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ABSTRACT

Two topics from recent experimental two- photon spectroscopy are presented which are of relevance even in the LEP era
- the discovery of a new {probably 2°*) resonance in ¥y — nr#x by Crystal Ball and CELLO, and the measurements
of the electromagnetic form factors of the #% n and 5’ by CELLO. '

INTRODUCTION

Although (or maybe because) data taking at PETRA
and the Crystal Ball has finished already some years
ago, still very interesting physics is extracted from
that data. All these analyses are very involved and
require a detailed understanding of the underlying
physics, the apparatus and its simulation. CELLO
has contributed 13 papers to this conference {1-13],
Crystal Ball 5 [14-18], which pastly are published in
the meantime. '

Since it is completely impossible to review all of
the papers on a few pages, I instedd give an elemen-
tary and qualitative introduction to the merits of ex-
clusive v physics and then concenirate on two top-
ics of strong recent interest: the formation of 277
mesons {with orbital angular momentum 2 between
the quarks) and the measurement of the pseudoscalar
eson - photon transition form factors.

WHY EXCLUSIVE vy PHYSICS?

Two photon formation of C- even meson resonances
is an important tool for the analysis of their quark
composition, their radiative widhts being propor-
tional to the 4** power of the constituents’ charges.
As such it plays an important role in the low en-
ergy frontier of QCD, the search and unambiguous
classification of non- quark model particles {see e.g.
[19-22]). A wealth of experimental data (see e.g. the
reviews [23]) is existing on the two- photon widths
of the pseudoscalar (0~+,L = 0,5 = 04¢¢) and ten-
sor mesons (211, L = 1,5 = 14¢g). in good agree-
ment with quark model expectations. Octet- singlet

mixing angles derived froni these measurements agree -
with those determined from other methods; the mid- |
80’s change of the 071 mixing angle from —10° to
7~ —20° was initiated by two photon experiments.
The situation in the scalar sector is somewhat con-
fused [24], mainly because of the controversial quark
model aséignmeﬂt of the experimentally known states
and probably strong unitarity corrections [24]. The
small two- photon coupling of the well established
S* and § (which according to the 1988 PDG name
convention should be called fo{980) and a(980) -
if they were quark model states) is a good argu-
ment for interpreting them as 4 quark states or even |
K i molecules. No sigus of glueball candidates have
been found yet {25], supporting just this classification
since the valence constituents are electrically neutral.
However, also radial excitation candidates have not
been found {25]. A place where it seems that a non-
¢ meson has been found is the spin 1 sector [25]: the
£1(1420), clearly spin 1 from its peculiar production
pattern (the signal is only seen if at least one photon
is far off-shell, as expected from Yang’s theorem [27]
for spin 1 particles) has either positive parity — then
there is one 1** state too many - or negative parity
— then it has exotic quantum numbers which cannot
be built from two spin 1/2 quarks.

~+v FORMATION OF JF¢ =2"* STATES

The 2-% nonet is not well known experimentally:
apart from the strange members, only the charged
substates of the isovector my(1680) (the old A3) have
been seen, and the isoscalar states are completely un-
known. In the quark model these mesons are spin

*Talk given at the 25. International Conference on High Energy Physics, Singapore, August 2-8, 1990.
tsupported by BMFT, Bonn, FRG under contract No. 054 HH 23 P/7



singlet states (§ = 0) with two units of orbital angu-
lar momentum. In potential model calculations their
¥ couplings are sensitive to the second derivative of
the g3 wave function at the origin. The discovery of
the neutral 7, in quasi real two photon scattering into
3 pion final states by Crystal Ball {15] and CELLO |[3]
and the surprisingly large radiative width in the order
of 1-1.5 keV have triggered interest into the search
for the isoscalar partner(s), of which the mainly non-
strange should have a radiative w:dth around 3 keV
from SU(3) expectations. Given the dominant (S-
wave) 2 — f;m branching fraction, a large decay
-mode of the hypothetical ; could be esm, which de-
cays into nn o as well as 4w. The latter “suffers” from
a huge (and still not unambigously undersiood) pos-
itive parity cross section, making the former the bet-
ter candidate for an 1, search. CELLO [4] has looked
into the nm* 7~ channel and, after an optimization of
‘the low energy photon reconstruction procedure in
the liquid argon calorimeter, found evidence for us
in the 777~ 7% and 4+ decay modes (Fig. 1). The
cross section, shown in Fig. 2, shows a resonance like
behaviour, with the parameters m = 1850 £ 50M eV,
I =~ 360 MeV, and (2J41)-T., - B(nwrr) = 1545 keV
{preliminary). In parallel, Crystal Ball {14] has seen
this object in the decay mode nn°a® reconrstructed
from exclusive y4 — 67 events. The mass spectrum
is shown in Fig. 3. Many beautiful tests convinc-
ingly demonstrate that the events between the ' and
say 1.6 Gel’ are due to background, but the events
around 1.9GeV are clearly genuine exclusive vy —
nm7° [14]. The parameters given by Crystal Ball are
M(X) = 1.876:0.03510.045 GV, Ty X) = 0.2294
0.0901+£0.033GeV, and (2J41)-T,(X)-BR(ngn7) =
4.5 £ 1.0+ 1.5 keV. A likelihood test of the decay
kinematic distributions cannot be fully conclusive,
given the small statistics available. However, both
experiments report consistency with 27" a,7m, as ex-
pected for the isoscalar partner of the m,. Positive
parities are not favoured, but 07* fon also gives a
quite good description. The possibility of more than
one state contributing cannot be ruled out at all, and
acceptances are quite different for different interpre-
tations, such that the parameters given above have
to be taken with care. A recent guark model calcula-
tion by Cahn et al. [28] predicts very small values for
T, in the order of 0.001 — 0.061 k¢V for pseudoten-
sor ¢¢ states. If this turns out to be true, one needs
other interpretations for the signals usually assigned
to mz and n;. In the flux tube model, hybrid states
with correct quantum numbers and decay character-
istics are predicted in this mass range |29]. It will be
interesting how the situation develops.
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Figure 1: Evidence for n production in invariant v
(left) and w7~ #° (right) masses recoiling against a
ntn™ pair
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Figure 2: Topological cross section for vy — prtnr~.
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Figure 3: Crystal Ball data on 94 — n=°n°,

The histogram is the invariant mass distribution of
selected events. The insert shows the distribution
of events with 1100 MeV/¢? < W,, < 2500 MeV /c2.
The full line is the fit to the data, the dotted liné
1s the Breit-Wigner and the dashed line is the back-
ground.
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ELECTROMAGNETIC FORM FACTORS
OF »°, n AND o'

In Quantum Electro- Dynamics (QED) one can com-
pute electromagnetic transition amplitudes from first
principles. Possible deviations from the expected be-
haviour are parameterized in terms of vertez form
factors, scalar functions of Lorentz scalar quantities
(e.g. invariant masses). Form factors are expected to
be constant for pointlike particles, deviations may be
created by finite size effects or strong final state inter-
actions. Hadrons clearly are extended and composite
objects, such that severe deviations from constancy
ar¢ expected, as is well known for the nucleon elec-
tric and magnetic form factors and the (charged) pion
form factor. The latter, describing the y"n¥#x~ ver-
tex, is known to be dominated by the p resonance
in the timelike region (for positive photon “mass
squares” ¢° > 0), and is well approximated by the
p pole tail also in the spacelike region {¢* < 0; Q* :=
—g® > 0). This has lead to the hypothesis of Vector
Meson Dominance (VMD), suggesting that photons
interact with hadrons largely via intermediate virtual
vector meson states. A pole form (from the vector

meson propagator) is a natural parameterization of ’

the Q® dependence: F(Q?%) oc 1/{1 4 Q*/A?), where
A can be identified with the vector meson mass {in
the timelike region also the imaginary part (—im[)
due to its finite life time has to be taken into ac-
count). In the spacelike region, cross sections are
smaller than the QED prediction; the slope b of the
form factor at @* = 0 can be interpreted as the ef-
fective mean charge radius of the pion: r = V6 b,
Thus finite size effects and vector eson dominance
both are dual descriptions of the low Q? behaviour. C
parity conservation forbids the existence of an anal-
ogous vertex for neutral pions. The electromagnetic
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Figure 4: Measured values of the 7° form factor slope
parameter a = b-m?, from |31] an
error bars denote statistical, the outer total errors.
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Figure 5: Q7 dependence of the pseudoscalar meson— - -

photon transition form factors. The ordinate is nor-
malized such that the Q® = 0 point corresponds to
the radiative width in keV,

structure of the neutral pion can however be accessed

in the coupling to two photons. This is described by
;s . gy .

the amplitude T, = i - cuap - 47¢s - F(Q],Q3) in

. terms of a single fransition form factor F(Q?,Q3).

Here we are interested in the case Q2 = 0, ie.
the Q* dependence of the transition of a 7° to a
real photon initiated by a virtual photon of mass

- ()*. Experimentally, this form factor can be ac-

cessed by two methods: in the timelike region {for
~Q* = ¢* = (Zm,)* — m2,) using conversion decay
experiments {“Dalitz” decays n° — e*e” 7} (see the
review by Landsberg [30]), and in the spacelike region
by single tag two photon experiments [7]. Here one
measures the 7° formation rate as a function of @Q?
in the process ete™ — ete™ yy*(Q%) — ete™ 7% at
an ete” storage ring, where the incoming electron is
scattered to a large, observable angle (“tag”) allow-
ing the reconstruction of the photon's virtuality Q?,
whereas the positron emits a quasi real photon and
remnains unobserved in the beam pipe {or vice versa).
Analogous measurements are possible for the other
neutral pseudoscalar mesons, the 7 and 5'. Both of
these are already known to follow roughly & p pole,
from measurements in the spacelike and timelike re-
gion (for a bibliography see |7]). The #° form factor is
hithero more or less unknown: Conversion decay ex-
periments performed during 30 years [31] could not
even decide on the sign of the form factor slope at
Q? = 0 (Fig. 4). From a theoretical point of view,
many different ansatzes (VDM, quark model, current



algebra, QCD interpolation) clearly need a positive
slope (with respect to g%, i.e. negative w.r.t. @%), and
a verification of the latest negative slope measure-
ment [32] would be desasterous [33]. The results of
the new comprehensive analysis of the 7% 5 and »’'
form factors in the spacelike region by the CELLO
experiment (for experimental details see {7,34]) are
~ shown in Fig. 5. With the help of the much larger
lever arm in this experiment, the confusing situation
in the 7° case is clearly resolved (Fig. 4), and in
good agreemnent with theoretical expectations. Pole
masses (eflective interaction radii) are measured to
be 748 £ 30 MeV (0.65 & 0.03 fm) for the #°, 839
+ 63 MeV (0.58 &+ 0.04 fm) for the n, and 794 + 44
MeV (0.61 £+ 0.03 fin) for the 7'
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