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FIGURE CAPl'IOnS 

- 0 . Fig. 1. .K D ~ .E 1( P cross sectioh and Legendre polynomial expansion 

coefficients. 

+-
Fig. 2. K-p ~ g-"1(+ cross sections and Legendre },lolynomiaJ expansion 

coefficients for I(e) and,.!:(e). Open circles refer to 

E+1(-, solid circles to .E-1(+. 
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ABSTRACT 

UC RL-17741 

The results of a partial-wave analysis of L:-:rr final states near 

1 BeV are presented. 
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In this paper we describe our analysis of the reactions 

- + -t= -K P ~ ~~ in the K p c.m. energy range from 1735 to 1845 MeV, and 

K-D ~ L:-~op at 815, 915, 1015, and 1115 MeV/c incident K- momenta. In 

. * * addition to the well-known YO (1815) and Y
l 

(1765) resonances, an 

important, perhaps resonant, isospin-zero D5 amplitude has been 

observed in this energy region by a CERN-Heidelberg-Saclay (CHS) 

+ -t= -0 1 collaboration in ~ ~ and' K N final states. The results of our 

experiment favor the interpretation of this amplitude as a resonance 

with mass 1837 ill MeV, width 74 ±18 MeV, and a branching fraction 

into L: ~ of 0.22 ±0.03. 

These data are from an experiment to systematically study iN 

interactions near 1 BeV. About 750 000 pictures were taken in the 

LRL 25 inch hydrogen bubble chamber exposed to a separated K- beam 

from the Bevatron; deuterium was the target liquid during one third 

of the run. After cuts were made on the X2, fiducial volume, and sigma 

length, there remained 4190 K-p ~ L:+~-, 2670 K-p ~ z-~+, and 467 

K-D ~. Z-~op events . .An average Z- carried a weight of 1.2 and a 

typical Z+ a weight of 1.45 to correct for the length cut and other 

scanning biases. The K- path length at each momentum was determine.d 

by a direct beam count and corrected for non-K-meson contamination as 

calculated from a 't" and 0 ray count. 

There are two well-established resonances between 1700 and 1850 

* * MeV--the YO (1815) and Yl (1765),respectively having spin and parity 

5/2+ and 5/2-. 2- 4 In addition, there are several isobars above and 

below this range which might affect our data. We assumed that 
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background amplitudes of the form 

(1) 

are an adequate approximation to nonresonant backgrounds plus possible 

tails of resonances outside our energy region. Here I is the isospin, 

L the orbital angular momentum, and aIL' bIL, cIL' and dIL are constants 

which were varied in the fitting process. Resonant amplitudes were 

taken to be of the Breit~Wigner form, 

with the dependence of the various partial widths given by 

r. a:. [q~/(q~ + Z2)]L (q./w.) , 
~ J. ~ ~ ~ 

with Z = 350 MeV, X and X the elasticity and branching fraction into e r 

.E,--:rr, respectively, and q. the c.m. momenta of the resonance's decay 
~ 

products. For a given set of background and resonant parameters, the 

differential cross sections and polarizations were calculated through 

the expressions 

2 2 
I(e) = if(e) I + Ig(e) I , 

* A pee) I(e) = 2 Re (f (e)g(e»N , -
fCe) = ~~,e[ce+l) T,e+ + ,eT,e-]P,eCcos e), 

1'. + - 1 
gee) = krJCT,e - T,e )]P,e (cos e) , 

and compared with the experimental distributions to yield a value of 

2 
X • The program VARMIT, run ona CDC 6600, then minimized x2 with 

respect to the parameters allowed to vary. In fitting, we arranged the 

data so that no bin in the angular distributions had less tban ten 

real events and so that the polarization for cos e interval was 
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determined from no less than 40 real events. The total.number of data 

points was 267. Note that our procedure differed from that of the 

CHS group in that we fitted the actual distributions rather than 

Legendre polynomial expansion coefficients. 

We first consider the 467 K-D ~ ,E":':rr 0p events. i:An_uppe:r: _i,~~i.t of 

250 MeV/c was made on the momentum of the spectator proton. The cross 

section, with no attempt to correct for unseen spectator protons or 

screening effects, and Legendre polynomial expansion coefficients for 

I(e) are shown in Fig. 1. Because of the neutron Fermi momentum these 

pOints actually represent averages over a K-n c.m. interval of about 

70 MeV. Although the data are rather sparse, they give a first 

orientation about the pure I = 1 .E:rr final state. The gentle falloff 

of the cross section can be interpreted as the high-energy tail of the 

Y
l
*(1660) or Y

l
*(1680), if it exists,1,5 or both. There is no evidence 

* for strong Yl (1765) production. The modest A4 term implies the presence 

of a spin 5/2 amplitude important at energies above 1800 MeV but not 

near 1765 MeV. ThiS, and the absence of A5 and higher coefficients, 

leads us to believe there is a moderate D5 background but no prominent 

resonant amplitudes. 

The cross sections and Legendre polynomial expansion coefficients 

- + -
for I(e) and p(e) are shown in Fig. 2 for K p ~ ~:rr+. - The p(e) can -. + 
be determined only for the,E. In contrast to the behavior of the 1=1. 

coeffiCients, there is a large and rapid energy variation in all terms 

up to A
5

• A6 and higher coefficients are small, which implies the 

absence of amplitudes with spin greater than 5/2. The prominent A5 

then demands D5F5 interference, and the shape of the cross sections 
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suggests that at least one resonance is present. In terms of "the 

I = 0 and I = 1 amplitudes, TO and Tl , 

I(e) t-
Since the A5 i·s of the same sign in both the r;+ and r;- data, both the 

F5 and D5 amplitudes are largely of the same isospin, probably zero. 

Again note that the strongest effects take place at energies above 

* 1800 MeV rather than in the region of the Yl (1765). 

Table I contains the results of our most interesting attempts to 

+ -
fit the r:-n+ data. All fits allowed backgrounds of the form given in 

Eq. (1) up to and including D
3

. The entry B(P
K

) means that the indicated 

partial wave was included as an energy-dependent background termj B(e) 

implies that only a constant background (b
IL

, d
IL 

,,; 0) was used.. 
- . ~. , 

R signifies 

the inclusion of a r~sonance with its amplitude, mas~ width, and 

isospin allowed to vary in the fitting. The exception to this is the 

* row labeled "Y
l 

(1765)," in which case we required the presence of an 

I = 1 resonance with a mass of 1765 MeV and width 100 MeV and let only 

* its amplitude change. RF5 represents the YO (1815) with all its 

parameters free. The presence of anI = 0 F5 resonance near 1815 MeV 

is absolutely essential· to adequately fit the data. Finally, there 

was no necessity for an F5 'background. 

Fit A: A fit with no resonances and backgrounds to F5 gave an 

unsatisfactory probability of fit, P = 10-6 . 

* . Fit B: The YO (1815) and backgrounds to D5 also gave a poor fit, with 

P = 4xlO-4 . 
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* * Fit C: We next added the Yl (176 5) to the YO (1815) and backgrounds 

to D3 and obtained P = 2xlO-3 . 

Fit D: The first satisfactory fit resulted from the combination of a 

, * " / 
free D5 resonance, the YO (1815), and backgrounds~to D

3
. P = 0.012 

and the resonant parameters were ." 

I(D
5

) = 0 I(F 5) = 0 

M(D
5

) = 1823 MeV M(F
5

) 1826 MeV 

r(D
5

) = 48 MeV r(F
5

) 108 MeV 

Fit E: Next we investigated the possibility of adding a D5 background 

* * amplitude. With a "forced" Yl (1765), YO (1815), and backgrounds up 

to D5 we obtained a good probability of fit, P = 0.095. The energy 

variation of the D5 background was found to be much more rapid than any 

of the other nonresonant amplitudes and its effect was to make the net 

D5 amplitude large at energies above 1800 MeV rather than near 1765 MeV. 

We believe the program fitted the low-energy side of a resonance above 

* 1800 MeV and that it then used the Yl (1765) to cancel off an incorrect 

lower-energy behavior. Data at higher energies than available in this 

experiment should be able to rule out this fit. 

Fit F~ We repeated fit E with a more reasonable D5 background, namely 

a constant. The probability dropped to 0.032, and again the net D5 

amplitude was larger above 1800 MeV. For these reasons'we believe 

solutions E and F not to be so likely as their quoted probability 

would indicate. 

* Fits G,H: Here we allowed a free D5 resonance, the YO (1815), and 

backgrounds to D
5

• The fit was excellent with P = 0.274, and the D5 

background had a very moderate energy dependence. With this background 
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taken as a constant, P = 0.212. 

Fit I: In this case we suppressed the D background but allowed a 
5 * -l(-

resonance, the Yl (176 5), the YO (1815), and backgrounds up 

, * 
The fit was only slightly better than with no Yl (1765) at 

all: P = 0.018. 

* We also tried a fit with the Yl (1765), a free D5 resonance, the 

YO*(18l5), and backgrounds up to D
5

. Again the Yl*(1765) was not 

required, but with this many free parameters (50), the errors were 

large. Muchmore data will be needed before accurate determination of 

all the amplitudes in this region is possibl~JIn particular, the 

exact resonant parameters are strongly dependent on the form of the 

backgrounds. At the present level of statistical accuracy the data 

strongly favor the presence of an I = 0 resonance near 1840 MeV. This 

is probably the same object suggested by the CHS group. We believe 

fit G to be the best estimate o£ the amplitudes; the resonant parameters 

in that fit were 

I(D
5

) = 0 I(F
5

) = 0 

M(D
5

) = 1837 ± 11 MeV M(F
5

) 1816 ± 4 MeV 

r(D
5

) = 74 ± 18 MeV r(F
5

) = 64 ± 12 MeV 

Xr (D
5

,) = 0.22 ± 0.03 Xr (F
5

) 0.15 ± 0.02 

Xr (D
5

) = 0.11 Xe (F
5

) = 0.60 

* The branching fraction of the Yl (1765) into ~ ~ is consistent with 

zero. The elasticities are from Ref. 1. We have quoted double the 

statistical errors in an attempt to compensate for our ignorance of 

the exact form for nonresonant amplitudes. 
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We expect to make a more comprehensive report based on twice the 

number of events in the future and to' combine those data with the 

results of a forthcoming experiment at K- momenta above 1100 MeV/c. 
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Table I. Summary of partial-wave analysis fits. B- indicates 
a background amplitude; R- a resonance. All fits 
have backgrounds to D

3
. 

Fit 

A B C D E .F G H I 

Amplitude 

B-D 
5 

B(PK) B(PK) B(PK) B(C) B(PK) B(C) 

B-F 
5 

B(PK) 

.* 
Yl' (1765) R R R R 

R-D 
5 

R R R R 

R-F 
5 

R R R R R R R R 

2 
390 319 312 275 250 266 231 241 271 X 

DFG 219 225 229 225 222 225 219 223 225 

PROB 10-6 4Xl0-4 2Xl0-3 0.012 0.096 0.032 0.274 0.212 0.018 
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FIGURE CAPTIONS 

Fig. 1. K-D ~ Z-:rrop cross section and Legendre polynomial expansion 

coefficients. 

+ -
Fig. 2. K-p ~ Z-:rr+ cross sections and Legendre polynomial expansion 

coefficients for I(e) and~(e). Open circles refer to 

+ - - + Z :rr , solid circles to Z:rr . 
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