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actions at 9 GeV/c is observed. We find a mass of 1243 + &
MeV/c’ and a width of 70 + fg for the lower mass state, and
a mass of 1344 + 4 and a width of less than 40 He‘-l’f-:z for
the higher mass state. The iscspin of both states is detcer-
¢y mined to be 1/2, The results can be interpreted as evidence

F *
for the mixing of Ewo JP = 1+ K states.

while one of the principsal successes of hadron physics has been the
classificacion of resonances Into SU({3)} representations, no JP = ]_+ malei-
plets are as yet well defined. This situation is due to the difficultry of
separatiog diffraction prﬂducedl resonances from the background proceszes.
Since the background in the () reglon {Mass{KWM) < L400 Mev/ EZ} predominantly

*
has JP =1F ic is pessible for .:lEII =1t K sta,t:nsulz’jﬂah

to Iinterfere not only
with esch other but with the background as well. Goldhasber et al, whose
9 GeV/c K+p experiment presented stromg eviden:e3 for substructure in the

Q region, also proposed a model for interferemce Effer.-tsﬁ. Subseguent
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experiments have alternately r?pnrted substructure and none in the
gpectrun.
We have chosen ta extend the Geldhaber experiment by running at the
same besn momentum but heve used deuterons as targets. Our observed
K*”+ﬂF mass spectrum shows two distinct states upon the broad ¢ enhance-
ment it both. the coherent end deuteron break up channels., Both states are shown
" to have isospin I =1/2, and -spiu-parity J? = 1+ is preferred for both.
The data discusged here are from a 4.3 event/pb per nucleon expasureﬁ
of the BNL 80" deuterium bubble chamber to a bean of 9,04 GeV/e K mesouns,
We have studied the following reactions:
7 K'a - K'n'ng {714 events) (1)
d ﬁ+d'* K+ﬁ+ﬂ-Pp (2060 events) {2}
in the four prong topology where a clear sepavation of reactions (1) and
£2) is pﬂssible.?’a
Iin reaction (1) where the kinematic fit has four c#nstraints, we
readily disctinguish the KT from the nt track.9 In Fig. 1(a} the K*“- effeck-
ive mass spectrum From reaction (1) is showm for events in the Q region., It
is completely dominated by the K*{Bgﬂ]. The unshaded histegram in Fig., 1(b}
shows the L effective mass spectrum from reaccion {1) for events in the
Q region, It is well described by the calculated curve which assumes pure
K*{BED} production. Unfortunetely, in reactiom (2) no separation of the ﬁ+
and nt tracks is possible on the basis of either fit or icnizatien informatiom.
However, by examining the two psrticie effective mass spectrum of the T with
each of the pualtite tracks (assigned the K+ nasz) one obtains the Lrue ﬁ+ﬂ_
spectrum added to ﬁn equni sized distribution of misaszeigned events. This

*
spectrum (not shown) 1a likewise consistent with nearly-pure K (890) production.

Consequently, events from reaction (2) were selected by chocsing the combination




- &
giving tha smaller difference batween the ﬁ+ﬂ affective mazz and the K maas
of 8§92 He?fcz and requiring in all cases that this mess difference be leas

2 10
than 40 MeV/fe™.
* 0t 11
Fig., 1{c} shows th= K mass spectrum = feor reaction (2)., The shaded

k

region of the spectrum has the requirement that the ¥ T be produced at a

four-momentum trenzfer ltl = 0.12 (Gﬂ?fc)z to obtain events in a ¢ region
-

comparable to cthose of reaction {1} and to suppreas K {1420} productiun.lz

Fig. 1{d) shows the combined spectra of all K+ﬂ+“- events from reaction (1)

{shaded) added to the selected sample of events shaded in Fig, 1(c}. Back-

ground and resonance fit curves are shown, One sees two clear enhancements

above the bacikground cyurve, The lewer peak can be represzented by z simple

Breit-Wigner shape with a mass of 1243 + 8 vafcz and a width {unfolding our

+26
-18

and a width of less than 40 Hev!cz at 90% confidence level. The fits assumed

resulutiunig} of 70 Ht?f:z. The upper peak has a mass of 1344 + & He?f:z
ne interference between the enhencements or with the background.
*
The background under the peaks is a4 broad ephancement in X o+ mass from
thresheld to approximately 1400 HﬂVfcz. The properties of this enhancement
have been widely studied, and are generally believed to be due o a kinematic

Effectlﬁ related co diffraction dissccistion of the ﬁ+. The background curve

5 mulci=Regpe calculation of this effact, Both

in Fig. 1{d) is from a typicall
peaks deviate by more than five standard deviations from any reasomable back-
ground curve. We shall denote them by KA{1243} and Ki{13ﬁ4}. Die to thaeir
preduction in resction (1) they can both be assigned isospin equal to 1l/2.
The dififeremtial production cross secliom is extremely peripheral not
aonly for raaction (1) where the deuterion form factor serves as a limiting

factor but for reaction (2} ms well, Ficting the differential crogse gection

of evente in the Q region ke the form A exp (B't'), we obtain values of B
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equal to 25,5 ¥ 2.5 for reaction (1) and B equal to 9.5 + 2.0 {Ga?fel-z'for reaction
{2), in the | £] range 0,03 to 0.14 (Gevfc}a. ,
As & framework for analysis of the spins and paritiezs of the KA£12ﬁ3)
and Kﬁilﬂéﬁ) we shall first consider a model for the background smplicode,
Wwith each of the anguiar distributisns &{cos.9) normalized ta the form;
f{cos ©) = 1 + a P, {cos ) + b P,(cos &) (2)

e
the expectation that the background iz a pure S-wave K uﬁ+ gtake {JF = 1+)

with helicity determined by pomeron exchange has the following consequences:

the cos & % distribution should be flat; where EK# is the angle between the

K K K
%
beam and the E in the § rest frame. The cog EKK distribution shonld ba
coszﬁ {a equal to zere and b aqual to 2}; where 8 iz the angle batween

KX 4.4
i+
the beam kaon and the produced kaon in the K (892) rest frame, The P disetri-

bution sheuld be sin23 { a equal to zero, and b equal to =1); where P
is the angle between the normal te the E+ﬁ*ﬁ' decay plane and the beam direction
in the § rest frame,

Since diffraction dissociation is their apparent production mechanism,
and we find no evidencs for Hpﬁ+ decayslz of the KA(IZﬁi) and Kﬁ{13&&}, wa
expect them to belomg in the spin parity series O , I+, 2 ete. To make
assigrments from this series we have examined the angular distributions showmn
in Fig, 2 snd their moments, The distributions represent the total sample
of events in Fig. 1{d) in the mass range 1100 - 1&00 He?fcz. The separate
distributions for reactioms {1} and {2} were not measur;bly different. MHax-
imum likelihood values for a and b from each angular distribution are showm
above it, Higher order coefficientz were not required. In these distributions
the region below 1200 He?}cz should describe the diffraction background, the
regions 1200-1300, and 1300-1400 He?fcz could be expected to ghow some effects

of the resonances, and the region 1400-1600 MeV/c® to show any possible K (1420)




effecrs and describe the background above the Q. The cnsEKfK distribution

is quite flat between 1100 and 1300 Meﬂfcz and becomes increasingly asymmatric

between 1300 and 1600 Hgvfcz. The cosﬁKK distribution is nearly a pure coszaxx

funetion below 1400 Hevfcz with an increasing forward-backward asymmetry,

Finally, the B distribution is wearly pure sinzﬁ over the complete mass range,
Hence, we find that not only the backagroumd region 1100-1200 MeV¥fc is |

well descrikbed by our JP - I+ diffraction preduction model, but the resonance’

regions 1200-1300, and 1300-1400 are also well described by it, We can rule

out JP = D+ assignments because of the Rfﬂ decay mode, and ean rule out JP =0

because of the anisotropy of the cosP distributions, If one of the states

had the quantum numbers JP =27 {or'fi) it would decay into Kﬁﬁ in at ieaSt

an £ = L orbital wave. We see no effect of such an orbital wave in the

cos® *  disgribution corresponding tc 2 single mass region. We consequently

KK
favor the JP 16

= fk assigmment. The only physical characteriscic of a resonance
wass reglon different from adjscent regions is the abserveﬁ P°K+ production

in the mass range 130D—14ﬁ0 He?fcz. This P? signsl is showm in the shaded
puzpion of Fig. 1{b}. The shifting to lower mass of the pe peak 15 due to

Lt; being a decay product of a relatively low mass object.

[n summary, evidence is presented for two Lsospin equal teo 1/2, strange-

ness equal to +1 mesons which are ahserved to decsy preduminan:ly to X {EQB}W
They appear to have the same spin and parity as the brnad JP = 1 hackgraund
upon which they are produced. It is natural tc associate them with the octets
whose isosplio equal to uné members are the .!';.l(J'Niln = f++} B{JPC&I= f+_};
where G, denotes the charge conjugation quantum number of the neutrzl states.
If, one assumes chat the fumeron is a unitary singlet with positive charge
conjugation, then SUC3) forblds the préductiuﬁ by pomeron exchange of the

K# belonging to the B octet, The current observation of such pruductién iz

evidence for F# mixing.l? '
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M, L. Good and W. D. Walker, Phys. Rev, 120, 18537 (1960}.

The particle data group has collected evidence for two K*'s in the §
region; the Kﬁ(lzﬁﬂ} or G, and Kﬁﬂ
Recent studies which have observed substructure in the diffractively pro-

1280-1360) see UCRL 8030,

“duced § spectrum are:

G. Goldhaber et al., Phys. Rev. Letters 19, 972 (1967), G. Bassoupierte

et al., Phys. Letter; 26B, 30 (1967), G. Alexander et al, Wucl, Phys. BL3,
503 (19e%), K. W, J, B?rnhamlet al., KFucl. Phys. B23, 4% (1970},

Evidence for non diffrsctively produced K*'a in the ¢ region has come from:
C. Astier et al., Nucl. Phys. 10, 65 (1369), D. J. Crenneil et al., Phys.
Ee}. Letters 19, 44 (196?};.A. R. Erwin et al., Hucl. Phys. B9, 364 (1969),
J. M, Bishop et al., Wucl, Phys. B9, 403 (196%9).

G. Goldhaber, Phys, Rev, Letters 1%, 976 (1967},

Events having a final ﬂﬁate proton with projected mementum greaker than
430 MeV/c were excluded. The eveats were analyzed with the TVGP and

Sqﬁﬁﬁ set of programs.

while most eveﬁta that were assigned tﬁ reaction {1} also had an acceptable

fit ta reaction {2) the converse was aot true., One was able to make a clean

[ —



10.

11.

12,

13.

separation by examining the p-n effective mass from the fit te reaction
{2). GSee reference (B} for details.

R. F, Holland, Ph,D. Thesis Purdue University. (Unpublished)

In approximately 90% of the cases, there were no ambiguity. The remaining
cases were resolved by a procedure for testing for energy and momentum
balance from the unfitted track data. See reference {8},

We estimate that this technigque glves the correct combimation Eor more
than 80% of the included events, The K* tequirement sliminates an
apparent nf+ threshold ephancement due to misldentified T 's from H*{1233)+
decays.

Eeaction (1) events with H{dﬁ+] < 2.2 Ge?fcz and reaction {2} evemts with
M) < 1.3 Gev/c® are excluded to eliminate d and N (1238) signals.

We have studied the reaction ﬁ+d = pn x9ﬁ+{2'} and fted it dominated by
K*(EBU) and K*{IﬁEGJ production. However, the reaction ﬁfd - 4 KPﬁ+ (1'%
is much rarer with K?{l#lﬂ} production supprassed by an order of magnitude
compared to reaction (2'). This phenomenon mskes reaction (1) ideal for a
gearch fox a JP = l* gtate near 1420 Hevfcz. A 1t] cuc at 0,12 Gevfcz
reduces x*(1azu3 production in reaction {2') (and consequently in reaction
{2)) by a factoxr of 2., The Kpﬁ+ spectrum shows no enhancements in the

Q xegion, other than the K?{lﬁiﬂ}.

The H{K+ﬁ+ﬂ-} mass resolution (full width at half maximum) 1s less than
L0 HeVIcz for 507 of the events im Fig., 1(d), We have checked £his by
studying the H{Kh"'] spectruen and comparing it to the iknown mass and

width of the K*{Bﬂﬂ}. All events dezcribed here wers first measured

on SMP's and remaasured on precision microscopes to obtain the greatest
possible resolution. Absolute mass determinationa were tested in a

L]

gtudy of unfitted K1 decays from variocus production channels.




14. M. 8. Farber et al., Fhys. Rev, Latters 22, 1394 {1969}, C. Y. Chein
et al., Phys. Letters 29B, 432 (1969), and references cited in these,

15. The matrix element for genserating this curve is from a multi-Regge
expression for K*ﬂ production where the final state pion diffractively
'uﬁatters.frnm the nu&leon target, See refervence {B8). The indicated
background level in 'Fig. 1(d) iz obtained from a fit to the mass region
1160 to 1380 Mev/e . |

16. We choose not to do a simultaneous fit te all the distreibutions o set
limits on the 2 assigrment because of the difficulty of determining _
effects of the ﬁ+K+ ambi-guity in reaction (2}, We have recently obtained
a second empoaure of 9 GeV/c l{+d at BHL which willu bring our sensitivity
to 16 events/ib per nucleen gnd allow us to Jn & spin parity analysis |
with & pure sample of reaction {1).

17. R. Gatto and L. Maiani Phys. Letters 26B, 95 (1%67).

FIGURE GAPTIONS
Fig. 1({a) Effective mass distribution of K+“* for eveats from reaction {1}
in the Q r&giﬂfﬁ. {b} Effective mass-distribution of ntn” for the same =zat of
events, Shaded events are for H(l{+“+“'} bekrween 1300 and 1400 He‘-';"cz.
{c) Effective mass distribution of K*{ﬁﬂﬂ}ﬂﬁ+ from reaction (2), Shaded events
are restricted to |e¢| = 0.12 Gevfcz. {d} The sum of all coherent events
{reaction (1), shaded)}; and the Bhadqd events from part (¢).
Fig. 2. Decay angular distributions and‘fheir expanaion coefficients for four

regions in K+ﬂ+“-- effective mass.
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