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We have analysed about 85000 fast A0 events, obtained in a fast proton 

triggered experiment perfonred at the CERN->~ Spectraneter at 9 and 12 

GeV/c incident 'IT beam. Nearly 2500 A%+'IT- events have been isolated. 

We find strong production of quasi-two-body processes A°K*0 and E*-K+ 

consistent with u-cbannel hyperon exchange. Results on A
0 

polarisation, 

K*0 decay parameters and differential cross sections are given for 

A%*0 (892) and A%*0 (1430) final states. A ccnparison is made with 

the associate backward A
0

(1520)K*
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production seen in the four prong 

reaction 'IT-p + piCK+ 'IT- obtained in the same experinent. 
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1. INTRODucrroo 

We have measured the A 0 ]Xllarisation, the K*0 decay parameters and the 

differential cross sections near the backward direction for the reactions 

- 0 0 1r p ->- A K* (892) 
- 0 0 

1r p ->- A K* (1430 

at 9 GeV/c and 12 GeV/c incident "- manenta. 

(l) 

(2) 

The data of this work cane fran the fast-proton triggered experiment per­

fanned at the CERN -Q Spectrometer ( l-4 l . Fast forward produced A 0 lf.'ere 

accepted by the trigger through their decay A
0

->- Pf" -. Fran a sarrple of 

about 85000 fast A0 identified events, a total of 1853 (616) candidates 

of reaction 
- 0 +-7rp->-A KTI (3) 

have been isolated by kinematical fits at 9(12) GeV/c. (See table l). 

The detection efficiency of the recoiling K+TI- systEm in reaction (3) is 

good enough in the Q Spectrorreter to allow the measurEment of the density 

matrix elarents of the K*0 's decays. 

We have also investigated other quasi-two-body final states produced by 

hyperon exchange in this experiment, namely l:* -K+ in the reaction (3) and 

A 0 (1520) K*0 in the four prong reaction: 
- - +-

1rp->-p?KTI (4) 

2. EXPERIMENTAL CCI)I])ITICNS 

The fast-proton experiment has already been descri:red elsewhere (refs .l-4) • 

The aim of this experiment was to carry out a systematic study of baryon 

exchange induced reactions. Let us recall here the essential features of 

the apparatus and trigger Which have a definite importance for fast A
0 

reactions: 

(i) Beam particles entering the Q lf.'ere identified by a set of three 

threshold Cerenkov counters. Their angle and ]XlSition 1fJere measured 

with a set of five MWPC's located upstream the hydrogen target Which 

was 30an long and 3an in diameter. 
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A cylindrical scintillation counter surrounded the target and was 

used in coincidence. This counter inhibits then the detection of 

neutral final state reactions "-p-+ 11~0 and "-p-+ 11~*0 with 

K*0 
-+ neutrals. 

(ii) Fast protons were selected using tv.o high aperture threshold 

Cerenkov counters in anticoincidence located downstream from 

the Q magnet, and their rrorrenta were selected to be greater than 

half the beam mcm:mta ( 0. 5 pbeam) by using tv.o coincidence 

matrices (4). 

The geometrical aperture of the fast proton counters allowed a 

good detection efficiency for protons with m:::menta greater than 

0.5 pbeam and emitted with e
1
ab < 150 rnrad. These conditions 

ensure a good detection efficiency for fast 11° -+ p7r-, with 11° 

mcm:mta greater than 0. 5 ~ and free of bias for 11° length 

of flight less than 150cm. 

We must emphasize that this experiment was designed to trigger on fast 

proton events, and did not make use of the veto counter technique used 

in other fast 11° triggered experiments. 

3. SELECTICN OF THE EVENTS 

All the fast proton triggers recorded (see table 1) were processed through 

our version of RCMEO (rl Pattern Recognition and Gectnetry Program). The 

reconstructed events were treated by a vertex finding and fitting program 

that we developed to find primary as well as secondary V
0 

vertices. The 

main criteria used in the~ finding program consisted of: 

(i) Clear geanetrical separation of the main vertex and the ~ vertex 

(ii) Carrpatibility of the~ mass with the 11° mass assignrrent within 

e=ors. 

The 11° mass distribution is centered at the 11° mass, and its full width at 

half maximum is 7.2 MeV. Only topologies with at least one charged track 
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in the main vertex have been retained: the total nunber of v0 candidates 

with a mass inside the rounds (1.105, 1.125) GcV is given in table l. The 

backgronnd nnder the selected sanple of reconstructed t-.0 is negligible. 

The rrost :i:rrportant source of f. 
0 losses care fran the f. 

0 georretrical recon­

struction. They are clearly visible in the t-.0 length of flight distri­

bution: l f.. By studying a sanple of simulated data through the SIMECA­

PWMEGI\-RCMED chain of programs ( 4) , v;e CCI!pUted the efficiency E ( l f.) , of 

f. 
0 reconstruction as a function of l f. (Fig. l) • The :i:rrportant losses for 

lfl < 60cm are due to the fact that fast A
0 's are very difficult to separate 

geanetrically fran the main vertex interaction: Events with 65 <l A< 140an 

are reconstructed with a high and uniform efficiency, and v;e have used this 

result to check all our cross sections calculations. Finally for A
0 's with 

l A > l40cm the efficiency decreases very fast: this is due to the C<nlbined 

effect of short measurable track length in the n chambers and to the fast 

proton connters gecrnetrical acceptance. 

We have also investigated other possible detection losses. The angular 

decay distribution of the proton with respect to the A
0 line of flight, in 

the f. 
0 

rest frane has been found compatible with isotropy as expected. 

Taking into account the efficiency E ( l A) v;e perfo:rned a maximum likelihood 

fit to carpute the A
0 lifetime. Our results,verified for different length 

of flight interval cuts,are consistent with the v.orld average A
0 lifetime 

value(5) T = (2.632 ± 0.020) x 10-lO sec. In particular, when selecting 

only A 
0 candidates with 65 < l A < l40cm (13402 events), v;e obtain: 

-10 
'A = (2.568 ± 0.063) x 10 sec. 

3.2 Kinematical Fits 

The reaction in v.hich we are interested here 

1f -p-+ A%+1f-

can be observed in the n Spectrcrneter in the tv.o following final state 

topologies 

A0 + l prong 

A0 + 2 prongs 

(3) 

(3a) 

(3b) 

Events with either a 1f- or a K+ missing in the primary vertex (3a) are due 
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to the l:imited gecrnetrical acceptance of the >1 spark chambers or to RCMED 

program inefficiencies. Consequently we selected the events with tqx:>lo­

gies (3a) and (3b) to extract the candidates for reaction (3). To this 

purpose, we used the program KCMEGA., which is a kinematic fit program 

adapted for >l events, in a tw::J step process. First we tried a 3-c fit to 

select good t? events. About 90% of the candidates gave a good 3-c A0 

fit. Second, using the previous A
0 fit result plus the incaning and out­

going charged tracks in the main vertex as measured by RCMED, we tried 

1-c fits or 4-c fits for tq:>ologies (3a) or (3b) respectively. 

a) i~ fits _E~!:....~~ A 
0 _-:_~..eEongs J:S?E'2!29:i 

Events with charge balanced A 
0 + 2 prongs topology were used to try 4-c 

fits to hypothesis (3). About 4% of the candidates satisfied a good 

kinematical fit with x2 probability > 1%. 

This category of events contains good candidates of reaction (3) where 

either the "slow" 11- or K+ is undetected. 

Taking into account the resolution in the measurerrent of a missing particle 

we first plotted the missing mass spectra for the events with a negative 

(:r;ositive) particle missing in the main vertex. he observed the expected 

b1.lllp at the pion (kaon) mass. In order to opt:imise the signal/background 

ratio we restricted our sarrples with the requirerrent that the missing mass 

squared MM2 to the hypothesis A 0 11- (!>M ) and A '1< + (Mi'1 ) is such as: + -

-.1 < MM! < .3 Ge,; 
-.22 < MM

2 
< .08 Ge,; 

These cuts introduce a loss of good events that we estimated to be 28 ± 3% 

and 42 ± 3%, and the remaining background was found < 10% and < 7% 

respectively. 

Apart fran doubling our statistics, these 1-c events allow us to verify 

our acceptance calculations. The final statistics available can be seen 

in table 1. 

' "''" '''"'"'''"'"" ... ,"'" .,,, . .,.,,., ,,..., ·~·"'''"'"''"'"''"'~'""' ,.,,.~ ,,.., ... , ,, """"'"'' """'. '"""' """""'" """'"" '"" ·~··." "' ... 
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4. DATI\ ANALYSIS 

4.1 ~eral_~evi~-of_ th<;:~~-~3:~ 

We show in Fig. 2 the Dalitz plot M2 (!1.0 1T-) versus M2 (K+1T-) for the 9 GeV/c 

and 12 GeV/c data. We observe tw:l clear accumulations in the K*0 892 and 

K*0 1430 regions, and a strong density of events in the low !1.0 1r- mass 

region. The tw:l invariant mass projections are presented in Fig. 3, for 

the !1.0 1r- systEm and in Fig. 4 for the K+"- system. 

Arrong the three peaks visible at low i\ 
0

1r- mass values (Fig. 3), only the 

first one can unarnbigu:msly be assigned to the -n known l:- (1385) hyperon. 

The tw:l other peaks are 3 to 4 standard deviation effects above the back­

groillld, and one could temptatively assign them to the l:- (1670) JP = 3/2-

and l:- (1915) f' = 5/2+ I = 1 hyperons(*). It is inportant to note that 

these peaks remain even whan we subtract the K*0 signals (dotted curves in 

Fig. 3) • However, the backgrmm.d illlder these hyperons is so inportant 

that we cannot properly analyse their production and decay properties. Also 

- suspect that sare remaining 1:
0 backgroillld coming from "-p + 1:% +"­

reaction could contribute to those signals. 

In the K+1T- invariant mass spectra (Fig. 4) -see a strong K*0 (892) and a 

clear K*
0 

(1430) signal. This experiment reports, for the first time, the 

production properties and backward cross sections for the K*0 (1430) meson 

in reaction (3) • 

For conpleteness 1r.1e show in Fig. 5 the !1.°K+ invariant mass spectra, where 

+ noN* baryon seems to be present. 

The quasi-two-body processes present in reaction (3) can be classified 

according to three different baryon exchange diagrams as sl:x:>wn in Fig. 6, 

* These JP assigrurents are suggested by the spin parity series of the 

baryons t. (1236), N* (1520) and. N* (1688) seen in our experiment in the 

quasi -tw:l body Nuclecn-exchange reactions: 
- o o(ll) - o o o.-0(4) - o o(l2) 

" p + N* " as well as " p + N* p , N* :t and " p + N* w • 
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where the first diagram accounts for backward production of K*0 
mesons. 

Here only the quantum numbers of the E-hyperon can be exchanged. Mechanism 

(II) can be ass=iated to the production of E*- forward hyperons, and 

therefore l::oth I = 0, 1 isospin in the u-channel can be exchanged. Finally, u 
mechanism (III) could explain the production of N*+ + A°K+ via I = 3/2 

u 
exchange (ll baryon exchange); unfortunately the AK partial decay rrodes of 

the N* 's are not very well known, and the small number of events that we 

obtained in the low rrass A°K+ rrass spectra make insensitive any conclusion 

on this mechanism. 

4.2.1 Backward K*0 
Production 

The two clear signals visible in Fig. 4, show the backward production of 

K*892 and K*0 1430 mesons, via the mechanism (I) of Fig. 6. 

+-We have fitted the K " mass spectrum of Fig. 4 using a parametrization 

of the form 

(5) 

+-where M
1 is a constant, fixed at the K " rrass threshold, P (M) is a poly-

nanial in M with free parameters representing the phase space and the 

detection acceptance variation as a function of M, and the two Breit-Wigner 

functions BW. account for the K*0 
resonances. The rrass and width of each ]. 

BW. function were left free in the fit, and the best results have been ]. 

reported in table 2. We obtain lower values for the rrasses of these 

resonances than those reported by the Particle Data Grcup (5), rrainly for 

the K* (1430) and probably due to a systematic effect in our two-step 

kinematical fit procedure. 

Our purpose here will be to analyse the production properties as well as 

the A 0 polarisation and the K*
0 

decay parameters and verify if the s:ilrple 

hypercn exchange mechanism is consistent with our data. 

We have selected the samples 
+-following K " rrass cuts: 

K*0 (892) 

K*0 (1430) 

,_,,,.,,~,, '"""'"' '''""""'"'''"'~""'1'0"" "'"""""''"""''""''""'RO" """''1'001"'1'1"''''"""" '''"''' "' ,,. '' 

0 of backward K* events according to the 

+-770 .::_ 'M (K 11 ) < 1100 MeV 

1320 < M(K+1f-) < 1520 MeV 
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'Ihe u 1 production distributions (u 1 = urrax - u, u being the rromentmn transfer 

squared from the incident "- to the outgoing fast II 
0

) are shown in Fig. 7. 

We observe an accumulation of events at small U1 values. We verified that 

both the trigger acceptance and the st optical chambers acceptance do not 

affect these distributions (in the U1 range considered here, we find vari­

ations of the order of 1 to 2%). In Fig. 7 we have also drawn the best 

exponential fits obtained to the exper:irrental u 1 distributions. 

A detailed analysis of the K*0 acoeptance was perfonred with a quasi-tv.D-

body M::lllte-carlo simulation program. No bias in the K*0 angular distributions 

was detected in this analysis. We therefore cx::rrputed the density rratrix 

elerrents p .. for the K*01 s decays using as analyser the K+ decay angle in 
l.J 

their respective u-helicity Jackson frames. 

The K*0 
( 892) density rratrix elerrents were obtained using the known ;/ = 1-

decay angular distribution (lO) and applying the rocnen.ts method. For this 

calculation only the rrost backward K*0 events were selected, e.g. those 

satisfying U1 < 0.5 Ge,J2. OUr results (table 3) show that all allowed spin 

projections are present. The p . . values reported were obtained after back­
l.J 

ground subtraction, using events in both sides of the K*0 rrass intervals. 

HcM8ver our results do not vary strongly with or without background 

subtraction. 

'Ihe angular decay distribution for the K*0 (1430) meson was analysed with 

the known;/ = 2+ angular decay distribution, using also the rroments method. 

Table 4 shows the results obtained. We note that the rratrix elerrents p .. 
l.J 

with i or j equal 2 are negligible, implying that helicity-2 decay is 

depressed in our data. This result is in agreement with the simple idea 

of ~-exchange dominant mechanism (Fig. 6). 

We <XlillJ?Uted the 1\
0 p::Jlarisation for each sarrple of K*0 events according to 

the fo:rmula 
1 <cos8> 

P = ~ <cos2e> 

where a = 0.642, is the 11° decay asyrnretry parameter, and e is the angle 

between the decay proton direction in the II 
0 rest frame and the norrral to 
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the production plane. OUr results are plotted in Fig. 8 as a function of 

u'. They are crnpatible with the available data (7), and sh~ that the 1\0 

polarisation is positive in the backward region, like in the I\°K0 final 

state. Concerning the dip observed around u' = .1 by Brundiers et al. , 

(Ref. 7), our statistics are too low to confim it. 

To ca:rpute backward cross sections we have used the sane rrethod already 

published in a previous work( 4) to convert events into cross sections. In 

addition, we have calculated the following effects: 

1\
0 losses by scattering in the target and chambers 

losses due to missing mass cuts to select 1-<: candidates 

K*0 and 1\
0 branching ratios 

losses due to K*0 mass cuts 

1\
0 losses in the analysis programs. 

"We used the naninal sensitivity given in table 1, that includes beam 

attenuation corrections, and we applied the sane rrethod as described in 

Ref. (4) to correct for IDlED inefficiencies and to deal correctly with 

geanetrical acceptance of the trigger and the Q optical chambers. The 

global acceptances are high (> 50%) for u' < 1 Geif, and the corrections 

to be applied are not very important. Finally the estimated r.0 contamin­

ation and the remaining background under the K*0 signals has been sub­

tracted according to the results on the mass fits and the total backward 

cross sections obtained in our experiment are given in table 5. 

In order to ca:rpare our results on the K*0 892 cross sections with the 

existing data (6- 9), we have plotted in Fig. 9 the =npilation of K*0 cross 

sections integrated in the u' < 0.3 Gev2 range. A good linear fit is 

obtained, and a parametrisation of the fom a "' s -n gives n = +3.15 ± 0.15. 

Under the hypothesis that a s:inple Regge trajectory gives rise to this 

ene:rgy variation through a dependence s2ao-2, v.~ obtain a"' -.6, a value 
o-

sitting between the known 
(13) 

r. 6 - r.s(-.30 ± o.9u) • 

r. hyperon trajectories 'i. - 'i. (-.86 ± 0.9u) and 
a Y 

The presence of these two exchanges has been established by Ward et al (9) 

in their study of the ene:rgy dependence of "-p + 1\ °K0 reaction cross 

section near u' = 0. 

'' m '"1"' ""'' """ " 0'~ ""'"1 .. ,.,,.,,.,,..,,.,,O~OOTI''''"''f'l'ttOIIto 101!0 .... 11!"0'""11011~111"1110 ·-·1•101• I""" I"'""'"'" ""'"'I '" o • 1 ~ '"0 •~ •• o "' " • " "" '" '"" ·• 
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4.2.2 Z* Production 

It is clear fran Fig. 3 that, there are three enhancements in the low A0 rr­

invariant mass spectrum, despite the fact that they lie over an inp:lrtant 

backgronnd (::_ 50%) • 

We fitted the A 0 rr- mass spectrum of Fig. 3 using a similar pararretrisation 

fo:rmula as that given in (5). The results on the mass and width of each 

of the three Breit-Wigner f1mctions have been repcrted in table 2. 

The first signal corresponds to the Z-(1385), J? = 3/2+ hyperon, and the 

production rrechanism should correspond to diagram (II) of Fig. 6. 

\. 

Unfort=ately, we do not have enough statistics and the backgro1md level 

is too high to analyse precisely this low mass hyperons. We limited our 

analysis to study the acceptance of our trigger and the 11 chambers for 

the three hyperons assuming an isotropic decay distribution. 

- 0-
The global acceptance for the l: (1385) is very good in the whole A rr 

angular decay distribution. The fast proton trigger acceptance depletes 

about half of the angular distribution for the l: (1670) decay, and this 

is still rrore prono1mced for the l:-(1915) decay. 

Under the hypothesis of a 1mifo:rm decay angular distribution (which is in 

agreerrent with the data, at least for the l:-(1385), and a production 

rrechanism following the law d /du' "'e:xp(-3u'), we obtain the total 

backward cross sections given in table 5. 

0 - - +-
4.3 ~c~j5~~~ctio!!,_ in _!:he .£~~y ~E...::_E~.l5_!_ Rea£ti~!!, 

Here we report on the backward production of K*0 rresons via the quasi-t:Y.D­

body reaction 

rr -p->- A0 (1520) K*0 (6) 

0 -
with the subsequent decay A (1520) ->- P;< • 

The fast proton reaction 
- - +-

TI p ... P;< K TI (4) 

for which we have already repcrted inclusive results (3), has been obtained 
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from kinauatical 4-c fits on the four prong charge balanced topology sanple. 

A total of 525 events at 12 GeVIc and 909 events at 9 GeVIc were used for 

this analysis. 

Fig. 10 shows the invariant masses p i!C and K + rr-, for the 9 GeV I c data only, 

where we can see the i\
0 (1520) and K*

0
(892) signals respectively. If further­

nore, we select the 96 events for which the P:f- mass lies in the i\
0

(1520) 

bin, we obtain the K+rr- mass spectrum shown in Fig. ll. Here we have used 

both 9 and 12 GeVIc data samples as our statistics is very low. we observe 

in Fig. ll that both K*0 (892) and K*
0

(1430) appear to be produced backwards 

in reaction (6). 

The production mechanism of reaction ( 6) should follow the I -exchange as 

illustrated in diagram (I) of Fig. 6. we cx:rnputed the cross sections for 

these channels- backward K*(892) and K*0 (l430) -, by using the method 

described in ref. ( 4) and after all corrections were applied, we obtained 

the results given in table 5. These cross sections were corrected for all 

branching ratios. However they are nodel dependent in the sense that the 

unobserved events were corrected by simulating through our quasi -b.c-body 

M::>nte Carlo program the reactions (6) with the hypothesis that the 

i\
0 (1520) + pK- decay is isotropic, and that the production dcrldu' law 

follows an e:xp (-3u') distribution. 

CCNCLUSICNS 

we have investigated backward K*0 production in quasi -tv..o-body reactions 

from data obtained in the fast proton triggered e:xperiment done at the 

>1 Spectrarreter. we have mainly used i\ ~ events, selecting from these data 

about 85000 fast i\
0 

candidates, then extracting a total of 2500 events of 

reaction rr-p + i\ °K + rr- at 9 and 12 GeV I c incident rrorrenta. 

OUr conclusions on this analysis are the following: 

l. A strong quasi-two-body production of K*0 892 and K*0 1430 in the 

backward region is present in the data. 

2. The polarisation of the i\
0 is clearly positive for both K*0 (892) 

and K*0 (1430) channels. 
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3. This backward production of K*0 is =nsistent with a l:-exchange 

rrechanism but our data does not disentangle which are the OOrn:inant 

trajectories, e.g. whether l:a - l:Y or l:tl - l:
0 

trajectories. 

4. - - +-
The analysis of the four prong reaction 11 p + pK K 11 shows 

evidence for backward K*0 productioo in the quasi -t=-body reactions 

11-p +A 0 (1520) K*0 (892) and A0 (1520) K*0 (1430), with similar cross 

sections as those found for the channels ass=iated with the A0 (1115). 
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FIGURE CAPTIONS 

Fig. 1: 

Fig. 2: 

Fig. 3: 

Fig. 4: 

Fig. 5: 

Fig. 6: 

Fig:. 7: 

Fig:. 9: 

Fig:. 10: 

Fig:. 11: 

11° total reoonstruction efficiency E( Z >-) as a function of 

its length of flight zll. 

Invariant mass 11°Tr -. Dotted line, KP(892) and K*0 (1430) 

events subtracted. 

+- 0-
Invariant mass K " • Dotted line, M(ll " ) < 2 GeV/c events 

subtracted. 

Invariant mass II~+. 

Baryon exchange diagrams referred in the text. 

u' distributions for backward K*0 892 and K*0 1430. 

(9 GeV/c data). 

Backward K*0 892 cross section compilation as function of 

PLAB. 

- +- - +--
p~ and K " invariant masses fran " p -+ p~ K " reaction. 

(9 GeV/c data). 

K+"- invariant mass for "-P-+ 11°(1520) K+"- events. The 

curve is the best fit to the data. 
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TABLE 1 

Sunmrry of selected events 9 GeV/c 12 GeV/c 

nurnJ:;er of triggers 1.6 X 106 1.1 X 106 

nominal sensitivity 9400 evts/vb 5800 evts/vb 
total fast A 0 reconstructed 60606 25800 
A0 + 1 prong 15871 6873 
A0 + 2 prongs 25209 11382 

0 +-A K n events 1--c fits 1028 319 
4--c fits 825 297 

TABLE 2 

Mass (M) and width (f) of the Breit-Wigner functions that give 
+- 0-the best fit to the K n and A n mass spectra, as explained in 

the text (9 GeV/c data only). 

M (MeV) r (MeV) M (MeV) r (MeV) 

K*
0 (892) 888 ± 3 63 ± 9 E-(1385) 1380 ± 7 70 ± 10 

K*0 (1430) 1385 ± 10 103 ± 30 E-(1670) 1668 ± 10 90 ± 20 
E-(1915) 1910 ± 17 87 ± 25 

"'. '"" ""' .,. , .. , .. , ............ ,~ ..... , ... ,.,,,,.,.,,.,,,,,....,,.,,.,,, "'"~"'""''''""""'"'" ''""'"""""""'' '""' ,.,.,,.,,, 
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TABLE 3 

K*0 (892) decay density matrix elements in u-helicity Jackson frame 

No.of events 
. (weighted) Poo p p p p p 

11+ I-I 11- I-1 IC 

9 GeV/c 507 .33 ± .05 .49 ± .05 .19 ± .04 .07 ± .03 

12 GeV/c 185 .31 ± .10 .48 ± .09 .21 ± .08 .07 ± .05 

TABLE 4 

K*0 (1430) decay density matrix elements in u-helicity Jackson frame 

No.of events 
(weighted) 

9 GeV/c 381 

12 GeV/c 88 

9 GeV/c 

12 GeV/c 

.34±.05 

.36±.11 

Rep 
2I 

-.08±.02 

-.09±.05 

P+P P-iJ P+P P-iJ 
11 I-I 11 I-I 22 2-2 22 2-2 

.24±.04 .37±.04 .02±.04 .03±~04 

.19±.10 .25±.11 .16±.09 .03±.09 

Rep Rep Rep 
2-I 20 IO 

-. 02±. 02 -.03±.02 -.10±.03 

-.05±.05 -.07±.06 -.05±.06 
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TABLE 5 

'Ibtal tackward cross sections 

9 GeV/c 12 GeV/c 

Channel ()lb) ( )lb) 

1T-p -T 1\0 (1115) K*0 (892) 0.39 ± 0.05 0.16 ± 0.05 

1\
0 (1115) K*0 (1430) 0.47 ± 0.10 0.20 ± 0.09 

- 0 
1T p -T 1\ (1520) K*0 (892) 0.48 ± 0.14 0.16 ± 0.09 

-+ 1\0 (1520) K*0 (1430) 0.46 ± 0.18 0.19 ± 0.10 

- (1385) K+ 0.06 0.02 0.03 ± 0.01 1f p -+ E ± 
- (1670) K+ 0.07 0.03 0.04 0.03 E ± ± 
- (1915) K+ 0.10 0.04 0.05 0.04 E ± ± 

4 0-1\ 1T 

The K*0 cross sections are corrected for isospin and branching ratio 
0 0 -of both K* and 1\ decays. For the 1\ (1520) decay in NK, we have used 

the ratio .• 46 ± .01 given in Ref. (5). 

The E- cross sections have not been corrected neither for 1\
0

11- nor 

for 1\
0 decay branching ratios. The errors are only statistical and 

do not include an overall nonnalisation uncertainty of 15%. 

,,, '" '"''" .. ,.,. ............... ,.,.,,. ''"~'"''"""""""'""'''·~· '""''"''''"'"'.""' .. '" , ...... '"~"""' ''" '"""' '"'"' , .. .,,., '"'"''" ""'"' .. '""' ,, 



I 
0 
0 
.--' 

G 

-

......-.:: 

7 
/ 

......-.:: 

·--
~~ 
~ 

..... 
-.....:· 

I 

...... 
....... 

....... 
...... 

I 
0 
In 
0 

A::>UoP!Ha JDlOl 

/ 
./ 

/ 
./ 

/ 
./ 

-

-

-

-

-

~ 

--- .... 
I .... 

0 
N 
~ 

0 
O"l 

0 
<.D 

0 
M 

~ 

E 
u 
~ 

+' .c 
.Ql - ~ - <.!) 0 

.c lL 
+' 
Ol 
c 
(!) 
_J 

0 
< 



14 f-

N 
~ 12 f-

N 
u 

" > 10 f-
Ill 

t'J 
~ 

B 

' 
6 f-

~ 

I 

I= 4 f-
0 

< 
~ 2 

N 

:2:: 
0 

0 

rr· P -- A' K' rr· 

.. ; .. · .. 
1_, .. ·:· .. ~ 

. , .. : .· .: · ... ........ ,. 

". 

-~;~·;;;r_,· 
't ·, .... 

. ;::~\: /:, 
.... ~-.~·(':' ,• 

__l_ _l_ 

I 2 

·. 

/' .. · . 
. ' 

... . ·· . 

' .. 
·. 
-' 

·• ' . '" 
' ·. 

· .. 
' 

_[ 

3 
M2 CK'rr"J 

" 

. 
' 

, 9 GeV/c 

... .. .. •, 

·. 

.. 

.· ·. 

I 

4 5 
( GeV/c2J2 

' ., ., 

·'·· 

I 

6 

20 
I 

17.51-
N ..... 
N 15 u 

" > 
I!J 12.5 
l'l 
~ 

10 

' 
7.5 ~ 

..... 
I 

I= 
5 1-

0 

< 
~ 2. 5 1-
N 
:2:: 

7 8 
0 

0 

FIG.2 

rr· p -- A' K' rr· 

·: . . 

·: . : . . 
. ' 

.-;:. ···: . : ·. :: .. .. .. .. 
' . .. 

·~: ..... , 
.' ~ . • . ·_, r -. 

;,:"';· . ... ..... 
'·. . ... ·.:;: 
·· ... .. ' 
. . .......... ~· 

... 

' 

' ' 

. ·. 
. •. 

1 12 GeV/c 

. 

: 

' 
. .. 

•. ··:J ~~~;·b·>;~_::·~.·::~ ~?:·f::>--~::,:::::;:· _ _.·f;:. ~ :: ·. . . . 

.. . 

I I 

2 4 
M2 CK'rr"l 

' 
6 

CGeV/c2J2 

I 

B 
I 

10 



~ 

N 
u 60 

~ 
Q) 

2: 50 
~ 

0 

C') 40 

' 
til 

~ 
30 

[J 

~ 20 

10 

0 

I 
I 

!J~J 
I 
I 

I I 
1•1 

" " " 

1.5 

n" P -- N K• n" , 9 GeV/c 

I 

''i• I ill 11 ,,n,, 
Jill 

~··J 

2 

IJ 

j'tfl '1 
tiJ ,,.,. 

·~ ., ,,. I.JL 1 
1
t 1 rt lfl 'T 11 .u• 

I lfrr t rt 11 (II I~IIJJ 11 
,,,,w ,,, '' .J'' '"• '' till 11 illl'h.J ll '11 
IIIJ II Ull r,~ u II !.. :• 

IJ "' 

2.5 3 3.5 

A' n· INVARIANT MASS 1 ( GeV/c2 l 

" 
" 

4 

,..... 
(II 

0 

~ 
Q) 

2: 
...... 

30 

25 

0 20 
l[) 

' 
til 

~ 
~ 

15 

10 

5 

0 

FIG.3 

1-

~ 
I 

1- , ... 

1-

1-

II 
II 
l.t 

_I 

1.5 

n· P -- A' K• n" 1 12 GeV/c 

Pr WI 

' I.J I I 

I I 
II 
I I 
I.J 

I 
I 0 
I I 
II 
I.J 

_L 

2 

~ 
r 

' 

~~~ru:~uM I( I 
I 1 I 1 1 

I II I I 
1

1 
I - I I I 

: 
1

.1 I: I , , :I I I 
I I • I It I I U rY.i I I I.J I I ..1 I '" 1 1 

-1 1- I 1..1 1 I '--J 1 I I 1 "'" I I .,.J -1 I I I 
t.J I I I I I 

_L__ II II tJ 

___ _I t.J '"" I 

Jl~ 
I.J 

I 

2.5 3 3.5 4 

A" n· INVARIANT MASS , lGeV/c2 l 



rr· p -- A' K• rr· 
1 9 GeV/c 1r" p -- A° K• rr· ,12 GeV/c 

~ 100 ,..... 50 
N N u u 

" " > > UJ 80 {!J 40 ~ ~ 
' ~ 

' ._, 
' ' lf1 !o 0 

N 
., 

lf1 '• 60 ' 30 ' 

" ' " ' 
I I; 

(11 I (11 '' f-

I "~" 
f-z 40 z 20 w w > > I rl 

., 
n '' w " " " "n w '' '--' ' ' " -" 1 -, I ' 20 f- nrf' ~u~ur ~ ~: UU"~ Y. U u ~ 10 ' ' . ' I _.J I I 

' ,, : "'1 .. , I -.1 -.1 I .._. --, -

'' .. "1 I I I •, 'u tiJJ I ll .J I 0 ''U ~I :~,: • .. i'n :1 i"' ~ ---.1 
~ ~ It !.a~"'tl I It ~ _ .. I ' I .... I ,, 

IJ IJ I 11 ;-r.a, .. , I I I I .. , OJ IJJ~ I J..., 
:...J I I --, -.I ---, OJ I J., 

.. .1 .. J I --'l --, f-; I 1:1 _J -.1 -0 0 
0.5 1.5 2.5 0.5 I 1.5 2 2.5 3 1 2 3 

K• 11· INVARIANT MASS I [GeV/c2 J K• n· INVARIANT MASS , [ GeV/c2 J 

FIG.4 



n· p -- A' K' n· 1 9 GeV/c n· p -- A' K' n· 1 12 GeV/c 

,..... ...... 

"' N 

\ 60 
0 

30 

> ~ 
l Q) Ill 

~ 50 ~ 25 

0 0 
(\'} lO 

40 20 

" " 
(/) (/) 

f- 30 f- 15 
z ~ w 

~~ > > w 20 - w 10 

10 5 

~ 
0 

2 2.5 3 3. 5 4 4.5 
0 

2 2.5 3 3.5 4 4.5 

A' K' INVARIANT MASS , (GeV/c2 l A• K' INVARIANT MASS 1 (GeV/c2 J 

FIG.5 



(I) 

p ---------'-------.-K· 
(II) 

(Ill) 

FIG. 6 



til 
c 
QJ 
> w 

100 
n:- P, 9 GeV/c 

1\° K.:.O (892) 

exp (-1.8 u') 

1\° K •O (1420) 

exp(-2.3 u') 

'--1---1 

o~--------ro~.s:-~-------~1.~0----_j 
u' (GeV2 ) 

FIG. 7 



~ 

0 
N 
~ 
~ 
~ 

0 • :.:: 
0 <".:! < ~ 

f 
Q_ 
I 
t:! 

~ 
0 

~ 

N 
CJ) 
co 
~ 

0 • :.:: 
b< 

<".:! f ~ 

Q_ 
I 
t:! 

+ -6 

-t-
l 
I 

.J. 

"'""'"'' ... '""'""'''""'""""'~'"""'''''" ''"'~"'""'"''"'' ,. "' ..... ''""' '"'' ""'"'''''""''"""' ,.,,., ... ,. ''""''"'''"" " 

0 

UO!)DZIJD}Od oV 

··-

~ 

,,,,,.,,.,, ""'"""'" , ......... , .. , .... ,. .. ,,., ........ ,. ....... ,, ..... , ... , "'""'"'"''"''"'""' ... , .. ,, 



.0 
::i 
c 
.Q ..... 

10 2 .----------------------

o C.E.W.Ward et al.,ref.9 

t:.. Foley et al., ref. 6 

0 Brundiers et al., ref.7 

o Sharre et al., ref. 8 

• This experiment 

~ 10° 
Ill 

Ill 
Ill e 
u 

10-1 

10-2 
2L-----~---4L-~--~6~~~-,~o--------~2o 

Momentum (GeV/c) 

FIG.9 



~ 

N 
u 
> 

<I> 
2: 

80r-----------------------------------, 
I rP (1520) 
t 

70 
n:- P -- P1 K- K' n:-

9 GeV/c 

60 ~ i i 

J 
~ 40 -1}1 -c 
<I> 

~ 
30 

20 

10 

1.5 0 3.5 2.0 3.0 2.5 

p K- mass (GeVfcZ) 

~ 

N 
u 

~ 
2: 

100 f-

80 f-

g·Gor-
~ -1}1 

c 
<I> 
> w 

40 f-

20f-

. ~ K"
0 

(892) 

n:- P ._. p
1 

K- K. n:-

9 GeV/c 

L.. 

r lr-1 r, [1, r 

L.r 

0 C--L--~----L---~---L--~J---~--~ 
1.0 1.5 2.0 2.5 

K•n:- mass (GeVtcZ) 
FIG.10 



N 
u 
> <I> 
::E 

15 

fiS 10 -I 

V1l ...... c 
<I> 
> 
w 5 

0.5 1.5 

K• rc- invariant mass (GeVfc2) 

FIG. 11 

""" ............. , ...• ,.. "' .... " "'"'' '"'"'"'"'"'""'"'""' '""' ... '"'"'""'"''""'' 




