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We have measured the reaction 3,~/--* ~r+Tr-~r ° using the PLUTO detector at PETRA. A pronounced enhancement is seen 
in the n+Tr-Tr ° mass distribution corresponding to the A2 meson. The event configuration in this enhancement favors a 2 + 
spin-parity assignment. The value of F77 = 1.06 ± 0.18 ± 0.19 keV obtained for the two-photon decay width of the A2 
agrees with previous measurements and with quark model predictions. 

The formation of  neutral tensor mesons in p h o t o n -  
photon reactions has been investigated recently [ 1 ] 
and their two-photon decay widths, Fvr , have been de- 
termined. These decay widths are of  interest because 
the quark model predicts the following relations be- 
tween the F ~  of  the three neutral tensor mesons and 
their mass values: 

r ~ ( A 2 )  . r ~ ( f )  r ~ ( f ' )  

m3A mf 3 : m~ (1) 

= 3 : (sin 0 + X/~ cos 0) 2 : (X/8 sin 0 -- cos 0) 2 , 

where O is the mixing angle between the octet, fs ,  and 
the singlet, f l ,  states of  flavor SU(3), such that 

f '  = ]'8 cos 0 - f l  sin O,  

f = ]'8 sin 0 + f l  cos O. 

From relation (1) the following O-independent rela- 
tion can be derived: 

3rrr(A2)/m ~ = P.r~(f)/mf 3 + P ~ ( f ' ) / m ~ .  (2) 

The production of the A2 meson in p h o t o n - p h o t o n  
collisions was first seen by the Crystal Ball detector 
[2] in the decay mode A2 -+ r/n 0. The dominant de- 
cay mode, A2 -+ P -+rr;, which has been used by the 
CELLO [3] and JADE [4] collaborations, is also uti- 
lised here to measure Fry(A2). 

The data were taken by the PLUTO detector and 
correspond to an integrated luminosity of  41.5 pb -1  
at an e+e - CM energy of  34.7 GeV. The PLUTO de- 
tector has been described elsewhere [5,6]. For the 
present analysis, the inner detector and the forward 
spectrometers were used to measure charged tracks, 
and the barrel, endcap and Large Angle Tagger (LAT) 
shower counters determined the photon energies and 
positions. The Small Angle Tagger (SAT) and the LAT 
shower counters were used as antitag devices to en- 
sure that both interacting photons were almost real. 

The data used here satisfied at least one of  the fol- 
lowing three main trigger conditions: 

(1) Two tracks in the inner detector with transverse 
momenta larger than 350 MeV/c separated by an azi- 
muthal angle larger than 94 ° . 

(2) At least one track in each half of  one of  the for- 
ward spectrometers. 

(3) Total energy of more than 4 GeV deposited in 
the LAT shower counters. 

To obtain for analysis a sample of  events of the 
type 77 "+ n+Tr-77 we used the following off-line event 
selection: 

(1) Each event was required to have two charged 
tracks with opposite charge and two showers not asso- 
ciated with the tracks. The minimum energy required 
for the showers was 100 MeV and 120 MeV for the 
barrel and LAT counters respectively. Showers mea- 
sured in the endcap counters were accepted only if 
they were detected also by the endcap proportional 
chambers. 

(2) To ensure that both interacting photons were 
quasi-real, an antitag condition was required, namely 
that no shower in the LAT or SAT had an energy 
greater than 6 GeV. 

(3) To enrich the sample with fully reconstructable 
events and to obtain a low invariant mass squared, Q2, 
for the interacting photons, we have used the fact that 
the total transverse momentum of the hadrons with re- 
spect to the beam line should be small. Denoting the 
total transverse momentum of the charged (neutral) 
particles byPTc (PTn), we then required 

(a) IPTc+PTnl < 3 5 0 M e V / c .  

(b) Angle between the two vectors PTc and --PTn to 
be less than 0.35 radians. 

The selected sample was then kinematically fitted 
to the channel 73' -~ rr +lr-Tr0 in two steps. Firstly, the 
events were fitted in the transverse plane requiring 
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Fig. 1. Invariant mass of  the two outgoing photons, m ('rr), 
for events after cuts and after a kinematic fit imposing trans- 
verse momentum conservation. The two arrows mark the n o 
mass range used in the analysis. 

PTe + PTn = 0 ( two-constraint  fit). In fig. 1 the invari- 
ant mass of  the two outgoing photons is shown for 
events which fi t ted with a X" probabil i ty  greater than 
2%. An enhancement of  events near the rr 0 mass is 
seen. Secondly, the events in the 7r 0 region (75 < m.r7 
< 200 MeV) were f i t ted with the additional con- 
straint of  the 77 invariant mass being equal to the ~r 0 
mass. In total,  294 events satisfied this three-con- 
straint fit  with a X 2 probabil i ty larger than 2% and 
were accepted for physics analysis. From Monte Carlo 
studies we estimate that  these events have very small 
Q2 with an average value o f ~ 4  X 10 - 4  GeV 2. 
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Fig. 2. Invaxiant mass o f  the three pions, m (n+n-n°), in the 
final event sample. The shaded area corresponds to a sub- 
sample of  events wi th  a n+n ° or n - n  ° mass combinat ion in 
the p mass band. The solid line represents the fit  to the data 
and the dashed curve d e s c r i e s  the background. 

Fig. 2 shows the ,r+rr-Tr 0 invariant mass (x/~') dis- 
tr ibution. A clear enhancement is seen at the A2 mass. 
No signal is observed in the background events with 
m(77)  outside the ~r 0 mass band. The event configura- 
tion in the A 2 enhancement is consistent with the ex- 
pectat ion that  the Ir+~r-rr 0 state is produced entirely 
via the prr decay channel. This can be seen by compar- 
ing the enhancement with the shaded area in fig. 2 
which corresponds to the sub-sample of  events with a 
7r+Tr 0 or lr-TrUmass combinat ion in the p mass band of  
mp +- 200 MeV. The solid curve shown in fig. 2 is the 
result of  a fit  to an incoherent sum of a background 
term of  the form A[x/~+ B/s and a relativistic B re i t -  

Wigner shape folded with the experimental mass reso- 
lution of  54 + 10 MeV determined from Monte Carlo 
studies. The following energy dependent width was 
used in the Brei t -Wigner  expression 

I~A(S) = rA(m2)(pp[ppO)2L+lDL(pOr)[DL(Pp r). (3) 

Here p0 is the p momentum in the 3-~r rest frame for 
3-rr invariant mass equal to the A2 mass, mA;pp is 
the corresponding p momentum calculated for the 
34r invariant mass ~ D L is the barrier penetrat ion 
factor [7], with L being the orbital angular momen- 
tum (i.e. L = 2 for A2 ~ prr decay), and r is the inter- 
action range, which was set to 1 fm as in ref. [8]. 

A fit to the observed mass distribution with the 
free parameters mA and PA yielded the values: mA = 

r , + 3 8  MeV with 97 + 18 1279 + 12 MeV and PA = °~-31 
events at t r ibuted to A2 formation. Monte Carlo stud- 
ies show that the effects of  the detector and analysis 
procedure reduce the observed mass by ~15  MeV. 
Hence, our best values for the resonance mass and 

~,~+ 38 + width are, m A = 1294 +- 12 -+ 11 MeV, PA = ° ~ - 3 1  - 
30 MeV, where the systematic error in the mass value 
comes from the finite Monte Carlo statistics and the 
theoretical uncertainty in the interaction range, r. 
The systematic error quoted for £A reflects our un- 
certainty in the experimental mass resolution. An ac- 
ceptable fit is also obtained when mA and FA are 
fixed to the world average values [9] o f m A  = 1318 -+ 
5 MeV, FA = 110 + 5 MeV. 

To evaluate the two-photon decay width and to de- 
termine the helicity structure of  the A2 ~ T)' coupling, 
we have simulated by the Monte Carlo method  the re- 
action 

e+e - ~ e + e - 7 7 ,  T)' ~ *r+lr-*r 0 , 
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using for the luminosity function the standard formula 
given in ref. [10]. The Monte Carlo events were gener- 
ated according to a deferential cross section with con- 
structive interference [ 11 ] between the p+Tr- and the 
p-Tr + decay terms: 

do = 27r(2J+ 1)(mA/s)r ,rr /[(m2A-S)2+ mAFA ] 2  2 

[Th(A 2 ~p+/ r -  ~ 371") 
X 

h I 2 + • - - -  R ~  i m p  - s p -  u'npl-~p 

Th(A 2 -+ ,o-it + -+ 311') 12 _,r~,-nox 
+ ~ . . . .  I aL"tra)3~r" (4a) 

mp - s ;  -- imp r ;  I 

Here J(X) is the A2 spin (helicity), d(LIPS)3~r is the 
three-pion Lorentz invariant phase space element, s~ 
is the invariant mass of  the ~ n  0 system, and F~ is the 
energy dependent width of  the p+- according to eq. (3) 
wi thL  = 1 a n d r  = 0.58 fm [12]. The transition ampli- 
tude, Th(A2 -*plr ~ 3~r), is given by 

Th(A2 ~pTr --> 31r) = 32~2(mAPpnmprpX/~p/ppp~) 112 

X ~ C Jh X-m L,h-m,I ,mYL (~p, ~Pp) Y~n (tgm ~Plr), (4b) 
m 

where pp, dp and ep are the p meson momentum,  polar 
and azimuthal angles measured in the A2 rest frame; 
p~, 0~ and ~ ,  are the corresponding variables of  the 
n 0, measured in the p rest frame. All angles are deter- 
mined with respect to the e+e - beam line which is the 
angular momentum quantization axis. The A 2 ~ pn 
decay width, Fprr, depends on s and sp following eq. 
(3). The spherical harmonic products in eq. (4b) are 
multiplied by the Clebsch-Gordan coefficients 
C Jh L, h-m, 1,m with m being the third component  of  the 
p spin. 

The density matrix elements, R xh, give the relative 
contributions of  different helicity states to the A2 for- 
mation. Since the interacting photons are almost real, 
they do not  couple to X = -+1. Furthermore one ex- 
pects from theoretical arguments [13] that  the helici- 
ties I X{ = 2 will dominate over X = 0. 

The Monte Carlo events were passed through a full 
detector simulation where particular care was given to 
the following effects: 

(1) The trigger efficiency, which was calibrated 
from data events with topology similar to the final A2 
events and with redundant trigger conditions. 

(2) The efficiency for photon recognition, which 
was evaluated for the central detector using Dalitz 
pairs, and for the forward spectrometer using photons 
radiated from Bhabha events. 

For the sp in-par i ty  analysis we have chosen to 
study two distributions: 

(1) The distribution of the three pions in their 
CM system, using the parameter A [14] of  the Dalitz 
density triangle plot, de£med as 

A = IP~+ Xp~r-12/max(Ipr+ X p ~ - I 2 ) ,  

which varies between 0 and 1, corresponding to 
events at the boundary and center of  the kinematically 
allowed region of  the Dalitz triangle. 

(2) The distribution of the polar angle ot of  the nor- 
mal to the A2 decay plane measured with respect to 
the beam line, which is a good approximation to the 
incoming T7 direction. 

Fig. 3 shows distributions of  these two quantities 
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Fig. 3. Distr~utions of (a) Dalitz triangle parameter A (see 
text), Co) I cos al, where ~ is the polar angle of the normal to 
the decay plane. The data are corrected for back_ground and 
detector effects. The error bars include also systematic errors 
apart from an overall normalization uncertainty. The different 
curves correspond to various JP(h) expectations. 
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for events with 1.15 ~< x/~-~< 1.45 GeV. The back- 
ground contamination (on average 26%) in these dis- 
tributions was estimated from the corresponding dis- 
tributions of  the side bands outside the A2, and then 
subtracted bin by bin. The resulting distributions 
were then further corrected for detector and data 
analysis inefficiencies. The curves, normalized by the 
best fit to the data points, show the distributions for 
several spin-pari ty assignments for the observed en- 
hancement. We compare the data in fig. 3 with all pos- 
sible spin-pari ty assignments having J ~< 2, namely: 
JP= 2÷(L = 2) with IXI = 2 and ~ = 0 ; J  p =  2 -  (L = 1, 
neglecting a possible L = 3 contribution) with ~ = 0; 
and jt '  = 0 -  (L = 0). Note that a JP-  0 + - resonance 
cannot decay into 3 pions, and JP = 1 -+ as well as 
J / ' =  2 -  with IXI = 2 are excluded by the Yang theo- 
rem [15]. 

The comparison of  the data and predictions in fig. 
3a clearly excludes the JP = 0 -  assignment (x2/nD = 
33/4). The data are in good agreement with the JP = 
2 + assignment (x2/nD = 2.4/4) which is identical for 
I~1 = 2 and ~ = 0. The data in fig. 3a are also consis- 
tent with jt' = 2 - ,  but this hypothesis is ruled out by 
the I cos a l distribution in fig. 3b for which x2/nD = 
12.3/4. From the same I cos a I distribution the data 
are seen to be consistent within errors both with 
JP(X) = 2+(0), and 2+(2) having x2/nD = 6.8/4 and 
2.8/4 respectively. A fit to a linear combination of  
both helicity states yields a I XI = 2 fraction of  62 --- 
39%. This result is consistent with the preliminary 
JADE [4] results for the A2 and with the theoretical 
expectations of  lXI = 2 dominance [13]. The same ob- 
servation was also reported for 77 ~ f production [2, 
16]. 

To evaluate the 3'3' partial width, ILI~, of  the A2, 
we have determined the overall detector, trigger and 
data selection efficiency to be 0.61 -+ 0.09%, for the 
2 + assignment and the helicity mixture found above. 
The 15% uncertainty associated with this efficiency is 
due to the limited Monte Carlo statistics (6%), uncer- 
tainties in the fraction of  ~ = 0 production (3%), trig- 
ger efficiency (6%), and detection efficiency for 
charged tracks (4%) and for photons (10%). 

A correction was applied for event loss due to elec- 
tronic noise simulating a photon. This was estimated 
by analysing two-track events with 3 photons and dis- 
carding the least energetic photon. From the mass dis- 
tribution of  these events we calculate the loss to be 
11 + 7.8%. 

Prior to the f'mal evaluation of  F~/, additional ef- 
fects, not  taken fully into account in the Monte Carlo 
simulation, must be considered in order to evaluate 
the systematic error: 

(1) Uncertainty of  5% in the selection procedure. 
This was estimated by varying slightly the different 
selection cuts. 

(2) Uncertainties in the invariant n+rr-rr 0 mass reso- 
lution and Breit-Wigner shape used for the resonance 
fit (7%). 

(3) Errors in the integrated luminosity and A2 -~ pTr 
branching ratio (3% each). 

Thus, the value obtained for the A2 decay width 
into two photons is: 

F ~  = 1.06 + 0.18 + 0.19 keV.  

The second quoted error is the combined systematic 
uncertainty of  all the effects discussed above added in 
quadrature. If  the A2 mass and its total width are f'Lxed 
to the world average values [9], we obtain a F.r~ of  
1.16 -+ 0.14 -+ 0.21 keV, which is consistent with the 
above value. 

Our value for FT~ agrees within errors with those 
measured by the Crystal Ball [2] (0.77 +- 0.18 + 0.27 
keV), CELLO [3] (0.81 + 0.19 -+ 0.27 keV) and 
JADE [4] (0.84 + 0.07 + 0.15 keV). Using eq. (1) 
with a world average value F.r~(f ) = 2.64 -+ 0.13 keV 
[2,4,5,16,17] and a mixing angle O = 27 ° -+ 3 ° [9], 
the quark model predicts F.t~(A2) = 0.99 -+ 0.05 keV. 
The value of  Fno,(A2) may also be predicted from rela- 
tion (2) which is independent of  the mixing angle. Us- 
ing the value o f B ( f '  -~ KI() F ~ ( f ' )  = 0.11 -+ 0.02 -+ 
0.04 keV measured by TASSO [18], and assuming 
B( f '  ~ KI() = 1, leads to F~7(A2) = 1.00 -+ 0.05 keV. 
Both predictions are in good agreement with our mea- 
sured value. 

In conclusion, we have observed A2 formation in 
p h o t o n - p h o t o n  interactions through its pTr decay 
channel. The event distribution in the Dalitz triangle 
plot and the decay plane angular distribution exclude 
jt '  = 0 - ,  2 -  and agree with the JP = 2 + assignment in 
a dominant I XI = 2 alignment. The decay width into 
two photons is measured to be FT. t = 1.06 --- 0.18 + 
0.19 keV, in agreement within errors both with previ- 
ous measurements and quark model predictions. 
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