g 1 ä ¤ ( P 1 + k ) , z õ z r z j n x

Ê - m + 1FFBt M

F ( k2) 2g 2f2 ¤ ( P4 + k ) , ( 11)

whem F ( kz ) = ( A 2 - FFZZ) / ( A 2 - k 2) is the forETI factor

whi ch is intmduced to compenMte the OH-shel l ef eet of

the exchanged pan i cl e at the vem eet 17] - We choose the

l ie uest msonm ce sta e × the exchanged pan icle É ±

g ves the largest contd buti on to the decay ampl i tude . Af ter

a few stem of integ aHon to the above equation , we get
Ab z f ©©©|PI|X181,z Ð î? " x

J - I Lß nzo k - FFZ + E mi 'M

F( kzy g2H1, {12)
wheEü

HE Z WBA Ae{ , (EaE4+ |P2| |É |Ð ) +

¥ (M: - mi - miXEJ 4- |PJ |PJ cod )l x

i ¥ ( |, , | EI EJ P1|)] , (13)" ; - 2mi - 2m; +
and x l mpresents the mlevant di met decay ampl itude of

( 10) D decayi ng to the intermediate pair P1 m d V2 divided by

´ PI H V- AL |0µ́ VzH v - AY |Bµ,

A(Dú PIVz)
x a

The t -channel contr ibution in Fi g . 2 ( b )

=ÂjTÆ · ØA m
É «

E- " ' . +ð }- k) ,z auz- E- n X
,E - FFZ + Enu -M

- k) , (14)

A(Dú VlR) Ágzh ¤(pz

F(U Yg244¤(P2

and we obtain

~

¼¹ ø |PI ! 12 Ö 'Ã h
a ,² Ã D R - m + E ma ---

X 2 g t g 2 F ( KZY H z ,

x

(15)
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,ø em

H22± FE[ - MDEz+÷ EEMA E3-

|P11|PJ m 8)| ÁÁ ( |P4| É - ß |PJ ± Ä ,
» ,vz4

( 16 )

and X 2 ø presenu the mlevmzt di met decay ampl i tude d

D decayi ng to the intermedi ate p¿ r V l and R di vided by

´ V1 | ( V - A ) Ì | 0 µ ´ P 2 | ( V - A ) ® |D µ ,

A(Dú VLPzÉ É ¤
Ð ¤ ´ VE| ( V - A), |0µ´ Pz| ( V - A)' ib µ.

4 Numer ical calcul at ion and discussions

To c al cul ate th e F3 I con tr ib u ti on of D decay s ÷ ×

th e Eq s . ( 12 ) an d ( 15 ) , we need to k now wh i ch chan n el s

cm m cau er i nto th e EnaI sù ù . Fo r D + Å , ÐIC , µ ,

Àô F i p 4 - 6 , one cm m M h d ¤ ú k p , D ú k p

ú k p , ? + ÐI4 ¤ ú 7rk . , D ú pk ú ÐK ¤ , D ú Ðp ú Ðp an d

Dú K K ¤ ú TEp cm e ve the l arg est con tr i bu t i ons , bec au se

these i nterm ed i ate sta tes h ave th e l ar gest coup l i n gs ÷ ×

the a nal stateg an d t he masses of th e exch an ged mesons

aEú smal l wh i c h gi ve t he l arg est t - ch an n el contr ib u t i on s .

F m m Eq s . ( 12 ) , ( 15 ) m d eonsi ded n g Fi gs . 4 - 6 ,

we cm c al cu l ate t he amp l i tudes of D ú PV dec ays . h th i s

paper we consid er D ú ë , d - and Ðp dec ay s . Ä "

shou l d h some i n p ut p ar am et em i n ou r cal cul at i on , m eh

" , t he tr an si t i on fo rm fac tors for D decay s , dec ay consta -

n t s of th e a nal meson s , th e p henomenol otHeal nontactod z -

ab le param ter X ( Ì ) , th e 06 ¤sizeH com penõ t i ng p ar aBEe-

ter A i n h m ct i on F ( k 2 N EUM EEced i n E q . ( 11 ) , the ef -

f ec t i ve coup l in p of m l evan t hadm ni c stat es and th e m ie -

van t stm ng ph ases for t hese eg ec t i ve cou p l i ngs . Fo r th e

 ø;» äÚ
{¤}

D- :
ç j þ :

(e}

Fig.4 .

F ¤O¤- h Dú kp decay- -

î ¹ ä È :P+ PV ¥ ä ° © ¬ à ¥ ÷ Ã 669

t ran si t i on foEÄ fact om m d d ecay con stan ts , we tak e 1 ) th e

form fac tors F ? ( 0 ) = 0 . Ø , F Ï ( O) = 0 . 7 6 , A F ( O ) =

0 .67 , A ² . ( 0 ) = 0 . 7 3 [2] ; 2 ) th e dec ay em sô U ù =

0 . 133 GeV , Ë = 0 . 15 8 GeV , j L = 0 . 2 GeV an d A - =

0 . 2 2 1Ge V . W e shou ld k cazÉ 1 for th ese pam aze tem , be ¤

ü u m excep t for th e dec ay con stants j L an d h etc . , th e

val ues of th e t ran si t ion fom 2 fac tom h ave not been k n om z

exactl y yet - W e have to tak e t hem f ro m model - d ependen t

cal cul ati ons . FOE- th e Ph nomenolotHeal non factor i zab l e pa E

m meter X ( Ì ) , ± Õ± , we t r ied to p ro ceed by tak ing

Ö ( Ì ) = 0 , whi ch mean s th at nonf actod zab l e con t d bu t i on

i s negl ec ted . W e a nd th at i f nonf act or izab l e cont r i buHon i s

negl ected , no mat te r h ow th e other parm etem ( th e stEWng

phases m d A ) m tu ned , we cm not rep rod uce the ex -

p eEt men tal d ata fo r al l th e D + PV d ec ays si mu l tan eou sl y -

s £ ½ have Ø k eep i t as m phenomenol op ed param eter

whi c h m l l be det erm i ned later - U e had m n ic eEect i ve

cou p li np i nv ol ved i n d1i s stu d y am g m an d g EC b , wh ich

can be detem zi n ed fm m th e cen tera l val ues of th e mea -

SUM dec ay wi dth s of pú m and k ¤ ú K Ð[ 16] - W e ob tt dn

gJ M J ¨ =÷gmMJUepmmô
compensating function F ( © ) in-A in the Og . shellness

D» : D» ;
{a) (b}

DÇ ã : DÅ 3 þ :
£} {dq

Fig.5 . bztennediate Etate- m reseauedne
pmce-- for D + Trk ¤ decay, .

tmduced in Eq . ( 11 ) is nd m uni vemd parameter - It is

process-dependent i n general . However , in thi s paper we

use one vaiue for A in ail the pom ble channels of D ú

PV decays . We assume A i s i n the mnge h m 0 .5GeV t0

1 . OGeV , whi ch i s the mage of the masses of the SEEd
state particl es p and K . et c . . We scanned alI the poeei -

bl e value for x ( Ì ) and A , and a nd that ¤ we take

x ( Ì ) = - 0 .26 and A = 0 . 7GeV , ½ cazz mpmdu£e the

exped mental data d al l the detected b + PV decay modes

£}

{d)
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wel l - X ( Ì ) = - 0 . 26 means the nonfactoriFAble contribu-

Hon is not veÇ large . A = 0 . 7GeV is in the mass range d

the a nal state pazt i d es . h the fol l owi ng we e ve the decay

ampl itudes of some Dú PV decay modes Ã hEEZCHon of the

stmng phases OE- h , Opm and k Ò by td ti ng x ( Ì ) =

- 0 2 6 and A = 0 .7GeV ,

A ( DOú E r ) = - 5 .26 Á 10 - 7 + 3 .42 Á 10 ¤7i eae'" +

9 .49 Á 10 - 7iek" " Õepm} ,

A ( Daú I4¤ õ ) = 4 . 127 x 10 ¤®- 1 . 167 Á 10 ¤7ieaepu -

1 . 72 x 10 ¤7ieM E- h î ' m ) ,

A ( D ¤ ú E p+ ) = 3 .40 Á l o - 6 + 1 . 886 x 10 4 ieah t +

1 . 15 Á 10 ¤¤iet{É - b +em ) ,

A ( DOú 7ro l r o) = - 8 3A K 10 ¤7 + 1. 135 x 10 4 ieÖ - b +

5 .42 Á 10 - 7iei(eE- b - epm} ,

A ( DO- - ÐÕK ¤ - ) = 2 3 89 Á 10 ¤6 - 6 . 16 Á 10 - 7ieaeE- b ,

A ( õ ú ,r r o) = 1.m Ç 10 ¤¤ + 3 .7368 Á 10 ¤7ieÐ - b +

1 . 8 1603 Á l o - - iek ' E.. b Õ' , J ,

A ( D + ú f d ) = - 5 .Ø x 10 - 7 4 .94 x 10 ¤7ieneÄ +

2 ,48 Á 10 - 7iek ' E- b î " " } '

A ( DO+ õ p ¤ ) = - 4 . 82 16 Á 10 ¤7 + 1 . 137 Á

10 - 7iekÉ ¤õ '« } + 2 . 1 x 10 ¤7ieaem ,

A ( EFÐ ¬ ) = - 2 æ x m - 7 + 1 3 17 7 x 10 - V É  +

1 . 1726 x 10 ' 7id ' , ª ÕeE- U ,

A ( DO+ Tr - p + ) = - 8 . 736 x 10 ¤7 + 6 . 879 x l o - -

i ekeE- b +SFaEEE} + 2 .os x 10 - 7ieaeHö ,

A ( õ ú Ðop + ) = 7 .93 Á 10 ¤7 + 1 . 133 Á 10 - 7ieaem +

1 . 198 x 10 ¤?ie" E- b +emJ ( 17 )

Dû : D- :
{¤}

E J Hû ë - - ,
K J / I

D - - - 4 f A Er' ¸ º ¢ " ® ! 1

. . ¤ù¢ E
® ¢ - ¤ » ' E¤

D́ ã :
{e}

Fig.6 . Intem ediaM Eta eg m m-ea edng

pmeess foz P + µ decay- -

ì Ee phases of the eg ective hadmnic eOUPHEEP

OEV Ø, Opm and Opu cm not be known from dimet exped -

mentad meastZEªBEnent or fmm m y nonpen urbaHve ed cul a-

t ions beeause there am no m y such ki nd of calculati ons

yet -We onIy lEnow that the val ues d OE- Eö , om and om

should not dib r too much accord ing to SU ( 3 ) a avor

ß Ü ï " í (EEP&NP) Ú n 4¤

8é 1metÉ - We tri ed some val ues for these phase pamme-

tem , and s nd that the razzses whi ch can mp mduce the ex-

ped mental data of the meaSUE- d D ú PV decays am not

very EMEOW- To show É a the experi mental data can be

accommodated , we e ve the numed eal mSUIts for OE- b =

5 1 .00, opu t = 5 1 .0£ and opm = 57 . 3£ i n Table 2 .

Tabh 2. The bmnchhzg ra608 of D + PV.

EP-- EFFP 2.1¤" 10¤2 1.57 x m -z ( 1.47 Ã0.29) x 10¤s

EP-- t p- 8.?0 3410¤2 9.6l x 10-2 ( 10.2Ð£-9) x 10¤2

v . . p p- 0 .s x 10¤2 5." x 10¤2 (6 .6 ó 2.5) x 10¤2

EP-- J E - 0 5.61x 10¤' 3.13x 10¤2 (2.8ó 0.4) x 10¤z

EP- - ,u r - 3.É x 10¤2 4.56 x 10- z (6.0 $ 0.5) x 10¤2

õ + õ ø¤¤ 7.¤6 x 10-3 1¤" ü " - 2 { 1." ó 0 . 19) x 10¤2

õ + õ ¬ 5.56 x 10-3 1.36x 10¤' ( 1.04ó 0.18) x 10- S

EPú ³ ¢ - 1.64 x 10¤' 3.6 x 10¤' »

IF-- d F 3.58 3410¤4 1.12 x 10. , -

EPä ,r p- 5.¦ x 10¤3 6.9 x 10¤' -

v - , , õ 9.m x 10- 3 4 .n x 10¤' »

Table 2 8ho' " that the COMEtbuuon d E3 I is stm mgiy

channel dependent . For example , for UPú r r , the

brachi ng mt io i n naive factozt zation is 2 . 18 x 10 ¤3 , Whi le

the bmching ratio incl ud ing F3 I is 1 . 57 Á 10 ¤2 . W e cm

m that m I cm t ibm on in DOú EF po is l arge , but m

coatd M Uon in d ú K - õ is smal l - U e mason for the

diEerence i s that the external rescatteri ng di agm zm for
EPú E ¬ aM DPú K - õ m digerent -Wi thout the cont -

d buti on of Fï , pmdi d om d nai ve factod zation for mo- t

detected Dú PV decays am seriously in di sag ÷ EIBent ÷ ×

the exped meEZtad msuIts . Aher includi ng FS I , the mSUIts

cm accOEM Eodate the m ped nBental data wel l . For the other
decay modes DO- - Tf i , t r , i p + and D Õú d p + ,

their branching mti oe have M been detected i n experi -

ment yd . h our model , they am al l predi cted to be a the
OM er or zo ( 10 ¤3) . For d ú Tr v - and i p á , the egeet

d FSI is consM Eeti ve ¤' A i le for DOú t r and D + ú

d p + , F3 I eg eets am destm d i ve to the pmdi ction d nai ve

h ctod m uon .

Before the end of thi s seeh n , some comments shotdd

h g " m them am mm y uneeztai nti es in the input param -

etem whi ch may change the above mSUIt numeri cal l y , such

" , the D decay transi tion fom factom and some decay

e£m tants which have not been knm Ê exactl y . 'IEey need

Ø k meastm d fmm leptmIi c and semi leptcnie deegys d D

BEesm s which am qui te p£" ible in CI E 0 ¤C pmg am in

£}

(to



Ú 8Ú

the near future . 'n m other soumes whi ch may cauÊ um er -

tainties aIü the shape of the OE-shel l compensating ame-

ti on F ( kz ) , or in mom generd the eged ve hadronic cou -

PIi ngs i n the oE- shell mg on , the stmng phases of the ef -

feeti ve COUPHEZp , and the nontactori zati on pammeter

x ( Ì ) , both of which m needed to be studi ed in Ø m

nonpen urbati ve methods based on non-petuz² ati ve QCD i n

the h tuEe .

Summary5

We have studied Mme chmmEels of D+ PV decays.

1 GAKE ell i G, Curei G, Martinell i G. Nue1. Phy- - , 1981. BEW :4612Bu¤

m A J,Jm n M , LaEAtenbaelmr M E NtBel -m y- . , 1992 ,ò ¶ Ä , Nu-

Cl . Phy- - , 1992 , B375 : 50 l E CiuctBini M, b m eo E , Mó ineIH G. Nucl -

phy- - , 1994 ,B4ES:403

2 WKbel M , Sech B , Bó er M .Z .Phys. , 19² , cm z6373Baue, M , Stech

B , ' JUbel M 2 .Phy- - , 19@7, C341103

3 UpMn H 1. Phy- - ReT- la t . . 19" , - 4 271OSDom ehue J F, Hoistd n B

R.HEY- -Rev . , 19$0 .DZE: 1334

4 1 De--oe zue F .Phys. Rev . , 1986 .EB 3 21516

5 BueceUa F, IAlahw oai M , Miele G. PÅ ¤. ReT. , 1995 . DSL M 78»

3486

6 Ph m X Y . Phys. Iatt . , l 987 , BE, 3 2331BBueeeHa F et d . Z . Phy- - ,

1990 . CÊ : 473CI£" F , IApldn H hep pM96m 349 3º ¶ e Ef . ô " -

M t . , 1995 , ò " : 1073D£" £ ue L GeAowieh E , Peuov A . Phy- - Rev -

M 1. , 1996 ,77 :2178

7 LU Y ,ZOU BS , IacheT M P .Z .Phy- - , 1993 .A36 12 YYs Iachef M P,

Lu y , ZOU B S. Z Phys . , 1994 . ASm : 281: IAA Y , U Cher M P. z -

pb7¤. , 1" ç ,A361 :83

8 U X Q,ZOIJ B s .Phy- -I att . . 19¶ , ò " 22¶ : DAI Y S, DU D S, U

X Q-Phys .Rm . , 1999 .D60 :014014

9 Itam-» A N , Vemza R C . Phys . Rev . . 19¡ , m e : 3515E Et-m l A N ,

Siaha R.Phy- - Rev . . 1987 , Ä 36 23510 5 IApkin H J . Phys . U ´ . , 1992 ,

î ¹ ä È :P+ PV ¥ ä ° ´ ¬ à ¥ ÷ Ã C 13

Ä Ee total dec ay amp l i tu de i nc lu des d i rect wed E dec ay s m d

E nd sta te m sc at teri ng eEec ts . Th e d i rec t weak d ec ay s are

c alcu l ated i n th e f ac tod zat i on app m ac h , and th e f i nal st ate

i n tem CHon eE ects am stu d ied i n th e one- pard ele - exc hange

m eth od . Æ m pm d ic t ions of nai ve f ac tort m u on am far fm m

th e ex p ed mental d ata for moet d ecay mod es . A f ter i nc l ud -

i ng th e con t r i b ut i on of a n d state i n terac t i ons , dEe t heore t i -

cal p m d i ct i ons c m ac comm odate th e exped nBen td data

wel l . Ò 1e stm ns p hases d th e eE ecti ve hadm ni c cou pl i n p

are nec ceõ aE7 to m pm d uce ex per i men tal data .

Ba n :4215PhaÔ, T N .ô " -ReT. , 19« .D" :2976sCh- u L L ,CEE NG

H Y . Phys. U t . . 1̄ ä , Ba 3 : 514 3U X Q, ZOIJ B S. ô " - Rev . .

1998 .BS7 : 1518

GONG Hm-Jun -SUN JEEP-Feù ,Dt j Done§ Ö . EE P & NP,± Î ,26 :

665( M CMme-e)

( » · ü , ï ¡ å , ç « ú . ß ¡ Ï í ë å ï í ,â Î , 2616" )

Abl i kim Mea n- - DU Done s eÖ , YANG M² a i . Phy- - M t . . é Ñ ,

ÒÊ 6 :34

Buz-- A , Gem d J M, RuekI R . Nue1. Phy- - , 1986 , m a z16 3 Sh zm

k , kazoeh A , Vem a R . hep-pbJ95m 3583Sha ma K , Etazoeh A , Vem a

R . bep phÂ , ÒF3583h ex N , SCora D, Wi,e M. Phys . Rev . , 1989 ,

£ " :7995 Stone S. in HÀ , y n av£" , B®U A md EAnd® M . ( ed, ) ,

Wortd sci . n ab - SiÖÃ £" E Blok B, SNfmm M . Nuc1. Phy- - , 1993 ,

B¶ ' :534

CHEF4G Hm-YUØ. hep pwen n zs4

Bud d h G, B× " A 1. M Ate- b¤eher M E Rev . Mod . ph7¤. , 1996 ," 2

1125

g zanm k , EEazoch A , Venm R . hep pM9507358 3IEeÆ N, se£" D ,

Wi,e M.Phy- -Rev . . 1989 . " ' : 799 5 Stone S. in H¥ ' 7 RE m- , Bm a

A amd Iþnder MU ² ) . Wodd Sci . h b . SÖ '¤£" ; U X Q, º ² B S-

phy- -h t1. , 19¶ ,EÄ , , 12, 7

pm eie Da a Gm p, Fhy- -Rev . J a n . " ®:Ol m l

Gedehd ov 0 , IACher M P, Mazt ualzin V E 2 .Phy- - , 1996 ,A383 :447

10

12

12

13

14

15

16

n



672

ª ª Ë Ã ¥ £ Ó » » ½ ¨ û ¿

Ã ½ ë µ é ý Ý Ü Ç Ï Ä á û .

» É ö Ô Ä ; ¿ à » ß Ð ü ÆÄ

Øü Ê ©¬ à ¥ ÷ Ã ¥ ® Ó» » ½¨ ¿ à » Ç ò Ó¯

´ 03 - 01 - 10 Õ å

ú Ò Ô » ÆÆ ù ð ( l m m o17) BEPC ô Å ¯ é Ò ð ú

B ma l zl ijw@mail . ihep -- e.enzya F » @m il . ibep .¤e.cn sú ú @md .¤ ep . -c .m

'

Ú 27íß Ü ï í ë Ë ï í (mp&NP)

Dú PV ¥ ä ° © ¬ à ¥ ÷ Ã Ç

î º ä î ¯ ¾ Å « ú
(Ð ú Æ§ º Ì ² " í Ð ¿ ù ± © 1Þ099)

D+ FV ¾ ä Ð Ä D-" ê , ,oC , ´ ý Ì . ¼ Ç Ë ¿ à » ° Ç ò Ó ¯ ± × , Ü

á û í ÷ : Ç ò Ó ¯ ± × » ã » Ç Ü ó ,« Ç Ú » © ¥ ä À Ç ò Ó ¯ ± × Ç

SU(3) Ô ÆÔ .


