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+ + + -In the np mass distribution of the reaction n-p ~ pn-n n , 
(1) 

have been observed near 1.10 and 1.30 GeV, which have been called the 

A1 and A2 mesons, rosj)ectively. It has been suggested by a number of 

authors that the A, enhancement may be d:J.o, not to a resonant state, but 
..L 

to a kinematic effect, since processes can be conceived which would 

produce a 1;oak at around 1.1 GoV in the Tep mass d:i stribution. Tho fo.ct 

that no alternate decay mode is observed for tho A1 (
2 ), while a K K 

enhancement at 1300 fileV can be assumed to be evidence for another dGccty 

mode of the A2 , gives additionc,l weight to such an interpretation. 

It is the purpose.of this lotter to present results from a study of 

8 GeV/c n +p interactions which are not comp2"tible with tho intorprotation 

of A1 as a kinematic effect. 

In tho anQlysiu of o.bout 9000 four-prong ovonts produced by 

(8.04 ~ 0.06) GoV/c positive pions in tho 81 cm Saclay hydrogen bubble 

chamber produced from ecn extracted bernn of the CERN proton-synchrotron, 1711 

events were found to fit the reaction 

(1) 

T, · , i · a · J , , _.:i++ d h d t · ~. · t 1 · nis cnanne_ is .ominacea oy J\1 1238 nn r o-pro uc ion. oinco -lie A-mesons 

are observed as enhancements in the np system, and since the formation 

of the N~;;8 isobar is competitive with the formation of the A-masons, a 

further 

a) 

b) 

selection of events was made by requiring that 
+ no pn combination hi:ld an effective mnss in the region of the 

N~;;B (1.12 to 1.34 GeV). 
+ -at lE)ast one of the n; n combinations had an effective mass in 

tho region of the rho-meson ( 0. 62 to C. 8f> Ge V) • 

Both conditions wore fulfilled by 543 events. This selection of events 

could be biassed by interference effects botween the N3t' and the np system. 

However, the Dalitz plot for the reaction + + 0 
shown in Fig·~ 1, It p -> p n p 

indicates that the be two on the J'of and the + 0 bnnds involves, at overlap .'l It p 

this energy, a rolativoly smnll number of events, and hence interference 

effects must be unimportant. The projection of tho selected events on the 

(np) axis is shown in Fig. 2, where two well resolved-peaks can be seen at 

1.08 and 1.28 GeV, corresponding to the A1 and A2 mesono. 
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The basic difficulty ii.1 tl1ese pe·ak:s- is tl10 lack of' 

knowledge of tho shci.po of tho non~r sonant background, At these energies 1 

in fact, tho stntistical pho.se-space distributiqn, rJeaked at high masses, 

does not represent tho physical c>ituation (soG the dotted curve in Fig. 2). 

A mechailism suggostod by Po:Lerls( 3 ) to interpret nucleon isobars led 

Nauenberg and Pais ( 4) to i)redict an enhancement in the 11:p system near 

1.1 Ge V, GVOn before the A1 peak 1ms die.covered. However, this was later 
- i~· (r) 

shown to be incorrect both theoretically~ .... ) and experimentally 0 • 

Chni1g('7) suggeotod that interference between the two possi!Jlo rl10 's 

( + -
TIATI and 

1.1 GeV. 

+ -·) 
n-n11: in reaction 

.D 
(1) could produce a 

'.L'his would oe too sEmll to emerge from 

1Lp enhancement near 

tl1e general background, 

but could become import2nt whon the background is reduced by requil~ing that 

no n* is pro sent. However, moro detc:tilod calculations by Svrnig ( 8 ) have 

shown that this prediction was incorrect. 

An improvement over tho phaso-s1x1ce calculation of the backg-round 

was made b~ Dock(g)r who pointed out that 1::. large contribution to the 

background must arise fron peripheral processes tho.t can bo descrj_bed with 

the formalism of tho OPE model. In particular, Deck 1 s c::clculation 

considerecl the cnse in uhich u. rl10-n1eson i,s lJroduced :.:.t the me,sonic vertc:x, 

while the virtual pion exchnnged undergoes diffraction scattering on tho 

proton at the baryonic vortex. Doi3cribing the squared amplitude at th:i.s 

latter vertex, for np masses greo:ter than 1.6 GeV, by tho expression 

dc/dt = const. ex1J (-At), whore t is the four-momentum transfer 
-2 

squared and A = 6 (GeV/c) , is the slope of the np elastic differential 

cross section, Dock found, at 3.65 GoV/c incident momentum, that tho (np) 

effective mass distribution was indeed very different from the statistical 

distribution, being peaked at 1.08 GeV. The full width at half heic;ht, G, 

of the distribution obtained was about 350 HoV, cmd the cross section about 

1/30 of the experimental one. However, by combining conveniently this 

distribution with :phase-space 7 Deck could satisfactorily fit tho smalJ. peak 

observed for the A1 <:ct 3.65 GeV/c. Ifaor and 0'fiallornn(lO) improved Deck's 
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calculation, substitt1 t110 -At) parametrization of (n+p) elastic 

scz1tteri11ts 1ri t}J t~10 ox1Jorirnonta1 cross section 2~11d d:LCJtribution. 

Their result, at 3.65 GeV/c, is similar to that of Dock, but the 

ponk is someuha,t Nidor ( G""' 400 NeV). 

We havo pcrforr1od two series of Deck-typo calculations, for three 

vc,lues of the incoming pion momentum, i.e.,for 3.G5, 8.0 and 16.0 GeV/c, 

using tho values of the (Jlope A indicated in Table I, 

(a) making tho same assm:1ptions and approxir;mtions ,':\s Deck, 

(b) rornovin5 nn aTJT)roxinntion introduced in the original Deck 

C "' lcul 0 ,_i. 0 .. 1( ii) 
c~~ c" u i 11 

It is found that our calcul:rcions of type (b) produce some-what broader 

peci[z::s at tho higher foOi;1ont2 than co,lculations of typo (a), th[1t tlie 

po~Jitioa of tho peak i;3 aluays nt about 1100 HeV independently of incoming 

energy and A-vc:luo chosen, bu-:; that the width of tho peak increases with 

increaoi~1g enere·y' :::ct 16 GoV/c about twice that at 3.S5 GoV/c. In 

Table I, tllo results obto.in0cl from the calculations of t:y~_i)o ( ]) ) arc 

sm~rnarizod. 

-···~-·;· ~ ·~:···· •.•. -A~-· • _,._; ··- ···-·· ~;·~~-- ~--, . ---~-~--1 

3. GoV/c 6(GoV/c)-2 1 llOO JVleV I 350 IfoV 

8.,.00 ii 9 II 1100 it 500 ii 

I I I I 
[~6_:00 __ ~1-· ••• :._ ?_ .. n ••• ~-... _ ! --~-1._0?_. _11 

____ l~--7~~-~~~_J 

Tho consequence cm this is thz:d; 1 o:t 8 GoV/c, the calcul0,tecl distribution 

htts too broad 11 maxil1um to ccccount for tho rather narrou A1 peak uhich we 

observe. If a fit to our datn . ' J_s rnacto with this background, tho o::ihancement 

nore than 3 standnrd deviation above tho 

background, 

Tho conclus:Loj.1 tlwt the Dock mechan:Lmn cannot explain tho peak at 

l, l GoV, is confirmed and strengthl:Jnod by the result of a more cor:1plete 
( ' 

cc1lculation recently perfon1od \lolf' 12 ), for' 8 GeV/c incident pions. 
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The assumption is made, hore, that nt tho masonic vertex two pions aro 

produced, inste~:cd of ,:J. rho of fixed mess, 0,nd that th0 sq_uccrod amplitude 

at this vertex is described + -the n n cross section, as derived from 

experiment. The diffrcction of tho virtual pion at the baryonic vertex 

is described by the expeI'imental ,/ p cross section as in Ref. ( 10), 

syrnmotriso:tion with respect to the two positive pions is introduced 11nd 

f f' -'- f t' --· • C-< 1 1 .. • -I- (13) d D ' n L • orm ac cors o no J.''e1Tccri--,;:,O~ ori cype are use • J:1.iVe1·rcs or roac·cion ( 1) 

are generated by a Ifonte Carlo method, tht.m 1r0ic::htod accordi:1g to tho no.trix 

elements, and finally the desired distributions nre produced in the same 

way as the experimental distributions i:Lre produced from tho datn. The 

distrib'utions thus obt:d.nod should 2clocrLwtely describe thG behaviour of 

ro~wtion ( 1), in tho absence of tho A1 and A2 resonances. 

( + + -) Wolf 1 s distribution for tho effective mass of the n n n s:srstora 

1 + b • t • • • J 1 • 0 tl HX . 1 d l w11on no TI p com.'J.no. -ion is in cne mc.m;; rogion or 10 J.'1 isooc,r, an w1en 

' 1 t f' t' + - 1 • J • • • ' b 1 • ( 14) . a:c ens one o· · i1e 'ff TI co110ina cions is u1 -c _o r110-mass region is 

dro:vm in li'ig. 2 (dashed line). :Ct can be seen tho3; this bo.ckground still 

ha.s a mD.ximurn. at rvllOO HeV, but much bruador th£'.n that of tho corres1)onding 

Deck-tYIJO calculations~ 

Tho experimental distribution of 

two l3reit-Uigner curves(i5) for tho two 

. 2 was fitted (solid line) with 

onhancomonts and with tho nback-

ground 11 shape as Ci:L1cu1atod ;;o1f. Tho observed at 10~6 ! 14 EeV 

with r = 130 ~~8 HeV contcj_ns h,-•(',O;,O o·i"' ·c' 1r1e eV0'1"1-~S i'v1 J_'-1e i°' rec·L'on ~ /l - G l cl ~ 1.1 .. tS, 

(0.95 < H(np) < l.125 GeV). 'l'ho presence of this peo.k above backgTotmd 

is consistent with tho clescri.ption of A1 as i:L resonance. 

It should be noted that the results reported here are obtained for a 

hi:;·her incident pion energy than in previous oxperirn.ents, 2nd that this 

might be tho renson for tho discrepancies in the resul t:J. It hac-J boon 
(16) 

recently shown Shen et al.\ that at 3.65 GoV/c several results on 

angular distributions are consistent with tho nssumption thc.t the peak 

observed ct around 1.1 GoV is o. kinor:1o:cic effect due to tho Deel: I:technnism 

described above, the e2:istence of a very small COL tri bti:l:;ion of n 
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resonant stz~to cnnnot be ruled out. In our opinion this roprosonts the 

fact tho:c tho production of the A1 resonance at that energy is wonk. In 

fetct, in the n;p rno.ss distribution for 3 to 4 G-eV/c incident pions, only 

about 25'/o of the ov0n.ts in the mass b1:nd considered for A1 aro above the 

ostime,ted hs.ckground(l?). It is therefore not surprisin[ tho.t tho observed 

distril)utions are not strongly influenced by tho presence of the A1 events. 

Tho angular distributions obtain0d at 8 G-0V/c are nll consistent with the 

assumption that 60°;6 of the events in tho A1 band derive frorri o. rosonnnce 
0 . 

and 40 /o from a non-ro3ono.nt background, as calculated by l:folf. 

In conclusion, tho mechanism suggested to interpret tho np-onhcmcement 

at 1.1 GoV as a kinomatic effect c::mnot 2;cc01.mt for tho peak observed at 

tho.t mo.ss in n;+p interactions at 8 GeV/c. It seems therefore probn0le tlmt 

the A1 peak observed nt II = 1076 + 14 NeV with r = 130 ~~g Hev doos 

correspond to o, resonant sto:co, ui th dominant, if not unique, decay mode 

into n;p( 2). 

We are deeply indebted to the opero.ting crews of the CERN proton 

synchrotron, of the 31 cm Saclay bubble cho.nber of tho 02 Fe 

would like to thank tlie scanning, measuring and coEputing staffs at each 

of our laboratories. Vfo o.re pleased to acknowledge helpful discussions 

with Dr. H. Armenteros and Prof. Ch. Peyrou. 
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FIGURE CAPTIONS 

1. D,::12.:Ltz plot for tho reactions Jt+p-? p ,/p0 at 8 GeV/c. 'J.1ho rho-

2. 

bi:md is be tween 0. 62 cmcl 0 8 Go V. 

Effoct:Lvo rnass distribution for the 

excluded, o.t 8 GeV/c. 

system 
+ 0 

TC p + + - . 'h ,,~++ -? TC TC TC , Wl -c l'• 

The solid line is fh0 rcsul t of fitting the experimental dfotribution 

with two Breit-Higner curves 2n0. tho bo.ckground shape calculated by 

Wolf in the fre,i110 11ork of tho OPE model, and shown by the dashed lino. 

The dotted curve is tho statistical phase-space distribution normalized 

to the same area as tho OPE backcround. 

TABLE C.APTIOH 

1. Results of Dock-type calcuLJ.tions ( tyi-:)o (b)) of the N(np) distribution 

for incident 1)ions of momentum p = 3.65, 8.0 nnd 16.0 GcV/c. 

Tho constant A is tho slopo of tho elastic differentio.l Tc+p cross 

sectio1i introducod in the C2..lculo;l;iono. I1 io tho :"L~SD :~ncI G :L~J 

the full -vrid th nt h2lf-heiGht of tho peak obtc:inod. 
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