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ABSTRACT 

Baryon production and subsequent decay into K;Ao, Ann’, K;Ao~~, and 

hOn+n- final states are studied. Evidence for the states N(17101, 

X(1385). E(1620), E(1690), Z(2250), t(1320), f(1530), 5(1820), and 

E(1940) is presented. Ratios of xf distributions and cross sections are 

compared to the predictions of phenomenological models. 
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It has been observed that resonance production is a sowce of a 

substantial fraction of all final state stable hadrons’. Presumably the 

production characteristics of these resonances form a more direct probe 

Of the underlying production dynamics than do those of the final state 

particles. In particular, the ratios of cross sections for resonances 

with different strangeness should probe local compensation of quantum 

2 number . The ratios of xf distributions provide tests of dimensional 

3 counting rules . 

The experiment and data analysis procedure have been described 

elsewhere4. The data consist of -60,000 events of the type 7-N + VOVOX 
- 

where V”= K $, Ilo, or ho, and the charged multiplicity of the X state is 

required to be 55 for the region Xft 0.2, where the acceptance of the 

apparatus was large. The mass resolution of the Ks is d MeV/c’ for a 

typical momentum, <PK > -40 GeV/c. Constrained fits were made to the 
3 

decay vertex (1-C). V0 mass (l-C), and VO-V0 primary vertex (1-C). Fits 

are accepted if the x2 probability is > 10e5. The V0 identification was 

done by attempting KS, Aa, and in hypotheses and assigning the best fit 

hypothesis. A 5% contamination of KsKs is estimated to exist in the 
- 

K$AO, Ksh” sample (-18,000 events) reported here. 

Tracks within the spectrometer are placed into two categories. 

Tracks passing within 530 Of the production target are defined to be 

“direct” tracks. Those outside this cut at-e defined to be “decay” 

tracks. No mass identification of these secondary tracks has been 

attempted. 
- - 

The x f and pt distributions for Ks, ho, A’, KsAO, and Ksh” are 

consistent with those found fro- unbiased data5 after corrections for 

acceptance at-e made. A check on the mass scale of this experiment is 
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that the unconstrained Ks and A0 masses agree with accepted values6 

within il MeV/c 2. As a further check we examine the KS*’ mass 

distributions and compare the observed K*(890) and K*(1420) masses and 

widths to those expected given our mass resolution. The agreement is 

excellent. 
- 

In Figure 1 is shown the Ksho plus $,(a effective mass distribution. 

This distribution and all subsequent mass distributions are fit with 

Breit-Wigner shapes for the resonances, and a background of the form 

ta(M-M,) + b(M-M,)’ + c(M-Mtjg].e -d(M-Mt) 

where Mt is the threshold mass. In performing the fits, the chi-square 

contribution of each bin in a histogram is based on the difference 

between the number of events in that bin and the integral over the bin of 

the background plus resonance function. Masses and widths of known 

resonances 6 are fixed in the fits unless otherwise noted. When masses 

and widths are not well determined6 the fixed values used in the fits are 

quoted in the text. The experimental resolution as determined from 

observed widths of K; and A is added in quadrature in all fits. In some 

cases it is necessary to exclude certain bins from the fits: either 

because of the inadequacy of the polynomial-exponential model in the 

region of sharply rising phase space, 01’ because of understood problems 

with the track finding procedure. In all figures, excluded bins are 

indicated by shading. 
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The curve of Fig. 1 is such a fit with the resonances N(1710). 

I”= 120 MeV/c’, ?(1823), r= 20 MeV/c’, and ?(1940), I”= 100 MeV/c’. The j(* 

per degree of freedom (DOF) is 110190. If the t(19401, the resonance for 

which the evidence is poorest (196 k156 events), is not included in the 

fit, the x2 becomes 112 for 91 degrees of freedom. The evidence for the 

presence of the other two resonances is more compelling: 1422 S356 events 

for the N(1710), and 142 t68 for the S(1823). 
- 

In Figure 2 the effective mass of a A0 or A0 and other single 

spectrometer ‘tracks is shown. In Fig. 2a the track is a “decay” track, 
- 

assumed to be a pion. Only the combinations Aon- and Aon+ are used. A 

clear t(1321) is seen, consisting of 350 05 entries, with a width (4.3 

i0.7 Mev/c2) consistent with the mass resolution. The ;c2/DOF for this 

fit i3 79185. To check the accuracy of the mass scale, the fit was 

recalculated with the central mass allowed to vary. The result, 1321.4 i: 

0.3 MeV/c2, is in excellent agreement with the world average6 of 

1321.3 a.13 MeV/c*. 
- 

The A0 or ho plus “direct” track (assumed to be a pion) effective 
- 

mass is shown in Figure Zb. In this case both AOri’ and Aon’ charge 

combinations are used. A very clear Z(1385) signal is observed (428 HlO 

entries) together with some E(1320) signal from real decay tracks that 

were misidentified as direct tracks because of their forward decay 

topologies. The very low masses are excluded from the fit, as discussed 

above. 

Slightly weaker evidence for the presence of Z(1620) (X=1613, r=35 

tkv/c 2) and i(1690) (M=1690, r=40 MeV/c’) is also present in the data. 

With these resonances included in the fit, the x’/DOF is 62/45. Without 

them the best fit has x’/DOF = 96/47. The best fit occurs for 384 $386 
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E(1620) events and 352 $35 E(1690) events. 

In Figure 3 is shown the f-ir+ 
+ - 

plus Z T mass distribution, where in 

this case and in what follows a Z- is defined to be a Aon- effective mass 

between 1318 MeV/c’ and 1325 MeV/c ‘. A clear Z(1530) signal is seen with 

43 & entries. The i’/DOF for the resonance plus background fit is 43/62 

with the mass and width of the Z(1530) fixed at the fitted values 1540 

and 9.1 MeV/c’, respectively. 
- 

The K;!- or K;E+ effective mass distribution is shown in Figure 4. 

A 2.50 indication of E(22501, 21 ti entries, is observed with fitted 

central mass Z236i6 and width 7T$3 MeV/c ‘, both of which are consistent 

with the wide range of values previously reported6. The x2 for the 

overall fit is 69 for 67 degrees of freedom. 

If the production dynamics of the resonances which are observed is 

such that baryons and antibaryons materialize out of the quark sea in the 

Xf region far from the region of target fragmentation, then one expects 

that the baryon to antibaryon ratio will be 1. Using our data alone this 

ratio can be studied with very little systematic bias for baryons of 

different strangeness. 

In order to study this question we have subdivided the data in 

figures 1 and 2 into different charge and baryon number states and 

performed fits similar to those described above. Only results for the 

most significant states are quoted. 
- 

For the K;AO and K;y” data the resulting ratios are N(1710)/N(1710) 

= 1.7 a.6 and “(1823)/?(1823) = 2.1 t1.9. The subdivided data of 

Fig. 2a yield the fitted ratio Zf(l321 )/F-(1321) = 0.4 io.l. Finally, the 

subdivided data of Fig. 2b yield the fitted ratio ~'(1385)/Z'(l385)= 

0.6 9.4. 
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Hence, the data appear to support crudely such a picture of 

resonance production, since the ratios are all consistent with 1 within 

the statistical accuracy except for the Z(1321). Note that the apparatus 

has good detection efficiency for xf of the ho LO.2 with reduced 

efficiency in the region 0.0 ', xf = < 0.2, so that the data shown herein is 

in the pion fragmentation and central regions of production. 

In order to probe the compensation of strangeness, one may examine 

ratios of resonances of different strangeness but with the same final 

state. This procedure results in a reduced systematic bias. In this 
- 

case the full data of Figures 1 and 2 are used. In the K;AO and K;AO 

final states the observed ratio, correcting for decay branching ratios, 

is [N(1710)+N(1710) ]/[r"(la23)+~'(1823)] = 45 k33. Using the Aa* and 
- 
Aon' data of Fig. 2a, and correcting fz- ! appearing in Fig. 2b and for 

decay branching ratios, one finds the ratio 

[--(1321)+'(1321)}/{I:'(1385)+~~(1385)] = 1.0 10.3. Variation3 of the 

geometric efficiency smith mass, as determined by Monte Carlo methods, are 

considerably less than the statistical ?rroys on these ratios. 

One may compare these cross section ratios to a phenomenological 

2 model . This model has recently been successfully applied to strange 

particle meson resonance production at the ISR7. The cross section for 

production of a mass m is given by 

8 
O(III) = A'yiax * e-a'Ymax . M/Ol+Mo) Y (1 j 

with a= 5.13, t3= 0.38, Y= 12.3, and MO= 2 CeV/c'. In this model, M is the 

mass of the simplest "composite" particle consistent with the production 

of m and local conservation of quantum numbers. The term Y,,, is the 



maximum rapidity that the composite particle is allowed to have by 

kinematics when it recoils off of another particle in the center of mass. 

In the calculations below we used a pion, but the results are not 

sensitive to this choice. 

Given local compensation of strangeness, S, we have assumed values 

of M as follows: M=l710, M=1385+mK, M=ljZl+ZmK, and M=1823+2mK for the 

N(l7101, E(l3851, f(1321), and f(1823), respectively. The predicted 

ratios are [N(1710)+;(1710) )/~?W323)+~"(1823) ] = 34, and 

[~-(1321)+~(1321) ]/iZ'(i385)+?(1385) t = 0.24, which are in rough 

agreement with the data. 

For further discussion of our observations and comparison to other 

data, it is necessary to determine our cross section normalization. We 
- 

take the K;A" production cross section measured in a hydrogen bubble 
- 

chamber exposure5 to 250 GeV/c ir, and note that both the K; and A* 

observed in that experiment appear to be produced centrally. Thus the 

production mechanism observed in the present experiment (see below) 

appears to be the same as the one providing the calibration point. We 

scale their measured cross section by (1" 3)’ to account for the 

different beam momenta and determine that our sensitivity for raw numbers 

of events is 68 i 31 events per microbarn. 

Table I contains the observed states, the decay modes examined, 

composite masses, fitted numbers of events, branching ratios, and ~~033 

secticns. The N(1710) and t(1820) cross sections are directly normalized 

to unbiased data as noted above. The errors quoted on the cross sections 

reflect statistical errors and those on the Kin0 branching ratios. There 

is also an overall -50% normalization uncertainty. For the X(1385), 

t(1321:, and E(1530) an additional set of aSSumptiOn3 is needed. The 
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geometric efficiency correction for the pions is determined from the 

observed decay angular distributions. It is assumed that from the 

observed final state, e.g. ‘ZOK;XT-, one 28” extract the cross section for 

the state Aon- by multiplying by four: 2 for [(K;+K;)/K;] and 2 for 

[(Ko+K+)/Ko]. No error has bee” assigned to this procedure. The quoted 

errors reflect only statistical errors and errors on branching ratios, 

added in quadrature. 

Other data on inclusive baryon resonance production in high energy 

TN interactions are rather limited. In 147 GeV/c ~+p interactions, 

inclusive Z*+(1385) was observed a with a cross section of 290?70 ub, and 

an upper limit was set on 2*-(1385) production of 100 Lb. At the ISR, 

X*'(1385) and Z-(1320) were observed’ for xf > 0.4 with cross sections 

250 pb, 40 pb, and 9 ub for Xx+, E*-, and t- respectively. In 240 CeV/c 

pp interactions at xf = 0.48, pt = 600 MeV/c the production of S-, y+ , 

n , 
-* 

and 2 has bee” observed lo. The latter two experiments have studied 

the proton fragmentation region, while this experiment observes the 

entire forward hemisphere consisting of the central and pi- fragmentation 

regions. Other data on baryon resonance production have been 

compiled 1,ll and are used for comparison. 

Figure 5 shows the relationship among our measured cross sections, 

the mode12, and the other data “‘O*” extrapolated to our center of mass 

energy using the model of reference 2. The curve shows the cross section 

prediction of the model as a function of the “composite” particle mass M, 

where this mass is give” in Table I. The factor A in equation (1) is 

taken to have the value 0.4~10-*~ cm-' which was used successfully in 

ref. 10 to predict mesonic resonance cross sections in pp collisions at 

ISR energies. For the other data on p, K*(890), K*(1420), f’, g, and A 
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we have taken “composite” masses M of 770, 890+mK, 1 420+mK, 1515, 1690, 

and 11 15+mK, respectively. Clearly the main trends of the data are 

consistent with this model, given our choice of M for meson and baryon 

states. This model incorporates central production of resonances and 

local conservation of strangeness and baryon number. The present data 

Set extends the range of data in M and o(m) substantially. 

Other information concerning production dynamics may be obtained 
- 

from the Xf distributions. In Fig 6 is shown the ratio of Aa and A0 

differential cross sections do/dxf as a function of xf. The curve is a 
- 

best fit” to analogous data on 7-p + pX and n-p + pX whose general 
- 

behavior agrees with the present data. At. Xf - 0 the AO/A~ ratio is 

-0.5, perhaps indicating some contamination due to PrOtO” fragmentation. 
- 

For 0.1 < = xf 2 0.6 one has An/A0 - 0.75. In the region xf 1 0.6 the 
- - 
AO/AQ ratio increases, indicating that the u valence quark (shared with 

- 
the A”) in the 1~~ dominates over the d valence quark (shared with the 

IlO). 

In Figures 7a and 7b are shown the xf distributions of the I'(1385) 

-+ + Z-(1385) and E-(1321) + +(1321), after correction for experimental 

acceptance has been applied and background has been subtracted. The 

curves are fits to (l/o)do/dx = cdl-x)", where n for the E(1385) is 

5.8 k1.7 and for the Z(1321) is 6.7 10.3. Although the available 

statistics do not allow any definitive statement about the relative 

shapes of these distributions, it can be seen that both of these state3 

are produced in the central kinematic region, and that the exponents, n, 

3 are consistent with dimensional counting schemes . There is a trend for 

the Z(l321) to be produced more centrally than the Z(1385). One might 

expect this trend due to the fact that two strange quarks need to be 
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extracted from the sea to produce a t while only one is needed to make a 

In conclusion we have observed baryons with strangeness O,l, and 2 

in T-N interactions. Their production cross section ratios are 

consistent with a central production mechanism with local quantum number 

compensation. Their xf distributions are consistent with analogous data 

and also provide evidence of central production. 
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TABLE CAPTIONS 

Table I. The parameters of the baryon states for this 

experiment which are plotted in Fig. 5. 

i 

/ c j 
r a- 
- 
- 
- 

r r 
L 

STATE (MeV) DECAY MODE COMPOSITE EVENTS BR (S) 
MASS (MeV) 

CT (@I 

N(1710) K"Ao or X0x S 1710 1422i356 1025 418i200 

Z(1385) *ov* or ,y 1879 / 428+110 88+2 23+8 

C(1620) Aon+ or ToIT 2114 334+86 -- -- 

Z(1690) A02 or zJT"7r+ 2184 352k85 -- -- 

X(2250) o-- 
KS= or K";+ 

S 
2744 21+8 -- -- 

E(1320) /Ion- or iion- 2308 350+35 100 41f4 

Z(1530) - + 
f i? r+ - 

or = ?i 2518 43+8 100 llk2 

E(1820) K"Ao or K"jio S S 2808 142f68 45?10 ! 9.4f4.4 

:(1940) ' I+,0 or K;;i" ~ 
/ 

2928 i 196k156 1 -- 
i -- 
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FIGURE CAPTIONS 

Fig. 1. Effective mass of the K~AO or K:AO events. The dashed curves 

are fitted to background and resonances as described in the 

text; the solid curve is the sum of all the contributions. 

The shaded portion is excluded from the fit. 

Fig. 2a. Effective mass of the A’n- or h”n+ entries for those pions 

which miss the primary interaction point by more than 3 sigma. 

The dashed curves are fitted to background and resonance as 

described in the text; the solid curve is the sum of all the 

contributions. The shaded portion is excluded from the fit. 

Fig. 2b. Effective mass of the AOr- , noIT+, Aon- or (loll+ entries for 

those pions which ape within 3 sigma of the interaction point. 

The dashed curves ape fitted to background and resonances as 

described in the text; the solid curve is the sum of all the 

contributions. The shaded portion is excluded from the fit. 

Fig. 3. 
-+ - 

Effective mass of the Z-T+ 5 TI entries. The dashed curves 

are fitted to background and resonance as described in the 

text; the solid curve is the sum of all the contributions. 
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Fig. 4. Effective mass of the Z-Kg OP ,+K; entries. The dashed cwves 

are fitted to background and resonance as described in the 

text; the solid curve is the sum of all the contributions. 

Fig. 5. Inclusive cross section for the production of mesons and 

baryons at 200 GeV/c laboratory momentum as a function of the 

composite mass, M, as defined in the text. The data is from 

the present experiment as well as references Whitmore’, ISR”, 

and FSU’ ’ . The error bars for this experiment do not include 

systematic uncertainties in our CPOSS section normalization. 

The curve is a calculation using the model in Reference 2. 

Fig. 6. The ratio of the A” to A0 differential ct-ass sections d o/dx 

plotted as a function of Feynman X. The curve is a fit to the 

5 to p ratio from Reference 12. 

Fig. 7. The Feynman x distributions of (l/a)do/dx for a) Z(1385) and 

b) E(l32l). The curves are best fits to the form (l/o)da/dx = 

cdl-x)". 
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