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Abstract: We have measured the branching ratio A ,  -- rTrr-/A;-~ Oft = 0.22 ': (1.O3 ('~tati~tical 
error: systematic error : O.O2) at 40 (;eV/c. From an analysix of the decay angular di~;tribu- 
li~*n we obtain a jl'= 2 + wave in  a ptlre IMI = I st,ltc, prodt,ced by natoral parity exch;,nge. 

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

Tile ('I.IRN.II IEP t>oson spectrometer has been oper:,ting at the Serpt,khov proton 
accelerator to investigate/T p interactions +it 25 and 40 (;eV/c. The tueast,rement 
of  the inelastic re:.lctiotls/T p -.' X - p i I I suggested ;.1 strong production of  the A:, 
ntestm (M = 1310 MeV, r = 10t) Mev,  spin and pari ty j l '  = 2 +). This was conl'irn~ed 
by the analysis o f  the reaction rr  + p ---'. ~" - .+ r r -  p 12,3 i. where a partial-wave method 
was used to extract the A 2 signal from the data. It+ this paper we investigate pr,aduc- 
t ion and  d e c a y  o f  t he  A 2 in the  r eac t ion  ÷ 

n.-  p --. r / ° t r -  p 
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at 40 GeV/c in the momentum transfer interval 0.17 < Itl < 0.33 ( G e V / c )  2. In this 
reaction ttle A 2 appears with very little background, which simplifies the analysis 
as compared to the 3rr decay mode. 

2. Se lec t ion  and ident i f i cat ion  o f  rr- n+rr -n  ° events  

l h e  trigger (see ref. [I ]) requires that an incident beam particle interacts inside 
the liquid hydrogen target and produces a slow recoil proton which is detected in 
the proton telescope. The events of  the reaction r r -p  ~ plr-rt+tr - n ~} are selected in 
tile off-line analysis by the following criteria: 

('i} an incident particle measured by the beam hodoscopes; 
{ill a proton,  momentum analysed by time of flight and the direction measured 

by the two wire spark chambers of  tile proton telescope: the proton track has to 
intersect with the beam track inside tile target (proton vertex}: 
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I'ig. I. (a) Fffective mass .11(~ n+n-rr °) at 411 (.;eV/c 10.04 < Ill < 0.33 ((;eV[c') 21. (b) I ffec- 
+ O 

live mass .'tl(rr n-r t  ) at 411 (;eV/c. "[here are tw*~ entries per event, 
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Table 1 
Statistics of  the events used for the analysis 

177 

Momen tum transfer [ (GeVtc)  ' '] 0.17 - (I.33 0.tO - 0.33 O.n4 - 0.33 

Number  of  n - p  ~ t r - T r + n - n ° p  2900 1400 3900 

Number  of  r / in  the intervals 
0.17 < It) -~ 0.33 (GeV;'c):  60 25 35 

(iii) three charged tracks originating from the proton vertex, measured and mo- 
mentum analysed in the magnetic spectronteter: 

(iv) the X. 2 probability obtained by fitting the hypothesis n - p  ~ wr-rr+rr - tr ° to 

the data exceeds 0.03 (four-momentum conservation, one-constraint fit). 
The number of the selected events is listed in table I. In figs. la and lb we plot 

the effective mass M(rr- rr ÷ r t -n  °)  and the two combinations M[tr+ rr-~r ° 1. 
In the ~ region the background from events n p ~ z r - K - K * p a n d z r - p ~ r r - ~ p p  

does not exceed I%:the background from tire reaction rt -p  ~ prr- n+n and n - p ~  
pzr-rr+n - (nrr°), n >/2,  is less than 37(. 

The rr-n+rr-n ° mass resolution is of the order of F = 40 MeV. 

3. Mass, width, and branching ratio 

In order to estimate the A 2 ---* r/n signal we select the rr+n -n  0 combination 
w h o s e  l l lass is  n e a r e s t  t o  t h e  r/ IIY.ISS. 

Fig. 2. shows the scatter ph)t of?,l(n+rr - n 0) in the interval 0.47 - 0.65 (;eV 
rcrsus M(r, " rr÷rr- rr °) in the interv:d O.q - 1.75 (;eV. 

The number of r/events from the A 2 decay is evaluated by applying an A 2 cut 
(1.215 - 1.415 (;eV) and fitting the zr+rt-n ° mass distribution with a (;aussian plus 
a polynomial backgrovnd. We obtain 

M(r/) = 0.551 -+ 0.002 GeV, l ' (exp)=0.023 -+ 0.003 (;eV. 

The A~ signal is estimated by applying an r/cut (0.515 - 0.5~5 (;eV) and fitting the 
n - n + n - n  ° mass distribution with a Breit-Wigner plus a linear background. We find 

M(A2)= 1.31 -.+ 0 .01GeV, F(A2) = 0.12 +-. 0.02 GeV. 

For the evaluation of the A 2 branching ratio we use that part of the data [about 
the first half*] for which we have done a simuhaneous analysis of the plbr events 

coming l'rL.ml the rr - p --~ rr- n+lr - p reaction [2, 31 in the same t- interval **. The 

* These data have been chosen because there lhe ~ystematic c<)rrecfions arc 'qnallest. 
** 0.17 < Itl < 0.33 ('GeV!c) 2. 
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l i~. 2. Scatter i~lot the effective mass M(rr +rr+n O) vcr~usM(rr-n+n-n O) [0.17 <Ill < 0.33 
(GcV,'c):[.  I xen t s  arc ,~elccted v.'ith the n+n n f} mass in tile interval 0.45 - 0.65 (;cV..".;hadcd 
are e'~ents for t t leinterval [ I .215 < M ( r r  n'n n [))< 1 .415GeV[  anti [0.515 <M<n'rr-n 0) 
< 1L585 (;cV].  Solid line,; ;ire: (i) a (;atlsgiall shape l~lu'; a polynonlial background for tile 
rt+n -n (I mass distr ibution;  (ii) a Breit-Wigner shape plus a linear background for the 
l'l' n~rr -,ri "lI Ill;iS~; distribution. 

A+ " Tlzr e v e n t s  in t he  r r - p  + r r - r r + r r - r r n p  s a m p l e  a re  e s t i m a t e d  f r o m  the  A-, a n d  

t he  t7 s igna l  :is in fig. 2. T h e  n u t n b e r  o f  e v e n t s  t h u s  o b t a i , ; e d  is c o r r e c t e d  for  t he  ac-  

c e p t a n c e  a n d  i n e f f i c i e n c i e s  o f  t i le s p e c t r o m e t e r  [31, see  t ab le  2. For  t h e  b r a n c h i n g  

ra t io  B we  o b t a i n  

, V A ,  -+ TI~ 
B . . . . . . . . . . . . .  0 ' "  + 0 . 0 3  

,,VA, ~ p 7r "- - 

( s t a t i s t i c a l  e r ro r ,  t he  s y s t e m a t i c  e r r o r  is ± 0 . 0 2 L  
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4. Decay angular distribution 

We use the angular distribution of the r/Tr decay in the A-, rest frame to determine 
the density matrix elements of the A 2 meson. Fig. 3 shows the scatter plot of  the 
A 2 decay angles cos 0 and ~: 0 and ~ are the angles of  the r/meson in the rest frame 
of A2; the z-axis is in the direction of  the incident rr- and they-  axis is along the 
normal to the production plane (see fig. 3). 

The angular distribution for a spin parity 2 ÷ resonance for a parity conserving 
process is as follows: 

tV(0,¢)  = 15  ", [3Poo(COS" 0 - _~)2 + 4ni t  sin 2 0 cos 2 0 +,o22 sin 4 0 

- 2 cos ¢ sin 20 ( Re P21 sin2 0 + x,,r6 Re ,olo(cos2 0 - -~)i 

- "~ cos 20 sin 2 0 { 2p cos 2 0 - x/~ Re "~ 
- u - l  p20(cos-  0 - ~);. 

+ 2 Re P2-1 cos 3~ sin 2 0 sin 20 + P2-2 cos 40 sin 4 0]. 

The density matrix elements are determined by fitting the observed angt,lar dis- 
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Fig. 3. Scatter plot  o f  tilt: A 2 decay angles in the Got t fdcd-Jackson system (cos 0 and OL l l is to-  
grams arc the data mea,~ured at 40 GcVlc. Solid lines arc the rest, lts o f  the maximum l ike l ihood 
fit mult ip l ied by the acceptance o f  the spectrometer. 
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tribution to h'(O, ¢).4 (0, O. t), where A (0 ,0 .  t) is the acceptance of  the forward 
spectrometer for ('4rr)- events. It includes both the geometrical acceptance of  the 
system, and the experimentally determined efficiency of  the spark chambers and 
of  the track-finding program. As may be seen from fig. 3 the variation of  the accep- 
tance function with angles accounts quite well for the asymmetries in the observed 
angular distributions. 

The data used for the analysis are those of the overlap region of  fig. 2. No back- 
ground subtraction has been made, since* it amounts to only ~ 10%. 

The density matrix elements are determined by a maximum likelihood fit to the 
data (fig. 3) and are shown in table 3. 

Our results are compatible with those found in the prr decay mode (see refs. 
[2, 3]). The A 2 is produced by natural parity exchange in a pure IMI = 1 state in 
the Gott fried-Jackson system. 

Conclusion 

The branching ratio for the On decay mode relative to prr decay of  the A 2 is 
0.22 :l: 0.03 (statistical error only; systematic error is -+ 0.02), well in accord with 
the world average of  0.211 +- 0.023 of  ref. [4]; this confirms that the 2+D (pr o wave 
observed in the n-rr+rr - system by a partial-wave analysis (ref, [2]) is indeed the 
A 2 resonance. 

At 40 GeV/c the A 2 is produced by natural parity exchange in a pure IM} = i 
state in the Gottfried-Jackson system. 
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* By varying the cut on the 71 signal we have verified that this background does not alter our 
conclusions. 


