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HIGHER ORDER COULOMB CORRECTIONS TO THEPRIMAKOFF MEASUREMENT OF THE �0 LIFETIME �Georg ShwieteInstitut für Kernphysik, Forshungszentrum Jülih GmbH52425 Jülih, Germany(Reeived June 19, 2000)Corretions to single photon exhange in the �0 Primako� produtionon heavy nulei are onsidered with an emphasis on multiple Coulomborretions. Those an be shown to be negligible for small momentumtransfers, the region most ruial for Primako� measurements of ��0 . Forthe �, whih an be produed by the same mehanism, orretions are seento be of the order of 1 %.PACS numbers: 12.38.Qk, 12.20.Ds, 13.60.Le, 14.40.�n1. IntrodutionIt has been known sine 1969, that the oupling to the eletromagneti�eld auses an anomalous term of the form (�emN)=(12�)F�� ~F �� to ap-pear in the third omponent of the divergene of the axial isospin urrent~A� = �	�5~�	 [1, 2℄. This anomalous term is stable against higher orderorretions [3℄ and assuming pion pole dominane, a �rm theoretial predi-tion for the two photon deay width an be made��0 = �2emNm2�576�3F 2� : (1)The pion deay onstant F�, de�ned via < 0jAk�j�j(p) >= iF�p�Ækj , isknown from harged pion deay. Modi�ations due to higher exited poles(�0,..) an be estimated to be � 1:3 % [4℄. This results in a theoretial value�theo = 7:72 eV (�2%). A measurement of ��0 an thus be regarded as afundamental test of QCD.� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2437)



2438 G. ShwieteThe present experimental situation is not satisfatory. The PDB gives amean value ��=7.8 � 0.6 eV. Plans for a new preision experiment at Jef-ferson Lab aim at reahing an auray of � 1.4 % with the Primako�tehnique. 2. The Primako� e�etThe �0 photoprodution in the nulear Coulomb �eld via single photonexhange is known as the Primako� e�et [5℄ (left part of Fig. 1).
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∆ ∆ ∆1 2 3Fig. 1. The Primako� e�et and multiple Coulomb orretions.Sine the di�erential ross setion is proportional to ��0 , the deay widthis aessible experimentally in this proess. Deomposing the momentumtransfer relative to the ollision axis ~� = ( ~�?;�L), one �ndsd�d
 � Z2 ~�2?( ~�2? +�2L)2��0! : (2)As a funtion of �? the ross setion has a pronouned peak at �? = �L= m2�=(2E) (� 2 MeV for E = 5 GeV).3. Corretions to the Primako� prodution3.1. Strong prodution mehanismStrong (non  exhange) prodution N ! �0N on bound nuleons haslearly to be taken into aount. Sine the ross setions is not preiselyknown, an aurate predition for A ! �0A is not possible. It an, how-ever, be measured for large t in the experiment and extrapolated under theCoulomb peak, sine it is known to vary smoothly there. A ross-hekalulation in Glauber theory an then be arried out.



Higher Order Coulomb Corretions to the . . . 24393.2. Final state interationThe �0-nuleus FSI, predominantly absorption at impat parametersb � RA, is alulable in Glauber theory [6℄:FA( ~�)� Z4�iZ d3xe�i ~�~x h(~" � ~n) ~E(~x)i exp0��12� 1Zz dz0�A(~b; z0)1A : (3)The e�et aused by FSI an be ast in a modi�ed form fator as shownin Fig. 2 for lead. The peak region is also indiated. There the e�et is small,but sine the strong prodution amplitude has to be measured auratelyfor large t, it is neessary to go up to higher momentum transfers in orderto be able to seperate the two e�ets here.
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Fig. 2. The modi�ed formfator, inluding FSI.3.3. Multiple Coulomb orretionsBoth bakgrounds, onsidered so far, are non-singular as t !0, in theregion of the Coulomb peak. Due to the long range of the Coulomb in-teration, this is not neessarily the ase for multiple Coulomb orretions.Furthermore the fator Z�, appearing for eah additional photon-line, is notsmall for heavy nulei. A related problem: Higher order Coulomb orre-tions to (�+��)A sattering an give a ontribution of up to 14 % for heavynulei [7℄.



2440 G. ShwieteFor the �0 prodution it is onvenient to introdue t = �2 = � ~�2 ��2Land �L = P�L;i = m2�=2E (right part of Fig. 1). In the high energylimit, i.e. �L;i = O(1=E) � 0, we �ndA = ABorn�1� onst(Z�)2�2?R2� log� 1�R2At�� ; (4)where R� is losely related to the harge radius of the pion. There is apotential enhanement of the orretion by the log(1=(�R2At)) singularity.At moderately high energies one must also take are of �nite �L;i. The salefor the masses of the intermediate states is set by the typial sequene  !�0 ! �0; !0 ! �0, therefore �L1 = m2�=(2E)� �L2 = (m2� �m2�)=(2E ).At the Coulomb peak ( ~�2 � �2L1) the orretion is only proportional tolog �1=(R2A�2L2)�. In the CEBAF energy range 4.6�5.7 GeV, R2A�2L2 � 1,hindering the logarithmi enhanement of multiple Coulomb orretions.Numerial results for lead are shown in the left part of Fig. 3. There aretwo major e�ets: (1) the smallness of �L1 leads to a pronouned peak inthe Born amplitude and (2) large �L2 and �L3 give a strong suppression ofmultiple photon exhange. Thus we �nd only a negligible orretion for the�0 Primako� prodution. The prodution proess A! �A is very similar
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Fig. 3. The hange to d�d
 due to three photon exhange is shown. The Coulombpeak is indiated with arbitrary normalisation.in struture. The orretion, however, is enhaned in omparison to the �0ase for two reasons: (1) the Born amplitude is suppressed by a fator of(m�=m�)4 � 250 and (2) �L2;�L3 are smaller, thus the log(1=(R2�2L;2;3))gives a larger ontribution (right part of Fig. 3).



Higher Order Coulomb Corretions to the . . . 24414. ConlusionsMultiple Coulomb orretions are a potentially dangerous bakground inthe peak region, but were shown to be numerially small in the �0 ase. Forthe �, however, the orretion amounts to � 1 % and should be taken intoaount in possible Primako� lifetime measurements. The bakground fromstrong interation and �0A FSI an either be eliminated in the experimentor alulated reliably. Thus orretions to the Primako� tehnique are un-der �rm theoretial ontrol and from that point of view per mille auraymeasurements of ��0 are indeed possible.REFERENCES[1℄ J.S. Bell, R. Jakiw, Nuovo Cimento A60, 47 (1969).[2℄ S.L. Adler, Phys. Rev. 177, 2426 (1969).[3℄ S.L. Adler, W. Bardeen, Phys. Rev. 182, 1517 (1969).[4℄ J. Bijnens, J. Prades, Z. Phys. C64, 475 (1994).[5℄ H. Primako�, Phys. Rev. 81, 899 (1951).[6℄ G. Fäldt, Nul. Phys. B43, 591 (1972).[7℄ L. Afanasev, O. Voskresenskaya, hep-ph/9809434.


