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DESY 13-009The QED ontribution to J= plus light hadrons prodution atB-fatoriesZhi-Guo He1 and Jian-Xiong Wang21 II. Institut f�ur Theoretishe Physik, Universit�at Hamburg,Luruper Chaussee 149, 22761 Hamburg, Germany2Institute of High Energy Physis, Chinese Aademy of Siene,P.O. Box 918(4), Beijing, 100049, China.Theoretial Physis Center for Siene Failities,(CAS) Beijing, 100049, China.(Dated: January 21, 2013)AbstratTo understand the diret J= + Xnon�� prodution mehanism in e+e� annihilation, in thiswork, we propose to measure the inlusive J= plus light hadrons (LH) prodution at B-fatoriesand present a detailed study on its QED prodution due to  (2S) feed-down, where the  (2S)are produed in e+e� !  (2S) +  and e+e� !  (2S) + f �f; f = lepton; lightquark, and QEDontribution to diret J= + q�q prodution with q = u; d; s quark. We �nd that the QED on-tribution is huge in the whole phase spae region, but an be redued 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 setion of J= + LH QCD prodution an be obtained bysubtrating the QED ontribution from the experimental measurement on inlusive J= plus lighthadrons. To help to remove the QED bakground, we also alulate the angular and momentumdistribution of J= in the QED ontribution.PACS numbers: 12.38.Bx, 13.66.B, 14.40.Pq

1

http://arxiv.org/abs/1301.4455v1


I. INTRODUCTIONThe development of the non-relativisti QCD (NRQCD) e�etive �eld theory [1℄ providesa powerful tool to study the prodution and deay of heavy quarkonium states that are on-stituted by one heavy quark (Q) and one heavy anti-quark �Q. The virtual di�erene betweenNRQCD and the onventional olor-singlet model (CSM) is that it allows the ontributionof Q �Q state in the olor-otet (CO) on�guration at short-distane whih �nally evolves intoheavy mesons through emission of soft gluon(s) non-perturbatively. This is refereed as theCO mehanism (COM). The role of the COM has been extensively studied in various highenergy environments, for reviews see Ref.[2℄.Among them, the J= prodution in e+e� annihilation at B-fatories (the Babar andBelle) have attrated onsiderable soliitude in reent years. Experimentally, the ross se-tion for inlusive J= prodution was reported by the Babar [3℄ and Belle [4℄ ollaborationsin 2001. Belle ollaboration further divided the inlusive J= prodution rate into twopiees: (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= + � prodution, where the the CO ontribution is found to be verysmall [9℄, there were large disrepanies between Belle results and NRQCD preditions atleading order (LO) in �s and v [8{10℄, where v is the relative veloity between  and �in the meson rest frame. These puzzles are now largely resolved after taking into aountthe next-to-leading order (NLO) QCD orretions [11, 12℄ and the relativisti orretions[13℄. In ontrast, in the J= +Xnon�� prodution ase, the ontribution of the CO e+e� !�(1S80 ; 3P 8J ) + g [14{17℄ proess is expeted to be signi�ant and even larger than thatof the CS e+e� ! �(3S11) + gg proess. At LO, the ross setions of the CO and CSproesses are predited to be about 0:3 � 0:8pb and 0:2 � 0:3pb [8, 18℄, respetively.a Here the J= + � inludes both the exlusive double harmonium prodution proess and the J= prodution proess in assoiation with harmed hadrons , and the ross setion for double harmoniumprodution proess was also reported by Babar ollaboration later [7℄.2



Reently, the k-fator of their NLO QCD orretions were found to be about 1.3 [19, 20℄and 1.9 [21℄ orrespondingly, and what's more the relativisti orretions an also enhanethe LO CS result by about 20% � 30% [22, 23℄. Then up to the NLO of �s and v2, theross setion of the CS ontribution itself an reah about 440 � 560fb [22℄. whih almostsaturate the Belle measurement and leave very little room for CO ontribution. So ine+e� ! J= + Xnon�� proess, there is a large onit between NRQCD predition 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 proesses of J= prodution, the reent theoretial alulationsshown that the CO ontribution is important. For example, (a) for J= prodution fromZ deay, the CS result at QCD NLO [24℄, an only aount for one-half of the experi-mental data and the other half might be attributed to the CO ontribution; (b) for J= prodution in � deay, there is large gap between CS ontribution [25℄ and the experimentalresult; () for J= photoprodution at HERA, the transverse momentum (pt) distributionand the polarization parameters of J= an not be well desribed by the CS hannel atQCD NLO alone as well [26, 27℄, and the NRQCD predition that inludes both the COand CS ontributions an give a well desription of the J= pt distribution when the NLOQCD orretions are taken into aount [28℄; (d) for J= hadroprodution, despite of thehuge NLO QCD orretions [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= hadroprodution data with the omplete NRQCD results at QCD NLO, inluding both theCS and CO ontributions, two di�erent sets of onstraint for the CO matrix elements areobtained, whih 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 eah other, both of them exeed the upper limit given in Eq.(2). Inpartiular, the former one is three times larger than the limit in Eq.(2). These studies yieldalmost ompletely opposite onlusion 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 theoretial alulation meti-ulously, we �nd that there are some unertainties whih an potentially have large impat3



on the urrent onlusion. One is that the Babar measurement on J= inlusive produtionross setion [3℄ is about two times larger than that of Belle[6℄. If we subtrat the mea-surement of the Belle �(J= + � + X) = 0:74pb, whih is well understood theoretially,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 seletthe data. Another unertainty is that,in the latest measurement of the Belle [6℄, they onlyselet the event that inludes at least �ve harge traks in the �nal states, and make noorretions. This means that all events that inlude zero or two harged light hadrons, suhas J= +m(�+��)+n�0 for (m = 0; 1;n = 0; 1; 2 : : :), are exluded. From the point view ofquark-hadron duality, Belles measurements do not inlude the whole NRQCD preditions.It may has little inuene on the measurement of �(e+e� ! J= +�) [6℄, but large inueneon that of �(e+e� ! J= + Xnon��) from the non-perturbative hadronization mehanismof gluons. To redue the unertainties mentioned above and understand the J= +Xnon��prodution mehanism, we suggest to measure the ross setion of J= +light hadrons (LH)prodution by the Belle and Babar ollaborations with the same kinemati riteria, whihan be ompared with the theoretial predition diretly.Besides the interesting onventional QCD ontribution, there are also large QED bak-grounds due to  (2S)! J= + ��b, where  (2S) is produed in the initial state radiation(ISR) proess e+e� !  (2S) +  and higher order QED proesses e+e� !  (2S) + f �f (fan be lepton or light quark), and diret J= prodution in the e+e� ! 2� ! J= + q�qproess 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 produtions in the QED proesses and theirinuene on the J= + LH measurement.II. FRAMEWORK OF CALCULATIONFor the proess of J= + �� prodution 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 deay into J= + �. However the branhing ratio is more 15 times smaller than the 2�hannel, so we do not take it into aount in our alulation.4



whereM (2S)� (P2S) andM( (2S)!J= +��)� are the Feynman amplitudes for  (2S) produtionwith momentum P2S and  (2S) deay into J= + �� respetively, and � is the total deaywidth 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 setion whih isfatorized as the produt of the ross setion of  (2S) prodution and the branhing funtionof  (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 spae of  (2S) prodution, LIPS2 is the phase spae of  (2S)deay into J= + ��, and J = 1 is the spin of  (2S).We use the e�etive Lagrangian that is onstruted in Ref.[39℄ to desribe  (2S) !J= + ��. The amplitude M( (2S)!J= +��) an be read diretly 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 � deay onstant F0 ' 93MeV . The oupling onstantg2 ' 0, beause it is strongly suppressed by the hiral symmetry breaking sale over m. By�tting the distributions of m�� and os ���, whih is the angel between J= and �+ in therest frame of  (2S), in the deay 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 proesses onsidered, M( (2S)!J= +��) is ommon, so we essentially only need toompute M2S. In the non-relativisti limit, for the QED proess of e+e� !  (2S) +X the These parameters an also well reprodue the deay width of  (2S)! J= + �0�0.5
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ompute jM(e+e� !  (2S) + )j2 analytially 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 prodution�(e+e� !  (2S) + )� Br( (2S)! J= + ��) = 6:79pb; (15)whih, as expeted, is huge. This is beause 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 setion 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 setion will be redued largely. Theross setions 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-veloity of J= , ranges from 0 to 0.15, whih is muh smaller than that of  (2S)in the enter of mass frame (CMF) of e+e� ollision, whih 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, suh an approximation may not be goodenough here, beause the ross setion of J= + �� produed from the feed-down of  (2S)7
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Alternatively, if we hoose the parameter set in Eq.(8), the orresponding ross setionsbeome: �(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 numerial results in Eq.(16,18,19) show that for J= + �� prodution from the ISR (2S) feed-down proess 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) deays intoJ= +��. Hene 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 renormalizationfator of branhing ratio of  (2S)! J= + ��.Beause the energy di�erene 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℄, whih is of mv2 order, there isa large overlap between the kinemati region of the J= oming from ISR  (2S) feed-downand that of the J= produed in the CO proess. To measure the CO J= prodution, itis helpful to know the momentum distribution of J= prodution in the feed-down fromthe ISR  (2S) proess. We alulate it numerially 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 momentumspetra give almost same results for those two di�erent parameter sets. Hene for simpliity,we only hoose the parameter set in Eq.(7) in the following alulations.IV. BACKGROUND FROM HIGHER QED PROCESSESIn diret J= prodution, the bakground oming from higher QED proesses e+e� !J= + f + �f is also onsiderable [38℄, where f an be lepton or light quark, and thereforethe feed-down bakground from e+e� !  (2S)+ f + �f an not be ignored too. The typial9
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A. The Feed-Down Bakground From e+e� !  (2S) + e+e�Aording to the interation type of the initial e+e�, we divide the e+e� !  (2S) +e+e� proess 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 hek that the Feynman amplitudefor eah part itself is gauge invariant. Compared to ross setion �T for the t-hannel part,the ross setions for the two-photon part �TP and the s-hannel part �S are suppressed bythe fators M2 (2S)s , and M2 (2S)s ln�2( s4M2e ) respetively, whih are about 10�1 and 10�4 ordersaordingly at ps = 10:6GeV. Choosing the same values for the parameters as in the ISRproess, 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)whih are onsistent with the qualitative estimation. The ontribution of the s-hannel partis only � 1 fb order, whih 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= prodution from feed-down an be obtained by using that of  (2S) as well with an additionalrenormalization fator of Br( (2S)! J= +��). Unlike the ISR proess, pJ= ranges from0 to 4:7 GeV, and the momentum spetra of J= for the the t- and two-photon hannelparts are shown in Fig.[5℄.We also alulate the interferene between the t-hannel part and the two-photon partand �nd it is very small. The ross setion of the interferene part for (J= +��) (2S)+e+e�)11
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measure the QCD ontribution in the whole phase spae region. However, the bakgroundin the o� beam region will drop down deeply. The ross setion of the QED bakground 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 prodution inludes the both the CS and theCO ontribution. For the CS proess e+e� ! J= + gg, both the NLO QCD orretions[19℄and relativisti orretions[22, 23℄ have been alulated. The ross setion is found to be0:4 � 0:7 pb at NLO in �s and v2 [19, 20, 22℄. The NLO QCD orretions to the COontribution 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, whih are obtained by a global�tting of J= prodution data[44℄, the ross setion of the CO ontribution at �s NLO willbe about 0:3pb at � = 2m; �s(�) = 0:245. Then the total NRQCD predition for theonventional J= +LH prodution will be about 0:7 � 1:0pb. Unlike the QED bakground,the ut on �J= , for example �=9 < �J= < 8�=9, will only have a minor inuene on theonventional QCD ross setion �QCD, beause both the CS and CO ontribution do notdepend strongly on �J= [14, 20℄. Therefore, we onlude that in a suitable ut onditionof �J= , the ross setion of the onventional QCD proess an be in the same order asthe bakground ross setion. 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. Suh a requirement will redued theCS ontribution by about 50%, but has little a�et on the CO and the QED bakgroundontribution. In our alulation, we determine the e�etive verties of  (2S)�, J= � and (2S)! J= + �� by �tting the experimental data and using the R-value to represent thee�etive vertex of �q�q in the alulation of e+e� ! J= ( (2S)) + q�q ross setion, thisindiates that all the possible important higher QCD orretion e�ets to the bakgroundare inluded automatially, whih makes the unertainties of our result very small. Basedon the above analysis, we think further measurement of the J= + LH prodution with a15



suitable ut ondition of �J= and pJ= will be helpful to understand the role of the COontribution to the J= prodution mehanism in e+e� annihilation.Reently the omplete NLO QCD orretion to the polarization of J= hadroprodutionwere obtained by two groups [45, 46℄. Due to their di�erent ways of �tting the CO matrixelements, they got ompletely di�erent onlusions. After taking into aount the feed-downontribution of �J and  (2S) states [47℄, the authors found that there is no solution to �tthe pt distribution of the ross setion and J= polarization measured by CDF ollaborationsimultaneously. Understanding the J= prodution at B-fatories an also help to resolvethe polarization problem of J= hadroprodution.In summary, we study the dominant bakground soures of J= + LH prodution ine+e� annihilation, whih inlude the ISR proess e+e� !  (2S) +  and higher QEDproess e+e� !  (2S) + f �f , where f an be lepton or light quark, as well as the direte+e� ! J= + q�q proess with q = u; d; s quark. We �nd that the ross setion of thebakground proess is very large in the whole phase spae region. If we make a ut on theangle between J= and e+e� beam, the ross setion of the QED proesses will reduedlargely and beome omparable to the ross setion of the onventional QCD proess. Thisindiates it is possible to measure the ross setion of J= + LH from onventional QCDprodution at B-fatories.AknowledgmentsWe would like to thank ChangZheng Yuan and Chao-Hsi Chang for helpful disussion.Z.G.He thanks the Theoretial Physis Center for Siene Failities(CAS) and Universitatde Barelona for hospitality while part of this work was arried out. This work is supportedby the National Natural Siene Foundation of China (No. 10979056 and No.10935012),and by the Chinese Aademy of Siene under Projet No. INFO-115-B01. The workof Z.G.He was supported in part by the CSD2007-00042 Consolider-Ingenio 2010 programunder the CPAN08-PD14 ontrat, by the FPA2007-66665-C02-01/ and FPA2010-16963projets (Spain), and is supported by the German Federal Ministry for Eduation and Re-
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