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Abstract: A sample of  ~ 70001) fitted events of the reaction rr p ~ rr -rt rr 'p at 25 anti 411GeV/c 
has bccn obtained with the ('I-RN-IIII':I) bo,a)n spectrometer al the Scrlntkhcw accelerator. A 
partial-wave analysis shows that li) AI and A3 canno lbcdesc r ibed  b y a  Breit Wigneranlpli- 
tude.(ii)  thcA2 can be welldescribcd bya  Breit Wigncramplitude,(i i i)  although A I , A 3  
and Az have different properlics, the energy dependence of their producli, m cross section is 
similar. 

I. I n t r o d u c t i o n  

T h e  r e a c t i o n  n~ p --. n - n - n + p  has been  m e a s u r e d  at 25 attd 40  G e V / c  wi th  the  

CERN-I I  IEI ) b o s o n  s p e c t r o m e t e r  at the  p r o t o n  a c c e l e r a t o r  at S e r p u k h o v .  We discus-  

sed in p rev ious  p u b l i c a t i o n s  [1,2]  h o w  the  da t a  were  o b t a i n e d  a n d  a n a l y s e d ,  as well  

as the  genera l  f ea tu re s  o f  the  r eac t ion  ana ly sed  by  the  pa r t i a l -wave  m e t h o d  f 
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P.F. Schult?. in tile papers of rcfs. [ 3, 4 ] the authors applied the method to data of  the reaction 
n'-p  ~ n - n - n +  p. 
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Here we present results about production and decay o f  the three spin-parity ( J e )  

states which dominate the 3,'r system below 2 GeV: the I ÷ state, known as the A t 
system, tile 2 ÷ state, known as the A~ system, the 2 -  state, known as the A 3 sys- 
tem. 

We emphasize the fact that most of  the results shown below are based on two 

samples of  data at Plab = 25 and 40 GeV obtained by superposing data from runs 
covering different t-intervals (see table 1 of  ref. l l l}. For the study of  t-dependence 
we use instead the result of a single run at 25 GeV/c[I t l = 0.10 - 0 . 2 2  {GeV/c )  2 ] 

and a single run at 40 GeV/c [Ill = 0.04 -0.33 {GeV/c)21 . 

2. The A I system 

2. 1.3htss. whlth,  attd di f fcrcnt ial  cross section 

We define the A I system as the I + state which decays ria s-wave into a p meson 
and arr meson ( I*S in ottr notation),  and dominates tile 3rr system below 1.4 {;eV. 
Figs. la, Ib and lc show the 3tr mass dependence of  this state fi,r the data measured 
at 25 and 40 GeV/c as well as for the combined data. The mass o1 the object is 
roughly I 150 McV, its width about 300 MeV. In trying to get more accurate values 
for width and mass of  the AI ,  one finds that the slope of the differential cross 
.~ctiou lbr A I production [d{J/dt ,x exp (h t )  I depends strongly on 3n mass. As we 
scc from table I and fig. 2 it decreases from ~ 12 {GcV/c) 2 to ~ 7.5 ({;eV/c) 2 
between I .{} and 1.4 {,eV. As a result, the mass and the width of  thc A t system 
depend on the in{}nlenltln| transfer interval selected and their tlnitlne determination 
is thus inupossiblc. In table I we also list the integrated cross section for the reaction 

rr p -~ A I P 
[ . . . .  pIIn" 

obtained by extrapolating tile exp (ht)  dependence of  the differential cross section 
in the 3n mass intervals 1.0 1 .2GeVand  1.2 --1.4 GeV. 

2. 2. In ter ference  with other partial wares attd resonance interpretat ion 

Tile A 1 interferes strongly with all other partial waves of  tile 3rr system. The 
partial-wave method thus allows us to determine the mass dependence of  tile relative 
phase between A t and tile other partial waves. The phase difference between tile 
prt)duction ampli tudes for two partial waves a, b is given by tile phase o f  the off- 
diagon:,l element of  the 3rr density matrix 11 I: 

Oah = arg(pal ,)  • 

If partial wave a corresponds to a resonance, which can be described by a Breit - 
Wigner amplitude {BWa}. and h does not, the phase is expected to be 
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Table 1 

Slof~e of the differential cro,;s section ldo/dt  ~ e fit) and integrated cross section for production 
of tile I+S state (the syslcmatic error is given in the parentheses) 

25 GeV/c 40 ( ;eV/c 

A n l 3 r  t b a ( A  l ) b o ( A  I ) 

(GeV) I(GeV/c) --"] (abj [|GcV/c)-: I Wb) 

1.0-1.2 12.1"-1.1 92~- 10(-'10) 1|.9: I.l 72--5(;7) 
1 . 2 -  1.4 8.0"- 1.0 59"- 4(-" 6) 6.8"- 0.8 52-" 3(- '6)  
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Oah = ¢0 + arg(BWa) • 

where ¢() is constant  or a slowly varying ft, nc t ion  oftn3n.  From fig. I one  sees that 

the intensities o f  tile dominant  background waves (0 S ,  I + P, 2 - P )  are slowly vary- 

ing over the A I peak. We therefore  expect  that they provide reference phases to 

measure the A I phase. If tile A 1 is a usual Bre i t -Wigner  resonance we expec t  its 

phase to increase by 90 ° over  one full width.  F rom fig. I we find that none o f  the 
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interference phases shows this behaviour.  We thus conclude that the total I+S state 

cannot  be described by a simple Bre i t -Wigner  ampli tude.  
it may be useful to c o mmen t  on the limits that our  results place on the produc- 

tion of  a real, narrow A I resonance (AR, j P = 1 ÷, decay to ,o°rr - ) in addi t ion to 

the broad 1 + (S--,prr) effect (AB). We quote  three crude upper limits ( ~  955~ con- 

fidence level) on the cross section r r -p  --, A~p (A  R ~ p ° r r - )  at Plab = 2 5 - 4 0  GeV/c,  
obtained from fig. lc under  different assumptions regarding the product ion  and de- 
cay of  A R" 

(a) AIR decays by s-wave, AI R and A~ are coherent ly  produced:  o(A R -~p°rr ) 

<0.:ub: 
(b) AIR decays by s-wave, AIR and AI B are incoherent ly  produced:  

o(AIR ~ p ( ) n -  ) <~ 5 ob ,  
(c) AIR decay's by d-wave: o(A R ~ p ° r r - )  ~< 0.3 ob. 

2. 3. P,  htrizatbm 

With the partial-wave method we also determine the polarization density matrix 

of the A I system in the Go t t f r i ed - Jackson  system*. Table 2 shows the results tbr 
the 25 GeV/c and 40 ( ;eV/c  data in the mass bin 1.0 - 1.2 GcV. The e lement  ,o0o 
dominales,  being about  0.95. The element  combina t ion  p I I + P I I, which corrc- 
sponds to unnatural  parity exchange [11 is cmnpat ible  with zero. The interference 
element between the M = 0 and IMI = I componet l t s  POI is real, and is compatible  
with the nulximum value allowed by the positivity condi t ion  of the density matrix. 

This implies that the A I is produced in a pure M = 0 state, in a system which can be 
reached from the ( ;ot t f r icd Jackson system by a rotat ion of  the angle 0 around tile 
normal to the prodtlct ion plane. Figs. 3a and 3t) shiny how 0 depends on m o m e n t u m  
transfer and 3rr mass. The value of  0 is close to 10 ( t3 )  °, which indicates a small hut 

significant deviation from t-channel helicity conservation.  

'fable 2 
A I polarization (JP = I +, m3n = 1.0-- 1,2 (;cV) 

P l a b  : 25 ( ; c V / c  P l : ih  = 4 0  ( ; c V I c  

Pop 0.94 '- 0.02 0.95 ~ [).02 

"Natural parity exchange" ,pit - t~t -I 0.06 -. 0.02 ().()5 ~ 0.,'12 
Re(pip) 4).15 -, 0.02 -o. 13 , I).l)2 
lln(PlO) 0.01 -, 0.03 (LOll ,_ 0.03 

"Unnatural parity exchange" P l l  + £ i l  I (I.()(1 " ().()2 (1.1<10 t 0 . 0 2  

* As discussed in rel'. I I l, we assume the same polarization for both I +Sholr) and I +l'(('rr) ~vavcs. 
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3. T h e  A 2 s y s t e m  

We define the A 2 as tile 2 °" state, which decays via d-wave into pTr (2+D it~ our 
notat ion)  and peaks around 1.3 (;eV with a full width of roughly I00 MeV. We 
,iotice that it is the only state will, different natt, rality [11 [P( I )J] from the inci- 
deut rr meson, which is strongly produced in the reaction n p ~ n r r  r r+p.  Fig. 4a 
shows the mass depemlence o f  the 2"I) slate. A fit of a relativistic d-wave Breit -- 
Wigner without  b:,ckgrotmd to the data, yields the values for mass and width of  
the A ~ : 

M A ,  - = 1315  .t+ 5 M e V ,  FA: = 115 + 15 b l e V .  

T h e  rest ,  It o f  t he  fit  is d r a w n  as a so l id  l ine in fig.  4:,.  Fig. 4 b  s h o w s  t h e  d e p e n d e n c e  

We use the parametrizat ion 

o ~ l  A2 l'On ) 

|~w(,,~ = °":-m~: )2 + m~%v:o,) ' ro,) = t'A.,~q&o: • 
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o f  tile interference phase between the 2+D state and tile I+S state (and the I+P 

state) on 3n mass. The solid line is the variation we expect  from tile phase o f  a Breit 

-Wigner  ampl i tude  for the A 2 assuming constant  phases for the 1 + waves. The rapid 

increase o f  90 ° over one full width o f  the A 2 peak is clearly seen in the data, and we 

thus conclude that the 2+D state resonates at the A 2 mass. 

In fig. 5 we show the differential  cross section for tile reaction 

~-p-*A~p 
) pOTr_ 



162 Yu.M. Antipov et al.. AI, Az and A3 production 

I00 

50 
v 

::i. 

20 

i~'p~ ,IX~ p 
I._. 

t,O GeVI¢ 25 GeVlc 

o', o'2 o13" 
it: [(GeV#¢ Y] 

OL1 0~2 0'3 • 

Fig. 5. Differential cross section for A z pr~,.tuction ~it 25 and 40 GcV,'c in the 3rr mass interval 
1.2 - 1,4 GeV. 

in the iriass interval  be tween  1.2 - 1.4 G e t .  Iri the 40  G e V / c  da ta  which cover the 

m o m e n t u m  t ransfe r  interval  0 .04  to 0 .33 ( G e V / c )  2 there is a s ignif icant  dip towards  

small I l l  values. The  pa ra iue t r i za t ion  

do' 
- - < x  Itl e h t  
dt  

descr ibes  the data  well and we ob ta in  the pa rame te r s  l isted in table  3. Integrat iol l  

over the full t -range gives tile tot:il cross sec t ion  e t A 2 ) .  

Table 3 

SIt~l~e of the tliiterelltial cross sectioil (thUdt a I t l eb t )  and integrated cross section f(ir productiol 
of the A., (2'D, 1.2 - 1.4 (;cV). 

o(A: ) b 
(,ubi lt(;eV/c) ' I  

25 (;eV/c 15 '- 31~2) 
4l) (;eVlc 18 t 2(.>21 8.6-' 1.2 

"lhe sy,,tcin:ltic crrt)r trl indicated in purcnthcscs. The In~.illlenltlln transfer interval :it 25 (;eV/c 
is l~.~ sHlall to detertnine b froth the data. I'~)t tile ¢xtral'~,Jl:Hi,.:,n a vahie ,Jf 8.5 ((;eV/c) 2 ',,~,:is 
used. 

Table  4 lists the dens i ty  ma t r ix  e l e m e n t s  for A 2 p r o d u c t i o n .  The  c o m b i n a t i o n  

/911 + Pl - I '  wltich is tile IMI = 1 s ta te  p roduced  by na tu ra l  par i ty  exchange ,  domi-  

nates  and is clt)se to oiie. All c o m b i n a t i o n s  which can be p r o d u c e d  by unna tu ra l  

par i ty  exchange  are zero wi th in  the s tat is t ical  sensi t iv i ty  o f  the data .  For  compar i son  

we also quo te  the ma t r ix  e l emen t s  o b t a i n e d  f rom the r/(irr decay  m o d e  at 40  ( ;eV/c ,  

where  the A-, sign:tl appe;trs wi th  very l i t t le  b a c k g r o u n d  151. 
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Tab le  4 

A 2 p o l a r i z a t i o n  (JP = 2". m3n = 1.2 - 1.4 G e V )  

" N a t u r a l  p a r i t y  e x c h a n g e "  

P l l  +PI-I 
P22 - -  P2 --2 
R e ( p z l )  

Im(PZl) 
T r a c e  

" U n n a t t ,  ral pa r i t y  e , ,chang, . ; '  

T race  0 .04  ± 0 .04  0 .01 -" 0 . 0 4  

poll . - -  p o r t -  r/I) n. - 

Plab  = 25 G e V / c  P l ab  = 4 0  G e V / c  P l ab  - 4 0  G e V / c  

0.90 ~- 0.04 . . . .  -OJJ3 [,- 0.(/.i . . . . .  (J[97-~-- 0.06 . . . . .  
0 . 0 6  -+ 0.(15 0 .07  _* 0 . 0 4  0 .03  -" 0 ,05  

0 . 1 2  +- 0 .04  0 . 1 0 ±  0 . 0 3  0 . 0 2  ± 0.0"/ 

O.01 -* 0 .12  - 0 . 0 3  ~- 0 . 0 3  

0 . 9 6  -~ 0 .04  0 . 9 9  +_ 0 .04  1 .00 -~ 0 . 0 8  

0.1)0 -~ 0 ,07  

4. The A 3 region 

In this paragraph we discuss the partial-wave analysis in the 3n mass interval 
1 . 5  - 2.0 GeV. We concentrate on the 40 GeV/c data, for which the average accep- 
tance of  the magnetic spectrometer is 0.7 in the A 3 region (see fig. I o f  ref. [ 1 ]). 
(The acceptance for our 25 GeV data is about 0.3 only and the statistical sensitivity 
of these data is lower. We note, however, that they show within errors the same 
features as the 40 GeV/c data.) 

A difficulty of the partial-wave analysis of  the A 3 region is that tile number of  
weak but significant partial waves is large; it is therefore difficult to vary them all 
simultaneously. Our procedure is therefi)re to ask tile following specific questions, 
and to see how stable the answers are when different sets of partial waves are chosen: 

(i) which partial wave is responsible for tile A 3 enhancenlent'! 
(ii) is the A 3 a resonance? 

(iii) what are its pt,~duction parameters (cross section, polarization)? 
(iv) are there candidates for further resonances in tile interval 1.5 - 2.0 GeV? 
Tile data have been analysed using several different sets of  partial waves. The 

results shown in fig. 6 were obtained using tile two sets listed in table 5. In both sets 
we restrict the polarizations to states 

IJPO) fi)rJP=O-,I + . . . . .  lJt'l)+lfl'-l)forJ l'=1- 2 + . . . . .  

The choice is based on the results obtained in m3, r = !.0 - 1.4 GeV in this experi- 
ment and in m3n = ! . 5  --  1.8 GeV in bubble chamber data (ref. [4]). Set I is the set 
used in ref. [41. Set 11 includes systematically all partial waves with l = 0, 1, 2, for 
err and prr decay and 1 = 0, i for fn decay. In addition, set II includes the partial 
wave 3 - (D "-* frr). 

A comparison of  the result of  the fit (hypothesis 1) with the data is shown in figs. 
7 and 8. We find that the fit describes the data well. 
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For  a de ta i l ed  d e s c r i p t i o n  of  the d i f f e ren t  sets  o f  parti ; , l  waves (hypo theses )  used,  see table  5 

and the text .  I .or c o m p l e t e n e s s  we have also inc luded  the 1.0 1.4 mass regitm for h y p o t h e s e s  I, 

T;d~le 5 

Sets o f  part i ;d v,.:,vcs used in Ill,., analy,;is o f  the A 3 regi~m (see t'ig. 6) 

. . . . . . . . . . . .  I . . . . . . . . . .  I . . . . .  l ~¢ay  mude c:,'r p:rr t'n 

Jl ' l  0 S 1 * I ' 2 - D  l ' S ( I - I '  I - f ' 2  P I ' D 2 * D J ' D  2 - S  1 ' 1 ' 2 " 1 , 3 " 1 ' 3 - 1 "  

~'l i t) 0 0 0 0 0 0 0 I 0 0 0 I 0 I 

I ' I l Y l ) o t h e s i s l ( , - e  ) x x x x x x x x x x 

I l y p t ~ t h e s i s l l ( - ( I - )  i x x x x x x x x x x :,. x x x x 
1 

I l y p o l h e s i s  I t ' t~incides v.'ith tile ch,Jice o f  Ascol i  et  al. giver, in tel'. [41. 
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Fig. 6. See caption on opposite page. 

In fig. 6. we note tile following featttres. 
Tile main partial waves [i.e. O- S(crr), I+S(pn),  2 -S( fn) ,  2-l '(pTr), 3+l'(frr)] do 

not significantly depend on how many additional weaker states are admitted in the 
analysis. From this we conclude that hypothesis I, using I0 waves only,  is as suit- 
able as the more complete set of 15 waves of hypothesis Ii [the additional small 
contributions such as, for example, 2 -  I~err), 1 I)(pn), 3 -  D(frr), l+P(fn),  etc., 
seem to take their events mostly from l+P(en)].  

In the 1.4 - 2.0 GeV region a clear enhancement is seen in the 2 S(I~) wave at 
a mass 31 = 1.65 +- 0.03 GeV with a width F = 0.30 -+ 0.05 GeV. We identify this 
with the " A 3 "  peak observed near 1.7 GeV in the missing-mass spectrum and in the 
3n effective-mass spectrum, since no other wave shows a peak of  comparable strengtl 
in this mass region. 

In order to clarify the resonance nature of the A 3 enhancement,  we have measure 
its phase with respect to other partial waves in the same region. 
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Fig. 7. Comparison of the data mea,;ured at 40 GcV/c (hi,~to~rarn) with the partial wave fit 
(smooth curve) in the 3rr mass interv;d 1.6 -- I.TGeV: (a) m~r,-rr - (2 combinations per event); 

tb) m~r- ~ --. 

This is possible as the A 3 interferes strongly with all other partial waves. We show 
in fig. t) the phases of 2 -S(fn) relative to other states. The phases shown have been 
chosen because they appear to bc reasonably well measured. In all cases the relative 
phase appears to be, within errors, independent of 3n mass. Wc conclude that the 
A 3 amplitude th~cs not have the behaviottr expected for a Breit- Wigner resonance. 

As wc have done for the A I we comment  on the possibility that a real narrow 
2-  resonance (A~ ~' ) is produced at 25 -40 GeV/c. We obtain the following upper 
limits: ofA~ '~ --, f ° r r - ,  by s-wave) < 0.05 pb (1.4/ab) if A R is coherent ( incoherent)  
with the broad 2 -S(fn)  enhancement,  and o(A~ ~' --, p ° r r - ,  by p-wave) < 1.4/ab. 
The limits refer in all cases to the final state n + n - n  only. 

The polarization density matrix* of  the A 3 ( 2 - S  wave) has been determined by 
fitting the data in the 3rt mass interval 1 . 5 -  1.8 GeV with all the spin pr~jections 
of t he2  Ss ta te ,  in addition to hypothesis I. The matrix elements obtained are 
shown in table 6: p{}{} is largest, close to l ; P t l  and P l -1 are still recast,table; while 
P 2 2 a n d P 2  2 are c°mpatible  with zer°,  in agreement with bubble chamber data at 

* Asdiscusscd in ref, [ I 1, sve assume the same po la r i za t ion  for  bod l  2 -S~ f= j  and 2 I ' t ~= )  waves. 
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Fig. 8. Comparison of the data measured at 40 GeV/¢ (histogram) with the partial wave fit 
( smooth  curve) in the 3= mass interval 1.6 - 1.7 GeV. Distribution of the Et, ler-angles of  the 
3rr system measured from the Gottt'ried Jackson axes: a) ¢~, azimuth of  the rr+; b) cos ;3. polar 
angle of  the rr+; c) ~,. angle between the decay plane and the plane formed by ~rin and + ~'/t) tl t 

lower energies [4]. TI,e interference term p l0 has the comlmnents Re p to = 
0.19 .+- 0.02, hnPlo : 0 . 0 2  + 0.03. 

Tile slope b of tile differential cross section do/dt of the A3(2 -S, M = 0)  has 
been determined by fitting tile intensity of the 2 - S  state (hypothesis I) of the data 
in the ,nomentun~ transfer interval 0.04 < I t l  < 0.30 (GeV/c) 2 and in the mass in- 
terval 1.5 < m 3 =  < 1.8 GeV with the expression do/dt" exp (hi), as shown in fig. 
10. A vah,e o f b  = 9.9 _+ 1.2 (GeV/c)- 2 was obtained. [:or all the remaining events 
we find b = 6.4 -+ 0.6 (GeV/c) - 2 in the same interval. It has been checked that the 

shape is the same for 1.50 - 1.65 GeV and 1.65 - 1.80 GeV. 
We measure a cross section of 15.6 * 1.1 /ab for the reaction 

L._~./.Orr- 

~...~/r+/r - 
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Table  6 

A 3 po l a r i za t i on  (JP = 2 - ,  m3  n = 1.5 - 1.8 ( ; cV)  (40  ( ; e V / c  da ta )  

" N a t u r a l  pa r i ty  e x c h a n g e "  

Puo 0 .88  ± 0 .04  

P i l  - o l  --i 0 .10  ± 0 .02  

/)22 + .o2 - 2  0.01 ± 0 .02  
Pro 0 .19  -* 0 .02  
P2o -0 .06  ± 0 .02  
P:t  - 0 .02  -, 0.01 
Trace  0 .99  t 0.(12 

" U n n a t u r a l  pa r i ty  e x c h a n g e "  

Trace  0.01 ~ 11.02 

+ i  
+ i  
+i  

t0 .02  -* 0 .03)  
10.01 t I).03) 

( -0 .01 "- 0 .03)  
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Fig. 10. Itl-dependence of tile A3(2-S wave, M = 0). The slope parameter b = 9.9 '- 1.2 was 
d e t e r m i n e d  by a fit with exp(bt). The  u p p e r  p o i n t s  are for  all r e m a i n i n g  even t s  in the same  

mass  in terva l  1.51) - 1 .80 GeV.  T h e y  have a s lope o r b  = 6.4 ~, 0.6.  The  d a t a  are t a k e n  a t  

Pine  = 4 0  ( ; c V / c .  

in tile intervals 1,5 <m3. < !.8 GeV and 0.04 < Itl < 0.30 (GeV/c) 2 at 40 GeV/c. 
~l ten integrating the differential cross section with the above slope over all values 
of t, we obtain a cross section of  25.1 ± 1.8/ab with an estimated systematic error 
of ±3.0/~b. At 25 GeV/c an integrated cross section of  36 ± 11 ~b was measured 
(see fig. 14). 
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l ip .  I I. "]'h,," "~'1'(]'~') l~arti;d ',,,';Lw." in th,," rc:wt ion n p . tr ~r n 'p  at 4 ( ) ( ;cV/c  ;rod ()q)4 ,5 I t l  
- 0.33 ((,,. 'V/c)" : (a) intcn,~ily ;t', ;i (unct ion of  3n m;r,'~; (h) t iw pha'~." dfll,,'rcm.'c o f  2' I ' l l 'n) 
r..'l;itt',,'v t~.~ 2 I'(prt), I 'P (p r r } :md I'SL~Jn). 

5. A Imssi l ) lc  f u r t h e r  re,sommce 

( 'O I l¢¢ r l l i l i g  the qLl¢Slic.)11 o f  f u r t h e r  r~so11;Jll¢¢ ¢l ' t 'ects hi o u r  d;.ll~l, we  n o l o  the 

l'>rcsence o f  a smal l  enl|:mcemcnt in the pu r t i a l  wave  2~P( i '~ )  (se¢ fi B. 6) .  T i l e  cnhan -  

c e m e n t  h : l s  a n ) a s s  o f  M "- 1 . 7 5  G e V  a n d  a w i d t h  1" ~ 0 . 2  ( ; e V .  T h e  r e l a t i v e  p h a s e s  

(see f ig. 1 I ) are l lOt inc t )ns is t¢ l l t  w i t h  a resonance  i n t e r p r e t : L t i o n * .  We n o t e ,  h o w e v e r  

tha i  th is  is a smal l  e f t 'ee l  [ t he  r a t i o  2* l ' ( fT r )  e v e n t s / t o t a l  even ts  is 3 2 0 / 3 7 0 0  even ts  

in the b in  m 3 ,  = 1.7 - 1.8 G e V  I and  tha t  - due  to  i n s u t f i c i e n l  s la t i s t i cs  in th is  

mass reg ion  - we have n o t  been ab le  to  i n c l u d e  h ighe r  pa r t i a l  waves  in o u r  ana lys is .  

We there l \~re  IZ'el f lu l l  a d e f i n i t e  resonance  i n t e r p r e t a t i o n  o f  the e f f ec t  requ i res  ad- 
d i t i o n a l  da ta .  

4, Fh,.' I',ar tial-',~,av,.: anaiy~,t', ,.¢ t'ig. I ! h:t~ be,...n ,J,mc v. nh  the 2 ' i ' ( t ' , )  :rod the 2"[)~ p~.) m...:tted a,, 
,,vp:tratc ,,v;iv¢,,, i.e. t l lcy are 11o1 ;lSStllll',.'d t~.l I',',.' full.', cohcr,:nt (a,,.for ~'k;.llll|'}l,..', in th~ ;illdl', si~ ,.:)I 
fig. 6). 
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6. Production of A I , A 2 and A 3 

ht this sect ion we compare  the results o f  this e x p e r i m e n t  w i th  d~lta f r o m  lower  

energies. We first discuss tile energy dependence of A I , A 2 and A 3 production. 
We first note that the polarization of  the A I is fairly energy-indepcndc,tt.  In the 

momeutunl transfer interval 0 - 0 . 4  (GeV/c) 2 an analysis of  bubble chamber data 
at 5.7 and 7.5 GeV/c yiekls 13al, for the most significant density matrix elements 
in the Gottfricd - Jackson system, 

P0() : 03)3 -+ 0 .02 ,  Re (#t~l) = -- 0.00 _+ 0 . 0 2 ,  

which are very close to the values found at 25 and 40 GeV/c (table 2). 
Fig. 12 shows a compilation of  integrated cross sections for A I production* from 

bubble chamber data between 5 and 25 GeV/c [3b], attd the data of this experi- 
ment at 25 and 40 GeV/c. 

t! Fitting the expression o = Pine to the data we find 

n = - 0 . 4 0  -+ 0 .06 .  

In the case of tile A 2 meson, the polarization density matrix changes with beam 
n~omentunl. Whereas the analysis of bubble chamber data at 5 .7  and 7.5 (;eV/c 
13b] yields, for the most significant density matrix elements in tbe Got t f r i ed - Jack-  
son, in the momentum transfer interval 0 - 0.4 (GeV/c) 2, 

* The Ai  is dctined as tile I 'S  slate in the 3n mass interval 1.0 - 1.2 (;cV. 
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, ,(A, ) ~ I/line with "N = 1),51 ~" (L()5 and n U = -- 2.0 ~: O.3. 

Pl,} = 0 . 1 2 ± 0 . 0 4 .  O i l  + p I - I  = 0 . 7 8 + - ' 0 ' 0 5  : 

the  ana lys i s  o f  this  e x p e r i m e n t  at 40  G e V / c  y ie lds  (see  also tab le  4 )  

P00 = 0.01 ± 0 .02  P l l  + P l -  I = O't)3 -+ 0 . 0 4 .  

In lig, 13 we t h e r e f o r e  s h o w  the  ene rgy  d e p e n d e n c e  [3c]  o f  the  c ross  s e c t i o n *  for 

the  p o l a r i z a t i o n  s t a t e s  w h i c h  can  be p r o d u c e d  by  na tu ra l  and  u n n a t u r a l  pa r i t y  ex- 
( z ) t l  c ha nge  (in the  h i g h - e n e r g y  l imi t )  s e p a r a t e l y .  F i t t i n g  the  e x p r e s s i o n  o t inc to  the  

da ta  we f ind 

na tu ra l  pa r i t y  e x c h a n g e :  n = - 0 . 5 1  --+ 0 . 0 5 ,  k 2 = 8 . 4 / N D F  = 9 ,  

u t m a t u r a l p a r i t y e x c h a n g e : n = - 2 . 0  -+0.3 , X 2 = 0 . 9 / N D F = 4 .  

* The" A : i', always defined a'~ the 2 ° D state in the 3n mass interval 1,2 -- 1.4 GcV. 
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A comparison of  the cross sections for A 3 production* with lower energy data is 
shown in fig. 14. When fitting the expression o ,= p'~ for the data above 11 GeV/c, l n c  

we obtain 

n = - 0 . 5 7  + O.21. 

* The A~ is de f ined  as the 2 - S  s ta te  in tile mas~ interval  1.5 - 1.8 GeV. 
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We obtain addition',d information on the A 1 and A 2 production from the results 
about interference between the A I and A,  mesons. From fig. 15a we see that at 
40 GeV/c the intensity of  interference between A t and A 2 is close to the maximum 
value allowed by the positivity condition of the density matrix,  suggesting the same 
dependence of  both processes on the spin variables of  the proton.  As the differen- 
tial cross section of  A 1 production does not show any indication of  a dip in the for- 
ward direction, we guess that both A 1 and A 2 are produced by non-flip amplitudes 
with respect to the proton spin. 

Fig. 15b shows the dependence of  the relative phase of  A t and A 2, at the mass 
of the A~ meson*, as a function of  monaentt, n~ transfer. In the Regge pole model 
this directly measures the difference in slope of  the two Regge trajectories exchanged 
Within the large errors the phase is independent of  n~omentum transfer. 

7. Conch,sions 

The partial wave analysis of  the 3rr system in the reaction zr p - n-~r rr+p at 

25 and 40 GeV/c has yielded the following rest,Its on the A I . A-, and A 3 systems: 
(i) the A 2 can be well described by a Breit Wigner ampli tude;  

( i i )A  I a n d A  3 c a n n o t b e d c s c r i b c d b y a B r e i t  Wignerampli tudc;  
(iii) the energy dependence of  A I . A 2 and A 3 production are similar, and ap- 

proxin~ately like pi, l~ "5. 
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