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ABSTRACT

It is suggested that the broad K;':(89O)1r enhancement from 41.15

to 1,55 BeV is a complex phenomenon consisting of at least three parts:

kinematic enhancement via the Deck mechanism, a possible new Kzl:
resonance at 1320 MeV, and an alternate decay mode of the K" (1430).
It is further speculated that the Ay ,K;s'(1320), D and E mesons c¢ould

be the members of a nonet.
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: 'Evidénce for 2 K*(_1320) ResonanceT

Benjamin C. Shen, Ian Butterworth, k! Chumin Fu,

Gerson Goldhaber, Sulamith Goldhaber, ™™ and George 1. Trilling

Department of Physiés and Lawrence Radiation Laboratory
University of California; Berkeley, California
July 18, 1966
In a study of the reactions:
K'p = Konn p I
K+p - K+'n'-~.r+p ‘ | (2)

at 4.6 BeV/c, we find that the K*(Sg(})ﬁ erﬂléncementi_s in the mass re-

.gion .15 to 4.55 BeV is a complex phenomenon with definite structure

prebaily consisting of at least three distinct effects:
(a) a broad kinematic enhancement (e.g., Deck effect).b
)] indications of a new resonance - K (1320) - K (890)+ v or
p+ K
(c) an alternate decay mode of the K (%4430) resonance into
K (890) + .
' . . ' 2,3 .
In our preliminary data for this phenomenon we found all the

ear marks of a kinematic enhancement, i.e., (i) alignment of the K (as
expected for one-pion exchange), ‘ (ii} isotrepy of the Treiman-Yang

‘ £ A . . < . ‘
angle at the X vertex, (iii) '"marrow! A7 (K ) distribution, and (iv) angu-
, . : + . )
lar distribution at the nucleon vertex consistent with elastic 7w p scattering.

However, with improved statistics we have established a sharp and dis-

“tinct peak at M(Kzs,w) = 1320410 MeV, I’ = 80%20 MeV which appears too

narrow and too far off the leading edge of the enhancement to be caused

by the Deck effect.. Furthermore, _We find by confining ourselves to

. E3 . s )
narrow X w mass bands that the alignment of the K changes distinctly

and that the AZ(Kzf) distribution broadens considerably as the K'w mass
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traverses the *'1320:—Mé_’\[ﬁ regioﬁ. We also find that a co‘nsiderable

fraction of the 1V3ZO—MeV».péak ténds to decay into Kr m ina configura-
tion such that the. K and L form a K:?, while L and ™ form a p; The ques- ~'  ‘
tion whefher the ”K*('132_0) ﬁhehomenon” is a kinematic enhancement or |

meson is thus resolved in that both features appear to be present. By

comparison with the reaction
kP - Kov+p, ._ (3
we find that our observed ratio |
R = [K*(1430) - K*(890) + n]/[K"(1430) ~ K + ] (4)

is coﬁsistent with the value R = 0.6 predicted by Glashow and Socolow. 8

Our experiment was carried out in the B_rookhaven National
Laboratory's 80-in. bubble chamber exposed to a 4.6-BeV/c separated
K+ beam at the A. 'C;:.'S. The analysis was carried out primarily with mthe.,
‘Lawrence Radiation Laboratory's Flying S;;ot Digitizer b_(FSD)‘. 1

We have apalyzed 669 events of reaction (1), 2324 events of
" reaction (2), and 429 events of‘reaction (3), as well as 150 events of the
reaction | _ ‘

K+p -»*.Kuv+1r+n‘.v ) : - (5)

‘Reactions (1), (2), and (3) all lead to K*(890) and K’ (1430) production,
Figure 1 shows the triangle plot for reaction (2) as well as the Kr mass -
projections for reactions (2) and (3). In Fig.VZ we show tl;e K*v mass
distrib'utivon in 20-MeV intervals for reactions (1) and (2) combined., Here
the appropriate N* was removed in each case. 9 Two distinct mass peaks
centeréd at 1320 and 1430 MeV on top of a broad enhancement can be
‘clearly distinguished. The shaded region corresponds to the estimated

% "3
contribution from the K (1430) resonance, 10 The number of K’ (1430)

events decaying via the K m mode were estimated from our observed
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* (1430) production rate in reaction {3) and the ratio (4) by use of the

appropriate Clebsch-Gordan coefficients. The curve shown in ig. 2

[

corresponds to the calculations by Maor and O'Halloran for the Deck

s 11 . . .
mechanism, The curve is normalized to the experimental he

ot

a

vy
5
[

gh

aba
o

122G MeV - the computed position of the kinematic peak in the K w mass

distribution. It is noteworthy that this kinematic mass peak lies abeut

400 MeV below our cbserved peak at 1320 MeV., Figure 3,a and b gives

the same distribution for reactions (1) and (2) separately. In Fig. 3,c¢

' % . . .
and ¢ we illustrate another feature of the K (1320) peak., Here in Fig.

i
3¢ we have taken out the p band [M{rn) = 685 to 840 MeV]. As may

o . et S
be notec, the K (i320) peak nearly disappears in this case. Figure 3d

shows the complementary information corresponding to the selection of

events in the p band which then gives a strong K (1320) peak. This

evidence suggests that the X {4320} peak has a decay mechanism leading

to a large extent tc both K*+-,; and p‘f:'K in the final state. At first sight
this result makes it’temptingvto cr.;nsider the K*(1320) as a conseqdence
of simultaneous K* and p formation, Howevér on a more careful
consideration of the range of Krr masses that can be formed, there is

no obvious reason why this type of phenomenon should give rise to such

a sharp peak in the Knr systemﬁ We are thus inclined to consider our

.result as evidence for a resonance, with the simultaneous K and p

- formation a consequence of either constructive interference between

the two decay channels or final-state interaction among the three bosons.
This feature is very reminiscent of the proponderance of double-K"
formation in the decay of the E(1420) meson to KK, 13 although in that

instance the situation is complicated by the presence of a KK en-~

hancement, -

.
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A further propeft};.éf the iK‘*(i 320) peak 1s illustrated in Fig.
3,e and.f.' Hé’ré we made use of the K* alignmen‘c expected for the Deck
mechanism to partially separaté it from th.e K*(1320) peak. Let us
cqnsidér the Kr scattering angle K in the K* center of mass. Align-

‘ # . ey s
ment of the K " on the OPE model corresponds to an angular distribution

of the form cosZaKK.' ‘Thus to select events corresponding preferentially

.

to the Deck effect, we consider the K m mass distribution for the "polar!

events, i,e., with the restriction COSQprre =0.8. This gives a sample

containing ~1/2 of these events, Similarly the restriction COSQyrpr <0.8

. ' . 1
which selects the "equatorial' events gives a sample depleted, by a factor

“of ~ 2, of events éorresponding to the Deck effect, Figure 3, eand f

Pd

shows the K w mass distribution with the above two complementary

restrictions imposed. The curves are the same as that in Fig. 2 with

only the factor 1/2 in the normalization. As may be noted B_y comparisoh _

\yith the calculated curves, the events in Fig, 3e correspond primarily to
the Deck effect, while Fig, 3f shows the K*(1320) above a considerably
reduced backg.round.”‘ T.he applicability of such a partial separation
depends of courée on differences in the * aiignme_nt for the gwo_ effects
consider_ed. That such differences indeed exist is illustrated in Fig." 4a,
where we show the distribution in 'coso.KK for various cuts in the K*T\’
mass, Asvmay be noted the two intervais with mass below the K*(.13ZO)
band show a strong cos,zo. component conéistenﬁ with the kinematic en;
hancement hypothesis, The character of the distribution chang.es dis-
tinctly as we reach the K*(1320) band. This is also true of the corre-
sponding AZ(K*) distribution shown in Fig, 4b. In Fig. 4c we show the
AZ(p)[: AZ(K:::w)]distribution.' As may be noted this distribution peaks at

low AZ values in the region of the 1320 MeV mass band,
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To obtain information on the I spin of the K"‘(iSZO), we have
looked for a K’ +1r+ enhancement in reaction (5}, No such enhancement
e
cceurs in the 1320 MeV mass band. 14_ This indicates that K (1320} is a .
+

%
= 1/2. state. We have also looked for the K (1320) decay intc K +w.

foars - . s .. +4
For the ratz of this decay mode, we find a limit of 6 6 % of that cf the

K v decay mode.

Having established the above factual features we now indulge in
soma pure speculations. In view of the similarity between the phenomena
observed here and the A'l’ AZ phenomena, it is tempting to interpret the

i5 j %
A, also as a resonance = belonging to the same SU(3) octet as the K (41320).

The building up of a new nonet around the A, has been very

populnr during the past two years, and we do not attempt to refer here to

all the papers on this subject. Applving the Gell-Mann«Okubo formula in

7 IR/ % .
the mass-sqgired form to the A1 and X (1320) gives a mass for the

iéotopic singlet member of the octet of M_ = 1390 MeV., Our association

8

of the K":(1320) rather than C (41245) with the A1 has the merit that the
b .

Ay and K (4320) are produced in the same pseudoscalar + baryon -

A, nonet + baryon reaction, while 'C (1215) has been observed only in

43,17

pp annihilations at rest. 16 The D(iZSé)il and E(1420) - could then

conceivably be the two isotopic singlets that cornplete the Ai nonet, Both

of these are produced via pseudoscalar + baryon reacticns as well as in

pp annihilations, If we accept this hypothesis, it gives a mixing angle
for the two singlets of 6 = 28 +8 deg. Following the procedure of
Glashow and Socolow, 8 we can compute thé expected decay rates for the
vavriou.s members of the postulated Ai nonet assuming a dgcay into |

vector + pseudoscalar, The resulting de'cay widths are given in Table I.
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" As to the spin-parity value for the A nonet, we have no new informa-.
tion at present, The values 1% anda possibly 2" have been most often
considered and are consistent with the available data. The decay widths

in Table I have been computed for a phase space of the form p/MZ,

which implies én s-wave decay} for the A1 nonet, i.e., JP = :l+.

There is one flaw in this argument, namely, the D mass lies
below .threshold for decay into KJ’K Thus the simple phase space form
we have used is not applica‘ble to the D meson. To account for the ob-

" served D decay width - if it is indeed as broad as stated - one §vou1d
have to invoke ti1e presence of SU(3) breaking effects, némeiy the KK
interaction for which evidence exists in the D and E meson decays.

- We wish to thank. R. Shutt and the 80-in. bubble chamber crew
' at Brookhaven National Laboratory; the AGS crew and D, Rahm for
heiping with our run at Brookhaven; the FSD crewAunder H, S. White
and our own scanning and computing staff at Berkeley; and J. Dash,

S. 'Hagopian, and W, S, Little, who participated in various stages of the

experiment, We also wish to thank H, J. Lipkin and S, Meshkov for

helpful discussions.,
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Note however that in a seminar presented at the Latin-American
School of Physics, Caracas, Venezuela, July 1966, C. Sommerfield
reported on work by F. S. Chen-Cheung and himself on calculations of

overlapping resonances in the Lee model. This work shows that - at

least in the framework of the Lee model - two.such overlapping

‘resonance bands can give rise to a kinematic enhancement in the three

particle s_'ystem withouf actually producing a three particle resonance. .

It is not clear at present how this effect might translate into a realistic
physical situation. On the cther hand C. Schmid (CALT 68-85 .—-- un-
published) has shown that triangle dia;grams c01-re§pondi11g to over-
lappiﬁg resonances do not produce an enhancement in the three particle
éystem. This is based on the {act that the triangle diagram interferes: |
destructively with the corresponding diagram without rescattering.

R. Armenter'os, D. N. Edwards, T. Jacobsen, L. Montanet, J. Vander -~
meulen, C. D'Andlau, A, Astier, P. Baillon, J. Cohen-Ganouna,

C. Defoix, J. Siaud, and P. Rivet, CERN preprint (1965).

For a T = 3/2 state we would expect a peak of ~ 100 events in the

K* -rr+ mass range 4,28 to 1,36 BeV. Experimentally we observe ~ 2 events.

We are thus speculating here that the A, also consists of a sharp

1

bona fide resonance peak sitting on a broad background due to the

ats
S

Deck effect, The difference between the X (41320) and the case of

the A, is that the A

1 4 peak {it it is indeed a meson) is sitting right on

top of the peak in the broader distribution due to the Deck mechanism.

It is this feature of the presence of a peak in the kinematic enhance-

ment as well as a rescnance at the same mass which has made

interpretation of the A, phenomenon so complicated,
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Table I.. Decay rates via vector plus pseudoscalar mesons for the

A nonet hypothesized in the text.
2
Resonance Decay Experimental Matrix P/M”  Predicted
mode decay rate. I'  element r
(MeV) ' : . (MeV)
. a 2 ..
_ffxi(.aO_SO) : pT ~ 425 4 0.205 . i&i input
_e ) hH 2 o
K i.320) K T,—\ . 8020 1.5H 0.193 44
rK f 1,5H° 0,41 - 26
4D 2 C
ok 6té 1.5sin 8,1H 0.089 9
D(1286) &*I—-{Z”d 40102 6szn20'—.2 _.id é
£(4420) KR 60240% 6cos0H’ 0.076  56°

a, From compilétion by Roscnfeld et al., reference 18.

b. This experiment,

c. The w-¢ mixing angle, Qi’ is taken to be 40 deg.

d.” The D mass lies below threshold for VK*K prodﬁctioh. | The simple
phase-space estimate is thus not applicable.

e. A mixing angle of ~ 20 deg is obtained by using the Gell-Mann-OQkubo

formula linear in mass. This value of the mixing angle predicts a

~decay rate of ~ 60 MeV for E — K'R.
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FIGURE LEGENDS
o, , ' ' + - |
Fig. 1.(a) Triangle plot of M(n p) vs M(K = ) for the reaction
K p— K+'n' T p.' The two bands correspond to the K:‘:O.(S‘?O) and

N:‘+ (‘236) (b) The projections in M(KTTT—).'_ _Thé hatchedéhistogram .

. correspond‘s to events in the N*_'L+ band. (c»)A NI(KOTT+') distribution
 for fhe reaction K+p - I;IOerp.’ The s-‘haded histogram cor"r‘esponds
‘to events__éutside the '1\'?*4"!~ band.‘
Fig'." 2, Invarianf mass‘ distribution of ‘M(lK*‘rr) in '_ZO—M‘eV‘ intervals
for eventvs' in thefre'actions K+p - K%T!‘-TT-{—p and K+p - Kowoﬁfp with
: K* selected but complementarv N* feméveé . v."The éﬁrve is the
. comrlbutlon due to Deck mechamsm, normahzed to our data.
F.ig." 3. {a) and (b) (K TT) dlstrlbu’clons in 40- ’vIeV 1ntervals fo Lhe
B aboire reactions separately. _(cv) and‘(d) M(K-r,.) dlstubutlcms for
, ’events outside the N-.*.band with M_(-.ﬁr) respectlvely outside. and
iﬁside the p band. The shaded histograms correspond to events ‘
- with K selection in addition. (e) and (f) M(K =) distribution for K

" events outside the N:': band with icosaKK[ > 0.8 and [cosa i < 0.8

respectiveiy. The curves correspond to the curve in Fig. 2 'reduced by a

factor of 2. The arrows in this flgure indicate 41320 MeV and 1430 MeV

_ respectlvely. . e _ 5
Fig. 4. For various mass reglo'ls of K'ras spcc:1f1ed (a) the distribution

of COSar e

transfer to the K ; {c¢) distr_ibution of the momentum-transier to the

in the h rest frame; (b) distribution of the momentum "

ats

K sy'stem. v ' .
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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 dny 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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