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Observation of  a new TIn°n ° resonance at 1900 M e V / c  2 
in two-photon scattering 
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Using the Crystal Ball detector at the DORIS II e+e - storage ring, we measure the TIn°n ° mass spectrum in the reaction 
e+e - -*e+e-Tln°n°-~e+e-6T from the "qn°n ° threshold to about 2500 MeV/c 2. The spectrum is dominated by the 11' , for which we 
determine/ 'w0] '  )BR (q'  ~6y )  = 0.36 +_ 0.02 + 0.03 keV. In addition, we observe an enhancement in the cross section near 1900 
MeV/c 2 which we attribute to the two-photon production of a new resonance X (1900). The angular distributions and the invar- 
iant mass distribution of the Tin ° subsystem are consistent with those expected for the hypothetical ~12 meson with j e c =  2-+.  For 
this j e  assignment the resonance parameters are M(X)  = 1876 + 35 + 50 MeV/c 2, /'tot(X) =228 + 90_+ 34 MeV/c 2 and 
F r r ( X ) B R ( X - , I l n n )  =0 .9+0 .2+0 .3  keV. 
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We report  on an invest igat ion o f  the react ion 
27- ,~n°n  °, observed in the s ix-photon final state ~t. 
Compared  to our previous report  on this reaction [ 2 ], 
the present  analysis uses a factor o f  two more  da ta  
and a more  efficient background rejection. We im- 
prove the measurement  o f  FvrOI' )BR0q ' - - , 6y )  and  
report  for the first t ime on an enhancement  in the 
cross section o f  "y~rln°n ° at an invar iant  mass o f  
about  1900 M e V / c  2. We interpret  it  as the produc-  
t ion o f  a new resonance X ( 1 9 0 0 ) .  A s imilar  obser- 
vat ion has been made  by the CELLO Col labora t ion  
[3]  in the react ion 27 tin +n-. The X ( 1 9 0 0 )  is the 
first new resonance to be discovered in 27 collisions. 
It may  be the q2, the isospin I =  0 par tner  of  the n2, 
which has recently been s tudied in 27 collisions [4,5 ]. 
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a~ A detailed description of this analysis will be presented in 
ref. [1]. 

The T / i n i t i a l  state is created by e+e - collisions, 
where each lepton radiates  a vir tual  photon  with low 
q2. The leptons are scat tered to very small  angles. 
They are not  observed in the final state (no- tag ex- 
pe r imen t ) .  Thus the detected event  has nearly bal- 
anced transverse momen tum with respect to the beam 
direct ion.  Only states with even charge conjugat ion 
C and total  spin J ~  1 can be p roduced  in quasi-real  
27 scattering [ 6 ]. The observat ion  o f  the qn°n ° state 
l imits  the isospin to I = 0  or  •=2. Angular  dis t r ibu-  
t ions o f  the decay part icles can yield informat ion  on 
the spin J. 

This  invest igat ion has been per formed  with the 
Crystal  Ball detector  at the D O R I S  II  e+e - storage 
ring at  DESY. The integrated luminosi ty  corre- 
sponds  to 255 pb-~  and was collected at an average 
beam energy o f  5 GeV between 1982 and 1986. 

The main  par t  o f  the Crystal  Ball de tec tor  [2,7] 
consists o f  672 optical ly isolated NaI(T1)  crystals 
which form a hollow sphere of  16 radia t ion  lengths 
thickness covering 93% of  the total  solid angle, with 
two holes for the beam pipe. The solid angle coverage 
is increased to 98% by NaI  (T1) endcap crystals. For  
e lectromagnet ical ly  showering part icles the mea-  
sured energy resolut ion is aJE=(2 .7+_0 .2)%/  
4 ~ G e V  and the di rect ion (with respect to the beam 
axis)  is de te rmined  with an energy-dependent  accu- 
racy o f  3 ° to 1 °. The central cavi ty of  the detector  is 
equ ipped  with four double  layers o f  p ropor t iona l  
tubes to detect  charged particles.  

The trigger requires that  the total  energy deposi-  
t ion be larger than 780 MeV in the calor imeter  and  
that  more  than  180 MeV be recorded in both the top 
and the bo t t om hemisphere.  The first layer o f  crystals 
surrounding the beam pipe are not  included in these 
energy sums; instead,  to reject background events, a 
veto is set i f  more  than 30 MeV is detected in these 
crystals. Sharp software thresholds o f  800 MeV, 200 
MeV and 25 MeV respectively are appl ied  in the 
analysis  to e l iminate  effects caused by var ia t ions  o f  
the trigger thresholds.  The efficiency of  this trigger is 
about  78% in the 11' mass region and falls off  slightly 
to 65% at rln°n ° invar iant  masses o f  2500 M e V / c  2. 

Candida te  events for the s ix-photon final state are 
selected by requir ing six energy deposi t ions  in the 
calor imeter .  The central  crystal in each energy depo-  
si t ion has to satisfy Icos(0) I <0.86.  A photon  can- 
d ida te  is tagged as charged if  one or  more  hits in the 
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tube chambers match closely in azimuth the direc- 
tion of the energy deposit; we ignore the information 
along the beam axis, since beam-gas events do not 
necessarily come from the interaction point. At most 
one of the six photon candidates is allowed to be 
tagged as charged by the tube chambers,using only the 
azimuth information. Including the effect of random 
hits in the chambers and the conversion probability 
of the photons in the beam pipe and the tube cham- 
bers, this cut has an efficiency of about 75% for ~n°n ° 
events. 

The four-momenta of the photon candidates are 
determined from the energies and directions mea- 
sured in the calorimeter and the transverse momen- 
tum sum of the six photons is calculated. This trans- 
verse momentum sum I ~Ptl is required to be less than 
100 MeV/c. A total of 1220 events pass all these cuts. 
Events failing only the cut on I ZPt[ are kept to study 
the I ZPtl distribution. 

The last step of the selection procedure is the qn°n ° 
event definition. There are 15 possible configura- 
tions for grouping six photons into three pairs. The 
invariant 77 mass distribution of all pairs shows a 
prominent n ° peak and an 11 signal above a combina- 
torial background. The positions of the peaks agree 
within errors with the nominal values [ 8 ] and their 
widths are consistent with those expected from the 
experimental mass resolution. For each configura- 
tion, the energy and angular resolution are used to 
calculate the Z 2 (three degrees of freedom) for the 
qn°n ° and n°n°n ° hypotheses, rin°n ° events are se- 
lected by requiring that at least one configuration has 
a Z 2 0]n°n °) < 9 and that the n°n°n ° hypothesis is re- 
jected [z2(n°n°n °) > 9 ]. If  more than one configura- 
tion is compatible with the qn°n ° hypothesis, the one 
with the smallest Z2(nn°n °) is selected. Note that only 
three events in the Wr~ range from 1100 MeV/c 2 to 
1600 MeV/c 2 and one event above 1600 MeV/c 2 
have two configurations with X 2 (rln°n °) < 9. No event 
has more than two ~n°n ° configurations. Events which 
do not fulfill the lqn°n ° criterion are kept to study the 
X 2 distribution. 

The final data sample contains 317 events that pass 
all cuts and are identified as ~ln°n ° events. Of the re- 
maining 1220-317 events 137 fit the nonono hypoth- 
esis. The invariant mass distribution of the 317 ~qn°n ° 
events is displayed in fig. 1. The prominent peak just 
below 1000 MeV/c 2 contains about 270 events and 
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Fig. 1. Invariant mass distribution of  the selected nn°n ° events 
(shaded histogram). The insert shows the distribution of  events 
with 1100 MeV/c2<  Ww< 2500 MeV/c  2. The full line is the fit 
to the data, the dotted line is the Breit-Wigner and the dashed 
line is the background. 

is due to the 11' (958). In addition, events are found 
with measured masses larger than the rl'. It is these 
events that are the main subject of this paper. 

To calculate the Wrr-dependent 30' luminosity and 
the detection efficiency, and to study the properties 
of e÷e - - .e+e-r ln°n°- ,e+e-6y events, we perform a 
Monte Carlo integration of the two-photon flux given 
in ref. [9] with a cross section tr('~--,rln°n °) con- 
stant in Wrr. The generated events are passed through 
a complete detector simulation using the shower de- 
velopment program EGS3 [ 10 ] for the simulation of 
the calorimeter and a detailed simulation of the tube 
chambers [ 11 ]. Beam-related background in the cal- 
orimeter and the tube chambers is included by super- 
imposing events which were recorded on every 107th 
beam crossing with no other trigger requirement. The 
Monte Carlo events are then analyses in the same way 
as the data. 

In the following, we use the I Y~Ptl distribution and 
the quality of the ~]n°n ° identification to show that 
the events in the region 1600 < Wry< 2200 MeV/c 2 
are mostly from the reaction 77-,rln°n °, while those 
between 1100 and 1600 MeV/c 2 are mostly back- 
ground events. 

The I ~Ptl 2 distribution for data events that pass 
all cuts except the I Y~Ptl cut is shown in fig. 2b for 
events with 1600< Wrr<2200 MeV/c 2. The data 
peak at low I ~Ptl 2 is in agreement with the Monte 
Carlo expectation. The corresponding distribution 
(fig. 2a) for 1100 to 1600 MeV/c 2 is fiat, indicating 
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Fig. 2. Distribution of the square of the transverse momentum 
sum I ZP, I 2 of data (dots with error bars) and MC events (his- 
togram) for (a) 1100 MeV/c2< Wrr< 1600 MeV/c 2, and (b) 
1600 MeV/c2 < Ww< 2200 MeV/c 2. 

that these are not exclusive tow-photon events. 
The Z 2 (1]n°n °) distribution for events in the 1600- 

2200 M e V / c  2 range peaks at low values, in agree- 
ment with the Monte Carlo, while that for the range 
1 1 0 0 - 1 6 0 0  MeV/c  2 is flat, again indicating that the 
events in this region are not dominated by 1]n°n °. 

To investigate further the purity o f  the 1]n°n ° events, 
we use an altered selection procedure in which all cuts 
except the ones on Z 2 (1]n°n °) and Z 2 (n°n°n °) are ap- 
plied. Instead we require that four o f  the six photons 
can be grouped such that they form two n o , and then 
plot the invariant mass of  the remaining pair o f  pho- 
tons. Note that multiple entries for each event are 
possible. The events in the 1]' mass region (850-1100 
MeV/c  2) display a very prominent  1] peak (fig. 3a). 
The 1] signal represents evidence for the observation 
of77~1]n°n °. In the corresponding plot for the 1100- 
1600 M e V / c  2 region, in fig. 3b, a n o signal, but no n 
signal, is visible. The events in the 1600-2200 MeV/  

C 2 region display a prominent n o peak as well as a clear 
11 signal on a rather small combinatorial background 
(fig. 3c). 

The n o signal above 1600 MeV/c  2 is evidence for 
the reaction yy-,n°n°n °, which is dominated by the 
two-photon production and subsequent decay of  the 
n2 (1670) meson [ 4,5 ]. A Monte Carlo simulation o f  
this reaction is used to determine its possible contri- 
bution to the final 1]n°n ° selection. The cut 
za(n°n°n °) > 9 is very effective; less than one event 
f rom n2 decays is expected to contribute to the 1]n°n ° 
spectrum. 

Returning to the events from the complete selec- 
tion procedure, we conclude that the events in the 
1600-2200 MeV/c  2 region are dominated by 
77~1]n°n ° events, while those between 1100 and 1600 
MeV/c  2 are not. The spectrum between 1100 and 
2500 MeV/c  2 is displayed in the insert o f  fig. 1 with 
an expanded ordinate. The enhancement of  events 
near 1900 MeV/c  2 is broader than the experimental 
mass resolution of  about 35 MeV/c  2. It could be due 
to one or more resonances. Our small number  of  
events is not sufficient to study the possibility of  more 
than one resonance. We assume that the spectrum 
above the 1]' consists of  a smoothly decreasing back- 
ground and one wide resonance. There is predicted 
to be a j ec  = 2 -  + state called the 112 [ 12 ] which could 
explain our data. It is an isoscalar member of  the same 
nonet as the n2(1670).  In the following we will test 
whether our data are consistent with the two-photon 
production and decay of  an I]2 meson. 

Next we perform an unbinned maximum likeli- 
hood fit to the full spectrum, including a gaussian peak 
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Fig. 3. Distribution of the invariant mass of the remaining pair of photons for events in which four photons can be grouped to two n ° for 
(a) 850 MeV/c2< Wrt< 1100 MeV/c 2, (b) 1100 MeV/c2< Ww< 1600 MeV/c 2, and (c) 1600 MeV/c2< W~<2200 MeV/c 2. Note 
that multiple entries per event are possible. 
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to describe the q ' ,  a J =  2 Breit-Wigner peak convo- 
luted with the mass resolution, and a quadratic back- 
ground. Fig. 1 shows the result for 1100 < Ww< 2500 
MeV/c  2. The fit assigns 260 events to the n'  over a 
background of six. The resulting value [ 1 ] of  
F w ( q ' ) B R ( ~ ' - - , 6 T ) = 0 . 3 6 + 0 . 0 2 + 0 . 0 3  keV is in 
good agreement with our previous value [2 ]. The first 
error is statistical, the second systematic. The fitted 
background explains most of  the data in the 1100- 
1600 MeV/c 2 region, in agreement with our back- 
ground studies described above. In the 1600-2200 
MeV/c 2 region the background amounts to five out 
of  a total of  34 events. Extraction of the parameters 
of  this resonance requires information on its decay 
mode and spin, to which we turn now. 

The TIE is expected [ 12 ] to decay dominantly to a2n. 
Decays to aon, forl and f2n are also possible. The in- 
variant mass distribution of the n°n ° sub-system 
shows no evidence for the fo or the t"2. The M ( q n  °) 
distribution, shown in fig. 4, has more entries around 
1000 MeV/c  2 and 1300 MeV/c  2 than expected from 
a three-body phase space distribution. The M ( q n  °) 
distribution is compared to the Monte Carlo predic- 
tions for a three-body phase space decay, for a J e = 2 -  
resonance decaying to aon ° o r  a2 K°, and for a mixture 
of  the last two possibilities by calculating the likeli- 
hood functions for these hypothesis. The data are best 
described by a mixture of  about (70 + 20 ) % a2/~ ° and 
(30_+ 20)% aon ° in the final state (see the solid curve 
in fig. 4). 

The angular distributions reveal information about 
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Fig. 4. Invariant mass  distribution of  the 11n ° subsystems of  se- 
lected events with 1600 Me V/ c2<  Wrr<2200 MeV/c  2 (two en- 
tries per event).  Dots with error bars are data; the full histogram 
is the best fit; the dotted histogram is the expected distribution 
for three-body phase space decay. 

the spin and parity of  the resonance. The distribution 
of I cos (0 I)1, where 01 is the angle in the ~lrC°rc ° rest 
frame between the 11 momentum vector and the beam 
direction, is shown in fig. 5a for events in the Wr~ 
range 1600-2200 MeV/c 2. For the same events, the 
distribution of I cos(0~e¢) I, with 0~ec the angle in the 
~rt°n ° frame between the normal to the decay plane 
and the beam direction, is shown in fig. 5b. These 
distributions are not corrected for acceptance. The 
Monte Carlo predictions for three-body phase space 
decay (as appropriate for j r =  0 -  ) and for a j e =  2 -  
resonance decaying via a2n ° are also plotted. For the 
Monte Carlo with assignment J r = 2 - ,  we used the 
fact [ 13 ] that a 2 -  resonance is produced in quasi- 
real 77 collisions only in the helicity 0 state. A test of  
these two j e  assignments based on the two angular 
distributions favors 2 -  over 0- .  Assuming j e =  0 -  
and three-body phase space decay results in Z 2 = 13.8 
for eight degrees of freedom. For the JP=  2 -  case, the 
decay via aon ° gives g2= 12.6; the a2n ° decay mode 
has g2= 6.1; and the mixture of  70% a2n ° and 30% 
aon ° [our best fit to the M(qn  °) mass plot ] gives 
Z 2 = 5.8 for eight degrees of  freedom. The assignment 
J e = 2 +  as well as the effect of  isobars on a 0 -  decay 
are under investigation [ 1 ]. 

Although we cannot yet exclude other possibilities, 
we have shown that the resonance is consistent with 
the q2. We use that assignment to extract the reso- 
nance parameters. The efficiency appropriate to 
j e c =  2-  ÷ and decay via a2n ° is used. A factor of  3 is 
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Fig. 5. Angular distributions in the rln°n ° rest frame, for events 
with 1600 MeV/c  2 < Wvr < 2200 MeV/c  2, normalized to unit area. 
(a) Absolute value of  the cosine of  the angle between the ~ mo- 
men tum and the beam direction. (b)  Absolute value of  the co- 
sine of  the angle between the normal to the decay plane and the 
beam direction. Circles with error bars are the data, the full line 
corresponds to j e =  2 -  and decay via a2x ° while the dotted line is 
the expectation for j e =  O- and a three-body phase space decay. 
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included to account for the branching ratio o f  an iso- 
scalar to the ~1~ final state (~n°n° as well as rift ÷ t t-  ). 
The following values are obtained: 

Frt (X)  BR ( X ~ l n n )  =0 .9  _+ 0.2 _+ 0.3 keY, 

M ( X  ) = 1876 _+ 35 _+ 50 MeV/c  2, 

Ftot (X)  = 228 +_ 90 _+ 34 MeV/c2.  

The systematic error on F~BR covers the variation 
obtained by using an isotropic or an aon ° decay in- 
stead of  a2n °. Because o f  the factor 2 J +  1 in the total 
cross section [ 13 ], the corresponding product  would 
be five times greater, i.e. 4.5 keV, if the state were a 
pseudoscalar (note that this number  is smaller than 
our previous upper limit [ 2 ] in this mass range). The 
main contribution to the systematic error on Ftot is 
from the variation o f  the background shape, while that 
on the mass is dominated by the uncertainty in our 
absolute energy scale. 

In conclusion, we have measured the reaction 
77--,qn°n°--,6y. The invariant mass spectrum dis- 
plays two structures, the well known n '  (958) and an 
enhancement  around 1900 M e V / c <  The partial 
width o f  the 11' to two photons times its branching 
ratio to the six-photon final state is F w ( ~ ' )  
× B R ( q ' - + 6 y )  =0 .36  + 0.02 +_ 0.03 keV. 

The enhancement  o f  events near 1900 MeV/c  2 has 
several features that are consistent with those ex- 
pected for the two-photon production o f  the HE me- 
son, the previously missing isoscalar member  of  the 
jec= 2 -  +none t .  The invariant mass distribution o f  
the qno subsystem favors a decay via a2~ and aon over 
a decay according to three-body phase space. The an- 
gular distributions o f  the decay plane and of  the r I 
meson are better described by the decay of  a pseu- 
dotensor state than by that of  a pseudoscalar. We ob- 
tain the resonance parameters under  the assumption 
that the enhancement is only one wide resonance 
X(1900)  with quantum numbers  I G(Jec)= 
0 + ( 2 -  + ). Higher statistics are necessary to unam- 
biguously resolve the mass spectrum, the decay 
mechanism, the spin-pari ty  and the two-photon cou- 

piing o f  states decaying to 1]n°n ° in this mass range. 
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