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I. INTRODUCTIONBesides the eletromagneti form fators (FFs), whih desribe the distribution of hargeand magnetization in the hadrons, the nuleon is haraterized by the axial form fator,Ga(Q2), whih is related to weak neutral urrents. FFs are funtion of one kinematialvariable, the momentum transfer squared Q2 = �t, and are real in the spae-like (SL) regionof momentum transfer. The axial FF has been measured diretly by neutrino sattering,�� + p ! �+ + n, or indiretly, by near threshold harged pion eletroprodution in SLregion. Parity violating terms in eletron hadron interation ontain also information onweak neutral urrents.The interest in parity-odd (P-odd) terms in eletron-hadron interation, suggested byZeldovih in 1959 [1℄, has been reently renewed due to the possibility of very preise polar-ization measurements in eletron proton sattering. The asymmetry in ep elasti sattering,generated by a longitudinally polarized beam on an unpolarized target, whih should vanishin Born one photon approximation, has been measured to be di�erent from zero at 10�6level [2℄. The origin of suh asymmetry has been attributed to the interferene of 1�N 1Zboson exhanges. This asymmetry an be related to the axial, pseudosalar, strange nuleonFFs, when the eletromagneti FFs are known. [3℄Following Lorentz, parity and time invariane, the vetor eletromagneti (EM) hadroniurrent (whih desribes the vertex of a virtual photon with a hadron), the vetor neutraland axial hadroni urrents, (whih desribe the vertex of a virtual Z-boson with a hadron)an be written in a general form as:
N(p0)��JEM� ��N(p)� = �u(p0) �F1(Q2)� + iF2(Q2)2mN ���q��u(p)
N(p0)��JNC;V� ��N(p)� = �u(p0)" ~F1(Q2)� + i ~F2(Q2)2mN ���q�# u(p)
N(p0)��JNC;A�5 ��N(p)� = �u(p0)" ~GA(Q2)� + ~GP (Q2)mN q�# 5u(p); (1)where p, p0 are the four momenta of inoming and outgoing nuleon, q = p0 � p is the fourmomentum transfer, F1, F2 are the usual nuleon EM Dira and Pauli form fators, ~F1,~F2 are the orresponding neutral weak (vetor) FFs and ~GA, ~GP are the nuleon axial andpseudosalar form fators. Similarly to the de�nition of EM Sahs form fators, the neutral2



weak vetor FFs an be de�ned as:~GE(Q2) = ~F1(Q2)� � ~F2(Q2) ; ~GM(Q2) = ~F1(Q2) + ~F2(Q2): (2)Let us disuss the measurement of asymmetry in parity violating eletron-proton (ep)elasti sattering. It is assumed that the underlying mehanism is the exhange of a virtualphoton and a virtual Z0 boson. In priniple ep sattering experiments probe both the ele-tromagneti and weak neutral urrents. However the eletromagneti interation is severalorder of magnitudes stronger than the weak interation for Q2 � M2Z . In order to detetthe very small weak neutral urrent ontribution to ep sattering one has to use an experi-mental observable whih is due to parity violating weak interation. The di�erene betweenthe di�erential ross setions for the sattering of longitudinally polarized eletrons withspin parallel (+) and antiparallel (�) to their momenta, vanishes in Born approximation. Anonzero value signs the interferene term between one photon and one boson exhange andis implies parity violation.For elasti sattering on a spin 1/2 target, the PV asymmetry depends, in priniple, onall FFs appearing in Eq. (1). However, if one assumes SU(3) symmetry, i.e., the dominaneof light quarks u, d, s in the nuleon, FFs an be expressed in terms of the quark ontent.Furthermore, extrating the harges of the quarks, the vetor urrent is the same for EM andweak interation and the weak FFs an be expressed as a linear ombination of EM isosalar,isovetor and strange FFs. If one further assumes harge symmetry (i.e., orrespondeneof the u and d quarks wave funtions in the proton and in the neutron, respetively) PVasymmetry in elasti ep sattering depends on three form fators G(s)E , G(s)M , GA.Together with experimental data on other observables measured in proesses mentionedat the beginning of this setion, PV asymmetry an be used to separate data on these formfators. In the present asymmetry measurements information on the strange form fators isextrated assuming that the axial form fator does not ontribute in the onditions wheremost of the experiments are performed. G0 plans dediated runs at bakward angles in orderto extrat information on the axial oupling of the photon with the nuleon. SAMPLE gavevalues for the axial form fator, ombining the results on the proton and deuteron targets.Nuleon pseudosalar form fator an be extrated from ordinary muon apture on liquidhydrogen target and on light nulei at Q2 = 0:88M2�. We will not disuss this further, as itis usually negleted in the analysis of the data we onsider below.3



The existing experimental information on axial form fator is available diretly throughthe reation ��+ p! �++n, or indiretly, through near threshold harged pion eletropro-dution, in SL region. In our analysis we onsider data from pion eletroprodution only.The axial form fator is related to the slope of di�erential ross setion as a funtion of" near threshold. Low energy theorems alulate eletri dipole amplitude at threshold inase of soft pions. In order to ompare with real data, model dependent orretions mustbe introdued to take into aount �nite pion mass. The data and their orretions will bedisussed below. A good parametrization is onsidered a dipole �t [17℄:GDA(Q2) = ga(0)(1 +Q2=M2A)2 (3)where MA = 1:069� 0:018 and gA(0) is the axial-vetor oupling onstant gA(0) = 1:2673�0:0035.In neutrino sattering experiments the dipole approximation is assumed a priori and theaxial meson mass is extrated from the data. The orresponding value, MA = 1:026� 0:021GeV is somehow inonsistent with the best �t value from eletroprodution experiments. Ithas been shown in [17℄ that an agreement an be found between these two values, if onetakes into aount orretions due to �nite pion mass, in baryon hiral perturbation theory.The dipole parametrization for form fators had been onsidered a very reasonable ap-proximation for long time not only for axial FF, but also for magneti FF of proton andneutron (in all kinematial range of Q2 in SL region) and for the eletri proton FF. Theeletri neutron form fator was assumed to be zero or very small following the Galster ap-proximation [4℄. But reently it has been shown that the eletri distribution in the protonis di�erent from the magneti one and that the ration �GpE=GpM linearly deviates from fromunity with inreasing Q2 down to a value 0:24 at Q2 = 5:5 GeV2 [5℄. This result wasobtained in a series of polarization measurements at Je�erson Laboratory based on an idea�rstly suggested by A.I. Akhiezer and M.P. Rekalo [6℄.The model Iahello, Jakson, Land�e (IJL) [7℄ predited suh behavior for the eletriproton form fator long before the data appeared. Suh model is based on a two omponentpiture of the nuleon, where a hard ore of radius r = 0:34 fm is surrounded by a mesonloud. It has shown to be very suessful in the desription of the four nuleon eletromag-neti FFs in SL and TL regions [7℄, of the strange nuleon FF [10℄ and reently applied todeuteron [11℄. 4



The purpose of this paper is to extend IJL model to axial form fators. An interestingproperty of this model is that it an be analytially extended to time-like (TL) region. Theaxial FF has not yet been measured in TL region. Suggestions for its determination an befound in [12{14℄, through the reation N �p! �N� and the rossed hannels.II. FORMALISMFollowing the IJL model [7℄, the axial FF an be parametrized as:GA(Q2) = g(Q2) �1� � + � m2Am2A +Q2� gA(0); g(Q2) = �1 + Q2��2 ; (4)where Q2 > 0 in the SL region, � is a �tting parameter whih orresponds to the ouplingof the photon with an axial meson, mA = 1:170 GeV is the mass of the lightest axialmeson h1(1170), with quantum numbers IG(JPC) = 1+(1+�). The funtion g(Q2) desribesthe internal ore of the nuleon, with  '0.25 GeV�2, as derived from the �t of nuleoneletromagneti form fators. We will keep  as a �xed parameter. Let us note however thatthis value is not good from a t hannel point of view, beause it gives a pole in the physialregion, t0 = 1=4 GeV�2 > 4m2 = 3:52 GeV�2, the orresponding threshold.This parametrization an give a zero in the SL region, for Q2 = Q20 = m2A=(� � 1), if� > 1. In priniple the mass mA an be onsidered a �tted parameter, also.The asymptoti behavior of this parametrization is driven by:GA(Q2) = (1� �)gA(0)(Q2)2 (5)with a negative value for � > 1.The extension to TL region of presented model an be done by analytial ontinuation,similarly to the models of nuleon EM FFs. It an be summarized in following steps:� The sign of kinematial variable should be hanged: Q2 ! �t;� A omplex phase Æ, similarly as for IJL model [10℄, is introdued in the internal oreterm (4);� VMD term orresponding to exhange of axial meson should be substituted by a Breit-Wigner formula due to the onsiderable width of the axial meson.5



These modi�ations lead to the following parametrization of the axial FF in TL region:GA(t) = g(t)"1� � + �m2A (m2A � t+ imA�A)(m2A � t)2 + (mA�A)2 # gA(0); (6)where g(t) = �1� eiÆt��2 :III. ANALYSIS OF THE DATAThe onsidered set of data inludes all points measured from pion eletroprodution onthe nuleon. A ompilation an be found in Ref. [17℄.The Q2-dependene of the nuleon axial form fator GA(Q2), was measured in severalpion eletroprodution experiments at threshold sine a few deades. The slope of thetotal unpolarized di�erential ross setion at threshold, ontains information on GA(Q2),but the numerial value of this FF is highly model dependent. In general, four di�erentapproahes were used to extrat the values of the axial form fator of the nuleon. Softpion approximation (SP) [18℄, partially onserved axial urrent approximation (PCAC) [19℄,Fulran approximation (FPV) [20℄ (enhaned soft pion prodution) and Dombey and Readapproximation (DR) [21℄. As a onsequene of these ompeting approahes, up to fourexperimental values may be extrated from a single measurement (at �xed Q2). All together77 experimental points are available, orresponding to 32 measurements. Data from Ref.[16℄ were onsidered separately, as they orrespond to � exitation in �nal state. In orderto evaluate the systemati error, the data were therefore separated in 4(5) groups aordingto used approah (measured proesses). The data from [22℄ were not onsidered in the �t,following Ref. [17℄ as they are systematially larger, as well as data from [18℄.The data, normalized to one, are plotted in Fig. 1. Di�erent symbols orrespond todi�erent models used for the extration of the data but may orrespond to the same exper-iment.Individual �ts to the 4(5) data sets, aording to Eq. 4, were performed, as well as ageneral one parameter �t. The results are shown in Table I and in Fig. 1. The global �tgives � = 1:46 � 0:04, with �2=n:d:f: = 81:47=48 = 1:70. Suh �t does not orrespond tothe smaller �2, due to the dispersion of the data, but the error assoiated to the parameteris smaller, due to the larger number of points. This value of �, whih an be onsidered as6



an average to the di�erent orretions, will be used in the following analysis. The assoiatedsystemati error, whih takes into aount the dispersion of the model analysis, an beevaluated from the results of the individual �ts to be < j0:33j.The parametrization provides a reasonable desription of data, in the limit of the fatthat the error assoiated to the data itself should be onsidered a 'orridor' whih inludesnot only statistial error of the data, but espeially the systemati errors related to themodel dependene of the data extration.Model DR FPV SP PCAC LAMBDA all� 1:29� 0:08 1:74 � 0:13 1:08 � 0:06 1:66 � 0:05 1:13 � 0:07 1:46 � 0:04�2=n:d:f: 1:38 0:80 3:75 0:76 0:45 1:70TABLE I: Fitted � parameter for di�erent assumed models of extrating data on axial FF.One the parameter � has been �xed on SL data, the TL behavior of nuleon axial FFan be alulated, aording to Eq. (6) and it is shown in Fig. 2. The magnitude of theaxial FF is signi�antly higher than in SL region. The position and the shape of the peakis determined by the values of  and Æ in the internal ore term. The validity of suh TLbehavior is based on the analytial ontinuation from the SL region, but an not be testedon experiment as no data on the nuleon axial FF are available in TL region.IV. LOW Q2 LIMITThe slope of the axial form fator at t! 0 is related to the axial radius by:GA(t) = gA(0)�1 + 16 < r2A > t+O(t2)� : (7)Let us ompare the low t limits of the present parametrization for GA(t) :GA(t) ��!t!0 gA(0)(1 + (2 + �m2A )t);and of the dipole parametrization GDA(t) :GDA(t) ��!t!0 gA(0)(1 + 2M2A t);where mA is mass of lightest axial meson and MA is mass of an 'e�etive' axial meson �ttedin dipole approximation. 7



Equalizing the above expressions, one an extrat a value of the oupling onstant �� = 2m2A� 1M2A � � = 1:71:This value, if inserted in parametrization (4) brings ompatibility for the two models at lowQ2.One an, alternatively �nd express the axial radius in terms of � and of the masses:< r2A >= 6gA(O) dGA(t)dt ����t=0 = 12M2A (8)In ase of dipole parametrization one �nds p< r2A > = 0:638 fm to be ompared, in ase ofthe present parametrization, withq< r2A > = � 6gA(O) �2 + �m2A )��1=2 = 0:6039 fm: (9)As mentioned in the Introdution, the axial radius extrated from neutrino sattering islarger, p< r2A > = 0:67 � 0:01 fm and orretions in frame of hiral perturbation theorymay bring this and the dipole radius in agreement [17℄.-V. CONCLUSIONSA parametrization of the axial nuleon FF has been proposed, following a model where aompat ore is surrounded by an axial meson loud. This parametrization satis�es the ana-lytial properties of FFs, and an be extended to the whole kinematial region of momentumtransfer squared. It satis�es asymptoti properties and has similar behavior as the dipoleparametrization at small q2, but the present parameters suggest a smaller axial radius.Experimental data are model dependent in SL region and inexistent in TL region. Apossible way to aess the axial FF in time-like region and in the unphysial region (belowthe reation threshold) has been suggested through the reations N �p ! �N� and therossed hannels [12{14℄. The ross setion related to these proesses is large and suhexperiments may be planned in future olliders.Possible improvements of the present parametrization, whih will be required in ase ofnew, more preise data, an be foreseen in two diretions. Firstly, as the width of anyaxial meson is large, even in omparison with the � meson, in priniple one an modify the8



orresponding propagator in a ompliated form, similarly to what was done for the � meson[7℄. Moreover, one an inlude the ontribution of two axial mesons, with di�erent masses.VI. ACKNOWLEDGEMENTSProf. M. P. Rekalo is aknowledged for enlightning disussions and ideas. Thanks aredue to U. Meissner for sending the data in tabulated form. The Slovak Grant Ageny forSienes VEGA is aknowledged by C.A. for support under Grant N. 2/4099/26.
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FIG. 1: Normalized axial form fators as a funtion of Q2. The solid thik line orrespond tothe global �t. Di�erent symbols and �ts orrespond to data extrated aording di�erent models:partially onserved axial urrent approximation (PCAC) [19℄ (pink) : solid irles; dashed-tripledotted line; Fulran approximation (FPV) (red) [20℄: solid squares and dotted line; soft pion approx-imation (SP) (green)[18℄ :solid triangles and dashed line; Dombey and Read approximation (DR)(blue ) [21℄: trianglesdown and dash-dotted line; data orresponding to delta exitation (Delta)(yellow) [16℄: open irles and dash-short dotted line. The solid thin (blak) line orresponds tothe dipole parametrization, Eq. (3).
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FIG. 2: Nuleon axial form fators TL behavior.
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