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K"~ PRODUCTION IN K 4 INTERACTIONS AT 12 GeV/c-

A. Firestone, G. Goldhaber, and D. Lissauer

Department of Physi¢s.and Lawrence Radiation Laboratory
University of California, Berkeley, California 94k720

" August 1970

In this paper we repoft preliminaryvresults on the interactions of 1o-
GeV/é K+ mesons in deuterium. The SLAC 82-incthﬁbble chamber was eXposed
to an rf-separated lQ-GeV/c K+ meson beam. Resolution in the beam momentum
to within Ap/p = i»O.Q% ‘is achiéved by using the known cbrrelation bétween
beam momentum and transﬁérse'position in the bubble chamber.l Through the
use of a gas Eerenkov counter, pion contamination in the beam is feduced
essentially to zero. Approximately 500,000 exposures were taken; of which

about 60% have been analyied to date. The experimental details have been

~ reported previously2 in a study of the elastic charge exchange feaction

K+n - Kop. In the present paper we report on the charge exdhange reactions
K'n - K« p and K'n - K% p.

~The film has been scanned for all events which have three—préng or four?
prdng'topologies, both with and without associated VO decays. In addition,
all measured fouf-prongs were required to have at least one track which stops -
in the bubble chaﬁber. The events were measured on the‘LRL‘Flying—Spot Digitizer,
and were reconstructed and»kinemétically fitted in the program SIOUX. . For
those events with invisible spectators (three-prongs); the spectator was
assigned a mgméntum of zero with erroré. Apx = Apy =+ 30 MeV/c, and Apz = * 40
MeV/c. All events which fit the four-constraint hypothesis, either K+d - K+n—pp

+ + -
or Kd — Kon n pp, with X2 probability greater than O;l% were accepted.
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The spectator proton (the slower.pfoton in the,léboratory frame) has a momentum
distribution in agreement with that expécted from the Hulthén wéve function
for momenta less than 300 MeV/c. For the subsequent apalysis only events

with Apspect < 300 MeV/c are accepted: There are 4260 and 510 such events

for the reactions K+d - K+n-pp and K+d - K°n+ﬂ_§b respectively, of which ¢
67% are 3-prongs and 33% are 4-prongs in each case. The cross sections for

these reactions have been determined to Be 3998 ub for K%d - K+g-pp and

212112 pb for -K+d - K0n+n-pp. Here the quoted errors reflect statistical

uncertainties only.

I. CENERAL FEATURES OF THE REACTION K'n — K'xp

Figure 1 shows the Dalitz plot fof thé reactidn K+n - K+n-p. The out-
standing features of this plot include the following: (}) a large low-mass
enhancement in the prn system, which is associated with several N resonances,
(2) a K*(890)>band,'(3) a K#(thO) band, (4) a striking depletion of events
in a band with Mg(K#ﬂ-) ~ 2.4 GeV2, (5) an excess of events asymmetrically
distributed'aldng a band with M?(K&n-) ~ 3 GeVz, and (6) a general lack of
background events. The Particle Data Tables list seVen N;/Q resonénces with
masses less than 1.8 GeV,3 several.of which could contribute to the low-mass
enhancement in the prx distribution. Except possibly for some structure at
M?(pn-) ~ 2 GeV2, which is probably associated with the P, Roper resonance,
none of them can be resolved without cuts in t. The Dalitz plot shows that,
although there is perhaps some K*(lMEO)N* and K*(890)N" constructive interference,
the N* band is not continuous. The depletion of events in a band with M?(K+n_) ~ .
2.4 GeV2 cuts right across the N* band, and in addition the N* band doés not
persist down to the region between the X' (890) and K*(1420). Moreover, the

well-known asymmetry in therK*(890) decay angular distribution which appears
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on the Dalitz plot as an asymmetric population density along the K" (890) band,
éppeérs not to be associated with,ﬁhe N*; i.e., the high density region of the
K*(890) band is roughly the region4with M2(pn-) <7 GeV2, whereas the regibn
attributable to the N is only the region with (p ) < 3 GeV~.

Figure 2 shows the distribution in M(prx ) in which the N enhancement is
very clear. Figure 3 shows the»éame M(prx ) distribution with cuts (a) t < 0.3
(GeV/c)2 and (b) t > 0.3 (GeV/c)g- The N% peak is sharply shifted between the

two; the P Roper resonance is apparently produced primarily at low t, while

11

higher N*'s are produced at higher t values. -

1. K;(1250)

, .
Figure 4a shows the mass distribution M(K n ) for all the events in the

'sample. In addition to the features noted already, there isﬂa sharp spike

+ -y - : ' S
at a mass of M(K'n ) = 1250 MeV. Figure 4b shows the data with the N peak -

removed (M(px ) > 1.8 GeV) and the low t‘region selected (t < 0.2 (GeV/é)?).

K=K

The enhancement is about 5 standard deviations above backgrouhdﬁin‘this distri-
bution. A fit to the data of a Breit-Wigner line shape gives thevfbllowing

values for the parameters of this K*(l250) resonance, M = 1247i5 MeV_‘and

' + . ’ ' :
T = 20_2 MeV, with a X2 = 3.95 for six degrees of freedom. The results of

© this fit are shown as a smooth curve in Fig. 2c. In a compilation by W. P.

Dodd et al.,u a K* resonance at approximately this mass was observed; however,
ﬂhe width reported in that case was 7O MeV. If the large t region is selected,

i.e., t > 0.2 (GeV/c)g, the,K*(lQBO) does not appear significantly above

K—Kn

the background, but there is. some evidence for structure in the region 1 GeV <

o
M(K = )_< l.2_GeV. Evidence for two enhancements in this region “have been re-

ported; a K*(1080) (Ref. 5) and a K" (1160) (Ref. 6). However the statistical
significance_of any peaks in this fegion is marginal in the sample analyzed

to date in this experiment.
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Figure 5 shows the decay angular distribﬁtions;”cos 6 and ¢, and the distri-
bution in momentum transfer, tK—>Kﬁ
neighboring regions. The region of the K (1250) has beeanefined'aS‘theth-MeV

for the region of the K (1250) and for. two .

‘band, 1.19-1.23 GeV (see Fig. 4c). The neighboring.regions have aiso been
taken as 40 MeV wide on either side of the K (1250) region. Thévangle 6 is
~the angle between the ihcident'»K+ and the outgoing K+ in the K+n- rest.frame
(Jackson angle), and the,angle ¢‘is the azimﬁth of thé outgoing K+ about'the
incident K+ axis-in'the K+n~ rest frame (Treiman-Yang angle). No cuﬁs hé%e
been made in this data excgpﬁ fﬁf the indicated mass cutj specifically;

M(pr ) > 1.8 GeV has not been selected héré, becauée such a cut.is equivalent

to a cut on 6, i.e., a cutting out of forward K (cos 8 ~ + 1) events.

' * . . . _ v
In the K (1250) region, the distribution is consistent either with isotropy

or with a polynomial in cos 6 of order 2. There is no evidence for any term

in cos® @ where n > 2. We have fit the data to a function of the form

a  * alPl(cos 6) + a2P2(cos 0), where the Pi(cos 6) are the Légendre polynoﬁials
o .

in cos 6. We obﬁain é X =»22.9 for 17 degrees of freedom, and the_best fit
normalized parameters are (al/éo) = 0;28i0.l9 band (ag/ao) = 0.86%0.22. Iﬁ_
the.région below the.K*(i250) there is no evidénée'for any-deViation from,.
isotropy, and in fact in that region we obtain parameters (al/ao)‘z O.31i0.23
and (ag/ao) = - o,11ib.29, but a fit to an isotropic distribution»(al ='a2’= 0)
yields a X2 = 11.8 for 19 degreés of freedom. In the region above the K*(l250)
the data are conéistent with isotropy; but there is some evidence for an asym-
metry in this %égion; however this may Be due to the effects of the tail of
the K*(lHEO) which is becoming important at 1.3 GeV. The best fit.paraméters
in this region are (al/ao) = 0.62+0.21 and (ag/ao) = 0.41%0.20.

A least squares fit to the t distribution in the K¥(1250) region (Fig. 5h)

yields a slopeci’$&5i15(GeV/c)_2, which is certainly consistent with slopes

i
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generally observed for pion exchange processes. If the K*(1250) is in fact

: produced'primarily by pion exchange, then we may say that its Spin—parity;

must be either JP =0 or 1, as there is no evidence for any terms higher

than cos? 6 in the decay angular’distributionQ At the present level of

+

statistics we cannot distinguishAbetween JP = and .JP = l-, but the value

/a ). = 0.86+0.22 in the K. (1250) region tends to favor the _JP =1

+ .
1nterpretation ‘as this parameter would be zero for a JP resonance

produced by pion exchange. The K (1250) does not have a large»branching
fraction into three-body final states. This is discussed in Section-IV,

' + + .=,
where the reaction XK n — Kon i p is studied.

ITI. EVIDENCE FOR A J° £ 2 SIGNAL ON THE LOW MASS SIDE OF K (1420)

In the K'n~ mass distribution (see Fig. 4) we observe a rather broad
signal from 1300 to 1500‘Mev which appears to0 be due to the K*(1420) with
M ~ 1385 MeV and F ~ 140 MeV. We note however that the.character ofvthe
Kn decay angular distrlbution changes sharply at 1400 MeV. Figure 6 shows
the cos 6 distributions where 6 is the Jackson angle in the region of the
K*(1420). The,distribution'in cos 6 for the high mass side 1400-1500 MeV (Fig.
6b) is just that distribution expected from the decay.of a JP =-2+ object . |
produced by pseudoscalar exchahge. There 1s no evidence for any asymmetry,
and the distribution may be fit with D waves with some S-wave background.
The cos O distribution for the 1300-1400 MeV region, shown in Fig. ba, can
be fitted with S and P waves only and requires no D waves. "This sharpvchange
in character of.tﬂe decay”angular_distribution can be fﬁrtherfnoted from Fig-.

» ' + - o v
7 where we show the K n mass spectrum for three regions in cos 6: 0.7 <cos 6 =1

(forward), -0.7 < cos 6 £ 0.7 (eduatdrial), and -1 < cos 6 < - 0.7 (backward)

decay. We note that the entire e *(1420)" peak appears in the forward region,
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a peak at ~ 1360 MeV | appéars in the equatofial'reéion{‘and a peak at ~ 1420
v MeV'appears in the backward regibnf Onevinferpretation of this data wonld. |
include the presence_of a JP é:O+ or 1 signal at- ~ 1360 MeV with a Width.
of I' ~ 60 MeV in addition to thé K*(11+20) The poss:Lblllty that a change in
the character of the exchange mechanlsm at 1400 MeV is respons1ble for thlS

| effect appears to be unlikely in view of the fact that the t distributicns

for the two mass reéions appear identical (see.Fig. 8);

Further evidence for a sharp break at 1400 MeV’canrbevseen in avcomparison
of the (K+n-) mass distribution in this reaction ‘with the (KOH+K-) mass distri-
bution in the final state,Konfﬁ_p} This is discussed in Sectionliv.

We note that Antich.etiai.7 have previously suggested the presence of a
JP = 1 state, or at least an increase in thevl_ contribution to background,
in the \'ricinity of" K*(lLL2O). This work is based on a study of the‘ decay

‘ + -+t - -
distributions of the Kn system in the reaction K p — K+n.A ~at.5.5 GeV/c-

. Ko K%xp

In Fig. 9 we shon‘the_distribution in M(Koﬂ+ﬂ-) for the:reaction’ Kn -
Koﬂfn-p- The most stfikiné features of this disﬁributionzﬁe thé K*(lhéO) neak
and the conplete absence of any signal below the K~ (1420). Tﬁe well-known Q
enhancement in Kam is evidently‘nof_produced inia charge exchange reaction
off the neutron as was noted'earlier.fof other charge exchange reactions.8’9
The K*(1250) is also not produced in this reaction which indicates its branching
ratio into three-body final states ie small, and thus is not associated with
fne structure in the Q at about ﬁhe same mass. We have calculated the ratio
R = K T n )/ K 14 ) as a function cfvthe invariant mass of all the mesons in
each final state, where the number of K°n+n_ events have been corrected for

the neutral decay mode and the K, decay of the K°. We note that in the 1280

2
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to 1400 MeV mass region R = 0;27i0,06,‘while in the 1400 to 1520 MeV mass

region R = O.60i0.09. This is further evidenee for the sharp change at lhOOv.

MeV which cannot be expiained by two—body’aﬁd three-body phase space differences.
In addition, the (K°x ) mass distribution in Fig. 9b shows a peak at a

mass of about 2.1 GeV. This peak is currently béing investigated.
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. FIGURE CAPTIONS

Pig. 1. Dalitz plot M(px") vs ME(K'x") for the reaction K'n - K'np-

Fig. 2; M(pr ) for the rea.cti'_oﬁ x*n —>7'K+zr—p.

Fig. 3. M(pr ) for the reaction K - K'n'p with (a) t < 0.3 (Cev/e)®

and () £ >0.3 (Gev/e)®. DU i N N .

Fig. k. M(K'x") for the reacﬁion. K'n - Knp with (a) no cuts, (b) M{pr ) > |
1.8 GeV and tK—éKﬁ < O.é‘(GeV/Q)E, and (éj:same'as (b) in‘iO-Mgv Bins. |
The smooth curve in (c)niéﬂfhe_résulf ofva_fit to'a Breithigner sﬂa@e.
See text.

Fig. 5. (a) cos 6, the Kx decay angle, (b)_@, the Treiman-Yang angle, and
(c).tK—éK in three mass reglons (i) Below ﬁhe K*(1250),'(ii) in.thé'
K*(1250), and (111) above the K (1250). | | |

Fig. 6. cos 6, the Knx decay angle for events in the KX (1420) regionvwith
(a) 1.3 GeV < M(K ) < 1.k GeV and (b) 1.4 Gev < M(K ) < 1.5 GeV. The -
data have been selegted with t < O 2 (GeV/c R v |

Fig. 7. M(K'n") for (a) 0.7 < cos 6 <1, (b) -0.7 < cos 6 < +0.T" and (c)

-1 < cos 6 < -0.7. The data have been selected with ¢ < 0,2 (GeV/c)?.

Fig. 8. do/dt vs t for the low and high K (1420) regions.

¥ - : 4 + - .
Fig. 9. M(K°x n ) for the reaction. K n — K°% " p. The insert shows the same

distribution with M(pr ) < l.32.
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