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Abstract 

Experimental results on the exclusive production of resonances in yy collisions are 

reviewed. These include new measurements of the radiative widths of the pseudoscalar 

(q,q') and the tensor mesons (f, A2, f'). A comparison of these results with SU(3) 

is made. Upper limits for other states than f in ~y ~ ~ are given. The searches for 

yy production of the states ~ and 0 as well as qc are presented and upper limits are 

given. Finally a limit is given for the rare decay f ÷ ~+~-2~ °. 
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This review covers the recent results in single resonance production in yy collisions. 

Reactions which involve double resonance production are dealt with in the talk by 

H. Kolanoski in these proceedings. 

Resonance production in yy collisions was first studied by using the Primakoff 

effect(l'2); with a photon beam, resonances (n°,q) were produced in the Coulomb field 

of nuclei. Today however, the main research is carried out at e+e - storage rings. 

The basic diagram is shown below : e ~ _  e 

e+e - ÷ e+e-R ~ (1) 
e 

A characteristic feature of this diagram is the dominating low Q2 of the emitted 

photons and the scattering of the electrons at small angles. The produced system R 

is boosted along the beam direction and its decay products are the only particles 

detected in the event, since the outgoing electrons are normally mot seen (notag). 

The overall transverse momentum Pt of the system R is balanced with respect to the 

beam and this also constitutes an important criterium for the selection of exclusive 

final states in the experimental analysis. Furthermore, the C-parity of the reson- 

ances is C = +i and the spin is different from l, since the photons are almost 

real (3) 

The cross section for reaction (i) is given by 

= [ ~7~-.R(8) L-~( z ) d~ (2) 

Here s is the squared CM energy of the two photons and o is the cross section for 
YY 

yy ÷ R. The density L is the luminosity function <4j# ~ for the two photons and the 
YY 

variable z = /s/2Eb, with E b the electron beam energy. The cross section Oyy is given 

by the Breit-Wigner formula 

/'R 

- + v,*ar ~ (3) 

where 2J+l is a spin factor, FRyyis the decay width into two photons and F R is the 

full width of R. For a narrow resonance, FR/m R << 1 and the Breit-Wigner can be re- 

placed by a ~-function, so that 

~(e+e- -+ e+e-a) = 8"=r . - ,  -, 
(4) 

In this expression the luminosity function 7y is still a complicated function. By 
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introducing the equivalent photon approximation (5), (4) simplifies to (6) : 

The Low func t ion  f ( z )  i s  given by f ( z )  = (2+z2~ ln (1 /z )  - (1-z2)(3+z 2) and i s  a s low- 

ly  vary ing func t ion  of  resonance mass m R and beam energy E b. In (5) the dependence 

of  the cross sec t ion  ~e+e - ÷e+e-R) on ln(E b) as we l l  as on the t h i r d  power of  the 

produced mass is  c l e a r l y  demonstrated. 

This i s  a l l  s t r a i g h t f o r w a r d  and a measurement of  ~e+e - ÷e+e-R) w i l l  g ive the cor res-  

ponding value of the decay width of  R i n to  two photons, from (2) ,  (4) or (5) .  However, 

there are severa l  compl ica t ions :  f i r s t l y ,  the width -- ~¥y  re fe rs  to rea l  photons and 

although the photons in  reac t ion  ( l )  have low Q2, they are v i r t u a l  and the cross sect ic  

has a Q2 dependence which i s  not e x p l i c i t  in  (3) .  This Q2 dependence can be taken 

i n to  account by in t roduc ing  form fac tors  far  the photons, e i t h e r  w i th  the standard 

1/(l+Q2/m~) 2 _  or w i th  a GVDM Ansatz (7) .  A d i f f e rence  in  the measured_£Ryy of  P ~poZe ~ 

5-10% may r e s u l t .  Experiments ra re l y  take t h i s  i n to  account. Secondly, for  decaying 

resonances care has to be taken to use co r rec t  mat r i x  elements to descr ibe the decays. 

Angular c o r r e l a t i o n s  among decay products and other  dynamic e f f ec t s  may in f luence  

the o v e r a l l  de tec t ion  e f f i c i e n c y  and thereby the measurement of  £RYy" An example 

discussed at t h i s  conference i s  the decay q' +ypo ,  which i s  a d ipo le  t r a n s i t i o n ( 8 ) ;  
M2 _ q2k2 2 2 m ~  s in  @(Breit-Wigner 12, where q and k are the momenta of  the pions and 

the photon and O i s  the decay angle of  the p ions,  a l l  in the p res t  system. In the 

in  the reac t ion  e+e - +  e+e - q ' ( 9 - 1 1 ) ,  t h i s  mat r i x  element recent  measurements of  £q, yy 

seems not to be f u l l y  taken in to  account. A t h i r d  compl ica t ion  i s  the smal l  o v e r a l l  

de tec t ion  e f f i c i e n c y ,  t y p i c a l l y  a few % to a few %o. This i s  caused by the boost along 

the beam ax is ,  which together  w i th  the geometry of  the de tec to r  tends to b r ing  the 

f i n a l  s ta te  p a r t i c l e s  out of  the de tec to r  acceptance. The d i f f i c u l t i e s  of  t r i g g e r i n g  
+ - 

e f f i c i e n t l y  an an o v e r a l l  low energy f i n a l  s ta te  at  high energy e e storage r ings  

a lso con t r i bu tes ,  as we l l  as the fac t  tha t  the th resho lds fo r  de tec t ion  of  low energy 

p a r t i c l e s ,  in  p a r t i c u l a r  photons, are in  most de tec to rs  c lose to the t y p i c a l  energies 

of  the invo lved p a r t i c l e s .  

All these considerations as well as other uncertainties combine to give relatively 

large systematic errors, typically 20% or more. Nevertheless the measurements are 

important, for several reasons. The main interest lies in the measurements ofFRy Y. 

The absolute sizes of these widths are predicted in many models; in simple flavour 

SU(3) the quark content and mixing angle of the neutral mesons can be related to the 

relative sizes of the involved radiative widths. In same models glueballs mix with 

the standard qq mesons and again predictions are given about the radiative widths. 

Thus the measurements are needed to test such models. But there is also other 
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interest in reaction (i). With increasing integrated luminosities at the storage 

rings, the possibility to discover new C = +l mesons should be kept in mind. yy 

collisions form a clean source of meson production and bump hunting is a vivid part 

of two photon physics. And last but not least, the large integrated luminosities 

offer possibilities to study rare decay modes of well known resonances. As an example, 

~ 200 000 f mesons have so far been produced in each of the interaction regions at 

PETRA. Even with detection efficiencies in the 1% range, signals of rare decay modes 

may be detected and measured. 

In the following, the present experimental data for the radiative widths of the 

pseudosealars and the tensor mesons will be compared to the expectations from SU(3). 

It is therefore good to summarize the relevant formulae. In the meson nonet, the 

three neutral members are described by the following quark wave functions (12) • 

18,3> = 1/ /2 (da-u~) H e, A2O 

18,1> = 1/ /6  (uG+da-2s~) n8, f8 
I i , 1>  = 1/ /3 (uq+da+s~) ql '  f l  

isovector 

isoscalar octet 

isoscalar singlet 

~,A2 ' ...- 

_--da 

ideal 
Mixing 
0-35.3" 

35738 

Fig. i 

Quark wave functions for the neutral 
members of the pseudosealar and tensor 
meson nonets. 

Fig. i shows these states in uu, dd and ss space . The physical isoscalar particles 

are mixtures of the pure octet and singlet states1: 

= cos P @s - sin P @l f = cos 0 Is - sin P 11 

@i = sin 0 @s + cosO ~I $ = sin P f s  + cos 0 f l  

The mixing angle thus represents a rotation about the isovector axis. For a value 

of ~ 33.3 ° , the so called ideal mixing is obtained, with pure ss and pure uu, dd 

states. With some further assumptions (e.g. equality of the quark magnetic moments), 

the couplings of the States to two photons can be related (12), 

In some textbooks, the states 18,3>=1//2 (uu-dd) and 

18,1>=1//6 (2ss-uu-dd) are used. 
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.~ r , l : ,  ~ = _ ~/~.~rl.o,lvl ( 7 )  

and one obtains the following relations between the corresponding radiative widths: 

%~1'3W O -" O 

[row, ~ s 1 ,  . 
r , , ~  - r , o ~  ~ - sine + v~co .O) '  

L,,,,,] s ~ 

,.,~. _ , -=  ( ~ '  g-o + aoo.q' 
~ m , /  \~/~sln O -  cosO/ 

r,,~ = r~. (",' ] "=(,~,,.o-.o1' \mA,] 

rl,~ ~---. r,4.,vt ( m.-~...~ '1 ~mA,/ 3 ("~' e + v~cose) s 

r,~ = r,,,, =(~-;,)' (,!°o+ ~ . q '  
~,v~sin e - cos e/  

(~) 

(9) 

/",.~ ~.m: / (sinO+V,~cosO) s 
(lO) 

Here the mass powers are phase space factors. Thus the measured radiative widths 

give values for the mixing angles which can be compared with the mixing angle values 

obtained in studies of other reactions involving these particles. 

When presenting the experimental situation Of today, the results divide naturally 

into three parts. After starting with the pseudoscalars, the tensor mesons are presented 

and discussed and finally the remaining results can conveniently be grouped under 

the heading "upper limits". But lee us begin with the neutral members of the pseudo- 

sc~alar nonet. These are all well established mesons and the branching ratios into 

yy are well known. The width of n ° is known from measurements of the lifetime (13) 

as well as from photoproduction experiments (1) . It is here worthwhile to mention that 

a new experiment (NA30) LI4)" " is under way at the CERN SPS, with the goal to measure 

• ~o to I% precision (present accuracy 7%). The method consists essentially of 
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producing ~°'s in a gold foil via the proton beam and measuring the rate of conversion 

electrons behind a second foil; this rate depends On whether the pions decay before 

or after passing the second foil. Thus the rate of electrons as function of foil dis- 

tance will allow a measurement of T o and thereby £ o , since the branching ratio 
~ YY 

B(~ ° + yy) is very well known, 0.98787 ± 0.00030 (16j. The main run for the experi- 

ment is scheduled for the autumn 1983. 

Measurements o f  £~oyy a t  e+e - s torage r i ngs  have not  ye t  been per formed,  main ly  be- 

cause o f  the problems o f  t r i g g e r i n g  and d e t e c t i n g  such a low energy f i n a l  s t a t e .  For 

the same reasons, the measurement o f  £ i s  a d i f f i c u l t  task .  However, a t  t h i s  con- 
nYy 

ference the C r y s t a l  B a l l  group now r e p o r t s  the f i r s t  measurement o f  the process 
+ - + - 

e e + e e q, q ÷ yy ,  a t  SPEAR. For t h i s  purpose, a s p e c i a l  " t o p o l o g y "  t r i g g e r  was 

i n s t a l l e d  fo r  low energy n e u t r a l  f i n a l  s t a t e s .  E s s e n t i a l l y ,  the b a l l  i s  d i v i d e d  i n t o  

two oppos i te  hemispheres in  seve ra l  d i f f e r e n t  ways and the t r i g g e r  c o n d i t i o n  i s  g iven 

by a c e r t a i n  minimum energy in  each o f  the two hemispheres.  The main background in 

such a t r i g g e r  mode comes from cosmic r a d i a t i o n ,  which however can be w e l l  r e j e c t e d  

w i th  a se r i es  of  cu ts ,  us ing chamber i n f o r m a t i o n ,  energy p a t t e r n s  in  the c r y s t a l s  

and the t im ing  o f  the energy measurement. The yy  mass spectrum fo r  e x c l u s i v e l y  two 

photons in  the f i n a l  s t a t e ,  a f t e r  a l l  CUTS, i s  Shown in  F ig .  2a. A c l e a r  peak at  the 

q mass i s  seen. However, q ' s  may a lso  come from e l e c t r o p r o d u c t i o n  o f f  the r e s i d u a l  

gas in  the vacuum p ipe .  To ob ta in  i n f o r m a t i o n  on t h i s ,  data were a lso  taken w i th  

separa ted beams and the cor respond ing  mass spectrum i s  shown in  F ig .  2b. Also here 

a peaking at  the q mass i s  seen. Normal i z ing  t h i s  spectrum to  the c o l l i d i n g  beam data 

in  F ig .  2a and s u b t r a c t i n g ,  the mass d i s t r i b u t i o n  in F ig .  3 i s  ob ta ined .  I t  i s  we l l  

f i t t e d  by a Gaussian c lose  to  the q mass 

Crystal Ball and the w id th  agrees w i th  the va lues from 
m ( y y )  ~eliminar y 

J] o ther  q spec t ra  in  the C r y s t a l  B a l l .  The 

20 total integraLed luminosiLy only II All cu!s a) pb -l is 2.7 
CollWingBeams J I 

I I and this accounts for the low statistics; 

~ nevertheless, one cannot enough stress the 
10 

beauty of this spectrum. 

0 

t 10 Fig, 2 
- m(yy) b) a) Mass spectrum of 2y in events with ex- 

X 8 S ~ a r a t e d S e a m s l  ~ AUcuts q withClUsivelYcollidingZY inbeams.the f i n a l  s t a t e .  Data 

~ ~ ~  b) Same, but data with separated beams. The 
_ ~  normalization corresponds to about 57% 

of the data in a). 

0 200 4~  600 8(30 1000 
MeVk 2 3673, 
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From Lhese data, Lhe group obLains the radiative widLh value, 

F = 0.56 -+ 0.12 (sLat.) -+ 0.09 (syst.) keV (preliminary) 
nYY 

which is larger Lhan the previous measurement of Browman eL al. ~2)" " at Cornel] in 1974. 

This experiment used the Primakoff effect and obtained the value F = 324 _+ 46 keV. 
qYY 

These are Lhe only measurements available so far. They represent two different ex- 

perimental techniques, each with iLs own kind of systemaLic error sources. Comparing 

them, one should remember thaL the firsL one still has a large statisLical error, 

which hopefully can be improved in the future; and the Cornell group also measured 
(1) (13) 

F ayy , in good agreement with measurements or T]To 

L I I I ' I I ' I I ' ' I . . . .  i 

I -  Crystal Ball Fig. 3 
20[-  -, preliminary Mass spectrum of 2T in exclusive 

[ ~ 1 q 2 y events. The beam gas back- 
m(yy) ground in Fig. 2b has been 

b _ I]/" L JTI subtracted normalized and subtracted from 
10. the data in Fig. 2a. The curve 

~ ~ _ _  _ _ ~  is a gaussian fit. 

( - -  

- lc  - i 
I , , ,  , I , ,  , I I J , ,  , I 

4 0 0  5 0 0  6 0 0  "/00 

MeV/c 2 3573o 
measurement by the MARK II 

c o l l a b o r a t i o n  (9) ,  a l so  the CELLO (lO) and JADE ( l l )  c o l l a b o r a t i o n s  publ i shed  measure- 

ments last year. Like the MARK II collaboration, both groups used the decay mode 

q, ÷ ypO and the final state is ~+~-¥ exclusive. The two ~+~-y mass spectra from such 

events are shown in Figs. 4a and b, respectively. In both figures, events with the 

~ mass in a p band are shown as hatched disLributions. The second peak in Fig. 4a 
+ T 

is due to the incompletely reconstructed decay A 2 + p-~ ÷ ~+~ ~o, where a photon 

from an asymmetric ~a-decay is lost. In Fig. 4b, events with ~ ~ masses above 

1 GeV/c 2 are excluded, which reduces the background in the A 2 region. For the width 

Fq,yy, = - - = - the va lues  Fn,yy 6.2 + 1.1 ( s t a t . ) +  0.8 ( s y s t . )  keV and rq ,yT 5.0 + 0.5 

+0.9 keV were obtained, respectively. 

The yy width of Lhe third pseudo- 

scalar, q', has now been meas- 
+ - 

ured by several groups in e e 

collisions. After the first 

At this conference a new, preliminary measurement by the TASSO collaboration is pre- 
+ - 

sented. Again, the decay mode q' ÷ ypO is used; the mass spectrum of ~ ~ y is shown 

in Fig. 5 and exhibits a nice q' signal. The ypO decay is shown by the shaded dis- 

tribution with the ~+~- mass limited to the 0 ° interval. The spectrum is in fact the 

sum of the two specLra obtained from the two different sets of shower counters used 

in TASSO to detect photons, liquid argon (LA) in Lop and bottom and lead-scintillator 

sandwich counters (SC) at the end of the lateral spectrometer arms. The data 
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comprise 75 pb -I. The value of the radiative width, 

?q, yT = 4.1 ± 0.4 (sLat.) ± 1.5 (sysL.) keV (preliminary) 

is the mean of the two values obtained from the LA and SC parts, both of which how- 

ever are close to 4 keV. The large systematic error is mainly connected with the 

Monte Carlo simulation, which is still under study. A similar measurement is under 

in the PLUTO collaboration LIS)'" but no value of ?q,Ty is available way , yet 

U 
30 

(.9 
I.¢) 2O 
0 
d 

E 10! 
IL l  

CELLO 
Ey ::- 100 MeV 

[ ]  600< m lr~-< 900 MeV/c 2 

a) 

1.0 2.0 3.0 

rn =.~-y [GeV/c 2] 

0 1 2 3 
m i~ev,c-j ~ .... 

Fig. 4 
+ - + - 

Mass spectrum of the ~ ~ y system in exclusive ~ ~ y events. The shaded dis- 
+ -- 

tributions correspond to events with the ~ ~ mass in a p-band. 

a) CELLO, data from ii pb -1. A cut, pt(~+~-y) < 0.2 GeV/e, has been applied. 

JADE, data from 56 pb -I. A cut, pt(~+~-y) < 0.6 GeV/c, has been applied. b) 

N 

:E 

c 

hl 

100 

75 

50 

25 

0 
O0 

i 
m ( n;÷l~ y) n~ 

?5 pb" 1 ~ [] o,6o < m(~'~-) < 0,55 Oevlc z - 
~--///..~ 

Ey  > 100 MeV (LA)  ~ 

Ey > 1 6 0 M e V ( ~  rt] ~ J-L- 

, , J. , I .~J_L_F/J///~///X///,~////J//Z~///)7~I~L'f~/ua'~L4" 
(35 1.0 1.5 2£) 

GeVlc 2 
3 5 7 4 2  

Fig. 5 

Mass spectrum of ~+~-y, from events 

with exclusively two charged pions 

and one photon. The shaded distrib- 

ution corresponds to events with the 
+ - 

~ mass in a p-band. A cut, 

pt(~+~-¥) < 0.i GeV/c, has been 

applied. 
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and r measurements is summarized in Table 1. The The present situation of rny Y q,yy 

rq values agree well with the various predictions from fractionally charged quark 'yy 
models, 4-7 keV, while the large values, -26 keV, from integrally charged quark 

models are clearly ruled out (16'29). The mean value is 5.3 _+ 0.6 keV. Taking the mean 

of only the e+e - measurements and using B(q' ÷ yy) = 1.9 ± 0.2%, the total width of 

q' is obtained, rn, = 276 ± 45 keV, which agrees very nicely with the missing mass 

measurement of Binnie et al. (17), r , = 280 ± i00 keV. It is also interesting to 
q 

note (Budney and Kaloshin (16))that the measurement of the total width, which gives 

rn ,yy by using B(q' + yy), together+ _ with the e+e - values give a measurement of the 

spin JR' of q', since d(e+e - ÷ e e q') is proportional to (2Jq, + 1)£q, yy. 

Quark model predictions for £ range from 300 - 800 eV (16). Here the distinction 
qYY 

between integral and fractional charge quarks is not so marked, although the data 

in Table 1 favours the latter. The measurement of Fq,yy is in fact one of the strongest 

experimental evidences for fractionally charged quarks. 

and F with the SU(3) relations (8). We now compare the measured values of Fqyy q,yy 

This is done in Figs. 6a and b. Fig. 6a shows the widths rq,yy and rqyy as functions 

of the mixing angle @, with the width F 0yy fixed at the Particle Data Group (PDG) 

value (18), and the two measurements of r from 7.85 eV. The mean value of Fq,yy qYY 

Crystal 8all and Cornel1 are also shown, together with the corresponding ranges in 

the mixing angle. One sees that the £n,yy value and the Crystal Bali value of £qyy 

cover the same range, @ ~ -18 ± 5 ° , while the Cornell measurement gives 0 - -7.5 

± 2.5 ° . 

In Fig. 6b r,yy is shown as function of 0 and of rnyy; the bands from the two meas- 

urements of r are indicated, together with the @ ranges. Here a small region of 
nYY 

oVerlap in 0 is present, which however would correspond to rather small values of 

r~oyy ( ~7 eV). As comparison, one may note that the quadratic mass formula [18)" " gives 

the value @ = -11.1 ± 0.2 ° . Larger negative values, e = -17 to -20 ° were found in 

a QCD calculation(19); 0 = -16 ± 2 ° was found in a study of the reaction ~-p + q'n 

÷ yyn (20) . 

When making comparisons like this, one should remember that the relations (8) are 

based on naive and simplifying assumptions. The mixing situation in the pseudoscalar 

nonet is certainly much more complex and to clarify the large deviation from ideal 

mixing encountered in the pseudoscalar nonet is a longstanding and famous theoretical 

problem (21). It is however clear that the measurement of the yy widths is an important 

input to its eventual solution and that in particular better measurements of r 
nyy 

in e+e - storage rings are needed. 



54 

Table I 

Radiative Widths of Pseudoscalar Mesons 

Experiment r ± (sLat.) ± (sysl.) keV 
qYY 

Browman el al. 0.324 ± 0.046 
Crystal Ball 0.56 ± 0.12 ± 0.09 (prel.) 

Weighted Mean : 0.344 ± 0.044 keV 

± (sLat.) ¥ (syst.) keV Experiment Fq,yy _ 

Binnie eL al. 
MARK II 
CELLO 
JADE 
TASSO 

5.4±2.1 
5.8±1.1±1.2 
6.2 ± 1.i ± 0.8 
5.0±0.5±0.9 
4.1 ± 0.4 ± 1.5 

Weighted Mean : 5.3 ± 0.6 keV 

(p re l . )  

"y¥ 
keV 

1° f . . . .  ' " ' " '  . . . .  1'o'~"' 

2.5 ~oo 

C t y s t a ~  B a l l  P D G  

, ,~, w~,.~ ~.~; ~ - - - - ~  
i ~ , I , * f a ] I a I I l I i i i 

- 25  - 2 0  -15  -10  - S 

ec ' )  3 s 7 2 a  

Fig. 6 

~'.y.y 
keY 

10 
.... , , 2 / I  

cb, .> .4 

/" / . . / , , 7  / . /  ~ /  / ~ /  ~/ 

4,F~y~ = 370eV 
sr'~iY~ 32/.eV 
6 . F ~ y y  : 2 ? @ e V  

- 2 5  - 2 0  -15 -10 - S 

eC')  
3 6 7 2 @  

a) Fq,yy and rny Y as function of the mixing angle G, with F~oyy: 7.85 eV. 

Fqyy is multiplied by lO. The measurements of Pq,yy and Fqyy are shown 

as data points. PDG stands for the measurement of F from Cornell. The qYY 
corresponding ranges in 0 are given by the errors. 

b) Fq,yy as function of mixing angle ~ and Fqyy" The curves correspond 

to the two measurements of £ . The data point in each band is the qYY 
mean value of F from Table 1. q'yy 
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The two photon production off the tensor mesons has also received a lot of work in 

the last years. The f(1270) meson has long posed a problem of measurement (22-24) in 
+ - + - + - 

the reaction e e ÷ e e f~ f ÷ ~ ~ , since the resonance appears together with a 

sizeable continuum from the reaction yy + n+~- and shows a distortion in mass and 

width. An early explanation For this was given by the MARK II group(25)~ who showed 

that the data could be explained with an interference between a continuum Born ampli 

tude and a d-wave Breit-Wigner. At this conference, the CELLO collaboration presents 

t 
, , i I ' i I I I i , ' ' I ' i I 

'I000 . CELLO 

"6 ~. } Pj .Crc. )  < 0,1GeV/c 

~ {}~ [] O E D, yy--p.+p.', e+e" 

500 

~. / / ' / / / / / / / / /~  { = N o r m a l i s a t i o n  

! .e,,oo 

to 15 2.0 

"E'E Mass (GeV/c 2) 35746 

400 

o 3~ 

,= 

"6 20C 

E= 
z 

lO0 

CELLO 1,273 GeV/c 2 

b ) ~ SubtractedData 

I i I ..... 

E s t i m a t e d  K * K ' c o n t r i b u t i o n  "~ T 
( TASSO ) ~.~ 

]D 125 t5 
'Eft; Mass (GeV/c 2) 35747 

Fi  9 . 7 

a) ~+~- mass spectrum i n  e x c l u s i v e  two prong e v e n t s .  The hatched d i s t r i b u t i o n  
shows the QED c o n t r i b u t i o n .  

b) The same da ta  w i t h  the QED c o n t r i b u t i o n  s u b t r a c t e d .  The hatched d i s t r i b u t i o n  
shows the K+K - p a r t ,  The curve  i s  e x p l a i n e d  i n  the t e x t .  

a new analysis of this reaction. The mass spectrum of ~+~- from exclusive two prong 

events is shown in Fig. 7a. The data also contain events from the QED reactions 
+ - + - + - + - + - + - 

e e ÷ e e e e and e e ÷ e e p p . This contribution is calculated using the exact 

cross section (4) and is shown in the hatched distribution in Fig. 7a. It has been 

normalized to the data for ~ masses above 1.8 GeV/c 2, since other studies (25) show 

that the hadronic contribution is small at high masses. The calculated absolute rate 

however agrees with the event rate in this mass region and also other distributions 

are in excellent agreement with the QED expectations. 

After subtraction of the QED contribution the mass spectrum in Fig. 7b remains. It 

shows clearly the f resonance situated on a large ~a continuum and with a visibly 

displaced mass. To analyze this spectrum, the model of G. Mennessier (26) has been 

used. In this model, the Born amplitude is unitarized, i.e. strong interactions in 

the final state are included, with help of measured ~ and KK phase shifts and 
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ineiasticities. The size of the K+K - contribution (misinterpreted as ~+~-) is taken 

from the TASSO measurement (27). In the version of the model used here, there is on!y 

one free parameter, namely rfyy. The standard values (18) for f mass and full width 

are used as input in the calculations and pure helicity 2 is assumed for the f ampli- 

tude, in accordance with the result in Ref. 24 (dominance of helicity 2 was found 

in a study of the decay angular distribution of the reaction yy + f ÷ ~o~o). With 

this application of the Mennessier model the observed shift of the f mass of -50 NeV/e 2 

is again explained as due to interference between the Born term and the f resonance, 

constructive below and destructive above f. In the fit of the model to the data, shown 

in Fig. 7b, the following value for the radiative width is found, 

£fyy = 2.7 ±0.2 (star.) ±0.2 /syst.) keV (preliminary). 

It is in good agreement with previous measurements (22-24). It is however preliminary; 

the absolute normalization of the QED contribution (Fig. 7a) is still being studied. 

The decay mode f + ~o~o was first measured by the Crystal Bali group (24) at SPEAR 

and recently also by the JADE collaboration at PETRA. The JADE data are shown in 

Figs. 7 and 8. The final state is now 4 ~ exclusive. The scatter plot in Fig. 8a of 

yy mass vs. yy mass (3 combinations peF event) shows a strong signal of associated 

~o~o production; the sum of the projections is shown in Fig. 8b. For the events in 

the 2~ ° interval, the photon energies are now adjusted so that the fina] state is 

2~ °. The corresponding mass of 2~ ° is shown in Fig. 9 and exhibits a clear f peak. 

The integrated luminosity is 32 pb -1 at 17.3 GeV beam energy. The radiative width 

of f, assuming pure helieity 2 in the production, is determined to be 

Ffyy = 2.3 ± 0.2 (star.)± 0.5 (syst.) keV (preliminary). 

Apart from the f signal, only few events are present in the spectrum in Fig. 9. This 

was also found in the Crystal Ball analysis. The CELLO group has applied the Nennessier 

mode] also to this decay mode and finds that the mode] explains the Crystal Ball data 

well if the ~ exchange term is suppressed, since its inclusion would lead to too high 

a level of ~o~o continuum. The level predicted by the final state reseattering process 

+ - ~o~o yy ÷ ~ ~ ÷ agrees however. A small mass shift of f is also predicted, in agree- 

ment with the observed shift in the Crystal Ball analysis; the model does not, however, 

explain the ]arge total f width, rf = 248 ± 38 MeV, observed in the same experiment. 

For the JADE data no values for the f mass and width in the ~o~o mass spectrum have 

been given yet. 

It thus seems that interference between the yy ÷ ~ a Born amplitude and the f reson- 

ance gives a satisfactory description of the ~+~- spectrum produced in ~¢ reactions. 

It should here be mentioned that also other explanations could be advanced, notably 
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Fig. 8 

a) Scatterplot of m(yy) vs. 
m(yy) in exclusive 4¥ 
events. All photon 
energies are > 90 MeV. 

b) Sum of the projections 
of the scatterplot 
in a). 
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Mass of 2~ °, for events with two 
m(yy) combinations in the ~o band, 
90-190 MeV/c 2 . The photon energies 
have been adjusted so tha t  m(YY) = m~o. 
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a) Mass of 2"y in exclusive ~+~-23, events. The arrows indicate the ~o band~ 
70-200 MeV/e 2. Photon energies are > 90 MeV. 

b) Mass of ~_+~o with t~Jo entries per event. Only those events from a) with a 
m(yy) combination in the ~o band are included and m(yy) is adjusted to the 
~o mass. A cut, pt(~+~-z °) < 0.2 GeV/c, has been applied. 

c) Mass of ~+~.~o for the same events as in b). The shaded distribution contains 
events with at least one ~+~o mass combination in the p band. 
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the presence of another resonance state close to the f, which could give rise to 

interference effects. Production of E(1300) however would give a different angular 

distribution of the ~'s than the one observed and is probably small. A limit of 

£ "B(~ ÷ yy) < 1.5 keV (95% C.L.) was set by the TASSO group (22). The mixing of 

~YY suggested(28) the f with a nearby 2 ++ gluonium state has also been ; how to exclude 

or establish such a possibility is not clear. 

The various measurements of £fyy are summarized in Table 2. The two values given for 

the Crystal Ball experiment correspond to the pure helieity 2 assumption and to the 

fit of different helicities to the 7°~ ° angular distribution. Only the former was 

used in calculating the weighted mean, rfyy = 2.8 ± 0.2 keV. The experimenal values 

all fall in the lower end of the large range of values which have been predicted by 

various models (29'34) - 1 keV to ~ 30 keV. Note here that many of the theoretical 

predictions are calculated with help of coupling constants determined from measure- 

ments of other decays; some of these measurements were grossly wrong, so that some 

predictions of rfyy, if recalculated today, would change substantially. 

A2(1320) production in yy collisions was first seen by the Crystal Ball group, in 

the decay mode A 2 ÷ q~o ÷ 4y. Last year the CELLO collaboration published (lO) a 
+~ +- 

measurement of F~ , using the decay mode A~ ÷ p-7 ÷ ~ ~ ~o. Only one of the 
~2y Y L 

photons From the ~o was observed and the A 2 peak therefore appears in the same mass 

spectrum as n', i.e. in the ~+~-y spectrum (Fig. 4a). The JADE collaboration has 

made a complete reconstruction of the 2~±2y final state and now presents data corres- 

ponding to an ~ntegrated luminosity of 77 pb -1. The mass spectrum of the two photons 

is shown in Fig. lOa; it is dominated by the 7 ° peak. Again, for events with a yy 

mass combination in the ~o mass band, the photon energies are adjusted so that the 

final state is ~+~-~o. The ~±~o mass is shown in Fig. 10b with a clear p± signal. 

In fact, since there are two entries per event, almost all events are compatible 

~ith having a charged p. This is also obvious in Fig. fOe with the ~+~-7 ° mass 

spectrum; the shaded distribution contains events with at least one ~±~o combination 

in the p band. The A 2 peak contains ~ 200 events. The value of the radiative width, 

£A2YY = 0.84 ± 0.07 (star.) ± 0.15 (syst.) keV (preliminary), 

is still preliminary, due to the not yet completed studies of the helieity structure 

of the reaction. The latter is studied with help of the angular distributions of the 

decay products. A preliminary result is 90% dominance of helicity 2, in good agree- 

ment with the findings for the f meson k24J'" and also with theoretical expectations 
(29) 

for the tensor mesons . The value of r A YY was obtained with the assumption of 
2 

pure helicity 2, like the previous two measurements. 
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The three measurements of£Ayyare summarized in Table 2. The mean value is £A2xy- 

0.82 ±0.13 keV. Theoretica~ predictions again span a wide range of values (29), from 

0.3 keV to 30 keV, and the same remarks must be made as above for ~y~ In SU(3), 

the ratio of £ . to £~.. is a function of the tensor nonet mixing angle. Table 2 Ao;y ~yy 

lists the value~ of the ratio ~ yy/£fyy for those groups which have measured both 

£fyyand ~ yy. The weighted mea~ is 0.32 + 0.05. Taking the ratio of the two mean 

values of ~A2YY and £fyy in Table 2, respectively, one obtains 0.30 ± 0.05. 

fABLE 2 

Radiative Widths of Tensor Mesons 

Experiment 

PLUTO 
MARK II 

TASSO 
Crystal Bail 

Crystal Bali 

CELLO 
JADE 

£ fyy  ± ( s t a t . )  ± ( s y s t . )  keV 

2.3  ± 0 .5  + 0.35 
3.6 ± 0 .3  ± 0 .5  
3 .2  ± 0 .2  ± 0 .6  
2 .7  ± 0 .2  ± 0 .6  

2.9 + 0.6 
- 0.4 ± 0.6 

2.7 ± 0.2 ± 0 .2  
2.3 ± 0.2 ± 0.5 

(helieity=2) 

(helieity fit) 

(preliminary) 
(preliminary) 

Weighted Mean : 2.8 ± 0.2 keV 

Experiment £A2YY ± (stat.) ± (syst.) keV 

Crystal Ball 0.77 ± 0.18 ± 0.27 
CELLO 0.81 ± 0.19 ± 0.27 
JADE 0.84 ± 0.07 ± 0.15 (preliminary) 

Weighted Mean : 0.82 ± 0.13 keV 

Experiment rAzyy/Ffy Y 

Crystal Ball 0.29 ± 0.07 ± 0.07 
CELLO 0.30 ± O.ll (preliminary) 
JADE 0.36 ± 0.08 (preliminary) 

Weighted Mean : 0.32 ± 0.05 

The SU(3) prediction, given by eq.(lO) and including the phase space factor 

(mA2/mf)3 , is shown in Fig. 13a as function of the mixing angle @. The two e x p e r i -  

menta l  r a t i o s  a re  shown as hatched bands. There i s  d i sag reement  on the l o  l e v e l  w i th  

t h i s  s imp le  SU(3) e x p e c t a t i o n  and the e x p e r i m e n t a l  r a t i o s  do no t  l i m i t  the range o f  

the  m ix ing  ang le ;  however,  one no tes  t h a t  the JADE va lue  i s  i n  r e a s o n a b l e  agreement 
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with the ideal mixing expectation (-0.40). 

It should be commented here that normally the phase space factor is neglected in this 

ratio and the value 0.36 (9/23) is quoted as the SU(3) ideal mixing expectation. 

The t~Jo photon production of the third neutral tensor meson, f'(1515), was first 

observed by the TASSO collaboration (27)' last year. It was seen in both decay modes, 

f' ÷ K+K - and f' ÷ K°K °. In Fig. lla the scatterplot of negative charge mass 2 vs. 
S S 

positive charge mass 2 is shown, as determined by TOF analysis in exclusive two prong 

events, lhe K+K - association is clearly seen. Fig. llb shows the ~+~- mass (four 

combinations per event) from exclusive 4~ ± events. A small K ° enhancement is visible. 
s 

The shaded distribution shows the recoil ~+~- mass against those ~+~- combinations 

with a mass OT+~ -) in a K ° band. The associated K°K ° contribution is now obvious. 
S S 

The corresponding mass distributions of K+K - and K°K ° are given in Figs. lla and b, 
S S 

respectively. Both spectra show an f' signal. In Fig. llb~ the ~ Combinations have 

been constrained in a fit to the K ° mass. In both samples the full statistics is 

used, 74 and 79 pb -I, respectively. The analysis of these data samples is complicated 

by the fact that both f and A 2 decay into KK and they are close enough in mass to 

interfere ~ith the f'. This interference is given by the following coherent sum(30), 

Oyy÷K~(Wyy) = 40~/W~y'[IFfyy'B(F÷KR)I 1/2 -BW(F) 

± }FA2Yy.B(A2÷K~)I 1/2 .BW(A2 ) 

+ l£f,yy.B(f,+K~)i 1/2 .BW(f') ] 2 

where the different signs in the A 2 term refer to the different quark content in 

the two decay modes; the interference between A 2 and the isoscalars is destructive 

in the KOK ° decay. 
S S 

The result of the analysis is shown in the fitted curves in Fig. iZa and b. The 

corresponding product of radiative width and branching ratio is 

Ff,yy'B(f'-H<K) = O.11 ± 0.02 (stat.) ± 0.04 (syst.) keV 

Pure helicity 2 was assumed for the production, in accordance with the experimental 

findings for f(24) and with theory (29). Helicity 0 contributions would make the above 

value larger, due to the difference in angular distribution in the decay of f'. Part 

of the large systematic error is due to the uncertainties in the A 2 and f contrib- 

utions, which come from the measured values of £fyy and £A2yy . This is also indi- 

cated in Fig. 12a. 
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Fig. 13 a) The ratio £A yy/£fyy as function of mixing angle 0. The curve shows the 

SU(3) expectation, as given by eq.(lO). The shaded bands are explained 

in the text. b) £f,yy as function of the mixing angle and the radiative widths 

FA2YY and £fyy. The dependence on the latter is given by eq.(9), fhe two bands 

correspond to the weighted means in Table 2. The range in 0 is given by the 95% C.L. 

range of £f,yy (the TASSO measurement and assuming B(f'÷KK) ~ 50%), through the 

intercepts with the f and A 2 bands, c) Percentage of non-strange quarks in f'~ as 

function of the mixing angle @. The intercept is the same range of 0 as determined 

in Fig. 13b. 
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Some of the theoretical work (29) for rfyy and rA2YY also considers £f,y¥. Predictions 

range from 0.14 to 2.8 keV. In SU(3) the width ~f,yy can be related to the mixing 

angle and to the other widths, £A2YY and £fyy. This is illustrated in Fig. 13b. Here 

the two curve bands correspond to the mean values of £A2Y~ and rfy~ from Table 2. 

Their non-overlapping is of course related to the situation in Fig. 13a; these values 

do not restrict the value of the mixing angle. It is interesting to note that for 

@ = 19.5 ° the yy width of f' vanishes, independent of the widths of f or A 2. In 

Fig. 13b also the range in £f,yy is shown, corresponding to the TASSO measurement 

and to the assumption ofB(f'+KK) ~ 50%. The intercepts with the A 2 and f bands define 

a range in the mixing angle, ~25 < @ < 40 ° . This range can be given a simple inter- 

pretation in terms of the content of non-strange quarks in f'. This content is clearly 

a function of the mixing angle and is shown in Fig. 13c. One sees that the present 

measurement restricts this content to at most a few %, also with less restrictive 

assumptions about B(F'+KK). 

To finish this section on the tensor mesons, one may say that the yy widths show 

reasonable agreement with the close to ideal mixing expected from studies of other 

reactions involving these resonances. There is still a large spread in the measure- 

ments of £fyy and a corresponding uncertainty in its ratio with the other yy widths. 

More precise measurements of all these widths will be needed for more definite con- 

clusions. 

We come now to the last section of this review. No other states beyond the well known 

low mass pseudoscalar and tensor mesons have so far been seen in yy collisions. 

Searches for in particular the scalar mesons (c,S* and ~), the charmed pseudoscalar 

qc and the glueball candidates L(1440) and 0(1640) have been carried out. The results, 

in form of upper limits, are summarized below. 

The ~ spectrum from yy collisions has a particular interest in such searches, since 

the two scalar mesons ~ and S* can be expected to show up here, both having major 

decay modes into ~. The ~o~o spectrum is the most sensitive place to look for such 

states, since it has no QED background to subtract, and alow level of ~o~o continuum. 

A limit for S* production was set by the Crystal Bali group (24). At this conference 

the JADE group presents preliminary limits on the occurrence of narrow states between 

0.53 and 1.O GeV/c 2. These limits are derived from the mass spectrum in Fig. 9 and 

are shown as a curve in Fig. 14. Also shown is the S* limit from the Crystal Ball 

group. Since the branching ratio B(S*÷~) is now known, 78 ± 3% (18), the following 

limits on £S*yy can be derived, 
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£S*yy < 1.0 keV 95% C.L. (Crystal Ball) 

rS. < 0.8 keV 95% C.L. (JADE preliminary) 
YY 

The limits in Fig. 14 can be compared with the absence of narrow states in the 

radiative decay J/~ ÷y~°~ °(31). In the latter process narrow (F < lO0 NeV) states 

with masses between 500 and lO00 MeV were searched for and a limit, B(J/~ + yX + y~O~o) 

< 1.3"lO -5, 95% C.L., was placed on their occurance. In contrast, the known radiative 

decays of J/~ generally have branching ratios of the order lO -3(18). For further 

discussion, see Ref. 31. 

I-YY. B~11: 

i 
~o . 95% C.L. Upper limits 

for narrow states ["~  50MeV 

e.~.Crystal Ball 

Q5 

JADE 
preliminary 

I I, I | I 

Q5 ID ~GeV/c 2 
3 8 7 3 2  

Fig. 14 

93% C.L. limit on the product of 
FRyy.B , as function of the mass of 

the resonance R. The width 
of R is ~ 50 MeV and B~s is the 
branching ratio intos~ 

Limits on the production of broad (i.e. 

with widths ~ a few hundred MeV) 

states below 1 GeV/c 2 in yy reactions 

are not yet available. They would be 

of interest for the question of ~(or o) 

production, e.g. in the DR1 experiment (32) 

at DCI, a broad low mass £ is invoked 
+ - 

to explain the excess of ~ ~ events 

above the expectation from the Born term 

calculation. For further discussion of 

yy production of scalar states, see 

Refs. 16, 24, 26, 33 and 34. 

The few events around 2 GeV/c 2 in Fig. 9 have been used by the 3ADE group to obtain 

a limit on yy production of the h(2040) meson. This limit is given as 

F hyy'B(h + ~) < 0.22 keV 95% C.L. (preliminary) 

corresponding to o(e+e - + e+e-h)'B(h ÷ ~) ~ 60 pb. Here isotropic decay of the h 

meson was assumed. In Ref. 34 o(e+e - ÷ e+e-f*), f* being the f recurrence, is estim- 

ated to ~ 0.4 nb. 

The production of glueballs inyy production is naively expected to be suppressed, 

compared with qq meson production. This is because the photons do not couple directly 

to the gluons, but only via an intermediate quark loop, 
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~___~___~-A-~_g Since an extra quark loop is involved, one 

ilq--nl-~~vv~ could expect an order of magnitude suppression, 

I corresponding to the square root of the Okubo- 

q ~-~ Z~eig-Iizuka-factor (35), 0~~ i0. This 

is at Lhe limit of present statistics at PETRA and PEP. Nevertheless, glueballs have 

been searched for in yy collisions. Of particular interest are the states L(1440) 

and @(1640), which have been seen in radiative J/~ decays (36) and which have no 

natural place in the SU(3) nonets. Since J/~ radiative decays are a likely source 

of glueball production (37), both t and 0 are now counted as candidates for such 

states. A number of models have been put forth that mix these slates with the iso- 

scalar members of the pseudosealar and tensor nonete (38). In such models, gluonium 

slates may acquire larger yy widths due to the mixing with qq states. Definite pre- 

dictions may be made about decay modes for all the involved slates, and also for 

widths of the decays into yy. Thus the results of the experimental searches are 

important, although presently only upper limits are given. 

TABLE 3 
Upper limits for yy widths of ~ and 0 

Experiment (Ref) Decay Mode X rLyy'B(L+X) 95% C.L. 

MARK II (9) KK~ < 8.0 keV 

TASSO (39) KK~ < 7.0 keV (preliminary) 

TASSO (40) popo < 1.0 keV 

Experiment (Ref') Decay Mode X Fgyy'B(O+X) 95% C.L. 

Crystal Ball (31) 

MARK II (41) 

TASSO (39) 

TASSO (40) 

qq 

KE 

K~ 

pOpO 

< 0.3 keV 

< 0.4 keV 

( 0.3 keV (preliminary) 

< 1.2 keV 

Several decay modes of L and @ have been investigated and the present limits are 

summarized in Table 3. Some of the data underlying these limits are shown in the 

talks by H. Spitzer and H, Kolanoski, these proceedings. 

KR~ is so far the only decay mode of u which has been seen. If it indeed is the 

major decay mode, i.e. B(LeKK~) ~ 50%, then r yT~ 15 keV. This is not yet restrictive 

although some models do predict a yy width in this range. The limit involving 

B(L÷pOpO) contradicts the large estimate in the model by Milton, Palmer and Pinski (38). 

For O, the only known decay modes are qq and KK. A possible third decay mode is 

O÷pOp2 Recently a resonance like enhancement in the radiative decay j/~ypOpO 
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with the branching ratio (1.25 + 0.35 ± 0.40).10 -3 , was reported (42). If interpreted 

as a Breit-Wigner resonance, the mass and width of this state are very similar to 

those of @(1640). If these decay modes dominate, then the limits in Table 3 places 

limits on FOy Y that are in the same range as current predictions, % l keV. 

The yy production of qc(2980) is heavily suppressed due to the large mass, since 

the cross section is proportional to mq 3, cfr. eq.(5). However, theoretical esti- 

mates (43) give qc a rather large yy width, - 6 keV. This corresponds at PETRA and 

PEP beam energies to o(e+e-+e+e-qc ) - 50 pb and thus to ~ 4000 events presently at 

each PETRA interaction point. Small detection efficiencies and the smallness of the 

known decay modes of qc again puts it at the limit of detection with the present 

statistics. The theoretical estimates are based on two differenL approaches : in 

t~e non-relativistic potential models (43) , 

1 2 a  2 Q~ IR,(O)I ~ 4a' Q~ IR,(O)[' 

where R (0) is the s-wave radial wave function at the origin and Q the charm quark 
S C 

charge. Since the mass difference of qc and J/~ is small, the assumption that the 

two wave functions are equal is made and 

['~o~ 4 = 6 keY . =~rzl~ e+e- or rncTy 

More careful considerations of the difference in R (0) modify this estimate to 
s 

5.5 keV. Similar estimates are obtained with the QCD based dispersion sum rule calc- 

ulations (43'44), in the range 4 - 7 keV. In view of the success with which the sum 

rule calculations have been applied to the charmonium system, a precise measurement 

of Fqcyy , as well as the yy widths of the heavier charmonium states Xo(3415) , 

X2(3555) and q~(3590), will be an important test. The measurement of Fqcyy is therefore 

of great interest and almost all known decay modes of qc (43) have been used for the 

searches. The results are summarized in Table 4. To give an idea of the present ex- 

perimental sensitivity, Fig. 15 shows the 4~ ± spectrum from the TASSO group, to- 

gether with the gaussian fit which gives the present limit in this decay mode. Simi- 

larly the JADE data in Fig. 16 shows the 2~±2~ ° spectrum. Here all events in the 

qc region were used to set the upper limit. One may conclude from Table 4 that both 

more data and better known decay modes of qc are needed for the eventual measurement 

of r . The experimental limits, together with the poorly known branching ratios 
ncYX 

of qc' give corresponding limits on F of the order of 50-100 keV or more. The 
qcYY group(4?), lowest limit so far is obtained by the Crystal Ball from the decay 

J/q~*3y : F ( 20 keV, which is still well above the theoretical predictions. 
qcYT ~ 

It should be mentioned here that the decay X2(3555) ÷ yy has been observed by the 
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Crystal Ball group in the reaction d#' + 3y (46). The reported values for the branching 

_ = 2.1 + 1.0 MeV(46) ratio, B(X2÷Yy) = (6 + 2).10 -4, and absolute width of X2(3555), r X - 0.7 

correspond to a value £ = 1.3 + 0.7 keV. From the dispersion sum rule calculations 
-0.6 X'~YY . . 

the estimate 1.7 - 2.3 k@V is given (Novikov et al (43)) Similarly, for Xo(3415) 

a limit can be obtained, £ < 9.2 keV (90% C.L.). Here the values 4.6 - 5.4 keV 
.... XoYY. al (43) 

have been predicted kl~OVZKOV et . ). 

Table 4 

Upper Limits for yy Production of qc 

Experiment 

(Ref) 

TASSO (39) 

TASSO (39) 

TASSO (39) 

JADE (39) 

JADE (39) 

Decay 

Mode X 

PP 

KZ~ 

2~+2~ - 

~t+~-2~o 

+ - -  

qlT 7T 

£ .B(no-~X) 
n Y  

ke~ ~ p r e l i m i n a r y )  

< 0.4 95% C.L. 

< 27 95% C.L. 

< 0.7 95% C.L. 

< 4.2 95% C.L. 

< 2.3 95% C.L. 

B(qo+X)(45,46)  

% 

+ 0.30 0.29 
- 0.16 

3" (5.4 + 3.3 
- 2.4 ) 

+1.5 
2.0 

- 0.9 
1.5 

(1-2)'(2.0 + 0 . 9  ) 

+ 1 . 8  2.6 1.7 

o 

[ ~  , prel. : 

1 5 0 1 ' 1 ,  , , I , ,  , ,  I I I I ~ 

11 / TASSO 
u ~ / prel. 

Ig 

I ' ~  a I I 

~ .  7 5  31) 3.25' 3.5 

G v/ 2 
i , I  

t5 Z0 2.5 30 3.5 
GeV/c 2 

3 5 7 4 9  

Fig. 15 Mass spectrum of 4~ ± in exclusive 4~ ± events. The insert shows the same 
data in magnified scale. The fit is a smooth background with a gaussian 

resolution function corresponding to the known 4~ ± mass resolution at the qc 
mass. 
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Although the above results are still meager, it is clear that future larger data 

samples will provide important information on these radiative widths. Continued 

studies of the charmonium states and their decays, at the J/~ and ~' resonances, 

will be as important in this respect. 

This review closes with an example of the possibility to use the large integrated 

luminosities for the study of rare decay modes of well known C = +l resonances. 

The JADE group presents at this conference a search for the decay f ÷ ~÷~-2~ °. 

While the corresponding all charged decay f ÷ 4~ ± is well known, 2.8 ± 0.4% (18), 

the partly neutral decay is poorly known. Expected is B(f + ~+~-2~ °) : (1-2)'B(F÷4~±), 

depending on the isospin structure of the decay. The data are shown in Fig. 16. In 

these data, no background subtraction (from n ° sidebands) has yet been done and the 

word preliminary should be stressed. A more detailed presentation of these data, 

in particular concerning the presence of a p+p- component, is given by H. Kolanoski 

elsewhere in these proceedings. In Fig. 15, events which are candidates for the 
+ - + - , 

process yy ÷ p p have been removed and the decay f ÷ p p is not considered. All 

events below 1.6 GeV/c 2 are taken as candidates for the f decay. The rate is com- 

pared with the rate of e+e - ÷ e+e-f ÷ e+e-~°~ °, which was observed in the same ex- 

periment, and this gives the limits 

B(f + ~+~-2~ o) < 0.12 95% C.L. (preliminary) 

B(f + ~+~-2~°)/(B(f ÷ ~) < 0.15 95% C.L. (preliminary) . 

The latter value can be compared with the previous measurement (48) 15 ± 7%. 

> JADE preliminary 
=Z 15 m(2E+'2E°) - 

¢,o Events  wi th  
- [1 m ( ~ + l l ; ' ) ' m ( K ' l I ° ) - -  

,_ 10 _ I111 in p - b a n d  - -  

® - I l l l  ¢ .s5- .9~ ~ v )  > 

_ _ , ,  . .  

0 1 2 3 4 

GeV/c 2 
3 5 7 4 0  

+ 

Fig. 16 Mass of 2~±2~ ° in exclusive ~+~-4y events. All events with two ~-~o 
combinations in p bands have been removed. The yy combinations in a ~o 

bond were adjusted to the ~o mass. A cut, Pt(2~+2~°) < 0.2 GeV/c, has been applied. 
The data correspond to 77 pb -I. 
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CONCLUSIONS 

Resonance production in Y3' reactions continues to provide much useful information 

to test our ideas about the quark structure of mesons. Large amounts of data have 

already been coilected at SPEAR, PETRA and PEP and these data are being analyzed. 

To resolve questions about the yy couplings of scalars, glueballs and heavy mesons 

like qc' much higher statistics is needed. This will take some time to come, at 

]east at PETRA, since present plans foresee running at highest possibIe energies, 

with corresponding lower luminosities. Much work however remains to be done with 

the existing data, not only in investigating new exclusive final states but also 

in the better understanding of the detectors and of the physics involved. 
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Discussion 

Q. P. SINGER (Haifa) : Concerning the new result for q÷yy, I wonder what happened 
with the very first measurement of Bemporad et al., which gave a value close 
to 1 keV? It seems that the Crystal Ball value comes inbetween the old DESY 
value and the Cornell value. 

A. OLSSON : Browman et al. (Cornell 1974) state in their paper that their fit co- 
efficients are compatible with the DESY data from 1967 (Bemporad et al.), although 
the sets of coefficients are different in the two experiments. They suggest 
that the DESY data may not be sensitive enough to distinguish the two solutions, 
mainly due to limited energy range. The DESY measurement is not included by 
PDG in a mean value for F qyy" 

Q. J.A.M. VERMASEREN (NIKHEF) : What is known about the f in the tagged data ? 

A. OLSSON : The TASSO group showed data on tagged f production in Paris 1981, but 
no signal could be claimed. No data were submitted to this review talk, although 
the PLUTO group will show some results in the parallel sessions. Again, no signal 
is seen.  

VERMASEREN : Th is  shows a l s o  t h a t  the  Form f a c t o r s  a re  ve ry  s t r o n g .  

Q. S .  BRODSKY (SLAC) : I d o n ' t  b e l i e v e  i t  i s  a p p r o p i a t e  to  use a u n i t a r i z e d  Born-  
term model based on p o i n t - l i k e  p ions  and kaons to  e s t i m a t e  the  background t o  
resonance p r o d u c t i o n  i n  yy÷~+~- and y¥+K+K - .  The f a l l - o f f  o f  the meson form 

f a c t o r s  shou ld  g i v e  an index  o f  the  expec ted  s u p p r e s s i o n  o f  the cont inuum con-  
t r i b u t i o n  due to  meson compos i teness .  

A. OLSSON : E x p e r i m e n t a l i s t s  a re  o f  course  happy to  have a t  l e a s t  one model t h a t  
seems to  e x p l a i n  the da ta ,  i n c l u d i n g  the mass s h i f t  o f  the  f meson and the  l a r g e  
low mass cont inuum. But f o r  the d e t a i l s  o f  your  q u e s t i o n  I must r e f e r  you t o  
Menness ie r .  

G. MENNESSIER ( M o n t p e l l i e r )  : To d e s c r i b e  the  nearby  l e f t  hand c u t ,  one needs 
Born te rms.  No t i ce  t h a t  because o f  gauge i n v a r i a n c e ,  one canno t  i n t r o d u c e  a 
t r u e  form f a c t o r  f o r  the  p ion  (o r  kaon)  exchange.  OF course  f a r t h e r  s i n g u l a r i t i e s  
a re  expec ted  to  become more i m p o r t a n t  w i t h  h i g h e r  e n e r g i e s  and shou ld  be i n c l u d e d .  
S e v e r a l  exchanges have been t r i e d ,  w i t h  or  w i t h o u t  form f a c t o r s .  I t  t u r n s  ou t  
t h a t  a c o r r e c t  d e s c r i p t i o n  o f  the da ta  up t o  the  f mass can be ach ieved  w i t h  
the  pure  p o i n t - l i k e  Born term. 

I agree  t h a t  a model f o r  the t and u channe l  s i n g u l a r i t i e s  which would i n t e r -  
p o l a t e  between the  Born behav iou r  a t  low e n e r g i e s  and the  s c a l i n g  b e h a v i o u r  
expec ted  a t  h igh  e n e r g i e s  would be more s a t i s f a c t o r y  f rom a t h e o r e t i c a l  p o i n t  
o f  v iew.  I t  does no t  seem necessary  w i t h i n  the  p r e s e n t  s t a t u s  o f  e x p e r i m e n t a l  
da ta .  


