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We present evidence for Kf(lZSO) resonance production in K%p
interactions at 9 BeV/c. We observe that the large Knx mass
enhancement in the region 1.1 to 1.5 BeV probably consists of three
resonances at the observed masses 1.25, 1.36, and 1.42 BeV

above a broad background due primarily to diffraction

dissociation.

The Knw mass enhancement in the region 1.1 to 1.5 BeV has been a
phenomenon of great interest and much inves‘c,igza.tion.l_7 It has been
suggested in an ééfiier communication that the complex structure in this
enhancement observed in Kfp interactions at 4.6 BeV/c consists of at least
two resonsnces, K'(1320) and K'(1420), on top of a broad kinematical back
ground prodﬁced via the Deck mecha.nism.8 In this letter we wish to present,
as preliminary results of a study of K%p interactions at 9 BeV/c, evidence
for the existence of a resonance at 1250 MeV in addition to Kf(l320) and
K*(lhzo). This resonance may be the same effect as the C meson Obsefved
9,10

in pp annihilations at rest. The production rates of these resonances

depend sensitively on the momentum transfer to the recoil proton in such a
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way that the resonance effects are partially separated from the background‘
events and partly ffom'éach‘other.fbr different regions of momentum transfer.
In our data the observedvmassés.éf thevthree resonances are 1250, 1360, and
1420 MeV, and full widths at half maximum are 60, 80, and 80 MeV respectively.
We also_speculate that the apparent masses and widths of the peaks depend
on the ihtérference'effects between reéonances‘of the same spin~parity and
possibly with coherent background. Details of an investigation into such
effects are described in the foilowing letterall

Our experiment was carried out in the Brookhaven National Laboratory's
80—inch hydrogen bubble chamber, which was exposed to a 9—BeV/c rf—-separated
K# beam at the Alternating Gradient Synchrotfpn (AGS). The measurement was
performed with the Lawrence Radiation Laboratqry's Flying Spot Digitizef
(FSD), and the geometric reconstructioﬁ and kinematicél fitting were

121k The béam momentum at the

accomplished with the program TGVP—SQUAW.
entrance of the chamber 1s 8950+65 MeV/c, and fhe upper limit on the pion
contamination is 1.3%.%”

In the investigation of the Kmnn system, we have studied primari;y

the reactions. |
Kﬁp-»vK+ﬁ_ﬂ+p, 2572 events;, (1)
K#p - Konon+p, : 416 events. (2)

Events have been identified in a computer program utilizing FSD
ionization measurements in addition to the kinematical fitting confidence
criterion.:L6 The present_sample is based upon measurements of 3% 000 _
four=pronged events and 6000 two—pronged events with vee. A comparison
with visgalvidgntification indi;ates maximum possible misidentification

of 3% for reactions (1) and (2), As an illustration of the reliability
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of our identification of events and the mass resoluﬁion, we show in Fig. la
the n+ﬁ—ﬂ° mass spectrum in 20-MeV intervals for events of the reaction
K#p - K&ﬂ+ﬂ_ﬂop, 2196 events. (3)

We find that the w meson is clearly observed at 788+5 MeV. The
observed experimental width of the w meson is approximately 35 MeV; the
shaded area corresponds to the distribution after events in the N*++ band
(1.16 Bev < M(pn+) < 1.32 BeV) have been removed.17 The typical erroré of
the Knn mass in the mass region 1.1 to 1.5 BeV are 7 MeV for four—constraint-
fit events of reaction (l) and 15 MeV for one—constraint—fit events of reaction
(2).

In Fig. 1b we show in intervals of 40 MeV the mass distribution of
the positively charged Knn system for all events in reactions (1) and (2).
The principal feature of this distribution is the broad enhancement in
the mass region 1.l to 1.5 BeV. This enhancement corresponds toc a cross
section of 0.3%0.1 um.lB We wish to point out here that a second enhance—
ment is also observed in the mass region 1.60 to 1.76 BeV which is probably
the same effect as the L meson.l9

In Fig. 2a we show the Knn mass distribution for events of reactions

+ o
(1) and (2) combined, with the mass of the K x pair for reaction (1) and

either of the Kn pairs for reaction (2) in the K%(890) mass band or the nx
mass in the p-meson mass band.zo In this graph the events in the N*++
band have been removed from the sample. Two mass peaks centered at 1250
and 1400 MeV above a broad background can be clearly distinguished. These
two penks are well resolved by o 60-MeV—wide dip of ubout 3.2 standard
deviations, and are respectively 7 and 6 standard deviation effects above

background.
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We have further observed that the Kmnw mass distribution appears to be

a sensitive function of the momentum transfer to the recoil proton. This

-—

feature is illustrated in Figs. 2b-d. For events with very small momentum
t?ansfer to the proton, Ai < 0.1 (BgV/c)z, we observe only one wide peak W
with no significant structure, as shown in Fig. 2b. This may be interpreted
primarily as a kinematical peak or a nonresonant state produced.via diffraction
dissoc::i.afr,ion.Zl—'23 For events with 0.1 < A; < 0.3 (BeV/c)2 there are two
distinct peaks above a somewhat reduced background, as shown in Fig. zc;
these we interpret as Kf(1250) and Kf(l320). The K%(lAZO) production seems
to have a A; distribution somewhat wider than those of the K (1250) and
x*(1320). After we have removed the major part of the Kf(125o) and Kf(13zo)
and fhe diffraction bgckground, which are associated with small momentum
transfer, by selecting events with A; > 0.3 (BeV/c)z, the Kf(l#ZO) appears
clearly above background in the shaded histogram in Fig. 2d. Although the
K*(i320) and K#(lMZO) separation depends very much on the difference between
theif prodﬁction differential cross sections, the K%(lZSO) is well resolved
from the rest by a valley of 3.3 standard deviations.for events with A; 2 0.1
(BeV/c)z, as shown in Fig. 2d.

In accordance with the foregoing discussion we therefore conjecture
that the large Knx mass enhancement in the region 1.1 to 1.5 BeV consists

of at least four effects with different momentum—transfer dependence: a

broad background peak due to diffraction dissociation, and three distinct il
resonances. The apparent resonance parameters observed in our experiment %ﬁ
are
* . *
M[K (1250)] = 125010 MeV, I'[K (1250)] = 50%20 MeV;
* L%
MIK (1320)] = 1360210 MeV, T'[K (1320)] = 80%20 MeV;
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* ¥ -
MK (1420)] = 1420#10 MeV, T'[K (1420)] = 80£20 MeV.
As may be noted, the observed maésll360 MeV is higher than that reported

*
earlier for the K (1320).8’24

We emphasize here that the true parameters
of these resonances may depend sensitively on the interference effects
among the resonances as well as upon the coherent background, and may be
shifted from the values we have observed in the experiment presented here.ll
In FPig. 3 we show the decay properties of the Knn system as a function
of the Knnt mass for five mass regions defined as (I) 1000MeV S M(Knn) < 1180
MeV, (II) 1180 MeV< M(Kﬂn)<1280 MeV, (III) 1300 MeVS M(Knn)< 1400 MeV,
(IV) 1420 MeV<M(Knxt)S 1500 MeV, and (V) 1600 MeVS M(Knx)S 1760 MeV. Regions
II, III, and IV correspond to £he (1250), (1360), and (1420) mass bands
respectively. Region I is the control region below the 1250 peak and
region V corresponds to the L meson mass region. The top two rows of five
histograms each of Fig. 3 show respectively the mass distributions of (Kn)©®
and nx systems. As may bé noted the main decay mode of the K#(lZSO) and
K%(l320)'resonances is Kf(890) + 5; however, the p + K decay mode is clearly
present. The shaded histograms in the M(sn) distributions in Figs. 3b
correspond to events.in the K%o(890) band. We have also studied the five—
pgrticle final state K&n+ﬁ—ﬂop and found no evidence for the Kw decay mode
of the K3(1320).
Since the major decay channel of K%(lZSO) and K#(l320) is Kf(89o)+ﬂ,
we study the Kf(890)+ﬂ system in the hope that interference effects with
the p*+K channel are small. As shown in Fig. 3c, the distributions of
)o

the Kit scuttering angle in the (kn)~ rest frame, cosqQ, indicate that for

% ‘
regions II and III the spin of K (890) is aligned in such a way that the
25

z component along the incident direction is zero. This alignment is
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consistent with the interpretation that the K*(lzso) and K*(J.gzo) resonances
are of JP = l+, are produced by Pomeranchuk exchange, and decay mainly by
s wave into Kf(89o) + 5, Here we note that the same alignment is also
expected for the background that is due to the Deck mechani;m. The decay \f
angular distributions of cos6, where 6 is the angle between the odd ﬂ+ and
the incident K+ in the Kin rest frame, are largely isotropic, consistent
with s wave, with possibly a small amount of d wave contribution for regions
IT and III, as shown in Figs. 3d. From the evidence of low decay branching
ratio into Kn for the enhancement in the mass region 1.1 to 1.4 BeV, the
JF assignment is not likely to be l—ar2+.26 Figures 3e shoﬁ the Kf(890)
decay angular distributién of cosg, where £ is the K#(890) decay angle
with respect to the édd—pipn direction in the Kf(890) rest frame. The
distributions in regions II and III are isotropic, which implies the
JP =0 assignmeht is unlikely, since it would predict a coszg distribution.
Thus the likely JF assignments for the K*(lzso) and K*(13zo) are 17 or 2"
Although 2~ can not be excluded, our data favor the assignment of l+ for
both the K*(125o) and K (1320) resonances.
We thank R. Shutt and the staff of the 80-Inch Bubble Chamber and
H. Foelsche and the AGS Staff for helping with our exposure. We thank
H. White and the FSD Staff for their assistance in measuring the film.
We also thank R. W. Bland, J. A. Kadyk and G. H. Trilling for important
contributions_in the earlier stages of the experiment. Finally we acknow— o4
ledge the valugble support given by our programming and scanning staff, in‘ ’ b)

particular D. Armstrong and E. R. Burns.
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The projected measured bubble density of the track with proton inter—
pretation is compared with that expected in all views. Tracks with
interpretatidhs'other than proton are not used, since at our incident
energy the K,n ambiguity is in most cases difficult to resolve.

This reaction actually represents a more difficult problem in the
selection of a fit of the correct hypothesis than reaction (1) for
the same amount of ionization information, because the kinematical
fitting criterion for one—constraint fit is not so discriminative as
thaﬁ_for four—constraint fiﬁ.

This enhancement:wasvcalledﬁthe Q effédt by the authors of Ref. 2.
The quoted cross.section, referring to theveﬁhanéementfwitth*f+“removed,
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The K5(890) mass band is defined from 860 to 940 MeV, whereas the
p~meson band is defined from 650 to 850 MeV.
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652 (1956), M. Ross and L. Stodolsky, Phys. Rev. ;gggL 1172 (1966);
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Here it must be noted that the interference effects may depend upon
A;, therefore the nature of this wide peak at low 4; may be more
complicated.

To aVoid confusion in nomenclature we refer to the peak observed here

*
at 1360 MeV as the K (1320).

+

+ + :
It was observed in the study of K p » Kon'n p at 4.6 BeV/c (Ref. 8)

(@)

that the Kf(l320) resonance was mainly associated with the equatorial
region of cost. That observation is quite contrary to our dgté at 9
BeV/c, which indicate that both the Kf(125o) and K%(l320) have cosa
shape distributions in the Kx scattering angle. One possible
explanation for this difference is that the production mechanisms

of the K#(lZSO) and K*(l320) may be a sensitive function of incident
energy, giving rise to different decay angular distributions. This
can also give rise to the energy dependence of the phase between the

two resonance amplitudes, as described in Ref. 11l. Without invoking
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tﬁé iﬁterférénce be#ﬁgen.tﬁéseltwo resoﬁances, it is.difficul£ to
accbuptﬁfbr all the_difféféﬁt observations by Various'experimentgl
groups at différent incidént-momenta and the fact.that the K#(lESO)
production rises extremelyvslowly with incidént momentum far above
1ts kinematical production threshold.

+ +
From our preliminary data on the reaction K p *‘Koﬂ p we observe

* * . +
no evidence that the K (1250) and K (1320) decay into K°x .
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FIGURE CAPTIONS

. :
(a) M(xw x ﬂo) distribution in 20-MeV intervals for reaction
+ At -
K#p - Knx nop.
. :
(b) M(Km) distribution in 4O-MeV intervals for reactions
+ 06+ . . .
Kp~-= Knx p. The shaded histograms correspond to the
Hooe
same distributions with events in the N band removed.
+ ' *
M(Knx) Qistributions for events in the p meson or K (890)

. * e 2 2
bands with N band removed for (a) all Ab, (b) Ab < 0.1

(Bev/c)Z, (c) 0.1 = Ag < 0.3 (Bev/c)?, and (a) A; > 0.1 (BeV/e)Z,
and the shaded histogram in (d) for Ag 2 0.3 (BeV/e)?. The

.
shaded area in (a) represents our estimate of the K  and Kp
N .
decay modes of the K (1420).
The decay properties of the Knn system shown for five Kzt mass
Fotte
regions I — V with N band removed: (a) M(Kn)®, (b) M(xx),
*
the shaded histograms for events in the K “(890) band and for
%0
K (890) events, (c) cos®, where & is the angle between the
+
outgoing K and the incident K in the (Kn)® rest frame, (d)
- + +
cos@, where 6 is the angle between the odd ® and the K in
3
the (Knx) rest frame, and (&) cost, where £ is the angle
. .
between the outgoing K and the K O(890) flight direction in the

*
K °(890) rest frame.



Events / 0.02 BeV

Events / 0.04 BeV

-12- -

UCRL-17722

Fig. 1

{
i T ! | ’ ' &
80 ) K'p— «twtw-mwep 2196 events 9 Bev/c T
(@) , .
it
3 AN* Y out, 1575 events ] v
60t -
401 ” | -
’ 1l
K *s :
izl
' H Nt |
/ 7 Al 1
| | // D 1 aba
1.2 1.6 20 24 28
M{rtr-me) (BeV) '
| T - |
120l (b] K'p —KE 7S+ p 9BeV/c N
‘ 2988 events
5 EAN***out, 1946 events i
80§~ ]
40 ]
i .
0 } /. '
08 1.6 2.4 3.2 (j'
M(Krw) (BeV)

XBLETT - 36682



Events / 0.02 BeV

-13- UCRL-17722

K+p —-’Kt'rra'rr*’p

p or K*(890) in N*out

60 -
(a) 1058 events i
I
40 ]
20}~ -
0, + } } !""'JLLH.II
3
201~
(b) A% < Qi (Bev/)®
308 events 4
10+ .
| i |
0 } } hﬂl‘mﬂ'\f‘] 4 " N
' |
20l- (c) 0.1 4% <03(Bev/c)? i
423 events
10f-
L 1
(0} } L " ! gﬁqﬂnnj 4 |
301 ' 3
i 22,2 0.1 (Bev/c)?
(d) 750 events 1
@ A2 2 0.3 (Bev/c)?
20}~ P 327 events ™
|
10 -
%
f7 o
afl &7 /f/{i/. M A s ; :
10 1.9 .8 2.2 26

M(Krm)*  (Bev)

XBL677-3659

Fig. 2



Number of events

Events / 0.04 BeV

-14- UCRL=17722

K*p — T wtp
I I I nr h'A L/
£ A2 e
gof @ L B -
102 233 232 151 213 events ‘)
3
a0f- T + T + -
J |
O } ! | | | S
06 10 06 10 06 10 06 0 06 10 14
M(Kn)° (BeV)
T T T T S T 7 f
| (b) A «*%890) in
]
A w24 s ﬁ onplp Ry
04 08 04 08 04 08 04 08 04 08 12
M{rr) (BeV)
Yo N e
{c) :
K*° (8901, o, Ki';c/ pal K* (890) in, N*** out
49 130 123 71 52 events
20} - -
) Ty
-|Cos
(d) (Kww) : v
c.m. | Kinc < 59 _
| s
2OF- LJJ_ULWFK t8%0) B
o"‘lﬁﬁf’l . ‘ ‘ 1
(e) Cos 8
K
K*° (890 Z K 4&. e
201 - - |
! her\‘lrrl‘\‘L

O

-l 0 -l 0 141 0 |
Cos ¢

£77 3660
Fig. 3



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

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.






