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- ABSTRACT
We hdve.observed an additional K* resonaﬁce on the low-mass
side of the_K*(1uéo) in the reaction K'n - K x p at 12 GeV/ec.
wThis resonance has parameters M ~ 1370 .MeV /énd 'P < 150 MeV, and
is probably produced by.a pion exchange mechanism With JP = O+;
ibut the alternate h&potheses of a- JP =1 ora JP = 2+ resqﬁance
cannot be fuled éut at this time. |

In this letter we present evidenhce for the existence of an.additional
resonance in the region of the.K*(lhéO) in the charge exchange reéction
K+n —évK+ﬁ-p at 12 GeV/c.'vThis'resonahce has parameters M= 1370 MeV and
' < 150 MeV, ané will bebréferred to‘ava§(1370). It pfobably has JP =0
and ié‘proauced'by a pion exchahge.mechanism, as is the K*(thO)._ However,
the alternate.hypotheses of a JP = l- resonance produced by pion exchahge,
or a JP =_2+. resonance produced by a mixture of pion and vector exchanges

cannot be ruled out at this time.

Exyerimehtal details.—The SLAC 82-inch bubble chamber was exposed to

. + . » -
an rf-separated lE-GeV/c K meson beam. Resolution in the beam momentum to
within &p/p = £ 0.2% is achieved by using the known correlation between
beam momentum and transverse position in the bubble chamber.l_ Approximately

500 OOO'exp0sures were taken, of which about 85% have been analyzed to date.b
| 2,3 |
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The'film has been scanned for (among other interactions) all events which'

have three-prong or four-prong topologies, in Which.allfmeasured‘four—prongs
were required to have at'least.one track'Which stops in the bubble chamber.
The events were measured on the LRL Flylng-Spot Dlgltlzer, and were recon-:
structed and klnematlcally fltted in the program SIOUX

The spectator proton (assumed to bé the slower proton in the laboratory
frame) has a momentum dlstrlbutlon in. agreement w1th that expected from the
Hulthen wave. functlon for momenta less than 300 MeV/c, and is 1sotrop1c in
the laboratory frame. ‘For the subsequent analys1s only events with pspeCt
< 300 MeV/c are accebted. There are 6419 such events for the reaction
K'a - K+n-pp,gof‘Which.67% are. three-prongs and'33%hare.four-prongs. ‘The
cross section-for this reaction has been determined tohbeJHOOiS ub, where

. the quoted error reflects statistical uncertainties only.

. _ A , v -
Data analysis.—Figure 1 shows the Dalitz plot for the reaction K n —

K+n—p. ' The outstanding features of this.plot include: (1) afiarge low-mass: .

- . - - X . . . - R N '
enhancement. in the pn system, which is associated with several N  resonances,

(2)'a K*(890) band, (3)'a>K*(1420) band, (4) a strlklng depletlon of events -

in a band with - M2(K 1) ~ 2.4 GeV2 (5) an excess of events dlstrlbuted along

a band with M2(K 7 ) ~ 3 GeV2, and (6) a general lack of background events,
partlcularly the absence of any diagonal mass band correspondlng to a M2(pK )

enhancement. The Partlcle Data Tables list seven N resonances w1th_masses

1/2

less than l.'8'GeV,5 several of which could contribute to the low-mass enhance-

‘ment in the pn- distribution. Except possibly for some structure at M2(pnfi -

~ 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*(1420)N* and K*(890)N* interference;

the N* band is not continuous. The depletion of events in a band with MZ(K Tt

~ 2.4 GeV2 cuts right across the N band, and in addition the lower mass

o

-y
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portibn‘éf the N band.ddes not persist dbwn to the reéion between the K*(89d) |
and'K*(lhéO)..'ﬁoréo§er, the wéllQKﬁown‘asymmetry in the K*(890) decay‘éngular
distribution, ﬁhich.appears on thé Daiitz plot.as an asymmetric'population
density alohg the K*(Béo) band,.isingt associaﬁed with the N*; i.e., the high
dénéity region of the K*(890) baﬁd is approximately the region with Mg(pn—)f
< 7 GeV?, whereas the region attributable to the N* is only the region with
M2 (pr”) < 3 GeVe. | |

Figure 2a shows the mass.distributiqn, M(pﬁ;), in which the N enhance-
ment is very cl;ar.. Figure 2b shows the mass distribution, M(K+ﬂ-), in which
the dohinaﬁt features are the K*<890), the/K*(lAEd),‘and a higher mass enhance-
ment above 1.6 GeV. This enhancement iévdue‘in.part to reflectioné of the N
peak, bﬁt there is efidence for éﬁ enhancement in'thisvregion when.thé N events
are removed. Such an'enﬁéncemehf is‘consistent in mass and width with the L
meson,6 but we confine our attention for the remainder of this Ietter to the
.region.of the'K*(lueo). ’

Evidence for an additional resonance.—In the K n mass distribution

(see Fig._Eb) we observe an unusually brbad signal ffom 1.3 to 1.5 GeV which
appears at firét sightvto:be due to the K*(lHEO)'with.fiﬁted parameters

M.= lhl3i5'MeV and‘F =7143i121MeV, We note howevér that ﬁhé.character of the
Kn decay angular distribution chaﬁges sharply at l,%'GeV. Figures 3a and'3bb
show the cos 6 distributions,in_(K+ﬁ—) mass regions, where Q is‘the Jackson
angle, i.e.,vfhe angle from.ﬁhe incideﬁt K+ to the final K+ in the K+n_ rest
frame. 'Thejdistfibution in cos Gvfor fhe'higﬁ-mass'region, l.h;l.S‘deV (ség:
Fig. 3b), is just that angular distribution expected from the decay of a

-+ . : . .
JP =2 resonance produced by pion exchange. There is no evidence for a

_ significant_aSymmetry, and the distribution may be fit with D waves with a

substantial S-wave background. The cos 8 distribution for the low-mass regibh,

1.3-1.4 GeV, however (see Fig. 3a), requires no powers of cos 6 greater than
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two to achieve an excellent fit.‘ The parameters for the‘fits to the angnlar
dlstrlbutlons in both Legendre polynomlals, g a P (cos 9), and a power series,
ngb bnbco‘ 9, are shown in Table I. In order to demonstrate the 1ncons1stency
of the angular distributions in the two mass regions, we have tried to fit the
theoretical angular distribution, expected from the'fit_to the entire region,

' l;3-l.5 GeV,‘renormalized to_the actual numberIOf events in each region, to
the‘obserred angnlarbdistribntions;' ThlS fit has a confldence level of O. 0005
in the 1.3- l h GeV reglon and 0.000L in the 1. h-1.5 GeV region; thus the two
angular distributions are clearly 1ncon81stent.

We have consldered the effect of the low (pn ) mass enhancement .on the
angular dlstrlbutlons. If we subtract the events attrlbutable to this N
enhancement, the character of the angular dlstrlbutlons is not 31gn1f1cantly
changed,falthough the forward peak in the l.3-l.h GeV reg;on is slightly
reduced, and"aﬂsmall'backwardiasymmetry is.introdnced into the angular distri—;.
bution in the 1. M 1.5 GeV reglon. The excess of events in the overlap of the
K" (1420) band with the N’ (1560) and the N (1680) can be seen on the Dalitz
plot in Fig. 1. o

As an alternate way of presentlng the data we plot the Kn mass dlstrlbu-

tion‘for two reglons of cos 6 (see Flgs. 2c and 2d): |cos 9] > 0.7 (polar

region), and |cos 6| < 0.7 (equatorial region)i In the polar region the

g (1420) peak is fit with parameters M = 1439%5 MeV, T 105 3 > MeV, but
in the eqnatorlal reglon the parameters are M = l373t§ MeV and P ¥‘l50fial;

MeV. This large (66 MeV) shift in the central value of the "K*(1420) peak"‘
with decayvangle is obvious from Figs. 2c¢ and 24d. -

The possibility that'a'sharp change at l;h GeV in the character of the
exchange.mechanism producing a single‘resonance (presumably the k¥ (1420)) 1is
responsiblenfor.this effect is unlikely in view of the fact that a single

resonance, produced by.two different exchange mechanisms, €ee, T and‘p

G-

&J
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exchanges, would'show a decay'angUlar distribution characteristic of the partic-
ular mix of exchange mechanisms, but that distribution is not expected to be -

, T+ - .
a function of (K n ) mass, as is the case here.

Other decay modes.——In a search for possible alternate decay moles of

the Kﬁ(l370), we have studied the charge exchange reaction K n - K n+n P,

in which the K° decays visibly in ‘the bubble chamber. In the K nf mass
distribution, shown in Fig. Qé? the K (1420) signal is particularly clean,

and has been Fitted with parameters M = 1440£5 MeV. Aﬁd T = 109+2L MeV.
These parameters are very consisteﬁtfwith thevparameters obtained for the fit -
in the poiarvregion in therreaction Kn - K+n-p (see Fig. 2b).v'Th¢re is
thue;no evidence for any K°ﬂ+n_ peak on the‘low mass side of the K*(1420),

and hence'the‘KN(l37O) has no strong three- body decay mode and is probably

not associated w1th the structure in the Q at about thls mass.7

‘Discussion of the JP = O hypothesis.f—The new effect observed here is

essentially a Striking change in the character of the. decay angulaf distfibu—
tion at a maes of about 1.4 GeV. The distributions in ¢, the decay azimuth
in the Jackson frame, are_consiétent with being flat throughoﬁt the K*(lAQO)
regieﬁ, as they are expected to be fof pion-exehange.precesses.v-'b |

If we assume pion-exchange aadvnormalizente the number of observed events -
in each mass.region, we calculate an‘average of 356127'S—wave and 19+6 D-wave
events in the 1.3-1.4 GeV region, and 234+20 S-wave and 19122 D-wave events
in the l M 1.5 GeV region. The amount of D-wave in the 1.3-1. L GeV region is
entirely consistent with that expected from the tail of_a Breit-Wignervcentered
at 1440 MeV with width 100 MeV. Although the hypothesis of S and D waves results
in an expected angular distribution syﬁmetric aboutb cos 9‘= 0, it is clear frem‘
Fig. 3b that fhe data is asymmetric. Asidebfrom the effects of‘the:crossing
i bands, an admixture of as little as 1% P-wave to the S and D waves is suffi-

cient to entirely explain the observed asymmetry in this fegion._-
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We.have_élso performgd a siﬁilér aﬁalyéis on the neighboriné (Kn) mass
regions, and haVerlqtted.in Fig; 2f the number df S-ane eventé iﬁ éachAregién
as a function of-K&n- ﬁass. The rise in the S-wave in the'region,l.3—i.4 GeV
is more than four staﬁdard deviations above the level in the two ﬁeighboring‘ Ny
regions. The'data are ﬁhus C6nsistent.with.é D-wave_resonance of M~ lh39
MeV, T' < 105 MeV (X" (1420) and an s-wave'reéonance-of M ~ 1370 MeV, T < 150
MeV (K§(1370))‘(see Ref. 8). The apparent absence,bf a three-body déqay mode
for K§(1370)_mention¢d'abové mighﬁ be taken as evidgncé favoring the JP =0

interpretation,since such a resonance cannot decay into three pseudoscalars.

Discussion of the JP =1 hypotheSis.~—The data in the fegion 1.341;4
GeV may be fit'entirely with S and P waves ignoring any D?ane tail of the
K*(lMEO), with an average of o4 7th0 S-wave and 128520'P—wave events. The
asymmetry in this region requires the presence of at least a small admixture

however, ' ' BT ' .

of P waves;because of the intrinsic ambiguity between a P-wave ahd an S-D
interferencé.term, the actual amount of P-wave present is unknown. Thus theré '
is no conclusive evidence for a resonant P-wave, although this possibility

9

cannot be ruiedIOut. Antich et al.” have preViously suggested the presence

of a JP ='l; ‘state, or at least an‘inCreasé_in the i_-contribution to_back-:
ground, in the viciﬂity of the K*(thO). :These authors'observed_an asymmetfyv
in the aecay disﬁribution of the Kn system in the reaction K+p - K+n_Af+

at 5.5 GeV/c,ffrom which they inferred the preseﬁce bf P-wave'énd D-wave
interference. In addition, the presence of a largéiS-waye signal in the region
of the dominant.D-wave'has been observed at the K*(lHEO)'in'the similar feac?
tion K'p > K'n A at 9 cev/c, ™ and at the £° in the reaction n'p - w1 x AT
at 8 GeV/c,ll although in neither case was there strong evidence for an appre-
ciable P-wave amplitude. | |

: ' : + . * ) ,
Discussion of the J° = 2 hypothesis.—If the K (1370) were g o=2"

its spin density matrix elements have been calculatéd byvthe method of moments
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to be: (pbo>_= 0.45%0.05, (o)1) = 0.23t0.02 and (Re.nl_l> = - 0.06%0.05.
The other spin dénsity matrix eiements, €.8+, Ppsy aTE consistent with zero;/
As in the JP = O+ caée, the expected angnlar.distribution is symmetric:in
cos 9; énd thereforé a small P—wavé.nackground must be invoked to“explain the
asymmetry. nThe'angular distribution, folded about coé 6 =0 ﬁo eliminate
the asymmetry, may be fit.with the distribution expected from the spin density
matrix eleménté, but the chfidence>level for this fit is less than 5%. .How{
ever this fit may be ma}kédly improVed'by‘the addition of a Substantiai S-wave
background. jFurthermore, the expected distfibution in the Treiman—Yang angle,
®, differs only weakly froﬁ isotrdpy, and within the present statistics no
discriminétidn’between thé various'hypothéses maj be made on the basis. of the
¢ distribution. .The,Similarity of the t-distributions in the two regions

(see Figs.;3c‘and'3d) Suggests similér production mechanisms and argues fo
sone extent againstbthe substantial vénfor.exchange, which_is required to.

explain the observed angular distribution with a JP =2 object.

' Conclusibno In.ébnclusion‘we have observed strong evidence ervén addi-
tional resonance on the low mass side of the K*<1M20), K§(l370) with M z.1370
MeV and T < lSO‘MéV.' This resonance is-probably JP =.O+ .and is produced

by pion exchange, but the alternate hypotheses of a JP = 1 - resonance produced
by.pion exchangé or a JP‘= 2+ resonance produced by & miiture of pion and
vector exchanges cannot be ruled out at this time.
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and in particular we thank J. Murraj, R. Gearhart, R. Watt, and the staff of
the 82-inch bubble chambef for help with the exposure. We thank J. b. Jackson
and G. H. Trilling for many helpful discussions. We acknowledge the valuable

support givén by our scanning and programming staff, especially E. R. Burns,

and H. White and the FSD staff.
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Table I. Coefficlents of expansion cof angular distributions.

.
M(K = ):

Number of events -
X2

Degrees of freedom

Confidence level

Legendre Polynomials

(a;/a,)

(ay/ay)
(ag/2g)

(ay/ay)

Power Series

(by/bg)
(b,/y)
(bs/g)
(by,/bg)

C1.3-1.4 Gev

375
l3f30
AT
2%

©0.38%0.10

0.69t0.11

0.57%0.15 -

1;56id.25

211.17+1.31

L.4-1.5 Gev

Los
19.00 -
Bt

21%.

-0.01%0.11
1.84+0.11
-0.19%0.13

1.06%0.15

1.05£0.30
-2.96+1.03

1.72%0.71
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" FIGURE CAPTIONS

Fig. 1. Dalitszldty M2(K+n_) vs M2(pﬁ-).

v L . e - T
Fig. 2. Distributions in (a) M(pr ) and M(K'n ) for (b) all events, (c) events

with cos 6 in the,polar region, and (d) events with cos @ in the equatorial .

.region. (e) M(K . ) for the reaction K'n = Kor x “p, and (f) S-wave
events as a function of K n ‘mMaSs. |
Fig. 3. Distributions in cos 6 for all events with M(K+n-) in the range
| (a) 1.3- l h GeV, (b) 1. 4 1.5 GeV; and do/dt vs t_for all events with
M(K %) in the range (c) 1.3-1. u GeV, (@) 1.4-1.5 GeV. The stralght
lines 1n'(c) and (d) are the results of fits to functlons of ths'form
.'-dc/dt = 2ePY with B = 11.0:0.4 (GeV/c)™® and B = 9.60.k (GeV/c) 2

in the 1.3-1.% GeV and 1.4-1.5 GeV regions respectively.
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