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EVIDENCE FOR STRUCTURE IN THE Kn' MASS SYSTEM DAR 1.85 Gev* 

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

Department of Physics and Lawrence Radiation La.boratory 
University of California, Berkeley, California 94720 

June 25, 1971 

ABSTRACT 

We present evidence for structure in the K1 s.ystem at a mass 

near 1.85 GeV in the reaction K+n -+ K+"c -p at 12 GeV/c. One 

interpretation of the observations is the production by pion 

exchange of a ~ = 3- '* K resonance at about this mass, which 

interferes strongly with other processes. 

As part of a systematic study of the reaction + + -K D -+ K n p, we have 

investigated K+n:- scat:tering in the mass region above the K*(1420) .. The 

data are from a 500 OOO-picture exposure of the SLAC 82-inch bubble chamber, 

filled with deuterium, to a 12-aev/c rf-separated K+ beam. This film has 

. , + + -
been analyzed and has yielded a sample of some 6400 K n -+ K 1£ P events. 

The experimental details have been reported previously.1-3 

* There is good evidence that K production in this reaction is dominated 

at low momentum transfers by the pion exchange mechanism. 2 ,3 Therefore, in 

order to enhance this process, we have imposed on all the data presented in 

this Letter a cut on the momentum transfer from the incident neutron to the 

final proton Itll ~ 0.2 (GeV/c)2, where tl = t - t
min

• The distributions 

in the Treiman-Yang angle are then consistent with isotropy, and the distri­

butions in tl are exponential with ,a slope of abo~t 10 {GeV/c)-2, throughout 

+ -the K 1£ mass range under consideration in this a.nalysis. 

The Dalitz plot for this reaction has been publishEld previously.3 In 
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+ - . 
Fig. la we show a scatter plot of cos 8 vs M(K 1t' ), where 8 is the polar angle 

.' + 
in the Gottfried-Jackson frame; i.e., the angle of the outgoing K with respect 

+ - . 
to the beam in the K 1C rest freuoo. In this plot vertical bandscorrespondlng 

to the K*(890) arid K*(1420) and a horizontal band corresponding to N* produc-

tion are very clear. In a.ddition, we ooserve a concentration of events in 

the region '-0.8 < cos e < -0.2 and M(lUt) ... 1.85 GeV. We shall be concerned V 

in the rest of this Letter with the interpretation of this effect. 

Figurelb shows the M(K+1t'-) ma.ss projection, in which no cut other than 

I t I I < 0.2 (Ge v/ct ha s been made. Be side s the K* ( 890) and the K* ( 1420), the re 

isa suggestion of a mass enhancement at about 1.85 GeV. 

In Fig. 2 we show the distributions as functions of M(Krc) of the quanti­

ties N{Y~) to N(Y6>' which are the products of the a.verage va.lues of the 

pa.rticula.rspherical harmonics with the actual number of events in each bin. 

In the region of interest [M(K+ 1[ -) - 1.85 GeV] we observe substantial increases 

in the va.lues:of N(Y~> and N(Y~>. 'niese iricrea'ses occur over a mass range' 

of about 150 MeV. In addition, N(Y6> begins to show a significant nonzero 

value at a mass of about 1.85 GeV. There is no evidence for any appreciable 

deviation from zero of N(Y~), where .. > 6, for Krc masses below 2.0 GeV. 

Thus if we consider only waves with j ~ 3, tbese sharp increases are most. 

naturally attributable to the interference of a rapidly increasing F-wave 

amplitude at a Krc mass value of about 1.85 GeV, with waves of opposite 

parity; e.g., S and D waves. 

Since the existence of F waves in this mass region appears necessary, 

we may investigate this effect :f'u.rtber by a judicious cut on the angular 

distribution to enhanc-e the .F-~a.ve signal. Since IY~12 has zeros at cos 8 

= 0 and cos e ::: ±0.11 and maxima. a.t cos e = ±0.45 and cos e = ±l, we 

divide the data into four regions of cos e: cos e > 0.17, 0 < cos e ~0.11, 

.,: 
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-0.17 < cos 9 ;i 0, and cos 9 ,; ·0.77; and show the resu1tlng distributions 

in M(IUr) in Figs. lc through 11' •. ~eenhancement at M(iut) ... 1.85 GeV with 

a width of about 300 MeV is very clear in Fig. le (-0.17 < cos e ;i 0). 
- + 

In Fig. 3 we shOW the distributIon in cos (} in three regions of M(K n: -): 

1.5-1.75 GeV, 1.75-2.0 GeV, and 2.0-2.25 GeV. The change in the angular 

distribUtion across this mass region is striking. The smooth curve in each 

figure is the result of a fit to a sum of Legendre polynomials up to sixth 
~ . 

i.e., L:o a. P (cos e), where N _ == 6. The x2 
and resulting param-n::: n n max order, 

eters are shoWn in . Table I. With the present statistical accuracy we cannot 

determine with precision the relative amounts of each wave pre~ent. 

It should be noted that in th.e angular distributions of Fig. 3 the large 

forward peak is a consequence of the strong production of low-mass N*' s. It 

might appear that some or all of this contribution sho~d be considered as 

a background to K1( scattering which ought to be subtracted out. However, 
.- - 4_ 

the d1,la.lity picture, as applied by Chew and P1gnotti, regards Kn: scattering 

* in this reaction as dual to N production, and argues against such a subtrac-

tion. Sinceextrapolat1on to the pion pole should in principle give (the 

correct Kn: scattering distribution, we have examined the t-dependence of the 

ratio of the forward peak to the reIJla.inder ot the a.ngul.a.r distribution 1n 

this Kn: mass region. We find that there is no significant variation of this 

ratio witht' I for I t'l < 0~2 (GeV/c,2; consistent with the view that the 

angular distributions of Fig. 3 in fact represent Kn: scattering. 

We have also fit the a.ngul.a.r distribUtion ot Fig. 3b using only the 

region cos e < 0.7 to a sum of Legendre polynomials, and have found excel-

lent agreement with the results of the fit to the entire distribution, i.e., 

the forward peak is reasonably well reproduced. However this truncated distri­

bution may also be fit with reasonable x2 with a sum of Legendre polynomials 
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only up to 'fourth order, 1.e.,noF wave is required. In this case, however, 

the predicted forward pea.k1s onlY' about one " fourth of the observed peak, 

and thus the bulk of the events in this forward peak woul.d not reflect K:n 

scattering. SUch a view would contradict the notion of duality discussed 

above. 

It sliould be emph.8.sized that if the L meson, as seen in react.ions like 

ICP -+ IC'/1{ -PI 1s in :fact p~uCed by a diffraction prOcess, as is generally 

supposed (and hence has unnatura:tspin parity), then the enhancement observed 

in this cha.l"ge-exchaJige rea.ct1on cannot he the L meson~5 Preliminary results 

frOm a study of the K+d rea.etion at'9GeV/c showing an effect· similar to the 

one Observed here have been reported by the Purdue-Darts collaboration.
6 

In conclusion we have observed a. rapid charige in the K:rr scattering 

angular distribution in the mass're~on around 1.85 GeV. This effect can 

be InOst simply interpreted in terms of a rapid increase of an F-wa,ve s.mpli-

tude" which ~terf'eres with several other waves present. If interpreted as 

JI - * a resonance this .r = 3 K could belong to the same SU
3 

octet as the g-

meson. Because 01' the strong interference effects observed in this experi-

ment we cannot obtain precise vaJ..ues for the mass and width. 

We gratefully acknowledge the help of the SLAC accelerator operation 

group, and in particular we thank J.Murra.y, B. Gearhart, R. Watt, and the 

staff of the 82-inch bubbl.e eha.mber for help with the exposure. We aclmowl-

edge the va.l.ua.ble support given by our scanning and programming staff's, 

especia.l.lyE. R. Burns, A. Habegger, B. Sieh, and H. White and the FSD staf'f. 
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FIGURE CAPTIONS 

Fig. 1~ 
. . + - . ... + -

(a) Scatter plot of cos J;J vs M(K n: ); distrlbutions of M(K :n: ) for 

(b) -no cut in cos e, (c) cos e > 0.77,. (d) 0 < cos e ~ 0.77, (e) -0.77 < 

cos e ~ 0, and (f) cos e :!! -0·71. A cut at It'l < 0.2 (GeV/c)2 has 

been applied to the data shown here. 

Fig. 2. (a) through (f): Distributions of N(Y~) for 1 = 1 through 6 as 

functiOns of M(K+:n:-). A cut at It" < 0.2 (GeV/c)2 bas been applied to 
I 

the data show here. 

Fig. 3. Distribution of cos e for (a) 1.5 GeV < M(K+:n:-) < 1.75 GeV, (b) 1.75 

GeV < M(K+:n: -) < 2.0 GeV, and (c )2.0 GeV < M(K+ 1t -) < 2.25 GeV. The smooth 

curves E;how the results of fi ts to sums of Legendre polynomials up to sixth 

- order. A cut at ' It" < 0.2 (GeV/c)2 bas been applied to the data shovn 

here. 
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Bmax 
Table I. . Coefficients of' Legendre expansion 5" a P (cos 8). 

n~ n n 

M(K+n-) bin: 1.5-1.75 GeV 1.75-2.0 GeV 2.0-2.25 GeV 

Number of events 424 536 446 

x2 12.4 10.2 20·9 

Degrees of freedom 13 13 13 

Confidence level 49.~ 67.4~ 7.510 

(801/800 ) 1.O2±O.11 1.73±0·07 2.20±0.06 

(802/800 ) 2·38±0.09 2.62±o.08 2.99±0·07 

(80
3

/800) 1.o4±o.16 2.76±0.10 3·03±0.08 

(804/800) 1.11±0.18 1.6j±0.12 2.29±0.10 

(80
5

/800 ) 0.20±0.16 O.94±O.ll 1.46±0.09 

(806/800) 0.26±0.18 0·72±O.1l 0.46±0.11 

y 

, ) 
• 
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that its use would not infringe privately owned rights. 
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