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1. The Saclay 8lcm hydrogen bubble chamber has been exposed to beams of slow E's
from the CERN proton synchrotron and the following set of four annihilations of

" stopped p's obtained :
1) F+p—oKK non 720 events
(2) p+p— Ki (&)« 2025 events

+ 0
T

+
(3) P+p —> K; K = 2340 eyenﬁs

) 0 e}
where (K ) means 2 X~ or K not seen.

1)

An alaysis of reaction (1) has already been published ’. In this communication

we present the results for the other reactions and consider the group as a whole.

2. Experimental Facts

2.1 Ep——}Ki Kg‘n+ T

These gvents are identified by a four-constraint fit with a check of the
fonization of the charged particles : the contamination due to annihilations in
flight and due to the 5-body annihilation (with an sdditioral 7°) is very
small, There is a scanning bias because the Kg can decay too near the annihi-
lation apex., A systematic search for such events which would have been

classified as 4-gharged prongs plus one K: associated, has shown that the loss

+ On leave of absence from Liverpool University
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is 80/0 but does not affect the mein results. For detailed analysis the loss

is corrected by a suitable weighting function.

The various two and three particle effective mass combinztions in the -
final state of reaction (l) have been studied. The (Kini) effective mass
spectrun does not. exhibit any peek at 888 MeV (%) which is pronounced in the
other reactions., The (ﬂ+ﬂ—) effective mass spectrum shows & striking deviation
from pure phase space. The (Kon+n-) effective mass spectrun (two combinations

1
per event), Figure 1, shows an enhancement around 1230 MeV, We have explained

1)

why we attribute this to a (Kﬁn) resonant state, called Co, with the following

mass and width :
M=1215 % 15 MeV/e® =60 * 15 MeV/c® .

A Dalitz plot of the (Knm) sjstem in %he Co-éé;ibn_shows en accumulation
of events with large (n+n—) effective mass, Figure 2, Although in the rest
system of the CO there is insufficient energy to produce normsl po (750 MeV)
and KO, the following results are observed :

(a) 600/0 of reaction (l) goes via the channel

Ep-aCOKi

(b) 80 to 900/0 of the C° decays via the reaction
0 0 0 h
C—K p .
Indeed, a detailed study of the Dalitz plot indicated that we observe

450 ¢°1s decaying into Ki po

+ F
80 (%1 decaying into K n .

If the four-body annihilations of protonium (at rest) occur mzinly from
S-states as has been proved for two-body (Ki) final states2), reaction (l)
cannot occur with (m'n ) system in a relative S-state. Additionnl evidence that
the (nn) is in a P-state (or higher odd orbital momentum) is rrovided by the
very small number of events attributed to‘annihilations of the type

o O
T 7n .

- 0 .0
P+ p-—)K1 Kl

The lowest angular momentum stete for this mode if it comes from the

1sO state of protonium (the only (low) initial state allowed) is ,6m= Dy e

£

KK 2, L(nn),(KK)= 1. There would therefore be strong centrifugal

PS/4484/uhg , J.
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suppress1on for this mode.

If_we assume the (n ul ) systew is in a P-state, then the charge conjugation
of the final state of \1) is € = -1, which implies protonium annihilation in
3Sl—v“b'xte. If we define the charge conjugation of the Ki to be -1, then the

' C observed has C = +1,

2.2 p+ p-—; ki n+n“

These events are contained in reaction (2) which is 1dent1f10d by a one-
constraint fit. To estimate a possible contamination of reaction (2) by events
- + - . .
of the type pp-> K (K°)n n n°, we have treated the identified five—body enni-

hilations- (K k% T ﬁo as if only one Ki had been seen : there was very small

11
4+ -
chance of such events being fitted as K;(KO) nn . -Similarly, one of the
observed K; of the mode Ki Ki n+n* was suppressed and although some events were

fitted as pseudo—(Ki Kin-nO), they could generally be rejected by ionization.
We conclude that such ambiguities are very few. We have checked that our
scanning efficiency for Kg(Ko) n+n- is comparable to that of reaction (1) by
plotting the flight distance of the KO (normalized by the momentum) : the usual
logarithmic distribution of decay lengths was observed with the expected bias

corresmondlng to snort 1engths.
+ - + -
Reaction (2) contains events -of the type K;Kgn n  and Ki(Ki)ﬂ . - where

o
one K1 decay is missed'because (a)‘it decays via the (ﬂono) mode or,‘(b) it

+ -
escapes from the chamber bhefore decaying (n'n ).
The latter are few and can be cqrrécted for by suitable weighting. To
eliminate the (ﬂono) mode we subitract from the spectra of reaction (2) one
half of the spectra of reaction (l) This assumes that the branching ratio

o) nono 1
Ki>—7— is T .

L 7

no

After such subtraction we find that the,(Kn) effective mass spectra is
dominated by the K*(ass),,Figure 3, but the (nn) and (KK) effective mass
spectra are compatible with phase space. The (K;ﬂ+ﬁ—)
effective mass spectrum shows almost the same features as the (K§n+nf) system
in reaction (1), i.e. an enhancement in the CO vicinity, but the enhancement

for the (K°

+ - + -
ln i ) system is not as strong as it is for the (KZn T ) combination,

PS/4484 /uhe I /.
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Figures 4 and 5., We discuss this difference in Section 3. Ignoring for
the time being this difficulty, we have analyzed the Dalitz plot for all

(Knm) combinations falling in the region of the CO, Figure 6, and find about

o : =t T L ot
640 C 't decaying into X' "n with the subsequent decay of K into Kln or
+
Kgn'. The number of Co's decaying into poKz or pOKg is compatible with zero,

showing that these events do not come from the SO protonium state., Assuming

- - .
annihilations from the 3 Sl~state, i.e. 1 state, the m n system must be in
an even orbital momentum state. ' :

+ o
OK'n+no

2.3 pp->K;

These events are obtained by a one-constraint fit with the additional
information about the ionization of the charged tracks., The possiblé contami-
nation from other reaction channels was studied as above, and it appears that
there could be contamination from other channels when the charged particle
pertaining to a charged K has a large dip angle and low momentum. A study of
the dip angle of such tracks show there is no accumulation towards large dip

angles which indicated that the contamination is small,

‘ The study of two and three particle effective mass combinations show :
3(a) the strong production of Kﬁ(888) in all possible typés of combinations (Fig.7);
(b) a deviation of the (nino) effective masé distribution from phase space
with an accumulafion towards large values of (nino) mass;
(¢) a (K?%ino) effective mass distribution, Figure 8, similar fo that observed
in the annihilation into K;Kiﬁ+n~. The deviation from phase space can be
explained by the presence of a CO resonant state; .
(d) the charged three-body system (Kinino) also shows a deviation from phase space,
Figure 8, but the enhancement is now centred at 1320 MeV/cZ. This mass

difference seems too large to identify this cenhancement as the charged

counterpart of the CO. e return to this point in Section 3,

_We will only discuss here the characteristics of the neutral system
(K~n+ﬁo).' The Dalitz plot in the CO region, Figure 9, shows an accumulation
of events both in the KX(BBB) bands and in the large (nn) effective mass
region, A detailed study yields :

370 s decaying into piK;
200 Co's decaying into Kxn of which 105 decay into charged KjE

3 s X
PS/4484/mbg and 95 into neutral K . .
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3. Discussion

If we try to summarize the situation we find that in spite of agreement of

certain experimental facts we have three difficulties :

3.1  The first difficulty is the difference in reaction (2) of the spectra of
(K§n+n-) and (Kgn+n~) . The purely statistical problem of the similarity of
the spectra is difficult. If we ignore the information about”the-shape of

the (Kin+n—) spectrum from reaction (l) and divide the two spectra into 33
bands, we find only 10 bands of the difference m2 (Kin+n—) - m2 (Kgn+n_)which
differ from zero by more than one standard deviation, but if we consider only

the CO band, defined by 1.46<:m2 { 1.62 (GeV/cZ)Z, the number of events
differ by 2,3 standard deviations. (Figure 10). '

3.2 The greatest difficulty is the mass difference between (h e n ) and

+
Kln T ) in reaction (3) the difference of 100 MEV/C in energy’is too large
to be attributed to electromagn@tlc gpllttlng, so it is 1mposs1ble to congider

them as two st%te of the same resonance.

If we ignore these difficulties and consider the three similar enhance-
ments centred at 1215 MeV/02 with a width of 60 MeV/c2 in the neutral (Kmn)
system in reactions (l), (2) and (3), as a resonant state celled CO, we find
it difficult to determine unambiguously the I-spin, As the c° is observed
only in the neutral mode, the only method for determining I-spin comes from

decay-branching ratios.

We assume the protonium annihilation is in the 3 Sl—state: this has been
proved for reactionsv(l) and (2) and is probably the most important state
involved in reaction (3). Table I gives the predlcted ratios for I = 1/2
and I = )/2 for the charge conjugate state +1, i.e. the 3 Sl~ state, The
relative normalization for the Kp and K T channels is what we should expett,

assuming the validity of symme try correcting for the different phase

U

spaces available (a factor of 2.2 in favour of Kxn mode) .

PS/4484/nhg e
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Table I
(pp) 3 — k2 I=% 1=2 Experiment
%- . 2 2
°— Ki o 1 1 1
-~>Kg 0 0 0 0
£ T
~0 ©
{ Kl T | . 0 0
s K‘; ° 0.75 0.73 0.20
+ T ‘
K~ n . 1.46 1.46 0.21
. %
K, m 1.46 0,36 0.18
+ = _
G Kg it 1.46 0.36 0.71
+ 5 '
K 7 1.46 0.36 0,23

We have included in the table events corresponding to annihilationé
- 0.0 0 0
Pp—> Kl K2 T

o
1
the zero-prong sample shows an enhancement corresponding to a two-body process

These events are of course not directly observable but the K spectrum from

- 0}
pp—>K, I

with M having a mass 1210 MeV/cZ.: If we assume this is evidence for the Co
o)

o nOnO, we can estimate roughly the corresponding branching

decaying into K

ratio.

- 2.3 It is difficult to put estimates of uncertainty to the experimental ratios,
but taking these results at their face value we cannot draw any conclusion to

favour either I-spin.

4., Conclusion

In spite of these difficulties, it seems to us impossible that the observation
of the (Knn) enhancement with the same nmass value in three different final states
could be pure chance, and so we will try to study the spin and pority. To do this we

have two decay angular distributions to study. As the o decays mainly into Kip or

PS/4484/mhg .
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Kxn, let Ql be the angle between the direction of the p (or the Kx) in the ¢ rest
systen and the line of flight of the Co,and 92 be the angle between the direction
of the ' (or the K) in the rest system of the p (or the ) eand the line of flight
of the p (or the Kx).

Table II gives the expected angular distributions w(e.) and w(QZ) for different

1
assumptions for the spin and parity of the Co; We limit ourselves to S-state

annihilations of protonium,

Table I1

Jp of CO Production State w(@l)d m(@z)
3 v
S 1 ey
0" . 0082 e
1S X .
o}
358, . ’ sin2@
- 1 , 2
1 5 sin  ©
18 ‘ cos © '
0 [
3
S 1
1" . ! 1
S X - S
o

Figures 11, 12 and 1% show the decay sngular distributions w(@l) for

reactions ), (2) and (3). TFor these figures the C is defined as
.2 ) 272
1.46 < n” (Knn) < 1,62 (GeV/c <.
The "p" in the (pK) decay mode of the o is defined as :
m2 (nn) > 0.36 (GeV/02)2

and the KX in the (KXn) mode as :
>
0.72 ¢m? (Kn) ¢ 0.86 (Gev/c?)?,

Figure 11 shows w(©.) is strongly peaked forward : this can be interpreted

1
qualitatively as an interference effect of the two possible combinations giving

rise to the CO if we consider that the production process is mainly represented
- 0,0 0O
O,
by pp »-%lekl L.

PS/4484/ung e
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Figures 12 and 13 show w(@l) compatible with isotropy except for an enhanceuwent
between cos Ol = +0,1 and cos @l = 0.6, This may be an interference effect of the

¢® with the K* which can be formed by the K which is outside the CO.

o)
For the decey angles @2, we present only the distribution for C—» po+ KO,
Figure 14, as when the Co'dec&ys into (Kxn) it often happens that both combinations
of (kn) are candidates for KX and this interference obscures the angular distribution.

Figure 14 shows that w(e,.) is compatible with isotropy, although a sin29 cannot be

2
completely excluded. Clearly, this study of the angular distributions does not

+
allow a definite determination of the spin and parity of the CO, but the 1 assign-

ment is slightly favoured,
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Figure Captions
- - 0 4+ =
Figure 1 (K;TE+TI )_effective squared mass spectrum in pp——)KiKiTt o,
+ -
Figure 2 Dalitz plot of the (K‘l’n n) system in :

Pp-—> KiKiTE-‘—n—

in the limits :

1.46<m2 (KEnm) <1.62 (GeV/c2')2.

- O -
Figure 3 (Kn) effective squared mass spectrum in pp—> Ki Kz’ﬂ T,

Figure 4 (K‘;

- - 0 + =
Figure 5 (K;Tc*_n,) effective squared mass spectrum in pp-> K;Kgn T

+ - - + -
nn ) effective squared mass spectrum in pp-—> KiKgn T .

4+ -
Pigure 6 Dalitz plot of the (Kg’ﬂ 7 ) system in ¢

Pp-—> KOKSn-I_n-
12
in the limits :

1.46 <m2 (Knm) < 1.62 (CeV/c%)? .

- + 3
Figure 7 (Km) effective squared mass spectrum in pp-—» KiK n+no .

t ¥

+
-~ - — +
Figure 8 (Kiﬂ no) and (K TEO) effective squared mass spectrum in pp-}KiK b no.

Figure 9  Dalitz plot of the (Kn*n’) system in :
- + T
pp»}KiK—n+7rO

in the limits :

1.46 ¢ e (Knm) ¢ 1.62 (GeV/cZ)2 .

+ - —-—
Figure 10 L;n-Q(Kiﬁ i ) - m2(K2n+n )__7 effective mass squared spectrum in

PO~y KlKgﬂi T
. . . . 0.0 0., = 0,0 + =
Figure 11 Decay angular distributions of C=> Kl p in pp—> KlKln s

with the following limits :
1.46 ¢ n° (Knm) ¢1.62 (cev/c?)?
n° (nm) > 0.36 (C-eV/c2)2

PS/4484/, mhg
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Figure Captions (cont.)

. x | - + -
Figure 12  Decay angular distribution of Co—% K'7nin pp—>» K;Kgn b
with the following limits @

0.46 < n° (knm) ¢1.62 (GeV ?)e

0.72 ¢ u” (kn) ¢ 0,86 (Gev/c?)Z,

+ .
x .- P 0O
Figure 15 Decay angular distribution of CO_-} K'm in pp-» K(l)K T

with the following limits :
252
1.46<m2 (Knm) ¢ 1.62 (GeV/c”)
- 2 v/ 2\2
0.72¢ n” (¥n) ¢ 0.86 (GeV/c7)".
. o . t - - 0,0 + =
Figure 14 Decay angular distribution of p—sn m in pp—-}KlKln b
with the following limits :

1.46(mé (KTEH)/\' 1.62 (Gev/02
2
(

) > 0.36 (GeV/c2)2

m

PS/4484/mhg
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