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I. Introduqtion

Ina 3.0 GeV/c K% exposure of the 80cm Saclay HBC at the CERN proton

synchrotron, the following reactions were studied :
+ + -
Kp—=K pn+n ° (1)
o+ + - E ~
=K prwn (2)

The cross-sections for these reactions are 0.8 mb,, and 0.4 mb., respectively,
where the dscay corrections for reaction (2) have been taken‘into account. The
samples measured, yielded 312 events of reaction (l), and 113 events of reaction
(2) (in which the‘KO decay was visible),'identified and processed through the
standard CERN analysis programmes. Bach event was exzamined on the scanning table

for cdmpatibility of ioniéation with fhe result of the fittingbprogramme.

II. Investigation of Reaction’K+pn~}K+pn+n—nof

From the study of this reaction, we appear to'haﬁe strong productionfof
Nk(1238) in conjunction with the two charge states of Kx(890),

: 4 %O _Ft++ O
i.e, KoK N 7

A

_E+ E -
—K N i)

In Fig.l, the mass distribution for pn+ is shown, the shaded area represent-
ing those events in KXO and the cross-hatched area representing events in,Kx+,
where the Kﬁ band is defined -ag 0.86‘$ M(Kn) < 0.94 GeV. It may be seen that
if one'suﬁstracts the events which are produced with K%, the remainder of the
pn+ spectrum is in agreement with phase space (Fig.Z), and it may also be
remarked that the shaded region of Fig.l has the general form -of the Breit-Wigner

for the Nx. From these considerations we find that about half of the events in
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this reaction go through the formation of Nx(l238).

Fig.3 shows the mass distribution for the (K+no) combination, where the
shaded region represents events falling inside thé Nx band, i.e. 1 XY M(pn )
€ 1.3 GeV, It may be clearly seen that there is production of K (890), and
that it is produced predominantly with the N¥(1238). The solid line represents
phase space ‘for the (Kn) system in the (KnnN™) state, fitted to the shaded
region, but neglecfing the Kf(890) events. A subtraction‘betWeen'this curve
and the histogram should then leave the KiE events standing on a background
distributed as (Kn) phase space from (Knnpn) final state*. This subtraection
procedure avoids the statistical uncertainty of each interval of the data,
In Fig.4 where this subtraction has been performed, the KSE shows up clearly
but there is also an accumulation of events around 730 MeV, If one associates
this excess of events with the kappa, {{, meson, there are ~12 events produced

in this charge state.

In Fig.5 and 6 the combination (K+n_) is treated similarly. The presence
of K (890), and the production together with the N are in evidence again,
in Fig, 5, ‘while the excess of events around 730 MeV pers¢sts in the neutral

charge state. Here, the excess 1s~lO events.

The‘effective mass of the three pions is plotted in Fig.T7, whereAtbe solid
line gives the shape of the phase space aistribution. The production of~40 o’
events may be clearly seen., It should be noted that no production Qf a recoiling
Kg resoﬂance system is observed in the wo reactions. The wo events have ﬁdt
been subtracted out of the (Kn) distributions_discussed above, as they distribute

themselves over the Km spectrum in a manner consistent with phase space.

Thus, it has been seen that this five~body reaction proceeds through many
channels, and by the production of many resonances. The production cross-section
for the resonances, and the partial cross-sections for the various channels are

given in Table I,

¥ It has been noted in this experiment, and others, -that the phase space
, *
distribution is little affected when one .combines: the K or n from K, or .

n from N*, +to form o Kn non-resonant system.
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III. Investigation of Reaction K+p~—>Kopn+ﬂ+n_, Ko‘% n+n_

For reaction (2) we observe that about half of the events proceed through

the formation of NX(1238), with the predominant reaction channel being
K+p g

The effective mass-plot for the (§n+) combinations is shown in Fig.8 where
the solid line again gives the shape of the phase space distribution. The plof
is consistent with the production of ~ 50 NE events, (The shaded region represents
events in the Kx‘bandﬁ(0,86|SM(Kn) £ 0.9% GeV) analogous to the treatment in the
analysis of reaction (l)g) The mass distribution for tﬁe (Kon+) combinations
is shown in Fig 9, whgre the shaded afea représents events falling in the NX
band, 1.15¢ M(pn ) "ilB GeV That is, for an event iﬁ>which the'(pﬁz) combi-
nat1on falls 1n31de the N band ‘the' mass of comblnatlons (KonZ) is shaded,
and vice verua This plot 1nd10ates that there is an appre01able production of

+ X+
KiE Nx T Suates, where K mA:K and N _—9 pn2 1 As was done in analysis
b .

l 2
of Kn sﬁages in reactlon (1), this shaded region was fitted to the phase space
distribution ‘taking into account the pfesenée of Nx, and the subtraction
perfdrméd'(FigAIO). ‘This shows clearly the ‘production of Kf(890), and also

enhances the effect around 730 MeV.

M Td inﬁestiéété furthcf the Kn massfspectrum, we take the double (K nl 2)'
combinations and subtract from it the (K n ) mass distribution. This latter
dlstrlbutlon 1s T 3/2, and shows no deVlathHu from ph%se space (Fig. 11) The
subtractlon ' shown in Pig.l2, has therefore only one entry per event and the |
false (Y m ) comblnatlon (which should be phase—space—llke) has been removed.,
This dlstrlbutlon shows cleérly the production of KX(89O), ahd again dccentuates
the effect around 730 MeV. If {his is associated with the i, it implies the
production of ~10 kappa events.

As in reactlon (1), the final state diécuésed above involves the production

of the N and K ‘resonances. The partial cross-sections for each channel,

together with the resonance production cross-section are given in Table II,

* This indicates that the enhancement has I-spin 1/2.

PS/439l/mhg ./.



- 4 - CERN/TC/PHYSICS 64-16

IV. Examination of 7%0 MeV»Region’

- The effective mass distributions for the Kn states discussed above have
shown systematically an excess of events in the region aroundv730 MeV, very
near to the mass value assigned to the kappa meson., This resonance has been
reported in n p and K p interactions at (1.51 - 2.36) GeV/c(l), and (1.0 -
147) GeV/c(2>,‘respéctiﬁely,‘but has never been regarded as well established,
Again, iﬁ the K+p:ihtefactions discussed here, identification of this state
is made difficult by the shape of the phase space distribution which peaks
just in this mass region. Below we attempt an examination of the enhancement

around 730 MeV in the data presented above,

In Fig.13, the effective mass diétribution for all df the T=1/2 (Kn)
combinatiéns is shown, Fig.14 shows the spectrum for those events which belong
to the positively charged system (i.e. Kon+ and K+n). The solid line in Fig.lB
represents the addition of the phase space distribution when the Kx is igﬁqred,
and a P-wave Breit-Wignef‘shape centred at 890 MeV and with a width of

50 MeV. This spectrum shows an effect of'w'3—4_sténdard deViafions, at 730 MeV,

Further enhancement may be obtained if the events produced in conjunctidn
with NSE are removed (i,e, K+p~a)Kann). As in the analysis described in
Sections Il and III above, this subtraction was performed by fitting an appro-
priate phase space to the events éssociated with the production of an Nx,

neglecting the effect of the KK(89O). This was done for all three chafgé'states,

+ ok
K, K7

the curve is an attempted fitting of the 5-body phase space distribution to the

. °
; K'no separately, and the combined histogram shown in Fig.15, where
background. . It may be noted that the excess over background in both Fig.l1l3 and
15 is~40 events, indicating that this enhancement is hot produced in conjunction

with the N,

. If we believe that this effect is indeed due to the kappa - K(730), then
the branching ratio between the Kﬁo and Kon+ channels may provide infdrmation

on the I-spin of they{? as.the.amplitudes may be predicted from the Clebech-
Gordan coefficients, In Tabie IIi the branéhing ratios into these channels

fer the ¥° (890) and K. (730) are given, together with the prediction for
different isospin values. The data are in reasonable agreement with isospin 1/2,

Tor both systiens.
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An additional interesting study may be made on these events. The decay
of the Ki~5§3{+ n  is energetically possible and may be used to throw some light
on the spin parity of the % ., If the {{'s observed in the reaction above come k

from K~ decay, then we would expecﬁ them to be derived from the following reactions:

+ E:c +
XKp-—-—X © T

The parent Kx would be found in the following reactions
K+p-;K+n~ pn+ (3)
K°5° pn+ (4)
From the total number of K*(890) foundﬁin ;eactions (3) and (4), one can
Koes (4T

K* 5 K+n
spectrum of the fin combinations, the branching ratio may be further delimited

place an upper limit of 0.06 on the ratio By examining the mass

by an order of magnitude (i.e. in the &n mass spectrum 551/10 of the events are
. * . %* .

found in the X~ band, and each of these is assumed to be a real K despite the

whase-space~like' shape of the spectrum). Thus, we arrive at a value for the

ratio

x
K +
R = .;._.V_._Z.,ﬁ/k._ﬁ <0,006.
K* oy K O

V. Conclusion

The five-body final states in the 7.0 GeV/c K+ interactions appear to be
an extremely rich field of resonance production. Among those produced, the
Nﬁ(1238) is strongly in evidence, and the production of KXN%n states is shown
to be an important channel in both charge states of the K%. The data also
clearly shows an effect in the Kn mass spectrum around 730 MeV, which may be

associated with the kappa meson.

A more complete treatment of these reactions (l) and (2), including
information on the angular distributions for production and decay of the
resonant states, and a study of the Knn systems will be presented at the

Conference.,

References : (1) D,H. Miller et al, Physics Letters 5, 279 (1963)
(2) S. Wojcicki et al, Physics Letters 5, 283 (1963)
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Figure Coptions

Fig.l The mass spectrum of Jche‘pn'+ in reaction K+p-waK+pn+n_no. The shéded area
represents ¢vents inside'ihe‘Kxo,'while the cross-hatched area represents
events inside the K'', where the K= band is defined as (0.86 ¢ M(Km)<0.94 GeV).

j3£;2 The pn+ mass speétrum from reaction Kfp.m>K+pn+n_no, when events inside the
K*O and KX+ have been subfraoted out. The solid line represents phase

space distribution for the XK pun state,

i The K+n mass distribution for reactlon Y p~¢-K pn+n no. The shaded area
rapresents events in which an N is produced where the N band is defined
as (1.15 € M(pn ) < 1.3 GeV). The solid line is the phase space distribution
for Knnll® final state, Titted to the shaded arca, negleeting the K (890).

Fig.4 The K+noimass spectrum obtained after subtraction of the fitted phase space
. + . ‘ 1 ‘
spectrum from the total K no data, This spectrum shows clearly the pro-

ductionfof K*(890}, and indicates an effect around 730 MeV, in the Kn system.

- o+ : ' + + 4+ =
Fig.5b .The mass spectrum Lor (K n ) from the reaction K p—K prn no. The shaded
'drea ruprescntb ¢vents in which an N is produced; where the'NEE band is

defined as 1. lS«LM(pn) 1.5 GeV., The solid line is the phase space

€
‘distribution for a AnnNE final state, fitted to the shaded arca, neglecting

the X (890;.

Fig.6 The K+ﬁ spectrum Obtalan from the subfractlon of the flttud phase space
spectrum from the data TI is histogram shows the productlon of K \890)

and the presence of the enhancement around 730 MQV, in the noutral mode .,

- + -
Fig.7 The effective mass distribution of (n+n no)vfrom the reaction K p->K pn+n no.
The solid line shows the expected shape of the distribution as given by
phase space for 5-body final state, The figure cléarly shows the pro-

duction of «° events, at 780 MeV.

+ + A -
Fig.8 The pn mass spectrum for the reaction K+p-9Kopn n n . Bach event has

two combinations entered on the distribution. Thc shadﬂd area rcprescnts

*+

events in which (K n ) are in a K ; that is the shaded area represents

1,2

the correopondlng (pnq L> combinations for that event. The solid line is

an attempted fitting of the b5=body phauo space shape, to the total data.
3,

The fitting shows that there is considerable productions of N (1238).
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Fig.9

Captions (contd.)

The mass spectrum for the two Kow+ combinations from the reaction

+ _ + + - ,

KX p~ﬁiKopn n n . The shaded area represents events in which one of the -

+ .
T iS»in,an.NX with the proton : in this case the mass value of thg
combination of the K° With the other m' is shaded. (pn ) i N

shaded area represents K n ) The SOlld line is a fitting of the 4-body

phase space (Knan), to the shaded area, neglecting the K (890) events.

Fig.10

fig.11

Fig.12

ig.13

Fig.14

Pig, 15
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The mass spectrum for (K° n») obtained from the subtraction of the fitted
phase space (to the events produced in conjunction with Nx), from the
total data. The Kx(890) is prominent, and an excess of events around

730 MeV is indicated.

- + -
The effective mass distribution for (K 7 ) combinations from K p~§Kopn+n+n
reactions, The solid line is the 5-body phase space shape, normalised to

the total number of events.

The mass spectrum for Koﬂ+, when the Kon", or phase space, is subtracted
+

from the (Kon§.+KQn2 ) spectrum. In this manner, the false Kon+ combi-

nation is'removed, showing clearly the production of KX(89O), and also

enhancing the effect around 730 MeV,

The mass distribution for all the T=l/2, Kn combinations produced in the

+ $ +-3 o+ _+o0 _+ -
reactions K p->K" pn n n° (i,e. Km , Kn , K7 ). The solid line is the
sum of 5~body phase space (normalised at the wings), and a P-wane Breit-
Wigner centred at 890 MeV, and with a width of 50 MeV, The distribution
is in good agreement with the fit, except for the production of 40 events

in mass region 0.70¢ M(Kn)$;0.75 GeV.

The (Kn) mass distribution, where only the positively charged combination
is teken. The solid curve is the sum of 5-body phase space (normalised at
the wings), and a P-wave Breit-Wigner centred at 890 MeV, and with a width

of 50 MeV.

The (Kﬁ) mass spectrum obtained from the.subtraction of (KnnNt) phase |
space (fitted to thoée events in which an N% is produced), from the total
(Kn) data. The shaded region represents the positively charged combination
only. The KX(89O) and. the 736 MeV enhancement show up very clearly on this
plof. ‘ -



TABIE

Partial Cross=Sections

I

+ + 4+ -0
for K p—Kpn nt 7

Channel

No., Events

CERN/TC/PHYSICS 64-16

Cross=-Section

o

¥0_ ¥++ O
KN s

F+ b -
K N i

*0 + 0
K- pn =

KX+ pn+ o
+
K p wo
+ 4 -
K opn o
W pr x®
ijNx++ﬂ~

0O _F++ 0
N T

NX++ Production

+ + -
X p~—aK+p T no

0]
T

~ 65
~40
~60
~45

~25

~ 15

147

~ 45
~ 85
40
15

13

~ 170ub
~«100pDb
-+ 150ub
~ 130ub
o~ 78pb
0
~100pb
~ 45ub
~ 38ub
0

0
-~ 380!J,b

~ 22 Tub
~127pb
~ 105pb
~ 45pb
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TABLE II
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. . _+ o + + -
Partial Cross-Sections for for K p—=K pn 1 &

No, Events

Cross~Section

Channe 1

+ o -
X p.—>Kop b ’n+ T -
A

K%+ N%++ W“

£+  + -
X T T

+ + -
K pn n
+ _Ett -
s

K ow

‘N*++ Production

45
~ 20
~-30
~10
~12

~ Q

~ 50
~ 40

~ 12

~ 140 pb
~ 60 pb
~ 93 b
~31 pb
~%0 b

0

~ 154 pb
~r 124 ub

~ %6 ub
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TABLE III

KX(89O) and K(730) Branching Ratios

State K*(890) H.(730)

o 69 + 10 * 20 +8 %

15 6

I+
@

K+no 45

Branching
Ratio 1.5

1+
I+
+

0.4 1.3 - 0.7

Expected Branching 5.0
Ratio for I = 1/2 .

Expected Branching 0.5
Ratio for I = 3/2 )

¥ These figures have been corrected for the invisible decay modes of the KO,
and for the different size of the measured sample. There is a factor of

+ - . .
0.55 against the Kopn n+n reaction in fiducial volume and fraction of experi-

ment analysed.

+ PFurther evidence for the I = 1/2 character of the f{(730) comes from the

'phase~space~like' distribution of the Kon~ spectrum in Fig.1ll.
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