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In the course of a systematic study of the high energy K+ p interaction, 

we have investigated in some detail the strangeness +2 meson system - KK. 

This system is found in reactions of the type K+p --~ KKY (or KKY plus pions), 

where Y is a strangeness -1 hyperon. Reactions of this type are seen to 

occur with a very low rate, even when well above their threshold, the typical 

cross-section being of the order of 20 µb in the momentum region 3 to 5 GeV/c. 

Although the statistics that we have assembled is rather limited, the behaviour 

of the effective mass spectrum for the KK system indicates the occurrence of a 

doubly strange meson resonance. The resonance occurs both in 3- and 4-body 

reactions, has a mass of rv 1280 MeV with full width ofr-1llO MeV, and isotopic 

spin of 1. This resonance, which we call M1 , appears to be produced predominant­

ly at low values of the momentum transfer, in striking contrast with the 

production mechanism observed for KK mass values outside the resonant region. 

In addition to M1, the KK mass spectrum indicates the presence of a second 

enhancement, M2, at a mass of ,......1050 MeV with a full width of ...v60 MeV, again 

in isospin 1. This second enhancement is not as statistically significant as 

the first; furthermore, being near the KK threshold, it may be due to a strong 

S-wave interaction between the two K-mesons. Our limited statistics are not 

able to give strong support to one or other interpretation. 

This study has been performed by means ofr-1400,000 pictures taken in the 
+ 80 cm Saclay hydrogen bubble chamber exposed to separated K beams at 3, 3.5 

and 5 GeV/c at the CERN proton synchrotron. Some preliminary evidence on the 

outcome of this study has been presented earlier(l). Results of the analysis 

(+) On leave of absence at M.I.T., Cambridge, Mass. (USA). 

(~) Now at L.R.L., Berkeley, Calif. (USA). 
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of more common types of interactions in the same film can be found in Ref. (2). 

Table I gives the details of the exposures. 

The interesting reactions are those involving at least three strange 

particles in the final state, with or without additional pions. In practice, 

at our energies, thi:::; study is limited to the following processes 

+ + + 
K p ---? K KA 

K+K+2:o 

K+Kol:+ 

+ + + 0 K p --7 K K An 

(la) 

(lb) 

(le) 

(2a) 

(2b) 

In the above list we have left out the 4-body final states with a 2:, those 

reactions with more than one pion and the events with three K's~ all these 

reactions being either too scarce to be useful or too underconstrained to be 

kinematically identifiable. Prior to this experiment only one such event 
+ (5) . 

(of the type (la)) had been found at 2.3 GeV/c incident K momentum , and none 

at 1.96 GeV/c( 6). 

In order to eliminate a very serious source of ambiguity arising in the 

kinematical fitting, we required that the event should exhibit tho docay of the 

hyperon. This condition results in the exclusion of one-third of the A events 

f:rom reactions (1) and (2). We also required that a visible K0 decay be present 

for reaction (le), thus reducing by two-thirds the sample of l:+ events accepted. 

The above criteria' limit our sample to the topology "2-prong v0 n with and 

without charged decays on the primary prongs (except for the case of reaction 

(2b), where topologies with 2 v0 were also accepted). 

t . t t .O + Fur hermore, since he much mor·e abundant reactions of the ype K pn 

(and K0 Nn plus pions) still dominate this topology by a factor of ,_.100 with 

respect to our reactions, an additional selection was imposed in order to 

reduce the number of background events to be measured. At the scanning stage 

only those events were accepted in which, from simple ionization and kinematic 

criteria, either the v0 could possibly be a A or one of the primary prongs 
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+ presented a kink compatible with a E decay. The application of the above 

criteria allowed a pre-measurement rejection ofr-185°/o of the background. 

The remaining,....,15°/o was regularly measured and processed through the geometry 

and kinematics programs. Tests have been done in order to insure that the 
0 rejected events were indeed only K 's; several thousands of unselected events 

were measured and checked, No oias could be detected and we feel sure that 

all desired events have survived the selection criteria. 

The measured events were processed through the standard CERN geometry and 

kinematics programs and then re-examined on the scanning table in order to 

verify if the observed ionization and that required by the fitted hypothesis 

were consistent for all tracks. 

There are three main classes of ambiguities which may beset our analysis 

i) Between the wanted YKK(n) reactions and the much more frequent K0 Nn(n) 

reactions. Fortunately, the difference in track ionizations between the two 

competing hypotheses is sufficient to resolve the ambiguity in practically all 

cases. 

l.·i·) B t t t AV++ 0 e ween wo different wanted hypotheses, for instance be ween il..L\. Kn and 

AK+~+Ko. t ,. No all such cases could be settled on the basis of ionization only, 

since the possible ionization difference occurs only for one track, and 

practically vanishes at momenta above 750 MeV/c. 

iii) Between a wanted reaction and a competing hypothesis where the hyperon is 

produced by a contamination pion, for instance between AK+K+ and J\.K+n+(n°). 

The rem.ark concerning ionization made in ii) applies here, but supplementary 

help in the present case is provided by a Cerenkov counter installed in the 

beam, and set for n and µ mesons. When there was no signal from this counter 

(whose indication was recorded on each picture), then-hypothesis could safely 

be eliminated, Since the beam contamination was less than 5°/o and the number 

of tracks per picture less than 15, the indications of this counter were useful 

in more than 50°/o of the cases. In the remaining ambiguous cases a probability 

criterion was applied an interpretation was considered correct if the 

product of the X. 2-probability for its fit times the square of the number of 

constraints was better, by a factor of at least 5, than the same product for 
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the competing interpretations (2E). By means of the described proced-:.ire only a 

few events remained ambiguous. TheBe events were inspected in order to find 

what possible effects their inclusion would have, in particular on the effective 

mass spectra. After satisfying ourselves that their presence was not determining 

in the interpretation of any of our results, we simply included them with the 

unambiguous events, assigning them to the most probable j_nterpretation (in the 

sense described above). 11he number of these ambiguous events attributed to 

reactions (la) 7 (lb), (le), (2a) and (2b), are respectively 10, 5, 0 7 8 and 8. 

Table II gives the number of events so identified at er:ich momentum and for 

each reaction, together w:'.th the corresponding cross-section corrected for the 

invisible decay modes. The cross-·sections were derived from the comparison 

between the number of !/-decays counted in a given volume and the number of 

events found in the same volume, properly corrected for losses due to invisible 

decay modes. 

( :ie) This procedure has to be expla:i_ned in two respects. First, fr·om other 

t 1 • th . t ( 2 ) f t. t . +h b ' . 1 . t f s uc,ies on e same pie ures , we ind ,h?,t mul rplying u e pro aor 1 y or 

the fit by the square of the number of constraints is an reliable 

way of taking into account the greater ease for an evEmt tJ fit a less 
+ + + constrained hypothesis. J!'or example, reaction : K p --7 K K A, wh:i_ch loads 

t 4 f . t . f't b. . th t. + +rr+A O b . b . . 1 n. t o a c-.l , is o ·en am iguous wi _ reac ion ri: p -·---> ri: n. 'Ji; , w,.ic i is a c-rr 

(but rarely with reaction ri:+p --7 ri:+K+A, which is a-priori equally probable, 

but j_s a 4c-fit). Second, comparing, as we do, the a-posteriori probabilities 

is justified whGn the a-priori probabilities are comparable; this is roughly 

the case for competing KKY(ri:) hypotheses (see Table II), As for the a-priori 

probability of a hyperon to be produced by a re, it can be calculated from the 

beam contamination and the cross-section for hyperon production by pitms, and 

turns out to be smaller than the probability for production by K+'s. Thus, 

setting these a-priori probabilities equa1 amounts to introducing a safety 

factor against contamination of our events by ri:-produced event. On the other 

hand, this could Tesul t in interpreting some K-produced events as 1c·,pror~11ced. 

However, the number of such wrong il1terpretations must b'~ small since our 

procedure results in recognizing about as many 1t-procluced events as expected. 
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Let us examine first the 3-body reactions (1~), (lb) and (le). Fig. 1 

gives an overall view of the KK effective-mass spectrum for these reactions at 

different energies. Separate combinations are also given for the mass spectra 

of the individual reactions summed over all energies, and of all reactions, 

together at each, different energy. One notices that a persistent enhancement 

occurs in almost every spectrum at a mass value of,...,1280 MeV, as indicated by 

the arrows. We refer to this enhancement as M1 and intend to prove that it is 

due to a resonance with strangeness +2 decaying strongly into two K-mesons. 

Although the presence of M1 in almost every mass spectrum of Fig. 1 is, by 

itself, very encouraging, the meagre statistics available in each one case does 

not allow further speculation on the individual reactions. Instead 1 we centre 

our attention on the combined plot appearing in the lower right side of Fig. 1. 

This spectrum, containing 161 events, is reproduced in Fig. 2e. Making the 

usual assumption that a phase-space distribution would be expected in the 

absence of resonances or final state interactions among the three particles 

produced, we can calculate the statistical significance of the M1 enhancement. 

We use the binomial distribution, as one should when the statistics is not very 

large, and find that such an accumulation of events in any interval occupying 

the same portion of phase-space as the enhancement has a probability of 0.6°/o 

to occur by chance. To check that this structure does not originate from a 

distortion of phase-space due to an interaction in the KA system (from which we 

would expect, for example, formation of N~688 ), we have examined the mass 

spectrum of this system, together with the distribution of events on the Dalitz 

plot. We do not find any effect strong enough to justify the observed shape 

of the KK mass distribution. The presence of N~688 : in particular, is not 

noticeable. 

A second indication in favour of the interpretation of M1 as a resonance 

comes from its production angular distribution. In Figs. 2a to 2d we show 

the 62 distribution of the KK system over four mass intervals (-62 is the 

momentum transfer from the incident K+ to :[:;he KK system). The M1 enhancement 

corresponds to 2c. These distributions show a striking difference between the 

four mass regions : a strongly peripheral mechanism is at work in the M1 region, 

whereas no comparable effect is noticeable in the outside regions. It is 

eminently reasonable to suppose that the sudden change in production mechanism 
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is a consequence of the occurrence of a quasi-two-body process in the M1 region 

as opposed to a 3-body process in the other regions. 

The two preceding arguments can, of course, be combined. The dashed 

histogram of Fig. 2e represents the mass spectrum for those events with 

b.2 < l (GeV/c) 2 ; here the M1 peak is much more pronounced than in the overall 

spectrum. If we make use of the phase-space distribution modified so as to 

take into account the cut in 62 , the probability quoted above drops to a low 

0.03°/o. 

At this point something should be said about the smaller peak in the KK 

spectrum near the beginning of phase-space. We shall refer to this peak as M2 • 

If M1 is indeed a resonance, then one is entitled to subtract the events 

corresponding to the M1 peak from the spectrum of Fig. 2e and ask now what is 

the probability for M2 to be a statistical fluctuation. ·We find that this 

probability is ,...J2°/o. It should be pointed out, however, that the aforementioned 

arguments concerning the peripheral production of M1 are not valid for M2, as 

can be seen from Fig. 2a. On the other hand, anticipating the discussion on 

the 4-body reactions, independent evidence exists against the dismissal of M2 

as a statistical fluctuation, The curve on Fig. 2e gives a maximum likelihood 

fit to the hypothesis of a 3-body phase-space background plus Breit-Wigner 

resonances at M1 and M2 • The best values for the mass, width and percentage (f) 

of each resonance are 

(
mass (M1) = (1280 ± 20) 

mass (M2) = (1055 ± 20) 

MeV, 

MeV, 

r(M1) = (110 ± 40) MeV, 

r(M2) = { 60 + 25) MeV, 

= (25 ± 10) 0 /o 

= (10 ± 4 ) 0 /o 

The question if M2 is a resonance or, more likely, the effect of a strong 

scattering in the S-wave interaction of the KK system, remains completely open, 

due to insufficient statistics. An effective range formula of the type 

cr ,,..., lk.2 + (- 1. + -2
1 r k2 _?"1 , where 11k is the relative momentum of the 2K 1 s 

a o 
in the KK system, gives values of the scattering length a from 0.4 to 1 fermi, 

and effective range r from 2 to 4 fermi; needless to say, a Breit-Wigner 
0 

resonance formula fits the data equally well. 
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Next we examine the 4-body reactions (2a) and (2b). Fig. 3 gives, in 

analogy to Fig. 1, the individual and combined KK mass spectra for these reactions. 

Because of insufficient statistics, the data at 3 GeV/c have been combined with 

those at 3.5 GeV/c. Here again, the position of M1 is marked with an arrow and 

persistent enhancements are again visible at the expected mass. It is now 

impossible to ignore the presence of the M2 peak at the beginning of phase-space. 

Here, however, the interpretation of the peaks is less simple than in the 3-body 

case. The particles present in the final states of these reactions, taken two 

by two, can all be possible decay products of several resonances. Fig. 4 

illustrates this situation showing all possible 2-body combinations for these 

reactions summed over all energies. Thus we see that a considerable amount of 

Y~385 is certainly present among the An final states, together with a small 

amount of Y~660 . The K:90 is also apparent in the I = 1/2 Kn combinations, and, 

finally, a certain amount of N~688 is visible among the charged KA combinations. 

However, the presence of these other resonances does not explain the 

enhancements at the M1 and M2 positions : this is clear for Y~, which just 

changes a 4-body phase-space to a 3-body phase-space, and it can be verified 

that the reflection of K~ and/or N~ in the KK mass spectrum does not introduce 

any bump in that spectrum. This is shown in another way in Fig. 5, which 

represents the total KK mass-spectrum; the shaded histogram, which shows the 

same spectrum after removal of all events containing C(890) and/or N2{1688), 

displays even more clearly the M1 and M2 peaks. 

We have attempted to fit the four effective mass-distributions : 

An, AK, Kn (in I-spin 1/2) and KK, under the assumption t.hat the resonances 
~ 'l!: :it: ~ present in the final state are M1 , M2 , Y1385 , Y1660 , N1688 and K890 , with the 

guiding idea that the main contribution comes from quasi two-body processes, 

Y*M and K:it:N~. 

A good fit can be found with a~2-probability equal to 82°/o against 

0.7°/o, for phase-space. The percentages of the different final states are given 

in Table IV, as well as the probabilities for the individual fits of each mass­

spectrum. The corresponding mass-distributions are displayed o~ Figs. 4 and 5. 
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2 
As for the 6 dependence of these reactions, no effect is observed 

comparable to that which occurs for the 3-body case; here, however, both the 

type of reaction and the condition of the background are different from the 

3-body case. 

Let us now examine the eviaence concerning the quantum numbers of M1. 

The isotopic spin of the resonance must be 1 because of its appearance in 

reaction (la). A check of this assignment is in principle provided by the ratios 

of reactions like ~+M+ and ~oJVI++ v*+ rw+ and v~0 M++ However, it 
1 1 or Ll385 11 il385 1 · -

should be remembered that a subdivision of our data into partial channels 

reduces the statistics to such an extent that the obtained ratios, although in 

good agreement with those expected, are not very significant. The strong decay 

of M1 in two identical bosons implies that the parity of M1 is even and limits 

the values of its spin to J = 0, 2, or higher even values. Let us restrict our 

considerations to the more likely values, 0 and 2, and let us try to see if the 

decay angular distributions of M1 are capable of discriminating between them. 

It is most convenient to study the angular distributions in the frequently used 

reference system defined as the rest frame of the resonance, with the y-axis 

parallel to the direction of the production normal and the z-axis pa]'.'allel to 

the direction of the incident K+ transformed into this rest frame. The direction 

of one of the decay particles of the resonance will be specified in this system 

by the polar ( Q) and azimuthal ( <p) angles. E'ig. 6 shows the angular distri­

butions for these angles in the mass interval from 1.2 to 1.35 GeV, the shaded 

histograms corresponding to values of 62 < 1 (GeV/c/ (only 3--body events have 

been used, as the background present in the 4-body case represents a serious 

drawback for such an analysis). Both distributions are isotropic within 

statistics, thereby allowing the spin to be O, although of course higher values 

cannot be ruled out. The peripheral production of M1 suggests that an exchange 

mechanism could perhaps explain the angular distributions; in particular, one 

could expect that K or K'*' (alone or combined) contribute essentially to the 

exchange process. Table III gives the form of the expected cos Q and cp 
distributions in the case of K and Kol; exchange ( 7 ). 

Comparing the distributions of Table III with those on Fig. 6, one would 

be tempted to conclude that, if the exchange mechanism is indeed limited to 

one of the above cases, the value J = 0 is favoured though a particular mixture 
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'JI: 
of K and K exchange could explain the angular distributions in the case of 
J = 2 (~'Ji:). 

A few words should also 9e said about the quantum numbers of M2 . Here 

again, the isospin must be 1 and the parity even, by the same reasons given for 

M1 . As for the spin of M2 , we have examined the angular correlations of the 

4-body events with a KK mass falling between 1,0 and 1.1 GeV. Here again, we 

find that the cos Q and cp distributions are isotropic, thus suggesting, within 

our very limited statistics, that J = 0, a not surprising result in view of the 

small Q-value of M2 , and its possibility of b,eing an S-wave interaction rather 

than a reso~ance. 

(~'Ji:) In the framework of sp3 a S = +2, I = l meson has to lie in a 27 multiplet • 

. l:f ivr1 ( 1280 MeV) had spin 2, suQh. a mullti:plet could contain, together with 

M1 , the resonances f (1250 MeV), A2(1310 MeV), K'li:(l400 MeV)(s), and 

eventually the Krrn at01230 MeV(g)' with only a mesonic resonance with 

S = O, I = 2 

results{¢) . ' 
. d x \ ( 10) Dyson\an uon~ 

a1"30 call could\J,.ie in El~ ther 
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Table I 

Details of the Exposures The pictures have been taken in the period 

February 1963 - February 1964. 

Nominal Beam( a) Actual C.M. energy Number of Average Yield 
momentum used measured(b) (GeV) pictures K+ per (event/µb) 
(GeV/c) momentum picture 

(GeV/c) 

3 m2 (c) 2.97 2.60 190,000 10 3.3 

3.5 m2 3.46 2.78 140,000 15 3,5 

5 04 (d) 4. 97 3.24 80,000 11 1.5 

(a) for each exposure the dispersion of the beam momentum was less than 

± 0.5°/o and the pion contamination less than 5°/o. 

(b) from -r;'-decays and 4-constraint fits. 

(c) see ref. (3). 

( d) see ref. ( 4) . 
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Table II 

Cross-sections in µb and number of events (in parenthesis) for reactions (la) 

to (2b). 

Momenta (GeV/c) 3 3.5 . 5 

Reactions 

( ) + + la K K A 23 . ::!: 4.5 (44) 22 ± 4.5 (47) 18 ± 6 ( 14) 

(lb) K+K+I:0 .. 7. 5 ± 2 .5 (13) 7 ::!: 2.5 ( 9) 6 ± 3 (4) 
'' .... - ··--··· ---- ···-··· 

(le) K+Ko~+ 15 ± 5 (11) 8 :!: 4 (12) 23 ± 9 (7) 

. (2a) K+K+ An° 7.5 :!: 2.5 (ll) 9.5 ± 3 (20) 30 ::!: 8 (26) 

(2b) K+K0 An+ 12.5 ± 3~5 (23) 24 ± 4.5 (41) 36 ± 9 (36) 
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Table III 

Form of the expected cos g and(f distributions for Kand K'lf exchange, 

Spin of M Possible Exchanged 
cos g r Particle 

J = 0 K Isotropic Isotropic 

K (3 
2 

cos g - 1)2 Isotropic 
J = 2 

K'lt: . 2 g 2 g a + b cos 2 if sin cos 

PS/4897/mhg 
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Table IV 

KK Kn Probabilities 
System Total 

·Ml M2 KK .. K:if Phase-.. ~ Fit snace 

• 
3E 

14 18 47 yl385 15 -

_;An 
:ll' 

6.5 0 4 5°/o 75°/o .. yl660 - 10.5 

An 10 9 0 - 19 

KA 
:ll' 

23.5 56°/o 71°/o Nl688 - - - 23.5 

Total 30.5 27 19 23.5 
...... 

Phase 
Proba- space 4°/o . 4° /o 

bilities 

Fit 35°/o 92°/o 

Percentages of the various final states involved in the reactions 

K+p --7 K+K6A ni, and probabilities for the individual. fits of ea.ch 

mass S,Pectrum shown, in,~igs. 4 and 5 compared to the probabilities 

for phase-space. Not.e\ ~hat the percentages apply to the total 157 

events (from 2 reactions each at 3 momenta) and should then be 
: 

interpreted as an average of what happens for individual reactions. 
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Figure Captions 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

PS/4897/mhg 

Mass spectra for the KK system in 3-body reactions. The incident K+ 

momentum, the type of reaction and the number of events are indicated 

on the figure. The dark histograms are superpositions of different 

reactions or different momenta. The overall histogram is given in the 

lower right-hand corner. The arrow indicates a mass of 1280 MeV. 

62-distributions (a, b, c, d) and mass spectrum (e) of the KK system 

in reactions of the type K+p --~ KKY. All three incident K+ momenta 

and the three different reactions (la), (lb) and (le) have been used. 

The ~2-distributions refer to the following KK mass intervals (in GeV): 

(a) M( KK) '(' 1.1, ( b) 1. 1 ~ M ( KK) < 1. 2 , ( c) 1. 2 ~ M ( KK) < l. 3 5 , 

(d) l.35(M(KK). The shaded histogram in (e) represents the KK mass 

spectrum for the events with 62<1 (GeV/c) 2 • The ar,rows indicate 

mass values of 1050 and 1280 MeV. The curve represents the result of 

a maximum-likelihood fit to Breit-Wigner resonances at 1050 and 

1280 MeV, superposed to a 3-body phase-space background (dashed curve). 

Mass spectra for the KK system in 4-body reactions. The incident K+ 

momentum, the type of reaction and the number of events are indicated 

on the figure. The dark histograms are superpositions analogous to 

those of Fig. 1. The arrow indicates a mass of 1280 MeV. 

Mass spectra for the An (a), Kn in isospin I=% (b) and KA (c) systems 

in reactions of the type K+p --~ KKYn. All three incident K+ momenta 

and both reactions (2a) and (2b) have been used. Arrows indicate the 

position of the known resonances. Shaded regions represent contri­

butions from different charge states of the same systems. The curves 

are mass-distributions computed with the final state interpretation 

given in Table IV, normalized to the number of entries on the histo­

grams. There is one entry per event in (a), one entry per K+K0An+ 

and two per K+K+An° in (b), two entries per event in (c). 

Mass spectrum for the KK system in 4-body reactions. All three 

incident K+ momenta and both reactions (2a) and (2b) have been used. 

The curve is the mass-distribution computed as described for Fig. 4, 

normalized to the total number of events on the histogram (157). 

The shaded region corresponds to events with the mass of the Kn system 
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Figure Captions 

Fig. 5. 
(contd.) 

Fig. 6 
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(in ~ = ~· combinatio.ns) outside the interval (867 - 917) MeV ~nd 
the rnass of the. 11.K system outside the interval (1638 - 1738) MeV. 

Polar and azimuthal distribution for the decay of M1 (1280). 

The great majority of the events decay into two identical particles 

(K+K+). In such a case, the direction of the decay-particles is 

determined only within n in the Cf distribution; thus, for instapce, 

the <p distribution lies between -n/2 and n/2. When the <f -angle 

is fixed, cos G is fully determined, in the range -1 to +l. Now, 

parity conservation requires that both the tf and cos G distributions 

be symmetrical with respect to zero, so the distributions shown are 

folded around zero. The shaded area corresponds to the events with 
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