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Abstract. The reactione™e” — e e” n" n~ #n° in the un-
tagged mode has been measured with the CELLO detec-
tor at PETRA. The cross section is dominated by exclu-
sive a,(1320) production, whose radiative width is deter-
mined to be I},=1.00+0.07(stat.)+0.15(syst.) keV. An
angular correlation analysis indicates pure helicity 2 with
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an upper limit on the helicity 0 contribution of 8.2%
(at 95% cl). Excitation of the pseudotensor meson
n3(1670) is observed for the first time in this reaction.
The n, radiative width and its dependence on interfer-
ence effects are studied.

Now at Stanford Linear Accelerator Center, USA

Now at DESY, Hamburg, Germany

Heisenberg Scholarship of Deutsche Forschungsgemeinschaft
Now at CERN

® g9 v



584

1 Introduction

The main interest in studying the final state z* ™ n°
produced in quasi real two photon collisions lies in the
measurement of the two photon couplings of C= +,
isospin 1 resonances. In the quark model, the radiative
widths of mesons are proportional to the fourth power
of the constituent quark charges and thus provide a sen-
sitive measure of the flavour content. In particular, com-
parison of the radiative widths of mesons within one
J¥ nonet can be used as a tool for determining the octet-
singlet mixing.

Although the tensor meson a,(1320) has been ob-
served by many two photon experiments [1-8], its radia-
tive width and especially the helicity structure are still
known only with large errors. Recently, the Crystal Ball
Collaboration reported preliminary evidence for the for-
mation of the pseudotensor meson n9(1670) in the reac-
tion yy — 37° [9]. They report consistency with a domi-
nant decay mode f, n° and a preliminary value for the
radiative width of 1.3+0.3+0.2 keV [10].

Since the m, is composed of a g pair in an [=2
state, quark model predictions are sensitive to the second
derivative of the wave function at the origin. A confirma-
tion of the Crystal Ball result is thus of interest. The
analysis of m, formation in the final state %z~ =° is
complicated by the large resonant and non-resonant
background from p* ™ and by interference phenomena,
which are nearly absent in the 37° final state and com-
pletely different from those in the charged =, decay, in
which branching fractions and phases have been deter-
mined [11, 12].

2 Data taking

The experiment was performed with the CELLO detec-
tor at the e* e~ storage ring PETRA at a center of mass
energy of 35 GeV. The data correspond to an integrated
Juminosity of 86 pb~!. Charged tracks are reconstructed
in the central detector consisting of nine cylindrical drift
chambers and five proportional chambers in a 1.3T
magnetic field provided by a superconducting solenoid,
yielding a momentum resolution of ¢(p)/p=0.02-p(p in
GeV/c) which can be improved by a vertex constraint.
The central detector is surrounded by a fine grained lead-
liquid argon calorimeter consisting of 16 barrel and
4 end cap modules. The identification and removal of
background due to noise and charged pion reactions
in the coil is made possible by means of its good spatial
resolution in both the longitudinal and the lateral direc-
tion. A detailed description of the CELLO detector is
given elsewhere [13].

Low multiplicity untagged y7y events were triggered
by a fast track-finding processor [14], which basically
required two tracks with transverse momentum pr above
650 MeV/c or two tracks above 250 MeV/c with an
opening angle 4¢ in the plane perpendicular to the beam
larger than 45° (135° for part of the experiment). By
applying the same algorithm to the hit pattern of Monte-
Carlo events, the trigger decision was reliably simulated.

3 Event selection

To isolate the reaction e*e” —e e ntn 7° we se-

lected events with two charged tracks with |cos 8] <0.90
and one or two isolated electromagnetic showers in the
liquid argon calorimeter. In addition to making the usual
full z° reconstruction through its decay into two pho-
tons, we also analyse events with only one observed pho-
ton. Monte Carlo studies show that due to the soft pho-
ton energy spectrum and our relatively high energy
threshold for photon detection (6=50% at E =140 MeV
[15]) a large number of a, and 7, events are expected
of the second kind. It is also found that in this event
sample invariant masses and decay angular distributions
can be reconstructed with only slightly degraded resolu-
tion. In an ecarlier analysis on a smaller data sample
[3] we only used this method. In the present analysis,
we use both methods in parallel and combine their re-
sults at the end. The degree of consistency between the
two sets of results serves as a check on the systematic
errors. In the following we refer to these datasets as 2y
and 1y samples, consisting of 7792 and 22043 events,
respectively.

The events of both samples are subjected to the fol-
lowing cuts:

@ No additional energy deposited in the forward scintil-
lator or the hole tagger.

® Events with photons which could be radiated off one
of the charged tracks anywhere along its track through
the detector at a small angle (< 5°) are likely to be et e™
final states and are excluded.

® In order to remove events with photons faked by
noise, the transverse momentum of the two charged par-
ticles alone should not be balanced. This is achieved
by demanding the azimuthal angle 4¢ between the two
tracks to be less than 175° and the transverse momentum
squared of the n* 7~ -system to be larger than 0.03 GeV?2.
® The transverse momentum p, of the whole event in-
cluding photon(s) should be balanced, with p;
<0.15 GeV.

On the remaining events in the 2y sample we perform
a 2C-fit to zero overall transverse momentum, using a
a(p,) of 20 MeV for the unobserved scattered beam elec-
trons. The main effect of this fit is an improvement of
the photon energy resolution. The invariant yy mass
spectrum of the successfully (probability >0.01) fitted
events is shown in Fig. 1, showing a prominent z° signal.
We accept the events with invariant yy masses between
80 and 220 MeV as n° candidates and perform a second
fit on them, imposing p, conservation and the nominal
7° mass for the yy pair as constraints.

Figure 2a shows the W distribution of the 403 surviv-
ing events, dominated by an enhancement around the
a, mass 1.32 GeV. Figure 3a (with 2 entries per event)
demonstrates the dominant presence of intermediate
charged p resonances in the invariant =* z° mass spec-
trum.

We now proceed to the analysis of the 1y sample.
If the single observed photon provides a good estimate
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of the n° momentum, it should be able approximately
to balance transverse momentum. We thus demand the
azimuthal angle between the photon and the n* n~ sys-
tem to lie between 145 and 178°. The upper limit sup-
presses real nny final states (e.g. #' decays), in which
no second photon is missing. We furthermore require
the measured photon energy to be larger than 150 MeV.
The n° four vector is then estimated as follows: The
direction is simply taken from the observed photon, its
momentum is scaled so that the total transverse momen-
tum is minimised (this is approximately achieved for
[p.)=Ip.(x" =7)|), and finally the energy is obtained
by adding the nominal z° mass in quadrature.
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The invariant 37 mass spectrum of these 2154 events
is shown in Fig. 2b. Again, a clear a,(1320) signal is
visible. At lower masses one can observe a residual y’
— 7t 1~y signal. The charged 27 combinations are plot-
ted in Fig. 3b, again showing a dominating p signal,
which is especially prominant if the 37 mass is restricted
to the a, mass range (shaded area).

In the following we investigate both data samples
in terms of resonance formation, analysing the two-pho-
ton coupling of the a, and also the =,, which shows
up only after further search. We give first a description
of the theoretical background and the Monte Carlo sim-
ulation.

4 Theoretical preliminaries and Monte Carlo simulation

Since a state formed by two photons has positive charge
conjugation and the G-parity of 3 pions is odd, only
1sospin 1 states are accessible in the reaction 7y
—n*n~n% Possible intermediate 27m resonances
(“isobars™) are the proposed “f,” in the n* 1~ s-wave,
f, in the n* = d-wave and p*; the presence of neutral
p’s is forbidden by isospin invariance.

In an untagged yy reaction at an et e” storage ring
the cross section can be considered as the sum of three
incoherent terms [16]: after integration over azimuthal
angles there is no interference between helicity 0 and
2 [17], and after photon helicity summations there is
no interference between positive and negative naturality
helicity O states [16] (the latter argument does not hold
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for helicity +2). Gauge invariance and Bose symmetry
forbid the formation of the spin parity states J*
=1%,37,5 etc. as well as any state with helicity 1 by
two real photons [18-20]. The same arguments fix the
produced helicity to 0 for 07,27,47, ... and to 2 for
3%,5%,7%, .... States with even spin and positive parity
can be produced both in helicity 0 and 2. The coupling
of a 0% state to 3 pions is forbidden by parity. Thus,
in the region below 2 GeV, where no resonances with
the allowed quantum numbers and J>2 are expected,
the cross section should be dominated by two incoherent
JP=2"% terms with helicity 2 and 0, and a negative natur-
ality helicity 0 term. The former can contain the a,(1320),
and the latter can be a coherent sum of 0~ with a possi-
ble 7(1300) and 27 (=, (1670)).

To extract resonance parameters from the experi-
mental data, a model for production and decay of the
resonance R is needed. We use a standard isobar model
description for the 3 pion decays, i.e. a coherent sum
of the different intermediate resonance amplitudes. Bose
symmetry of the complete R — 37 decay amplitude (con-
sisting of an isospin and a spin-parity part) fixes the
sign between p* and p~ [16, 21]. For the a,, this leads
to a constructive interference of the p-bands on the Da-
litz plot [22]. This procedure, though violating three-
particle unitarity, has been shown to yield sensible results
[23-25].

The yy »R—nt 7~ z° amplitude can be written in
a Breit Wigner form:

_ Mabér};—bD}.
T mi—W2—imy (W)’

L 1)
where M, denote the yy — R helicity amplitudes as de-
fined by Poppe [20]. However, in the case of tensor me-
son formation, we take the W-dependence of both heli-
city 0 and helicity 2 amplitudes to be flat, since Poppe’s
helicity amplitude definition leads to unitarity violation
[26] and at least needs some phenomenological damping
term away from threshold [27]; furthermore it cannot
be justified from first principles [16].
D, is the isobar model decay amplitude

) DSll)) R~ ”IAI) Dﬁ)(lh —2m)

D=y R

I my _min_imI[I'(mnn)

(2)

where I denotes the intermediate resonance and 4 the
helicity *. The D{ are calculated using Born term tensors
f21, 207, with coupling constants modified by appro-
priate Blatt-Weisskopf form factors [29, 30] with r=1fm
as a phenomenological description of finite size effects.
Whereas the orbital angular momentum settings of the

* Note that (2) will give different values for helicities A= +2 and
—2, if any interference is occuring (e.g. between p* and p~) [28].
However, after squaring and integrating over either Dalitz plot
or decay plane angular variables this effect vanishes, thus there
is no difference of the Dalitz plot or the angular distributions of
the decay plane orientation. In this article A =2 refers to both heli-
city states. The difference shows up only in correlations between
Dalitz plot and angular variables which we do not use in this
analysis

a, decay vertices are unique, the n, — f, « can decay via
L=0, 2 and 4, of which only L =0 is considered here.

In the limit of real photons the yy cross section can
be written as

1 .
nyﬂR—>37r=W§([T++|2+[T+—|2)dLlpS(3TC) (3)
¥y
mg (1=0) ;. (i=2)
bad

I'(W)-B(R—=nl}-B(I »nn)
(MR —WR+miT(W)
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with J; being the spin of the resonance R and I,=I
+ I the radiative width with its helicity O and helicity
2 contributions. The latter equation follows by applying
the golden rule for the decays R — 3= as well as R—ypy
[30, 20, 16]:

r(W)-B(R~=l)-B(I - m):—z;— [ID,)2dLips(3m) (5)
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For normalisation purposes (5) is also used to calculate
the relevant coupling constants needed for the D, with
the PDG [12] values for masses, partial and total widths
as input (the result is independent of ). Note that in
this calculation interference has to be taken into account,
which is as large as 20% for the a, [31]. The case of
the =, is more complicated because of the presence of
many isobars: there is experimental evidence for f, z°(S
and D wave), p*n¥, and (n* 77 ), yave 7° [12]. The decay
Dalitz plot and angular distributions of the n, not only
depend on the branching ratios, but also on the relative
phases between these intermediate state amplitudes.
Since they refer to different J* transitions, these cou-
plings are not related by SU(3) symmetry; thus there
is no phase prediction without referring to higher, more
uncertain symmetry schemes. The phases have been mea-
sured by the ACCMOR Collaboration [11] for charged
n, decay in the diffractive reaction n~p—»n~n " p to
be small. However, large corrections due to interference
with non-resonant “Deck”-type background had to be
introduced in this analysis. Furthermore, in the final
state 7" 7~ n° studied here the interference pattern is
completely different so that a simple application of their
results is questionable.

For the analysis of different resonances and reso-
nance models, we have generated Monte Carlo events
for invariant yy masses between 0.7 and 3 GeV with a
yy—>n* n” n° matrix element constant in W,,. The de-
pendence on the virtual photons’ invariant mass squared
—Q2? i=1,2 is taken to follow a p pole, as expected
from vector meson dominance. For the connection of
the yy cross section (4) and the actually measurable
e"e”  —»ete 37 cross section we use the exact QED



formulae as given by Budnev et al. [17]. The contribu-
tion of longitudinal photons to the cross section vanishes
at 07 -0 due to gauge invariance [20]. It can be ne-
glected in the kinematical region of this experiment, in
which the Q7 are limited to small values through anti-tag
.and p, cut requirements. The decay of the yy system
into n* 7~ =° is simulated according to isotropic phase
space.

The events are passed through a detailed detector
simulation program. Event reconstruction and selection
then proceed as for real data, starting from simulated
wire hits and deposited energies in the calorimeter and
continuing with trigger and filter simulation. Resonance
parameters such as mass and width, radiative width and
helicity ratio are then determined by weighting the
Monte Carlo events with the sum of squared matrix ele-
ments according to the resonance models described
above, so as to obtain optimal agreement between the
experimental spectra and the corresponding Monte Car-
lo expectation. A more detailed description of the formu-
lae and procedures applied in the analysis can be found
elsewhere [31].

5 Analysis of yy > a,

To enhance the relative a, resonance contribution we
take advantage of the fact that the 3n decay of the a,
proceeds entirely through intermediate charged p’s [12].
At least one of the n* z° mass combinations is therefore
required to lie between 550 and 900 MeV. Furthermore,
due to the constructive interference between the two p
charge states (see above) one expects a large enhance-
ment in the p band overlap region. An efficient selection
criterion is thus provided by the distance r, from the
actual Dalitz (i.e. m?. o—m2-  correlation) plot posi-
tion to the nominal m). —m?2- crossing point. For the
following plots we use r,<0.32 GeV?. The 3n-mass spec-
tra of the 1y and the 2y samples obtained after these
cuts are shown in Fig. 4. We fit the mass spectra to the
a, Monte Carlo expectation (with mass and width fixed
to the nominal PDG-values) plus a smooth background,
whose shape is taken from Monte Carlo events with
ayy—n*n~ n° matrix element constant in W,, and with
phase space angular distributions. The fit therefore has
two free parameters, namely the normalisations of the
resonance and of the background contributions. Using
helicity 2 angular distributions for the a, decay (as justi-
fied below), the resulting number of candidates (335430
1y and 80+ 11 2y) can be converted into the following
values for the radiative width:

1y sample: [}~2=0.99 £0.09 (stat.) keV (7
2y sample: LY~2=1.0040.14 (stat.) keV. (8)

Excellent agreement is observed between the results of
the two different samples, giving confidence in the pho-
ton simulation systematics. We therefore can combine
the two results to reduce the statistical error:

I,,=1.00+0.07 (stat.)+ 0.15 (syst.) keV. 9)
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This result is found to be stable, within the statistical
error, against drastic changes of cut values, in particular
the r, cut. The systematic error has been estimated
through quadratic addition of the following contribu-
tions: uncertainty in luminosity (3%), effect of 02 evolu-
tion of form factors (3%), uncertainties in trigger simula-
tion (5%), photon (8%) and track (4%) reconstruction
efficiencies, background parametrisation (8%) and the
a, branching ratio (4%), amounting to a total of 15%.

Owing to differing acceptances the value for the ra-
diative width strongly depends on the helicity assump-
tion: using helicity 0 angular distributions in the Monte
Carlo simulation we would give a radiative width only
about half of that quoted above. From theory (see below)
one expects that the tensor meson coupling to two real
photons is dominated (to varying degrees) by the helicity
2 amplitude, and some measurements indicate this
behaviour [4, 5, 8], however with large uncertainties.
Thus, to get a model independent value for the radiative
width as well as to achieve some insight into the dynam-
ics we have determined the helicity structure of the a,
formation from the present data.

The complete information available for such an anal-
ysis is the correlation of the three Euler angles which
describe the rotation of the yy helicity system to the
decay (Dalitz plot) system in the yy c.m.s. However, the
azimuthal angle o describing a rotation around the yy
axis cannot be measured in an untagged yy experiment
and thus has to be integrated over. We therefore analyse
the correlation between cosf and y, § being the polar
angle between the decay plane normal and the incoming
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photon radiated off the electron y, -, and y denoting the
angle between the n° and the incoming y,- projected
onto the decay plane.

The expected correlation plots for a, decays in the
helicity 2 and O states as well as phase space angular
distributions after the complete Monte Carlo chain are
shown in Fig. 5, along with the real data with invariant
masses between 1.17 and 1.49 GeV, both 1y and 2y sam-
ples added. It is clearly evident that the data are much
better described by helicity 2 than 0. To achieve a quanti-
tative statement, we have performed a maximum likeli-
hood fit using I,, the relative helicity 2 contribution
R®=rU=2/T_ and the number of background events
N, as free parameters, assuming Poisson statistics in
20 bins on the cos f—y correlation plot. The angular
distributions of the background events are modelled ac-
cording to isotropic phase space. The likelihood function
employed also contains a term taking into account the
deviation of the background level from the expectation
of the fit to the mass spectrum. The fits were carried
out separately on the 1y and 2y samples. Both give con-
sistent results, the combined result being:

(2)_FL(7’21__
RO =2 = 1.04:£0.05. (10)

Y

Lying above unity, this results is consistent with no heli-
city 0 contribution. To obtain an upper limit for the
helicity 0 contribution, we follow the procedure pro-
posed by the Particle Data Group [12] and plot the
probability density, i.e. the likelihood function without
taking the logarithm, as a function of the ratio R® ,
at each point maximizing with respect to the other free
parameters. In particular, to become more independent
of the assumption on the background angular distribu-
tions we allow it to be an arbitrary mixture of phase
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Fig. 5a—d. Correlation plots of the Euler angles y vs. |cos f|, a data,
b Monte Carlo phase space, ¢ a, Monte Carlo, helicity 2, d a,
Monte Carlo, helicity 0

space and the spin 2 — helicity 2 model. Since this flattens
the likelihood function as a function of R®, it results
in a conservative upper limit taking into account the
background model uncertainty. We then multiply the
curves from the two data samples, and normalise the
area under the resulting curve in the physical region
to 1. The 95% confidence level limit is then obtained
by determining the R'® value which separates the left-
most 5% of the area in the physical region. The result
is:

R®>91.8% (at 95% c.l.). {1y

This is the most stringent experimental limit yet for heli-
city 2 dominance in yy — a, formation, to be compared
with the values 0.62+0.39 (PLUTO [4]), 1.00+0.10
(Crystal Ball [5]) and 0.987 1+ 0.083 (TPC [8]). Assuming
Gaussian errors (which in our case is a good approxima-
tion near the maximum), we combine these measure-
ments and obtain R =1.018 +0.039. The 95% c.l. lower
limit inferred from the combined likelihood function is
increased to 92.7%. Since the derivation of limits in the
case of unphysical best fits is not unique and not unde-
bated (see [12]), we also quote a limit derived in the
most conservative way, i.e. 95% c.l. limit is equal to the
border of physical region +1.96¢(fit). Thus, using the
combined data, it is safe to say that the helicity O fraction
is lower than 7.7%:

R©<0.077 at 95% c.l. {12)

This stringent limit for the first time makes it possible
to distinguish between different dynamical models for
the coupling of a tensor meson to two real photons.
The lowest order gauge invariant and Bose symmetric
Born term amplitude predicts a helicity ratio L{Z/LY
=6:1, ie. R¥=1/7=14.3% [16]. Models in which the
transition occurs in analogy to hadronic couplings
(VDM) with L=0 dominance or electromagnetic cou-
plings with E1 dominance [32], as well as static quark
model pictures (relating the yy coupling to dipole mo-
ments) [20] lead to the same helicity O contribution.
Such a value is now excluded at a level of more than
3.5 standard deviations. The present measurement thus
argues in favour of the following approaches: Nonrela-
tivistic quark model [33] (R =0), relativistic g bound
state calculation using the Bethe-Salpeter equation [34]
(R negligible), VDM extended by describing the tensor
meson coupling in analogy to the electromagnetic field
tensor [35] (R =0), and the Grassberger-K ogerler sum
rule [36] (RD < 1/7).

Quark model predictions and some experimental evi-
dence suggest that there might exist mass degenerate
scalar mesons associated to each tensor meson. Due to
the absence of one azimuthal angle it is then possible
to confuse helicity 2 with a coherent sum of spin 0 and
spin 2, helicity 0, such that helicity ratios determined
without the allowance of interference have to be inter-
preted with care. Note, however, that this complication
does not occur in the p= final state analysed here, be-
cause its coupling to a scalar state is forbidden by parity.



Instead, the suppression of the helicity 0 amplitude
of the a, established here has been used [37] to set a
limit on the yy width of the narrow scalar a,(1300) re-
cently announced by GAMS [38]: The analysis of the
published [5] Crystal Ball angular distribution of the
reaction yy—#n in the a, region leads to the limit
I;,(ay(1300))- B(a, (1300) —» nm) < 0.44 keV.

6 Analysis of yy > 7,

The main decay mode of the 7,(1670) is f,(1270) z° with
a branching ratio of 53 +£5%. The most promising way
to identify such a broad resonance in a reaction domi-
nated by p=x™ is thus to search for f, production in
the invariant =+ 7~ mass spectrum. The initial event se-
lection is as in section 3. To enhance the relative contri-
bution of a JF=2"-50"2%; 2 070" decay chain,
we demand |cos 8, | <045, where 6,. denotes the polar
angle of the positive pion in the f, c.m.s. with respect
to the yy (ie. z—) axis. This cut is motivated by the
expected | Y% oc (3 cos? 6 — 1)? behaviour of this angular
distribution together with a small acceptance beyond the
zero of this distribution. We furthermore only accept
events with a small angle between decay plane normal
and yy axis: |cos | >0.7.

The invariant =¥ n~ mass spectrum of the remaining
413 1y and 75 2y events with 3% masses between 1.45
and 2.05 GeV is shown in Fig. 6. We observe clear evi-
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Fig. 6a, b. Invariant =¥ 7~ mass for events with 37 mass between
1.45 and 2 GeV, after =, selection. a 2y sample, b 1y sample. The
lines are results of fits of a 7, decay model with constructive (solid)
and destructive (dashed) interference between the f, 7% and px de-
cay modes, and a background which is composed from a, (fixed
normalisation) and a shape suggested by phase space Monte Carlo
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dence for f,(1270) production. The lines show the results
of 2 parameter fits of a , — f, n° decay model with stan-
dard resonance parameters plus a background whose
shape is taken from phase space Monte Carlo plus the
remaining absolutely normalised a, background
(shaded). The different lines are for different interference
patterns between the main decay modes (see below).

To investigate the W-dependence of the f, production
we perform a number of such fits in overlapping bins
of 250 MeV width. The resulting f, candidate spectrum
is shown in Fig. 7a. Note that only every fifth bin is
statistically independent. A Monte Carlo calculation of
7, formation and decay using the standard PDG mass
and width and neglecting other 37 decay modes and
interference with them leads to the solid line, the normal-
isation of which is obtained by a fit to the data. We
interpret the resonance like structure in this plot, as well
as the agreement with expectations, as clear evidence
for exclusive =, production.

To determine the mass and width of the resonance,
we have performed a least squares fit of the excitation

# 7, candidates / 250 MeV
100 T —

a)

50 | ]

I,

b) Baws

I ]

50 - ' - ]

25 L ;f; k s - i

150 — c) i

100 -

50 r

1.0 15 2.0 2.5

GeV
Fig. 7a—c. Number of 7,(1670) candidates as a function of the 3n
mass (27 and 1y samples added) using different 7, decay models.
The solid line is the Monte Carlo expectation using standard PDG
values for the =,, dotted: PDG mass, width free, dashed: mass
and width free. a incoherent f, 7° decay mode, b coherent addition
of f,7° and p=, ¢ coherent subtraction of f, 7° and pn
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curve to a single relativistic Breit-Wigner, taking into
account the correlation between the bins. Photon flux,
acceptance, detector resolution and binning effects are
fully unfolded. This is achieved by recalculating the
Monte Carlo expectation histogram in each iteration by
looping over all Monte Carlo events. When filling the
histogram, each event is weighted by the factor o}l/o)y,
where ¢ denotes the resonance cross section of (4) de-
pending on the fit parameters m,,, I, I, and oY repre-
sents the (flat) cross section used in the Monte Carlo
generation. The result is m=1.610+0.094 GeV and
I'=0420+0.230 GeV, well compatible with the stan-
dard values [ 12] within the large errors.

Apart from the f, z° decay mode, two other 37 decay
modes have been observed [12]: pr with a branching
ratio of 344+ 6% and n(n 7). yaye With 9+ 5%. In the fol-
lowing we neglect the effect of a possible (7 7). yaves
because the contribution is small and only of marginal
significance (1.85). We further do not take into account
the possible D-wave admixture [11] in the f,n decay
mode.

A Monte Carlo study shows that interference be-
tween the f,7° and p* n7 decay modes in the final state
nt 7z~ n° is substantial and leads, depending on the rela-
tive phase, to very different n* =~ mass spectra. This
is in marked contrast to the 37z° decay mode observed
by the Crystal Ball Collaboration [9], where no pn con-
tribution appears and interference between the 3 possible
f> combinations occurs only outside the nominal Dalitz
plot boundaries. As an example, we show in Fig. § the
Monte Carlo predictions for the observed n* n~ mass
spectrum for f, n+p=n and f, n—pn using the coupling
constants derived from the branching ratios. It becomes
clear that, unless more about the relative phase is known,
the radiative width is not well determined from the data,
because of the completely different shape and normalisa-
tion. Using these two extreme models, we perform fits

arbitrary units
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Fig. 8. Monte Carlo expectation for the invariant n ¥ 7~ mass spec-
trum considering f, 7 and p7 decay modes of the 7, using standard
PDG branching ratios. Solid line: coherent addition; dotted line:
coherent subtraction; dashed line: pn part only; dash-dotted line:
incoherent addition

analogous to the incoherent case described above. We
arrive at the values:

incoherent ansatz:

r,,(n,(1670))=1.3+0.3 (stat.) keV (13)
coherent addition:

r,,(n,(1670))=0.8+0.3 (stat.) keV (14)
coherent subtraction (mass fixed):

I',,(n,(1670))=1.5+0.5 (stat.) keV. (15)

The corresponding W-dependence plots are shown in
Fig. 7b and ¢. In the case of constructive interference
the fitted mass is 1.68440.082 GeV in excellent agree-
ment with the nominal value.

As already mentioned, the ACCMOR data [11] indi-
cate a relative phase close to zero (constructive interfer-
ence). In order to get some information from our data,
we investigated the Monte Carlo predictions with var-
ious phases and compared kinematical distributions to
the data.

The first suggestion against destructive interference
comes from the W dependence Fig. 7c. The central mass
fitted to this spectrum is m=1.495+0.085 and thus 2
standard deviations off the nominal value [12].

The neutral 77 mass combinations can be described
by all three models (c.f. Fig. 6). The slight downward
shift of the f, peak position may be explained by the
presence of a D-wave contribution. Also the gross fea-
tures of the charged n7 mass spectra can be reproduced,
though not all the details. A fit to the m(n*n®) vs.
m(n* n7)-correlation plot (with two entries per event)
to a simple resonance+ phase space+fixed a, back-
ground model prefers the constructive interference model
against the incoherent (4 log L =1.8) and the destructive
interference (4 log L=28.5). It thus seems that the latter
possibility can be ruled out.

We thus consider the number obtained using the con-
structive coherent model (see Fig. 7b)) as our final result:

I, (7, (1670))= 0.8 +0.3 (stat.) + 0.12 (syst.) keV (16)
m(m,(1670))=1.684 +0.082 GeV 17)
(7,(1670))=0.54+0.32 GeV (18)

assuming the validity of the PDG branching ratios and
constructive interference between the f,7 and p=
isobars. The contributions to the given systematic error
given is analogous to the a,. Note however, that the
strong dependence on the interference assumptions is
not included. All other phase assumptions will lead to
larger yy widths; the incoherent ansatz leading to
1.340.340.2keV.

7 Summary and conclusions

We have performed an analysis of the reaction ypy
>7n*n n° in the no tag mode using 86 pb™ ' of data
taken with the CELLO detector at PETRA with a beam
energy of 17.5 GeV. To increase statistics and to be less



sensitive to photon detection systematics we have ana-
lysed two samples, one with the n° fully reconstructed
and one with only one photon detected. Throughout,
the two analyses give consistent results. We observe clear
evidence for the formation of the tensor meson a,(1320)
and the pseudo tensor meson 7n,(1670). The measured
radiative width of the a, is I,,(a;)=1.00+0.07 (stat.)
+0.15 (syst.) keV. An angular correlation analysis shows
that helicity 0 does not contribute to the a,—7y cou-
pling, resulting in an upper limit of RO=L¢~%/L,
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<8.2% (at 95% c.l.), which is improved by combination
with previous measurements to 7.7%. This tight upper
limit for the first time excludes some dynamical models,
e.g. the prediction R® =1/7 from the lowest dimensional
Born term.

7, resonance formation is established through the

identification of the f, z° mode. The measured mass and
width are m=1.6844+0.082 GeV and I’ =0.544-0.32 GeV.

It

is shown that the determination of the m, radiative

width from the f,7° invariant mass curve is strongly
dependent on the degree of coherence and the relative
phases between different isobars. If interference is ne-
glected, the radiative width of the =n, is determined as
I, (m,(1670))=1.34+0.3+0.2 keV. Destructive interfer-
ence between the f,7° and pm decay modes is ruled
out. Constructive interference leads to the substantially
smaller value of I,,(n,(1670))=0.8£0.3+0.12 keV.
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