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I . Introduction 

In t h i s talk ve report some preliminary r e s u l t s on two-photon 
in te rac t ions from the Mark I I experiment a t the Stanford Linear 
Accelerator Center c +e~ storage ring f a c i l i t y SFEAR. The basic diagram 
for the two-photon process I s shown In Fig. I . Lepton pa i rs produced 
by the twa-photon process have been observed in 
several expe r imen t s ' - ' but only very few events 
with hadrons In the f inal s t a t e have been 
observed so far. *'* The f i r s t evidence of 
a meson resonance produced by the two-photon 
in te rac t ion has been reported recently by the 
Hark I I co l l abora t ion ; 5 the react ion 

o e~n'(M8) (1) 

has been observed by detect ing the n' 
f inal s t a t e . 

Fig. 1. Diagram 
for the two-photon 
production of the 
s t a t e x. 

The production cross section of a resonance R by the two-photon 
in te rac t ion i s d i rec t ly proportional to I t s r ad ia t ive width r (R) as 
has been pointed out by Low. 5 Measurements of r (R) allow an 
i n t e r e s t i ng d i rec t confrontation of experiments with quark model 
c a l c u l a t i o n s , 7 especial ly in the case of the n' meson«e 

After a short descript ion of the Hark I I detector we wi l l present 
here preliminary r e su l t s on react ion (1) including a l l Che data 
accumulated a t SPEAR for bean energies E, above 1,95 CeV. This repre­
sents an increase in the integrated luminosity of about a factor 3 over 
the previously published data sample. 5 We have searched for the 
following f inal s t a t e s from two-photon resonance production: f(1270) + 
P°v, A 2 ( 1 3 1 0 ) - p V and f(1270), A2(1310) or f'(1515) decaying in to K +K - . 
Ho rJp.nnl has been found. Upper l imi ts on the rad ia t ive width of theso 
resonances have been obtained from these measurements which wi l l be 
described in the las t chapter . 
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I I . The hark I I Detector 

A schematic view of thu SLAC-LBL Mark I I magnetic detector Is shown 
in F ig . 2. I t s configuration and performance have been described e l se-
w h e r e . s » ' The detector conEists 
e s s e n t i a l l y of a large cyMndrici 
d r i f t chaster with 16 layers 
followed by t ime-of-f l ig»t (TOT) 
s c i n t i l l a t i o n counters, both 
embedded in s so le ra ida l magnet, 
which in turn i s surrounded by a 
l iquid argon electromagnetic 
•hover calorimeter (LA) and a 
muon detect ion system. Addi­
t iona l shower counters cover 
both ends of the cy l indr ica l 
de tec to r . 

The performance features 
may be summarised as follows. 
The azimuthal coordinates for 
charged tracks are measured in 
the d r i f t chamber to a rms accuracy of about 210 urn per l aye r . The 
magnetic f ie ld i s 4,1 kC, and when t racks a re constrained to pass through 
the known beam pos i t ion the momenta of charged pa r t i c l e s are determined 
with A resolut ion 6p/p - *[<0.005p) 2+ (O.0U5) 2 ] '* where p i s the momentum 
In CeV/c. The rms t i a e - o f - f l i g h t reso lu t ion for hadrons i s 300 ps which 
provides a w vs . K separat ion a t the one standarii deviation l eve l a t 
moment* of 1.35 CeV/c and K vs . p a t 2.0 GcV/c. '2ne rms energy 
reso lu t ion for photons and e lect rons in the l iquid argon calorimeter 
has been measured to be 6V./E - G.Ulfo (p in CeV) at hiRh energies 
<E > 0 .5 GeVJ and s l i g h t l y worse (0.13/<€) a t lower energies because 
of the increasing importance of the energy loss in the 1.36 radia t ion 
lengths of material Cecil and supports) in front of the ca lor imeter . 
The rms angular resolut ion i s about 8 TUT a A hotli in azimuth and dip angle 
for low energy photons. The measured photon detection e f f ic ienc ies are 

Fig- 2. Schematic view of the Hark 
I I de tec to r . (A) vacuum chamber, 
(B) pipe counter, (C) d r i f t chamber, 
(D) t ime-of-f l ight counters , (E) 
solenoid c o i l , (F) l iqu id argon 
shower counters, (G) i ron absorber, 
and (H) muon proport ional tubes. 



152 at 100 HeV, 50Z at 200 MeV and *90Z above 400 HeV, exclusive of 
geometry. The LA detector Is also used fir electron-pion separation. 
Plon misit'cntlfication probabilities of less than AX and electron effi­
ciencies above 77X nro achieved for particle momenta greater than'500 
MeV/c. These improve at higher momenta- Finally, unions art detected 
above p ~ 7 0 0 MeV/c with n segmented steel hadron absorber. Ihe fraction 
of the full solid angle covered by the drift chamber and the T0F counters 
is 75X, by the LA detector is 65%, and by the muon detection syste» if 55X. 

A two stage hardware trigger 1 0 has been used to select, with effi­
ciency i.99Z, all interactions that have at least one charged particle 
with transverse momentum p > 100 HeV/c, such that it traverses the entire 
drift chamber, and another particle which passes through at least the 
first five layers. 

III. Measurement of the Two-Photon Production of the n' 

FiTst results on reaction (1) have been reported recently from the 
Hark IX experiment. 5 In the following analysis we have used the s»«e 
method with similar event selection criteria. All data accumulated at 
beam energies E. above 1.95 GeV have been used; the results presented 
here include the previously published daca sample. 

The events searched for were n' + « n~y decays with no additional 
final state particles detected. The outgoing e and e~ in reaction (1) 
were not detected. Therefore, events were selected which have only two 
oppositely charged tracks coming from the interaction region and one 
photon measured in the LA detector. 

The charged particles were identified as pions if their T0F was 
within 3 standard deviations of the expected time, they deposited 
less energy in the LA than that expected for electrons, and there were 
no track-associated hits In the muon chambers behind the hadron absorber. 
Only those events with an invariant • n pair mass of less than 1 GeV/c , 
wit* each pion momentum less than 1 CcV/c, and with a photon energy E y 

within 0.180 < E < 1.0 CeV have been considered further. With the lover 
photon energy cut we have removed background that is generated by 
electronic noise fluctuations (usurious photons). 



- 5 -

K i o e u t i c i l cuts have then been applied to reduce the contr ibut ions 
fron the following two naln background sources- Possible background 
froa one photon e + e~ annih i la t ion events with some of the f inal Sta te 
p a r t i d e a not detected has been decreased by requiring that the t r ans ­
verse noaenttai p, of the ir*>~Y s t a t e be l e s s than 250 HeV/c and that the 
acoplaoar i ty angle &i between the T »~ and the Y momentum vectors pro­
jec ted in to a plane perpendicular to the bean ax is be l ess than 20° 
(A*-0° for back-to-back decays). The background froa lepton or pion 
•Air* produced in two-photon in terac t ions combined with noise-generated 
spurious photons was suppressed by requiring that the t ransverse momentum 
of the » +*~ s t a t e be l a rge r than 50 KeV/c and that the acoplanar i ty 
angle between the two pions be larger than 3 ° . 

The * *~Y invariant mass d i s t r ibu t ion m + _ for the events which 
sa t i s fy a l l the select ion c r i t e r i a i s shown in Fifi. 3 (a ) . There i s a 
c lear s igna l of events with an n" +Ji+ir~Y decay detected. The observed 
width of about 40 HeV/c (nns) for the n 1 mass s ignal I s neat ly due t o 
the photon energy reso lu t ion and agrecB well with a Monte Carlo calcu­
l a t i o n . The shi f t of the n ' s ignal by ~25 MeV/c towards higher nasecfi 
In caused by the steep r i s e of the photon detec t ion efficiency a s a 
function of the deposited energy in the LA for energies below 400 HeV. 
This mass sh i f t can be investigated experimentally In the following way. 
leeonances produced in two-photon in te rac t ions a t SPEAR energies occur 
• a iu ly a t very low t ransverse Momenta p with respect to the ax is of the 
co l l id ing electron beans. This fact can be exploited by constraining 
the events to zero net p and using a calculated photon energy ins tead 
of the measured one. This procedure reduces the expected mass reso lu t ion 
for the n' signal to about 15 HeV/c (ms) and removes the mass s h i f t . 
However, for events with an n' produced with non-zero p i t g ives a wrong 
mass value . The nass d i s t r ibu t ion with the cons t ra in t p - 0 i s shown In 
Fig. 3(b) for the n' region and displnys the expected features . 

The only exp l i c i t cut applied on the dipion mass ha3 been m n ¥ < 1 
CeV/c . We find that the dipion muss d i s t r i bu t i on for the events in the 
n' mass region, defined a s 900 < raf„r < 1050 HcV/c , i s compatible with 
the hypothesis that a l l p a i r s in the n' *• tr iTy signal come from p° decays. 



F I R . 3 . (a) ir ir~y invar iant mass d i s t r i bu t ion . Events from bean energies 
equal or above 2.6 GeV are shown shaded, (b) it+«~y invariant i«aas d i s ­
t r ibu t ion with p - 0 cons t ra in t . 

The kinematics of two-photon reactions are very c h a x r . t e r i s t i c and 
different from other processes. For the n* produced by rea t ion (1) the 
kinematics a re d i s t i n c t , for example, from those of mesons in multi-hadron 
events from one photon c e~ annihi la t ion reactions< The transverse 
momentum p d i s t r ibu t ion i s shown in Fig. 4 for a l l the data ( ful l 
histogram) and for the subsample of events lying in the n,' mass region 
(shaded). The n 1 mesons have lower p than the background events. The 
d i s t r ibu t ion of the to ta l energy E i s shown in Fig. 5- The energy of n' 
appears to be confined to Low values , excluding the poss ib i l i ty that 
the n' lu produced in a two-body annihi la t ion react ion l ike n'v w l t n t n e 

Y not de tec ted . The angular d i s t r ibu t ion of the n' mesons i s s trongly 
peaked along the beams. Their rapidi ty (y) d i s t r i b u t i o n , given in Fig. 6, 
i s f l a t over the whole detector acccptnnce of about -0 .5 < y < 0 . 5 , whereas 
the background events tend to peak around y = 0. 



distribution. 
asefc 0 . 9 0 ' a ^ 

Events i n the n' 
_ - .<1 .05 CtWc* 

Fi t . S- Total energy distribution. 
Events in the n* peak 0 . 9 0 < » _ + w _ Y < 
I.OS GeV/c2 are shaded. 

Dw background lias been 
ataaled with two different 
•etkods. In tha f i r s t Method 
we k m analyzed sultihadron 
• + « " anaihllstioD events. The 
aeaai analysis cuts aa for 
reaction (1) except for the 
tosolcgy select ion have been 
applied to events with three 
or sore charged prongs and at 
l eas t one photon. The r e ­
sult ing »ass distribution i s 
saooth and Teaches a broad 
•SKlamsa over the range from 
0.8 to 1,3 CeV/c 2. The trans­
verse •osentuw. distribution 
r i ses below about 125 HeV/c 
and stays approximately con­
stant above. In the second 
Method wo have used a l l the or 

Fig. 6. Rapidity distribution for 
the n+n~T s tates , with the events 
in the n' pei>k shaded. 

Iginal se lect ion criteria Including the 
exclusive two-charged prongs and only one photon topology'hut have then 
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coabincd the dipion 3 ta te from one event with the photon from the next 
event. This analysis reproduces the shape and the normalization of the 
observed background in the mass and transverse Momentum d i s t r i b u t i o n s . 
Both these s tudies suggest a smooth background shape under the n* s igna l , 
and we have therefore made a d i r ec t subtract ion using the adjacent mass 
regions (see Table I ) , This subtract ion makes no apecif ic assumptions 
on the o r ig in of the background. We notice tha t the background c o n t r i ­
bution i s .Vower for the data taken a t the higher beam energies than for 
the low energy par t of the data (see Fig. 3 ( a ) ) . 

TABLE I 

Summary of the Cross Section Calculation 

*b 
CGeW) 

f&dt 
(nb- 1 } 

t n • 
(nb) 

1.95-2.21 4199 0.0231 7 . 7 * 5 . 1 0 .2710 .18 
2.25-2.50 2131 0.0224 4 . 3 1 2 . 6 0.30 ±0 .18 
2.50-3.00 6655 0.0211 2 5 . 9 ± ? . l 0.62 ±0 .17 
3.0O-3.3S 4009 0.0177 20.0 t 5.9 0 . 9 4 1 0 . 2 8 

3.70 98ft 0.0125 3 . 1 1 2 . 2 0 .84*0 .60 

El, la the beam energy, J&&Z i a the in tegrated luminosity, 
c i s the detect ion efficiency not including B(n* + * « Y ) . « n » 
I s the background aubtracted number of n ' events and o (n ' ) i s 
the observed cross sec t ion . Only s t a t i s t i c a l er rors a re shown. 

The cross sect ion haa been calculated using the detect ion eff ic iency 
r for reac t ion (1) and the branching r a t i o B(n* -* w V y ) - 0 . 2 9 8 1 0 . 0 1 7 . n 

The detec t ion probabi l i ty has been determined by a Honte Carlo s imulat ion. 
Events have been generated according to the cross sect ion ca lcu la t ion and 
angular d i s t r i bu t i on of Ref. 12. These events have then been subject to 
the sane detec tor geometry and se lec t ion c r i t e r i a as the rea l data except 
for the LA shower cuts on the charged t racks . Because of the d i f f i c u l t i e s 
of describing in de t a i l tho in te rac t ion of pions In the shower counter 
mater ia l , the eff ic iencies of the l a t t e r cuts ( t yp i ca l ly 85*) have been 



determined experimentally with unanbigously Idencified pions from 4> 
decay*. Furthermore, the re i s a small (5Z) l o s s of events due to 
addi t ional spurious photons which has a l so been detcruined experimentally. 
The observed croos sect ion c ( n ' ) . and c, a re given in Table X. The 
cross sect ion o ( l ' ) i s a l s o displayed in F ig . 7 as a function of the 
bean energy and i s found to be coo-
p j t l h l e with the expected slow r i s e 
with increasing energy- The e r rors 
shown for o(n*) a r e s t a t i s t i c a l only 
and do not include an estimated 
overa l l systematic uncer ta inty of 
±202. We have not corrected the 
displayed cross sect ions for 
i n i t i a l s t a t e radiat ion in reac t ion 
(1 ) . 

The two-photon production 
cross sec t ion for a resonance R 
i s d i r e c t l y proportional to the 
rad ia t ive width TyyCR) of the 
resonance. 6 This can be seen 
for example in the equivalent 
photon approximation ca lcula t ion 
of Rcf. 13 

I 

—0 1 —r— 

?"° *>* 
r 1 
\. Jr ̂ r 
- > • ^ \ - > s 

Fig. 7. Cross sect ion for 
e + e~ -* e + e*V ns a function of 
the beau energy. The curve I s 
the r e s u l t of En. (2) with 
r Y Y ( n ' ) •= 6 keV. 

• eeR - 1 & 2 ' " + 1 ^ 3 V R ) * (^-^'Q') ( 2 > 

ftx) - {i+*r tni • * ) 

J denotes the spin and ou the mass of the resonance. E^ I s the bean energy 
and IB the electron mass. From the measured cross suction For react ion 
(1) we have determined ryv(tl ' ) ° 5.8 + 1.1 keV using the two-photon calcu­
la t ion of Ref. 12. In t h i s ca lcula t ion we have included the correct ion 
for i n i t i a l s t a t e radiat ion ef fec ts - The er ror r e f l e c t s the s t a t i s t i c a l 



accuracy of the measurement but does not include an estimated overa l l 
systematic uncertainty.of ±?0Z. Upper l i m i t s on r ( n 1 ) In the range 
11 to 35 keV hod been obtained in other searches 2*"'' for react ion (1 ) . 
FroB the r ad i a t ive v id th we have deduced the t o t a l width V An') -
293±67 keV (±20* systematic uncertainty) using the B(n*-*TY) "" 
0,01971 0 . 0 0 2 6 . n This measurement of r (n*) i s In good agreement 
with the value 280±100 keV reported In Ref. 14. 

The r ad i a t ive width for the n r has been calcula ted by several 
a u t h o r s e « l s i 1 6 as w i l l be discussed by F. J . Oilman In the following 
t a l k . ' In shor t ) quark models with f rac t ional ly charged quarks l ead , 
under the assumptions of a small pseudoscalar o c t e t - s l n g l e t nixing angle 
and of equal s ing le t and o c t e t decay cons tants , t o the predict ion of 
TyY^")') ** * keV * n v e r y good Agreement with our measurement. Applying 
the same assumptions, the data i s not compatible with in tegra l charge 
quark models, for which a rad ia t ive decay vidth of about 26 keV I s 
predic ted. However, the v a l i d i t y of these assumptions has been questioned 
in Ref. 15 where a l t e rna t ive analyses arc proposed. 

IV. Upper Limits on the Radiative Widths of the Tensor Mesons £.A and f' 

The r ad i a t ive widths of the tensor mesons F(1270), A 2(13l0) l n J 
f'(15I5> a r e experimentally not known. From SU(3) symmetry they a r e 
expected to have values in the r a t i o 25:9:2 for the case of idaal mixing 
and with phase apace correct ions neg lec ted . 7 The Vyy for the f(1270) 
meson has been calculated by several authors, see for example Refs. 17 
and 18, which predic t Tyif(t) t o be In the range of about 5 to 20 keV. 

Vie have Investigated ox elusive f inal s ta t 
reac t ions 

e e~ -•• e + e " 1(1270) 
1 . p < \ 

+ -
CO * 

e V A2(1310) 
1 p. P V 

+ -e e * e V f(1270) 
' KV 



by searching for s ignals In the invariant mass d i s t r ibu t ions of the 
respec t ive f inal s t a t e s which would occur s t low transverse momenta. 
As in the •usure»eBt of react ion (1) , the f i na l s t a t e e and c~ remained 
undetected. Ho s ignal above background has been detected for react ions 
<3) t o <7). We have used the data taken a t Lean energies above 2.25 GeV 
(14 pb~ Integrated luminosity) to determine upper l imi t s on the rad ia t ive 
widths of these tensor mesons as described below. The study of f ina l 
s t a t e pion pa i r s fro* two-photon in t e rac t ions , including reac t ion (8) 
and the d i rec t process e + e~ * c + e~ir + i~, I s not yet completed. 

A. P°Y Pinal State 
I t has been recent ly proposed 1 0 that the f(1270) meson could have a 

r e l a t i v e l y large branching fraction in to B°Y, namely 3 to 5 t . We have 
searched for react ion (3) using the same method as described In the 
preceding chapter for the measurement of reac t ion ( 1 ) . The same cuts 
have been applind except tha t the lower.photon energy cut hus been 
increased to 250 HeV in order to further suppress backgrounds. The 
r e su l t ing n +iTf mass d i s t r ibu t ion i s shown In Fig. 8(a) and the p 
d i s t r ibu t ion In Fig. 8(b) wich the events from the mass i n t e rva l 
1.15 < n n „ Y < 1.40 GeV/c2 shaded. No s ignal a t the £(1270) mass i s 
present . The n' s ignal appears reduced due co the more s t r ingent photon 
energy c u t . The background mass d i s t r ibu t ion can be well described with 
a r t l f i c a l l y generated events in which the dipion s t a t e has 1>ccn combined 
with the photon from the next event of the same two charged prongs and 
only one photon topology. The overal l de tec t ion efficiency for reaction 
(3) has been determined in the same way as far react ion (I) and found to 
be 0.020. The data therefore allow us to re t a 952 C.L. upper l imi t on 
the product a(f) * B(f-*pY) < 0.14 nb at the luminosity-weighted average 



beam energy of 2.85 CeV. With Eq, 
(2) t h i s equates to Tyy{i) * 
B{f + PY) < 0-8 kcV. Both l imi t s 
include an estimated 2OX systematic 
uncer ta in ty . 

B. p'li* Final Sta te 

fb> 
1 

Cut 

" 
\ • 

77i-X Wm tfm%. 

To search for react ion (fi). 
we have selected the event topology 
which contains two oppositely 
charged pions and two photons. 
Al l events with two photons in the 
energy range 0.1 < E < 1.0 GeV 
and with a two-photon invar iant 
mass m within 0.075 < m < 
O.200 GeV/c2 have been selected. 
For these events the photon 
energies were adjusted to con­
s t r a i n m to n^o. These n° have 
been combined with e i ther one of 
the charged plans to form the 
invar iant mass ">_t_o- O" 1? those 
events with a p* candidate, 
defined as 0.5.< m n J l l t , < 1.0 CeV/e 2, 
have been retained any fur ther . 
Special cu ts have been necessary 
to suppress the background coming 

from r lepton pair production with t he i r subsequent decays in to p * v and 
f inal s t a t e s containing s ingle or multiplons which have been measured in 
the name exper iment . 1 9 Both the $* and the v* momenta have been required 
to be l e s s than 800 HnV/c. Final ly , the invar iant p ± n* nass has been 
formed, and a transverse momentum cut of p <250 MeV/c on i t has been 
applied to reduce the background from one photon e + e~ annihi la t ion events . 
The n 4 : ami p d i s t r ibu t ions are shown in Figs . 9(a) and 9(b) v with the 
events ly ing in the A2 mans rcgioi 

300 
M i l l " 

(a) TI H~T invar iant mast 
d i s t r i bu t i on for the f (1270) -*p a * 
search, (h) Transverse momentum 
d i s t r ibu t ion ; events from the 
f(1270) DW6G^region 1.15 < ""U+B-V 

Fig. 

< 1.40 CeV/c 2 ore shaded. 

T < 1.45 CeV/c2 shaded In 



( b ) : 
' 

\ ^ 
Cut 

: i_ m L -

1 V b_ Wm • 

Fig. 9 (b ) . From the observed 
background In the in » - d i s ­
t r i bu t ion , the known 
BfAj+p 1**) = 0.703±0.021 n 

and the overa l l detect ion 
eff iciency for react ion (4) 
c - 0.CD28, which I s great ly 
reduced due to the low energy 
photon e£ficiency> one deduces 
a 951 C.L. upper l in iL for 
o(A 2) < 0.36 nb a t E^ - 2.85 
GeV for react ion (4 ) . From 
Eq. (2) i t follows tha t 
T T Y (A 2 ) * 2.5 keV. A possible 
systematic e r ror of 252 has 
been included i n these l i m i t s . 
C. K*IT Final S ta te 

The K K" decay nodes of 
the f ( I270) , A2(1310) and 
f t 15) 5) mesons can be used 
to study t h e i r two-photon 
production with l i t t l e back­
ground from one photon e e" 
annihi la t ion processes- For 
th i s purpose we have selected 

events with only two oppositely charged prongs and no detected photons. 
Both t racks have been required to be unambigously ident i f ied as kaons by 
the TOF measurement. This has been achieved by a cut on the probabi l i ty 
l e v e l 2 0 which has been required to be larger than 0.fi5 for both Cracks rr. 
be a kaon. In order to reduce sources other than Lwo-photDn production 
we have applied two loose kinematlcal cu t s : the acoplanarlty anii'o a$ 
between the two kaons had to be <20° and the p of the K K~ s t a t e had to 
be <250 MeV/c. The Invariant mass n . and the p d i s t r ibu t ions arc 

K+ir i 
given in Figs , 10(a) and 10(b). The p of most of the events i s seen to 
be very small as expected for react ions (5) to (7 ) . 

200 
(M»V/c) 

Fig . 9 . (a) p*ir+ invar iant mass d i s ­
t r ibu t ion , (h) Transverse momentum 
d i s t r i b u t i o n ; events from the A2<1310) 
mass region 1.20 < in.*,? < 1.4S GeV/e2 

are shaded. 



nt production 
can also contr ibute to K K~ 
final s t a t e s from two-photon 
i n t e r a c t i o n s . Wo have 
estimated the expected back­
ground in the ™ . ^ d i s t r i ­
bution from the nonresonant 
process 

e e •*• e e K K (9 ) 

"V'K- tGeVA2) 

- i 
i 1 

I Cut 

8- 1 . 

EV
EN

T.
 

j — i 

n n ' 
200 

(MeV/c) 
300 

with the equivalent photon 
approximation of Ref. 2 1 . 
The curve in Fig. 10(c) 
shows the r e s u l t of using 
a simple kaon form factor 
with a • pole of the form 

|rKC>| - u-./mJr 1. 
With t h i s assumption for 
the form factor the c o n t r i ­
bution of reac t ion (9) 
appears to be small (10S 
over the range oE observed 
K^t" raassea). The low 
s t a t i s t i c s of the data 
in Fig. 10(a) only allows 
us to ex t rac t upper l imi ts 
on the production cross 
sections for the f(1270) and A2C1310) mesons tn react ions (5) and ( 6 ) , where 
we have used the branching r a t i o s 1 1 in to K+K~ of 0.0165±0.002 and 
0.0235iO.O025 and overall detect ion ef f ic iencies of 0.0167 and 0.0172, 
respect ively , at the average beam enerny of 2.85 GeV. The r e s u l t s ns well 
as the upper l im i t s on P from E<1> (2) aro given in Table I I . The 
branching r a t i o of the f (1515) meson in to KK i s not known, hut expected 
to be dominant 1 1 ( i . e . , B(f '+ K+K") near 0 .5 ) . The data together with 

Fig. 10. (a) Invariant K*K~ mass d i s ­
t r i bu t i on . The curve shows the expected 
contribution from nonresonant two-photon 
in te rac t ions (see t e x t ) , (b) Transverse 
momentum d i s t r i bu t i on of the V^TT system. 
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TAEUS I I 

Final 
S ta te Meson e (nb) <k«V) 

P°Y f<1270) 0.0200 o«B(f + PY) 
< 0.14 

r « B ( f + P 1 i 
T T < 0.8 

.*• A2(1310) 0,0028 < 0.16 • < 2.5 

icV £(1270) 0,01G7 < 4.2 < 24.0 

K V ^(1310) 0.0172 < 2.6 < 17.0 

K V f*(15I5) 0.0195 o x B U ' - K 4 * - ) 
< 0.052 

l y - x B t f ' - t - i c V ) 
< 0.6 

Upper l i m i t s (95% C.L.) on the two-photon production cross sect ion 
O and the rad ia t ive width T-^ of the tensor mesons a t the luminosity 
weighted average bean energy 2.85 GPV. The overal l de tec t ion e f f i ­
ciency i s l i s t e d under c an*l B stands for branching r a t i o . 

the calculated detect ion efficiency of 0.0195 provides therefore only 
upper l im i t s on B(f* +1C*1T) x o ( f ' ) and B<f '*K t K-) * l y ^ f ) for 
react ion (7) . These upper l imi t s are a l so l i s t e d in Table XI. A 
systematic uncertainty for the f ina l s t a t e s of 15% has been included 
In the l i s t e d 9SZ C.L. upper l imi t s . 

We have summarized in Tabic I I the upper l imi t s on the rad ia t ive 
widths of the f(1270), A 2 (1?I0) and f'(1515) mesons obtained from the 
finul s t a t e s studied so fa r . All of These l imi t s are consis tent with 
thu expected values mentioned a t the beginning of t h i s chapter . 

We wish to thank Drs. S. J . Brodsky and F. J . Gilman for st imulating 
discussions. 
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