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Abstract: We have measured the branching ratio A7 - nr 7/AT— pr = 0,22 + 0,03 (statistical
crror: systematic ercor ¢ 0,02) at 40 GeV/e, From an analysis of the decay angular distribu-
) . .
tion we obtain a s =2 waveina purc M1 =1 state, produced by natural parity exchange.

1. Introduction

The CERN-HHEP boson spectrometer has been operating at the Serpukhov proton
accelerator to investigate 7 p interactions at 25 and 40 GeV/e. The measurement
of the inclastic reactions wp = X7 p [1] suggested a strong production of the A,
meson (M = 1310 MeV, I = 100 MeV, spin and parity JI' = 2*). This was contirmed
by the analysis of the reaction 77 p =7 ~2%ap [2,3], where a partial-wave method
was used to extract the Ay signal from the data. In this paper we investigate produc-
tion and decay of the A, in the reaction®
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1 As we cannot Kinematically separate the two decay modes n — atr—2° and n-— atr Ty, in
our analysis we treat the neutral particle as a n°,
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at 40 GeV/c in the momentum transfer interval 0.17 <|r] <0.33 (GeV/c)z. In this
reaction the A, appears with very little background, which simplities the analysis
as compared to the 37 decay mode.

2. Selection and identification of #— n*n—7° events

The trigger (sce ref. [1]) 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 7= p = pr~ntn~ 7" are selected in
the off-line analysis by the tollowing criteria:

(1) an incident particle measured by the beam hodoscopes;

(i) a proton, momentum analysed by time of flight and the direction measured
by the two wire spark chambers of the proton telescope: the proton track has to
intersect with the beam track inside the target (proton vertex).
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tive mass M(atr"n) at 40 GeV/e, There are two entries per event,
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Table 1

Statistics of the events used for the analysis

Momentum transfer [(GcV/C):] 0,17 - 0,33 0.10 - 0,33 0.04 - 0,33
Numberof #7p = a2t n 2% 2900 1400 3900

Number of nin the intervals
0.17 <11 < 0.33(GeV/e): 60

[&¥]
N

35

(iii) three charged tracks originating from the proton vertex. measured and mo-
mentum analysed in the magnetic spectrometer;

(iv) the x° probability obtained by fitting the hypothesis 7" p—pr-n*n~ ™ o
the data exceeds 0.03 (four-momentum conservation, one-constraint fit).

The number of the selected events is listed in table 1. In figs. la and 1b we plot
the effective mass M(r~ 7t n~79) and the two combinations M(z* 7~ n").

In the 7 region the background fromevents - p—n-"K-K*pand n-p -7~ ppp
does not exceed 17%: the background from the reactionn~p ~ pr -7 n - and 7~ p—
prmta- (un0), n =2, is less than 3%.

The m~n* 7~ 7" mass resolution is of the order of I' = 40 MeV.

3. Mass, width, and branching ratio

[n order to estimate the Ay = nm signal we select the n¥n- 7" combination
whose mass is ncarest to the n mass,

Fig. 2. shows the scatter plot of M(a*n-7") in the interval 0.47 — 0.65 GeV
versus M(m~mtr - 7% in the interval 0.9 - 1,75 GeV,

The number of n events from the A, decay is evaluated by applying an A, cut
(1.215 - 1.415 GeV) and fitting the #* 7 - 7" mass distribution with a Gaussian plus
a polynomial background. We obtain

M(n)=0.551 £0.002 GeV, ['(exp)=0.023 £ 0.003 GeV.

The A signal is estimated by applying an n cut (0.515 — 0.585 GeV) and titting the
a-r*a~ 7" mass distribution with a Breit-Wigner plus a lincar background. We find

M(A;)=1.31£0.01 GeV, T(A;)=0.12+0.02GeV.
For the evaluation of the A, branching ratio we use that part of the data [about

the first half*| for which we have done a simultaneous analysis of the o'~ events
coming from the 77 p —~n~ 7" 7~ p reaction |2, 3| in the same ¢- interval **_ The

* These data have been chosen because there the systematic corrections are smallest,
. 2
**0.17 < i1 < 0,33 (GeV/e)~.,
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i 2. Scatter plot the effective mass M(x “nt e versus Mea=n 2720 (017 <101 < 0,33
((;c\"/('): | Events are selected with the et e 2 mass in the interval 0,45 - 0,65 GeV. Shaded
are events for the interval [1.215 < M (r n'n 2 < 1415 GeV]oand [0.515 < M (n'n “»t)
< (LSS GeV], Solid lines are: (1) a Gaussian shape plus a polynomial background for the
nta 2 mass distribution: (i) a Breit-Wigner shape plus a lincar background for the
n”ate "2 nass distribution,

Ay ~nmeventsin the n7p — - rt - a"p sample are estimated from the Ay and
the 7 signad as in fig. 2. The number of events thus obtained is corrected for the ac-
ceprance and inefticiencies of the spectrometer {3], see table 2. For the branching
rutio B we obtain

A\'.\ - nn
B= -t = =0.22£0.03
"\,\\ -~ pm

(statistical error, the systematic error is £ 0.02).
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4. Decay angular distribution

We use the angular distribution of the nm decay in the A, rest frame to determine
the density matrix elements of the A, meson. Fig. 3 shows the scatter plot of the
A, decay angles cos § and ¢: § and ¢ are the angles of the  meson in the rest frame
of A,: the z-axis is in the direction of the incident 7~ and the y- 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:

W(,0) = l—é—i— [3,000(cos2 -1+ 4p,, sin2 @ cos2 0 + Py sind 0

—Xcos¢sin 20 {Re Pay sin” ¢ +/6 Re pm(cos2 6 — 13)[‘

3

—2cos 29 sin” @ {Zpl_] cos? 9 — \/(;Re p,n(cos2 0 - l3)}
+ 2Rep, | cos 3¢ sinZ § sin 20 +p, 4 COs 40 sin® 0].

The density matrix elements are determined by fitting the observed angular dis-
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Fig, 3. Scatter plot of the A, decay angles in the Gottfried-Jackson system (cos 0 and ¢), Histo-
grams are the data measured at 40 GeV/e, Solid lines are the results of the maximum likelihood
fit multiplied by the acceptance of the spectrometer,
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tribution to W(8, )4 (8, o. 1), where 4(, ¢. t) is the acceptance of the forward
spectrometer for (47)~ 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 tig. 2. No back-
ground subtraction has been made, since * it amounts to only ~ 107%.

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 pm decay mode (see refs,

2, 3]). The A, is produced by natural parity exchange in a pure |M| = 1 state in

the Gottfried-Jackson system.

Conclusion

The branching ratio for the nm decay mode relative to pm decay of the A, is
0.22 £ 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 (o) wave
observed in the 7~ n*n~ system by a partial-wave analysis (ref. [2]) is indeed the
A, resonance.

At 40 GeV/e the A5 is produced by natural parity exchange in a pure M} =1
state in the Gottfried-Jackson system.
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* By varying the cut on the 7 signal we have verificd that this background does not alter our
conclusions.



