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1. Introduction

Two-photon production of a resonanBes studied ae™e™ colliders in the processete™ —
ete R. The electrons in this process are scattered predominantly at small akgiethe pseu-
doscalar meson production, the effect of strong interactions is deddsijpenly one form factor
F(qi,qg) depending on the squared momentum transfers to the electrons.

Two-photon processes are usually studied in so called no-tag mode witliirmatkelectrons
undetected. In this case the virtual photons emitted by electrons are pligcgel the momentum
transfers squared are close to zero. In no-tag mode the meson-plastsition form factor at zero
¢?’s and the meson two-photon width are measured.

In the single tag-mode one of the final electrons is detected. The condisgovirtual photon
is highly off-shell. From the measurement of the cross section richemi#ton is extracted: the
dependence of the meson form factor@h= —q?.

In this report we present results of no-tag and single-tag measurenenfisnped with the
BABAR detector at the PEP-H"e~ collider. The results are based on data with integrated lumi-
nosity of about 500 fb! collected at the center-of-mass energy of 10.6 GeV.

No-tag two-photon events are selected by the requirement that the tremswementum of
detected hadron system is low. The single-tag events are selected withe¢btedeand identified
electron and with the fully reconstructed pseudoscalar megm, n’, or nc. It is required that
the transverse momentum of the electron-plus-meson system be low and tirgmsss in an
event be close to zero.

2. Measurement of n¢ and n¢(2S) parametersin the no-tag mode

TheKsK* it mass spectrum for no-tag events is shown in Fig. 1(a)./thé/ g, andne(2S)
peaks are clearly seen over a non-resonant smooth backgroured] /Jfs are produced in the
initial state radiation process"e~ — J/@y. An evidence for they, — KsK* ™ decay is also
seen in Fig. 1b. From the fit to the mass spectrum the followiygarameters are determined [1]:

m=29822+0.4+1.5MeV/c?>, T =31.7+1.2+0.8 MeV, (2.1)
F(Nc — yY)B(ne — KKm) = 0.379+ 0.009+ 0.031 keV. (2.2)

These are the most precise measurements afdimeass and width to date. The obtained value of
I (Ne— yy)B(nec— KK_n) agrees with the CLEO measurememt@/+ 0.0224+0.028 keV [2].

From the fit to theKsK = 71T mass spectrum in the vicinity of thg(2S) resonance the follow-
ing values of the):(2S) mass and width are obtained:

m=36383+1.5+0.6 MeV/c?>, I = 142+ 4.4+ 2.5 MeV. (2.3)

These results are preliminary. They are in reasonable agreement withetheys BABAR mea-
surements [3]m= 36308+ 3.4+ 1.0 MeV/c? andl = 17.04+ 8.3+ 2.5 MeV, obtained using 88
fb~—! data. The current PDG values for these parametersiare3637+ 4 MeV/c? andlm = 14+ 7
MeV [4]. The measured value of thg(2S) width is also in good agreement with an estimation
based on a quark modefl:(ne(2S) — gg9) ~ ' (Nc(1S) — gg)I (Y(2S) — ee)/T (Y(1S) — ee) =
121+1.0 MeV.
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Figure1l: TheKsK*rrt (a) andK *K~rt rr~ 1° (¢) mass spectra. The solid line is the fit result. The dashed
line represents non-resonant background. The plots (bjdrehow background subtracted spectra for the
mass range 3.3-3.7 Ga¥/

The mass spectrum fa¢ ™K~ 7t - i° two-photon events is shown in Fig. 1(c). The signals
from ne, Xco. Xc2, andne(2S) are seen. This is a first observation of théK ~ " i° decay for
these resonances. The(2S) meson was previously observed in oilyK 1 decay mode. We have
determined the ratios of the branching fractions into the two decay modes &dn.(2S):

B(ne — KK~ 1" 1) /B(ne — KsK*177) = 1.42+ 0.06+ 0.26, (2.4)
B(Nc(29) — KK~ " 1) /B(1n¢(2S) — KeK*1F) = 2.1+ 0.4+0.5. (2.5)

These results are preliminary.

3. Measurement of meson-photon transition form factors

In perturbative QCD, at larg@?, the meson-photon transition form factor can be represented
as a convolution of a calculable amplitude fof — qqg with a nonperturbative meson distribution
amplitude (DA) [5]. The latter describes the transition of the meson into twdkguar

Due to the relatively large-quark mass, thg. form factor is rather insensitive to the shape
of the ) distribution amplitude. 1t$)? dependence is expected to be described by a monopole
function with a pole parametek ~ 10 Ge\? [6]. This value is close to the VDM prediction:

AN=mj,, =96 GeV.

The BABAR data on th€? dependence of the normalizggt — n transition form factor [1]
is fitted well by a monopole function. The found pole paramétet 8.5+ 0.6+ 0.7 GeV is in
agreement with both VDM and QCD predictions, and with the result of the lattitie Qalculation:

A =84+04Ge\?[7].

For light pseudoscalars, the form factor depends strongly on thessbfafihe meson DA.
Experimental data can be used to test different DA models. The BABARtsd8] on the scaled
(multiplied by Q%) yy* — m° transition form factor is shown in Fig. 2(a) together with CLEO and
CELLO data [9, 10]. The horizontal dashed line indicates the asymptotic limib&scaled form
factor (Q°F (Q?) = v/2f;~ 0.185 GeV) predicted by pQCD [5]. The measured form factor exceeds
the asymptotic limit aQ? > 10 Ge\2. This means that the pion DA is significantly wider than the
asymptotic DA. In particular, a very wide, flat DA was proposed in Reff$, [L2, 13] to describe
the Q? dependence of the pion form factor observed by BABAR.
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Figure 2: The scaled photon-meson transition form factorsrfo(a), n (b), andn’ (c) mesons. The dashed
lines indicate the asymptotic limits for the scaled formidas.

The BABAR preliminary results on the scalgg* — n andn’ transition form factors mea-
sured in theete™ — ete n () reactions are shown in Figs. 2(b) and (c) in comparison with previ-
ous CLEO measurements [10]. We significantly improve the precision anddceste Q? region
for form factor measurements. Fogf our results and CLEO measurements are in good agreement.
For n the agreement is worse. The CLEO point at 7 &di¥s higher than our data by about 3
sigmas. The dashed lines indicate the asymptotic limits for the sgalttin’ form factors cal-
culated in Ref. [14]. It is seen th&? dependencies of the form factors figrandn’ differ from
that for 7°. We conclude that BABAR results on the meson-photon transition form fftiolight
pseudoscalars indicate that the pion DA is significantly wider than the DAsafdn’ mesons.
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