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The KK(nm) final states produced by annihilation of stopped antipfotoné

have been analyzed systematically byvArrnentero,s et al. They observed a

strong enhancement at M = 1410 MeV with I = 60 MeV in the effective-mass

distribution for the neutral KRw combinatibns from the reactions

P+p -~ K2+K +nt +1r+ L

and ‘ o -

-~ K, +K 0

i2-&-11' +'rr + 7.

Since no analogous effect was apparent in either the singly or doubly charged
! . ! . _

combinations also accessible, they donculded that the enhancement at 1410 MeV
most likely resﬁted from the produétion and subsequent decay of an unstablle
stéte (E i'neson) with isotopicl\spin I=0; no det'ermination of JP was possible. 1
In t‘:his Letter we report the observation of a similar enhancement in the KRm
systems produced in ™ p interactions. - The same final states show an ad- |
ditional peak in the neutral KKm combinations at M = 1280* 10 MeV. We
interpret this peak as evidence for a new I1=0 state (D meson) and discuss
possible IGJP assignments. |

Ina continuing study of fesonant states produced in 7 p interactions ,

over the momentum interval 4.7 to 4.2 BeV/c. we have obtained 1062 events

whose best fxts are to the hypotheses:
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-- KO‘_+ ROA"'."; "'15,, ) e o | '(1c.)
| »_'Ko ke 1;0 +.p : I | :('1d)
- K '+ K +n+p. o S (1e)

r

These final states are of p'articula_r interest‘,since they may represent important

decay modes for unstable mesons Whose decay into two or three pions is for-

 bidden.. The data are summarized in Table I. In all cases track ionization

on the film was checked for consistency with the calculated fits.

The M(KK’n’) dlstnbutmn for the charged combinations is shown in Fig. 41a.

No significant evidence for structure is apparent For later uke a smooth curve

 has been drawn arbitrarily through the experimental pomts; the curve differs

little from a phase-space distribution averaged over the momentum interval
studied.

The experimental M(K'I—{Tr)“ distribution for the neutral combinations is

plotted in Fig. 1b. To provide some estimate for background, the smooth curve

drawn through the charged distribution was "renornra):i.zed to the number of

neutral events w1th M(KK'rr) greater than 1500 MeV However, the exact normal-
ization is not 1mportant for the followmg dlscussxon, we need‘ only estabhsh the
apprexxmate slope of the_background below 1500 MeV. Two well-defmed peaks
are then app.arent “To emphasize the dii('fer’ence in structure betweerr the charged
and neutral combmatzons, events with M(KK) i 1 BeV are shown separately in.
Fig. 1, a and b. Using a Brezt-ngner resonance curve to fit the upper peak

we obtain M = 1420%10 MeV and I' = 6040 MeV, in adequate agreement with

the values reported by Armenteros et al, for the E meson. 1 If the E meson
3 !

- represents a state Wath definite IGJ'P, the lack of any enhancement in the charged

KKnr distribution supports the I= O a551gnment

Y
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In addition to the E meson, 59 events are observed in the interval
1280+ 40 MeV where ~9 were expected; the probability that this represents a
statistical fluctuation is negligible. We have investigated two sources of back-

ground that might contribute to this peak. Approximately one-third of the events ‘

2 0 0+ -0

provide an acceptable fit | (x© <6.0; one constraint) to the Arte K’ or Z0rtn K

~ hypothesis with an unobserved A or 20; although an examination of ionization

indicates that these fits are unlikely, they cannot always be unambiguously ex-

cluded. To determine the effect of contamination due to misidentified
+_ 0

A (or Eo)fr T K events, 340 cases in which both the A and Ko decayed via the

charged modes were refitted to hypotheses 1a to 1d after deletion of the A-decay
tracks. For selection criteria identical to those in the original sample, 44

events fit the K1Ki1r;' hypotheses; the M(KKm) distribution for these events

shows no peak at either 1280 or 1420 MeV. The second pos‘sibility for con-

tamination arises from Z‘_*'rr"':(vo)K(i)

close to the production vertex for identification. The effect of such events was

. o + :
events in which the Z™ decay occurs too

checked by taking 456 events in which the =* was clearly visible and f{itting
the’ E*-decay pion with the associated W‘FKg to the nKiK*rr'F hypotheses, _
The selection criteria yielded 35 events with adequate fits; the M{KRKw) distri-
bution £or these events again shows no enhancements. WeAco:‘nelude‘ that the
1ow -mass peak represents a valid effect in the KKr system.

With the assumption that the peak results from production and deeay of
e 3 |

‘a state with definite :I"J" , the absence of any effect in the charged combi- |

nations strongly suggests I=0. A Breit-Wigner curve fitted to the data gives

M= 1280%40 MeV and T = 40z 10 MeV The resolution functlon for events in

the peak indicates that measurement errors are less than 10 MeV consequently,

the observed width probably approximates the true width, and decay occurs through
the strong 1nteractlons. 2 In this case there is no chanae in’ G parity during

decay.
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Possible spm-panty asslgnments may be mferred from the expemmental

decay correlatxons. In general we have G = (-1)'“'I

for a KR system with
relative angular momentum £, Consequently, Gis +1 (or -1) for the K1K. = oF
system if the state contains only even (odd) relatxve KK! angular momenta. » -

"Phenomenologlcal matrix elements rn‘ay be expressed in terms of the KK » |

_cer{te;r-of-rhass momenta, EK’ RK’ and ) with p = Ri{;’ RK- _The lowest-

. order terms foriJ €2 are summarlzed in Table II. 3 The features of the
matrix elements (in particular, the’zeros) are determined from the symmetries
implied by IGJP; strong interactions among particles in the final states can
result only in multlphcatwe functmns symmetric in p12< and pK-Z Angular
dlstrlbutlons in cosG =pR B, are evaluated in-the KK center of mass. For
comparison with the experlmental di_stributi_ons, the matrix elements have been
integrated over the mas;s‘ and width o.f.the reso_nanCe, keeping the appropriategt‘:'
variable fixed. | |

The observed distribution in cosf is plotted in Fig. 2a. To reduce
possible background, we have used only the 44 events produced at 1nc1dent
molmenta above 2.7 'BeV/c with 1260 (KK'rr) 1310 MeV. 4 The distribution
suggests no tendency towards a zero at elther cosf = 0 or =*1, consistent '
with 197F = 0%0", 0%1, 02" or 071", 072", The M(KR) distribution for
the same events is given in Fig. 2b. ‘The strong accumulation of events at
low M(KK) appears incompatibie with either the phase-space distribution
expected for JP' = 0" or the KK centrifugal barrier .~.'required,:.for -any. of
the G = -1 ma_trix _elements. Consequently, When fitted to the matrix ele-

G.P _ +,+

ments in Table II, the most likely assignments are I°J° =01 or ota”

(with a= 0).

To obtain a bEtter fit to the data we have examined possible modifi-

. cations of the matri . elements. Althoucrh the maximum effective mass for

the K‘n' system is only 785 MeV, all matrix elements were recalculated taking

-£
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into account the strong P-wave Km (K ) interaction. In general, this re-

sulted in a slight enhancement of the low KK region; calculated curves in-

cluding this effect are shown in Fig. 2 for 197F = 0*4* ana 071t

The matrix elements may be more drastlcally modified by inclusion

T

of a strong I=1 S-wave KK interaction. The existence of a strong

threshold KiKi enhancement is well known from studies of the reaction
T p -+ KiKin.s‘6

. . -..0 i i s ‘
in the associated K Kip events, it is important to note that the KK systems .

Although no analogous enhancement has been observed

appear to be produced in peripheral collisions involving pion exchange; conse-

quently only the sequence IGJP 0"'0+ 1+1', O+2+, +++ is copiously produced.

Alternatively, the K Kiw_ systems produced in annihilation of stopped anti-

. T .
‘protons have been studied by Armenteros et al.; in this case a strong peak is

}

observed in the region M(K K ) = 1020 MeV. These results suggest that

both the IGJP O+0+ and '1 Q KK systems interact strongly near threshold. 8

When such an effect is included in the matrz‘x elements for the IGJP O+

0,

0f1+, or 072" states, the calculated curves may_be brought into good agree-

" ment with the experimental distributions. e

We conclude that the neutral M(KKw) effective-mass distributions pro--
vide unambiguous evidence for the existence of a new I=0 unstable state (D

meson) at M = 1280 10 MeV with I' = 40 10 MeV. The data suggest
G.P _ ,+,t G.P _ -4t

ITJ" =01 or 0+2" if a strong I7J 0 KK interaction is mtroduced

the assignment IGJP = 070" also fits the observed KKn distributions. 9 ‘The

tentative assignment IG = oF implies the existence of the decays D - K1K1'n'

and D - K?_szo; the decay D = K,K,m is forbidden. In addition, decay

“into either 2w or 31r final states is forbxdden for the preferred assignments;

the decay D - mrh is allowed.

O
© oW
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This resolution is obtained bec:ause of the iow Q for events in the region
M(KKw) ~ 1280 MeV; in addition, all particles that comprise the neutral

KK syste@ are observed and measured. To check for systematic mass
shifts, we exam'ined tixe effective-mass idepgram for eaéllx momentum
interval separately; within statistics no mass shifts were observed.
Phenomenological matrix elementé for three-i)article systems -are: dis-.
cussed systemz.itically by C. Zemach, Phys. Rev. 133, B1202 (1964).
Events in the peak are produced over ?, large range of momentum transfer
to the neutron. .Since the relative phaég space available for low-mass 'KKn

systems is reduced at higher incident ‘7™~ momentum, background is re=-

~duced by rejecting events with p, < 2.7 BeV/c.

A. R. Erwin,‘ G. A, Hoyer, R. H. March, W, D. Walker, and T. P, '

‘Wangler, Phys. Rev. Letters 9, 34 (1962).

‘' G. Alexander, O.'l, Dahl, L. Jacobs,. G. R. Kalbfleisch, D. H. Miller,

A. Rittenberg, J. Schwartz, and G. A. Smith, Phys. Rev, Letters 9,
460 (1962). |

Since no effect was observed in the corresponding KiKifro events,

Armenteros et al. (reference 1) have suggested that the K*K1 peak

G.P _

has I = 174",

1", Inthis case, the peak represents a resonant state

. with allowed décay into .mr and, consequently, productionin 7 p inter-

actions. Although an anomalously small coupling to the wr system could

f

1
I
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“account for the abeence of th1s effect in p mteractxons, mtezl'pretatlen '
_,as ‘an. I '1 S-wave enhancement appears consistent with the pp data.
"Since both the I 0 and I=1 KK combmatlons contr1bute to the

KiKi'n'O events, the expected‘ -K1K1 enlfmanceme.nt may be_ reducect by a
 partial cancellation in the two stfb_nély interacting Skva.ves. ”

It is not possible to determine whether these. S-wave iﬁteractions

are strovng‘enoug}‘; to produce either an I= 0 or I= 1 bound state of the ..
type discussed by R. Dalitz, Phys. Rev. Letters 6, 239 (1964).
It is 1nterest1ng to note that should, the p0551b1e IGJP otqt .assignment.-
be ver1f1ed in subsequent experlments, a strong I=1 S-wave KK inter- E
actlon together with the P-wave _KTT interaction provxdes a possible
dynamical basis for such a’ st.ate.. An 1=0 KKr -"S}'j’istem requifes

1t

I=1 for all KK pairs; the .T‘p = cenﬁguratiox% permits the maximum

interaction in the K, Kw, and KK 'p.airs sitnultarieously. If the strong
KK interaction were in the 1+1' state (reference 7) this model wouJ..d“
lead to 2‘1 Of:l- KKwr state in complete enalogy with the w meson. The
observed decay correlations are in strong disa.greeme_nt with this as-
sumption, | |

The possibiiity that the D 'mesoln is part of an SU(3) octet may be con-
sidered. The A,(1080) remains the only IG-;- 1~ enhancement reported
in this mass region. Although there is little direct evidence that this
enhencement repre’sents a meson state with definite JP, use of the
'Gell-Mann-Okubo mass formule leads to the expectatien of an S=:1
state at ~ 1230 MeV. Whetherr,the Krr enhancement in this mess
region reportéd by Armenteros et al. (reference 1) ie to be identified

with such a state remains to be determined.

~\ ?
F g
% I
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Table I. Momentum distribution for final states
used in this analysis.
Momentum Interval (BeV/c)

Final state 1.8t02.7 2.7t03.3 3.8t043 1.8t04.3

' KRO™n 3 o137 77 245

K%kt | 8 116 ' 92 216

®%%%p 20 159 103 282

kO "n0p - o 15 429 60 204

kK% o 9 76 30 115

il




N
Ced0m - “UCRL-16095

Table II. LbWes_t-order decay matrix elements ffor the KK system,
neglecting effects other than centrifugal barriers; p is the relative .-

KK momentum and p. “the pion momentum. Ahgular correlations

are calculated in the KR center of mass, where cos§ = p*

£’ Bn
JP G = +1 ‘ _ | G= -1
0" - : 1 o , p‘?v'pﬂ_2 cosze
LR Pr R P
1= o .p‘_}pﬂ.‘}sinzecosze - pzpﬂ_'?‘sin2 6-
2t p%pn_z sinze o o 'pzp“g‘ sinze. |
S T Lo
2= - al%e# |p|%p, o I
| -I-,'Réfa*b pzpv2(3¢6526—1)_ B pzp“-,'z(1+ é—cosze) i
¥
|
. t
Il
.
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FIGURE LEGENDS
Fig. 1. I:;.f'fectivg‘mass distributions for the cimarged and neutral KR combi-
" nations. To iliustrate the difference in structure,'eve.nts with = M(KK) < 1.1
W . ~BeV are §hown separately in the shaded areas.
| Fig. 2 .(a) Angular correlation for neutral KKm combinations in the mass |
_interval 1260 to 1310 MeV; (b) the KK effective-mass distribution
for the same events. The c_alculé.ted curves represent the expected
- correlations for (1) phase épace, (2)'.31'.G.]'P ='O+1+; and (3) IGJP = 0"1+.
| In (2) and (3).'the effects of the strong p-wave Krw interaction have |

|

- been taken into account.’ See text for details.
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w4 p—=K{+ R+ morp
—=K+K™+ 70 +p

(a)

=+ p —= K+ K+ w*+n

— K"+ K{+ 7-+n
(p) . 46levents
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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