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1 Introduction

112e study and undemu ndi ne d the decay dynami cs

d the chazÊ £" ium staIÊ Jç , Ð ( 2 S ) and p0¤a bl y

w 3770 ) is one d the moet Ç £Et ant topics i n Quantum
chmmodynami cs ( QCD ) . 'IEem have been lots of acti vi -

ties m experi mental part d this study m E- cent yean si nce

Bm MJ has coll ected tbe wod d lazp a 44 2 S ) saë l e dur -

ing 1993» 1994 and 1995 nam i ng yean a the Ð ( 2 S )

peak . A mong the studies , the reeod m ation d the vec-

top p-eudo-calar ( V P) decay R M e ( also cal led " m pm -

d e" ) between J/ × and Ð( 2 S ) deØ ys[2] Ôê £b- eEYed by

MA RK E [3J and the an,t obeew ati on d the 44 2 S ) decay

SEEppm sions i n vector- tensor ( v r ) modesM COÖ azed to

nai ve peEU EÐ tive QCD pred eUons g e d R a interØ 4.

Since then , many theoreti cal d ons have been put Ø a g-

ure out the possi ble masons why J/ Ð and Ð( 2 S ) decays to

some i l nal states , especial ly for VP and VT modes - a g-

EZiEcandy devi ate h m " 15 % mle " , whi le mu zy other

decay modes ag ee ÷ × the pmdictionsLE .

To extend the experi mental study to other decay

modes of 44 2 S ) , to h Ether a plm the studi d modee to

hid mr sensi ti vity and Ø match the huge sample BFJS has
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of A nnih ilat ion atOne-Photon

taking

col lected ± the J/ ,JJ peak during 1999- 2i m l m m ins

yean MU BES has col lected M M Ð ( 2 S ) data during

X MOl - 2 m2 EÉAm i ne ye® l6J - I TEM worid laEEest sample

makes i t possi ble to measure the Ð( 2 5 ) decays to elect13 ¤

mae zeti c decay level , " that one em reach the sensi ti vity

d mparasi ng the QE D m d QCD ampl i tudes m Ð( 2 S ) de-

cays .

As for the study d Ð( 3770 ) , m a temEÉ to solve the
" PR puzd e" m + ( 2 S ) decays has been propom d É a the

a aw n -- ion d dze Ç ( 2 S ) decays to m m specifl c and

states is due to the mM ng bet ween S- and D - wave char -

momitam states , or the Ç( 2 S ) is veÉ cl oee to DD thmsiz-

old Ø that M ud proce- - d Ç( 2 S ) ú DD cancel s IOU d

Ð( 2 S ) decay aë li tudee to tho-e suppm -ed channels[7] -

Fuzt hemEore - the study of the ol d data may ind icate

Ð( 3770 ) has a laEBe fracti on d decays into l i d Et hadm u

be, ides DD modes , in ££" » adi CHon to the picture th at i t

decays to Db domi nm tlyM] . To COZEEm th is - the best

way is to m Ø um the DD and total Ð( 3770 ) em-- sec-

Hone ÷ × Md z pmci Sion , " that the dib mace between

the two g ves the c£ntd bution d the EBon- DD decay rate ,

whi l e the other pom b le way is to measure the exclusive

non- DD decay modes .

Now we know É a J/ Ð azzd 4,( 2 S ) decay into had-
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mEz¤- besides tho-e with elzu zzzonium in anal pa tid es , unlike the Ì +Ì - channel in À Eich the con6mSEEm ampl i -

th ough tm inter- d ons: the oame-photon electmmaÁ etic tude can k calcula ed by QED , such tem f© © £ and

intemction and dwee-d uo-z stEWEs msemCHon - 1Ee azzzpu. ÐÕÐ- × , to be detenzBined by experiment , i . e . , we

tudes d them, in general , m y have a mlam phase .

This is d so tme for tb( 37Õ decaying into lid zt hadmm .
h e- i coll iding beam experiment , J/Ð and Ð( 2S)

are pmduced b7 e+ e- annihi lation , there is inevitably

the pmcess

î

e ú hadrot18ú ye

produced simul taneousl y , which is indi sti nguishabl e fmm
the hadm n events from J/ Ð or Ð( 2 S ) decays . So in e ¢ -

experi ment , m y fl nal state may come from thme pmce¹ ¤

Ä : the chartImni um thEee-gluon decays , the chamIoni um

one-photon decays , mzd the vi n ual photon process wi thout

going thm 26 1 m onance ( continuum pmcess ) . Ä e study

of the charn10ni um decay dynami cs i s to determi ne the de-

© y m × l i tudes d the thEØ - gi uon m d the one-photon pm -

oes8ee . I n the case of the th( 2 S ) , the one-photon decays

has a compamble croe8 secti on with m peet to the COMM -

uum pm ¹ ¤ MOEeover , for m m stmngi y SEEppessed

modes l ike VP m d VT , the dzme- glumI process m y al so

have a compambl e cmes mCHon . h thi s case , Om has to

consider thE@e ampl i tudes and the EªEl at ive phases between

m y Wo ampl itudes in the anal ysi s d the expd mental da-

u . FOEt unately , there aÓ some decay modes of the char -

moni um whem the stmng decays am forbidden , only de-

C® s thmud E one-photon anni hi lat ion is al l owed , 1i lî

Ð( 2 S ) ú ØÐ0 , which vi olates th i sospin , and 41( 2 S ) ú

ØÕÐ- , which vi ol ates the G-parity . In such si tuati on ,

only two ampli tudeg and one EçEl ati ve phase am pmsent ,

thi s subetanti aI l y simpl in es the study , and makes the de-

temzi nation of the one-photon decay ampl i tude poeei ble ,

provided the ampl i tude of the conti nuum PEWeess bei ng

knom L
1TIe el ect romagneti c processes , such ó e+ e- ú EOTF

and e + e - ú õ Ð' , aIÜ©si mi lar to the pmcm ev - ú

i j i n the way that them aË, two Feynman diae amk

the continuum one-photon diaF am and the Ð ( 2 S ) dm-

F m . Tak ing Ð+ Ð- fl nal state as m example , two dia-

Fams am shomz in Fig . 1.
111e obeerved expertmental cEwes secti on8 d these ex -

elusive channel s consist of thE, e pan s :

the continuum mzd their intedemnce .nan ce ,

need to measure the fom factors of Ø ro and Ð+ Ð-

µ »¾ »́
ef ,u
fÜ ¨ :² 4f y/

I dF t aný Ü
' ø"² ¹ ®iË-

´ 1µ (b)(±

Rg . 1. TWO Feynazan diaø ams d e¢ - ú Ø¡ ,ö'

final sute at W2S) .

I t is i mPOEt ant to not ice that the meaSUE- d emes sec -

ti ons at the nam w m onances am sensi tive to the experi -

mental condi t ions , but the thme paEt s in the emss section

depend on dig emnt aspecu of the experi mental detai ls .

Ä e measured msonm ce cross section depends on the en -

ergy spE· ad of the e + e - col l ider , but such Eni te eneEZY

spmad does not ageet the continuum tem . On the other

hand , the conti nuum tem i s sensit ive to the i nvaEt ant

mass cut in event selecti on , whi le such cut hardly ag eets

the observed mm nm ce cmss section IHEder practical event

select ion cd teria . 'n zese azü to be di scussed i n detai l i n

the fol l owi ng secti ons .

m e study of the puÓ electIUEEBae zet ic decays of the

cham onKEEn statm m ll shed l i d Et on the undeEStanding of

the chamzoni um decay dynamics . SOme theori sts , l i ke

suzuki l9³ , have td ed to pm be the interfemmee pattem be-

tween one-photon elect romaÁ et ic pm m and thm - g112021

pmcess of the charnEOEEi um decays i n order to sol ve the
" pÐ p1Ba le " . For such analysi s , the experimental iEZfor -

Enat ions of thoee decays d puÓ electmmaenetic PEWeessm

am of pan icul ar i mpon ance[10] , since they supply m esti -

mation of the electmmaÁ etic pazt in the decay modes with

strong Enteracb on .

h th is paper , we fl mt study the exped ment depen-

denee of the cm s secti ons , then gi ve m esti mation of the

emes secti ons of the pum el ectmmag Iet i c process wi thout

gping th oud 1 cham oni um m onm ee based on the fOm

factors , fl nall y the mi ni mum mquired i ntegmted lumi noei -

ty ± OE-pealE energ y point is estimated if meaningh l m -

SUIts aEü expected for the decay modes inteÓsted .the Ð( 2 S) " ' £.

However ,
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2. 1 Resonance

ì Ee eroes sect ion d the pmcess e . e ¤ ú Ð( 2 S ) + f

( whem f denotes a eeEtai n ki nd d and a a e ) Ê d" " ² ed

by the Brei t-W ig zer fbrnmI a

12ð - r - r
BW ( W ) - E , ( 2 )

- ( W 2 - M Z ) z + I ? M Z

wheÓ W is the centerd - m ¤¤ e, erzy , r . azzd F º m the

wi dths of Ð ( 2 S ) decayi ng into © i m d f , r t and M

am the td al m dth and Em d Ð( 2 S ) . Taki ng tbe imud

Mate md ati ve Þ rrection into e£" idemsion , the cm - sec-

ti on beeomes[UJ

Ò, e ( W) = j d d u , d f 1J J J

1 . . ( s ( 1 - z ) ) ,
| 1 » E h ( 1 - Z } ) i z "

( 3 )

ë en s = W2. z . = 1 - s' / s , J 7 i, ² e a perimentally

requimd mini mum invaEt ant mass d the anal state f aher

h m g m erg due Ø mul ti -photon emm ion - F U , s ) h¤¤
been calculated in many mfemmees[11- E3j and E ( s ( 1 -

z ) ) is the vacuum polari zati on factor - m e radi ati ve cor-

recti om in the anal states am usual l y not m nstd-

ered LI¤-15¹ . Ò1e masons am twofold . In the Erst place ,

the h dmnie anal systm is vew compÔ§ led azzd sinee

the md ative conections depend upon the detai ls d how

the experi ment is done . i t is dim cul t to e ve a gene± ,

model - i ndependent presed pbim for them . U Ee second ma¤

¤oa is that our unden tm ding d the hadEWEic pmblem is Ø

m ade that thew is m need  WO® about the eleCu m ae-

EZetic com etions . In m y case - ¤ we SEEd l ater ¶ that i t

i s necessaE7 to do radiat ive eon - ctions to the hadmnic

su tes for some specitl c pmblem , we can do the cal cul a-

tion then , bee- ®ESe the ini t i al a ate mdiati ve coÐecti ons

and a nal state md ati ve con ections can k decoupled to a

large extent .
u e e + e ¤ col l idem have a flni te em EÂy spread . 1Tze

m ere spread hmcti on C ( W , W' ) is usual ly a G- ussian

ambutionz ¯ ?
ö Ø û ô ut ¡ ' P̈ ' ®' " ' e thh M d da ¤ ¤md A z 1.3 MeV fee mØ Ø eal e-h tElm ea- -£
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E ( ' - W' }2
G ( W , W' ) = » þ - 6 ¤¡ 7 , ( 4 )

J 2ØA

where A is the standad devi ati on of the Gaussian di st ri -

bution . It vazt Ø wi th the beam energy of the eoHider . h

case d BEPC/ BFLS , A = 1 . 3 MeV at the C . M . energy of

the Ð( 2 S ) [ô ] . It is much wider than the 43( 2 S ) int ri nsic

width d ( 3Þ Á 25 ) kev i 17] . SO the experi mentall y mea-

SUE- d meonmzce em- - secti on is the radiatively eor,, cted

Brei t-W ie zer ero- - -eeti£" tblded wi th dze enezw spread

hmCHon :

d ) = ! Ð ( v̈ )̈ Gö . ´ Ò

wëthzîôemÏ EÓü Ò́, e is deh ed by ä . ( 3 ) .

Fig .2 . Inclusive haú £" ie em- - sed on of 44 2 S ) z e " fa

Breit-W ö ,er em-- ¤¤e60EZ; 6 , e É e ero-- -ectmn ® ttz

radiati ve eom d on z eë the measured em-- -eetion m a

eeHAder wtÉ A = 1 .3 MeV .

h Fi g . 2 , t im e c m es sect ions am dep ic ted : th e BÓ ¤

i b W ig m r em es sed £" d E q . ( 2 ) , th e c ,£ " sect ion ah er

m d id ve com et ion b y Eq . ( 3 ) . an d the experi menta l l y
measured c roes sect i on by m e ¢ - col l i de wi th A z 1 . 3

M eV . h the caleu l aMoa d tl " ' e c E£ " sect i on s , the f ol -

10± ng param etem of Ç ( 2 S ) are used [ t7] : M = 3 . 6 859G

Ge V , r , = 3Þ k eV , r . = 2 . 19 k eV O . F m m th e th ree

CUWÊ i n F ig . 2 . we see th at th e m d i at i ve co rrec t i on Ó -

d uce- the heid zt of the resonan ce . I t d so sh ih s the peak

p± i u on to above th e 43( 2 S ) Em m nal mass . 111e red uct ion

facto r Ñ an d th sh ih d th e peak A d m m ap pm xi mate -

l y ex p res- ed -1¤¤ by



(÷ )
( 6 ) d cmss section i s 8 . 33 ú , wi th xm = l - 4 m; / s - U is

value means the inteF a ing d al l the aIIowed phase spaee

¶ µ d mul ti-photon emission - H Xm= 0 .2, which means É"
the fl nal Ì + Ì - has the mi ni mum invar iant mass of

J ( 1 - 0 2 ) M W Ê , after loeing energy Ø mul ti -phot on

em m on , then the mdiatively com eted cmss secti on i8

6 . 25 nb . h the actual experimental si tuation , the invar i -

ant mass cut or its equivalence is usually imposed to m E
( 8 ) ®ô ÷ the Ì µ - f rom J/ Ð decays . For the m onance tem ,

At the W 2 S ) mass , ¬ ú 0 .Ò779 and s - 0 .06 . s£ " l ong Ø

for 44 2 S ) , the reduct ion factor p ú 0 .5 1 and the shif t of r .
Xm µ ³ , ( 10 )

the peak A d -s-s d keV - h m EW spmad fmther l ow-
-nsensi ti ve to x m¤ A nother important featUEÉg of the

em doì E and shi fts the expertmental l y meastEEÉd Ð ( 2 S )
e m i s t h a t s i n c e i t i s a s m o o t h h m c t i o n o f s ,

p e a k . h t h e c a s e o f a c o H i d e r w i É A = 1 . 3 M e V , t h e

t h e h i t e e n e E¬ y s p m a d o f t h e e + e ¤ c o l l i d e r d o e s M

m a x i m u m h e i g h t d t h e Ð ( 2 S ) p e a k b e c o m e s 6 4 0 í , a n d

change the measuEÃd val ue .
the poÉ tion or the peak is shif ted by 0 . 14MeV aboÊ the

F o r t h e i n c l u s i v e h a d m n i c a n a l s t a ü , t h e c o n t i n t 1 ¤

Ð ( 2 S ) n o m i n a l m a s s .

i s e x p m ss e d i n t h e B o r n Od e r a s11 1e Ì + Ì - c h a n n e l d e s e r v e s s p e c i a l d i s c u s s i o n h e r e ,

4ÐÁ2
si nce i t i s pamll el Ø those hadm ic channels in Ð ( 2 S ) ® ¢ ± ( s ) = 3 7 R ( s ) , ( 11)

decays which only go thmud z electmmae zetic intemction
hem R ( s ) is the R - value ± C . M . m eª y J Z . Since

such Ä EMTo and i Ð . Si nce this is m exclusive chm ¤
R ( s ) i s a slow1y varyi ng functi on of energy - m quali ta -

nel , there is intezf erence betwØ½m the cont inuum and the tivel y it sham the M me featUEY©£f th is tem for Ì + Ì - 5 ¤

Ð( 2 S ) ampl itudes - Such inteEf emmee em be seen clear ly nal state . Af ter radiative cormctiOEh i t depends sem i´ ¯ ly

from the scan d the Ð ( 2 Ê , see Fig . 3 - h Fig -4 , the on the upper l i mi t of the integmuon x min Eq . ( 3 ) , i -e . ,
cmss sections or i ncl usive hadm ns and Ì + Ì - pai m am

on the experi mental cuts , but the fl ni te eneI¬y spIüad of
depi cted for compar ison . HeEü in the cal cul ation of radi - Lh Õ - col l ider hardly changes the meaSIZEüd val ue -

ative cormCHon , the upper l i mi t OE integ at ion x m in

Eq . ( 3 ) is taken to k ( 1 - 4 m p s ) , whi ch means d al , 3 C r Á s s sec t i o m o f t w o e x c l u si v e e l ec -

lowed phase space fOr mul t i -photon emi ssion i s integrated .

Ò 2e peak of Ì ÕÌ - CUIVe is shi th d more than É " d the

i nchm ve hadmnls , to 0 . 8 l MeV above the tJJ( 2 S ) nomi -

nal mass .

¤(1+ 8) ,p -
-

A² =ù ,
whemÂisddnedæ

P=Å (þ 41) ,

md
8=¦ +¨ (ý - Â)+F(32 É ) ,

2.2 One-photon continuum

In the exped mental ly measumd total cm s section ,

dm one-photon continuum tem has dib mnt h aul m from

dm m onance . For the 11+ j channel , thi s tem i s ex -

pmseed m the Bom order a8

¨ ,m(s)=́ ?! Ø
After radiative cormCHon , this tem depends sensiti vely on

the upper l i mit of the i nteÁ ation ² in Eq . ( 3 ) . At the

C . M . energy of the W 2 S ) mass , the radi aIi vely Ø rrect -

pr ocesses

× Ee generzd discussions in pmvious Beetion am ex-

tended to exclusive pmeesseg. For i l lustrative puµ osh

we discuss two pum eleetmmag zetic ones , which are sim -
h r to ev - ú õ 1 .

3 . 1 Rè £nance

h experiments , usual ly the bmnChing mtio i s mea-

stsmd by the events nun² er d eeztain eham el ( Nf ) di-

vided by the total number d the msonance events

( NÄ S} ) :

N, ü,Jgf = 7 4 - = ? £ - , ( 12)
¨ Ô2S} Ô' {ZS}

whem Òf is the measumd cmee section of the speciflc
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Fie . 3 . CoeÉ ibu´ ons d three p¤" ' to the cro-- -ec² £ò :

d¤¤bed line fw QED eoaÉ mum ( e c h doØ d h e k

m onance ( e m) z du b doeted lme h ta d m aee ( e t ) s

, olid k se foà total cro- - ¤¤e² £m ( eu ) .

~

Fig .4 . Czos- -eetions in the vieini ty d Ç( 2 S ) foz had ron

( a) and Ì - j ( b) Baal ¢ ¢ . Ç,e solid line with m

arrow ind cate- tbe peak poa tioa .

chm nel and ä 25} the totd pmdtacti on cmes met ion of

Ð( 2 S ) - W ith dµ Ð( 2 S ) pemmetem and e - e coll i der

enmw spEm d used i n pmÃ £" section , Ò" 2S} u equal t0

640 nb . m e decay Ð ( 2 S ) ú © £ is repod ed ÷ × a

branching mtio of ( 3 . 6 Ã 1 . 6 ¿ 0 . 6 ) Á 1OJ [ý ' the

other decay th( 2 S ) ú Tr i U mPOEt ed wiÉ a bmnChing

ratio d ¶ ð 5 ) Á 10 ¤' by DASpi m] , but a later ÓSUIt by

Bm is ( 8 .4 ¿ 3 .5 1 3 ) Á 10 4 [22] . M we cheek the od r

1) me maa±vdy eem eted eru-- .m om m 3.9 x 10¤' ú g z± , £-3 ¤ d 33 x 10¤' g z. = 0. 1.

2) U e maaUØ»y eom eted Ñ, .. .. d em m3.4 x 10¤' ab g h s @.3 ¤ 4 3.o x 10¤' mb g z. ¤ 0.1.
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inal references , these numbers act ual l y mean that the BES
m æ ø d emee met ion d e ¢ - ú d P ç Ð( 2 S ) mæ is 2

x 10 - 2 nb whi le º r e ¢ - ú i i it id x 10 - 3nb .

We noti ce that the obm w ed cm- s secti ons of these

fi nd states are 3 t0 4 0Eden d mag zi tude smal ler than the

total inelusi ve hadmn cmes secti on of the cont inuum pm-

em which - aceoþ 1g to Ref . [ 22 ] , is about 15 nb . So it

could be É ± a substantial pan of the exped mental ly mea-

SUEd ero- - section Þ mÊ from the continuum instead d

the 43( 2 S ) decay . 112eE¤ £" it i s essenUai Ø know the
pmdud o-z M e of Øqro and Ð¤ Ð- due to the conti nuum

pmee-- in OM er to get the com et branching ratioe of

Ð( 2 S ) decays to these mode- -

Here we e ve m esti mat ion d the po- -i bl e maÁ i -
tudes d e ¢ - ú y ¤ ú ý £ and e - e ú y ¤ ú ý Ð E by

CURead y avai Iable pbea£EEEenolog e- J models . 1¢ Æe two

pmeeù ù m calculated b7 their form h d oz¤ ,

~ ( s ) = ê - 1½ : . | É ( s ) 12 , ( 13 )

by thei r forzn factom ,

ê -1½1¤|É ¨-
-

Òm( s) = Å : . Jç l f - l u s) | 2. ( 14)

wbem p is the momentum d the ×nal pa 6elm - F .. ( s )
ad F m( s) m tlze form factom for © azzd õ Ð. . " .

, ee6vely . pheEmmen0104Heal model [10] e m

m M1F M ( s ) = F Ô, ( O ) p  F , ( 15 µ

( m ; - s ) ( M ; , - s )

÷ ×

F.. (0 ) = 2 .3 GeV- 1. ( 16)

At E, = 3 .686 GeV , it e ve- 3 .6 Á 10 ¤3nb a Born or-

der . It u almoa unchanged by mdia ive eon¤ction ¤
² . = 0 2 in Eq . ( 3) " .

For Ð- i , the vector dominance model ( VD M ) [n ]

e ve-

F 2 ¤¤( s ) = 1 L . ( 17 )

REF - s

At w n ) m a- - it g vè 3 . 2 Á 10 3nb a Bom Od er -

which h almoet unchamsed d er radiative correction E
z.. = 0 .2 2} .
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From above esti mat ions , we can see that possibly

-ome d the obeem d © £ and a larF h ytion d the ob¤

¤en ed ÐV - events at Ð ( 2 S ) pealE may Þ m fm m the

con6 nmuzz pmeese ina ead d the Ð( 2 S ) decay - It should

be noted that d igemnt models for the fom fad om e ve
veÇ digemnt mSUIts at the 43( 2 S ) mass mg on [Z3J , here

we onl y want to get a º el ing abou t the nBae zi tude d the

eontintzum eontd bution .

For Ð ( 3770 ) , the resonamee emss ,ect ion is onl y

around 8 nb , whereas the hadron cEWes section fmm the

conti nuum is about 13 nb . To detemm ze i ts branchi ng m-

tio d exclusive l ight hadm m , we must know the continu -

um cEWes section of them fl m l a a es .

From the foregoing di scussion , we know that the be-

havior d two ternm d the emes section Ê rather di a i ncÀve

ì ú the energy vam uon : the rè £nance changes mani -

festl y but the eonti mBEEnz pazt d moet i mpezw pti bi y . Ò 2e

Eª lati ve pmpom on d two tem d the cmes sect ion , ë ich

plays m imPOEt ant ml e in determi nati on of bmnchi ng m-

tio , could be mther dib m zt at diEemnt eneEEY¤

h actual exped ment , the beam energy could drih

away h om the pomuon d the maxi mum inclusi ve h¤dma

cmss seCHon during a considemble l£ng time m EMEing ,

which in tum leads to considemble var iation of mSOM EZce
croes seCHon . Tak ing Ì . Ì ' REEal state Ø m example , if

the eneEW dri fts upwazÉ or downWE ds fm m the Ð ( 2 S )

peak poei tion d the inclusive hazbm by 0 . 5 MeV , the
Ì - 1A- mØ nm ce cmss seetion changes from 4 .47 t0 4 2 o

nb , or equivalently the variat ion is about 6 % .

FUEt hernmre , for the pmü " wtwee conti nuum cmes

secti on i s comparable m th that d msonance , i ts inteder -

enÊ croes sect ion accounts for a considemble pan i n the

tou l em-- secti on . and varies vi olently in the vicinity of
tk peak posit i¶ . A lso for Ì ÕÌ - ÔEZal sta h iu inteEf er -

ence cm- s section changes fmm - 0 . 14 nb to - 0 . 96 0r

0 . 66 í , Eesped vel y , for the em rw dd h ed by 0 .5 MeV

lower or higher than the hadmn peak F m uon .

Combmina the vg muon d É e mson± Ece mEd the in-

teEf emm e, the maxi mum change d the msonance cro- -
section can mach 1 . l nb , or 25 % for Ì . Ì - channel .

1) M the ene" " a i¤¤bmt 0.2 MeV, ² umMaha--y me- ky 9 % eom -pead ndy.

ë é " í ë ± ± í (EEP& NP) Ú Ð ©

In other wod h i f we use the msul t fmm Ì . Ì - a nal state

Ø m appmxi mati on - 25 % uneeEtai nty sboul d be taken

into account i n the branehi ng ratio esHmat ion for the 0 . 5
MeV em w dria l } .

4 Other v US) decay modes

h pm× Ø s sect ions , we have discussed the pum

electm mae zeHc pmeesse- in Ð ( 2 S ) decays . Moet other

Ð( 2 S ) decay. , in which stmng interaCHon plays the lead -

iEEg ml e , also have continuum ampl i tude eontri bution i f
the Ð( 2 S ) i s pmduced i n e + e ' col l i sion . Al though the

ampl i tude may be smal ler . but for those m ppreseed chm -

ne18 , l ike V P and VT modes , the elect ronzag mtic decays

m d the eom m um em td but ion coul d play m important

role . For example , nà ttze upper l i mi t of Ð ( 2 S ) ú m

brm ching r¡ £ hm been pushed dom to 2 . 9 Á 10 - UZ] -

Under BES condit ion , th is means that the upper l i mi t d
the cmss section is 2 x 10 - 2 nb . The coupl ing of th i s

channel to vi m sal photon is m e thi d d Øqyo . Usi ng the

estimate of pmvious secti ons , iu continuum cEWes geCHon
c£" Id be 1.2 x 10 ¤' É ç Ð( 2 S ) . M we push dom hEE--

ther the upper l imi t of thi s decay , we need to take into

account the contribut i on fmm the continuum . 111is is also
tm e for the upper l imi t d Ð ( 2 S ) ú K - K . ( 892 ) ' +

c . c . . Another V P decay m í , Ð ( 2 S ) + K - o it o +

c . c . . has been meastm d to have a branching ratio d
( 0 .8 1 ¢ 0 . 24 ÷ 0 . 16 ) x 10 ¤Ø ] . Ä i s m ans É " BES

meaSUE- d croes section d thi s channel is 5 x 10 - 2nb ç Ð

( 2 S ) . 111eOE, t icall y , the coupl i ng of this channel to vi r -

tual pha oa is two thi rd, d Ed o , m the eeti m ted eomum -

um cm- a ,eet ion by the fom factom of Eq . ( 15 ) i8 3 . 2 x
10 ¤3nb . Ò 1i s has to be e£nsidered in hid E pmciSi on ex-

ped menu d the Ø mi ns generation accelerator m d spec-

tmm ter . li ke CLE0 ¤c MEd BES -- E -

h ozd er to know whether the ob¤ew ed m ppm¹ ion of

v p and VT modes in th ( 2 S ) decays m due to the ab¤

¤enee of Ê rong interaction aë l i tude , or the destm d i ve

intmf em ee between the electm mag zetic and the Mmng

u µ li tudes . or j ust m incidentd dea RECti w inteE4H ence

between these two and the conti nuum PEWeess i n our pE -

tieular exped nBent , we need to know their coupl i ng to vi r-



õ ½ È : e- e- µ é Ð Æ2Sµ¤¤ø ¨ ô ¬ ¥ ÇÚ 6 Ú õ ½ È z. ¤. ¤, , , , , SU FE B ù , - T m ¤ - » - û -

e ð M m e - ± o n e r ( Ð ( 3 7 7 0 ) )
t t µ Ð ( 3 7 7 0 ) p e a k . F O T m p t

tual phd on . bd oÊ' Ð( 3770 ) pea , tbe resoam ee em-- ea tiØ Ä 0 .8

5 E S¤ d o n o f n ´ ed ´ a ta ld n g M ¨  is nM ly m - h d i¬ Ð f f f : :
m te than 3 nb While the emes secuon o r conn-zUUEU VW

Ú 6Ú

t u a l p h o t o n .

5 E s t i m a t i o n o f n e e d e d d a t a t a k i n g a t

B E S

A s d i , c u s e e d i n p Ó v i ¶ s s e c t i o n s , m o r d e r t o n Ü , c t

t h e b m n C h i n g r a t i o e o f Ð ( 2 5 ) t o Ø Ø £ a n d Ð ¤ Ø 4 f m m e x -

p e r i m e n t a l d a t a , w e n e e d t h e c o u p l i n g o f t h e s e c h a n n e l s

t o a v i d u a l p h o t o n . ì 1i s c a n o , É b e d o n e b y t h e d i m e t

m a SEm m e n t d t h e i r p r o d u c t i o n e m - - s e c t m m n e a ä b u t

OH tJJ( 2 .S ) m o n m Ø ¤ n Ee M m i s t m e ¤ û 3 7 7 0 ) d e -

c a y i n g i n t o l i d Et h a d m m . T o s a t i e f y t h e n e e d d b o t h

Ð ( 2 S ) a n d Ð ( 3 7 7 0 ) p h y e i e s , t b e b e s t e n m w t o t a k e t h e

d a t a s h o u l d b e b e l o w Ð ( 2 S ) p e a k , t o r e x a m p l e , a t E ç

= 3 . 6 7 G e V . H e r- t w o f - d o m s h o u l d b e e OZu i d e re d : o n e

i s t h a t t h e d a t a - t a k i n g p o i n t s h o u l d n o t k t o o f g a w a y

f m m t h e p e a k p o e i t i o n , m É ± t h e c r o e s s e c t i o n o f t h e

c o n t i n u u m p m ï i s a l m o e t e q u a l t o t h a a t t h e p e d p o -

s i t i o n ; a n o t h e r f a c t o r i s t h a t t h e d a t a - t a k i n g p o i n t c o u l d

n Ø b e t Þ c l o s e t o t h e p e a k p o e i t i o n , m t h a t t h e m ¤ o -

n a m e c m è , e e t i o n i s SEn d m o u e z t o b e n e g l e c t e d . T a k -

i n g t h e i n c l u s i v e h a d m n f l n a l M a t e a s m e x a m p l e , ± E ±

= 3 . 6 7 G e V , t h e c m 88 8e CH o n v a n a t i o n d t h e c o n t i n u u m

p m e e e e

8 . 7 . =

Ò » ( E . = 3 . 6 7 G e V ) - 6 . ( E . = 3 . 6 8 6 G e V )

Ò h ( E . = 3 . 6 7 G e V )

× 1 . 0 5 % . ( 1 8 )

A t t h e " m e t i m e , t h e r ú £ d t h e EÊ £ n a n e e C E- - - e e U ¶

t o t h a o f t h e c o n t i n u u m p m £ " ¤

R(mméÐ
c o En1t" E"mEn2utu2tu2m E. .d ' m G" . v

( tò ¡¡¡Ã ..ø -7Ãúø 7Ã?ø?? +"? {ø? f???§ sýÙ² }·H -- .

l é 2 . 1m8 % . (Ô 1 9 )
. à 7 + »M. ü .±m F Ee-. . 3 6 7 G». v

Ç 1a t i s Ø s a y - a E . = 3 . 6 7 G e V , t h e v a zt a I i o n d t h e

c o n t i n u u m p m c e s s e m - - s e c 6 0 n m d t h e p m p o n i o n d t h e

Ó s o m m e e c m e s s e c t i o n × , b o t h f a i d y 8 m a l l .

A n o t h e r m a s o n t o t a k e t h e d a t a b e l o w × ( 2 S ) p e a k i s

t h a t Ð ( 2 S ) a n d W 3 7 7 0 ) a m t o o c l 0 9 e t o f l n d a s u i t a b l e

d a u - t a k i n g p o i n t b e t w e e n t h e m . O n o n e h m d . Ð ( 3 7 7 0 )

i s a w i d e m s o n a n c e , t h e r e s o n a n c e d e c t c a n e u m d f a r

b e y o n d t h e p e a k p o e i t i o n . O n t h e o t h e r h a n d , t h e e E e c t

f r o m t h e m d a t i v e t a i l o f tJJ( 2 S ) e m m a c h t h e U c i n i t y o f

Óñ » ý Ì Ä ± × ÖÔ

ØØre tha z 3 nb whil e tbe eE' " ' ecuÒa EOE UU EUHMUM F V

eeù i s about 13 nb . Ò 1at is M My , the radiative tai l d

Ð( 2 S ) is tÞ lu ge Ø be ned ected .

Fmadly , we d iem -s quanti taEi vely bow nmelz data am

needed .

( a ) 1TEe typ ical electmmaÁ et ie pm mÔÔ , l ike tJJ( 2 S )
- ' " á , m mù a m d Ø have a branchi ng m o d 3 Á 10 - ' ,

m ee the em s secti on by BEPCl BES ó Ð ( 2 5 ) psÔ ¿

640 Eú , that m ans the Ø7TOCEWes see" on m 2 x 1OJ nb .

So for evm pb - l ' " £bm n 20 pmdum d events .

H we use the fom factor i n Eq . ( 13 ) to estimate the
n w s section , a 3 .67GeV i t is 3 . 8 Á 10 ¤3 nb m É ~ =

0 . 2 m radi ati ve com et ion . H so , for eveÉ pb El , we ob -

tain 3 . 8 pmduced events .

( b ) Another pum electrom e Eeti c prom - - Ð( 2 S ) - '

Ø¤ Ð - i s measured to have a branching rati o of 8 x 10 ¤6 .

Þ E¤E¤- p£" di ng croes sect imE is about 5 x 10 - U zb . For ev-

eÇ pb - Ü we Obtain 5 pmduced evenù .

H we use the form factor i n Eq . ( 14 ) to ea i m te the
emes met i£" ' " 3 .67 GeV i t is 3 .3 Á 10 - 3nb wi th z .. =

0 . 2 m radi ati ve com e6 £" - M so , ¤ evm pb EÜ we ob -

tain 3 . 3 pmduced events .
( c ) e - t ú p r is one d the moet interest ing pm-

m m . Ea ch d dm thme EÐ states , po,ro , p Õ ,r ¤ .

p ¤ © get s 1/9 eontEt M Uon as tm o fmm pum one-photon

pmcess- So for eveÉ Pb - 1, we expect 6 . 7 pmduced

evm u ( ä ich is Om d the three h al states ) . For eon -
ti ntAUBI PEWeeè , for eveEY Pb - 1, we obtai n 1 . 3 pmduced

events .

Fmm the ú £ve Ø Uma es , the inteÁ Ø ed lumim ei ty

of the OE msonance data sample need to be the same OM er

d maÁ itude Ø m W 2 S ) resonance .

Td h L b  Ôú , . a " - e " " ¤¤ .

E,, nu numb-z 1 4 10 25 50

² Ã § h. . . d 1.3 5.3 E3 33 "
aa-66¤dd-7 ð. ð- 1.5 6. l E5 38 76

PR 3.¤ 15.4 38 96 1"

Aeeoedi ne Ø the a per iü " d BES dau tak ing , the
ä p ied i ntee - ted lum m a ty a Ð( 2 S ) i s about S nb - I per

RUN , average 25 RUNs cm h taken eveÇ day , or
equi valently 0 . 2 pb - t per day . As m est i mation , m ins



472

these expertment data and form h ctom - the Hme needed

tbr events numbem taken a the coat inuum d diHem zt

PEWeesses can h wozt ed out and am gi ven in Table 1 .

h order to oMadn Ó l iable si Á d , and taking both

a ati stied erm r and dau coilec60n ti me into eom ider-
atim , we Eücommend that ó least 1O pb - 1 data at d

Ð( 2 5 ) peak to be taken . Fmm the above e86 mates - it
gets h stati st ics to match the new sample ú out 20 pb - t

d 44 2 S ) taken by BES- E . It m l l m w e the puµ oee to

tak e into account the contr i bution fmm one-photon COM M -

uum in data analysi s .

6 Summary

h this paper - we di scussed extensi vely the pmper-

Refen ncm

1 BÊ CoAl-b . NUEl . In-t Meth . . 2 MB1. M a :6ò » À37 3 8ô Cel .

l¢ . NUE1. IÔÉ . Me² . . 1994 . " " =319 - 3345 BB Cen.b . ' E P

& NP, 1992 . " ( 9) 2769- 7õ ô Á m . u

( BES Ï ÷ é . ß Ü ï í ë ª " í , 19, 2. 26( 9 ) :769- 789 )

2 U 1. EZF Em entd b o, - -- m Cba mÔÉ " ¤ ¤nd u d u h ü £" ¿ ec¤m¤-

mp7. In: XVIIth Intemú £" l S7¤ po--tam m lap" ' × £" m Inter-ca

tions- Beij iÖ . China, 1Ð- 15 . AÛ »' 4. 1995

3 Franklin M E B et d . Phys . Rev . M t . , lõ 3 . 52 :963

4 BES Coll¤b . Phy- - Rev . M t . . " " , ò 21918- 1, 21

5 HOU Wd ¤ã " - sem A . Fh, , . Re' - h az. . I , m - ' 2569 3 Bmaa y s

J. EUd inef M . phy- - Re¤ . M . . " ' 7 . ' 8 246m z ch¤-eht,Ë " '
'Ibm× ist N A . Nucl . Phy- - , 19" , m u : 75 ; Pinsky s s . pby¤¤

M t . . 1990 . Bn 62479 5 b zi G. Rebï , w . Ph7¤. Iatt . . 1984 .

± " : 243; U X Q, BtÊ D V . m u B S. phy- - R¼ , 19¶ , Bes :

14215 Gerard J M . Weym 1. Ph" - M t . . 1999 . ¤¤a :324 5 Fel¤ ¤¤

m T , b oll P. phys. Rev. . 2° " ' mes s y4Þ 6

6 Õm ts F A . Re¤-nt × ( 2S ) . .a ¢ Re- du hom BB . Repoet a

ICE-En my2 . A- aeEdam- Houa d . Juty ze - 31. n xn

7 Romer j phy- - Rev . . 1999 . 0 ¤¤1074029 3 CEE N Yu-0 . Br- - em

Erie. Phys . Rev. latt . . l 99g . " :5060 - 5© 3

8 Bd m sd tS R M a a1. Phy¤. ² ' - h m. . 19¤6. " r2140 5 Adzew» a

d . Phy- - Re¤. Eau . . 19± . ¤ :893 CIZO - c Coud . CIm - e æd

CESR- e z A New F-M im d We-k m d sm Ö In4emd om¤- CIA S OI I

1742

, sumki M Pb, . . Rev . , ½m1. Ba ds -621
£ chemyê V - ev - coUiadon h m + ¤¤ HÕ. Td k Gavema É e Insem- -

mnd Wofh bop - MMch 1999 . ?40,£-tbm t®

1 Eu r- ev E A , h din V S. Sov . J . F41¤e1. Phy- - ¤ 19® , 42:4" - 4 ?2

2 AIta eIIi G . Mz h d i G . CERN - 6 02 ( 19¤6) 473 Nim -M 0 . ù ,mw

2

s

6

8

9

10

11

12

Ú ¶ íß ' È" í ë Ë ï í (EEP& NP)

t ies d the oh ew ed croes sec ti on M Óeonanee in e - e -

exped ment . We studied th msonm ee and the eleet o-

maÁ etic processes . We al so pointed out the possible un -

eeEtainty due to actual measuEmIBent ciEU Ema ssme . Ú Ee
electmmag zeti c f i nd states d uaÓo and Ð¤ Ð¤ aI¨, fmm two

PEWeesseu m e is Ð( 2 S ) decay and the other the conti nu -

um contri but ion . Using fonn fac tom . we found the contin -

uum eontd but ion is equivalent to the pÓviously reported

croes sect ions of the resonance decay . Ò1i s i ndieatm that

the actud bmnChing mti oe of thege eleetmmap mt ic decays
mid It be din-emnt fmm the present repost ed values .

h Od er to obtai n the com et msul ts d Ð( 2 S ) and
Ð( 3770 ) decay , we suggest that at least l O Pb - 1 data be

taken a the eonHnuum mg on ( E ± = 3 . 67 CeV ) .

tae»e L Phy- - Ia t . . 19ó7. BE' ®:55I

Bee- -- F A. BEEF f¤ G, F4ü " m W L Nucl . Phy- - ¤ 1998. BZVY:

¥ ' E NESSI . phy- - - 19± , ¤" ¤:921

T¤¤4Y S. g AÉ PU$ 3129. 19$3

. . " ' ² F A, G¤ u ¤ - R. Electomª metst Ia--mmom d Haú , . . .

13

148

IS

Vohm - 2 . New Yeek z ed ted b, A . Dor" - ehtm m d G. shaw- FEm -

m m b e-- , 1" '

BES Cenab . EE P & NP, 1995 . " ( 8} :673- « 85 ( in Á me-- ) z BES

Cotlab . phy- - Reó . . 1996 , £ " :20 - 34

( BES Ï ÷ é . ß ² " í ë Ë ä à , 1995 . E£ 8) :673- Û 85}

pu · eEe Da a G° UP¤ Eh F ¦ ,. k a d . phy- - Rev . . X´ 2 . B" :

Ola MB1.

Bemnds F A . Un- Sb-pe Z . In : CERN 89¤̧ , ed ted by G AlMId i -

R mm¤- , C . Vef- -, ,. .4

h - d F A . Rem" ' o a - - mmRe-uh h ¤ Bm . Rm -t a DPT 99 .

tJav- m ty d Cd -fw d. , h . AEª Ele- - Jun . 5- 19 . 1999

Brmdelik R et d . Z . Phys . . 1979 . C1:233

YE s w . Me. , . . . a m d su ä d Seve--J Deca' " a meAB d ×' " vp

m d PP EK Th ' - s. . 19¶ ( in u mm )
( ¶ ÷ ° . × ' Ä ¸ Ö VP Í PP £ ½ Ò ä â Ä â ¿ Í Ð ¿ . © ¿ Û

Ä , 19¶ . 1)

BES Cou- - P®, . . M . . 2 m . Ô ' : 24- 32

Aeh. . , , N N, kod Ø¤Ätko, A A . e - e ' COUi-é Ø À£" + ²0 114,. 'raAK

Given a Ée Intern-60aal Wodta op Mareh 1999 . Novo-tMrsk . he? phj

990432¹6

Gtj y s.FM ¤ Eµ ¤" - e¤¤a su d' " £ amE d -- F®7¤ 0. . , Be4j izzg

FAee¥, h am - c d udeö, Em: G in- B. . ae Sea m - - é m . 7- 17 ( in

Chine-e)

( Ã Ô ' . ± © ý º ç Ó Ô ² ú Ï Ä ¯ ä Ë ¼ ' ú í µ é Ð ¿ .

Ð ú ù ¡ Æ § . g m . 7- 17}

16

"

18

19

"

21

2
g

24



õ ½ È ze- i µ é Ð Ô 2S)¡ ø ¬ ª ¬ ¥ â Ó ù » ý Ì Ä ± ×" 6Ú

e+e- µ é Ð @(2S)Ü ø ¬ ø ¬ ¥ â Ó ù » ý Ì Ä ± ×

ª ª Ð ¿ Ë e- e¤ µ é Ð Õ(2S} Ü ø ¬ ¨ ¬ ¥ â Ó ª » ý Ì Ä Ø æÔ Û â Ü Ø æ Ä ± × . ë Ô Ç(2S) Ê ¿

¦ ± ' Í © i ½ ö Û â ´ ¬ , û Ã ¨ at £ Í À Æ Ë ¥ â Ó ª » ý Ì ± × Ä ó ¡ . Ö ö í ÷ , Ô Ú Ç(2S)ú

Ã £ Í Ð(2S)ú 7C i , Ô ° ä û ç Å ´ ¬ Ö § È Ä · ¨ , ¥ â Ó ª » ý Ì Ä ± × Ø ë Ï æ ¼ Ç . ¨ ý Ð ¿ ,

Ò Ç Ï ª Ô Ú BB µ é ´ µ , ª Ë ñ Ã ² ¨ ¬ ç Å © ¬ Ö § È Ä ý · á û , Á Ù ' ª Ú Í Ú Ð(2S) ² ¨ å Ä
Ü ¿ ã É ¯ 10pb- 1Ä ý Ý .

Øü Ê Ûâ Øæ ² é ¬ ¥ â Ó¿ » Ö§ È BESý Ý ñ ¡

2À2- 09 - 12 Õ å

¤ Ø Â Ô» Æ§ ù ð ( lm 1483) , Ð ú Æ§ º ¤ Ë Æ® { U-n )Ê ú

473

õ ½1 · ¤ ÷ 1 ì ü ¢ 1,2
1( Ð ú ô § º ß . . . . ¯ ' ± ÷ 1©" ' 9)

2 {Ð ú ß È Æ§ ¼õ ÐÄ ± ÷ lam.£)


