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Final State Inter act ions in Dú PP Decays £

M ed i n a A b l i k i nf D U Do ng- Sh enC Y A N G M aø E J }

( Insti tute d Hid z Enefg pbyaü , Chim-e Academy d seÑgees, Beij ing 10Þ 39 , china)

Aba n ct U e tWEFbody nonleptonie cham ed meeon decay- into " ,£ " eudo-ealar mem s m studied um g one-parud e-exchange

m£thod - 1he egects of Ée End state interactions m and m d ú £×À ¡ ,ú ng phases ea acted h m ² e expem ental ² u .

Key wonss factod zation , decay- d cha med me, en- , navo-- ®TZmzem ±

1 IntroduCHon

U Ee study of the two-body nm leptonic weak decays of

paEt iclm containi ng heavy ( c A ) quadEs appem to og er a

uni qu e oppon um ty to deteÚni ne the basic paramd em of

quark mi xi ng , and to investigate the mechanism of CP vio-

l aHon . However , the quarks am not fEü e , they azü bound

i n hadmns by suw zg i nteract ions whi ch aÓ descd bed by

nonperturbaHve QCD . Solvi ng the pmblem of nonpen urba-

tive QCD needs effons i n both experi ment and theOE7 ¤ In

the near h tum BFS HI and CLE0 ¤e detectom wi l l pmvide

high pmciSi on data in cham physics incl udi ng data on D

meson decays , which m l l pmvi de the po¹ ibi l ity for un -

demtandi ng the physics in cham1 sector .

It i s inteEüSting to study the weak decays of c}Banned
mesons beyond the factod zaHon approach[11 I n generzd ,

¤ a pmcm s happens in m energy mal e whem them am

nm zy IÊ £nance states , thi s PEWeess must k seriously af -

fected by these mm nances[21 . 111i s is a hid 1ly nonpen u -

bati ve eb et . Near the scale of D meson mass mm y reso-

nance states exi st . D meson decays must be ageeted m ri -

0128ly by these msonances . Af ter weak decays the a nal

state part i cles msca¢er into other pan ic le stUÙ ö roud 1
nonperturbati ve stE£ng interact ions[2¤3] . DiEeEü nt D decay
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channels cm cont ribute to one m other thmud 1 a nal state

interactions ( m Is ) . One cm model thi s rescatted ng eb ct

ó one-pó t id e- exchange processMJJ , namely the a nal

state pan i cles be seattemd into other pan i cle states by ex-

chang ng one resonance state exi sting near the mass scal e

d the decaying meson , or al ternati vely a Regge tr¤

ä ectory[6] . Ò 1em × ü al so other ways to tmat É e nonper -

tur² ative and F3 I eg ect s i n nonleptonic D decay8¤ One

approach is that in whi ch the FSIs aEü expmssed by the

phm e shib of the decaying ampl itudes[71 'IEe other

method is a Ram - topolog y appmachM ] , whm the ml a-

Hve phases between vad ous quark -di ag m z[10] ampl i tudes

ar ise fmm the a nal state rescatter ing .

Ç Ee a nal state mscattering eEects for cham ed m mn

decays i nto two pions have been studied using the one-PE -

tid e-exchange method[ 11] , when- the rnaÁ HIMeg of had -

ronic cou-PImp am extracted from exped mental data on

the EEBeastm d branchi ng f racti ons of m onance decays . In

addi ti on , a stmng phase i s i nt roduced for the hadm ic

coupl ing which is i mpoEtant for obtai ning the eoÐect

bmnChing rSHoe in these decays . A simi lar analysis has

been appl ied to D ú PV decays[12] , where P i s a

pseudoecal m- meson , and V is a vector meson . 111e decay

D. ú ç has been m alym d{13] beyond nai ve factoriu tion .
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7. £

In the pmsent wo· , we extend the study of the anal A(õ ú E ó ) = EE V-dVþ [ aIif J m; - 4 ) ¬ ( d h
s t a e i n t e r a c t i o n s i n D ú m d m y s t o h P P d m y s . 1 1 1 e d

c o u p l i n g cÞ o§ nm÷ s tô açm nóÅEu tù 8 é ¿xõ Edô t ḿ¾ c t± ed d fh m m Êö E× p®ôô e®d rdm i

8 Enmzn E a 1H l f o r s - c h a n n e l c o n t r i b u t i o n a n d l a EØ¬ e f o r t . c }h1 a Enm1u En1 e l A(d ú K¤ó ) = JZ Vd k a1if ö( m; - m; )Fó (m: ) ,
c o n t d b u t i o n . ' I T Ee m f o r e t h e s - c h m m e l c o n t d M U o n m n u - d 2

nm®Ð Eîmôme¼ÜmmÐÐ Erdäm÷.ttmÙitmMc×dì add Inú Ië y nÅ eäÕÅ 4déâ 9¬À iÍ g i bMë̈Ð l»̈Óh ē̈½ ihm̈En2 û̈ PW P̈ d¤ eß c m w¡ e dÍ d y dÊ më P ½ A¢ (Þ v + FFÈw tTJTJò F¢ ) = Åù V dJË VØ ;

s - c h a n n e l c o n t r i b u t i o n i n o u r d i s c u s s i o n . I n S e c . 2 , w e

p m e n t ¨ Ð i  ¨ e n m õ ô Ð Ð ¤ A¢ (ö á ú4 K¢̈ .VY Ðï .¡ ) = ¥ ¸̈ ²Øh ÁÐÝ 1

p ImØ a× c thE . Ê 1æe m a i n s c h e m e d o EnmEØe . p a EËÍ t× i cd l eû . eß x cd lh1 m gø e Emzn E e tdú ih 1 . Ø &

oÐ d iÊ s d e¤ säë cm E

4

t i o n s a n d d i s c u s s i o n s i n S e c . 4 . T h e E n d s e e t i o n i s r e -

cse n e d f o r s u m m a É ¤ A ( D Õ + K ? ó ) = - ¹ V V A a 2 i f k ( FFZ; - m : ) § ( m ; ) ,
£ -

O G F
2 C a I C E d a u o n s h t h e f a c t o r i z a 6 0 EE a p p r o a c h A ( D S ú Eh ) = Ó ¸ Ú a z i f k ( Ð - d M d k b n i ) ,

- G FU e clzanned meson decay can be described by the A(D) KT ) =Ú ¸ v; aJA (÷ - mi )Fa (Ð ) ,

l o w e n e r g y e E e c t i v e H a m i l t o n i a n [ 14 ]

A(IT+ K+K- h f k v. v; aIih ( m: - mi ) FE ( FFZ: ) ,

 =ú [· q(CIW+CJ j)], (1)
" " " A(DOú C KO) =0, (Ý

C 1 a n d G a m t h e w h o n e o e é d e n t s a m e s c a l e , w h e r e t h e p a r a m e t e m a I a n d a 2 a m d e a n e d a s [ ' ]

at=CI+Ðß +x),
; 7 : (5y

a2= C2+C11ª ; +Ö) ,
w i t h t h e e o l o r n u m b e r N e = 3 , m z d x i s t h e p h e n o m e n o ¤

wfEere

Cq is the product of Cabibbo¤

matdx elements m d dea ned as

Wq = Vuq VA , { 3 ·

and the CUI-mnt -ctarmnt opemtom m gñvm by

Q? = (  q ) v- A( qc ) v- A, Ð 4¢z

( 3 )
Q; = ( k qn) vmA( qpCe) v- A ¤

We do not consider the contr ibutions of QCD and elec -

tmwealE penguin operatom in the decays of D ú PP be-

caum their eontd butions m ned ig-bl e i n D decays . QCD
factorization appmach[15} is inappl icable to these decay

modes , " the chaIm ed meson i s n© heavy eEWEEd z. ¡TIe

values of C1 and C2 ± FFEc scale am taken to beM

CE = 1.216, CZ
h the naive factorMa i mz appm- ch , the decay aó pli -

tude cm be genemll y factorized into a pmduct d two cur -

m t maut elements and cm be obtained fmm Eq . ( 1) ,

n CEA ( D) Tf d ) = - t ; ù ¸ ( a 1 + az) W m; - Ð ) ¤

Fh (m: ),

¥ h Ð" (mL- nd)Ð :),

=ñ Ô

A(ETú õ Ð¤ )

A(IFú d d )

ß Ü ï í ë Ë ï í (HEP& NP) Ú Ð í

(CKM)

log eal pammeter whi ch takes i nto account EBontactom ab le
conüCHon - For q2 dependence of the form factoE , we

take the BSW model [1] , i . e . , the monopOK dominance

assumpbon :

F ( 0 )F ( q z ) = 2 2 , ( 6 )
z 1 - q ®/ FFZ:

where m . is the rel evant pd e mase .

'n m decay wi dth d a D meson a m t decayi ng into

PP is

| , |F ( D ú P P ) z r | A ( D ú P P ) | 2 Ò » , ( 7 )

£ ÐV FFED

wtmm | p | is the 3¤momentum d each flnal meson - Ä e

corm-pondi ng branching rat io i s

F ( D ú P P )
B r ( D ú P P ) = . ( 8 )

F M

A comparison d the bmnching rati oe d the naive factor -

ization mSEElt wiÉ the experi mental data is pmgented in

Table 1 . Ç m second column g ves the pum factod u t ion

mSUIt , whem the nonfact orizati on eEect is zem , whi le the

= - 0 .415 .
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thi rd column mpmm nu the branchi ng rat io wiÉ small

nonfactorizat ion com etion . Om cm not ice that the mSUIts

aEü not i n aF ement m th the e ezt mental data . For dou-

bly Cabi bbo-m pp m- sed decay modee , the expertmental

measummenu d thei r decay mtes am unavai lable , except
for the ch- m el DOú K - t . We shal l pm diet thei r

branching ratio- in eect iOE1 4 . Ç ze rati£ for Cabibbo- m p

pressed decay mode DDú IC C vanistm i n the nai ve fac -

toriZam a appm- ch . Thi s decay -eem to h i ndued

thEÉBEad E fl ZEal state Óscatted ng .

T- Me 1. The brand Btzç ra" " d b + PP obta ed h the naive

h d w M ð0¤ ¤w m- d aad e± Öð '× ÀÅú ú e experMm u l

" ¤ ¤ .

D" -Y Eú ú ' (Ä " " ) Eb (Ä " " ) l av( Eª " ô æ } L

Z B O x ¤ - ¤ .¤ Ø , . . ,

D¤ - ö . " ' 3 . E x 1¤ ¤3 2 .71ü " ¤' 42 .5 Î ¤ ." À ,. ¤s

EP+ ö . ð . 2 .48 x 10 ¤' 2 .66 x 10 ¤' { 1.43 ó 0 .m } ñ 10 . ,

D' + ,p d 9 .9¤ x m ¤¤ 1.39 x 10 ¤' { 8 .4 ó 2 .2} x IO- -

v - E~ - 1.m x EO- 1 9 ." x m - 2 {2 .77 Ð£ -m } x EO- 2

EP- K 1 ¤ 4 .¤I X 10 ¤2 3 . 14 ª " - z { 3 ." Ã £ ¤" } x 10 ¤z

EPú P ü' 2 ." x 10 ¤¤ 4 . l x IO- - (2 .n Ð£ -n ) x 10 ¤z

V - E - ö . 1.m x IO- - 2 .Ol x 10 ¤4 ( 1.48 Ð£ -21} x EO- 4

V - - r d 2 .4 x 10 ¤¤ 2 .56 x 10 ¤4 .

D¤ ú E' õ 3 ." x Î ¤¤ 5 .39 x IO- - -

V - C d 7 .58 x 10 ¤' 1.06 x l o - - -

EP- - r E' 9 . 15 x 10 ¤3 9 .76 x 10 ¤' ( 5 .¤ Ã0 .¤ } x EO. ,

EP- - r k - 3 . , , x 10 ¤' 3 .B x m - ' " - 12 Ã £ - M M 10 . ,

Á ú F P o o (7 . 1 ó 1.9} x 10 ¤¤

3 m e o me m r u d e e z eh m g e m e t h o d f o r m E

A s we have seen above , th e expert men tal m su i ts f or

th e b rm c h i ng rSHoe are moa Iy i n d i sÔ m em en t ÷ × the

c al cu lat i on fm m the nai ve f actod zat i on appm - c t1. TE e

m ason i s t hat th e ph ysi cal p i ctm ¢e of nai ve f act or izat i on i s

too si mp l e , non pea tarbati ve su ong i n tem et iom g Ûe m -

a d d ed i n a si ng1e had m n , or b etw@en the i n i t i al aZEd S -

nal h ad m ns whi ch sh am the sam e ¤pec tasor qu azt . H th e

m ss d th e i n i t i al p an i c l e i s IM F - su ch Ã tb e case d B

meso n dec ay , the eE ect d noap eú ,É at i ve sam eIg i n terac -

t i ons between th e f l nal had m m i s most pm bab ly m zal l be -

cause th e m om en tum tm zd er i s large . H ow ever - i n tb e

case d D mem , iu m ass h M Ø lazF ¤ 112e em rgy

sc al e d D dec ays i s M ve® h id E ¤ Non peEt u rbat i w d eets

m y e ve large con tzt bu6 on ¤ - Becam e th ere exi st m ny

ó Ï  ¢ ¼ ï í ¾ È :0 à PP ¥ ä ý Ì Ä © ¬ à ¥ ÷ Ã 76 1

resonances near the mass scale d D meson , i t is po´ ble

that nonperturbative intemd ons pmpam e dm ugh thØ e
rem na me a a e¤ - m ch as k . ( 892 ) , K . ( 1430 ) ,

² ( 17 10 ) , p( 770 ) , +( 1020 ) Í .

× Ee di ae 2 ms of thege nonpeztUE² aHve " ' catted ng

d ects can be depi cted in Fip . l and 2 . m e flmt pan D

ú PI R or Dú V I V 2 mpm enu the d i rect decay whem the

decay ampl i tudes cm h obtai ned by using naive factor -

u d o-z method . Ú Ee seeond pazt Ó PÓ -sents the resea ter -

ins process where the eEeeti ve hadmnic coupl i ngs am

needed in ntIEnem al calculat ion , which cm be ext racted

fmm experi mental data on the relevant resonance decays .

~

FK . 1. , , cham el eonwibutions to BZEal4 ate interac-

² £" m D à PP ² e tOOm parUeie mchaù e .

- h. . / tp + - R
V. , r l

Dh É / ã ¶ p
VEÜ |¢, -r - R

- hJ ¤ - 4 F - PR j / Ë ' '

D - ' -e r c¤â V

R ¢ Ü l
¢ , - , - P4

h

{b}{¤}

YES -2 . t-eh- m el eonu tbutions to Bnai - -tate intemeuom in D

ú PP due to one paø eie m ehmw . ( a) Em hm ge a single

ved oe me¤o¤ z ( b ) b tchange a si zÀ e meudo-calE m" £" -

F i g . 1 is th e s- channe l eonM but ions to É e tI ZEal state

i n tersCHons . H em p i and R am the in term ed i ate

peeudo- cal ar mesom . Ò 2e reson anc e state has th e q u m -

tu m nu n² er J FC = 0 ¤¤ deri ved f ro m th e a n al su te pE t i -

c les R an d R . Fm m Pan i c l e D ata G m u p [ 16] , one cm

on l y ch£ " e ² ( 17 10 ) Ø th e m sonance sta e Ø ev al uate

th e s- c hann el eon M bu ti on . H owever , th e c£" PI i ng d ²

( 17 10 ) m h tm E nd meson - R an d R i s tÞ m al l [ 11] ,

we d rop the ¤¤chm n el con tr i b ut i on in th e m mm ea l cal -

eu l ati on .

F i g . 2 shows th e t - chan nel con tr ib ut i on to th e a nal

a a e inte r- ct i ons . Pt , ñ Ô Ed V , , V 2 am th e i nte rm ed i a e

states . ì zey m scau er i n t£ É e a nal state R R by exc hang -

i ng one reeon an ce state V or P . I n th i s paper the i ntem -

d i a e sta m am treated t o b e ¶ th a r mass sh el l . bec au se



=Â ¾lsm|2[ ± - 2nzi -r (Vú PP)

M +(ç ,Ð)2114 ,
' -v,mT » m-

whem m 1 and mz are the masses of the two anal pau icles

| p j áPP , E· Spect ivel y , is the momentum of one of

the anal pad icle P in the rest f rame of V or f . Fmm the

above equati ons , one can see that only the mae zitudes of

the d eem coupli np | g m | and | g wp | cm k m m t ¤

H them is m y phase factor for theed from experiments .

Ò 2e d ecay amp l i tu d e of t il e s- chan nel fl nal stat e i E1¤
(1, )

teractions cm h cal cul ated ÷£m Fig . 1

A? =Âj (2: 2 EEj (2: ë E2(õ ©(PD-

i { e. + 6. }
a g , g z e E Â

- p z ) A ( D ú P I R ) E Z J - z - n '
, . ¤¤ , , . Y¸ « ,v-A ta

PE

(16)
wheEü and the four-momenta of thempmsentPt P2

peeudoecalar R and R , the ampl i tude A ( D ú PI R ) i s

the di met decay anp l i tude . ´ ze eEecti ve coupl i ng consu -
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nts g l and g z shoul d h g ep or g m which cm be ob-

Mi ned by compar ing Ê . ( 15 ) ì ú experi mentd data - By

pezfom i t1g integ als , we oMain
A? = ÆÉ |pt |A(Dú PER) ,ziM r EJ"}

£ß m D dE - m + Enza -M

( 17 )

11¢e t-cha mel eontd buHoa via a d m e ng a veetoÜ

meson ( Fig . 2 ( a) ) is

m 1 f d p t f d| I P Z ( b r ) 4 8 4 ( P D - P l - P 2 ) -
t J - 2 J O x ) 3 2 E l J ( 2 Ì ' 2 É

AÚ ( D ú ½

F ( k2)y2g 24×A . ( p z + p4) , ( 18 µ

whem F ( kz) = ( A 2 - m2) / ( A 2 - k2) i s the forn3 factor

which i s intEd uced to Ø ë ensa e the 06 ¤shel l d ect of

the exchanged pazt i ck a the Ven ices[17j . We choo-e the

l id ztest m onance state Ø the exchanged pam cle that

g ves d se to the largest contr ibuti on  the decay azµ l i -

tude .

We hEEthernmm have

ARJ ,ÚgJMJA(Dú¨ ¤

Am
-

B , V -

=j ; ç Í ,lA( IR) ¤

gl d Ê ? m F(k2)ZM , £9)
, ¤ "  " ¤¤ . .

where

- Â(m?H=- l m:= - l m: - Â ( m? + mi + mi + m: ) +

í , | |Ó |+ |pz| |, , |)± h EEE4+EJ J -

J Y O n i - d ) ( Ð - Ð ) . ( ´ )

, , z v

'IBe t-channel ££" tdbu¬£" by a d m e n- a p¤m ¤

i z(mi
nzv

d¹ d a mgm (Fig.2(b)) Ê
m 1f d pI ¸ dp| | 2 (2Ä 484(p pd - 2 J (h )32EEJ (2x Y2E2 ² ²

¯ A£ ( D +Ð vÉ̈ E

E- " , . ¤¤¹ }(p, - k) ,z .?þ þ. "
" - H- y E RU ¤.

F( k2)zgzfA2 ¤( k + P4) .

and we obtain
f l d(£" 6) UFÍ Ítp=j -EE U PJ KZ. ó +inf . -
xg182F(hay ( - H1+ ñ ) ,

Ý ere

ó Ï È ¤¢ ¼ ï í ¾ È :P - FPÒ ä ý Ì Ä ø ¬ à ¥ ÷ Ã 763

H E = 44 i "mÃÈ .hÉvÉ ' fh¶̈ vÉ4Í EjÑ (OM ,"m'" .ä̈ D + Ð )M̈Ð AAÐ 'J [ Â ( Ð - Ð - '"mÐ'nÐzdØ:Ô )

÷(M -Ó||̈ -8̈
|PE ! | ' ®|ed ) - i z(E2E4

" $2

|¨ |, 4|md )(E2E, + |pzl |, , |ï Ä +

¹ ç (Ð - m?- Ð)(EEEf
46WBz w-z

|¨ lp, |£" Ä (M 4- |¨ |P4|ed l , (2 µ

¶ 2 (: 7: ¢ )Ai M , + |í , |££.8 -

Ú (mi - Ð Ð ¨ Ez- Ms| |¨ " 8l ¤
" "

l E1E4+ |¨ Ó |à £- Ú (m: -

m i - Ð ) ( E 2 É - | P 2 | | P 4 | Í Ä l , ( M )

a d X m R Ø Ô É th d ev a a d zM ² ¦ , . Ç a i u jh d D

² ea y i Eª " th i M e zm d i a e w d o r m i r V 1 azzd V z EHvi d ed b y

´ ç | ( V - A L | 0 µ ´ Vz | ( V - A Y | D µ ,

X É A ( D 4 V EV z )
- ´ ç | ( V - A L i O µ ´ » | ( V - A Y | D µ ¤

h md er to Ê lcd a e the FSI O÷ × bution d D decays

to m , Ib r m d kk one needs to analyE ¶ k h cham ei cm

m ca ter iEê£ the and a a m . u e m ca tezt Eû P" £" m are
D + Ðr + 7¼ , Dú IG¶ú m , £ + ö + m , Dú K - K ¤ ú m

foe D + ÐÐ decay- z b + Õ ¸ + E® , Ô + K F -- b r for D + lb r

chm el- 3 0 + TET + ¡ , D + è ´ ú EEK , D + m§ ¡ , D +

ì ú ¡ , Ó K - K ¤ú ¡ , Ó ç + KK ¤ Ó k k decays

a d EM od d l y sbom i n Fig .5 , R g .6 and R g .7 . 1TEee m -

ca ted ù " ££Ø æ e ve the laz¢¹ com butiozm, because

the intem- d a e a a Ø tmve the IMF -t oOUPHEª , ÷ × the 6 ¤

nd s× m m d the nm ees d exchanged nm ons am SEEd ,

g Ê,ç tbe K EF -a td m zel £m ut h zHORS- Wb we cd cu-

late the COMEt M Uon d each diagmm in Fip . 5» 7 via ¹ ps .

( 19 ) a zd (2 ) , ç ,bm l d , a SM , £om de all the pom bh

imm n gtmehm for ± ch diae E a and d , w d the poe- ible

m b d ae m zs on tbe × ó t level . Sm -d y - we wri te dmm

the isoepiE, ² ctor º r each a sb di ae m . For a m p le - the

u £onp oneM in oae a zml m m n d hÄ m isoÕ i n factor

- pz) ¤

(21)

(2 )
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Òj² ,Ðç̈ ºØÐ d"̈ dØ Þ  M

a 1 18 t a e ó , t h e × c t o r s - m d - - sh o u l d k d Eo p p e d , d I m --

d d

wi se , the imepi n mlm on befÖÖ n dê ezent chm EEel s would
be violated[10 . Ä À± , we sum the COMEtbut ions d d the

posa ble sub diam m m the × ó zt level to get the im pin

fact or for each diag m21 Þ the haí £mc level .

~

» , . - ¸ » . ,EK J / ®T F

2»a r r +r t

K É ¢ a k -
® ¢ . . . . , . , E T

(¤}

4¤ - ¤" Md ' E
. . ¤ 4" E
K l f l

u / +K
F Ê, ¢u a

r ¢¢4 êÉ. . ¤ ø - ª " . ,E

Rg.5. h tenZEedia e ©ate- in re,canmtna FBee-- fa

Ò¹ :L¶ :Lq :
¶¤} £)

L ¶õ :Ò¹ : ¢² :
Ä (e) (O

IEúezmeCHase states m m, caun tag pmee-- &e

P + IGÓdecay- -

Ò² : ¢¨ õ : ¢¨ E : ¢´ E :

ëq : L Ú : ÷ú :  q :

(Ç {g} O

IMegÄ ed ate sù Â" m E¤¤ea ù ù g pzoee- Ea

p Ô' KEt dee® , .

Fç .7 .

TEEe FBI COEÉ ibutiom d the Cabtbbo supPEeseed deeays
D ¤ ú i d and I f ú d d depÄÀ ¶ the eoµ linp an d

phases h - h eistC h and g m etem Eû ecti veiy , Í i le I T ú

i Ð- depends on both d them . h the Cabi bbo favored de¤

DOú K- icays D+ú r v

Ú 27íß ² " í ë ² ï í (EEP & NP)

c abié 0 8µ pm eed deØ ys d ú K ÕÐ , D Õú K + Ð0, D +

ú IC © ad d ú C d , the bmnchiEØ mti À ' mel tsEHEØ

both the EHE® t decay and the m ca ted zzg d ect , depend M
od y ¶ g E- EzeieE- b m d g pm eiepm but also on g pau eiSPEE .

For the Cabibbo stp pmseed decay m des D +ú K +KO, d ú

K ÕK - m d d ú t r , ttze FBI eEectS OOZEö h m g E- b

etSE- b , g pUEeieh , g +E ei8Õ g Ed g E- EqeiSEt- h .

h the num deal cadeul ation , ÷ use É e i nput PE anÀ -

t¥ , : 1 ) the decay cOEØ mzts f k = 0 .133GeV , f k =

0 . 162GeV , ù = 0 2 Gev , f E. = 0 .2 1GeV , Â =

0 .233GeV z 2 ) ttm form fa À£m F K (0 ) = 0 .d ü , F M (0 ) =

o m , A Ï ( 0 ) = 0 . , A F ( 0 ) = 1. 147 , A ? ( 0 ) =

o m , AF ( 0 ) = o m [1] . Fm ept for th decay com ta ¡ ,

the val tm d the form factom have M been knom exact ly

yd . We themfore have to take them from nmdel -dependent

calcd m ons . U e pg m Ø er A m the 06 ¤shellne88 Ø rzp en-

sª EÉg h EBCHon F ( k2) inuwduced in Eh . ( 18) ò es dm vd -

m d 0 .513GeV , À ×cII is in the nmss mnges of the f ind

sta e m mom - h o¿d er to get the bmZEChing EÉ oe wtlich in-

elude both the fh ct decays and the rescattedng d ect s , we

tme Eh . ( 15) m d the oenï l vd ues d the m aSUEd decay
wid h d k ¤ ú KÐ, F + m and + + IG´ [16] to OHm g Bt- b =

4 .59 , g m = 6 .o axd g Þ = 5 .Ð . We take g pag = J Xg m

m ² the ss sµ p mSSion parm Ø er A = 0 .28[18] . Since them

m m data b - K ¤ú Iä ( K ¤ Ä M hesw enoush to decay m.

 Ib l ) , we esti m te the value d the ú £ne cOUPHEEg g BC h

- 3 .5 by eonp ad ù g m ÷ × g E- b , a zd eonsidedng SU

( 3) navor syzm Ø É ÷ × 20 % - 30 % vi olati on - m en the

nozÉ ctmtzable pg am ter Ö M not td m into accou¡ , we

can not mpmd me the a ped nmntal data EOr all the D» - pp

decays sim Ita mod y . So we need to keep it Ä a ptÇ Ç Ç -

nolog ed pamne ter . By taki ns x = - 8 .6 x 10 ¤2 , the ex-

pedm ntd da a d all the detected D ú PP decays cm k

well accozm mdated ì thin the eµ ed zm ntad enom .

11Ee stEWÖ phases d the eSed ive hadm k oOUPHEEP

OE- b J m ' opmt , £ô , m d OK- h can not h ltnom fmm

dimet mpeztne ntad Eeasun nÇras or h m nonpeIt urbeti ve

cd eulaHom , because dmm is m any such kind d Þ Ö uta-

tiom yd . u e onl y id onm uon h that the values of dm e

phases should M a ga - tÞ m ch , aeeod ng M SU O ) na-

vor sym zØ EY ¤ We a t the a pezt nm ztd da a to get the val ues

for thege phase pamzm tem - and a z± that it is possible to m-

produce the expertnmZEtaA da a d these D decays ÷ × snd l

(b}

{d'

DOú C TtPmd the do½ty



ª , Ú

SU (3) fIavor spm EtÉ violaHon .

wh ich the ü pezt m au l data am aoeom mdated , E bl e 2

6 veg the EEmmeri cd re¹ l ts d the bzm chi ng rÉ ¶ ç £ ,t .. b

z 53 .¿ , om = S7 3 0 , Opaot = 7 1 .80, £ Þ = 58 .7 m d OE- Eq

= 6 0, ÷ × a mm l I SU ( 3 ) sp ï m w bm aid Eª eEects . Col -

um z ®FactoEt zati £" , i s for the bEï EChi ng m ti o pm di eted in

the nai ve factod ó ion appm ach , ¢d Eem the nod actod zab l e

com et ion Ê small . W e a nd tha the data d D ú FP cm not

h acCORmmdated M tt lout m el tsd ng the con td M Uon d d Ie

m zfactoEt FAb le d ect . Col um ®Factori m ti on + FB I ' i s for

the bm nChi ng mt io of th e nai ve factoEt m t ion i nc l ud ing the S -

nd state i nteract ion . Ú ze oozztd b tai ons of i l nal state m scat -

termg eEects am l arge , Ed i ch can inp m ve th e pm d ct ions of

nai ve factoEtza ion to be com ia ent M É the exped Im ZEtat da¤

ñ . 1Tm suw ª phases i ntm d aoed for the eg ec6 ve hadm ni c

cou pl i ng s g k - b , g pme, g pEGE' g +BOt azzd g BC bl are i np OEt ant

for ex plai ning the eç M Em -Ital data , othem se , i t i8 qtd te

dim cul t to get the con@ct rem l ts for th ese decay nmdm a

the sazm Hme by vaEÃi ng ot he r i nput parï EE tem -

B bae 2 . Ä " brm d h g EØ M d b + PP .

Dee., mde ERhÉ ÔÉm h a- - a m+FØ E, Øma
D¤ú 1R- 4 2.71x 10¤z l a- x m-2 (25 * 0.7) x 10.,
EP+ ,r i 2.6 x 10¤3 1.4' " '£-2 (1.43óOS7} x m-S
D04 4 d 139x 10¤5 1.oh m¤' « -4* 2.2) x 10¤4
D- 4 ÔÉ - 9.98 x lo-z 2." x 10¤2 (2.71Î 0.18) x 10¤2
0 ú E1 ¤ 5.14x 10¤2 3.72X EO-2 0 .mÃ0.@) x 10¤2
EP- P d 4.l x lo-- 2m x m-z u n * 0.2 ) x 10¤2
EP- KV - 2.ol x 104 1.41x10-4 (1.ª " -21) x lo--
D¤ú r d 236x 10¤4 2.96x 10¤¤ -
D¤ú f õ 539x 10¤6 736x lo-- -
EP-- r d 1.06x10¤® 2.84x m¤¤ -
D¤--r F 9.?6x 10¤3 6.4x 20¤' (5.8Ð£-6) x 10¤s
EP- r k - 3.mx 10-3 4.OX E0¤' (4.n Ã0.14) x 10¤z
EP+ r p o 5.73x IO-- (7.U 19) x m-4

As ½ lmve nmí £" d ed ier , ² e bm EtdEû EÄ "

ó Ï È ¤¢ ¼ ï Ë ¾ È :F+PP¥ 765ä ý Ì Ä © ¬ à ¥ ÷ Ã

have not bem dd eeted in eµ edm nts tbr doubly CabtbboÔ
' 12ppm eed decay m dee D Õú K + ó , D + ú IC © and DOú

C J , × C÷ Ef ú K ÕÐ' ¤ h om- m thod , they m d m -

a cted to h a order d O( l o - - ) .

z conclude this secti on , we shal l e ve som eom-

nm Its - × Eem am sOEEBe free perm Ä em , such Ä the D decay

fom factors ² 1:ieh have not been well detem- ned in exped ¤

Ä Ë U yd . u ey need to be m astm d h m lep4onic and

ä mil eH OMc decays d D m om , which m × li te poseh le

m the c u b e pm8 2m in the near h t tm . 1h e other input

pamnmtem that m y ca me mmenmnties am the shape d the

04h hel l comp m sati ns amcti on F ( K2) and th nOEIfactori -

zable pm nEter x , which am needed to k studied by mm

EBonpeauÉ ati ve n× thods based on QCD in the hItUE ¤ Cer-

tg ni y tO COë »etely mÀ ï ø and a naI state iEItemcHOEÔ , Em m

a pezim Mal data m d m m theOEÃt ical woEb am needed .

B show thi s si tuation , in

We have stud ed tWEûbody nod eÁ omc chmm d nm on

decays i nto h º3 peet1¤doecd ar mesons . I TIe totaI deeay m -

pl i tude includes bodE dimet weak decays m d EZEal state m -

cattedEª d ects . Ò 2e CHmct weak decays u e calm la ed in

the factodm Hon appmech , m d the and sta e intemct ion d -

feets ï e studied i n the one- parud e- exchm F Em tlzod . 111e

pmdict ion d the naive factozÊa tion i s ² r aw® from the ex-

peri ETMEntal data . Aher mel tBdiEû the conm budon d EZEal

su te intemctioE± , as wd I as the nOEzfactod zable con- d ons ,

the theore6 cd pmd cHom cm accom m date the mtpeEt Em ntal

data m dm eµ ed m é al m oE± , when the stmEª phases of

tlze eb cti ve cOUPHEZp m quite necessazy to reproduce ex -

peri m ntal data - U e bmEEchi ne ratios aEt pmdieted for tile

th ee doubly Cabibbo-suppressed decay m des .
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