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Measurements of the yy* — n® and yy* — n. transition
form factors at BABAR
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Abstract We present measurements of the yy* — n° transition form factor for the momentum transfer range
Q*=4-40 GeV? and the yy* — 1. transition form factor for the range Q?=2-50 GeV?2. The current status of
measurements of the meson-photon transition form factors for the 1 and i’ mesons is discussed. The results

of the measurement of the 1. mass, total and two-photon widths are also presented.
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1 Introduction

The diagram for the process of the two-photon
production of the pseudoscalar meson is shown in
Fig. 1. The effect of strong interactions in this process
is described only one form factor F(q7,q3) depending
on the squared momentum transfers to the electrons.

Fig. 1.
of the pseudoscalar meson two-photon produc-

The Feynman diagram for the process

tion.

The electrons in such process are scattered pre-
dominantly at small angle. Therefore, the two-photon
processes are usually studied in so called no-tag mode
with both final electrons undetected. In this case the
virtual photons are practically real, the momentum
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transfers squared are close to zero. In no-tag mode
the meson-photon transition form factor at zero ¢2’s
and the two-photon width of the meson are measured.
In single tag-mode one of the final electron is de-
tected. The corresponding virtual photon is highly
off-shell. From the measurement of the cross section
we extract more rich information: the dependence of
the meson form factor on Q* = —¢?2.

At large Q? perturbative QCD (pQCD) predicts
that the transition form factor can be written as a
convolution of a calculable hard scattering amplitude
for yy* — qq with a nonperturbative meson distri-
bution amplitude (DA), ¢(z,Q?) [1]. The latter can
be interpreted as the amplitude for the transition of
the meson with momentum p into two quarks with
momenta pzr and p(1—2x). The experimental data on
the transition form factor can be used to test different
phenomenological models for the DA.

The cross section of the process efe™ — eTe P
falls very rapidly with increase of Q* (Q~° for m°).
Therefore, a precise measurement of the transition
form factor can be performed only at high luminosity
ete™ machines. We present the results of the mea-
surements of the transition form factors for t° and
1. mesons performed by the BABAR detector at the
PEP-II ete™ collider. The results are based on data
with integrated luminosity of about 450 fb~! collected
at the center-of-mass energy of 10.6 GeV. The single-
tag events are selected with detected and identified
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electron and with fully reconstructed n® or n.. It is
required that the transverse momentum of electron-
plus-meson system be low and the missing mass in an
event be close to zero.

We also discuss current experimental status on the
meson-photon transition form factors for the n and n’
mesons.

2 Measurement of the y*y — nt° tran-
sition form factor [2]

The 7° meson is detected via its decay into two
photons. The two-photon invariant mass spectrum
for selected 7° candidates is shown in Fig. 2. The
clear 7° peak is seen. The main non-peaking back-
ground process is so called virtual Compton scatter-
ing (VCS), the precess ete™ — ete™y with one of
the final electrons directed along the beam axis. The
VCS photon together with a soft photon, for example
from beam background, may give an invariant mass
value close to the m° mass. The peaking background
comes from the process of two-photon production of
This background is estimated from data
and is about 10% of signal events. The total num-
ber of signal events determined from the fit to the
mass spectrum in Fig. 2 is about 13000. This num-
ber is an order of magnitude large than the statistics

two m0’s.

of the previous measurement of the form factor by
CLEO [3].
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Fig. 2. The two-photon invariant mass spec-

trum for data events with 4 < Q% < 40 GeV?
and fitting curves.

We measure the form factor in the Q? region
from 4 to 40 GeV2. The lower Q? limit is deter-
mined by the detector acceptance for the electron.

For Q2 > 40 GeV? we do not see evidence of a t° sig-
nal over background. The data were divided into 17
Q? intervals. For each 2 interval the mass spectrum
is fitted by a sum of signal and background distri-
butions. From the measured Q? spectrum we deter-
mine the differential cross section for ete™ —ete™n°
The result for the
form factor is shown in Fig. 3. The errors shown
are combined statistical and ()?-dependent system-
atic. There is also Q*-independent error equal to
2.3%. Main sources of the systematic uncertainties
are background subtraction, data-MC simulation dif-
ference in the detector response, and the model un-
certainty due to the unknown ¢3 dependence of the
form factor.

and the transition form factor.

The comparison of our results with previous mea-
surements [3, 4] is shown in Fig. 3. In the @? range
from 4 to 9 GeV? our results are in reasonable agree-
ment with the measurements by the CLEO collabo-
ration [3], but have significantly better precision.
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Fig. 3. The yy* — m° transition form factor

multiplied by Q2. The dashed line indicates
the asymptotic limit for the form factor. The
dotted curve shows the interpolation given by

Eq. (2).

The horizontal dashed line indicates the asymp-
totic limit for the form factor. The value of the
asymptotic limit

Q*F(Q*) =V2fr~0.185 GeV (1)

is predicted by pQCD. The measured form factor ex-
ceeds the asymptotic limit at Q% > 10 GeV?. This
is an unexpected behavior; most models for the pion



818 Chinese Physics C (HEP & NP)

Vol. 34

DA give form factor approaching the limit from below
(see, e.g., Ref. [5] and references therein). Our data
in the range from 4 to 40 GeV? are well described by
the function
AF(QH)]=A @ ’ 2

PFQI-A(fe) - @
with A=0.1824+0.002 GeV and =0.25+0.02 (dot-
ted line in Fig. 3). The effective Q? dependence of
the measured form factor is ~1/Q%/2.

Figure 4 demonstrates the comparison of our mea-
surement with the result of the NLO QCD calcula-
tions performed by Bakulev, Mikhailov, and Stefa-
nis [6] for the three models of the pion DA: asymp-
totic [7], Chernyak-Zhitnitsky (CZ) [8], and the DA
derived from QCD sum rules with non-local conden-
sates (BMS) [9]. There is a large difference between
data and theory in Q% dependence. We conclude that
all these models are inadequate for Q? < 15 GeV?2.
For Q% > 20 GeV? the theoretical uncertainties are
expected to be smaller. In this region our data lie
above asymptotic limit and are consistent with CZ
model. It should be noted that the CZ DA is widest
of the three DA’s discussed.
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Fig. 4. The yy* — n° transition form factor
multiplied by Q2. The dashed line indicates
the asymptotic limit for the form factor. The
solid and dotted lines, and shaded band at the
right panel show the predictions for the form
factor for the CZ [8], asymptotic (ASY) [7],
and BMS [9] models of the pion distribution
amplitude, respectively.

There are theoretical works which appeared after
the publication of our result. Mikhailov and Stefa-
nis [10] argue that the growth of form factor cannot

be explained by higher-order pQCD and power cor-
rections. Other works [11-14] consider flat or very
wide pion DA. With such distribution amplitude the
? dependence observed by BABAR is reproduced

well.

3 The y*y — 1 and y*y — 1’ transi-
tion form factors

The 1 and 1’ transition form factors were mea-
sured in the two-photon reactions ete™ — ete™n( in
several experiments [3, 15-17].
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Fig. 5. The magnitudes of yy* — n (top) and

vy* — 1’ (bottom) transition form factors
multiplied by Q% measured by CLEO [3, 18]
and BABAR [19]. The shaded boxes indi-
cate the ranges of asymptotic form factor val-
ues calculated with the decay constants from
Refs. [21-26].
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Most precise high-Q? data obtained by the CLEO
Collaboration [3] are shown in Fig. 5 (we averaged
the CLEO results obtained in different n and n’ de-
cay modes).

The data on ete~™ — )y reactions also can be
used to determine the transition form factors but in
the time-like region ¢*> = s > 0. Since the time- and
space-like form factors are expected to be close at
high )2, we show the results of high-Q)? time-like mea-
surements together with the CLEO space-like data.
The form factors at Q% = 14.2 GeV? are obtained
from the values of the ete™ — Ny cross sections
measured by CLEO [18] near the maximum of the
P(3770) resonance. We use the natural assumption
that the contributions of the {(3770) —ny decays
to the ete™ — ny cross sections are negligible. It
is seen that the measured time- and space-like form
factors at Q* ~ 14 GeV? are close both for i and for
1. The time-like form factors at Q% =112 GeV? were
measured by BABAR [19].
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Fig. 6. The ratio of the yy* — n’ transition

form factor to the yy* — 1 form factor The
shaded boxes indicate the range of predictions
for the ratio of the asymptotic form factor fac-
tor.

The asymptotic limits for the n and n’ form fac-
tors are calculated using Eq. (1) with the effective 1
and n’ decay constants. The effective constants can
be obtained, for example, in the flavor-mixing scheme
[20]

£ = (5facosp—V2f,sing) /3, (3)
[ = (5f.sing+v2f,cos¢)/3, (4)

where f, and f; are the decay constants for the non-
strange and strange components of 1 and 1’ mesons,

and ¢ is the n- ' mixing angle. The values of the
parameters f,, f; and ¢ are determined from data,
for example, on the radiative V' to P transitions and
the two-photon 1 and n’ decays. Taking the re-
sults on the mixing parameters from Refs. [21-26]
we obtain a range of predictions for the asymptotic
limits. The asymptotic values were multiplied by
the factor (1 —5/3-a,(Q?)/m) [27] to take into ac-
count next-to-leading perturbative QCD corrections
at Q? =112 GeV?. The predictions are indicated by
the shaded boxes in Fig. 5. The highest-Q? form fac-
tor data are at upper and lower ends of the range of
predictions for n and 7', respectively. It should be
noted that the predictions for the 1 and n’ effective
decay constants are strongly correlated. In Fig. 6 we
present the ratio of the n’ form factor to the n form
factor. The predicted ratio ranges from 1.6 to 2.3 and
is inconsistent with the measured ratio at Q% = 112
GeV?. This indicate that the 1 and 1’ distribution
amplitudes have shapes strongly different from the
asymptotic one.

4 Measurement of the y*y — 1. tran-
sition form factor

The two-photon 1, production is studied both in
no-tag and in single-tag modes. The 1. is recon-
structed via its decay to KsK~7mt. The KKm mass
spectra for no-tag events is shown in Fig. 7.
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Fig. 7. The KsK*nT invariant mass distribu-

tion and fitted curve for no-tag data events.

The n. and J/1 peaks are clearly seen. The J/\’s
are produced in initial state radiation (ISR) process
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ete™ — J/{ry. From the fit to the mass spectrum we
determine 1, parameters:

m=2982.240.4+1.5 MeV/c?,
I'=31.7£1.240.8 MeV,
I'(ne —vy)BM. — KKmn) =379+£9+31 eV.

These results are preliminary. Main sources of sys-
tematic uncertainties on the mass and width are un-
known background shape and possible interference
between 1. and non-resonant two-photon KK7t am-
plitudes. The uncertainty on the detection efficiency
dominates in the systematic uncertainty of I'(n. —
YY) BN, — KKm). The results for the mass and width
are in an agreement with the previous BABAR mea-
surement [28]: m = 2982.5+1.1+0.9 MeV/c? and
I' = 34.3+2.34+0.9 MeV, obtained using 88 fb~*
data. The current PDG values for these parame-
ters are m = 2980.5+1.2 MeV/c? and I' = 274+
2.9 MeV [29]. The obtained value of the product
I'(Me —vYy)Bn. — KKmn) agrees with the PDG value
0.44£0.05 keV [29], and also with the recent CLEO
measurement 0.407 £0.022+0.028 keV [30].
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Fig. 8. The yy* — 1. transition form fac-

tor normalized to F(0) (points with error
bars). The solid curve shows the interpola-
tion given by a monopole form. The dotted
curve shows the leading order pQCD predic-
tion from Ref. [33].

We select 520 4+40+ 20 single-tag 1. events. This
number can be compared with 8 +5 events selected
in the previous single-tag 1. measurement by L3 [31].
The single-tag data were divided into 11 Q? intervals.
For each interval we fit to the KKt mass spectrum
and determine number of events with n.. From the
ratio of the measured Q? spectrum to the number
of the no-tag 1. events we extract the normalized 1,
transition form factor shown in Fig. 8. The errors
shown are combined statistical and )?-dependent sys-
tematic. There is also Q*-independent error equal to
4.3%. Main source of the systematic error is the sys-
tematic uncertainty on detection efficiency.

The form factor data are fitted by the monopole
function |F(Q?)/F(0)]=1/(14+Q?/A). The result of
the fit is shown in Fig. 8 by solid line. The pole pa-
rameter A is found to be A =8.540.6+0.7 GeV?. This
value is in reasonable agreement with that expected
from vector dominance, namely A = m3, = 9.6
GeV?, and with the result of the lattice QCD cal-
culation A=8.4+0.4 GeV? [32]. The dotted curve in
Fig. 8 shows results of the leading-order pQCD calcu-
lation of Ref. [33]. The data lie systematically below
this prediction.

5 Summary

The y*yn°® transition form factor has been mea-
sured for Q2 range from 4 to 40 GeV2. The unex-
pected Q2-dependence for the form factor is observed
for @2 > 10 GeV2. The data lie above the asymp-
totic limit. This indicates that the pion distribution
amplitude should be wide. The measurement stimu-
lated development of new models for the form-factor
calculation, in particular, with flat distribution am-
plitude [12-14].

The data on y*yn and y*yn’ transition form fac-
tors obtained by BABAR at Q% =112 GeV? [18] in-
dicate that the 1 and n’ distribution amplitudes also
strongly differ from the asymptotic DA.

The y*yn, transition form factor has been mea-
sured for @Q? range from 2 to 50 GeV?. The form
factor data are well described by the monopole form
with pole parameter about 9 GeV2. The data are
in reasonable agreement with both QCD and VDM
predictions.
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