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EVIDENCE FOR A NARROW Ky RESONANCE AT 1250 MeV"
A. Firestone, G. Goldhaber, and D. Lissauer

Department of Physics and Lawrence. Radiation Laboratory
Unlver51ty of Callfornla, Berkeley, Callfornla 94720

August.25} 1970
'ABSTRACT
We'present evidence for the existence of a K§(1250) resonance
of mass M = 124745 MeV and width T = 20f2 MeV, seen in the reac-
+ + - ' ’ ‘
tion K.n'—%'K+u p at 12 GeV/c. The resonmance is most probably

produced by pseudoscalar exchange, and its spin parity is either

| JP = or. JP

We have studied the reaction K+n‘—> K+n-p in a lQ—GeV/c K+-deuterium

» experlment in the SLAC 82 inch bubble chamber. In addition to the well-
establlshed K (890) and K (lhEO) resonances, we observe a narrow KN (N refers
"to normal spin parlty) resonance at M = 12475 MeV and T = 20_2 MeV. This .
.resonance is produced primarily in the low momentum transfer region most probably
via pseudoscalar exchange, and its spin parity is either JP = O+ or‘ JP =
tA'K% resonance_at thie mass has been reported in a compilation by W. P. Dodd
.et al.l, however, their quoted width is 70 MeV, which is significantly broader
than the w1dth observed in thlS experlment. In addltlon, at large momentum |
_-transfers, we also observe some structure in the reéion 1GeV < M(K'n) < 1-2:
”GeVi EV1dence for two enhancements in thls reglon ‘have been reported: a K. (1080)

f

" (Ref. 2) and a X (1160) (Ref. 3). However, the statlstlcal 81gn1flcance of .
any peaks,in that'region is marginal in the sample analyzed to date in this

experiment.-
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The SLAC 82-1nch bubble chamber was exposed to an rf—separated 12~ GeV/c‘
K+'meson beam. Resolutlon in the beam momentum to w1th1n Ap/p =* 0.2% isd
achleved by us1ng the known correlatlon between beam momentum and transverse
’pos1tlon in the bubble chamber.% Through the use of a gas Cerenkov»counter,
pion contamlnatlon in the beam is reduced essentially to zero. .0On the awerage“
elght K mesons Were 1ncident in the chamber per pulse. The bubble chamberA‘
was filled with deuterlum, but there vas a hydrogen contamination of 4.5%.
Approximately SOO 000 exposures were taken, of which about 60% have been analyzed‘

5

-to date. The experlmental detalls have been reported prev1ously in a study
of the'elastlc charge exchange reaction K n - K° p. _In the present work we
report.on the charge exchange'reaction Kn - K+ﬁ-p.

' The film has been scanned fbr all events whichbhave»three—prong or four-
prong t0pologies. In additlon, all measured four—prongs were required to have
' at least one track whlch stops in the bubble chamber. The  events were measured
jon the LRL Flying-Spot Digitizer, and were reconstructed and klnematlcally fltted
liln the program SIOUX For those events with 1nv1s1ble spectators (three prongs),'
the spectator was as31gned a momentum of zero with errors Ap Ap 30: |
MeV/c, and Ap t 40 MeV/c. All events of both topologies whlch fit the =
foureconstraint‘hypothesis, K%d - K+n-pp, with X2 probability'greater than;'4
0.1% were accepted as this hypothesis.’ |

In the reaction K 4 - K Tt pp, it is assumed that the slower proton in :

the laboratory system is the spectator and the faster proton is the rec0111ng :
partlcle. If this choice is made, then the slower proton has a momentum distrl-
#bution in agreement with that expected from the Hulthén wave function for
'momenta less than 300 MeV/c. For the‘subsequent analysis only events with V

P < 300 MeV/c are accepted. There are 4260 such events, of which 67%

spect

are three-prongs and 33% are four-prongs.
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The total cross section for the reaction 'Kfn - K#n—p has been calcu- -
lated to be 39918 ub5 This cross section has heen determined by normalization
to the Welléknown K+d total cross section at 12 GeV/c, and has heen corrected
for the folibwing effectsfv (1) the topological dependence of scanning effi-
‘ciencies, (2) mea surement eff1c1enc1es, (3) hydrogen contamlnatlon in the |
_ bubble chamber, and (4) the suppre581on of events in the very small momentum :
-transfer reglon due to the Pauli exclusion prlnclple in the final state. No
correction has been made for. the Glauber-Wllkin screenlng effect whlch is
expected to be small. The quoted error reflects statlstlcal uncertalntles
only.

Flgure 1 shows the Dalltz plot for the reactlon K n - K T p. The out—.
standlng features of this plot 1nclude the follow1ng (1)_& large low-mass
enhancement_lnvthe pn system,‘whlch'is associated with several N* resonances,
(2) a K*(890) band, (3) a K*(1420) band, (4) a strikingvdepletion of events
in a band with M2(K ) ~ 2. 4 GeV2 (5) an excess of events asymmetrlcally
distributed along a band with M2(K T ) ~ 3 GeV2, and (6) a general lack of
background events. The Particle Data Tables list seven Ni/2 resonances w1th
masses_iess'thanml.S GeV,6 several of Wthh could contrlbute to the low- -mass
enhancement in the pr distribution. Except possibly for some structure at
M2(pn_) ~ 2 GeV2, which is probably associated with the Pll Roper resonance,
none of them can be resolved without cuts in momentum transfer. The Dalitz
plot shows that, although there is perhaps some K*(lueo)m* and K*(89O)N*
constructive ;nterference, the N band is not continuous. The depietion of
events in a.band»with M2(K+n-) ~ 2.4 GeVP cuts right across the N* band,
and in addition the N* band does not persist down to the region between the

(890) and K" (lheo) Moreover, the well-known asymmetry in the K (890 decay |

angular distribution, Whlch appears on the Dalitz plot as an asymmetric
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populatlon denslty along the K (890) band, appears not to be ass001ated with
_the N* ; 1. e., the high density region of the K (890) band is roughly the region
with Mg(pn )< 7 GeV2, whereas the region attrlbutable to the N" is. only the
region with M2(pn ) <3 GeV2 | | | |

Flgure 2a shows the mass distribution M(K ) for all the events in the
sample.  In addltlon to the features noted already, there is a sharp splke at
a mass of M(K ) = 1250 MeV.  Figure 2b shows the data with the N* peak

removed [M(pﬂ ) > 1.8 Gev] and the low t region selected [t < O 2 (GeV/c) ]

K= Kn
The enhancement is about 5 standard dev1atlons above background in this dlstrl—‘
butlon. A flt to the data of a8 Breit- ngner llne shape gives the foll, owing
values for the parameters of this K (1250) resonance, " l247+5 MeV and
= 20_2 MeV, with a-'X2 = 3.9 for six degrees of freedom. The results of
this fit are shown as the smooth curve in Fig. 2c. vThe parameters quoted have
not been corrected for resolution.' In a eompilation,byrw. P. Dodd et al.,l |
a k¥ resonanee at approrimately this mass was observedjrhowewer, the width
reported_in that case was 70 MeV. If the large t reglon is selected, i.e.,
tK—*Kn > O 2 (GeV/c) , the K" (1250) does not appear 51gn1flcantly above the
background, but there is some ev1dence for structure in the reglon 1 GeV <
M(K x ") < 1.2 GeV. Evidence for two enhancements have been reported in this
~region; a K*(lO80) (Ref. 25 and a'K*(ll60) (Ref. 3).,‘However the statistical
Slgnificance'of an& peaks in this region is marginal in the‘sample analyzed |
to date in this experiment. |

Figure 3 shows the decay angular dlstrlbutlons, .cos 6 and o, and the
-dlstrlbutlon in momentum transfer, t K— Kot for the region of the K (1250) and
for two neighboring regions. The region of the'K*(lESO) has been defined as
‘the 40-MeV band, 1.19-1.23 GeV (see Fig. 2&); The neighboring regions have

also been taken as 40-MeV wide on either side of the K*(1250) region. The
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aﬁgié @ is therangle between ﬁhe ihcident K+ and the>butgoing K+-in the K+n_ .
rest frame-(Jackson angle), and the angle‘¢ is the azimuth ofithe outgoing
K' about the incident K axig in fhé Kfﬁ-vrest frame (Treiman-Yang angle).
No cuts have been made in_this data except for the indiéated mass cut;
specifically, M(pﬁ-) > 1.8 GeV has not been selected hére, because such a
selecﬁion is §Quiyalent'toaé cut on 6, i.e;,”a éﬁttiné out of forﬁard K+
(cos 6 ~ + i).éﬁénts. o : | o

In the K*(lESO) region,’thé distributioﬁ is consistent eithér with isotroﬁy
or with é polynoﬁial in cos 8 Ofborder 2. There is no evidence for any term
in cos™ 6 where n > 2. Ve have fit the‘data to a function of the form
aé + alPl(coé.G) + a2P2(cos ), where the Pi(cos 6) are the Legendre poly—
no@ials in cos 6. We obtain é X2 =‘2259 fof 17 dégrees of freedom,‘and
- the best fit nofmalized parameters are (ai/ao) = 0.28%£0.19 and (ag/ao) =
0.8610.22. Iﬁ the fegion bélow‘the'K%(l250) there is no evidence for any
deviation fréﬁ iSotropy, and in féct in that region wevobtain parameters
(al/ao) = 0.31%0.23 and (ég/ao) - - 0.11%¥0.29, but & it to an isotropic

2

distribution (a = 11.8 for 19 degrees of freedom.

1
In the region above the K*(1250) the data are consistent with isotropy, but:

=va2 = 0) yields a X

there is some evidence for an asymmetry in this region; however this may be

due to the effeéts of the tail of the K*(lheo) which is becoﬁing important at
1.3 GeV. The best fit parameters in this rggion are (al/ao) = 0.62+0.21 and
(ay/a,) = o.a;iq.go.

A least squares fit to the t distribution in the K*(1250) region (Fig. 3h)
yields a slope of'lé.5il.5 (GeV/c)fg, which is{certainly consistent with slopes.
generally observed for pion exchange processes. If the K*(1250) is in fact
produced primarily byiﬁionvexchange, then we may say that its spin-parity must

. ot -
be either JP = 0 or 1, as there is no evidence for any terms higher than
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cos2:9 in the decay angularddistribution. At the presentvlevel of statisticsf-

: : Lo : S + o
we cannot distinguish between JP = and JP = l s but ‘the value of (a /a )

in the K (1250) reglon tends to favor the JP =1 1nterpretat10n as this
parameter would be zero for a ‘JP = + resonance produced by plon exchange.
However, in the present sample we cannot determlne to what extent the dev1at10n
of the parameter from zero is due to background effects.vl:v |
‘We have also 1nvest1gated the charge exchange reactlon K n - K 7 ﬂ D,

in which the K decays v1sibly in the bubble chamber. . In the K b1 n mass -
dlstrlbution there is no evidence for any s1gnal below the K (1&20) The Q

" is not produced: in this charge exchange reaction and nelther is the X© (1250). E
2 The absence of a- three -body decay mode for the K (1250) indicates that it is
not assoc1ated with the structure in the Q at about this ma.ss.7

. We gratefully acknowledge the help of the SLAC accelerator operation.
group, and in partlcular we thank J. Murray, R. Gearhart, R. Watt, and the
Staff of the 82-1nch bubble chamber for help with the exposure. We acknowledge
the valuable support given by our scannlng and programmlng staff, espe01ally

E. R. Burns and of‘ H. White and the F.S5.D. staff.
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FIGURE CAPTIONS

Fig. 1. Dalitz piot M (pr”) vs ME(K'n") for the reaction K'n — K p.

Fig. 2.‘ M(K+nf) for the reaction K n od K+n-p with;(a) no cuts, (b)
M(px ) > 1.8 GeV and bk < 0-2 (GeV/c)e, and (c) same as (b) in
lO-MéV bins. The smooth curve in (c) is_the fesult of a fit to a Breit?
Wigner shape; See text.

Fig. 3. (a) cos 6, the Kr decay angle, (b) @, the Treimén-Yang angle, and

- (e) tK;>K£ in three mass fegionS' (1) below the K’ (1250), (ii) in the

K*(1250), ‘and (iii) above the K* (1250)
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