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An enhancement in n+n-n- effective mass distribution was observed by 

Bellini et al. ~) and Huson and Fretter 2). This was shown to be a n-p en-

hancement by- Golclhaber et al. 3) and then it was proved that there were two 

resonances Ai and A2 by the British-Gorman collabon:;,tion 4) and by Chung et al •. 5) 

Here we report results on the production of A1 and A2 mesons by 8 GeV/c positive 

pions in hydrogen. 

On 50.000 photographs taken in the Blem Saclay hydrogen bubble chamber with 

a bean1 of s.04 :!: 0.06 GeV/c positive pions from the CERN Proton Synchrotron, some 

3.000 two prong and some 3.000 :four prong events W\n'e measured and. analysed using 

the THRESH-GRHID-BAKE-SLICE-SUMX or similar systems. Separation of protons from 

pions were made by Mean Gap Length measurements on tracks of up to 2 GeV/c. 

607 events of the reaction 

+ + + -n p --7 pn n n 

were identified. As reported by the Aachen-Berlin-CER.W collaboration 6), about 

half the events proceed through the two-body reaction 

(2) 

I the rem · · n eventq N,:it++ a f 0 d t · f tl n . · . allu. g _ ~ . , p-meson an . · -meson pro uc ion occurs requen y. 

If we reject all events in which rrr-++ production tnkes place (defi_ned as having 

a (pi/) effective mass between 1,12 and 1.34 GeV), then there remains 

304 · even ts. ( + + -) In Fig, 1 is plotted the effective mass of .th,e n re .re 

a_ sample of 

combinations 

( 205 events) in .which at least one (n+n-) combination is consistent with the mass 

of a p-meson. It can. be seen that there are two distinct peaks with relatively 

little background. The reduction of background compared with that obtained with 

3 to 4 GeV/c incident pions is probably duo to the peripheral nature of the interac

ti~ns 6)' at 8 GeV/c wh:ich facilitates the assie,'Ilment of pions to the baryonfo or 

mesonic vertex (assuming that one can represent the reaction by Feynr:iann-type 

graphs). 

To these two peaks in the (p 0 n +) effective mass, we assi1c;.n to the A1 and A2 

mesons. 'll1.e arrows on Fig. 1 are at 1080 MeV and at 1320 MeV, the value nt tho 

peaks reported by the British-German collaboration. :B'or the A1 we find a value 

of 1,03 :!: 0.2 which may be different from those previously reported due to the 

lower background; for the A2 peak, the val~e found of 1,28 :!: 0,02 is consistent with 

the earlior v2lues. 
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·The Dalitz plot of the decay of th.e A2 meson is shown in Fig. 2. The 

tvro boundaries correspond to the uppor and lower mass. l.imits tal:en. For con-

ven:ience 1 each event is plotted twice. J1 wo bands at the p-meson mass are seen 

with what appears to be a constructive interference in the overlap region. This 

effect i3 f'hown more clearly at the bottom of Fig. 2 by the pro,jection of the 

points in the p-band on an axis. The data are consistent with the A2 having a 
... 5) -spin and parity of l+ , 2+ or 2 . From the obsE::rvation by Chung €t al. of the 

decay of A2 into Ko 
1 ~ and into KOK- .. t' tlo ')+ . t' 

1 combina l011S, 11e '- assignmen is 

favouroa .• 

.In the two-prong interactions, 547 events were found with an identified 
+ + 

proton and which gave no kinem'.ltical fit to the elastic reaction n p --? n p or 

to the single pion proc.uction reaction n+ p --7 

sidered to be of the reaction 

+ 0 
11 p1r • These events were con-

+ 
It ,,. p --?i + n + p + X .{3) 

where X is the effective total of tho missing neutral particle(s). In Fig~ 3 

is shown a plot of the ( 1/ X) effective mass for the 271 events found ·with 2 

th tl1L""'· 0.-6._(GcV/c) 2 ,~.ind. e square of the four-momentum transfert of less cw. _ " . after re-

( +) :i:++ .. maval of all events with the pn effective mass in the N region. It can be 

seen that there is a pronounced peak near 1250 JVIoV. 'I'his peak might be from 

w decayed by its neutral mode. B-mosons which decayed into n \.i and then the 

since the decay into ( 1/ n"' n °) of the w-meson is 

However 

8.5 times more probable than the 
7) 

neutral , the number of events to be expected in the reaction 
+ + +..,. 0 

TI p --)-pn 11 n n 
+ . + - 0 in which the B-meson decays into n w and the w tLen into n n n , would bo an order 

of magnitude greater than is observc1. It is possible that the peak is the A2 

d • • t ( + 0 0 ) • 1-h f th ( + 0 ) b. t. b . meson ecaying in o n n n ti!J.\,. one o · e n n com ina ·ions eing a p-meson. 

From kinematic considerations, one would expect the distribution of the (n°n°) 

effective mass,in our case the mass of X, to give a broad enhancement near 750 JVIeV, 

as is in fact found. 

If the isotopic spin of A2 is one or two F then it can decay with equal pro-

bability into (p0 n+) and (p\t0 ). Comparing the number of events in Fig. 1 and 

Fig. 3 it can be seen that the numbers are consistent with equal decay probabilities, 

so that the iscspin of A2 is one or two. 
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8) 9) 
Nauenborg and Pnis and Poiorls have predicted the exisbmce of a (pn) 

resonance with a mass of about 1090 JVloV. 

that the (p \,0 ) decay mode is forbidden. 

Such o. resonance has the property 

As we observe for A2 this decey mode, 

it may be concluded that A2 is not tho Nn,uenberg - Pais - Pciorln enha,;ncement. 

In Fit;. 3, there is no eyiQ.ence for a peak at 1030 or 1090 MeV foT, he A1 

resonance. If the isotopic spin of A1 wore one or two, then the some number of 

events at the A1 peak should be seen in Fie. 3 as are observed in Fig. 1 for the 

(Pon+) decay mode. It may then be concluded that the isotopic spin of A1 is not 

one or two. Thero is no evidence against the A1 being the Nauenberg .':"" Prus -

Poicrls enhancement. 
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