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tTo understand the dire
t J= + Xnon�
�
 produ
tion me
hanism in e+e� annihilation, in thiswork, we propose to measure the in
lusive J= plus light hadrons (LH) produ
tion at B-fa
toriesand present a detailed study on its QED produ
tion due to  (2S) feed-down, where the  (2S)are produ
ed in e+e� !  (2S) + 
 and e+e� !  (2S) + f �f; f = lepton; lightquark, and QED
ontribution to dire
t J= + q�q produ
tion with q = u; d; s quark. We �nd that the QED 
on-tribution is huge in the whole phase spa
e region, but 
an be redu
ed largely and is in the sameorder as the QCD 
ontribution when a suitable 
ut on the angel �J= between J= and the e+e�beam is made. In this way, the 
ross se
tion of J= + LH QCD produ
tion 
an be obtained bysubtra
ting the QED 
ontribution from the experimental measurement on in
lusive J= plus lighthadrons. To help to remove the QED ba
kground, we also 
al
ulate the angular and momentumdistribution of J= in the QED 
ontribution.PACS numbers: 12.38.Bx, 13.66.B
, 14.40.Pq
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I. INTRODUCTIONThe development of the non-relativisti
 QCD (NRQCD) e�e
tive �eld theory [1℄ providesa powerful tool to study the produ
tion and de
ay of heavy quarkonium states that are 
on-stituted by one heavy quark (Q) and one heavy anti-quark �Q. The virtual di�eren
e betweenNRQCD and the 
onventional 
olor-singlet model (CSM) is that it allows the 
ontributionof Q �Q state in the 
olor-o
tet (CO) 
on�guration at short-distan
e whi
h �nally evolves intoheavy mesons through emission of soft gluon(s) non-perturbatively. This is refereed as theCO me
hanism (COM). The role of the COM has been extensively studied in various highenergy environments, for reviews see Ref.[2℄.Among them, the J= produ
tion in e+e� annihilation at B-fa
tories (the Babar andBelle) have attra
ted 
onsiderable soli
itude in re
ent years. Experimentally, the 
ross se
-tion for in
lusive J= produ
tion was reported by the Babar [3℄ and Belle [4℄ 
ollaborationsin 2001. Belle 
ollaboration further divided the in
lusive J= produ
tion rate into twopie
es: (a) e+e� ! J= + 
�
 parta, (b) e+e� ! J= + Xnon�
�
 part, and measured themseparately [5, 6℄. The latest results reported by the Belle are [6℄�(e+e� ! J= +X) = 1:17� 0:02� 0:07pb; (1a)�(e+e� ! J= + 
�
 +X) = 0:74� 0:08+0:09�0:08pb; (1b)�(e+e� ! J= +Xnon�
�
) = 0:43� 0:09� 0:09pb: (1
)In the 
ase of J= + 
�
 produ
tion, where the the CO 
ontribution is found to be verysmall [9℄, there were large dis
repan
ies between Belle results and NRQCD predi
tions atleading order (LO) in �s and v [8{10℄, where v is the relative velo
ity between 
 and �
in the meson rest frame. These puzzles are now largely resolved after taking into a

ountthe next-to-leading order (NLO) QCD 
orre
tions [11, 12℄ and the relativisti
 
orre
tions[13℄. In 
ontrast, in the J= +Xnon�
�
 produ
tion 
ase, the 
ontribution of the CO e+e� !
�
(1S80 ; 3P 8J ) + g [14{17℄ pro
ess is expe
ted to be signi�
ant and even larger than thatof the CS e+e� ! 
�
(3S11) + gg pro
ess. At LO, the 
ross se
tions of the CO and CSpro
esses are predi
ted to be about 0:3 � 0:8pb and 0:2 � 0:3pb [8, 18℄, respe
tively.a Here the J= + 
�
 in
ludes both the ex
lusive double 
harmonium produ
tion pro
ess and the J= produ
tion pro
ess in asso
iation with 
harmed hadrons , and the 
ross se
tion for double 
harmoniumprodu
tion pro
ess was also reported by Babar 
ollaboration later [7℄.2



Re
ently, the k-fa
tor of their NLO QCD 
orre
tions were found to be about 1.3 [19, 20℄and 1.9 [21℄ 
orrespondingly, and what's more the relativisti
 
orre
tions 
an also enhan
ethe LO CS result by about 20% � 30% [22, 23℄. Then up to the NLO of �s and v2, the
ross se
tion of the CS 
ontribution itself 
an rea
h about 440 � 560fb [22℄. whi
h almostsaturate the Belle measurement and leave very little room for CO 
ontribution. So ine+e� ! J= + Xnon�
�
 pro
ess, there is a large 
on
i
t between NRQCD predi
tion andBelle 
urrent measurements. By setting the CS 
ontribution into zero, the upper limit ofthe CO matrix elements is obtained [21℄h0jO(1S80)j0iJ= + 4:0h0jO(3P 8J )j0iJ= =m2
 < (2:0� 0:6)� 10�2GeV3: (2)However, in some other pro
esses of J= produ
tion, the re
ent theoreti
al 
al
ulationsshown that the CO 
ontribution is important. For example, (a) for J= produ
tion fromZ de
ay, the CS result at QCD NLO [24℄, 
an only a

ount for one-half of the experi-mental data and the other half might be attributed to the CO 
ontribution; (b) for J= produ
tion in � de
ay, there is large gap between CS 
ontribution [25℄ and the experimentalresult; (
) for J= photoprodu
tion at HERA, the transverse momentum (pt) distributionand the polarization parameters of J= 
an not be well des
ribed by the CS 
hannel atQCD NLO alone as well [26, 27℄, and the NRQCD predi
tion that in
ludes both the COand CS 
ontributions 
an give a well des
ription of the J= pt distribution when the NLOQCD 
orre
tions are taken into a

ount [28℄; (d) for J= hadroprodu
tion, despite of thehuge NLO QCD 
orre
tions [29{31℄, the CS 
ontribution still 
an not explain the experi-mental measurements, and the role of the COM is signi�
ant [32{35℄. By �tting the J= hadroprodu
tion data with the 
omplete NRQCD results at QCD NLO, in
luding both theCS and CO 
ontributions, two di�erent sets of 
onstraint for the CO matrix elements areobtained, whi
h are h0jO(1S80)j0iJ= + 3:9h0jO(3P 8J )j0iJ= =m2
 = 7:4 � 10�2GeV3 [34℄, andh0jO(1S80)j0iJ= +3:9h0jO(3P 8J )j0iJ= =m2
 = 2:4�10�2GeV3 [35℄. Although these two resultsare not 
onsistent with ea
h other, both of them ex
eed the upper limit given in Eq.(2). Inparti
ular, the former one is three times larger than the limit in Eq.(2). These studies yieldalmost 
ompletely opposite 
on
lusion about how large the CO 
ontribution is, or in otherwords, how large the values of the CO matrix elements 
ould be.After 
omparing the results of the Babar and Belle with the theoreti
al 
al
ulation meti
-ulously, we �nd that there are some un
ertainties whi
h 
an potentially have large impa
t3



on the 
urrent 
on
lusion. One is that the Babar measurement on J= in
lusive produ
tion
ross se
tion [3℄ is about two times larger than that of Belle[6℄. If we subtra
t the mea-surement of the Belle �(J= + 
�
 + X) = 0:74pb, whi
h is well understood theoreti
ally,from Babar result, there will be enough room left for CO 
ontribution. One possible reasonfor the di�erent results of the Babar and Belle is that they use di�erent methods to sele
tthe data. Another un
ertainty is that,in the latest measurement of the Belle [6℄, they onlysele
t the event that in
ludes at least �ve 
harge tra
ks in the �nal states, and make no
orre
tions. This means that all events that in
lude zero or two 
harged light hadrons, su
has J= +m(�+��)+n�0 for (m = 0; 1;n = 0; 1; 2 : : :), are ex
luded. From the point view ofquark-hadron duality, Belles measurements do not in
lude the whole NRQCD predi
tions.It may has little in
uen
e on the measurement of �(e+e� ! J= +
�
) [6℄, but large in
uen
eon that of �(e+e� ! J= + Xnon�
�
) from the non-perturbative hadronization me
hanismof gluons. To redu
e the un
ertainties mentioned above and understand the J= +Xnon�
�
produ
tion me
hanism, we suggest to measure the 
ross se
tion of J= +light hadrons (LH)produ
tion by the Belle and Babar 
ollaborations with the same kinemati
 
riteria, whi
h
an be 
ompared with the theoreti
al predi
tion dire
tly.Besides the interesting 
onventional QCD 
ontribution, there are also large QED ba
k-grounds due to  (2S)! J= + ��b, where  (2S) is produ
ed in the initial state radiation(ISR) pro
ess e+e� !  (2S) + 
 and higher order QED pro
esses e+e� !  (2S) + f �f (f
an be lepton or light quark), and dire
t J= produ
tion in the e+e� ! 2
� ! J= + q�qpro
ess with q = u; d; s quark. To help to remove them, in this work, we will present adetailed study about the  (2S) and J= + q�q produ
tions in the QED pro
esses and theirin
uen
e on the J= + LH measurement.II. FRAMEWORK OF CALCULATIONFor the pro
ess of J= + �� produ
tion from  (2S) feed-down, the Feynman amplitudeM 
an be generally written as:M =M (2S)� (P2S)� �g�� + P�2SP �2SP 22SP 22S �M22S + i �M2S�M( (2S)!J= +��)� (3)b  (2S) 
an also de
ay into J= + �. However the bran
hing ratio is more 15 times smaller than the 2�
hannel, so we do not take it into a

ount in our 
al
ulation.4



whereM (2S)� (P2S) andM( (2S)!J= +��)� are the Feynman amplitudes for  (2S) produ
tionwith momentum P2S and  (2S) de
ay into J= + �� respe
tively, and � is the total de
aywidth of  (2S). Using narrow width approximationlim�!0 1(P 22S �M22S)2 +M22S�2 = �Æ(P 22S �M22S)M2S� ; (4)it is straightforward to obtain the expression for the 
orresponding 
ross se
tion whi
h isfa
torized as the produ
t of the 
ross se
tion of  (2S) produ
tion and the bran
hing fun
tionof  (2S)! J= + ��:� = 18s Z X jM (2S)j2 dLIPS1 � 12(2J + 1)M2S� Z X jM( (2S)!J= +��)j2 dLIPS2; (5)where LIPS1 is the phase spa
e of  (2S) produ
tion, LIPS2 is the phase spa
e of  (2S)de
ay into J= + ��, and J = 1 is the spin of  (2S).We use the e�e
tive Lagrangian that is 
onstru
ted in Ref.[39℄ to des
ribe  (2S) !J= + ��. The amplitude M( (2S)!J= +��) 
an be read dire
tly from the LagrangianM( (2S)!J= +�(p1)�(p2)) = � 4F 20 h �g2(m2�� � 2M2�) + g1(v � p1)(v � p2) + g3M2�����J= � � (2S) + g2(p1�p2� + p1�p2�)���J= �� (2S)i (6)where m2�� = (p1 + p2)2, M� is the mass of � meson, and v = (1;~0) in the rest frame of (2S). In their 
onvention, the � de
ay 
onstant F0 ' 93MeV . The 
oupling 
onstantg2 ' 0, be
ause it is strongly suppressed by the 
hiral symmetry breaking s
ale over m
. By�tting the distributions of m�� and 
os ���, whi
h is the angel between J= and �+ in therest frame of  (2S), in the de
ay of  (2S)! J= +�+��, the BES Collaboration obtainedtwo set results for g1g and g3g [40℄. Together with Br( (2S) ! J= + �+��) = 33:6% [41℄,they then obtained that
 g = 0:322; g1g = �0:49; g3g = 0:54; (7)or g = 0:319; g1g = �0:347; g3 = 0: (8)For the pro
esses 
onsidered, M( (2S)!J= +��) is 
ommon, so we essentially only need to
ompute M2S. In the non-relativisti
 limit, for the QED pro
ess of e+e� !  (2S) +X the
 These parameters 
an also well reprodu
e the de
ay width of  (2S)! J= + �0�0.5
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(c) (d)FIG. 1: The typi
al diagrams des
ribing the  (2S) feed-down ba
kground.fa
torization formula in CSM and NRQCD are equivalent, and the amplitude M (2S) 
anbe written as:M (2S) =pC2S Xs1;s2Xi;j hs1; s2j1 Szih3i; �3jj1iM(e+e� ! 
i(P2S2 ; s1)+ �
j(P2S2 ; s2)+X) (9)where M is the standard Feynman amplitude for e+e� ! 
i(P2S2 ; s1) + �
j(P2S2 ; s2) + X,h3i; �3jj1i = 1=pN
 and hs1; s2j1 Szi are the SU(3)-
olor and SU(2)-spin Clebs
h-Gordan
oeÆ
ients for 
�
 proje
ting on the CS spin-triplet S-wave state. The proje
tion of Dira
spinors 
an be re-expressed as:Xs1;s2hs1; s2j1 Sziv(P2S2 ; s2)�u(P2S2 ; s1) = 12p2=��(Sz)(P2S +M2S): (10)C2S 
an be related to the  (2S) wave fun
tion at origin by C2S = 14� jR2S(0)j. And jR2S(0)j
an be obtained from potential model 
al
ulation or 
an be determined from  (2S) de
ayinto e+e� with �( (2S)! e+e�) = 16�2jR2S(0)j29M22S (11)III. THE FEED-DOWN BACKGROUND FROM e+e� !  (2S) + 
The typi
al Feynman diagrams for the ISR pro
ess e+e� !  (2S) + 
 followed by (2S) ! J= + �� are shown in Fig.(1a). Using the formula introdu
ed in Eq.(5-8), we
6




ompute jM(e+e� !  (2S) + 
)j2 analyti
ally and obtainjM(e+e� !  (2S) + 
)j2 = 96e2
(4��)3C2Ss r (�1 + r + (�1 + r) (�1 + 4 re) x22)2�� 1� 2 r � r2�8 re + 16 r re + 32 r2e � 4 (r + 2 re) (�1 + 4 re) x22 + (�1 + r)2 (1� 4 re)2 x42� (12)where e
 = 23 , r = M22Ss , re = M2es , x2 = 
os(� (2S)) and � (2S) is the angel between  (2S)and the e+e� beam. In the limit of re = 0, Eq.(12) 
an be simpli�ed as:jM(e+e� !  (2S) + 
)j2 = 96e2
(4��)3C2Ss �1r � 2(1 + r2)r(1� r)2(1� x22)�: (13)Setting M2S = 3:686GeV, me = 0:51MeV, � = 1137 , and using �( (2S) ! e+e�) =4:30keV, we get �(e+e� !  (2S) + 
) = 13:22pb: (14)And the feed-down produ
tion�(e+e� !  (2S) + 
)� Br( (2S)! J= + ��) = 6:79pb; (15)whi
h, as expe
ted, is huge. This is be
ause in the limit of me ! 0, there will be 
ollinearsingularities in jM(e+e� !  (2S) + 
)j2 in Eq.(13) at x2 = �1 points. The angulardistribution d�(e+e�! (2S)+
)dx2 is shown in Fig.[2℄. It 
an be found from Fig.[2℄ that thedi�erential 
ross se
tion drops down very fast when  (2S) goes o� the beam line a little.If we make a 
ut on x2, i.e the angle � (2S), the 
ross se
tion will be redu
ed largely. The
ross se
tions in di�erent 
ut 
onditions are given below:�(e+e� !  (2S) + 
)� Br( (2S)! J= + ��)��� �18<� (2S)< 17�18 = 1:48pb; (16a)�(e+e� !  (2S) + 
)� Br( (2S)! J= + ��)����9<� (2S)< 8�9 = 0:99pb; (16b)�(e+e� !  (2S) + 
)� Br( (2S)! J= + ��)����6<� (2S)< 5�6 = 0:71pb: (16
)Let p��J= denotes the four-momentum of J= in the rest frame of  (2S), then j~p�J= j=E�J= ,the three-velo
ity of J= , ranges from 0 to 0.15, whi
h is mu
h smaller than that of  (2S)in the 
enter of mass frame (CMF) of e+e� 
ollision, whi
h is about 0.78. So the angulardistribution of J= 
an be obtained approximately by setting � (2S) = �J= , where �J= is theangel between J= and the e+e� beam. However, su
h an approximation may not be goodenough here, be
ause the 
ross se
tion of J= + �� produ
ed from the feed-down of  (2S)7
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ess e+e� !  (2S) + 
, where x2 =
os(� (2S)), and � (2S) is the angular between  (2S) and the e+e� beam.ISR pro
ess (Eq.(15)) is more than 10 times larger than that of the CS QCD pro
ess[22℄, anda tiny di�eren
e may potentially result in a 
onsiderable e�e
t. In this work, we 
al
ulatedit dire
tly. In the CMF, x02 = 
os(�J= ), 
an be expressed as:x02 = k1 � p0J= jk1jjp0J= j ; p0J= = Lp�J= (17)where k1 is the four-momentum of e+, L is the Lorentz transformation from  (2s) rest frameto the CMF. p0J= is the J= four-momentum in the CMF. To do the 
al
ulation, the formulafor the de
ay  (2s) ! J= + �� and  (2s) produ
tion are pla
ed in the numeri
al phasespa
e integration program generated by using the Feynman Diagram Cal
ulation (FDC)pa
kage [42℄, in whi
h the Lorentz transformation and the 
ut 
onditions are employed inthe numeri
al 
al
ulation. The de
ay  (2s)! J= + �� is 
al
ulated by using Eq.(6) withM�+ = M�� = 140MeV and M�0 = 135MeV. When parameter set in Eq.(7) are used, the
ross se
tions in di�erent 
ut 
onditions are�(e+e� ! (J= + ��) (2S) + 
)��� �18<�J= < 17�18 = 1:51pb; (18a)�(e+e� ! (J= + ��) (2S) + 
)����9<�J= < 8�9 = 0:99pb; (18b)�(e+e� ! (J= + ��) (2S) + 
)����6<�J= < 5�6 = 0:71pb: (18
)8



Alternatively, if we 
hoose the parameter set in Eq.(8), the 
orresponding 
ross se
tionsbe
ome: �(e+e� ! (J= + ��) (2S) + 
)��� �18<�J= < 17�18 = 1:52pb; (19a)�(e+e� ! (J= + ��) (2S) + 
)����9<�J= < 8�9 = 1:00pb; (19b)�(e+e� ! (J= + ��) (2S) + 
)����6<�J= < 5�6 = 0:71pb: (19
)The numeri
al results in Eq.(16,18,19) show that for J= + �� produ
tion from the ISR (2S) feed-down pro
ess the approximationd�(e+e� ! (J= + ��) (2S) + 
)d 
os(�J= ) = d�(e+e� !  (2S) + 
)� Br( (2S)! J= + ��)d 
os(� (2S)) (20)holds very well in the range of �=9 < �J= < 8�=9 at ps = 10:6 GeV, and the J= angular distribution is almost not dependent on the details about how  (2S) de
ays intoJ= +��. Hen
e the angular distribution of J= 
an be safely obtained by using the angulardistribution of  (2S) in the interval �=9 < �J= < 8�=9 with an additional renormalizationfa
tor of bran
hing ratio of  (2S)! J= + ��.Be
ause the energy di�eren
e between  (2S) and J= is at the same order as the energyof the soft gluon emitted from the CO 
�
(3P 8J ;1 S80) states [1℄, whi
h is of m
v2 order, there isa large overlap between the kinemati
 region of the J= 
oming from ISR  (2S) feed-downand that of the J= produ
ed in the CO pro
ess. To measure the CO J= produ
tion, itis helpful to know the momentum distribution of J= produ
tion in the feed-down fromthe ISR  (2S) pro
ess. We 
al
ulate it numeri
ally with di�erent 
ut 
onditions of �J= by using the two set of parameters in Eq.(7,8), and the results are given in Fig.[3(a)-3(d)℄.The results in Fig.[3(a)-3(d)℄ show that similar to the angular distribution, the momentumspe
tra give almost same results for those two di�erent parameter sets. Hen
e for simpli
ity,we only 
hoose the parameter set in Eq.(7) in the following 
al
ulations.IV. BACKGROUND FROM HIGHER QED PROCESSESIn dire
t J= produ
tion, the ba
kground 
oming from higher QED pro
esses e+e� !J= + f + �f is also 
onsiderable [38℄, where f 
an be lepton or light quark, and thereforethe feed-down ba
kground from e+e� !  (2S)+ f + �f 
an not be ignored too. The typi
al9
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ess indi�erent 
ut 
ondition of �J= by using two di�erent sets of parameters in Eq.(7) (solid line) andEq.(8) (dashed line) to des
ribe  (2S)! J= + ��.Feynman diagrams for f 6= e are shown in Fig.(1b) and Fig.(1d). When f = e, there areadditional t-
hannel diagrams, the typi
al one of whi
h is shown in Fig.(1
). Be
ause of thist-
hannel enhan
ement, the 
ross se
tion for f = e is expe
ted to be mu
h larger than f 6= e
ase. We will dis
uss f = e and f 6= e 
ases separately in the subse
tions. At this order, inaddition to the  (2S) feed-down, there is also sizable QED 
ontribution from dire
t J= +q�qprodu
tion with q = u; d; s quark, about whi
h we will dis
uss in subse
tion C.
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A. The Feed-Down Ba
kground From e+e� !  (2S) + e+e�A

ording to the intera
tion type of the initial e+e�, we divide the e+e� !  (2S) +e+e� pro
ess into three part: the t-
hannel part (Fig.(1
)), the two-photon 
hannel part(Fig.(1b)), and the s-
hannel part (Fig.(1d)). It is easy to 
he
k that the Feynman amplitudefor ea
h part itself is gauge invariant. Compared to 
ross se
tion �T for the t-
hannel part,the 
ross se
tions for the two-photon part �TP and the s-
hannel part �S are suppressed bythe fa
tors M2 (2S)s , and M2 (2S)s ln�2( s4M2e ) respe
tively, whi
h are about 10�1 and 10�4 ordersa

ordingly at ps = 10:6GeV. Choosing the same values for the parameters as in the ISRpro
ess, we obtained �T(e+e� ! (J= + ��) (2S) + e+e�) = 0:50 pb; (21a)�TP(e+e� ! (J= + ��) (2S) + e+e�) = 4:8� 10�2 pb; (21b)�S(e+e� ! (J= + ��) (2S) + e+e�) = 8:5� 10�4 pb: (21
)whi
h are 
onsistent with the qualitative estimation. The 
ontribution of the s-
hannel partis only � 1 fb order, whi
h is about three times order less that the t-
hannel 
ontribution,so we drop it in the later analysis.If we make the same 
ut on the �J= , �T and �TP both drop down largely too:�T(TP)(e+e� ! (J= + ��) (2S) + e+e�)��� �18<�J= < 17�18 = 0:11(0:019)pb; (22a)�T(TP)(e+e� ! (J= + ��) (2S) + e+e�)����9<�J= < 8�9 = 0:059(0:013)pb; (22b)�T(TP)(e+e� ! (J= + ��) (2S) + e+e�)����6<�J= < 5�6 = 0:039(0:010)pb: (22
)The angular distribution of  (2S) in the t- and two-photon 
hannel parts are shown inFig.[4℄. We �nd that in �=9 < �J= < 8�=9 region the angular distribution of the J= produ
tion from feed-down 
an be obtained by using that of  (2S) as well with an additionalrenormalization fa
tor of Br( (2S)! J= +��). Unlike the ISR pro
ess, pJ= ranges from0 to 4:7 GeV, and the momentum spe
tra of J= for the the t- and two-photon 
hannelparts are shown in Fig.[5℄.We also 
al
ulate the interferen
e between the t-
hannel part and the two-photon partand �nd it is very small. The 
ross se
tion of the interferen
e part for (J= +��) (2S)+e+e�)11
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ed through t-
hannel (a), and two-photon
hannel (b) in the e+e� !  (2S)+e+e� pro
ess, where x2 = 
os(� (2S)), and � (2S) is the angularbetween  (2S) and the e+e� beam.is about �20fb in the whole phase spa
e region. After in
luding the interferen
e part, thetotal 
ross se
tion in di�erent 
ut 
onditions of �(J= ) are�(e+e� ! (J= + ��) (2S) + e+e�)��� �18<�J= < 17�18 = 0:12pb; (23a)�(e+e� ! (J= + ��) (2S) + e+e�)����9<�J= < 8�9 = 0:070pb; (23b)�(e+e� ! (J= + ��) (2S) + e+e�)����6<�J= < 5�6 = 0:047pb: (23
)The angular distribution of  (2S) and momentum distribution of J= for the whole pro-
ess 
an be approximately obtained by adding the t- and two-photon 
hannel 
ontributiontogether respe
tively, be
ause the interferen
e e�e
t is very small.B. The Feed-Down Ba
kground From e+e� !  (2S) + f �f (f 6= e)The pro
ess e+e� !  (2S) + f �f (f 6= e) has been fully studied in Ref.[43℄. We also
ompute it independently and obtain 
onsistent results:Xf=�;�;u;d;s�(e+e� ! (J= + ��) (2S) + f �f) = 0:026pb: (24)12
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pJ/  (GeV)(b)FIG. 5: The momentum distribution of J= produ
ed through the t-
hannel (a) and two-photon
hannel(b) in the e+e� !  (2S) + e+e� pro
ess.If we make the same 
ut on the �J= , the 
ross se
tion be
omes:Xf=�;�;u;d;s�(e+e� ! (J= + ��) (2S) + f �f)��� �18<�J= < 17�18 = 0:020pb; (25a)Xf=�;�;u;d;s�(e+e� ! (J= + ��) (2S) + f �f)����9<�J= < 8�9 = 0:015pb; (25b)Xf=�;�;u;d;s�(e+e� ! (J= + ��) (2S) + f �f)����6<�J= < 5�6 = 0:011pb: (25
)The 
ross se
tions in di�erent 
ut regions are within only about 0:020pb, whi
h are about4 ' 6 times less than those in the e+e� !  (2S) + e+e� pro
ess, so small that we will notpresent further analysis here, and re
ommend Ref.[43℄ for more detailed results.C. The Ba
kground From e+e� ! J= + q�qThe Feynman diagrams for the e+e� ! J= + q�q pro
ess are similar to those for e+e� ! (2S)+ q�q pro
ess. Sin
e in the  (2S) produ
tion pro
ess the 
ontribution of the s-
hanneldiagrams 
an be ignored, for the same reason, we will not 
onsider it here too. The 
rossse
tion of the e+e� ! J= + q�q has been 
al
ulated in Ref.[43℄, whi
h is also 
onsiderable.Using the method introdu
ed in Ref[43℄, we 
al
ulate the 
ross se
tion with di�erent 
ut
13
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hoi
e of the parameters andthe amount of data samples used in the R-value 
urve [41℄.V. DISCUSSIONS AND CONCLUSIONSSumming up the feed-down 
ontribution from the ISR and f �f pro
esses and the 
ontri-bution of dire
t J= + q�q produ
tion, the total QED ba
kground 
ross se
tion are about�QED(e+e� ! J= + LH) = 7:46pb; (27)whi
h is more than one order of magnitude larger than the 
ross se
tion of the 
onventionalQCD produ
tion e+e� ! J= + LH [8, 19{21℄. Su
h huge ba
kground make it diÆ
ult to14



measure the QCD 
ontribution in the whole phase spa
e region. However, the ba
kgroundin the o� beam region will drop down deeply. The 
ross se
tion of the QED ba
kground indi�erent 
ut regions are:�QED(e+e� ! J= + LH)��� �18<�J= < 17�18 = 1:73pb; (28a)�QED(e+e� ! J= + LH)����9<�J= < 8�9 = 1:14pb; (28b)�QED(e+e� ! J= + LH)����6<�J= < 5�6 = 0:81pb: (28
)In NRQCD, the 
onventional J= + LH produ
tion in
ludes the both the CS and theCO 
ontribution. For the CS pro
ess e+e� ! J= + gg, both the NLO QCD 
orre
tions[19℄and relativisti
 
orre
tions[22, 23℄ have been 
al
ulated. The 
ross se
tion is found to be0:4 � 0:7 pb at NLO in �s and v2
 [19, 20, 22℄. The NLO QCD 
orre
tions to the CO
ontribution have also been obtained [21℄. If we 
hoose h0jO(1S80)j0iJ= = (3:04 � 0:35) �10�2GeV3; h0jO(3P8J)j0iJ= = (�9:08 � 1:61) � 10�3GeV5, whi
h are obtained by a global�tting of J= produ
tion data[44℄, the 
ross se
tion of the CO 
ontribution at �s NLO willbe about 0:3pb at � = 2m
; �s(�) = 0:245. Then the total NRQCD predi
tion for the
onventional J= +LH produ
tion will be about 0:7 � 1:0pb. Unlike the QED ba
kground,the 
ut on �J= , for example �=9 < �J= < 8�=9, will only have a minor in
uen
e on the
onventional QCD 
ross se
tion �QCD, be
ause both the CS and CO 
ontribution do notdepend strongly on �J= [14, 20℄. Therefore, we 
on
lude that in a suitable 
ut 
onditionof �J= , the 
ross se
tion of the 
onventional QCD pro
ess 
an be in the same order asthe ba
kground 
ross se
tion. Furthermore, the results in [21℄ shown that CO 
ontributionmainly assemble in the kinemati
 end point region, while the CS 
ontribution is distributedin the whole region of 0 < pJ= < 4:85GeV, so to study the CO 
ontribution, it 
an befurther required pJ= > 3GeV in the measurement. Su
h a requirement will redu
ed theCS 
ontribution by about 50%, but has little a�e
t on the CO and the QED ba
kground
ontribution. In our 
al
ulation, we determine the e�e
tive verti
es of  (2S)
�, J= 
� and (2S)! J= + �� by �tting the experimental data and using the R-value to represent thee�e
tive vertex of 
�q�q in the 
al
ulation of e+e� ! J= ( (2S)) + q�q 
ross se
tion, thisindi
ates that all the possible important higher QCD 
orre
tion e�e
ts to the ba
kgroundare in
luded automati
ally, whi
h makes the un
ertainties of our result very small. Basedon the above analysis, we think further measurement of the J= + LH produ
tion with a15



suitable 
ut 
ondition of �J= and pJ= will be helpful to understand the role of the CO
ontribution to the J= produ
tion me
hanism in e+e� annihilation.Re
ently the 
omplete NLO QCD 
orre
tion to the polarization of J= hadroprodu
tionwere obtained by two groups [45, 46℄. Due to their di�erent ways of �tting the CO matrixelements, they got 
ompletely di�erent 
on
lusions. After taking into a

ount the feed-down
ontribution of �
J and  (2S) states [47℄, the authors found that there is no solution to �tthe pt distribution of the 
ross se
tion and J= polarization measured by CDF 
ollaborationsimultaneously. Understanding the J= produ
tion at B-fa
tories 
an also help to resolvethe polarization problem of J= hadroprodu
tion.In summary, we study the dominant ba
kground sour
es of J= + LH produ
tion ine+e� annihilation, whi
h in
lude the ISR pro
ess e+e� !  (2S) + 
 and higher QEDpro
ess e+e� !  (2S) + f �f , where f 
an be lepton or light quark, as well as the dire
te+e� ! J= + q�q pro
ess with q = u; d; s quark. We �nd that the 
ross se
tion of theba
kground pro
ess is very large in the whole phase spa
e region. If we make a 
ut on theangle between J= and e+e� beam, the 
ross se
tion of the QED pro
esses will redu
edlargely and be
ome 
omparable to the 
ross se
tion of the 
onventional QCD pro
ess. Thisindi
ates it is possible to measure the 
ross se
tion of J= + LH from 
onventional QCDprodu
tion at B-fa
tories.A
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