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Data on the charge-exchange reaction n -p  ~ (n+n-~r O) n have been taken at beam 
momenta of 12 and 15 GeV/c, using the CERN Omega Multiparticle Spectrometer. A 
partial-wave analysis has been made of the (3~r) 0 system. We observe both natural and 
unnatural spin-parity production. The natural parity states can be identified with esta- 
blished resonances. In addition a natural spin-parity enhancement is observed at a mass 
of about 2 GeV/c 2 with JP = 4 + preferred. We have called this effect the A~(2030). The 
unnatural spin-parity production found is consistent with reggeized Deck model predic- 
tions. No unambiguous A 1 or A 3 production is observed. 

1. Introduction 

The success enjoyed by the constituent quark model in predicting hadronic 
states is considerably clouded by the lack of experimental evidence for the axial 
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vector mesons. To date the B(1235) IJ  Pc = 11 + -  is the only positively identified 
S = 0 axial vector meson with the ISI = 1 , I =  1 states QA and QB as strong can- 
didates [1]. Two possible IJ  za7 = 01 ++ candidates D(1285) and E(1420) await a 
definite spin-parity assignment. In the constituent quark model an IJ  Pc  = 11 ++ 

state and two 1J Pc  = O1 +-  states are also required, the former being known as the 
AI. Analyses of the (31r) + system, produced in 7r±p reactions, have shown a 
broad 1J Pc = 11 +÷ enhancement at about 1.1 GeV/c 2 with a slowly varying phase 
incompatible with a simple resonance interpretation. The reggeized Deck model 
provides a possible interpretation of this phenomenon [2]. The data, however, 
cannot rule out resonance production since this may be hidden under the diffrac- 
tively produced (3rr) + mass enhancement. New evidence has reCently been reported 
for a resonant A 1 signal produced diffractively and also by baryon exchange [3]. 

In reactions where the ~r+rr-rr ° system is produced via charge exchange no dif- 
fractive contribution is possible. Furthermore both I = 0 and I = 1 states are acces- 
sible in this three-pion system. Thus the ~r+rr-rr ° system is better suited to the 
search for the "lost" axial vector mesons. Various experiments have now analysed 
the rr+rr-rr ° system produced in different charge-exchange reactions [4-6] ,  but 
the elusive A1 has not yet been observed in this system. Instead they find natural 
parity resonances together with a smoothly varying unnatural parity background. 

In this paper we present the results of a partial-wave analysis of the three-pion 
system in the reaction 

~r-p ~ rr+rr-rr°n, (1) 

at 12 and 15 GeV/c using a modified version of the programme developed at the 
University of Illinois [7]. The data were obtained at the CERN Omega spectrometer 
using a slow neutron time-of-flight trigger. Descriptions of the Omega spectrometer 
facility, the experimental set-up and the neutron counter preformance are given in 
previous publications [8]. In sect. 2 the data are described. Further details con- 
cerning our data selection criteria and the acceptance of the apparatus are discussed 
in ref. [9]. The method of analysis is described in sect. 3 and the results presented 
in sect. 4. In sect. 5 we examine the quality of the fits by comparing the Monte 
Carlo predictions with various experimental distributions. Sect. 6 compares our 
results on the unnatural parity states with the predictions of a reggeized Deck 
model and sect. 7 contains our conclusions. 

2. Description of the data 

The event data were processed through the pattern recognition and geometrical 
reconstruction package ROMEO [10]. Following the geometrical reconstruction 
the data were processed with the Rutherford Laboratory Kinematics programme 
[ 11 ]. Events found ambiguous between channel (1) and the 4C channels 7r-p 
Ir+lr-n, K÷K-n  and ~pn were removed from the sample. Events fitting other 1C 
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channels were selected on the basis of the highest X 2 probability. A ×2 probability 
cut of 5% was imposed. 

Acceptance normalization integrals were calculated using Monte Carlo events 
tracked in a simulated Omega spectrometer [9]. Cuts were made inside the accep- 
tance limits of the apparatus and real events lying outside the cuts were removed 
from the sample. Low-momentum pions intersecting shielding material in the 
vicinity of the neutron counter were found to be a source of background triggers. 
These events were also removed from the data and the acceptance programme. 
After these cuts a total of 18 900 and 15 800 events at 12 and 15 GeV/c, respect- 
ively, remained for physics analysis. 

The neutron time-of-flight trigger restricted the momentum transferred squared 
to the neutron, t, to the range --0.02 to -0 .8  (GeV/c) ~. The geometrical accept- 
ance of the neutron counter, which subtended angles between 45 ° and 75 ° to the 
beam, imposed further ~estrictions at low I tl values. Fig, 1 shows the t acceptance 
at low I tl as a function of the recoil rr+rr-lr ° mass at 12 and 15 GeV/c. Also shown 
are the lines t = tmi n and t '  = t - tmi n = 0.05. From fig. 1 it Can be seen that 
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Fig. 1. t acceptance as a function of  the recoil ~+~-~0  mass: (a) at 12 GeWc, (b) at 15 GeWc, 
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removing events with t’ > -0.05 ensures a slowly varying n+rr-rr’ mass acceptance 
up to 1.9 and 2.2 GeV/c’ at 12 and 15 GeV/c respectively. For the partial-wave 
analysis we have therefore used events in the t’ range -0.6 < t’ < -0.05. 

Fig. 2 shows the rr+n-tr’ effective-mass plots for events in the t range 
-0.02 > t > -0.8 and the hatched histograms for events in the t’ range -0.05 > t’ 
> -0.6. Clear signals for n(548), w(780), Ai(1310) and w*(1675) are observed 
at both 12 and 15 GeV/c. Results on the ~(780) [12], Ai(1310) and ~‘(1675) 
[9] have already been published. In the 15 GeV/c data an enhancement is ob- 
served around 2.0 GeV/c’. At 12 GeV/c this peak is suppressed by the high-mass 
cut-off of the apparatus, which is 300 MeV/c’ lower than at 15 GeV/c. Fig. 3 
shows the non, n+n and 71-n effective masses for the 15 GeV/c data. A clear 
low-mass A/N* peak is seen in rr”n but not in the other combinations. Similar 

plots are observed at 12 GeV/c. 
To remove A and N” isobar events cuts were applied on r+n and rr’n effective 

masses squared less than 1.8 and 3.0 (GeV/c2)2, respectively, with the additional 
requirement that the momentum transfer squared to the nn system be less than 
0.2 (GeV/c)2. This latter requirement has been imposed since A/N* production 
is highly peripheral. The exponential slope of the differential cross section 
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Fig. 2. n+n-no effective-mass plots: (a) at 12 GeV/c, (b) at 15 GeV/c. Total histogram for 
events in the t range -0.02 > t > -0.8, crossed histogram for events in the t’ range -0.05 > t’ 
> -0.6 and cross-hatched histogram is A/N* contribution removed for analysis. 
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Fig. 3. Irn effective-mass plots at 15 GeV/c, (a) irOn, (b) lr+n, (c) lr-n. Crossed area is A/N* 
contribution removed for analysis. 

(14.5 at 11.7 GeV/c) [13] would imply that 95% of the A/N* production is 
removed by this cut. The events removed by this cut exhibit strong p production 
similar to that observed by the authors of ref. [13]. The harder cut on the lr°n 
effective mass is imposed in order to remove any pOA events which in the three- 
pion partial-wave analysis would result in misfitting the 1= 0 contribution to 
p°Tr°. Three.pion I = 0 states can contribute to p± and pO production whereas 
1 = 1 states can only contribute to p± production. The cross-hatched histogram in 
fig. 2 and the shaded areas in fig. 3 are the contributions within the -0 .6  < t '  
< -0 .05 cut from A and N* isobars which are subsequently removed in the 
analysis. 

Fig. 4 shows the rt+~r - ,  ~r-lr ° and lr+n ° effective masses for the 12 and 15 
GeV/c data after all cuts have been applied. Strong p production is observed in 
all three charged states. 
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Fig. 4. n~r effective-mass plots after all cuts: (a) n+n - ,  (b) n-n 0, (c) ~r+n 0 at 12 GeV/c; 
(d) ~r+n - ,  (e) n-n 0, (13 n+n 0 at 15 GeV/c. 

3. Method of  analysis 

We have used a programme based on that developed at the University of  
Illinois and modified for the charge-exchange reaction rr+n ~ rr+rr-Tr°p by 
Emms et al. [4]. In this type of  analysis the states of  the 3n system produced are 
parameterised in terms of  the density matrix p and the decay of the 3n system in 
terms of an isobar model. The density matrix is constructed from partial waves 
each of  definite isospin/,  spin-parity and spin projection JPM, and the relative 
orbital angular momentum L of  the Ir and dipion system [7]. The partial waves 
are thus represented by the eigenstates IIJPLMrl), where r/corresponds, at high 



M.J. Corden et al. ~Partial-wave analysis of  the neutral 3n system 83 

energies, to the naturality of the exchange mechanism. In this analysis the isobar-rr 
states used were err and fort, which are pure I = 1 states, and Prr and gn which can 
be 1 = 0, 1 or 2. S-wave rr+n- phase shifts [14] have been taken to parameterize 
the e, while relativistic Breit-Wigner forms have been used for the O, g and f0. The 
analysis was preformed in the t-channel. 

The partial-wave programme takes into account the acceptance and inefficien- 
cies of the apparatus and the cuts made on the data. The acceptance normalisation 
integrals were evaluated by generating Monte Carlo events and tracking them in a 
simulated apparatus. From angular momentum considerations the shape of the 
differential cross section was parameterised by the functional form 

do 
dt--- 7 o: t 'M e bt' , (2) 

where M is the spin projection and b is the slope parameter. 
For the unnatural spin-parity states the slope b was determined by maximising 

the likelihood in 160 MeV/c 2 mass bins. From these fits a good description of the 
slope as a function of 3rr mass man was found to be 

b = (4.5 + 0.6) + (2.3 -+ 0.3) man at 12 GeV/c,  

(5.6 + 0.3) + (1.8 -+ 0.4) rn an at 15 GeV/c.  

For the natural spin-parity states the slope b was assumed to be a linear function 
of ln(m2an/s)..This functional form was inspired by ref. [15] and demonstrated for 
our data in ref. [9]. A different method was adopted in determining b in this case. 
The differential cross sections for each resonance (6o(780), A°(1310) and 6o*(1675)) 
were obtained by performing fits in small t' intervals. The slope was then obtained 
for each resonance at 12 and 15 GeV/c by fitting formula (2) to these differential 
cross sections. Using these slopes gave 

b = (2.0 -+ 0.5) - (1.74 -+ 0.47) ln(m2a, /s) .  

These parameterizations for b were then used throughout the analysis. 
Extensive searches for the most important partial waves were carried out inde- 

pendently with the 12 and 15 GeV/c data. The number of partial waves tried was 
limited by only considering waves with the lowest possible L value and M ~ 1. 
Solutions obtained at lower masses were used to provide starting values for 
searches at higher masses. The same set of dominant waves was obtained at both 
momenta and therefore the data were combined for the subsequent fits. Final 
searches were then made in 80 MeV/c 2 mass intervals up to a mass of 1.96 GeV/c 2. 
The total contribution to a given spin-parity and the principal waves were found 
to be stable against the addition of other waves. 
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4. Results of the analysis 

The following IJPLM~ states were found to be strongly populated: 

10-SO + (err), 10 -P0  + (prr), 

01+SO + (prr), 11+PO + (eTr), 

ll÷SO + (prt), 12-PO + (prr), 

12 -D0  + (err), 12 -S0  (fTr), 

11+P1 + (err). 

Above a 3rr mass of  1.56 GeV/c 2, spin-parity 3 + appears to be required by the data, 
the wave 03+DO + (prr) giving the highest likelihood. In addition the states 01-PO - (prr), 
01 -P1 -+ (,orr) are necessary in the ~(780)  mass region, 12+D0 - (prr) in the A~ mass 
region and 0 3 - F 0  - (prr), 0 3 - F 1  -+ (prr) in the ~o*(1675) mass region and above. 
Generally for the unnatural parity states prr decay modes are more important at 
low masses and err decay modes at higher masses. Furthermore, significant 1= 0 
contributions are only observed in theJPLM71 = I+S0 + and 3+DO+ states. 

4.1. Unnatural spin-parity states 

In fig. 5 the intensities of  the various unnatural spin-parity contributions are 
presented. The bands are predictions of  a reggeized Deck model calculation to be 
discussed below. Here, it can be seen that the total JPM~I = 0 - 0 +  contribution is 
almost flat throughout the fitted mass region. The bin 0.92 to 1.00 GeV/c 2 con- 
tains some contamination from r/' ~ rrrr~/events which are kinematically misfitted 
as rr+rr-rro. This is consistent with the number of  7'  ~ ~rrrr events observed in the 
channel rrp ~ rr+lr+rr-rr - rr°n in this experiment. Such r/' events have also been ob- 
served in the reaction K - p  ~ Arr+rr-rr ° at 4.2 GeV/c [6]. The 2 - 0 +  contribution 
shows a slow rise with mass with the err decay mode being largest at higher masses, 
the prr being more important at lower masses and the forr being flat throughout 
the mass range. 

The JP = 1 + partial wave gives the largest contribution to the (3rr) ° cross section. 
For the 1+0+ contribution there is a rise with mass similar to that of  the 2 - 0 +  
contribution, but with an additional structure around 1.1 GeV/c 2. 

By splitting the 1+0+ contribution into its constituents, figs. 5d, e, f, it can be 
seen that this structure is almost entirely due to the I = 0 #rr wave. The prr compo- 
nent of  the 1 = 1 partial waves is almost fiat throughout the fitted mass region 
while the err component shows a sharp rise in intensity at a (3rr) ° mass o f  about 
1.3 GeV/c 2. The only M ~: 0 unnatural parity state found to be strongly populated 
is the l l+P1 + (err) partial wave. This wave, shown in fig. 5g, rises sharply at a 
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Fig. 5. Intensities o f  the unnatural spin-parity waves corrected for acceptance as a function of  
3~ mass: 

(a)  0 - 0 + ,  (b) 2 - 0 + ,  

(c) 1+0+,  (d) l ÷ 0 + ( e ~ ) ,  
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(3rr) ° mass of  1.0 GeWc 2 and then falls slowly with mass. 
In fig. 6 the phases of  the JP = 1 + waves are shown relative to other waves, 

namely 1JPLM~ = 12-  PO+(p~r) and 10-  S0+(eTr). These waves exhibited a smooth 
mass dependence and had coherences with the JP = 1 + waves consistent with 
unity. The phases shown were found to be fairly stable between different fits. For 
a resonance on a small background a relative phase change of  approximately 180 ° 
would be expected. That such a trend is not observed in the JP = 1 ÷ waves is con- 
sistent with previous three-pion partial-wave analyses. 

Removing events at I t 'l less than 0.05 (GeV/c) 2 suppresses the unnatural spin- 
parity states relative to the natural spin-parity states. In order to enhance the 
unnatural spin-parity states we have therefore also analysed the data in the t '  
range - 0 . 0 2  to - 0 . 2  (GeV/c)", For full coverage of  this t '  range the (31r) ° mass is 
restricted by our apparatus to the range 0.9 to 1.6 GeV/c 2. Similar results to those 
presented above were obtained from the analysis. The structure o f  the f l '  = 1 + 
waves was the same and the relative phases were fiat. 
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4.2. The high-mass enhancement and natural spin-parity states 

The intensities of  the various natural pari ty states are shown in fig. 7. It can be 
seen that the IJ  P = 0 1 - ,  12 + and 0 3 -  partial  waves exhibit  enhancements which 
are assumed to be the 6o(780), A°(1310)  and the 6o* (1675) resonances. The pro- 
duction of  these resonances is discussed elsewhere [9,12]. 

In the region of  the high-mass enhancement at 2 GeV/c 2 observed in the 
15 GeV/c data, partial waves up to and including spin-4 have been tried. Individual 
partial waves have been added to a basic set and the relative log likelihoods ob- 
tained from the fits compared.  The basic set contained the unnatural par i ty  waves 
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listed above and the 0 3 -  waves. For  the 31r mass bin 1.92 to 2.16 GeV/c 2 table 1 
gives the 15 highest log likelihoods obtained and the extra wave added in each 
case. We consider a change in the log l ikelihood of  about 20 to be significant. In- 
spection shows that an I = 1 natural pari ty wave is favoured, with JP = 4 + slightly 
preferred over JP = 2 +. Including a JP = 4 + wave with both plr and grt decay modes 
together resulted in a dominant pTr mode and strong destructive interference 
between (p+, g - )  and between ( p - ,  g+). The total  contr ibution to f l '  = 4 + with 
and without  the grt mode was found to be the same. Because of  these observations, 
together with the lack of  any g signal in the Irlr effective mass plots (fig. 4), we have 
fi t ted the JP = 4 + contr ibution with the p~r decay mode only. 

When the fits were repeated in narrower (80 MeV/c 2) mass bins above 1.72 
GeV/c 2 it was not  possible to distinguish between fits including JPL = 4+G or 2+D 
partial waves. Furthermore strong correlations were observed between these addi- 
tional waves and the JPL = 3 - F  waves. A similar but  smaller effect was noted in 
the overlap region of  the A ° and 6o*(1675). No strong correlations were observed 
between the natural and unnatural pari ty waves. However the total  natural spin- 
pari ty contr ibution was found to be stable between different fits and a typical fit 
is shown in fig. 7d. In this plot  an enhancement in the 2 GeV/c 2 mass region can 
be seen which may be interpreted as a broad 1J e = 14 + or 12 + resonance lying on 
the tail of  the co*(1675). The solid curve on the plot  is the prediction from a fit 
to the data of  a sum of  three Breit-Wigners and the dashed curve the predicted 
contr ibution from the A°(1310)  and co*(1675) only. Relativistic Breit-Wigner 

Table 1 
The top 15 fits obtained in the (3n) 0 mass bin 1.92 to 2.16 GeV/c 2 for the hypotheses of a 
basic set of waves (see text) with an additional wave 

Additional wave Log 
IJP LMn likelihood 

1 14+D1 - (g~) -1961 
2 14+G1 + (pit) -1965 
3 14+D0 - (glr) -1971 
4 12+D1 + (p~) -1979 
5 14+D1 + (glr) -1996 
6 14-P0 + (g~) -1997 
7 04+G1 + (pTr) -2001 
8 01-P1 + (pn) -2016 
9 12+P1 + (f~) -2019 

10 14+F1 + (f~r) -2020 
11 14+G1 - (pit) -2032 
12 04+D1 + (glr) -2034 
13 04-P0 + (g~) -2035 
14 13+S0 + (gn) -2039 
15 03+S0 + (glt) -2048 
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forms were used which have the following parametrisation: 

m (moF) 2 
BW(m) = q (m 2 _ m~)2 + (rnF)2 , (3) 

/ q \2L+1 DL(qor) 

where too, F o and qo are the mass, width and c.m. decay momenta at resonance, 
DL are Blatt and Weisskopf barrier penetration factors and r is the range parameter 
set to 1 fm. 

L values of 2, 3 and 4 were used for the A°(1310), 60"(1675) and the high-mass 
enhancement respectively. The parameters found for the enhancement were mo = 
(2.03 -+ 0.05) and Po = (0.51 + 0.20). Using an L value of 2 did not significantly 
change these values. We propose to call this effect the A~(2030). 

The natural spin-parity states were found to be incoherent with the unnatural 
spin-parity states. It was therefore not possible to extract sensible phase informa- 
tion. This incoherence indicates a different production mechanism for the un- 
natural and natural spin-parity states. Further evidence for a different mechanism 
comes from the mass dependence of the slope parameter b. For natural (unnatural) 
spin-parity states b.decreases (increases) as the three-pion mass increases. 

5. Comparison of the fits with the data 

Checks have been made to ascertain whether the fits reliably reproduce all 
features of the data. Monte Carlo events have been generated according to the solu- 
tions obtained from the fits. The resulting 1-dimensional plots of these Monte 
Carlo events compare well with the data. However the fits fail to reproduce the 
peaking in the nlr ÷ effective mass below 1.8 GeV/c 2, indicating a small residual 
N *+ contamination of approximately 4%. Increasing the nn + effective mass 
squared cut from 1.8 to 3.0 (GeV/c2) 2 gave results similar to those described 
above and so this cut was kept at its lower value. 

Fig. 8 shows the dipion effective-mass plots and predictions for events selected 
to represent the A ° and 60"(1675) regions, namely 1.24 to 1.40 and 1.56 to 
1.88 GeV/c 2 respectively. Strong production o f p  ~ is observed in both regions 
and o fp  ° in the 6o*(1675) region. This clearly demonstrates the dominance of 
I = 1 states in the A ° region and the presence of a strong I = 0 signal in the 
60"(1675) region. At the higher (31r) ° effective masses small discrepancies occur 
above about 1 GeV/c 2 in the rr÷rr - effective mass. These discrepancies are due to 
our phase-shift parameterisation of the s-wave Ir + ~r- system. The intensity of the 
s-wave rr÷lr - system is predicted to have a dip at about 1 GeV/c 2 due to the onset 
of the KK, threshold and then peaks again just above 1.2 GeV/c 2. The structure 
in the Monte Carlo prediction at 1.2 GeV/c 2 (solid line in fig. 80  does not come 
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Fig. 8. Monte Carlo predictions (line) compared with the raw data (points) for events in the 
31r mass ranges 1.24 to 1.40 GeV/c 2 (a, c, e) and 1.56 to 1.88 GeV/c 2. (b, d, f). (a, b) n-•r O 
effective masses, (c, d) ~r+~r 0 effective masses, (e, f) ~r%r- effective mass. For explanation of 
dashed curve on fig. 8f see text. 

f rom fo p roduc t ion  since the f i t ted  fo  cont r ibu t ion  is t oo  small. Slightly bet ter  

fits were obta ined  to  our  data at higher (37r) ° effect ive masses using a Breit-Wigner 
parameter isa t ion o f  the  e, the mass and wid th  being f ixed at 0.75 and 0.4 GeV/c  2 , 

respectively.  The dashed curve in fig. 8 f  is the predic t ion using the e Breit-Wigner 
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parameterisation. The fitted parameters exhibit no marked differences from 
previous fits. 

Fig. 9 shows the Euler angles ~b, cos 0 and 7 with the Monte Carlo predictions 
from the fit for the A ° and 6o*(1675) mass regions 1.24 to 1.40 GeV/c 2 and 1.56 
to 1.88 GeV/c ~ , respectively. Both data and fit shown in figs. 8 and 9 are uncor- 
rected for acceptance and the nlr + effective mass squared cut is at the higher value 
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Fig. 9. Monte Carlo predictions (line) compared with the raw data (points) for events in the 
31r mass ranges 1.24 to 1.40 GeV/c 2 (a, c, e) and 1.56 to 1.88 GeV/c 2 (b, d, f). (a, b) ~, 
(c, d) cos 0, (e, f) 7. In this analysis the n O has been used as the analyser. 
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of  3.0 (GeV/c2) 2 as discussed above. These cuts tend to distort the angular dis- 
tributions and so make their interpretation complicated. 

6. Comparison with a Deck model 

We have used the Monte Carlo programme of  Ascoli et al. [2] suitably modi- 
fied for our reaction in order to predict the absolute cross sections for the Deck 
process at 12 and 15 GeV/c beam momenta. The model utilizes the experimental 
7rrt phase shifts and lrN amplitudes, and combines them with a reggeized pion 
propagator (fig. 10). Events were generated with 31r effective mass in the region 
0.92 ~< man ~< 1.96 GeV/c 2. A total of  2000 events per 40 MeV/c 2, at each beam 
energy, were generated and subsequently analysed in exactly the same way as the 
data. In fig. 5 the bands are the predictions of  the reggeized Deck model for the 
contributions of  the unnatural-parity waves. These are absolute predictions and 
are not fits to the data. They may not necessarily represent a complete partial- 
wave decomposition since only the waves found in the data were used. The pre- 
dictions for the natural-parity states were finite but never more than 15 events 
per 40 MeV/c 2 effective-mass bin. 

It can be seen that the predictions are in reasonable agreement with the data. 
The JPMrl = 0 - 0 +  contribution is featureless throughout the fitted mass region 
and the 2 - 0 +  contribution rises slowly with mass. The structure in the 1+0+ 
contribution is due to threshold enhancements in the #lr and en decay modes. The 
peak at 1.1 GeV/c 2 in the plr I ~ 0 component and the sharp rise at 1.4 GeV/c 2 in 
the elf 1 = 1 contribution are both predicted by the model. The prr 1 = 1 component 
of  the 1 + wave is in only qualitative agreement in fig. 5e: however there is no evi- 
dence for an AI meson. In fig. 5g there is an excess of  events in the 1 ÷ l+(err) partial 
wave above the prediction in the effective-mass region 1.0 to 1.3 GeV/c 2. Whether 
this excess is due to a 1 + resonance or just reflects the inadequacy of  this model in 
predicting the M = 1 partial waves is impossible to determine from our data. 

-~ I~ I 

} ff.f~ PHASE -SHIFTS 
- I~ 2 

REGGEIZED PION 
PROPAGATOR 

} TEN AMPLITUDES 
P n 

Fig. 10. Schematic representation of  the Deck model used to descr~e the unnatural spin-parity 
waves as shown in fig. 5. 
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7. Conclusions 

A partial-wave analysis of the rr+Tr-rr ° system produced in the reaction rr-p --, 
rr+Tr - Ir°n at 12 and 15 GeV/c has been performed. Strong production of the natural 
spin-parity resonances 6o(780), A°(1310) and co* (1675) is observed. In addition, 
a broad mass enhancement, the A2(2030), with a mass (2.03 -+ 0.05) GeV/c 2 and 
width (0.51 + 0.20) GeV/c 2 is observed. Spin-parity 4 + is favoured, though 2 + can- 
not be excluded. A clear separation of this additional wave is not possible because 
of the strong overlap with the tail of the 6o*(1675). A Regge trajectory through 
the A°(1310), degenerate with the 6o(780), 6o*(1675) trajectory, would predict a 
spin-4 resonant state at a mass of ~1.97 GeV/c 2. 

There is no evidence for an Al resonance decaying to pn or an A 3 decaying to 
f°Ir. An upper limit on the ratio of the Al to A ° production cross sections can be 
obtained by assuming that all the 1+0+(070 contribution below 1.3 GeV is due to 
A 1 production. This amounts to "~4#b/GeV and the similar figure for the peak of 
the A ° production is 48/~b/GeV. Hence the A i peak production cross section is 
at least an order of magnitude smaller than that for A ° production. However the 
reggeized Deck model prediction for the l÷0+(plr) wave implies a considerably 
smaller production cross section for the Al. Two 1 = 0, j e c  = 1 +-  resonances are 
required by the constituent quark model. A sharp ! = 0 enhancement is observed 
at 1.14 GeV/c 2 in the J~' = 1 + wave over and above the reggeized Deck model cal- 
culation though the measured phase variation is fiat. Generally the unnatural spin- 
parity states are well described in terms of a reggeized Deck model [2]. 

The natural spin-parity states were found to be incoherent with the unnatural 
spin-parity states. The natural and unnatural spin-parity states were found to have 
different mass dependences of the slope parameter for the differential cross sec- 
tion. These two observations suggest different production mechanisms for the 
natural and unnatural spin-parity states. From refs. [12,9] the production of the 
coo and A ° respectively are shown to be described in terms of a simple Regge 
model exchanging p- and B-like trajectories. However the semi-quantitative agree- 
ment of the reggeized Deck model calculation suggests a Deck type of production 
mechanism for the unnatural spin-parity states. 

We are most indebted to the Omega Group at CERN for their efficiency and 
expertise in providing and maintaining the facilities of the spectrometer. We 
would like to thank Drs. D.J. Crennell, J.D. Hansen, K. Paler and S.N. Tovey 
for useful discussions on the analysis programmes. 
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