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obtained i n  (p, i i )  c a l c u l a t i o n s  b y  Mi l le r1  a n d  oth- 

ers14 u s i n g  t h e  s t a t i c  a p p r o x i m a t i o n  are  t r u s t -  
worthy.  We note t h a t  r e c e n t  DWBA ca lcu la t ions  
of ( p ,  n ') on a l a r g e  series of t a r g e t s  g ive  good 

(genera l ly  within a f a c t o r  of - 2 i n  a b s o l u t e  m a g -  
nitude) s y s t e m a t i c  a g r e e m e n t  wi th  p r e s e n t  meas- 
urements , ' '  a n d  t h e  r e m a i n i n g  d i s c r e p a n c i e s  are 
e a s i l y  accounted  f o r  b y  r e a s o n a b l e  wave  func t ions  
s o  t h a t  t h e  goal  of u s i n g  (p ,  71') r e a c t i o n s  a s  a nu-  
c l e a r - s t r u c t u r e  p r o b e  at high m o m e n t u m  s e e m s  
m u c h  m o r e  a t t a inab le  t h a n  it did just  a few y e a r s  

ago.  
I am g r a t e f u l  to Dr. Z. G r o m a d z k i  f o r  p e r m i s -  

s i o n  to quote h i s  t h e o r e t i c a l  r e s u l t s  p r i o r  t o  t h e i r  
publ icat ion e l s e w h e r e .  
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Search for Heavy Narrow Resonances Produced by Photons with Energies up to 11.8 GeV* 
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A search has been made for photoproduced bosons or  leptons of mass  between 1.2 and 
3.5 GeV that decay into either an electron-positron pair ,  two photons, o r  an electron and 
a photon. Within the sensitivity of the experiment no evidence for any new narrow reso- 
nance was found. An upper limit i s  given for the c ross  section per nucleon times the 
branching ratio. 

S t imula ted  by  t h e  d i s c o v e r y  of t h e  $(3.1) meson1  p a r t i c u l a r ,  it would b e  of c o n s i d e r a b l e  i m p o r t a n c e  

a n d  t h e  con jec tured  e x i s t e n c e  of t h e  r e l a t e d  p s e u -  t o  o b s e r v e  t h e  d e c a y  in to  two photons of t h e  v c ,  
d o s c a l a r  state, a n  e x p e r i m e n t  w a s  u n d e r t a k e n  at a J* = 0 -  m e s o n  with mass a r o u n d  3.0 GeV, p r e -  
t h e  Wi lson  Synchro t ron  L a b o r a t o r y  to s e a r c h  f o r  d ic ted  by  t h e  r e c e n t  t h e o r i e s  wi th  charm. '  T h e  
photoproduct ion of n a r r o w  heavy  r e s o n a n c e s .  In de tec t ion  s y s t e m  w a s  t h e  s a m e  as t h e  one u s e d  in 
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FIG. 1. nn, nc,  and cc spectra  for data set  1 in which 
the i j ,  (3.1) boson was observed. 

our earl ier  measurement of the photoproduction 
cross  section of the q(3.1) and i s  described by 
Gittelman et u Z . ~  A collimated photon beam passed 
through a 2.93-g/cm2 beryllium target. Electrons 
and photons produced in the target were detected 
in a pair of lead-glass hodoscopes. An event trig- 
ger was generated by a coincidence between two 

hodoscope signals in which each signal corres-  
ponded to an energy greater than a prescribed 
minimum, E,,,,,,, and their sum was greater 
than E,,,. An ar ray  of scintillation counters lo- 
cated in front of the lead-glass hodoscopes was 
used to distinguish electrons from photons. In 
this way each event was classified a s  charged- 
charged (cc), neutral-neutral (nn), o r  neutral- 
charged (nc), according to  the charge of the de - 
tected particles. 

Data were recorded for two distinct configur- 
ations. In the first ,  one hodoscope was placed 
below the beam line and the other symmetrically 
above in order to detect the decay products of 
particles produced near 0". The sensitive mass 
range was varied by changing the bremsstrahlung 
endpoint energy. The mass-squared distributions 
for data accumulated with an 11.8-GeV endpoint 
energy a r e  illustrated in Fig. 1. One sees a bump 
at the $ mass in the cc distribution but no s imi-  
lar  evidence of any other enhancement. 

In the second configuration, the detector was 
moved about 48 cm to the right of the beam line 
to detect particles produced away from 0". This 
was motivated by the possibility that one might 
miss observing a spin-0 particle because of an 
unusually strong suppression of the cross  section 
near 0". In this configuration the synchrotron en- 
ergy was kept fixed at 11.5 GeV and the sensitive 
mass range was varied by changing the distance 
of the target from the detector. In Table I the 
conditions of each run a r e  summarized. 

The width of a bump in the mass -squared spec - 
TABLE I. Experimental configurations. 

Distances 
Machine to the ~ e a n ~  
energy target mass  Mo ESingle E,", Equivalent 

Data set  (GeV) (in .) (GeV) (GeV) (GeV) quanta 

On axis 
1 
2 
3 
4 
5 

Off axis 
7 
8 
9 

10 

aThe distance between hodoscope centers was fixed at  38 in. for all  data sets  ex- 
cept No. 7 ,  for which it  was 35.4 in. 

b ~ h e  mass  acceptance of the detector changes by less  than a factor of 2 for mass  
values within i 10% of the mean m a s s  mo.  
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t rum is a combination of the intrinsic particle 
width and the detector resolution. For  this ex-  
periment the latter is given by Am2/nz2= 0 . 3 2 / d ~  
rms ,  where E is the laboratory energy of the 
decaying resonance in  GeV. This relation was 
checked experimentally using the measured 4(3.1) - e + e -  spectrum ( E -  11.0 GeV) and in a separate  
run using the T O -  y y  spectrum (E - 6.5 G ~ v ) .  Re- 
stricting the investigation t o  narrow resonances, 
we have the constraint that an observed mass  en- 
hancement must have a width given by the detec- 
to r  resolution if it i s  to  be considered a s  evidence 
of a resonance. With this in mind each mass -  
squared spectrum was analyzed as follows. First ,  
the whole sensitive mass  range was fitted with the 
function A exp(- bm2) where A and b were varied. 
Then the spectrum was refitted for  each mass  
value m,, in the range of interest ,  with the func- 
tion 

of this cri terion i s  illustrated in Fig. 2. To give 
an upper limit for the production c r o s s  section 
t imes the decay branching ratio, B,, we assumed 
an isotropic angular distribution da(t)/dt  =Ao and 
with use of a Monte Carlo routine we calculated 
the value of AoB, that produced the number of ob- 
served events. For the decay angular distribu- 
tion in the c.m. system we assumed 1 +cos2B for  
the cc  mode and an isotropic one for  the nn and 
nc modes. The calculated limits a r e  shown in 
Fig. 3 for  on-axis (solid lines) and off-axis 
(dashed lines) data. In this calculation the t - t ~ ,  
acceptance of the detector and the incident photon 
energy spectrum were taken into account. Assum- 
ing do/dt = ~e~~ we also  calculated the upper limit 
on AB, for  b = 1, 3, and 5 GeV2. The resul ts  for  
the nn data a r e  shown in Table 11. Approximate 
limits for  various functional forms of do/dt may 
be calculated f rom 

+A, exp { - $[(m2 - m,2)/~nto2]2}. (1) 
where (t,,, - tmin) is the t - tmi, acceptance given 

Here the parameters  A, and A, a r e  varied, but b in Table 11, tmi, may be calculated from the typi- 
is held fixed a t  i t s  previously determined value. 
The f i r s t  t e r m  is background. The second t e r m  
measures  the yield f rom a resonance of mass  m,. 
AmO2 is the known detector resolution. Using this 
procedure, we searched the sensit ive mass  range 
of each data set .  No statist ically significant en- 
hancements were found. The l imits quoted in this 
paper a r e  based on the number of events that one 
would have detected for  a 4-standard-deviation 
signal on top of the background. The significance 

( b )  

-- - 

Raw Dota 
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Peak 

FIG. 2 .  In (a) the measured e+e-  mass-squared spec- 
trum for  data se t  4 is shown, In (b) a 4-standard-devia- 
tion bump is generated by adding to the measured spec- 
t rum 160 events from the decay of a resonance of mo2 
=2.15 G ~ V '  with ~ r n ~ ' =  0.29 G ~ v ' .  

1 .O 2.0 3.0 

Mass (GeV) 

FIG. 3. The upper limits on AoB, per nucleon (B, i s  
the branching ratio, An =da/dt for an isotropic angular 
distribution). Dashed lines correspond to off-axis and 
solid lines to on-axis data. See text and Table I1 to con- 
vert  these limits to other assumed c r o s s  sections. 
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TABLE 11. Incident photon energy and (t - t range contributing at  
various masses .  

Photon (t-t Upper limit on nn events 
Mass energy range acceptance AL3, ( p b / ~ e v ' )  
(GeV) (GeV) ( G ~ v ' )  b = 0 1 3 3 

On-axis data 
1.6 4.8-5.7 
2 .O 5.4-6.8 
2.2 7 .O-9.8 
2.4 7.7-11.8 
2.8 7.7-11.8 
3.2 8.7-11.8 

Off-axis data 
1.1 8.7-11.5 
1.5 8.7-11.5 
2 .O 8.7-11.5 

'Value at  which the (t -t min) acceptance falls to half of i ts  maximum. 

cal photon energy, and AoB, can be read off Fig. nb/Gev2 found in our I j ,  photoproduction measure- 
3. For example, do/dt=Aebt may be integrated ment.2 
to obtain the limit on AB, We wish to thank the Director, Professor B. D. 

b (tmax - tm )A"B, McDaniel, and the technical staff of the Wilson 
AB, = (3) Synchrotron Laboratory for their assistance. 

exp(btm i n  ){l - ex~[b(tm,, - 'mi ,)I ' 

Comparison of the Monte-Carlo results with num- 
bers  calculated from Eq. (3) showed that the for- 
mula tends to underestimate AB, by 20 to 30%. 

A singlet -s bound state of charmed quark and 
antiquark, having a mass m 6 3.1 GeV, has been 
postulated in the charm theories of the ji and $' 
resonances. This state, qc ,  if it exists, should 
decay into photon pairs with a branching ratio3 of 
about Assuming the photoproduction cross  
section of the q, i s  similar to that of the q0(0.55), 
one expects the falloff in momentum transfer to 
be described by b = 3 GeV2. Using Table 11 and 
the estimated ratio B, = we find the limit on 
the cross  section to be da/dt < 1 3 0 P  nb/GeV2. 
This limit i s  comparable with the q0(0.55) photo- 
production cross  section4 do/dt- 150e3t nb/GeV2 
at 11-GeV incident photon energy but much high- 
e r  than the ji(3.1) cross section du/dt- l.0e103t 
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