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The production of the pseudoscalar meson 11' (958 ) is observed in the reaction e + e - -,e + e- q' -~ e + e- n + rt 7 with the ARGUS 
detector at DESY. We measure the product Fry (q') Br (q' -~ P~' ) to be 1.13 + 0.04 +_ 0.13 keV. Using the known branching ratios, 
we calculate Fyy(q') to be 3.76 +_ 0.13 + 0.47 keV and F n. to be 203 + 32 keV. 

The TT couplings of  mesons reveal  aspects of  their  
structure, for example  the degree of  mixing between 
singlet and octet states and the behaviour  of  the wave 
functions at the origin. A depar ture  from the expec- 
ta t ions of  f lavour S U ( 3 )  symmetry  for the pseudo-  
scalars could indicate  a non I q( t)  cont r ibut ion  [ 1 ]. 

We repor t  here a measurement  o f  the T7 width  of  
the q '  using the A R G U S  detector  at D O R I S  II op- 
erat ing at centre o f  mass energies a round  10 GeV. 
A R G U S  is a universal  magnet ic  detector  and is de- 
scr ibed in ref. [ 2 ]. Good  spatial  and m o m e n t u m  res- 
olut ion for charged particles and photons of  momenta  
as low as 50 MeV/c over  a large solid angle enables 
us to make a deta i led  study of  the react ion 
e+e - - - , e + e - q  ' ~ e + e - n  + n - 7 .  The outgoing leptons 
are predominant ly  produced at very small angles and 
are not  detected.  The da ta  used for this analysis cor- 
responds  to an integrated luminosi ty  of  106.8 pb-~ .  
The product ion ofr l '  mesons in T7 collisions has been 
invest igated previously at the SPEAR and the PEP- 
/PETRA storage rings operat ing at centre of  mass 
energies between 4 and 7 GeV and between 30 and 
40 GeV, respectively [4 -9 ] .  

The triggers sensit ive to T7 processes require  
charged tracks to hit trigger e lements  composed  of  
T ime  of  Flight (ToF)  counters and appropr ia te  
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groups of  shower counters.  Two dis t inct  trigger re- 
qui rements  were used in parallel.  The first requires 
at least one charged part icle  in each hemisphere  de- 
f ined by the transverse plane through the in teract ion 
point.  The second accepts an event  i f  any pair  of  
charged part icles hits ToF  counters separa ted  by at 
least 90 ° in the transverse plane. A second level trig- 
ger processor,  known as the Litt le Track F inder  
( L T F ) ,  searches for tracks with transverse momen ta  
greater than 125 MeV/c originating from the center 
of  the drift  chamber.  At least two LTF tracks were 
required in each event. 

The raw data  sample contains  about  2 ×  106 re- 
constructed events, with at least two charged tracks 
t raced within 8 cm of  the interact ion poin t  along the 
beam line and 1.5 cm in the transverse plane. 7X 105 
of  these are selected as candidates  for two-prong 
events from 7"l collisions by requir ing that  the scalar 
sum of  mome n ta  be less than 4.0 GeV/c. Beam-gas  
events are rejected by the vertex const ra int  and  by 
ignoring any event containing protons  or heavier  
particles.  88 087 of  these events contain  a well-de- 
fined single photon. A further sample of  13 140 events 
contains,  in addi t ion  to the well-defined photon,  an 
isolated hit consistent  with known calor imeter  noise. 
Both of  these samples are used in the analysis. 

The 77 QED processes are major  background re- 
act ions ( e + e - - , e + e - ~ + ~ - T )  where the ~+~- are 
leptons and T may be a real photon  or noise in the 
ca lor imeter) .  Requir ing that  the cosine of  the open- 
ing angle between the photon  and any charged t rack 
be less than 0.8 removes most  of  these QED events. 
The resulting n +n - 7  mass spectrum is shown in fig. 
1. To insure that  the n + n - T  events arise from com- 
pletely reconstructed 7"1 collisions, it is required that  
cos(O~+~- - 0 v  ) < - 0 . 8 ,  where ¢ is the angle in the 
transverse plane. This is a geometric  expression o f  
t ransverse m o m e n t u m  balance.  The component  of  
the total  t ransverse m o m e n t u m  in the plane con- 
taining the beam-axis  and the photon direct ion is re- 
quired to be less than I00 MeV/c while the normal  
component ,  which is not affected by photon  reso- 
lution, is required to be less than 50 MeV/c. The 
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Fig. 1. ~ +g -7 invariant mass spectrum from events with a single 
well-deft ned photon with only the anti-bremsstrahlung cut (max- 
imum cos 0=~ < 0.8). 

transverse momen tum of  the = + = -  system is re- 
quired to be greater than 100 MeV/c to reject the ex- 
clusive two-charged-particle topologies from 77 
processes with additional fake photons. A total of  
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Fig. 2. Fit to the 7t +~ -7 invariant mass spectrum after all analy- 
sis cuts are applied. (a) Before and (b) after'/energy tuning. 

2212 events survive these cuts (fig. 2a). 
As the mass resolution is dominated by the photon 

energy resolution, one can (following the earlier work 
at M A R K  II [4],  PLUTO [8],  and TPC/2T [9])  im- 
prove this by tuning the photon energy so that the 
transverse momenta  o f  the photon and the n+n  - 
system are equal in magnitude. This is justified be- 
cause the final state is produced by collisions o f  vir- 
tual photons radiated at small transverse momenta  
by the e+e - beams. The resulting mass spectrum is 
shown in fig. 2b. 

To translate this signal into an expression for the 
radiative width of  the 11' one must use a Monte Carlo 
program to determine the acceptance and the inte- 
gral of  the product of  the Y7 luminosity and the cross 
section. The Monte Carlo generator uses the expres- 
sions for the Y7 luminosity derived by Budnev et al. 
[ 10]. The formation o f a  pseudoscalar meson in col- 
lisions of  transverse photons is described by one form 
factor only [ 11 ]. The complete expression for the Y7 
cross section is 

a ( y T o r l ' )  = (v 2 - m - O  )F-(q~, q~) 

,/;r 
X (s_m2)2 q_F2m2 ' 

Fa(O, O) =64nFvv(rf)/m 3 , 

where qj and q2 are the four-momenta of  the virtual 
9 "~ 2 photons, X= (q~.q2)--qTq2, 0_= (qr -q2)/2, P=q~ 

+q2, u=P.(~, m and F are the mass and width o f  the 
q '  and x/#ss is the mass of  the final state. The shape 
of  the form factor F(q~, q2) has been parametrized 
according to the G V D M  model [ 1 ]. The final state 
is generated as three-particle phase space with a ma- 
trix element incorporating the dipole character of  of  
the r l ' ~ p 7  transition and the the p pole: 

IM(m~+~-,  E 7, 0)12 

P~ E~ sin2( O)m2+ ~- 
OC ,~ ~ ) 2  "~ 2 (m~,-m;~+~ +m~,F (m~+~_) 

The decay algorithm is similar to that used in the 
TASSO [7],  PLUTO [8],  and TPC/27 [9] analyses. 
Ev and P~ are, respectively, the energy and momen-  
tum of  the photon and pions in the p rest frame. 0 
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is the angle between the pion and photon in the same 
system. The E~ dependence follows from the mag- 
netic dipole nature of  the transition. The P meson is 
polarized as its helicity is limited to be + 1 by an- 
gular-momentum conservation, rn o and m~+~ refer 
to the mass of  the p and the invariant mass of  the 
Iwo-pion system, respectively. The P width is para- 
metrized [12] as 

V( m) =Vo ' 2p3 /[ po.( P~ - P o ) ]  , 

where Po is the pion momentum for m~ + ~_ = rap. The 
acceptance is insensitive to reasonable variations of  
the matrix elements in this analysis. The standard 
particle data book values [ 13 ] for m~ and £o are used 
in the simulation. 

The data are divided into trigger periods distin- 
guished by changes in logic, threshold values, or ef- 
ficiencies. The Monte Carlo events are processed 
through a full detector simulation [ 3 ] for each trig- 
ger period, and passed through the same selection 
and analysis programs as the data. The LTF is sim- 
ulated using an algorithm identical to that of  the 
hardware with its efficiency determined from data 
(88%-94% per track depending on trigger period).  
Similarly, shower counter threshold shape parame- 
trizations determined from the data of  each trigger 
period are used (the efficiency for min imum ioniz- 
ing particles varies between 91% and 95%). Each 
event is then assigned a trigger probability, defined 
as the luminosity weighted fraction of  the trigger pe- 
riods in which it is detected. There is good agree- 
ment (fig. 3) between the results of  the Monte Carlo 
and the data for the M(n+n - )  and E v spectra. No  
cut was made on the mass of  the n + n -  system. 

Above the rl' peak a n  A2--+p-+/l; ~ --+r~ + r ~ - r ~  ° signal 
is visible (from events where the second photon from 
the n ° decay is lost). The background below the q'  
mass is produced by 7" /QED processes. The peak of  
this distribution as seen below the q '  peak in figs. 1 
and 2 is determined by acceptance effects. The r I' 
peak is fitted by a sum of two gaussians with the mass 
fixed (fig. 2). The number  o f q '  events was found to 
be 867 _+ 30 and is relatively insensitive to the back- 
ground parametrization and the use of  the photon 
energy tuning. The error is purely statistical - un- 
certainties from the fitting procedure are included in 
the systematic error. We calculate the systematic un- 
certainties in the measurement  of  Fyv (q ' )  to be: 9% 
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Fig. 3. (a) M ( x  +'~ - ) spectrum, (b) Ey spectrum. The solid line 
is the result of the Monte Carlo simulation. Points with error bars 
represent data. Only events with the n +n 7 mass between 0.87 
GeV and 1.03 GeV are used. 

from the acceptance calculation, 5% in the luminos- 
ity measurement, and 4% from fitting the rn(~ +~ 7) 
spectrum. This leads to the value for the product of  
the 7"/width and the 11' ~p"/ branching ratio 

Fyy(r l ' )Br(q ' --+P7) = 1.13+_0.04+_0.13 keY.  

With the independent experimental value [ 14,13 ] 
for Br(q'--*97) of  0.300+_0.016 this yields a value 
for the 77 width of  the q ' :  

F~r (g '  ) =3 .76+_0.13+0.47  keY.  

This measurement is consistent with the latest pub- 
lished values for the 77 width of  the q'  of  
5.8+_1.1+_1.2 keV [4],  5.0+_0.5_+0.9 keV [5],  
6.2+1.1+_0.8 keV [6],  5.1+_0.4_+0.7 keV [7], 
3 .8+-0.3+0.4  keV [8] and 4.2_+0.3+_0.6 keV [9].  
Since the systematic errors enter in markedly differ- 
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ent  ways in all these me as u reme n t s ,  no  a t t emp t  is 
m a d e  here to give a wor ld  average. Us ing  
B r ( r l ' - , y y )  =0 .0185_+0 .0016  for the b r a n ch i n g  ra- 
tio [ 13] for G' ~Y) '  we f ind the total  wid th  of  the "q' 
to be 

F n, = 203 + 32 k e V ,  

one  of  the most  accurate measu remen t s  avai lable (see 
ref. [13] ,  p. 182).  

O ur  va lue  of  F v v O l ' )  can be c o m b i n e d  with the 
world  averages of  F T , ( n ° ) = 7 . 4 8 + 0 . 3 2  eV a n d  
F y v O 1 ) = 0 . 5 6 _ + 0 . 0 4  keV ( the la t ter  f rom ?,), colli- 
s ion expe r imen t s  on ly  (see ref. [ 13], p. 119)) to ob-  
ta in  the pseudosca la r  n o n e t  f l avour  S U ( 3 )  mix ing  
pa ramete r s  as de f ined  in  ref. [ 1 ]: 

F n  / r ~ "  = ~ (cos 0 -  r2xf2  sin O)2(mn/mro) 3 YT " - - T Y  

r ' n / r ~  ° = l ( s i n 0 + r 2 x / ~ c o s  ~ O) - ( na n, Im~o ) -  ~ Y T  " ~ T Y  

We f ind the s inglet /octet  mix ing  angle 0 = - 2 0 , 2  ° 
_+ 2.0 ° and  the none t  symmet ry  b reak ing  p a r a m e t e r  
r = 0 . 9 1  +0 .04 .  One  can in t roduce  a g l u o n i u m  com-  
p o n e n t  in add i t i on  to the S U ( 3 )  singlet  a n d  octet q~ 
c o m p o n e n t s  in the G an d  G' wave func t ions  [ 15 ]. To 
cons t ra in  the models ,  one  needs  add i t i ona l  infor-  
m a t i o n  f rom other  exper iments ,  for example  J / ~  de- 
cays in to  a pseudosca la r  mes o n  an d  a vec tor  meson ,  
and  pseudosca la r  to vec tor  mes o n  t rans i t ions .  How-  
ever, these expe r imen t s  [ 16] are no t  yet  suff icient ly 
precise to pe rmi t  any  def in i t ive  conclus ions .  
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