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w •. Chinowsky, ·P. Condon, + R. R.· Kinsey, ++ S. Klein, M. Mandelkern, + 
P. Schmidt, and J. Schultz+ 

Physics Department and L3.wrence Radiation Laboratory, 
University of California,. Berkeley, California 

and 

F. Martin, M. L. Perl, and T. H. T!'tn 

Stanford Linear Accelerator Center,' Stanford, Cal1.fornia 

ABSTRACT 

An analysis of p-p interactions at 6 BeV/c indicates the presence of 

a T=3/2 nucleon resonance with mass near 2.0 Bev/c2, with decay modes 

Y-X-+(1385)~, N*++(1236) po , and N-X-++(1236) 1(+1(- • A peripheral prosluction 

model for the reaction pp ~ nN*++(1950) gives excellent agreement with tIle 

data, "lith a cross section for N-lE'++(1950) production and subsequent decay 

into y*+[+ of 13 ± 3 ~b. 

-x· Hork performed under the auspices of the U. S. Atomi.c Energy Commission. 

+ Present address: Universj.ty of California, Irvine. 

++ Present addrcRn: Brookh'1ven National laboratory) Upton, Ne,{Yorl~ 

Subject cateGory 63.6 
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I • J]iJTRODUC~:ION 

Proton-proton inelastic reactions have been demonstrated often to 

be dominated by production of nucleon isobars, particularly the N:i:- (1236) .1-19 

Higher mass nucleon isobars are also produced copiously. Analyses, particu-

larly of production angular distributions, shoH that the reactions are peri-

phera1 and proba\>ly dominated by pion excbange processes. Detailed study 

of multi-particle final states indicates that many of their features may 

be tmderstood to result from quasj_-tiw-body production reactions .10-19 

Thus, three-particle final states are produced most often from pp -7 N-X--H -+ n) 

N-X-++ p, and four-particl~ final states from pp -> N-X-+-I--I- N-X-o, NX-++ p. Five"body 

states, because of exper:imental difficulties, have not been as precisely 

delineated. These are of particular interest because they alIa-V! a deter-

minn;tion of partial vridths for nucleon resonance decay j_nto many particles. 

In the present paper we present evidence for the production of an 1:::3/2 

nucleon isobar of mass near 2.0 BeV/c
2 

in the reaction pp -) N-X-++n, ,fith 

decay modes N-x-++-> N-X-++(1236) po Hhere N-X-++(1236) -7 P1(+ and po -> rr-1-rr-, and 

N'x-++ ~ y-x-+(1385)K+ where YX-+(l385) -> M-I-. 

II. DATA 

With a proton beam havj_ng a transport momentmn of 6.0!1· ± 0.03 BeV/c 

and neg1ig1;1:>1e contamination, 550,000 pictures were obtained in the T.JRL 

.72·:inch 1iquia. hydrogen bubble chamber. 20 In one-fifth of the film, 

approximately 33,000 non-strange four-prong events \·rere measured on the 

LRL Flyj_ng Spot Die;ttizer and processccl i"ith the reconstruction and kine-

ruatic fitting proGrams FOG-CLOUDY. All the film wa~; scanned for events 
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",ith visible charged or neutral decays; these were measuTed on conventional 

machines and reconstructed with the PACKAGE program. It is j.mportant to note 

that the data presented here have been obtained "lith hTO different measuring 

and analyzing schemes, so that the consistency in the ol1served features of 

+ + + + the nAl£ K and npl£ 1£ 1£- final states supports the argument that these have not 

been caused by some fa1.Llt in the analysis. 

a .. Non-Strange Particle Events 

In the four-prong data, the identified states·and their production 

cross-sections are 

(1) pp -; pp + -
1£ 1( 3·2 ± 0.3 mb 

.(2) + + - 3.1 ± 0.5 mb pp -7 pnl£ 1£ 1£ 

(3) + - 0 2 .1~ ± o.l~ mb pp -> pp 1£ 1£ 1£ 

.·Reaction (1) is observed to be dominated by peripheral production of pseudo-

t"i-lO-body final states N-x'N and N-x-N-x,. This is consistent ",ith earlier ,-rork at 

other energies,lO,11,lh,15,17 as is-the lack of p-meson production in the 

10 11 21 
four-body state. 'J Reactions (2) and (3), hm-rever, yield particles 

vThose final state interactions are qualitatively different from those of 

process (1). In particular, analysis of events identified as examples of 

reaction (2) .reveals evidence for p meson production, the 1£\C- mass spectrum 

8hm-ling a peak jon excellent agreement "lith the knmm p-meson properties. In 

addition, there is an indication of a peak near 2.1 Bev/c
2 

j.n the distribu-

+ + - ( tion of pl£ 1£ 1£ combined mass of all events produced by reaction 2). This 

effect becomes stronger when N-X'-(1236) -> nl£- production is eliminated by 

restricting the data to a sample '-lith nl£- mass outside the interval 

1220 ± 100 IfJ.eV/c
2

• + -The backgr01.Ulcl under the p -> 1( n: peak is also clecreaseo. 

~ ... 
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by t.his select.ion. + + -The pJ( r( r( mass dist.ribucion for 2521. events after 

t.his selection is given in the unshaded histogram of Fig. 1. Also dravm 

for comparison is a phase space curve for 611. percent. npr( +,/ r(- and 36 per­

cent nN·X·++(1236)J(~I-J(-, the relative rates obtained from analysis of the 
( 

... Pr( mass spectrum. This background curve is the mass distribution of 

events generated by a Monte Carlo method, i·;:Lth the same selection on nr(­

mass; the normalization has been determined from the events with M(pr(+r(+r(-) 

2: 2·3 BeV/c
2

• Although statistical distributions are of Ij.mited signifi-

cance in these interactions dominated by peripheralism and pseudo-t1w-body 

final states, it is useful for illust.rating the general shape of the 

+ + -Pr( r( J( spectrum, and for demonstrating structu.re due to dynamical effects. 

Other bacl):grounds vlhich include ti"O-body or multi-body decay modes of var-

ious nucleon resonances are not. sign:tf:i.cantly clifferent in shape. 

The cnht1.l1cclllent is obscrveu. :i.n the tJ~~"<:J/2 state, and. therefore has 

isotopic spin T=3/2. + - a A similar peak is seen in the Pr( J( J( . combined mass 

of the final state ppr(+J(-r(O ... + -lIovlever) only the state npJ( r( r( vrill be _ 

analyzed in detail here; it is possible to eliminate background events 

with greater confidence and one a'lsQ expects that T=3/2 effects Hill occur 

... -I- -with larger production cross-sections in the PJ( J( J( state. 

Further restrictions on the data are made iTI th the purpose of increas-

ing the signal to bad,grouncl ratio, and of isolating a production reaction 

and final state that is amenable to comparison i-r.l t11 a d;ynamical model, 

specifically PP ~ nW·++(12j6) pO. ~:'hus He next require that at least one 

of the hro pO"~f.;i·ble pJC+ mass comlJ:i.nat:Lons be jn~~:i.cle the N·x··I--\· (1236) llns s 

. 'Lr-r,o -I- 60 M vi 2 reeloD .2~ - NU C • Of 11~92 events; 259 have both effective mass 

; '_c~ ~'r\ : 
"'--: ...... : .•. 

" 



combinat:l .. ons within these Hmi ts • + + - + -The l?1( 1! 1( and 1! 1! mass distri buttons 

are presented < :I.n the middle h:t stogram of Fig. 1 and the tmshaded histogram 

_ of Fig. 2, respectively. Both mass combinations are plotted "Then it is 

, + - ++ 
not possible to identify only one of the tvro 1! as an N'x, decay product. 

The 1/1!- mass spectrum shO\{s evidence for considerable p':meson production, 

which had previously not been cletected in p_p interactions.10,ll,2l:,22 

, +-The inclusion of 'both 1! 1! mass combinations for the non-unique events 

does not affect the height of the p peak but only increases the smoothly 

. vary:tngbackground. 

In the spirit of peripheralism, it is then required that Icos e I > 0.9, 
n - " 

where e is the angle, in the total center-of-system, between the direction, n ,-

of the neutron and the beam proton. ~'he mass spectra of the remaining 582 

events, or 704 combinations) are plotted in, the lDtl:.om histogram of Fig. 1 

'and the shaded histogram of Fig. 2. It should be pointed out that althou.gh 

the background has been considerably decreased by all these selections, 

-I- + -the number -of events in the p1! 1! 1! peak has changed very little. 

Finally} we demand that the 1! +1! - mass be in the p region, 7110 ± 100 ' 

MeV/c
2

• Except for five events in a total of 198, thts selection· uniquely, 

+ ++ assigns one 1! to the NX and the other to the p. The corresponding 

., '~' i ' 

+ + - /' 2 p1! 1! 1! mass distribution is sholll in Fig. 3. A sizable peal\. near 2.05 BeV C 

, is clearly present. 

Some evidence tbat these events are proclucec1 by resonance decay and 

not, perhaps, a ldnematic enhancement, j.s ,provtclcc1. by the anglLlal' distri-

butj.on of the N'X"\'+(1236) in the N,x'mr center of Illass. FoJ' events :i.n the 

resonant region, defined as 1960 ::; rvr(N"X'J{:rc) ~ 2160 MeV/c
2

, this di:::tribution 
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is consistent ,'Tith the forlvard-bacbmrd symmetry characteristic. of a reso-

nance decay superimposed on a forward-peaked baCl~groundj the rest of the 

events have only a forHard peale The histograms are displayed in Figs. 4a 

ai1d 4b , respectively. '1'he initial proton used to define the reference direc-

tion is that ,-Thich yields the smller value of four-momentum transfer squ.ared 

to the N-Xorrrr system) consiste'nt Hith the observed peripheral character of the 

proQuction process. 

b. strange-Particle Events 

A similar enhancement is seen at about 201fO MeV/c
2 

in the AJd( mass 

spectrum of the reaction pp -)- NA1CK. '11he various channels and their reaction 

cross-sections are 

(If) -I- 0 pp -> pArr K 67 ± 10 lib 

(5) 
o + pp -) pArr K L"5 ± 7 Ilb 

(6) + + pp -7 nArc K 50 ± 7 lib 

Although the peak occurs in all these; reactions, the most profitable for 

further analysis is (6). The k(-Ik+ system has Tz=3/2J uhichio again :the 

best state for the study of the properties of a system '-Tith isospin 3/2. 

In addit:i.on, there is no background from K-x-(890) and very little from 

N-X-+(1236) -) n1(+. The subseCluent discussion ,.;rIll therefore only be concerned 

"Tith the nArc +1(1- final state. The .l\rr+K+ mass distribution for 680 events is 

gi ven in thE; unshaded histogram of li'ig. 6) alone; ,.;rIth a bad;:ground c'\.U've 

() -I- -I-drmm for a mixtur.e of u2 percent M1C K phase sJK1.ce and 18 percent 

-I( 8) + nYX 13 5 K phase space. The normaJj_~.at:Lon for this ClU've and the fraction 

of y-x· are app:copr:i.ate to the events ,lit!] M(.A:rc·'}('·) > 2.3 ]3eV//!-. 

Once again def:i.n:i.ng COG e to be the [ll1u,J.e) in the over·-nll center of' 
n 

If1[-W~;) of the neutron clirection vli th that of the 1)CHln pT.'oton) "le 

f./ , 
<.r'J~~:~ ,., 
.. ,_"":-.; .... 
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select events wIth Icos enl ~ 0.9. 
+ + The consecluent he K mass 811ectrum of. 

225 events is presented in the shaded histoe;ram 'of Fig. 5; ·the peal\. at 

20lw MeV/c2 is now' much more distinct. 

+ The An combined mass before, and after, the neutron angle restric-

tion is shOlm in the unshaded, and shaded, histograms' of Fig. 6, _ respec-

tively. There is considerable production of Y*(1385) and, in particular, 

very little- bac)\.ground under the yx- peak for those events remaining after 

the selection on neutron angle. 

~ imposing the additional requirement -that the Arr+ mass be within 

the Y-K-(1385) region, M(An+) = 1385 ± 35 MeV/c
2

, we obtain· a nearly pure 

+ + 
The final Arr K mass plot of 100 events in 

Fig. 7 indicates that the peal\. near 2040 MeV/c
2 

is a direct consequence 

ofY* production. The various restrictions have produced a sample with 

strongly decreased background; the peak has diminished very little. 

The angular distributions of the y-x- in the y,x"K rest frame are' 

presented in Fig. 8 (a) for events with 1960 :5 M(Y,X"K) :S 2160 Mev/c
2 

, and 

in Fig. 8 (b) for events ,·Ti th M(YX-K) outside those limits. It is difficult, -

with these plots) to form any conclusions ar)out the origin of the peak. 

III • INTl~RP.HETNI'ION 

Since, small momentum transfer to the neutron isfavo:ced in both the 

reaction pp -)0 nY-x--tx+ and pp -)0 nN"X--I-+Jr-l-rr-) y-x·-IK+ and N,x'++rr+rr- ass cl.istribu­

t10ns consistent vlith phELne space are not to be expected. As' is "Tell kno,m,-

the kinemn,tics of such react:tons recluires that lo\y values of effective m.:lSS 

be enhanced. 'fo detc::rminc ,·rhether t1118 effect is sufficient to produce the 
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observed distributions, 'He compare the data. wIth the predictions of a 

peripheral production model as illustrated in Fig. 9. The d:i:fferential 

cross section for the final state nN-x-p :ls then i-rritten 

const X 
b,2 P 

(
A2 2)2-
u +m m 

rc 

-cd e 

'-There b,2;:: four-momentum transfer squared to the neutron, 

m ::: effective mass of N-)(-p, 

P ::: momentum of the p or N-x- in the N-x-p center of mass. 

(1) 

This form is chosen to yield agreement i-lith the ol)served momentmn trans­

fer c1.ictribution. The factor b,2/(tl'l-m 2)
2 

is for conven:i.cnce :i.n later 
rc 

calculations uith the explicit one-pion-exchange mechanisni as a model 
. 27-

for peripheral producti.on. :>. Included jon ac1cli tion is an exponential 

_M2 
dependence on momentum transfer e He c1etermine the parameter a 

from the experimental distribution in b,2 i-lithout, of cOUl'se, restrict­

ting the data to events w:i.th I cos e I > 0.9. For the N-x'rcJ! events, a n -. 

good fit is obtained 'Hith aN-)(-rerc == 1.0 ± 0.5 

events yield O'YX'K ::: 0.5 ± 0.5 (BeV/c)-2. 

( / ) -2 + + BeV c ,'·lh:i.le the y·x- Ie 

With aN" ::: 1.0, events i-Tere g·enerated by a Monte Carlo method "'rrJr . 

fOT p; .. ) nNX'++po according to Eq. (1), and for pp -> nN-X·'I-+Jc+re- w:Lth a 

three-body phase space factor repln.dng p/m :i.n Eq. (1). The resonance 

shapes of the mass 
-I- _. I- I-

distributions of T'JC from NX_T' (J25()) decay and of Jr'rc-

from pO decay vTeTC incluclcc1) and the events Here Slil)jccted to the expcr:l-

-I + - I I mental ref.;trictiom; on pre anc1 J! J( coml)ined mews and . cos 0 • 
n 

As can 

be seon in }'ig. 2, there ar(~ rouc;hly cCjlKl.l amo1.ll1tc; of resonant p and nOl1-

re~)onrlllt re\r- vT:Lthin the regIon M(Jc\r-) ~~ r(110 :1: 100 McV//
J

• The Honte 

,. ~ .... ,' , 
'.'["'1 .... .... 
'-:':I~~I; 
·.L:-:._:.:...· 
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Carlo events were therefore combined in the same proportion. The conse­

quent N~-++rc'l-rc- "peripheral phase space ll distribution is shom1 as the 

smooth curve of Fig. :3. The fit to the experjJnental histogram is poor: 

X2""27 'for nine cOIwtra:i.nt.n. ~~here :i.n 8:1.m:iJ_fl:t~l.y l)oor agreement vT:i.th th(;) 
o ' 

11- (1:!.st!':i.lmLion obtalncu ,flth events restricteu to Icos 0n l 2: 0.9. It:l.8 

concluded that a phase space distribution, modified to give the observed, 

'foTImrd-peaked production angular distribution, is not sufficient to expiain 

the N*++rc+rc- mass spectrum, so that some interaction in the final states 

W·++ rc+ rc - and/or N-x-p 0 is indicated. "lith ~*K=O. 5, similar conclusions are' 

obtained from comparison of the Y',{--tx+ mass histogram vTith the calculated 

spectrum shovm as the smooth curve of Fig. 7. Again the fit is poor: 

2 ' 
X =46 for seven constraints. The experimental momentum transfer distri-

bution for the restricted sample vrl th I cos e I > 0.9 "also does not agree 
n -

with the calculated. Thus, a YX'+K+ resonant interaction is indicated as' 

vTell. 

A natural interpretation of the N'X-++rc:j-rc- and Y'X'+K+ peaks is 'that 

they represent alternate decay modes of a T=3/2 excited nucleon state. 

To de~ermine the parameters of this resonance j . we use only the Y-X-+K+ 

data, ~·Tith the requirement that those parameters yield calculated 

N,x·-I-+rc+rc- spectra in agreement with the observed. This proced'lU'e is neces­

sary becaus,e there is rather more background in the nNX·-1-l-j(+rc - events,speci~ 

fically non-resonant prc+ and non-resonant rc\(- 'Tlthin the N'X.-I+(1236) and p 

mass regions. 

I -I-vIc vlill 8ce1'>. to fH the y;(-' 1\ 111'1SS Gpectl"lun vr.L th a combination of 

rcnonancc anel. pcr:i.pberal pb:3.sC space ,-ihcrc, for the resonant yx,-IX+ intcr-

action, the phar:Je space factoX' rim 1n ECJ. (1) is replaced. by the rCf"onant 
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dependence on·m, 

mr(in) 

where m :: nominal resonance mass, 
0 

rem) :: energy-dependent partial Hio.th for decay into Y'*K, and 

~G (m) :: rel(m) + r. (m) is the energy-dependent total width, ln 

tbe sum of the elastic and total-inelastic widths. 

For the energy dependence of the "Tidths, we use a formulation in terms of 

an empirical parameter b, Hhich is a measure of the inverse of the inter-

t · d" 24 ac lon ra :LUS: 

mr(m) 
I 2 \ . 

P P ,£ 
"'m22i 

\p +b / 

where p :: momentum of either decay particle in the resonance center of mass 

and £:: decay angular momentum. 

An attempt at a precise determination of all the resonance parameters 

is certainly doomed because of the surfeit of variables, the lack of a 

precise formulation of energy-dependent resonance widths, and the small 

number of events. We."nll therefore only describe ql~litatively the. vari~ 

ation.of X2 in a fit of Monte Carlo generated events to the experimental 

y·x·-tx-" mass distribution as "Te vary the fraction of resonance, the nominal 

resonance mass mo ' the total u:i.dth at resonance rt(mo)' the decay angular 

momentum £, and the inverse interaction radius b. 

The main decay modes of Ii resonance must be knovTn so that the proper 

energy dependence may be put into the total "lielth It (m) . It j.s assumed 

that the major decay of any hY]Jothe~Jized new resonance j.G predominantly 

;.:: l\: ~i r~ _ ,I, 

. "'-': . .' 
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inelastiq', and that the principal mode is N-X-(l236)1(. The exception ,·rlll 

be the case of £=), W'here vTe obtain a reasonable fit using a mass and 

width consistent ,·lith those of N'*(1950) inferred from 1(}? scattering. 

Since this resonance isknmm t~ have an elasti~J.ty of about 0;5,25,26 

'·....:..;'.i_.: .. ·' 

'. 

the energy dependence can be characterized by 50% elastic and 50% inelastic,' or ,i 

N-X-(1236)rc, decay. The fraction of resonance required to describe the y-x--1-f(+ . 

blass spectrum is .85 ± .15 j the uncertainty represents the range through 

which the fractional rate for resonance product:Lon moves as the other. 

parameter~ are varied over reasonable values. The best fit, achieved 

for an s-wave decay hypothesis, yields a mass m '= (2035 ± 20)MeV/c
2

, a o 

total vridth rt(m
o

) = (200 ± 50) MeV an(l X
2 

= 0.1 for four constraints. 

For other decay angl.1~ar momenta, then, b=O.O ,·rill be favored, since this 

situation is identical to that of S-vlave decay. The best fit mass and' 

width for various fixed values of band £ are summarized in Table I. 

It appears that these data can accommodate a large variety of 

ref:)onances near 2.0 BeV/c2 , wIth parameters that are rather sensitive 

to the form factor b. The relatively small number of events and the 

presence of background in the decay angular distributions prevent a 

determination of its spin and parj.-ty or decay angular momentum. There-·· 

fore the question of the existence of a new resonance) rather than idi:mtifi-

cation vTitl1 an established state, cannot be ans,.,cred. 

, • oi 
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IV. N*(1950) DECAY MODES 

Although evidence for several ne"7 T=3/2 resonances near 2.0 BeV/c
2 

. 25 
has been presented, the only firmly established one remains the N-X'(1950) 

in the F37 partial '-lave. The entry in Table I for £=3 and b=0.20 gives 

good agreement ,dth the presently lmo,m mass and "ddth of the N-X-(1950). 25,26,27 

The dashed CUTves in Fig. 3 and Fig. 7, representing 100% decay of N-X'++(1950) 

into N-X-++po and YX-+I(-I-; respectively, "Tere calculated '-Tith b=0.20 BeV/c, 

m =19t10 MeV/c2 and r
t 

(m )=190 MeV. 28 Best agreement ,fith the data is obtained 
o 0 

"li th a sum of peripheral phase space and resonance decay:' 85±15% re~onance 

in Y-)(·-'1.\:+ and 55±15% in N·X.-I-+rc+rc-. It is therefore·. reasonable to identify the 

observed peaks as neli decay modes 

N"l<-+I- (1950) -> N-X-++(1236) + pO(760) 

N-y,.-H· (1950)-> N"X-++(1236) -I- rc + + rt 

N-y,.++ (1950) -) y-x-I(1.385) + 1(1-

It should be noted that the above analysts rests on the asstunption that the 

Breit-Wigner resonance shape, "lith this particular formulation of the energy-

dependence of the widths in terms of the parameter b, is valid to a good 

approximation at values of mass more than a half-,fidth dj.stant from mo' 

. The cross-section for pp -> nN-X--H(1950) and the subsequent decay -

W-++.(1950) --> Y-Y,--IK+ is 13 :t 3 Ilb; this includes corrections for the experi-

mentr;,l limits impo~:ed on neutron anGle and Y/:- mass interval. The cross-

sections for N·Y.++(1950) -~ NX--!-+(1236)pO anel N'X-+I-(1236),r"'rc- are much more 

d:Lff'icu_U to extract. The W-x--Hrc+'J(- mass npectru\1l of 193 events after all 

the [;C'lcction criteria is a corw(:clucnce of several possi-ble processes, 
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viz, N-X--I+(1236)J{I-~r and N-X-++(1236)pO final states from N-X'++(1950) decay, 

peripheral non-resonant production and other bac!<;:ground. . The fit to this 

spectrum yields an tmcorrected cross-section for N'X-(1950) production of 

55 ± 15 Ilb. !Jlhe proper cOl'rections and separation into the various proce"sses 

requires lmovTledge of the p1{+ and 1{+ 1{- mass distributions for each. A plot 

of the N-X·-I+1{+1C- combined-mass distribution for events "\-nth 1{+1{- mass out-

side the s~lected"p mass interval clearly indicates that the decay N·X·-I+(1950) 

.:.) N-X-++(1236)1C-r-1{- is present. To determ:i.ne the cross-section, one needs a 

model for quasi-thre~-body decay that includes proper angular momentum 

1:arrier dependences. Because of all these difficulties, it is. only possible 

to give an estimate of less thc'ln 200 Ilb and probably about 100 Ilb for the 

. cross-section of pp -) nN·x·-1-+(1950)) N-X-++(1950) -) N-X-++(1236)pC? 

Ol.her decay modes of N-l<-++(1950) produced in pp -) nN-X--I+(1950) have als'o 

been reported: L;+K+ "lith22±~· ~lb, 20 and P1C+ ,dth 320~:160 Ilb29 and 520±26o llb. 30 . 
. . .' ' 

AJ.though the inelastic modes N-X-(1236)1{ and Np(760) are lib:!ly to be qu1telarge, 

. their TZ==3/2 states cannot be ident:tfiecl in pp interactions in a bubble chamber 

because there are necessarily tvTO unobserved neutral particles. The other 

isospin projections are of cou~se relatively suppressed and are hence diffi-

cult to untangle from all the other' final states. 

One may make various consistency tests and predictions with these 

cross sections using information from 1CP phase shift analysis and the 

requirements of SU
3 

invariancc. 'Ilhe former finds an elastic:ity X(m ) of 
o. 

about 0.5 so that) at resonance, the' sum of all the inelastic ,·Tidths should 

approximately equal the elastic "\-rlc1th. Hith nX-(l950) as a Regge recurrence 

of N"I:-(l236)) it is assigned to 8. decuplet and one fincls the foJJ_o,ving ratios 

of coupli.ngs for nx'-'+(l9:J0) decay; 

, 
. j. 
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2 
GI;-I1(+ -

2 
;:: G -l PJ( -

2 
G (N-Y.-J()++ ;:: 

With our model for the process pp -> nN-X-(1950), these yield the cross-' 

section relations 

cr(npJ(+) ;:: 2.5 cr(nI;+K+) 

o-(nN-Y.-++J(° + nN-:++J(+) ;:: 13.2 cr(ny-x--I-J(+) 

The measured cross sections are cr(npJ/) = 375±135 ~lb, a 1veighted average of 

Thus strict SU
3 

invariance leads to the prediction 

cr(nN-X-++J(° -I- nN-X-+J(+) ;:: 170±4-0 l.lb ; 

as expected) N-X-(1950) -> NX-(l236) + J( is a major inelastic decay mode. 

Within our model for N-X-(1950) formation in pp interactions we find that 

r N-:fJ((mo ) -cr(nN-t:-++1co-l-nN-X-+J(+) 
r (m T ~ cr(np:r[l-) - ~ o. 4±0.2 

Jrp 0 -

Thes'e partial vlidths have not been measured directly. However) the meas-

ured elasticity of the resonance provides a relation betvleen the sum of 

the inelastic widths and r(m ) ) or 
Jrp -0 

X(mo ) 
= l-X(m ) ~ 1.0±0.3 ) 

o 

where the stated uncertainty is a measure of the differences jon the elasti­

city quoted by authors of different analyses of 1lJ.) scattcring. 25 )26 Hith 

the reasonable assumption that the partial widths of the decay modes 

N-*(19.J0) -> pp+ ) (N-X-(1236)1C)+I- and (N1CJr)++are comparable in magnit.ude, 



one may s.till·accomodate ot.her sizable partial "l-lidths. and find that, 

within the rather large uncertainties, SU
3 

requirements are satis:.fied 

. for the y-x--Il\:+ and (N"X":rc)++ modes. On the other hand, the measured ratio 

a(nL:+K+)/a(npn-I-) appears to disagree Hi_th strict SU
3 

invariance. The ratio 

of the cross sections a(npre-I) and a(nW:-re) is also conist.ent "lith the assump-

tion that 

"" wi th the same constant l~ for pre and NX-re decay. This coupling leads to the . 

. prediction that a(N-X--H-po) ~ 30 Ilb and a(pp+) ~.120 l..lb. 31 · 

There "has be~n a report of a much more narro"l-' enhancement at 2080 MeV/c2 .. 

- 3'+ '.. ... < •. 
in N-X-(1236) p in a f:i_na1 state produced by :rC P collisions. . It is unclear 

whether -this peak, obse.rved in the T =1/2 state, is related to the pheno-z . 

mena discussed here. 
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FIGURl~ CA'f-TIONS ' 

++- ++-The pre JC re mass spectrulll of the final state npre :rc 11 as various 

selection criteria are imposed sequentially. ,These are, in turn: 

M(mt) is oul:.sidethe N'X'(1236) mass region (2521 events), M(PJC+) is 

inside the nx-(1236),mass region (1492 events, 1751 combinations) and 

the cosine of the production angle of the neutron is greater than 

0.9 (582 events) 704 combinations). 

+ - + + -The :rc:rc mass spectrum of the final state np:rc :rc :rc . The.unshaded 

histogram'represents events with M(m:rc-) outside and M(P:rc+) inside 

the N->"(1236) mass region (11~92 events, 1751 combinations). The 

events in the shaded histogram have the, additional restriction 

that the cosine of the producti on angle of the neutron is greater 

than 0.9 (582 events) 704 cc;>mbinations). 

+ + -The pJC Jr:rc mass spectrmu with all the selection criteria as in 

Fig. 1, as '\-Tell as the requirement that M(:rc\c-) be in the p mass 

. region (],93 events). 

, Angular distributions of nx-++ in the N-K·-I+:rc+rt center of mass 

for events (a) in the resonant region and (b) outside the resonant 

region. 

~~ .. : ........... -.' 

Fig. 5. The A:rc+K+ mass distribution of the final state l11\:rc+K+.The unshaded' 

l1istogram is a plot of the total sal~ple of 680 events j the .shaded 

histoBram corresponds to the requirement that the cosine of the pro-

duction angle of the neutron be greater tban 0.9 (225 events). 

li'ig. 6. + + -I-
~Phe fuC maBS distr:Lbution of the final state nA1C K . The unshaded 

h:istoCTC'un displays events for which the cosine of the prodnetion 
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angle of the neutron is greater than 0.9 (225 events). 

Fig. 7. 
+ -I- ' 

The fur K mass spectrum "fTith all the selection criteria as in 

Fig. 6, as well as the requirement that'M(fur-l-) be in the y,* mass 

region (100 events). 

Fig. 8. The angular distributions of the y-x- in the Y*K center of mass (a) 

in the resonant region and (b) outside the resonant region. 

Fig. 9. Exchange mechanisms favored by the experimental,selectj.ons for 

the processes (a) pp -> nN-X'++po and (b)' pp -> ny·x·-IX+. 
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Table I. Results of fit to y-x'+K+ mass spectrum • 

---------:----~----------------~-------------~ 

Decay Angular !-_b __ 1 Resonamnoce 1.1ass. MO!llentutn £ 

-------

b 2035 ± 20 

::: [ 2010 ± 25 
1 

1990 ± 25 
-

GO 1980 ± 35 
2 

·35 1930 ± 3r ' . ) 

.l; 191~0± 55 
3 -: 

_ ·35 1850 ± 55 

Total Hidth 
rt(m ) 

. 0 

200 ± 50 

211.0 -~ 70--[ 

230 ± 70_ .. 

230 ± 70 

200 ± 70 

190 ± 115 

70 ± 11) 

. ··l for J 
Constraints I . 

0.1 

1.1 

2.1 

2.1 

3·7 

3·1 

7·9 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such con trac tor prepares" dissemina tes, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






