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In the reaction + + + -
n p -? pn n; ·r; (1) 

produced n,., v/ •t• o '--Te c })OE: i i ve in the 0aclay Blem hydrogen bubble chamber, 

1 ~ . + 0 en1aricemen"c,s in n p system have been observed, corresponding to the A1 and JA.2 

mesons discovered in e:rnerimen tu at lower energies" Spin arnJ parity determinations 

have been made, mid it i:::: concluded that tie uost likely assignments 

for A1 and 2+ for 

_p + 
are J = 1 

Out of 8600 four-prong· events analyzed using '11HRESH, GREm, Ell.KE, SLICE, 

SUNX or similar systems, 
(1) 

It has be 211 shovm. tha 

resonances, and that, in 

1711 events were selected corre 

reaction (1) very often proceeds via 

J)articul2r, the H~;;8 isobar and the 

to reaction (1). 
formation of 

0 
p -meson are fre-

c;uent prod·,;ced. ,Since tho A-mesons have been observed as enhancements in the 

np systm:i, uHd since ·che foruat:i.on of the Noe isobar iE; competitive with the 

formation of the A-mesorn1, a further selection of events is made by requiring that; 

a) + no pn con1bin.ation l1n..s affective :mass i:n tl1e of the 12 7 , (l.12 to 
-~ Jb 

1.34 Ge V) and ) + -b that at least one of the n ·n; conbiuation effective mass 

• ; h ' ~ ;. 1 () ( ' - r ' C - -, in c e rec:ton 01 cno p -resonance u. ()c~ -co : .db Both co nd:i_ c :]_ ons mn'e ful-

filled by 543 evonts. Thio se'Lect:Lon of events could be biased by interference 
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affects boh-rem1. tho and the n:p-sys tori1. However, the Dalitz plot of . 1 

for tho reactj_on + + 0 
indicates tl1nt t}10 between the -r'lf and "I p -~ pre p over h " 

tl + () ' .1.e n p onncl s involve[:;, u:l; this energy, a relatively small number of events, and 

honco intorference effect,s mu:st be J_ 

G • 

2 I- . .L • b ' . f 1-l + 0 b. ' . -"' Fig •. sho0~ tho offec~ivo 0nss d1sur1 u~ion o· ~ne n p com 1na~1ons ior 

the events solectocL The A1 and A2 enhe,nce11en-ts are clearly seen, Several 

mechanisms have bcxm proposed difforcnt authors to explain the A1 enhancement 

as c.-c kinc)nmtic effect rccther 

detail in nnothc:;r pa:L)Or ( 2 ). 

tl1cu1 a resonanco. Tl-1is problem is discusoed in 

nan_t statos vrj_ tl1 a defi11i to sot of numbers. 

'rho crucial ;;iroblG!n for tho dote.ilc.;d analysicc; of tho Ti:p enhancements is thu 

determinat:i_on of the; '1ba " unclor ycaks. It has been previously 

shown that at these eno SJ:X:ccc; bacJ::~;round, even with corrections to 

tako into accmrnt tho clmractori,stic steep de:i;::endence of high energy processes 

on tho monKmtum transfc:r, i .o, tho IJeriphcral phaso-space, does not represent the 

physicaJ_ situa don. 

calculation made 
I 

at 8 Ge V / c , in 

pc:o,rti cu lar tho 

(n+n-) systoms, 

ntal offoct:ive mass distrj_butions for tho (pn +), (pn-) and 

well ro::iroducod Ono can 

thoroforo have conficloncc that o,lso ::'or tho (1/ p 0) mas distribution (N'*' oxcludod) 

tho calculation ly doscribos tl10 lJhysical sit11atio:L~. ir1 t110 absence of 

rosonancc:c.: in tho A·-rnGE30l1. on. 

ntal distribution of 
(4) 

J~cclcson and with tho 

background i:folf. Tho rosults obtained are 

l1Ias s (Al) 1076 ± 14 T1Ie-IJ. f1 (Al) F0+50 
) -40 J'foV 

I1Iass (A2) 1200+~0 iluV I (A2) + 23 HoV, 
-o 

with tho bc:cc',=c;Tound represented by t:n" dotted line in • 2, "t"rhicl1 a..rn.ou~nts to 

about 40 ° / o in the A1 and ILlCl SS 'rl1e values for the raass and width 

of the A1 and for tho width o:C tho A2 hore rcro corrni,stent with those 

reported in tho lovmr energy exporimon-bo; the A2-moBs is somewhat lmmr than 

the averac,;c roportecl v2luc of 13 ± 9 NeV. The cress-sections for the fornmt:Lon 
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of A1 and A~-mesons are 0.24 ± 0.04 mb and 0.23 ± 0.04 mb, rospectivrJl;y, 
~ 

assuming that the isoto~)ic spin of the A-mesons is one, so that (A -~1t+p0 )/ 

(A -7n°p+) = l, which is not incons:~stent Tiith our resultf1. 

Several possible spin and parity assignments for the A-mesons have been 

reported vt.::Tious grou1;s ( 5 ) • However, for tho A1 in particular, no firm 

conclusion had boen roo.ched. 

has been-obsorvod(S) at about 

A lJGak in the (KK) effective mass distribution 

-elk same mass anC:_ vii ti1 aboL,rt tho same width as the 

A2 • If this peak corresponds to 2nother decay mode of tho A2-moson, then the 

simplest assio;nmont for the Ii.2 is JP= 2+, others being 4+, 6+, etc. 

In Jcho following. analyses of spin parity assignments, the events of 

reaction (l) + have boon· used· for wi1ich i;_o pn cor.1bination lies in the mass· region 

shown the mass squared Dalitz plots of the ,~~g isobar. In Figs. 3a and 3d are 
-:f-J+ 

for tho n n 11 syston, for mass bands around the A1 and A2-mesons, i.e. for 

950 ~ II(n+n+n;-) .{. 1125 lioV and 1220.:S'M(1t+1t+11-)~1340 HeV, resrJectively .. In 

Figs. 3b and 3c, and in Figs, 3o and 3:f, tho density of poj_nts in tho p-bands is 

compared with tho theoroU.cal 
(7) 

]Jredictions made Zemach for different assign-

ments of spin and parity to th_, resonance of which tho system is the 

final decay i)roduct. theoretical curves are 1 normalized to the total 

number of events, It cm1 be 
- .- + 

sGen thn. t all_ :-.rnsignmon ts but 1 2 are excluded 

excluded. 

A similar comparison 1Ji th Zemach 1f: predictions has boon made for the rc;dial 

and axial density dj_stributiom; of the 6-folded l"abri.-Dalitz plots('e} of tho same 

·GVontD, and the results C'ore ~JUiJmarized in In case 0 -,- A bot'1"1 l+ 
~ l '- -

and 2 aro accoptabL;; on the basiu of the distributions· of tho rc,dial density 

(Fig. 4a) and of the density alone: the y-azis ( . 4c) . 
+ However, 1 is fc:wourod 

by tho results in • 4b. I~or A2 , the r:tclL~.1 donsi ty disti~ibution ( 4d) cmd 

tho dons i ty along the x-e,zi,s ( ) c exclude the possibilities l+ and 

1-. Moreover, Lll 80 T'11lOE~ So, _p . 2+ . t' 1 ' h, J = :Ls · nc on y acce1naJ _Le 

Obviouc-::ly, these analyses, like tho::::e other authors, are harr1perecl by the 

presence oi tho backc;round j_n tl10 A1 and A2 bm1ds. at 8 GeV/c tho rcd;:Lo 

of peaks to 1Jaclcground is more favourable tlmn at lower enorg::_ef3, tho assumption 

is implicit that the distribution of bacl-cground pcints in the Dalitz plots is of 

such a nahcre that the characteristics of the A-resonances are preservod. In 

1 . n J" 1 . n ,, r{ v/ + . -'- ~· ., . - 1 - " t tl conc _usion, rrorn cne ana __ ysis 01 c) ·~Te c n p J.n0erac·uions re is dea.ucGd -cna ·10 
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4 65-27 

bost spin and pari tJr for t 11~~.·.- '_]_ -ni 1~ r11•no11n nr-·'-' ""_ C.L l ·~2 -Hdw 0 cc ':;) 
p + 2+ J = 1 and , 

rospoctivoly .. 
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Dalitz plot for the ro3ction 
+ + 0 

n: P -~ PIC p , i.e. for those events 

of tho chnnnel + + + -
TC p -? Im 'IT TI tlJ.8 condition that at 

least ono of the + -
IC 11 cornbint:ctions lios in the mass region of the 

p-rno son ( 0. 62 to 0. 88 Ge V) . 

+ + -Effective mnss distribution of the ·n: TC TC system in the reaction 

+ ++- n '1 t t' TC p -~pn n TI, ror 0~ose evens sa is the double condition that 

no (pn+) combination has 2 m,c.iss in the N~238 region (1.12 to 1.34 GeV) 

1 ' l ' r. 'l + - b' J. l" . '1 ano_ a·c oas0 one or ·cw n TC com 1112 cions J_os in 0ne p-meson m2ss 

region (0.62 to O.C8 GoV). 'rl1e result of fitt two Brei t-'Jigner 

curvos to the observed peoJ~·::;, with tlie bacicgrouncl shapo given by an 

() • :p t:he so lid lj_no. The background 

obtained froii1 the fit i~3 the dotted line. 

\ + + -a 1 Do.lib ~!lot for the system TI n TI , for those events of reaction 
+ + + - + _'lf n p -?-- pTI n re in vihlch no pn: combination i:o: in the N1238 mass 

( + + -\ 
region and the n: TI 1t ) system has an effective mass in the region 

of the A1-meson (0.95 to 1.125 GeV). 

b) and c) The density distribution of the points lying, in the Dalitz 

plot of Fig. 3a), inside the p-moson band (0.62 to 0.88 GeV) is 

compared with theoretical p.redictions for several assignrnorrcs, 

JP, of spin and parity to -cno A1-meson. 

d) , e ) and f ) are like a), b) and c), respocti voly, for those + + -
7t TI 1T 

combina tiorno: whose effecti vo mass is in the A2-region ( 1. 22 to 

1.34 GeV). 

a) Radial density, b) density along the x-axis and c) density along 

the y-a~:is of tho points containod in tho 6-folded r'abr :L--Dali t z plot 
+ + - + + + - + for the Tt 1T IL of reaction n p --?> p!t IL IC ' 

for which no PIL 

combinc.tion lies in tho 1238 region cmd for 

of the (i/,/ n -) system lies in the A1-regiol: 

v1hich tho effective LmsD 

( 0. 95 +,c• J :2 r:; Ge_V_ l 
' -•~/ I• 

cl), G) and f) are like a), b) and c), respectively, + + -for the TI n 'ff 

combinations with effective mass in the A2-region (l.22 to 1.34 GoV). 










