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HADRON ELECTROMAGNETIC FORM FACTORSAND QCD�Masami NakagawaDepartment of Physis, Meijo University Tempaku Nagoya 468-8502, JapanHirohisa IshikawaDepartment of Eonomis, Meikai University, Urayasu, Chiba 279-8550, Japanand Keiji WatanabeDepartment of Physis, Meisei University Hino Tokyo 191-8506, Japan(Reeived June 29, 2000)Eletromagneti form fators of hadrons are studied with reourse tothe superonvergent dispersion relation, by whih the QCD predition andthe VMD are synthesized. We analyzed experimental data of pion, kaonand nuleon form fators and obtained reasonable agreement with experi-ments. The experiments on the eletromagneti form fators are expetedto provide important data in investigating struture of hadrons.PACS numbers: 11.55.Fv, 24.85.+p, 13.40.GpAording to the perturbative QCD, the hadron eletromagneti formfator dereases more rapidly than a power in the squared momentum trans-fer t [1℄. For the pseudo-salar boson the form fator beomesFB(t)! �32�2f2B=�0t ln(jtj=�2) (t!1);where fB is the deay onstant of the boson B and � is the QCD saleparameter. For the nuleon form fators F1 and F2, the harge and magnetimoment form fators respetively, beome asymptotiallyF1 ! t�2[ln(jtj=Q20)℄� ; F2(t)! t�3[ln(jtj=Q20)℄� (t!1); (1)� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2539)



2540 M. Nakagawa, H. Ishikawa, K. Watanabewhere Q0 is a onstant and  = 2 + 4=3�0, �0 = 11 � 2nf=3 with nf beingthe number of �avor.These onditions are realized by utilizing the following asymptoti for-mula of the dispersion integral for t!1 [2℄:1Zs0 dt0 1(t0 � t) ln�(t0=Q20) ! 1(� � 1) ln(jtj=Q20) ; (2)where � is a onstant with � > 1. Let the funtion F (t) be given by thedispersion integral F (t) = 1Zs0 dt0 ImF (t0)t0 � t (3)satisfying the superonvergene ondition1Zs0 dt0t0kImF (t0) = 0; k = 0; 1; � � � ; n (4)and the imaginary part ImF (t0) be given asymptotially as t0n+1ImF (t0)!= ln�(t0=Q0); (t!1) then for t!1F (t)! =(� � 1)tn ln��1(t=Q20):For the boson form fator we assume that the absorptive part is givenas summation over the Breit�Wigner and the QCD terms, ImFBW andImFQCD, respetively. We take into aount mixing among resonaes. FQCDis assumed to be given as a power series in the running oupling onstant ofQCD, �S . That is, FQCD(t) =Xj�1 QCDj (�S(t))jh(t): (5)Here h(t) is a funtion introdued to assure the onvergene of the super-onvergene ondition and the threshold behavior. ImFQCD is obtained bytaking the imaginary part, where �S is extended to the timelike momentathrough the replaement Q2 = te�i� [2℄. We take three loop approximationfor the running oupling onstant.We analyzed the data on the pion and kaon form fators, for the spae-like and timelike momenta, and obtained reasonable agreement with theexperimental data [2℄. It is neessary to take the masses and the widths asadjustable parameters to �t the data. Besides, mixing among resonanes are



Hadron Eletromagneti Form Fators and QCD 2541neessary, espeially, mixing of !�� and �0(1450)��00(1700) have large e�et.The mass of �0(1450) should be taken smaller and �0(1700) larger than theexperimental values. The unon�rmed heavy resonane is assumed with themass m�000 = 2.11 GeV with the width ��000 = 0.368 GeV. Although the datafor the timelike momentum are reprodued very well, the �t of the spaelikemomentum was not good.
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–t(GeV2)Fig. 1. The pion form fator for the spaelike momentum. The solid urve is theresult with the resonane at 1.23 GeV, and the dotted one without the resonane.In addition to these resoanes here we take aount of the unon�rmedresonane around the mass 1.25 GeV [5℄ and performed reanalysis of the data.We found that the resonane greatly improves the result for the spaelikemomentum. In Fig. 1 we illustrate the result obtained by assuming theresonane with the mass 1.23 GeV (the solid urve) and the experimentaldata [4℄ together with the ase without the resonane (the dotted urve)[2℄. The masses and the widths of resonanes, being taken as parameters,are obtained as m� = 0.76 GeV, �� = 0.134 GeV; m�0 = 1.40 GeV, ��0 =0.31 GeV; m�00 = 1.82 GeV, ��00 = 0.26 GeV. The parameters appearingin our formula, de�nitions of whih are given in Ref. [2℄, are summarizedas follows: The residues at the � resonane poles are � = 1.483, �0 =1.130, �00 =�0.5524, �000 = 0.05. The mass of the unon�rmed resonane isdetermined as 1.23 GeV with the residue �(1230) = �0:45. For the ! and �bosons we have ! = �0.004, � = 0.005. The mixing parameters are �-! =0.970, �-� = 4.78, !-� = 0.486, �0-�00 = �13.00 and �0-�000 = �5.07. The



2542 M. Nakagawa, H. Ishikawa, K. WatanabeQCD parameters are determined as the follows: The QCD oe�ients aredetermined as QCD2 = �0.963 and QCD3 = 0.133, where QCD1 is �xed at thevalue of QCD predition, QCD1 = �0.02683 and the QCD sale parameter is�xed at � = 0.8 GeV. We take nf =2. The hi squares for the timelike andspaelike momenta beome �2time = 250, �2spae = 250 for the ase without theresonane around 1.2 GeV, while the assumption of �(1230) leads to �2time=250, �2spae = 80. The result for the spaelike region is thus remarkablyimproved. The numbers of data are 157 and 45 for the timelike and thespaelike momenta, respetively.The experiments on the kaon and the nuleon eletromagenti formfators are also reprodued by our superovergent dispersion relation verywell [2, 3℄. We ompare in Fig. 2 the result of Ref. [3℄ with the reent dataof neutron eletri form fator [6℄. We �nd that the theoretial result agreeswith the reent experiment on GnE .
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–t(GeV2)Fig. 2. The neutron eletri form fator. The data points are taken from Ref. [6℄and the urve stands for the theoretial alulation in Ref. [3℄.The experimental data on the hadron eletromagneti form fators anbe reprodued very well through the unsubtrated dispersion relation withthe superonvergene ondition, whih works as an interpolation of the lowenergy hadroni phenomena and the QCD. It is expeted that the dataon the eletromagneti form fators of hadron provide important data ininvestigating the subhadroni properties.
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