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ABSTRACT 

LBL-6129 

Utilizing the K-p charge-exchange results from the previous letter, 

we report an energy-dependent partial wave analysis of all available 

RN data from 365 to 1320 MeV/c. The effects observed at--An and l.:a n thresholds 

are well described by cusps. New values of masses and widtl1s are found for the 

P01 and P11 resonances. No new narrow resonances are required. 

A concentrated effort towards the understanding of the low energy RN system 

~ took place some ten years ago both in the experimental and phenomenological 

domain. Most of what we presently believe about the RN system and related 

resonances dates back to this time. Since then there has been a largely static 

period of re-evaluation of the data without any major experimental effort. 
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Recently new experimental results of much better precision have become 

available, leading to the hope that the quantum numbers of the less prominent 

features of the KN interaction can soon be established. These are: 

1) high statistics bubble chamber experiments at the lower1 and upper2 

momentum ends of our region of interest which serve to fix the amplitudes at 

both ends, 2) remeasurement of the K~p and K~d total cross sections with higher 

accuracy, suggesting six additional narrow structures, 3 3) new electronic 

measurements of the K~p differential cross sections, 4 4) the precision mea~ 

surement of the total charge exchange cross section reported in the previous 

letter, 5 and 5) preliminary results on K~p polari'zation. 6 The RL~IC group has 

reported7 an energy~dependent partial wave analysis utilizing the first two 

of the above new results. In this letter we make fits to the complete data 

bank, including these additional experiments, and introduce some new features 

into the parametrization of the amplitudes. 

The basic partial wave analysis program is an outgrowth of that used 

by CHS8 into which we have incorporated a number of sophistications deemed 

necessary for the elastic amplitudes in this energy region. First, single~ 

channel unitarity is imposed in the conventional way by multiplying the back~ 

ground S matrix element by the resonant S matrix element (S = SB~ leading 

to a scattering amplitude T = TB + SBTR). Resonant amplitudes are parametrized 

as Breit~Wigner resonances with barrier factors (of the Glashow~Rosenfeld 

type) appropriate to the angular momentum state. For S~wave resonances, cusps 

are introduced at An and E0n thresholds to reflect the observed enhancements 

in these channels. 9, 10 This is done by adding a partial width for these 

processes to the total width in the amplitude denominator: rT = r + YyP· Here 

p is the momentum of the n in the an (imaginary below threshold) and r, the 

width without the n channel, is a free parameter of the fit as are yA and yE. 
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Finally, the background amplitude in each partial wave has been made explicitly 

unitary by parametrizing it in terms of a variable scattering length, viz. 

TB = S A/(1-iSA). Here Sis a centrifugal barrier factor corresponding to the 

partial wave and A = a + ib2 is the momentum-dependent complex scattering length. 

We square b so that the imaginary part (rep!esenting absorption) always remains 

positive. For S and P waves three complex coefficients of the expansion in momen­

tum11 are generally found necessary, while for D and F waves one is adequate. The 

latter backgrounds are thus parametrized by constant scattering lengths, whereas 

S and P wave backgrounds assume a more flexible behavior while retaining the 

unitary feature. 

Table I shows the various types of data used, their sources, and their con­

tributions to x2. The fit, extending from 365 to 1320 MeV/c, is anchored at the 

low momentum end by high statistics data in the region of A(l520). For economy 

in computing, the number of momenta fitted was limited to 100; as a consequence, 

we have merged some experim~ts with data points at nearby momenta. The K-p total 

cross sections were interpolated to momenta where other types of data existed. 

Where disagreements occurred between the BNL total cross section measurements 

and those of previous experiments, 15 ,16 we have chosen to use the BNL results. 17 

Because of these disagreements and because of uncertainties associated with 
. 

deuterium correcti~ns, the isospin-decomposed cross sections were assigned 5% 

uncertainty, whereas other data were introduced with their quoted statistical 

errors. 1496 data points were fitted, using a total of 90 parameters. 

Results for the resonant amplitudes are listed in Table II. Figure 1 shows 

the Argand diagrams for the S and P wave amplitudes. Here we combine in each 

diagram the I = 0 and 1 amplitudes to facilitate visualizing their effect on 

the charge-exchange cross section since the charge-exchange amplitude is the 

difference, TtJn = (T1-T0)/2. The integrated cross section, being proportional 
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to the sum of the squares of each such amplitude, contains no interference 

between partial waves. 

Effects of the cusps can be understood from Fig. l. The S-wave charge­

exchange amplitude, in response to the narrow s01 resonance just above An 

threshold, is seen to diminish rapidly as it approaches the threshold from be­

low. Then as the I = 0 amplitude makes the requisite 9ct' left-hand turn at the 

cusp, (l9) r1-r0 remains nearly constant immediately above threshold. This leads 

to a discontinuous slope in the rapidly falling rn cross section as observed in 

Fig. 2 of the previous letter. 5 Similar arguments can account for the dip seen 

at Ln threshold, where a broader resonance in the I = 1 amplitude occurs some-

what above this threshold. A fit with the cusps suppressed fails to follow 

these structures and increases the x2 contribution of our ~n data in a ± SO 

MeV I c interval surrounding the cusps by more than a factor of two. An expanded 

view of the fits with and without cusps in exhibited in Fig. 2. Both of these S­

wave resonances have been clearly seen as' n threshold enhancements, and are re-

lated through SU(3) to the well-known Nn resonance. We ftnd additionally that the 

s01 amplitude has (as does the analogous TIN s11 amplitude) a broader resonance at 

higher energy, overlapping the narrow resonance near n threshold. A second s11 
resonance has also been suggested by the recent RL-IC analysis with a mass of 

1955 MeV; this is above our region of investigation and is not required by us. 
+ 

Since the discovery of N(l470) with Jp = i , the existence of related 

hyperon resonance members of an SU(3) multiplet has been as open question. The 

P01 amplitude grows rapidly in the vicinity of A(1520) and there have been 

several suggestions that it resonates shortly thereafter, 7, 20 while the P11 

1 . d 1 . . d" . f . ' wh h" h 7,20,21 amp 1tu e a so g1ves 1n 1cat1ons o resonat1ng at some at 1g er energy. . 

We find that a very broad P01 (1600) and a narrow P11 (1677) make substantial im­

provements in our fit. 22 Both of these have been seen in the RL-IC work, 7 

albeit with different masses and widths. The P11 resonance lies in the intricate 

region from 700 to 800 MeV/c where three other amplitudes are known to resonate. 

Our mass of 1677 agrees well with the RL-IC mass (1676 MeV) as determined by 
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their l:7T analysis, but nQt by their KN analysis (1738 MeV). However our width 

of 33 MeV is very much narrower than their width of 120 MeV. 

Apart from P03 (1910) at the upper end of our range, the Jp = 3/2+ ampli~ 

tudes show no indication of resonant structure within our region of study. The 

conventional resonances in higher angular momentum states (D,F and G) are either 

found to have parameters consistent with the currently accepted values 23 or, 

when outside of our energy region, have been fixed at these values. 

Nearly all the momentum-dependent structures evident in the various poly­

nomial coefficients are well reproduced by our fit, although the x2 per data 

point of 1.33 is high. This we believe to be mainly a reflection of systematic 

errors in the data and inconsistencies between experiments and, to a lesser ex-

tent, due to imperfections in the parametrization of the amplitudes. Our Argand 

amplitudes do resemble those of the RL-IC analysis, despite a very different 

parametrization of background amplitudes and a substantially different body 

of fitted data. This shows that the phenomenological representation on Argand 

diagrams of the major features of the KN amplitudes in this energy region is 

basically correct and probably uniquely determined by the present data. 

The isospin decomposition of the recent BNL total cross section measure­

ments3 has indicated evidence for £our new resonances in the I = 1 channel and 

two in I = 0, all lying between 500 and 900 MeV/c. They appear as narrow struc­

tures, quite weakly coupled to the KN channel. In the data which we fit, apart 

from these bumps appearing in the isospin decomposed cross sections, there is no 

other visible indication for these resonances. To test the consistency of 

such resonances with other data we have selected the most prominent of the 

I = 1 structures, those at 546 and 602 MeV/c. Using all data in the± SO MeV/c 

interval surrounding each one, we performed with our program a systematic ex-

ploration of possible spin-parity assignments for these resonances through n5. 

Although structure in the I = 1 cross section was, of course, better fitted by 



the introduction of a resonance at the quoted ·mass, width and elasticity, there 

was no improvement in x2 from any of the other data. For S and P wave assign-

ments where the resonance may interfere with large non~resonant backgrounds 

of the same spin-parity, our precise charge-exchange cross sections were in 

fact more poorly fit. We thus conclude that if these resonances do exist, they 

are most likely in the higher states (for example D13 as suggested by 

Litchfield24) and can be confirmed only by a precision study of angular dis-

tributians or by investigation of other channels to which these resonances must 

be more strongly coupled. 

We are grateful to D. Lazarus and M. Zeller for making their preliminary 

K-p polarization data available fo.r this analysis and thank R. Kelly for 

helpful discussion. 
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Table I. Data used in the fit. 

Type of Data Momentum Data 2 and Reference (MeV/c) Points X 

.!-~' - d) 
1) dcr/cill(K p, K n) 

LBL(l) 365 - 425 70 176 

GIS, CH(8) 436 - 1200 

B. RL(4) 1rm- 610 - 943 

Ch-LBL ( 12) 
685 767 

862 - 1011 

RL- IC (2) 960 - 1320 

dcr/cill(180o) (1,2,8,13) 365 - 1320 51 124 

2) crT, crO, 01 

LBL(1) 365 - 425 7 45 

BNL(3) 436 - 1066 108 115 

llNL (14)} 1080 - 1320 21 35 

RL (15) 

3) K-p Polarization 

Yale-BNL(6) 650 - 1087 132 246 

CERN-Holl (l8) 862 - 1174 374 376 

4) cr~n) 
This expt. (S) 515 - 1065 48 111 

'.t'j 

TOTAL 1496 1995 
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Table Il. Resonance Parameters 

State(a) M r Elasticity (b) 
(MeV) (MeV) 

'o, 

SOl **** 1670±3 ' 34±5 0.16±0.03 

SOl ** 1720±20 175±40 0.31±0.05 

s11 *** 1781±10 145±20 0.33±0.05 

POl * 1600±20 388±50 0. 21±0. 03 

pll ** 1678±10 33±l0 0.14±0.03 

P03 *** 1909±20 116±20 0.31±0.05 

p13 **** [1385] 23 0.16 

D03 **** 1519±0.5 15.5±0.9 . 0.45±0.03 

D03 **** 1690± 5 51±10 0. 21±0. 03 

D13 **** 1700±20 130±40 0.13±0.04 

Dl5 **** 1781±5 120±10 0.36±0.03 

Fo5 **** 1821±2 78±5 0.60±0.03 

F15 **** 1934±20 132±20 0.13±0.05 

F17 ~;~** [ 2030] [ 180] [ 0. 20] 

G07 **** [ 2100] [ 250] [ 0 0 30] 

(a) Star attributions are those of the 1976 PDG Tables, T. G. Trippe et al., Rev. 
Mod. Phys. Aa, Sl (1976). 

(b) When significant aosorptive backgrounds are present, the elasticity listed 
is nBre/r, corresponding to the diameter of the resonant circle. 
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FIGURE CAPTIONS 

Fig. 1. Argand diagrams of the S and P wave amplitudes~ Numbers are K- lab mo-

menta in GeV/c with intervals of 0.1 GeV/c indicated by bars. The s. wave cusps at 

An and Ion thresholds manifest themselves on the Argand diagrams as 

singularities in speed ~ccampanied by discontinuities in direction. 

Fig. 2. Expanded view of our charge exchange 'data in the vicinity of An and 

Ion thresholds showing the best overall fit obtained with and without . 
cusps. The x2 earning from these data in.±. SO MeV/c intervals surrmmding 

the thresholds is 44 with cusps and 100 without cusps; the tot~l x2 without 

· cusps increases by 101. 
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Fig. 1 
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