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INTRODUCTION 

The a)0 meson has been studied in pp annihilations 
at rest with production of charged and neutral K 
mesons. The experiment was carried out in the 
81 cm hydrogen bubble chamber at the CERN P.S. 
The branching ratio of the co° decay into neutral 
particles and the n*n~n° mode has been measured. 
A value is given for the mass and limits are given for 
the width. The n+n~n° decay mode yields good 
evidence for the 1~~ attribution of the quantum 
numbers. Information about the production 
pp~+KKa)° is also given. 

1. co° BRANCHING RATIO INTO CHARGED 
AND NEUTRAL DECAY MODES 
(based on K+K~CD° events) 

This determination comes from events 

occurring in a well defined fiducial region of the cham­
ber were selected for further analysis. 

In Fig. 1 a the missing mass spectrum of events 

is shown. 

In Fig. 1 b a similar spectrum is shown for events 
kinematically identified as due to reaction 

Fig. l a Missing mass spectrum of p + ^ K + + K ~ + m i s s i n g mass. 

Fig. 1 b Missing mass spectrum of 
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" missing mass 

missing mass 

About 30 % of the total number of photographs have 
been scanned for the detection of annihilations leading 
to the production of at least one charged K. The 
identification of the was made through its decay 
or interaction. The second charged K was essentially 
identified by ionization measurements (Gap counting). 
In order to reduce as much as possible the contamina­
tion from annihilations in flight, only the events 
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This spectrum was obtained in exactly the same way 
as that for reaction (1), i.e. only the measured—as 
distinct from the fitted—values of the K+K~ pair 
were used to calculate the mass of the (%+n~n0)-
system; this to allow direct comparison of the missing 
mass spectra in reactions (1) and (2). 

Altogether we obtained 43 neut ra l -
events and 77 (K+K~TI +n~7i°)-events in the missing 
mass range between 500 MeV and 900 MeV. 

The histograms show marked peaks in the expected 
CD° mass region with a very small background con­
tamination. The background of non-resonant events 
—estimated from the mean number of events per unit 
energy interval in the region 600 MeV < M < 730 MeV 
—was about 0.6 events per 10 MeV interval, both 
in the (£ +^~+neutrals)-events and in the 
(K+K~'n+n'n0yQVQnts. 

In the resonant region (defined by 740 MeV<M 
<840 MeV) there remain 16.1 and 76.5 events from 
reactions (1) and (2) respectively. These figures 
are obtained after applying the following corrections: 
possible contamination of (Z +i£~+neutrals) by annihi­
lations in flight, which can however be easily recognized 
for the (K+K~n+7i~7i°yevmts, and mainly, poor 
measurability and hence ambiguity in the classification 
of some events. 

All possible measurements on the sample considered 
(456 events) have been completed. The events 
(30 events) for which no definite kinematical results 
have been obtained, have been classified from the 
available information. The events (26 events) for 
which some ambiguity remained have been attributed 
to their possible classes according to the proportions 
obtained in the completely defined events. 

The resulting correction factor for the events in 
the 60° region is of the order of 20 %. 

Errors on the numbers of (K+K~7t+n~7i°) and 
(£ + ^"+neut ra l s ) events were computed, taking 
into account fluctuations on the initial figures and 
uncertainties in the background correction and in the 
number of events added or substracted. 

The branching ratio obtained is then: 

2. MASS AND WIDTH OF THE o° 
(based on K^Kfa0 events) 

We have also looked for the possible presence of the 
co° mesons in events of the type (K^K®-}-neutrals) 
and (K^K^n* n~ %°) in a well defined fiducial region 
of the chamber. In Fig. 2 the distribution of the 
missing mass in the (KJK\+neutrals) is shown. 
The data is very scanty, but a small peak appears in 
the co° region. The estimated number of co°-events 
is about 9. It is difficult, however, to estimate the 
background and for this reason we do not use the 
J ^ i ^ a A e v e n t s to establish the a>°-branching ratio. 

Fig. 3 shows the distribution of the (n+n~7t°) 
effective mass in the (K°XK\K+TL"n°)-events. Here 
again the peak in the co° region is fairly prominent 
over a small background. To compute the mass 
of the w0, we take w all the events in the mass region 
between 760 MeV and 800 MeV and obtain < M^o > = 
(779.4±1.4) MeV. The width of the distribution is 
given by a = 10 MeV, which is consistent with our 
estimated experimental resolution. 

Fig. 2 Missing mass spectrum of neutrals. 

(*) T h e choice of ano the r interval , say be tween 750 M e V and 810 MeV, changes the m e a n value by only —0.4 MeV. 

Remark: The mean value of the missing masses in the 
co° region (720 MeV<M<870 MeV) and the observed 
width of the distribution are: 

for the (K+K n+n n°) annihilations (64 events), 

neutrals) annihilations (18 events). 
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Systematic errors may distort the values given. 
The co° mass obtained from the charged ^-events is 
significantly higher: <M0)0> = (789.9±1.6) MeV. 
We are more confident in the mass obtained from the 
K\K\(D° events. While the measurement of events 
with neutral K's is fairly straightforward, the measure­
ment of slow charged particles depends critically on 
the effects of the energy loss and multiple scattering 
and the correct determination of the initial direction 
of the particle is difficult. In fact, the mass of the 
T I 0 , S in events identified as K^n0 is about 140 MeV, 
while the missing mass in the few K+K~n° we have 
observed appears to be higher (see Fig. 1). 

We thus propose: 
where the figure in the square brackets corresponds 
to the estimation of a possible systematic error. 

In the same way, the best information about the 
natural width of the co° is given by: O ^ r / 2 ^ 1 0 MeV. 

3. QUANTUM NUMBERS OF THE co° 

Of the possible assignment of quantum numbers 
allowing a decay into 3 pions without a strong damping 
due to centrifugal barriers, the 1 + + assignment 
should give rise to an appreciable decay rate into 
4 p ions 2 ) ; this mode has been looked for but was 
never found 1 - 3 ) . The 0 ~ + assignment is predicted 2 ) 

The three remaining assignments 0 " ", 1 + " and 1" " 
will now be compared with our data. The elegant 
treatment of the triangular Dalitz-plot introduced 
by Stevenson et al will be used. 

Fig. 4 shows the 6-folded Dalitz-plot of the 3 decay 
pions. The 6-folding is justified theoretically by the 

Fig. 5 Effective mass distribution of pion-pairs from ro°-decay. 

the to give a branching ratio 

results of Stevenson et al. ' and our branching ratio 

\ rule out this assignment. 

Fig. 3 Effective mass of 

Fig. 4 Folded Dalitz plot of co°-decay. 
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symmetry between the pions in the 1=0 state; this 
expected symmetry manifests itself in our data as we 
can see in Fig. 5, where the effective mass distribution 
of the three 27r-combinations is shown. The curves 
drawn on the Dalitz-plot correspond to constant 
value of the simplest matrix element for the assign­
ment 1~~. Furthermore, the plot has been divided 
into two subsectors to take into account the strong 
azimuthal variation of the density in the l + ~ and 
0"~ cases. The experimental results are shown in 
Fig. 6 together with the curves expected for the three 
cases: 1 ~~, 0~~ and l + ~. The incompatibility of 
the experimental results with the assignment l + ~ 
and 0 is obvious and, in agreement with Stevenson 
et al.9 we conclude that the a;0 is, indeed, a 1 ~ ~ meson. 

4. PRODUCTION OF m° IN ANNIHILATIONS 
AT REST (p+p-±KKw°) 

In Fig. 7 we show the Dalitz-plot at production 
for both reactions pp->K+K~(D° and pp-^K^Klm0 

assuming-given the narrow width of the to 0—that 
they can be considered as three-body reactions. The 
population of the Dalitz-plot does not show any 

Fig. 7 Dalitz-plot of the production p + p - » K - f - K + e o 0 . 

significant deviation from uniformity. Evidence for a 
KK resonance in an energy region accessible in the 
annihilation mode p+p~+KKco° has been presented 
at this Conference. The KK mass distribution shown 
in Fig. 8 is in agreement with the prediction of the 
usual covariant phase space. We see therefore no 

Fig. 6 Number of events per unit area in Dalitz plot of co°-
decay plotted against the distance from the centre of the plot. F i g . 8 Effective mass distribution of 
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narrow KK resonance in the above type of annihilation. 
It must be noted, however, that the range of (Rvalues 
for the system KK in this particular leaction is small 
(^90 MeV) and thus we cannot exclude a rather broad 
KK resonance. It is also interesting to remark that 
the (0,0) configuration must be the dominant one in 
the reaction we are considering 4 ) and thus the occur­

rence of a strong KK interaction with an / = 2 relative 
orbital momentum should be inhibited by centrifugal 
barrier effects. 

The production rate of the annihilation channel 
K+K'oj° is estimated to be (2.14±0.24)-10~ 3 , where 
the error includes the uncertainty in the observation 
of the fastest A^'s. 
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DISCUSSION 

P E Y R O U : I h a v e a ques t ion to ask Der r i ck . Since a grea t 
p a r t of t he ann ih i l a t ion c o m e s f rom the t r iplet s ta te , you expect 
i n m a n y cases t o h a v e energy-dependen t ma t r i x e lements , espe­
cially in the 3N b a c k g r o u n d . W h e n you say p h a s e space, have 
y o u cor rec ted a l ready for t hose ma t r ix e lements ? 

D E R R I C K : W e have a d d e d incoherent ly t o the Bouch ia t -
F l a m a n d d is t r ibut ion a 5 0 % b a c k g r o u n d f rom a uniformly 
p o p u l a t e d Da l i t z p lo t . T h e d isagreement cou ld be due t o t he 
h igh energy behav iou r of the nn cross-sect ion o r to the un­
justified t r ea tmen t of the b a c k g r o u n d . W e feel t h a t o u r statistics 
d o n o t justify a fuller t r ea tmen t . 

S A N D W E I S S ( to As t i e r ) : D o you see any evidence for the 

K* r e sonance in t he events in which y o u observe Khco ? 

A S T I E R : N O , we have n o evidence for K* in KKco0. 

S N O W ( to As t i e r ) : I w o u l d like t o po in t o u t t h a t a / = 2 

(KK), 1 = 0 r e sonan t s ta te c a n a lso be p r o d u c e d in the react ion 

p-\-p-*K+K+co0 f rom *S± s ta te , consis tent wi th charge con­

j u g a t i o n invar iance a n d / a n d par i ty conserva t ion , if one assigns 

t he q u a n t u m n u m b e r s 1— t o t he co. T h e lowest poss ib le relative 

angu la r m o m e n t u m be tween (KK) a n d co is t hen / = 0. 

B R E I T : If the co-meson is the vec tor m e s o n which h a s been 
specula ted o n in connec t ion wi th the repulsive core a n d the 
sp in-orb i t nuc leon-nuc leon in te rac t ion , one w o u l d expect the 
s imul t aneous emiss ion of a n co pa i r by ana logy wi th the two-
p h o t o n d is in tegra t ion of pos i t r on ium. F o r t he la t ter the re is 
also a smal ler chance of a t h r ee -pho ton d is in tegra t ion . It 
w o u l d a p p e a r significant for t he vec tor m e s o n hypo thes i s tha t 
doub le co-meson emiss ion is n o t observed. Howeve r , the re is 
a difference be tween the t w o cases. T h e energy in t he experi­
m e n t s r e p o r t e d o n is h igh a n d energetical ly t he emiss ion of 
m o r e t h a n 2 m e s o n s is poss ib le . T h e coup l ing c o n s t a n t s needed 
in nuc leon-nuc leon p h e n o m e n o l o g y for vec tor meson-nuc leon 
coup l ing is large a n d hence t he mul t ip le co-meson p r o d u c t i o n 
shou ld b e relatively m o r e p r o b a b l e t h a n in t h e a n a l o g o u s 
p o s i t r o n i u m case. I n this connec t ion it w o u l d b e interest ing 

t o k n o w whe the r a t the lower energies of t he exper iments r epo r t ed 
o n by Der r i ck the re wou ld be a possibi l i ty of finding d o u b l e 
co-emission. 

R O S E N F E L D : Bre i t has c o m m e n t e d t h a t he is supr i sed t h a t 
Sandweiss does n o t see > 1 0 % coco p r o d u c t i o n in his 6 a n d 8 
p r o n g s events , because (in ana logy t o p o s i t r o n i u m decay) h e 
w o u l d expect t h a t pp shou ld yield pairs of vector m e s o n s . In 
add i t i on t o coco pa i r s one w o u l d t hen expect QQ pa i r s a n d QCO 
pa i r s . T h e la t ter t w o are m u c h easier t o find, since QQ pa i r s 
involve n o miss ing n° a n d c a n be very precisely fitted. Even 
QCO pa i r s involve only one miss ing JT°, a n d c a n still be fitted. 
B u t coco pa i r s c a n n o t be individual ly identified, as Sandweiss 
j u s t p o i n t e d ou t . So in Berkeley last year we looked for a 
t endency for a Q t o b e p r o d u c e d in assoc ia t ion wi th a n o t h e r Q 
o r wi th a n co. W e found n o evidence t h a t it h a p p e n s a t all 
a n d o u r exper imenta l sensit ivity was a b o u t 1 0 % . 

O M N E S ( to S n o w ) : If o n e believes t h a t the KK r e sonance 
cou ld a p p e a r as a n e n h a n c e m e n t t h r o u g h the final s ta te in ter­
ac t ion of a p r i m a r y m o r e or less statist ical p rocess , t h e n this 
p r i m a r y process will p r o d u c e m u c h fewer KK pa i r s in a J = 2 
s ta te t h a n in a / = 0, as follows immedia te ly f rom centrifugal 
bar r ie r cons ide ra t ions . 

B R E I T ( to Rosenfe ld ) : M a y I ask aga in whe the r you m a d e 
y o u r obse rva t ions a t energies t h a t a r e h igh or l o w ? D o you 
have e n o u g h energy t o p r o d u c e 3 co? 

R O S E N F E L D : T h e avai lable energy in all these exper imen t s 
does n o t vary very m u c h , as one h a s first the energy avai lable 
f rom the annih i la t ion , which is 1.8 G e V . A t Berkeley we h a d 
some ex t ra kinet ic energy which gave us a to t a l of 2.2 G e V , 
a n d Sandweiss was w o r k i n g wi th a b o u t 2.8 G e V . T h e resu l t s 
of all t h ree exper iments j u s t seem t o s h o w t h a t the re is n o e n ­
h a n c e m e n t for t he p r o d u c t i o n of a second Q o r co once a Q is 
p r o d u c e d ; only Y a l e can p r o d u c e 3 c o + 5 0 0 M e V excess Q. 

S A N D W E I S S : W e also l o o k e d a t the g 's t h a t were m a d e in 
o u r An ann ih i l a t ions a n d they a r e all un i formly m a d e a lone , i.e. 
there a re n o events b e y o n d w h a t w o u l d b e pred ic ted by p h a s e 
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space . T h e ques t ion I w o u l d l ike to a s k i s : h a s t h e analysis 
for a) pa i r s been m a d e in t h e o t h e r a n t i - p r o t o n expe r imen t s? 

D E R R I C K : W e h a v e n o t d o n e this yet , b u t we p l a n t o d o it 
in the future . 

E I S E N B E R G : C a n the p rev ious speaker s give us a n y u p p e r 
l imit for t he rj p r o d u c t i o n in pp a n n i h i l a t i o n ? 

D E R R I C K : W e obse rved a very smal l p e a k in the m a s s reg ion 
of the tj, b u t t he n u m b e r of events is so smal l t h a t w e really 
c a n n o t say any th ing . 

A S T I E R : W e h a v e obse rved n o p r o n o u n c e d p e a k s in the 
expec ted m a s s reg ion for t he TJ0, ne i the r in the reac t ion 

p+p^K+K+neutrsls n o r in 

STEINER (to Sandweiss ) : I w o u l d l ike to a sk w h e t h e r you can 
set a l imit o n t he ann ih i l a t ion in to 2 par t ic les only, 2 n o r 2 K, 
especially IK^l 

S A N D W E I S S : I d o n o t believe any of o u r events a re cons is tent 
wi th 2n o r 2K final s ta tes , b u t I c a n n o t q u o t e a n u m b e r jus t 
n o w for t he u p p e r l imit . 

STEINBERGER ( to A s t i e r ) : I w o u l d l ike t o ask whe the r you 
h a v e observed events w i th 2 s t o p p i n g i T s a n d a n co ? These 
events shou ld b e very g o o d for t h e m e a s u r e m e n t of t he w i d t h 
of t he co, because of t he g o o d r e so lu t ion wh ich c a n be ob ta ined . 

A S T I E R : W e h a v e a smal l n u m b e r of K+K~oo° events wi th 
2 s topp ing cha rged K's. T h e d e t e r m i n a t i o n of t he co° m a s s 
f rom these events is n o t a s a c c u r a t e as f rom the K^K^co0 events , 
ma in ly because of t he inaccuracy in o u r p resen t de t e rmina t ion 
of t he X ± d i rect ion. 

M O R R I S O N ( to S te iner ) : A t C E R N w e h a v e l o o k e d a t s o m e 
5 0 , 0 0 0 p h o t o g r a p h s of 3 G e V a n t i - p r o t o n s , pa r t i cu la r ly l ook ing 

for large angle elastic scat ters . A t the s a m e t ime we au tomat ica l ly 
s tudied a n y ann ih i l a t ion l ead ing t o 2 c h a r g e d p ions o r 2 cha rged 
k a o n s a n d did n o t find a n y example of this . Th is gives an u p p e r 
l imit for these cross-sect ions of the o r d e r of a few m i c r o b a r n s . 

R O S E N F E L D ( to D e r r i c k ) : I w o u l d l ike t o p o i n t ou t t h a t it 
is n o t so surpr i s ing t h a t one does n o t see a n y r)° o n you r slide 
which shows the p r o d u c t i o n of co°'s. T h e r e a re a b o u t 1 0 0 co° 
in the peak . If the sp in of t he rj is ze ro , t h e n there is some spin 
mult ipl ic i ty aga ins t it , which m a y r educe it t o a b o u t Vs. F u r t h e r ­
m o r e , the r] decays only in a b o u t 1 / i of the cases in the charged 
m o d e which you h a v e s tud ied , so all th is a d d s u p t o a b o u t a 
fac tor of 1 0 . So o n e w o u l d expect t o see a b o u t 10rj. W h a t 
o n e sees is p r o b a b l y less, b u t t he d iscrepancy is cer tainly n o t 
a n o rde r of m a g n i t u d e . 

P E Y R O U : I wou ld l ike t o c o m e b a c k t o t he absence of a 
KK r e s o n a n c e in t he KKco even ts . I n m a n y cases where t w o 
r e s o n a n t s ta tes cou ld b e p r o d u c e d independen t ly i t h a p p e n s 
only rare ly . O n e does n o t observe m a n y Q~~ Q, OO—Q or oo—co 
p r o d u c t i o n s , K*—K* m i g h t a l so n o t b e t o o cop ious . This is , 
of course , n o t a genera l ru le a n d c o n t r a r y examples have been 
observed. Never the less o n e s h o u l d b e a r it in m i n d before th ink­
ing t h a t t h e absence of a K—K p e a k in t he KKoo ann ih i l a t ion 
m o d e is a s t rong a r g u m e n t aga ins t t he exis tence of a K—K 
r e sonance . 

S N O W : F o r t he 0 ~ + a s s ignmen t t o t h e rj, o n e expects d o m i n a n t 

KKrj p r o d u c t i o n f rom t h e 1S0 r a t he r t h a n f rom the ZSX s ta te , 
us ing angu l a r m o m e n t u m bar r i e r a r g u m e n t s p lus / , pa r i ty a n d 
C conse rva t ion rules . Th i s cou ld i n t r o d u c e a fac tor of 3 s u p ­
press ion in TJ p r o d u c t i o n re la t ive t o co p r o d u c t i o n , wh ich is 
f avoured t o c o m e f rom the *S± s ta te . Th i s fac tor of 3 m i g h t 
he lp t o expla in the low yield of rj's in t h e pp-^KKrj reac t ion . 


