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Several experimental results on the neutral (KKn) system have 

shown evidence for an enhancement at M "" 1420 MeV, called the E-meson when 

interpreted as a resonance (Ref. 1, 2, 3, 4). 

In this paper, we present the results of the analysis of 1.4 x 106 

pp annihilations at rest (they include the data presented in Ref. 2 which 

represents roughly half the statistics). 

These results correspond to the complete film sample provided by 

the 81 cm Saclay HBC running at the CERN PS. 

Since the rate of pp annihilations at rest into 6 bodies : 

is negligible, the search for the E __,. KKn is limited, in 

principle, to the study of the 4 and 5 body annihilations : pp __,. KKnn, 

pp __,. KKnnn. We shall see that quantum number selection rules forbid very 

likely the 4 body channel for the production of the E-meson : we shall there

fore limit our study to the following 5 body reactions : 
+ - ts (1) 0 - + - + 600 pp __,. K1K n n n ev 
+ - ts ( 2) pp __,. K~K-n+(n°n°) 273 ev 

( 3) 0 0 + - 0 
657 

ts pp __,. K1K1n n n .· ev 

( i;) 
Nuclear Physics Research Laboratories, Liverpool. 
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( 4) 0( 0 0) + -pp ..,-. K1 K 11 11 11 

( 5) pp -> 
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757 

740 

ts 
ev 

ts 
ev 

The reactions (2) and (4) do not give rise to a fit since there 

are two missing particles they have been selected from the events which do 

not give a 4 body fit and for which the missing mass is at least as large 

as (11°11°) and (K011°) respectively for reaction (2) and (4). The number of 

events given for the' reaction (5) is obtained from a reduced sample of 
6 -

0.4 x 10 p. 

In the following, we assurr;e the E is really a (KK11) resonance and 

conclude for its properties : 

M (E) 

I (E) 

Jp(E) 

E -3' 

= (1425 :;!: 7) MeV 

= 0 

= 0 

( Kj(::t: and KK31°) / E -~ KK11 

r (E) = (80 :;!: 10) MeV 

C (E) = + 1 

50 o/o 

We report at the end a short discussion on the nature of the E. 

2. Experimental method 

6 
Approximately 1.4 x 10 antiprotons from the CERN PS have been 

stopped in the :::a.clay 81 cm hydrogen bubble chamber. The antiprotons, 

produced in a beryllium target at 700 lVleV/c, have been momentum and velocity 

analysed by means of the beam k4 (Ref. 5) and subsequently degraded by a 

10 cm copper absorber down to 400 IfoV/c just before entering the bubble chamber. 

The momentum of 400 l\1eV/c was chosen so that the antiproton stops would occur 

near the middle of the bubble chamber. A restricted fiducial vr;lume was 

chosen so as to reduce to 12 ± 2 o/o the percentage of annihilations in 

flight before measurements, and to ensure a high detection efficiency for the 

types of events analysed. 

The data have been analysed in the standard manner by means of 

computer geometry, kinematics and post kinematics programs. 

The results of the kinematics programs have been systematically 

checked against the identification of the secondary particles by means of 
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bubble density : because of the low energy of the secondary particles in the 

reactions under study 1 the but;:.,le density is an efficient tool to determine 

the most likely hypothesis, and we estimate the contamination of the sample 

of events under study to be less than 5 o/o. 

3. Production of the E 
+ -

0 - + + -
Reaction 1 : pp ~ K1K re TC TC 

The mass-squared distributions of all possible combinations between 

particles in the final state have been studied. Of these, only three show 

an interesting structure : (Krc)I=l/2 9 (KK) , (KKn)Q=O • In Fig. 1 we. present 

these distributions, together with the distributions relative to (Kn) 1=3/ 2 

and (KKTC)Q=2 , for comparison. 

Whereas (Kn) 1=3/ 2 distribution shows no remarkable structure, the 

(KTC)I=l/2 spectrum can be interpreted as showing effect of the 890 MeV Kn: 

resonance. 

The (Ki:) distribution shows a significant concentration of events 

with very low (KK) effective mass (i.e. zero relative energy between the K 

and the K). 

Finally, whereo.s the doubly charged (Ki{n) spectrum shows no sign:j..

ficant peaks, there is a marked concentration of events near 'fill "" 1400 HeV 

for the neutrnl (KKn:) spectrum. 

Since only the peak in the (KTC)I=l/2 spectrum can be associated with 

a known resonance, we have i;1ade an effort to see whether a coherent explanation 

of all the mass spectra could be formulated in terms of the K31:(890); in this 

spirit, we have investigated the effect that a matrix element would have on 

the (KKn) and KK mass spectra, taking into account the K* production, and pro

perly symmetrized with respect to the pion and the K exchange. More spe

cifically, we write down the appropriate matrix element as : 

with A .. = 
lJ 

1 

*' * '* s .. -s +im r· 
lJ 

s .. denotes the effective mass squared of particles i and j, with the labelling 
lJ 

)S/5665/rnm 
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0 - + + - -o + - - + K K n n TL K K n n n 

1 2 3 4 5 1 2 3 4 5 

The Kl'(890) is inserted in the form of a Breit-Wigner function 

* * * *2 defined by m = 890 JVIeV, r = 50 JVIeV, s = m 

Since I(KK) = 1, G(KK) = (-1)I+L = ::t 1, according to the parity 

of the angular momentUJn 1; therefore, we have investigated the 2 resulting 

cases, i.e. constructive and destructive interference separately (corresponding 

to the positive and negative sign left undefined in the above written ma.trix 

element). 

A superposition of the 2 theoretic,;cl curves obtained by an appro

priate Monte-Carlo calculation on the mass spectrum of the KKn system 

(phase space rx, K* with constructive interference effects : p) shows that 

no combination of these 2 mechanisms could generate a peak observed in the 
2 

2.0 GeV . Furthermore, no such combination could 

generate the sharp peaking observed in the (KK) spectrum. 

Accordingly, we conclude that the K* production is insufficient to 

account for the effects observed, and we must introduce, in addition to the 

K* effects, a new phenomenon eHher in the (Ki) Gystem or in the (KKn), or in 

both. 

1. With a (KK) effect alone, which a priori should have the same effect on 

the doubly charged 2nd on the neutrE1l (KKn) spectrum, we could not explain 

the two (Kin) spectra which appear quite different. 

2. With both (KK) and K* effects (incoherent combination) we are unable to 

reproduce the KKn (1400) peak. 

We therefore assume in the following that we observe a genuine effect 

in the neutral (KKn) system, nam8ly the so called E-meson. 

There are two neutrE,J. (KKn) combinations per event : this makes a 

precise determination of the actual rate of production of the E difficult 

in this reaction, as well as its mass and width, as long as its spin-parity 

and decay modes are not completely known. Howeve~, the comparison of the 

neutral (K...Xn) spectrum with the doub1e charge one, shows that the non EJ 0 -

combinations are distributed like the double charge ones. We are thus allowed, 

as a first approximation, to fit a Breit-Wigner curve on the spectrum obtained 
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by subtracting the ( - )++ . KKn: --· spectrum from the M2 (KK:n:) 0 one. (Fig. ld) . 

The values of the mass and the width we get this way are : 

M = 1415 ± 5 MeV , r - 77 ! 12 MeV. 

Furthermore, taking into account our final results on spin, parity 

and decay modes of the E-meson, a fit of a M2 (KKn) 0 spectrum obtained by 

Monte-Carlo method to the experimental spectrurJ. gives 

- 0 + -
PP -+ E n n 600 + 0 

60 events 

M = (1424 ! 8) MeV r = (80 + 15) MeV 

+ -
0 - +( 0 0) Reaction ~ : pp ~ K1K n n n 

These events are tho::,e which did not give 
0 a fit for 0 or 1 n missing, 

which have a missing mass at least as large as 2 n°, and for which one charged 

secondary has been recognized, by bubble density measurement, to be a K meson. 

In view of the very low rate of 6-body annihilations, most events 

satisfying these criteria can safely be interpreted as being representants for 

the annihilation channel : 

gives 

+ -o_- + o o 
pp -? KlK TI TC 1T • 

A fit obtained by the maximwn likelihood method on the (KKTC) spectrum 

(Fig. 2) 

0 0 0 
pp ~ E TC n 

M = (1426 ± 6) MeV 

208 ±: 20 events (76 o/o of reacti0n 2) .. 

r = (81 ! 14) MeV . 

Reaction 3 : pp 

This reaction is strongly dominated by the channel 

KOTTO 0 
pp -;. lti..lW • 

+ 
. ( 0 0 0) ( 0 0 -) However, the compan son between the ,K1K1 n spectrum and the K1K1 n · 

ones show an enhancement at rvr2 2.0 GeV2 in the first one which corresponds 

roughly to (64 ± 20) events in the 1.84 - 2.14 GeV2 region (Fig. 3). 

In order to evaluate the production of the E, we have computed by 

Monte-Carlo method the reflection of the w0 , taking into account its spin 

and parity (curve a on Fig. 3b). 

PS/5665/rnm 
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0 0 0 
Since the Dalitz plot of the reaction pp -+ K1K1w shows that the 

w0 production occurs mainly in the 3s1 initial state (Ref. 6) the corresponding 

matrix element used to compute the reflection of the w0 on the (KKn:) spectrur1 

is : 

where 

1 

i m r 
Cu W 

qiµ (i = 1,2,3; µ = 0,1,2,3) are the components of the 4 momenta 
0 

of the 
2 

ml23 = (ql + 

three decaying pions of the w 
2 

q2 + q3) hi the invariant mass squared of the 

three pions 

m and 
w 
µvpG . 

€ is 

0 
are the mass and width of the w 

the completely antisymmetric tensor (c:0123 = +l) 

The best fit is obtained (curve ~ on Fig. 3b) when we add 18 o/o 

background (phase space) and 12 o/o E0 production to the w0 production (70 o/o) 

(without taking account of E0 spin-parity assignments) : 

pp -> 

PP -+ 

pp _,, 

0 + - with E0 E •JI TI -+ 

KOKO 0 
1 clW 

o _o + - o 
K1K1TI TI TI (phase 

+ -
TI TI 

__ o ___ o o 
83 + 21 events Kl Kl TI -

453 + 30 events -
space) 

+ 
120 - 34 events 

These events are those which did not give a fit for one K0 missing, 

which have a missing mass at least as large as (K0 + n°), and for which both 

charged secondaries have been recognized, by bubble density measurement, to. 

be TI mesons. 

In view of the very low rnte of 6-body annihilations, most events 

satisfying these criteria can safely be interpreted as being representants 

for the annihilation channel 

'J'he 

PS/5665/rmn 

- 0 0 0 + -
pp -~ K1K TI TI TI 

- 0 0 + ~ 0 
The reaction pp _,, K1K2n n TI can 

reaction (4) is a mixture of K~K~TI+TI-n° 

be obtained from reaction (4). 
0 0 + - 0 and K1K2n n TI events, to see 
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the net effect clue to the K~K~n:+rc-11° , we subtract from the overall (K~:V0 n: 0 ) 

spectrum the (:V:~Y~"T0 ) :; -t·~ "::~_;:::7?cl for reaction (3), since the number of 

K~K~n\r-11° events in reaction (4) must be equal to the number of events 

found for reaction()). 

The (K1°K~n°) spectrum is shown on Fig. (4). One can see that the 
~ 2 2 2 

number of events for which : 1.84 GeV < · M (KKn) < 2 .14 GeV is 14 :::- 20. 

We therefore cannot attribute more than 20 :'.: 25 events to the decay 

E0 
-? K~K~n:0 f in the mass region 1. - 2.14 GeV2; this yields an upper limit 

of 20 :'.:: 25 events for the reaction 

Reaction 

- 0 + -
PP -? E TI TC with 

+ - + - 0 
PP -~ K K re 11 Tc 

0 
E -> KOKO o < 

l 21t 
+ 20 - 25 events. 

The scanning has bE,en nade for a sample of 0. 4 x 106 p where one 

K:'.:: at least is detected by decay o:r· interaction. This reaction, like 

reaction~, is strongly dominated the w0 production. The detection of 

the charged K introduces certainly a bias but it should not affect differently 

the charged and the neutral (Ia(n) spectra : still these two spectra are diffe

rent, (Fig. 5), the main effect being an excess of neutral (KKn) combinaUons 

in the E0 region. 

However, as it is difficult to compare quantitatively the results 

of this reaction with tJ.1c;; uche1-s, we did not attempt to estimate the rate 
0 0 + - 0 

of E production with the subsequent decay mode E ~ K K n • 

4. Mass and width of the E 

From the results obtained from reaction (1) and (2), the best 

estimate for the mass and the width of the E meson are the following : 

M = (1425 ! 7) MeV I' = ( 80 + 10) Me V 

'rhe errors due to statistical limitations have been increased to take account 

of possible systematic alterations of the data. 

5. Charge con,juga ti on an(i isospin of the E 

The absence of a double charged (KKn) enhancement in reaction (1) 

is taken as an evidence aeainst I(E) = 2, since, asswning I(E) = 2 and non 
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zero transition probability for the process pp 0 

++ - -
-- + + E TI TI , there is only 

one amplitude for the deccy of tte E, therefore no possible cancellation due 

to interference effects. 

men ts 

We thus limit ourserves, in the following,to the four possible assign

C(E) = ~ 1, I(E) = G or 1. 

If we note A and A the amplitude corresponding to I(KK) = 1 and 
1 0 

I(KK) = 0 respectively, the decay amplitude for the E into the different ob-

servable charge modes are : 

C(E) -- +l I(E) :::: 0 
-----

(KKn) 0 Al K°K\i:- + Al K°K-n+ - ~ KOKO 0 Al K+K-n° = 1 lTI + 
(-.. 1 Jc i \ 6 

C(E) :::: +l I(E) = 1 

(KKn) 0 Al K°K+ -
-- - i-TI 

2 
+ A o - o 

__ l Kl K TI 

j2 

C(E) = -1 I(E) 0 

C(E) = -1 I(E) = 1 

(KKn) 0 

+ 
Al OK- 0 

= /2 Kl'- TI 

A1 o - + + _ K1K TI 

/6 

2 ,/3 

A KOKO o 
+ ~ 1 2n: 

,,;2 

+ 

J6 

A K+K- o + 0 TI 

AF)_ JC:. + 
+ - -K K TI 

. + 
A o o -

+ -2. K1K1n 

/2 

+( ll.1 + 

\/2 

These predictions can be compared to the experimental observations 

in Table I, in which the production rates take into account the visibility 

of the K~. M and N are for the square of the transition matrix elements 

respectively for the proG.uction processes 

and 
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TABLE I 
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TABLE :I;. (contd.) 

I(E), r 3(E) Channel 
Decay Ampl. 

1 Visi bi~ity Production Prediction Experiment 
per channel of Kl rate 

1 ' 

1 ' 

K°K:!::n+ .603 .3011A1 !2M 60010 600 
+ 0 

1 - 20 

KOKO 0 0 0 + 21 1 ln 83 -
0 

KOKO o A .603 .301jA j2M 20% <20 + 25 
1 21f 

0 
- 20 -:ti 0 

K+T{- 0 
L TL .500!Aol2Ji'I 33 > 150 

YoK- o '1.1 n .301JA1 12N 0 ? 

+ 
- Al .09l!A1 !2N 

+ 7 0 0 -
. 363 o"* 0 K1K1n 

:!:1 2 
- 0 

K~K~n- A .603 .603 JA0 i2N .603 ~ ? 
0 

+ 
A A K+K-n- 1 + A l (-1 + A )2N ""-' 0 
J2 0 

"-' 

J2 0 

Predictions witb (:.t:) indicate that the experimental results have been taken 

as normalization. 

+r- + - Q For the channel pp ~ K K n n n , the loss due to scanning efficioncy 
0 + - 0 is important : we can only give a lower limit for E -> K K n and indicate 

+ + + - -that E ~ K Kn is very probably absent. 

Let us now compare, in turn, the predictions and the experimental 

results for different charge conjug:ition and isospin assignment for the E 

For C(E) == +l and I(E) = 0, one sees that the predictions agree very well 
0 0 0 0 

with the experiment, in particular the absence of E ~ K1K2n and the ob-

servation of 83 E0 ~ K~K~ n ° when 90 are predict eel. 

The saEie observations make the assignment C(E) = -1, I(E) = 0 very 

unlikely. 
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For C(E) = +l and I(E) = 1, we have to consider both r 3(E) = 0 and 

r 3(E) = ~l : For r 3(E) = O, the predictions agree with the experiment, but 

they are not as significant as for C(E) = +l, I(E) = 0 since the two well 
+ -

0 . 0 - + 0 measured channels E -;. K K n and E . .,. KOKO o 1 t b t k 1 1n nave now o e a en as nor-

malization : one can then just say that there is no+obvious disagreement. 

For r3(E) = ~l, the only well measured channel is E- -;. ~K~n-, which seems 

indeed to be experimentally absent : if one uses this result to assign A ~ 0, 
0 

one is left with a free parameter since the amplitude 1~ takes also part in 

the disintegration 
+ 

the experimental information on this amplitude is limited 
+ 

to the channel E- + - -
-> K K n , which e,ppoars to be also absent. The obvious 

conclusion is then that both 1~0 and A1 are equa1 to zero, i.e. this assignment 

has to be ruled out. However, another possibility is to assw11e N = O, i.e. 
+ 

the E- is not produced. 

To examine the implications of the hypothesis N = 0 let us write 

explicitly the amplituc:'.es for pp -> Enn when C(E) = +l, I(E) = ;I... 

PS/5665/rmn 

We have G(E) -1 

thus G(Enn) = -1 

or G(pp) -- -1 . 
This is only satisfied for c(pp) = +l when l(pp) = 1 

and for c(pp) = -1 when I(pp) = 0 

The possible transition amplitudes are then 

+ I(nn) 1312 = < pp I = 1, c +l Em:: = 2 > 

+ I(1rn) 1311 = < pp I = 1, c = +l Enn = l > 

+ I Enn I(nn) 0 1310 
= < pp = 1, c = +l = > 

13~1 -- < PP I = 0, c ::: -1 Errn I(1c11) = 1 > 

More explicitly, WG have for the wave function 

, + 0 0 +) J (n n -n n 

rr -( + o o +)11 
+ ~~ E n n -n n J 
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Finally, we get for the transition rates : 

+ 
~I~+ l 2 + 2 2 - 2 - - 0 

PP ~ETin N = +I ~111 + - I ~oil 5 12 3 

- 0 + - 2 [1 + /l + ! 2 1 I ~~112 J PP ~ETITI Ml = 3 ~10 - ~ 5 ~12 + -2 
r-

pp ~ Eo o o TI TI M2 =1 2 fl5 
+ J + 12 ~12 + 3 ~10 

We;thus see that to get N 0, we have to have 

+ + -
~12 = ~11 = ~01 = 0 

This conditiorr is certainly not a very natural one, since it implies not 

only the 3s1 initial state does not contribute, but also two of the three 

possible amplitudes related to 1s initial state to be zero. Moreover, it 
0 

predicts the branching ratio 

results is 2.86 : 0.45. 

Eo + - / Eo 0 0 2 h th · t 1 TI TI TI TI = w ereas e exper1men a 

We then conclude the assignment C(E) = +1, I(E) = 1 is much less 

probable than C(E) = +l, I(E) = O. 

The last possible assignment : C(E) = ;...l, I(E) = +l is clearly 

1 d d b th f 83 Eo ~ K0
1K0

1....- 0 h th d · t · · 0 th exc u e y e presence o ~ ,, w en e pre 1c ion is +' e 

abundance of E0 ~ K+K-n°, and the experimental situation for the E- which 

seems again to indicate A1 = A0 = O. 

Of the four possible assignments considered for the E, we thus con

clude that C(E) = +l, I(E) = 0 is the only one which reproduces the experimen

tal facts in a satisfactory way. 

With this assignment, the only possibleinitial state for 

pp ~ E0 TI 0 TI0 is 1s (c = +l, JP= 0-) since C(TI0 n°) = +l. We have also 
0 

I(n°n°) = O; then, from the number of E0 TI 0 n° observed in reaction (2), we 

deduce that (208 x 2) : 20 events in reaction (1) : pp ~ E0 n+n- come from 
1 < . + - I o o S since n It . TI TI = 2 for 1 ( nn) = 0). We then conclude that less than 

0 

30 o/o of the E0 production in reaction (1) comes from 3s pp annihilation 
1 

state. 
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6 4 .§]_in and Parity of the_1J. 

AssUllling I(E) = 0 and C(E) = +l, we have G(E) = +l, then G(KK) = -1, 

but since I(KK) = 1, we have L(KK) even and Jp(KK) = O+, 2+ 

Both the production and the decay of the E: 0 can 'be considered for 

the study of its spin and parity. 

0 Fig. 6 shows the main features of the E decay. Fig. 6a indicatee 

a possible presence of r(B90) in the decay. Fig. 6b shows the strong accu

mulation of the KK masses in the low value region : this strongly favours 

the assignm,ent JP (KK) = O+ rather than 2+ ••• Fig. 6c shows that the decay 

angular distribution w1 (cos9) of the KK system, which is not compatible 

with uniformity, cannot be explained in the case of L(KK) = 0 without the 

introduction of K* interference effects. 

The assignment Jp(KK) = o+ leads to the following possible spin

parity for the E0 meson : 

J P (E) - + 2 = 0 • l ~ 

Vs have +,,,~ ~.r1 +~. '"":'1 .,.; "' +he three distributions of Fig. 6 by the 

following decay modes : E0 -? K:i;;K (rK), E0 -> (KK)n where (KK) stands 

for a possibly resonacing KIC system near threshold (Ref.· 7). Using the 

technique of cartesian tensors (Ref. 8) we performed a fit of these distri

butions with the following decay matrix elements : 

livrol2 =a I Mo(K*) 12+(1-a)1Mo(KK)l2 

!M1 12 = a [ Mi(K*) M~(K*) J + (1-a) [ Mi(KK) M~(KK)J 
jM2 j 2 =a,- L: Mij(i*)JVI~.(~)1 + (1-a~- L: Mij(KK)M~.(KK)-J 

I i . lJ I i . lJ I ,__J - _J -

where the explicit expressions (not normalized) of M0 (K*), N(C), Mij(K'*'), 

M0 (KK), M(KK), Mij(KK) are given in Table II. 
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0 

2 

PS/5665/rmn 

- 14 - CERN/TC/PHYSICS 66-24 

TABLE II 

0 3::- ( -) E decay matrix elements for K K and KK n modes 

M0 (KK':) = B w (KK) 

J!ilij(r) =[Pi. pj + pj pi 2 oij (PK PK ) ] B w (K~) + 
3 

. 
K111 K2 K111 K2 lTI 2 

[pi pj ~ i 2 oij (PK P ) J B W (K:JLC) + p•} 
PK - 3 K211 K1 K211 211 K 2 

1 1 

Mij(KK) (Pi pj 1 oij --~2 
(KK) = p ) B W 

7 11 11 .) 11 

B W (K*) 1 
:t 

= 890 J!ileV = m 
2 3::2 + im'*r r 50 MeV ~ - rn = 11 

B W (KK) 1 
0 

2~ = m = 
2 o2 . 0 .. 0 
~- - m + lill l' ro = given by the K 

(70 MeV) 

vector parts of the three decaying particle 4-momenta 

in E0 - CJ!il 

vector part of the 

. Eo 
in · - CM 

2 2 
4-vector Pµ -PKµ - mn -:-mK (Pµ +PKµ 

TI 1 2 2 11 1 2 
' ~ , 

l,2n 

The best fit corresponds to the hypothesis 

E0 ~ K*K (K'~K) ~ 50 o/o 

E0 -> (KK)n ""' 50 o/o 

as can be seen in Table III. 

fit 
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For the reaction pp ~ 0 + -E n n the presence of the background is due to 

the fact that' we did not take into account ·interference effects between 

the two possible E0 •s. This may explain the poor fit obtained.in this 

case. 

Let us consider tho process 

(we call the three n's:n1 , n2 , n3 and the two K1 s:K1 , K) where (K1K2n1) 

and (K1K2) represent systems~ith fixed mass. 

The geometry of $UCh a process (Fig. 7) is defined by three vectors 
-> -» 

which we call k', K, P : They are .the vector parts in the total centre of' 

mass of the following 4~vector : 

In total C.M. (Q = 0) 

PS/5665/rmn 
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( 0' 
~· ) p == p 

11' 
l. 

<p' ¢, x by 

-> -> 
cos <p cos if; == cos x == .K:.lf_ __ - -· 

!Kl I 
the square of the matrix element is a covariant function of the three 4· .:::ctnr._ 

kµ , Kµ , Pµ 

vt~ Pµ) 
' h ' 

which we ce.n evalvate in the tot::tl cent:ce ·')f rw:ws 

2 (--> -> :p> \ l Ml == F k, K, , J 

call df;J 1 
3:. 

-) -7' 0-

directions k, K, P • 

.....;. -->' 
integration of k, K, P) 

, dQP th8 differential solid angles defined b~r 

07er ' dQP 

The experimental anguL.:: distributions (. .g. 7) are obtained 

selecting events ·which 

1. 
? , ' .? 

......_ L "-··'+ l_- '· ~ -,i 

') 

< i . Cd Ge V - • 

Since the mass of the (K1K2) system will be fixed at threshold · -

t:.hc: 

the fol1owing calculll , the E0 decay matrix eJc:,ment depends only on ·ci·•~ 
-> 

vector P characterizJ.ng the momentum of n1 in the centre .of mass of the 

when the two K's are co:i :~near 'J'ho cn.lcu=_ations presented below are there-

fore independant of the cu1ar mode of the E0 (E 0 -> K*K, 

E0 __,. (KK)-;t). 

In fact, we have v0rified, by Monte-C3rlo ~echniqucs, that with ~ 

( ) ' - 2 cut on the mass of the K, system : < 1.08 GeV , we get the s~ , 
-' 

theoretical angular distr:i but ions, for a given spin-parity assignment. hc,+~~-1 

0 ,.OE __ o ( -) for E _, h. K and J:'J -> , l:K n: decay. 

PS/5665/rmn 
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We give in appendix the explicit expression of the matrix elements 

and the details on the integration in the following cases 

The theoretical normalized angular distributions are shown in 

Table IV where a, ~. and w represent the amplitudes for l (nn) = 0, 

/1., (me) = 2 and re la ti ve phase of the production pp -" Em1 (when it occurs 

in 1s state). 
0 

On the other hand, when the production occurs in the 3s1 state, we 

limit ourselves to the lowest angular momentum assumption, that is 

£ ( nn) = 1. 
p -

For J (E) = 2 , there are two production amplitudes, written A 

and B, with a relative phase 8, which correspond to the two different wiys 

of combining the angular momenta. 

TABLE IV 

'l s 
0 

W~(cos cp) = 1 

w~( cos ¢) -- i 
6 2 2 2 2 J- 2 W 4 (cos X) = a + 5£ ( 3 cos X - 1) + 5 aB cos w ( 3cos X - l) 

4 

1 
wi(cos cp) = 1 

3 s wt( cos 1/!) = 1 
1 

3 2 w4 (cos x) = sin x 2 

Jp(E} = 1+ 

w~(cos cp) 2 2 2 2 
= 3a cos cp + ~(3 + cos cp) 

10 
ls w~(cos \/J) a2 + £ (3 

2, 
+ 1) J2 a~ (3 

2 - 1) = cos ljJ + cos w cos ¢ 
0 

2 

w~( cos x) 2 
+ i. (3 

2 
+ 1) + /2 a~ cos w (3 

2 - 1) = a cos x cos )( 

PS/5665/rrrm 
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TABLE IV (contd.) 

1 
wf(cos cp) = 1 

7- ') 

wr(cos ¢) / sin-¢ = 2 
w4(cos x) = 1 

2 

0( cp) 5 2 
(3 

2 2 2 w2 cos = - a cos cp - 1) + ~ 
4 

VJ~( cos i/J) 
2 + 2 ~2 (3 

2 2 
- a cos i/J - 1) 

4 

w~(cos x) 2 2 ( ~ 2 1) = a + ~ + a~ cos w ) cos x -

W~(cos cp) = A2 (-3 co/ cp+5) + }~2 (l+cos 2qi) +1 AB 
4 ~ 

W1(cos 1/J) = A2 (-3 cos 2if; +5) + 3B2(l+cos2¢) _J~ AB 
3 4 4 2 

·.rl( ) 3 , 2 . 2 3 B2 ( ,2 2 ) 
Vv 4 cos X = -1!_ sin X + _ J + cos X 

2 10 

cos 8 
2 

(1-3 cos cp) 

2 
cos 8 (1-3 cos sf;) 

We have fitted to the experimental angular distributions W.(i = 2,3,4) 
l 

a theoretical distribution bW~ + (1-b) W~ (i = 2,3,4), b being the percentage .. l 

of 1s initial state in the r:action (1). The results are given in Table V. 
0 

TABLE v 

Jp(E) 2/ 2 x < x > Probability o/o 1s o/o 
0 

e rrn: 
=0 in w (degrees) l 

·' 

0 44/37 20 33±:6 99 + 1 
- 6 

l+ 40/37 30 96±:6 10 + 
5 165 :t' 15 -

2 52/37 5 .-+5 20 + 
5 52 ±: 15 ::i- -

The study of the decay and production of the E favours the 0 assign

ment, excludes 2- and indicates the l+ assignment.is unlikely for the follow-

ing reasons : 

PS/5665/rmn 
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this assignment gives a poor fit, both for decay and production 

of the E, when compared to the other possible assignments : 

E0 decay in reaction (1) 
Probability = 0.0 o/o against 2 o/o (0-) 

E0 decay in reaction (2) 

Probability= 3 o/o against 30 o/o (o-) 

E0 production : 

Probability= 5 o/o against 20 o/o (0-) 

Moreover, it requires a large percentage of 33 initial state for 

reaction (1), in complete disagreement with the data (g5 ~ 5 o/o against 

<300/0). 

For the two remaining possible assignmEnts, 0- and l+, the comparisor1 

of the probability of the fits for both decay and production does not lead 

to a clear cut decision : 

E0 decay in reaction (2) 2 o/o (0-) against 0.2 o/o (l+) 

E0 decay in reaction (2) 30 o/o (o-) 5 (l+) 

E0 production : 20 o/o (0-) against 30 o/o (l+) • 

Moreover both assigmrrents give a proportion of 3s1 initial state in 

agreement with the data. 

However, the goodness of the fit obtained for the production of the 

E for l+ assignment is spoiled by the fact that it requires a large percen

tage of f (nn) = 2 (90 o/o); this is indeed very unsatisfactory since the 

relative momentum of the two pions which is less than 170 MeV/c should 

imply a very low contribution of the d-wave. Clearly, if we impose an impor

tant contribution of the clipion s-wave, which is a more likely physical 

situation, the predict(od angular distributions for 1 + assignment are in 

complete disagreement with the data. In particular, the angular distribution 

predicted for W~ (coscp) is then cos2cp (see Table IV, Jp(E) = l+, when ~=0) 
whereas the w2 (coscp) experimental distribution is uniform (see F'ig. 7a). 

The quanturrr numbers of the E are thus very likely : 

PS/5665/rmn 
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7. Mass distribution of the nrr system produced with the E-meson 

Fig. 8 gives the effective mass squared spectrum of the TITI system 

produced with the E meson : Fig. Ba refers to pp 0 + -
-? E TI TI , Fig. Sb to 

PP -0 
Eo o o 

TI TI • 

Two curves have been drawn on each of these spectra. The curves a 

correspond to a simplified calculation of the reflection of the E-meson, 

using the percentages of e (TITI) = 0,1,2 obtained for the fit of the produc

tion of the E for the IGJP = 0+,0- assignment. Clearly, these curves do not 

reproduce the experimental distributions in a very satisfactory way. 

More precisely, the x2 obtained are 

) -l, PP 0 + -
-> ETITI 

2) pp -> 
0 0 0 

E TI TI 

x 2 
56 when 

x 2 = 35 when 

= 9 

= 8 

In view of these results, we have computed again the overall fit of 

the production of the E, according to the description given in the above 

chapter, but including the TITI mas.s spectrum in the data to be fitted. 

Although the results of these new fit give a better interpretation 

of the TITI mass spectrum, they correspond to a proportion of 3s initial 
1 

state for reaction (1) in poor agreement with the proportion deduced from 

the conservation of isospin (chapter 5) : 

3s : 70~10 o/o when the observed ratio E 0 TI+TI- leads to an upper 
1 Eu o o 

limit of 30 o/o • TI TI 

-\ - 0 + - 2 2 
J. J pp -? E 1i TI X = 35 when <X > = 22 

(75~10) o/o e (TITI) = 0 

when -· 12 

However, to get these fits, we have been lead to introduce some 

simplifications in the calculation of the theoretical e (TITI) = 0,1,2 curves 

it could explain, at least partially, the difficulties encountered to repro

duce the (Tin) mass spectrum. 

Moreover, it is interesting to rem0,rk that several experiments have 

already shown similar anomalies for the TITI mass spectrum in the same energy 
+ + - -' region, namely, for the decay of the T T 

decay of the D (Ref. 10) and of the D1 (Ref. 11 
PS/5665/rmn 

and K~ (Ref. 9), for the 

and Fig. 9c). There is also 
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a striking analogy between our n;n; mass spectra and the results obtained by 

J. Kirtz et al. (Ref. 12 and Fig. 9d) for the n:\c- mass spectruEJ in the 

reaction n: p 0 n;+n;-n at 360 MeV. 

Several hypothesis have been proposed to interpret these anomalies. 

0 f th th . t f l (IGJP = o+o-) ne o em assur.1es e exis ence o a sea ar n;n; resonance 

at M - 400 MeV (Ref. 13), the so-called a meson. 

To get a better interpretation of the overall data, we have therefore 

been lead to introduce tent,1ti vely un additional physical phenonenon under 

the form of a Brei t-vligner forra f:wtor in the ( n:n:) spectrum. Conserving the 

assignment IGJP(E) = 0+0-, we obtain (curves ~) : 

) - 0 + -
1 pp 0 E n: n: 

2) PP 0 0 0 ->En:n: 

2 2 x = 22. 5 when <X > = 19 

(14:t5) o/o of 1s initial state 
0 

( 99:t1) o/o of e ( n:n:) = o 

(5o:t10) o/o of the dipion exterior to the E-meson 

ar~ attributed to a resonance described by the 

Breit-Wigner formula with : 

F +_ 10 M v JVl ::: Ile 

65 :t 10 HeV 

x 2 4,5 when <x2> 11 

(6o:t10) o/o of the dipion in the 0° resonance 
+ M = 1).60 - 20 MeV 
+ 80 20 MeV 

These last results indicate that the a meson might be present in 

the final state pp 
0 

-> E n:n:. 

8. Conclusion 

The analysis we have presented in this paper on the 5 body annihila

tions pp 0 KK3n is consistent with the :rnsunption that the (KKn:) enhancemel'l-'

is really a resonance : Table VI gives a summary of its properties : 

PS/5665/rmn 
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TABLE VI 

Properties of the E meson 

Mass 1425 + 7 NeV -
IGJP o+o-
Width : 80 : 10 MeV 

Observed decay modes 

E0 -7 K~K (and K3EK) 

E0 -> (KK)n: 
(50 2: 10) o/o 

(50 :!: io) o/o 

(KK) neans here a (KK) resonance with 

M(KK) = 1000 MeV 

r(KK) = 70 lVleV 

Observed production modes 

pp -7 E0 n11 with E0 
-7 KKn 

1s initial state 
0 

2810 :!: 200 event~ rate = 2.!.2 x 10-3 

3s1 initial state 824 :!:: 80 events, rate + -3 = .6-.06 x 10 

The fact that the 1s initial state gives a larger contribution to 
03 

the production of the E than s1 initial state can be explained by the pre-

sence of centrifugal barriers in the latter case (the orbital angular momen

tum of the E with respect to the recoil dipion must be at least 1 for 3s1 

initial state whereas it is O for 1s ). 
0 

Another consequence of the quantmi numbers proposed for the E meson 

is to forbid the production mode : 
- 0 0 pp -> E TI • 

The final stL1te being in this case purely C = +l, the only possible 

initial state would be 1s but the reaction is then forbidden by parity con
o 

servation since 1s is 0 whereas the spin-parity of the final state are 0 . 

related by : P = (-1)1 (1 being the: orbital angular moraentw;1 of the E with 

respect to the recoil dipion). 'I'hese observations may explain why the E 

rneson is only produced in 5 body annihilations. 
PS/5665/rmn 
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Of course, to reinforce the.hypothesis of a resonance, it would be 

interesting to observe other decay modes of the E-meson : the simplest ones 

seem to be 4n and 1')1t1t if our determination of its quantum numbers is correct. 

It may be worthwhile to compare these predictions with an experimental 

result obtained by A. Bettini et al. (Ref. 14) which suggests the existence 

of a neutral (4n) enhancement at M - 1400 MeV with r - 80 MeV in pn ~ 5n 

annihilations. 

In principle, one cannot exclude, a priori, the triangular singularity 

mechanism as studied i~ particular by M. Month (Ref. 15) to explain such a 

(KKn) enhancement : however, our experimental results do not completely agree 

with such a mechanism since, in particular, the decay E0 ~ ~ is observed 

even outside the interferenco region of the two ~K and ~amplitudes. 

Moreover, C. Schmid (Ref. 16) has shown that this mechanism cannot lead to sucn 

a large enhancement : it may, on the other hand, strengthen the production 

of the resonance. One should also notice that such a triangular singularity 

affects the charged (KKn) system as well as the neutral one, while our expe

rimental results do not show any effect in the charged (KKn) system. -

One may object that the E meson, with the quantum-numbers proposed 

above~ does' not fill any hole in the usual classificci_tion of the mesons; 

while this objection is not really valid in terms of su3, for which it is 

always possible to add a new representation, in particular a representation 1 

(which is sufficient for an I= 0 particle), it is perhaps more difficult to 

reconcile the existence of a tenth pseudoscalar p~rticle (3n, 2K, 2K, 1'), n', 

E) with the quark-antiquark raodel proposed by R.H. Dalitz for the mesons. 

. 0 
On_e ,can notice that with the E , we have now three mesons which have 

the same angular quantum numbers : IGJP·= o+o- : n(550), n1 (960), E(l425). 

They are perhaps the three first terms of a series of excited 0- l~v.els differ· 

ing by their "radial" quantum numbers. When discussing the possibility of the 

presence of the cr~meson in our data' (see Chapter?), we have already mentioned 

the anaiogies between the two processes : pp ~ En~ and r) i ~ T)1T1T • 
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Appendix 

e, L, J are the angular momenta corresponding to the decomposition 

k, K, P. 

A. Initial state 1s 
0 

e = o, 
l = 2, 

L = 0, J = O, M = 1 

L = 2, J = 0, M: = (kikj- ~ 8 ijk2) (KiKj- 3 8 ijK2) = 

!M( 1s0 )j 2 = a2M~ + p2M~ + 2a~ cosw M0 M2 

integrate over 

dQk 

dQK 

dQP 

w~ (cos cp) = 1 

w~ (cos i/J) = 1 

~ (cos x) = a2+p2 (3cos2x - 1) 2 + 2a~ cosw (3cos2x - 1) 

Jp{E) = l+ 

e = 0, L = 1, 

e = 2, L = 1, 

-'> -'> 
J = 1, M = P.P 

J = 1, M: = Pi(kikj - 3 8ijk2)Kj = (P.k)(k.K) - 3 ~2 (~.K) 
jM( 1s0 )! 2 = a2M~ + ~2M~ + 2a~ cosw M0M2 

integrate over 

WO (cos <P) 
2 2 2 2 cp) dQk = a cos <p + £ ( 3 + cos 2 

dQK WO ( eos if;) 2 + ~2 45 2 2 . 2 = a 
3 3 27 (3 cos if; + 1) + ~ a~ cosw ( 3cos if; 

WO (cos x) 2 2 
dQP = a + p2 (3 cos2x + 1) + - a~ cosw (3cos x 4 

3 27 9 

e = 0, L = 2, J = 2, 

e = 2, L = 0, J = 2, 

IM( ls ) 
0 

12 

i:t?-tegrate over 

PS/5665/rmn 
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B. 

dhJK WO 
3 

(cos if! ) 

dQP w~ (cos x) 

Initial state 3s 
1 

2 2 2 - ~)2 = 4a + ~ (cos V; 
45 3 

2 2 2 
- 1) = 4a + 2 + 4-a@ cosw ( 3cos X 

45 45 45 

We limit ourselves to the lowest angular momentum decomposition. 

e =l, L=l, J=O,M=k·x-K 
-':> 

. IM( 3s1) l 2 = k2K2 - (k:.-lc)2 

integrate over 

d!.2k ifl 
12 (cos <p) = 1 

dQK w1 (cos if!) = 1 
3 

dQP 
1 

vv 4 (cos x ) 2 
sin x 

Jp(El = 1+ 

--> -> --> 
fl., = 1,. L = O, J = 1, M = k x P 

~ 

J 1V[es ) 1 2 = k2P2 - (k.-P) 2 
1 

integrate over 

dQk 
_{l 
v2 (cos cp ) = 1 

dQK w~ (cos¢ ) . 21/J = sin 

dQP w1 
4 

(cos x) = 1 

-·> -Jo 
There are two amplitudes 1\ and M2 corresponding respectively to 

fl., + 1 = 1 and fl., + L = 2 • 

£ = 1, L = 1, J = 2, 

1 ~j P2) 
- - (J 

3 
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-lo -lo (-lo (-lo -lo 1 -7 -7 2 
M1 = P. P. k x K)) - 3 (k x K) . P 

112 = (P x i)("P."k; + (P ~ k:)(-P.K'.). 

1-l> ( 3 ) 12 2 2 2 2 . -l> 7. M s1 = A M1 + B M2 + 2AB cos o M1 .m2 

i~ = 3 P2(r.(ic x x)) 2 + § P4 (k x 1:)2 

ivr~ = P2K2(r.ic) 2 + P2k2(P.K) 2 + 2P2(k.1<:)(P.ic)(P.1<:) - 4(P.1:) 2 (P.1:) 2 

Ml.M2 = - 3 P2k2 (P.K)2 + 3 P2K2 (P.k)2 

w1 (cos ~) = A2 (-3 cos2~ + 5) + B2 (1 + cos2~ ) + ~ 
2 27 3 9 

cos 8 

2 (1 - 3 oos ) 

W~ (cos !/J) = A2 (-3 cos2¢ + 5) +B2 (1 + cos2. if;) - 2AB 
27 3 9 

COS() 

2 (1 - 3 cos if;) 

W1 (cos x) = 2A2 sin2x + 2B2 (3 + cos2 x) 
4 9 15 

Remark - To· integrate, we used the following formulae, ii= (v1 ,v2,v3) 

being a three vector : 

2 JV~ dQ = v2 <V.> = l. v 
l. v 

fdQ 3 v 

<V.V.> 
JV.V. dQ 

= 0 = l. J v 
l. J v 

fdQ v 

4 
<V.> = 

JV~ dQ 
l. v = v4 

1 v f d~J 5 v 

3 0 <V.V. > = 
l. J v 

< v2v2 > = v4 
1 J v 

15 
-l> -7 -lo -7) l (-7 -l>) 2 

<(V.A)(V.B > v = 3 A.B V 

( ...,. ')2(-i- -;. 2 ~ (..,> ~)2 (-7 ~)2J-, v4 < v .A v .B) > v = 2- A.l:I + L A x .l:\ 

- . 5 15 
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Fiic:;ura Captions 

Fig. l 

Fig. 2 

Fig. 3 

+ -
- 0 - + + -pp ...,,. K1K n n n 

(la) (Kn) effective mass spectra. The dark line gives the distri

bution of (Kn)I=l/2 (4 combinations per event) whereas the grey 

line gives the distribution of (Kn)1=3/ 2 (2 combinations per 

event) 

(lb) (KK) effective mass spectrum. 

(le) (KKn) effective mass spectra. The dark line gives the distri

bution of (KKn)Q=O (2 combinations per event) whereas the grey line 

gives the distribution of (KKn)Q=2 (1 combination per event). 

Curves a and ~ correspond respectively to phase-space and 

100 o/o of r"·productiori with constructive interferences effects. 

(ld) (KKn) effective nass spectrum obtained when subtracting the 

(KKn)Q=2 distribution froill the (KKrt)Q=O one. 

The curve represents the fit.obtained for a Breit-Wigner 

distribution with : M = 1415 MeV, r = 77 MeV. 

+ -
K~K-+oo PP ...,,. --1 n n 1T 

(KKn) effective mass spectrw:i. 

The curve represents the fit obtained for a Breit-Wigner 

distribution with : M = 1426 MeV, r· = 81 MeV. 

0 0 + - 0 pp ...,,. K1K1 n n n . 

(3a) 

(3b) 

3n+n-n°) effect~ve mass spectrum. 

(KKn) effective mass spectra. The dark ·1ine gives the dis

tribution of (KKn)Q=O (1 combination per event), whereas the 

grey line gives the distribution of (KKn)Q=~l (2 combinations 

per event). 

The curve a repre1S1.ents the effect of the w0 production on the 

(KKn) spectrum. 

The curve ~ is obtained when adding to the w0 production (70 o/o) 

18 o/o of background (phase-space) arid 12 o/o of E0 production : 

it 6or~esponds.to the best fit. 



Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 
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PP -> K~ n: \i: - ( K0 no) 

(KKn) 0 effective G18.S.S 
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S}Jectrum. 

(4b) (KKn) 0 effectiv"' 

(KoJ.(o o) d. . .. 
1 _1n .. istribution 

spectrum obtained. when subtracting the 

of reaction (3) from the (I<in) 0 distri-

bution of reaction (4) it corresponds to the (K~K~n°) distri
o 0 + - 0 

K1 K2n TI TI • bution of the reaction pp ~ 

+ - + - 0 pp ~ K K Tl: TI TI 

(KKTI) effective n:ws s:;;iectrr1. The solid line gives the distri

bution of (KKn\=O (1 cor:ibino.tion per event). whereas the 

dotted lino gives the dis tri bu ti on of ( I<in )c·-+1 ( 2 combim.l tions 
t,--

per event). 

Decay of the E meson 
+ -

0 - + + -a 1 , b1 , c1 refer to reaction (1) : ~p 

(KKn) 0 effective uass squared satisfy 

-;. K1K n n TI when the 
') 

the conditions : 1.84 GcV~ < + - , 
M2 (K~K-K+) < 2.14 GeV2•• This selection is made in order to get dis-

tributions corresponding as close as possible to the E-decay. 
+ -

( ) - 0 - + 0 0 a 2 , b2 , c2 refer to reaction 2 : pp -> K1 K n n n • The same 

conditions as for reaction (1) are requested. 

(a) (Kn) effective r:v:~ss spectra (2 conbirw.tions per event). 

( b) ( KK) effective nass spectra. 

(c) w1 (cosG) : angular distribution of the K nesons in the (KK) 

centre of nass. For these aneslllar distributions, an addi tio-
. . '2( 0 ::) 2 nccl condition is required, no.rnely : M K1K < 1.08 GeV . 

a 3, b 3, c3 : theoretical curves for M2(Kn), M2 (KK), w1 (cosG) distri-
:l- ( -Of ' , p ( - ) butions corresponding to tlw dec:1.y : E -7 K K and K K) for J 1£1 = 

0 , l+, 2- (solid curves : 0-, dotted curves : l+, mixed curves : 2-). 

The curves drawn on a1 , b1 , c1 , a 2 , b2 and c2 distributions corres-
p( ) - . ot- ( -:£ ) I pond to the hypothesis J E = 0 , with : E ~ K K and K K 50 o o 

E -> (KK)n 

where (Ki) stends for a resom:mce with M = 1000 lVIcV and r 

E0 production. 

Angulnr distributions for the two step process : 

50 o/o 

70 MeV. 

~ 

E0 ~ (KK)TI, where E0 is defined by 1.84 GeV2 < 2 .14 GeVr 



Fig. 8 

Fig. 9 
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and (KK) by M2(KK) < LOS Gev2 • 

7a1 , 7a2 : w2 (cos~) angular distributions respectively for reac-

tion (1) pp B01/n- and reaction (2) : pp -;. E0n°n°. (p is the 

decay angle of the E0 into (KK) and TI, in the centre of mass of the 

E0 • (see Fig. 7d). 

7b1 : w3(cos 1/1) angular distribution for reaction (1) : pp -;. E01/n-. 
-;. 

¢ is the angle between the vector p characterizing the decay of the 

E into (KK) and TI, and the vector k charn.cterizing the decay of the 

( TI2TI3) dipion exterior to the E : 1/1 is measured in the total centre 

o,f mass, 

7c1 : w4(cosx) angular distribution for reaction (1) 0 + -pp -J> E 1t TI • 

X is the decay angle of the (n2n3) dipion into TI 2 and TI3 , in the 

centre of mass of (TI2TI3). 

7d : summarizes the definitions used for angles, momenta and angular 

momertt5 in the study of the E production. 

Effective mass spectra of the dipion produced with the E. 

Ba refers to reaction (1) 0 + -pp -> E n n 

( ) 0 0 0 
Sb refers to reaction 2 pp -;. E TI n 

+ -
Since for reaction (1) .there are two (~K-n+) neutral combinations, 

we have selected for the distribution (Sa) the combination which 
2( - )0 corresponds to the M KKTI the closest to the central value of the 

E(M2 = 2.0 GeV2). We also introduce the conditions : 1.84 GeV2 < 

JVI2(K:Kn) < 2 .14 GeV2 both for distribution (Ba) and. (8b). 

Curves a, and ~' are explained in the text. 

Effective mass spectra of the dipion 

( 9a) for reaction pp -" Eo + -
TI TL 

( 9b) for reaction pp 0 0 0 
-> E TL TI 

(9c) for the decayTJ' .o.;, T]TITI (Ref. 11) 

( 9d) for reaction n p -> 
+ -

TI n n at 360 MeV (Ref. 12) 
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