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CHARMONIA IN PHOTON�PHOTON COLLISIONS�A. BuijsUtreht UniversityP.O. Box 80.000, NL-3508 TA Utreht, The Nethrlands(Reeived June 19, 2000)Measurements on �2-formation are reported by the OPAL and L3 ol-laborations. Results on � formation, in partiular a �rst measurement ofthe form fator are presented by L3. The DELPHI and L3 experimentsgive new limits on �0 formation.PACS numbers: 14.40.Lb, 14.65.DwThe study of harmonium systems in photon�photon ollisions is inter-esting beause de�nite preditions of ross setions and form fators an bemade. These preditions are usually based on perturbative alulations ona non-relativisti heavy quark system.In an e+e� ollider, the reation e+e� ! e+e�X is measured. In thease of resonane formation, the two-photon ross setion is�( ! R) = 8�(2JR + 1) �(R)� (R)(s�m2R)2 +m2R� (R)2F (q21; q22): (1)Here, JR, mR and � (R) are the spin, the mass and the total width ofthe resonane R, respetively; s is the .m. energy squared of the ollidingphotons. The interesting quantity is �(R), the two-photon width of theresonane. The fator F (q21; q22) desribes the Q2 evolution of the rosssetion, q1 and q2 are the four-vetors of the two (virtual) photons. Usually,only one photon is virtual enough to be tagged by the orresponding lepton,in that ase we de�ne Q2 = �max(q21; q22) = 2EbeamEtag(1� os �tag).In this talk, I present the status of measurements of the harmoniumstates �2, � and �0.� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2371)



2372 A. BuijsThe OPAL and L3 experiments have measured [1℄ the deay hain �2 !J= , with subsequent deays J= ! e+e� and J= ! �+��. In bothases, the results are presented as a plot of the mass di�erene �M =M(`+`�) �M(`+`�), where `+`� is the eletron pair or the muon pairwhose invariant mass is ompatible with that of a J= meson. For the �2,�M then has a unique value of 459 MeV.
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Fig. 1. The �M spetrum of L3. Tagged events are hathed.
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Fig. 2. The distribution of E in the �2 seletion, after all other uts.Figure 1 shows the distribution of events as a funtion of �M for L3. Alear peak is visible. L3 has observed events also in the tagged mode, butnot su�iently many to draw any onlusions yet. The resulting values of



Charmonia in Photon�Photon Collisions 2373�(�2) are listed in Table I, together with earlier results from CLEO atCornell and the TPC/2 experiment at PEP in Stanford [1℄. The averageof the four experiments is �(�2) = 1:23 � 0:26, with �2=Ndf = 0:8.TABLE IReported values of �(�2)Exp. Prodution mehanism �(�2) (keV)CLEO  ! �2 ! J= 1:08� 0:30� 0:26TPC/2  ! �2 ! J= 3:4� 1:7 � 0:9L3  ! �2 ! J= 1:02� 0:40� 0:15OPAL  ! �2 ! J= 1:76� 0:47� 0:37Average �2=Ndf = 0:8 1:23� 0:26E760 p�p! �2 !  0:32� 0:08� 0:05E835 p�p! �2 !  0:31� 0:05� 0:04CLEO  ! �2 ! 4� 0:7 � 0:2 � 0:1R704 p�p! �2 !  2:0 +0:9�0:7 � 0:3The experiment E835 at Fermilab measures diretly the deay �2 ! in the reation p�p ! �2 and �nds a signi�antly lower value: �(�2) =0:31 � 0:05 � 0:04 keV [2℄. In the light of this disrepany, I make thefollowing omments: (i) he bakground estimate by the OPAL experimentseems to be on the low side; (ii) the systemati e�ets of the four e+e�experiments are similar. Consider for example the ut on the photon energy,whih is at 300 MeV for both OPAL and L3. In both ases this ut isapplied to a sharply dereasing spetrum of unknown origin, as shown in�gure 2. Systemati problems with this ut a�et all experiments in thesame way, and one annot therefore simply average their results; (iii) the p�pmeasurement depends ritially on the knowledge of the beam energy, andit is not ompletely obvious to me that the whole yield urve of the �2 hasbeen observed by E760 and E835.Theoretial preditions favour lower values of �(�2), too. In next-to-leading order, �(�2) is related to its deay width to two gluons by�(�2)�gg(�2) = 9�2s(m)8�2 � 1� 2:2�s=�1� 16�s=3�� : (2)For the two-gluon width of the �2 one an take its total hadroni deaywidth, orreted for the olor-otet ontribution [4℄. This yields �(�2) '0:82�0:30 keV. Other alulations are listed in Table II, they are even lower.



2374 A. Buijs TABLE IITheoretial preditions of �(�2)Author [3℄ �(�2)(keV)Barnes 0:34 - 0:56Münz 0:44� 0:14Huang 0:39 - 0:50Shuler 0:28The CLEO [5℄ experiment measured �2 ! 2�+2�� and found a lower�(�2) value, too, be it with large errors (see Table I). In view of theproblems mentioned above, it would be desirable to repeat that analysiswith larger statistis.The two-photon deay width of the � now seems to onverge to around7 keV. The L3 [6℄ experiment observed the � in ten di�erent deay hannels.From an unbinned likelihood �t to all deay hannels simultaneously, a valueof �(�) = 6:9�1:7stat�0:8sys�2:0BR keV, is derived. This is well in linewith other measurements, as shown in Table III, and also with theoretialpreditions [7℄, whih vary between 3 and 11 keV.TABLE IIIMeasured values of �(�)Experiment �(�) (keV)E760 6.7 +2:4�1:7 �2.3ARGUS 11.3�4.2CLEO 5.9 +2:1�1:8 �1.9TPC/2 6.4 +5:0�3:4L3 6.9 �1:7 �0:8 �2:0L3 also presented the �rst measurement of the � form fator of the �.In the ase of the �0, the � and the �0 mesons, a measurement of the formfator, i.e. the Q2 dependene of � , disriminates between di�erent modelsof momentum distributions of the quarks inside these mesons [8℄.The momentum distributions are translated to form fators using theModi�ed Hard Sattering Approah [8℄, and the result an then be parame-trised by F (Q2) = F (0)=(1 +Q2=�2)2. The pole mass � orresponds to themass of the �-meson, at least for the �0 and the �, hene the name `�-poleform fators'.



Charmonia in Photon�Photon Collisions 2375Figure 3 shows the distribution of events with Q2 > 0 as a funtion oftheir invariant mass. A peak at the � mass is learly visible. The events inthe peak are used to alulate the form fator in two bins of Q2. Sine theform fator is measured relative to the number of events with Q2 ' 0, mostof the systemati unertainties anel in the ratio.
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Fig. 3. Mass distribution of tagged eventsFrom a detailed statistial analysis it follows that the J= pole formfator is ten times more probable than the � pole form fator. Feldmannand Kroll have shown at the Photon '97 onferene [9℄, that an asymptotiwave funtion would lead to exatly suh a form fator.The L3 and DELPHI experiments have searhed for signals of the �0in the invariant mass spetra where the � appears, assuming that it willhave the same deay hannels as the �. Barnes et al. [10℄ alulate that�(�0) ' 0:75 � �(�). Similar alulations by the same authors give arather aurate value of �(�) = 4:8 keV, whih adds redibility to theirpredition for the �0.The DELPHI ollaboration [11℄ published a mass distribution whih ex-hibits a lear �, but no �0, leading to an upper limit of �(�0)=�(�) <0:34 at 90% .l. The L3 experiment has performed a similar analysis, butquotes an absolute limit on the two-photon width: �(�0) < 2 keV at 95%.l., signi�antly below the predition by Barnes et al. .I wish to thank the organizers of the MESON 2000 Workshop, as wellas my olleagues of L3, for allowing me to speak on a subjet whih hasoupied me for a very long time [12℄.
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