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LOW-MASS KK SYSTEMS PRODUCED IN
7 p INTERACTIONS BELOW 5 BeV/c™

Richard 1. Hess,T Orin I. Dahl, Liyndon M. Hardy,I
Janos Kirz, and Donald H. Miller

Department of Physics and Lawrence Radiation Laboratory
' University of California, '
Berkeley, California

September 22, 1966

In a study of KK pairs produced in 7 p interactions from 1.5
to 4.2 BeV/c, we observe the Kg Kg threshold enhancement at all beam
momenta, and the ¢ meson at beam momenta below 2.3 BeV/c. There

are no significant enhancements in the K°K~ system near threshold.
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Recent studies nave suggested the existence of several low-mass
IKR_ enhancements: (a) a threshold effect in the K. K1 sysvtem attributed
to a large I =0 scattering length 1,2 (b) a K°K° peak near M= 1060
MeV with full-width T'= 80 MeV interpreted as evidence for an1=0
resonant state;3’4 and (c) a narrow peak in the. K‘;Kt system at
M = 1025 MeV with I" = 40 MeV, interpreted as an 1=1 resonance. 5,6
In addition, the low-mass K‘;Ké’ and K K~ final states exhibit peaks
' from decay of the well- estabhshed IGJP 071" $ meson at 1020 MeV.
In this letter we discuss the behavior of the KKV systems observed in
the reaetion. mp > KKN below 5 BeV/_c.' Both the low-mass KiKi
threshold enhancement and the ¢v meson are'observed in the I1=0 final
states; no significant deviations from phase space are apparent in the
I=1 states at low effective mass.

The film was obtained using the Lawrence Radiation quofatory's '
- 72-in. hydrogen bubble chamber in the course of e systemat’ic;st.udy of
T p interactions .\l;vithin the interval 1.5 to 4.2 BeV/c.'» The experimental

details have been discussed by Hess, 7 The observed numbers of events

and corresponding cross sections are given in Table 1.

A. K‘;K1 Threshold Enhancement

The M(K0 Ko) distribution is shown 1n Fig. 1a for events with
Az(n) < 0.5 (BeV/c) . The A (n) distribution in Fig. 1b demonstrates
that this selection includes most events with M(K ) 1.075 BeV.
The strong peripheral production in this mass interval suggests p_rednc—
tion through pion exchange. In this case, the isotopic spin is zero'for

the initial 7w system since C is +1 for the K‘;Ko1 system.. A
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quantitative .test of the isotopic spin may be made with the charge-
independence triangle inequality. For I=1 in the observed KgKg

system, we have

 Rolnp ~ (KR a2 < {o[n*p + (KR)' p]}Y/ 2+ oln p—~(KR) P}/ 2.

(1)
' 3 —
If we use the data of Lander et al. ? for T\’er - (KK)+p at 3.5 BeV/c and

our data at 3.2 BeV/c, (1) becomes

60+ 20012 < (6.0 % 6,001/ 2 4 (1.4 £ 1.4)1/2, (2)

-

where the values are given in microbarns. Since the ivnequality is poorly
' satisfied, we conclude that I1=0 for the low-mass K‘;Ko1 system.
The distributions in decay angle and Treiman-Yang angle are shown in

| F:gs 1c and 1d for ali events with M(Kng) <1.075 FBeV; they are con-
sistent with the isotropic distributions expected for a JP =of state.

| In experimevnts' abbve 5 BeV/c?”4 the same reaction yields a
peak in the KgKg mass-distribution near 1060 MeV, with I". = 80 MeV,
suggesting a resonant state.,. The dashed curve in Fig. ta, representing
phase space multiplied by a Breit-Wigner resonance, is in poor agree-
ment with the present data; the enhancement is more naturally interpre-
ted aé the manifestation of a large scattering length in the I = 0 KK
system. For quantitative comparison we have used the Chew-Low -
formula.9 modified by the Selleri form-factor. 10 Ikae usé the zero-
effective-range'approximation“ and detailed balancing, the I=0 S-wave

KK production cross section is given by

o - [4mk . S |
7 (7T~ KK) ?(—;(—5{—>Zbo‘[(1+bokK)2 + (aOkK)Z]‘ t . - (3)
w .

-
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where A0= a, + ibo- is the S—w;we KK scattering length, and kn(k}() 15
the momentum of either pion (or K meson) in the 7T c.m. system.

Then we havé

ooty - (1) wg e

The data are reasona.bly well—fitt_ed12 with a betwcen 2.and 6 F, if

0

by = 0.6 ag - 0.5F. The calculated N distribution.u‘sing these param-

eters is shown in Fig. 1b.

B. ¢ Meson |

Since the ¢ meson decays predominantly into KgKg and 'K+K—,
we must study‘its productioh in the .réaction Tr-p—"K+K-n. For an ‘event
to be fitted to this final state, at least one‘of the charged Kaons must
decay in the chamber; in addition, each track must be long enough for a
reasonably accurate momentum measurement. Events fitting the K+K-n
hypothesis were examined on the scan table for consistency of track
iopization with calculated values. At low beam momenta (1.5 to 2.3 BeV/c) -
about{ 50% of the {its were rejected; at higher bea.m momenta about 40%. |
The effectiveness of the procedure decreased at higher momenta, since
the tracks were more frequently near minimum ionization. It is esti-
‘mated that the contamination in lo&-momentum events fin.a'lly accepted
is 1es§ than 10%; the contamination could be as high as 50% near 4.2
BeV/c..

The distribution in M(K+K_) is shown in Fig. 2a for events with
beam momentum between 1.5 and 2.3 BeV/c. T.he striking feature of
the data is the sharp peak at M(K'K) = 1021% 4 MeV with T' = 10# 3 MeV.

When the experimental resolution of 5 MeV is unfolded, the values arc
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consistent with those accepted for the .4)' meson, i.e., Mct) = 1019.5 MeV
and T, = 3.3 MeV. The A%(n) distribution in Fig. 2b for events with
M(K+K-) between {005 and 1035 MeV differs markedly from the 'éorre-
sponding distribution for .\(:Ki events, shown shadcd in Fig. 1b. " This
provides further evidence that the K+K— peak has an ovrigin, different
from the S-wave threshold enhancement.

i

~In order to determine detection efficiencies, ev‘ents correspbnd-
ing to Tr-p-’ ¢n were generated by using the Monte Carlo program FAKE.13
Because of limited data, calculations are shown. in Fig. 2b, 2¢, and 2d
only for_ isotropic production and deéay distributions. Although the decay
angular distribution is consistent with being isotropic,b a betfer fit is
obtained when linear and ;uadratic terms are included. The linearr
term may résult frorﬁ interfe'r‘ence'with backg_round. arisiﬁg from the
S-wave threéhold enhancement. The curve in Fig. 2a représehté 20%
threshold enhancement estimated from the effect observed'ihv'thew K1K1 _
final state and calculated detection efficiencies, | 409, ol produétion, and
40% phase space. Production cros;sv sections are given in Table‘ll; they
were calculated using the branching fraction (¢ — K+K_)/(¢ - ‘all‘decays)
= 0.48 + 0.04 determined by‘Lindsey and Smith. 14

In the simplest model of ¢ production through p éxchange, the

decay angular distribution - is. . proportional to sin_xZO. We do not
observe this correlation, but absorptive effects can modify Llﬂe distribu-
tion significantly. 15 However, it is interesting to note tliat the observed
production and decé.y distributions are similar to those reported by

16 + . +
Kraemer et al. for m ' n — wp. Cross sections for 7 n = wp and

T p = ¢n may be related through SU3‘ and charge svy'rnmetry (6r any -

1
i
'
&

]
‘
§
s
4
i
H
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16,17, 18,19

model involving p exchange). Available data are compared

in Fig. 3. The abscissa is the c. m. momentum for the final state; the

energy dependencies correspond roughly when the ordinate for ™ p - ¢n

2 . .
0,21,22 suggest that the ratio

and T'p =~ N Tt is ~70.

in increased by ~50. Other experiments

. - . sk
of cross sections for Tr+p - wlN t

C. Thel =1 KK System

We searched in the reaction ™ p - K K%p for the KoKi state

observed in pp annihilations. 56 Our data show no evidence for the

‘production of such a state; the one-standard-deviation upper limit to its

cross section is 1 pb (3 pb) at 2 BeV/_c (3.2 BeV/c). This observation

is consi;étent with the assumption that (a) most low mass KK systems

are prodticed by ™ or p exchange, and (b) the low mass KoKi state

has quantum numbers 165F - 170t Should the charged KK enhance-
ment refle.c.t the existence of a bound state .bel_low.threshold, decay into
mn is expected to dominate; this may cofrespond to the sharp peak
.obs‘erved Ey Kienzle et al. 23 .and by Oostens et al.24at around 965 MeV,

We are indebted to the scanning, measuring, and programming

staffs whose efforts made this work possible. The film was exposed

in a beam designed collaboratively between the Goldhaber-Trilling and
Alvarez groups. We thank especially Dr. John A. Kadyk, Dr. George
H. Trilling, and Dr. Joseph J. Murray for their contributions. Itis a
pleasure to acknowledge the support and encouragement of Professor

Luis Alvarez throughout the course of this expe riment.
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Table I. Cross sections for the observed final states.

Final state Momentum interval Number of Cross section
| (BeV/c). " events® - (b)
pKOK ™ 1.6 to 2.4 .. 249 11.953.5
2.9 to 3.3 - 228 65.145.3
3.8 to 4.2 | 95 65.7+7.9
nK,’K,° 1.6 to 2.4 ’ 157 .-15.8&:4.2
2.9 to 3.3 201 45.3 + 4.1
3.8 to 4.2 68 36.6%5.1
nK K™ 1.5 to 2.3 86 39410
2.9 to 3.3 | 90 195+ 60
3.8 to 4.2 | 48 370130

a. The numbers of events in the final states pK°K~ and-nK1°K1° include
only those .events where fhe KiQ - decays are seen in the chamber.
The numbers of events in the nK'K~ final state include only those
events. where a K+ or K~ decay is seen in the chamBer. The cross

sections were corrected for those efficiencies.
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Table II. Cross sections for production of the threshold

enhancement and the ¢ meson.

Process Momentum Cross section
(BeV/c) (b)
" p>n+ (T.E.) 2 1.8 to 2.2 7.9+ 2.0.
(T.E.) ~ K,°K,° 2.9 to 3.3 7.5£2.5
3.8 to 4.2 9.0+3.7
o> nd ©1.58 to 1.71 29.0£15.0
1.8 to 2.2 30.0+ 8.0
2.58 to 2.63 0.0% 9.0
2.9 to 3.3 6.0 8.0
3.8 to 4.2 45.0%20.0

a. T. E Stands for threshold enhancement.

The reported cross

sections have been corrected for the unobserved Kio decays only.

[
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FIGURE LEGENDS
Fig. 1. Data from nK1°K1° final states at all beam momenta. The
events shown have been weighted for the detection efficiency of
the K1 -t decay. The average weight is 1.3. Shaded events

have a beam momentum less than 2.3 BeV/c. (a) K °K1° effective

1
mass distribution. Curves compare the zero-effective-range
approximation with a resonance shape having M = 1068 MeV and

I" = 80 MeV. (b). Distribution of Az(n) for events with
M(KioKio) <1075 MeV. The curve is the prediction of one-pion
exchange with the Selleri form factor. The structure in the curve
results from combining data obtained at several beam momenta.

~

(c) and (d) Histograms of the decay cosine (=P in the

~K 'gbeam
KK system) and the Treiman-Yang angle for events with
M(K,°K,°) <1075 MeV. Two points have been plotted for each
event.l v

Fig. 2. | Data from nK K~ final states at beam momenta below 2.3 BéV/c.
(a) vK+K_ effective:mass distribution. The curve is for 40%
¢ production, 40% phase space, and 20% th‘reshold. enhancement.
(b), (c), and (d) Histograms ofAZ(n),decay cosine, and Treiman-

Yang angle for events with 1005 s M <1035 MeV. Curves

KtK-
are Monte Carlo distributions for isotropic production a‘nd decay
angular distributions.

Fig. 3. Total cross sections for Tr+n-j> pw from other experimenté
(solid syfnbols) and " p = nd from this experiment (open symbol).

The abscissa is the c. m. momentum of the final-state particles.

The ordinates differ by a factor of 50.
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