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Abs tract

This report is an attempt to collect the available experinental

material on the resonances observed in systems of strongly inter-

acting particles. It confines itself strictly to well-established

facts and although references to the various phenomenological

models proposed to understand these resonances are given, none

of the conclusions reached purely from such models are included

in our "Tables" for these resonances.
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1. Intro(:lction

','.e have classified the rrsonnnoes into four groans corresponding to the

brryon nurfher an:d strangeness combainations B = 1, S = 0; B = 1, S = -1;

B = 0, S = 0 and B = 0, ISI = 1. No resonance of the tsype B = 1, S = 1 has

as yet been observed and consequently no fifth class arPears characterized

b:! these quantum numi:bers. In Sections 2-5, ;ae :ivw- short summaries of the

availahle inforn tion on the resonances in each of these classes. In these

S'-etions may also be found brief references to the ;-.o-re speculative work

in this field. In the Tables, we have tabulated the various quantum num'hers

of these resonances. The mas-es of the resonances given here have been

ca-lculated as the mean ef the values given by the exneriiuents with the

sma-llest errors. Finally we list tho references from which the preceding

material has been collected. )

2. The it-N-Resonances

The references for the it-N scattering have been tabulated in the energy

range of 34o to 15oo i.eV for the pion laboratory kinetic energy. These

have been classified under varinus headings for ease of reference. Re-

ferences to the exoerii.Pnts in the energy range of the (5/2, 5/2) reso-

nance have been omitted since the datn involved here are rather well-

known. (See. for instance the review articles u o.(165)and Yo.(168)).

"*,e have attempted at co!,:mleteness of references, hut no doubt we

have not succeeded very ,,e l in this task, and we wish to apologize

to all those authors towards uhnm wre have been guilty of sins of

omission.
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The itAT" resonnait st--too h'mve bee,(n int:'nsivei1y i1nvestig) Led! in the 7E-N

el -stio aýnd inelastic soottering- orocesses as iv!ell as in the -photopro-

Auction processes y + p p * it0 and y + p--n +T .t The I = 1/2 cross-

seetion for it-N scatterinv- she-vs twon mrkned resonances7 t*ne (the N-*) at

151 -v 71Vwth a half-width £3 fi a the- utheýr (the N***) at 168o M%1eV

with a half-width of 5o 1.eV. Theý scm -a" parity of these resonances

have been 'ieterminod in the hteodct- experi..ents bny studying' the

on-1mlar distrijbutions and! nolarizn tion of the recoil proton (in the

reaqction y+ p-*p + 1Et0 ). The-se reveal thnt N*- -is in the Dl3 / 2 and N***

in the F51  s t-to In theO Ti +s scatl'-rin- cros:o--seettonjs, there appears

ahuia -t s-f n r: c: a but l9eo .".ell -.stth a half-r~idth of about loo I-:ev

stick_ :-anrŽ s a eo-c fs~ kind. The scan and parity of this

reson floe (inc N* ) are not w1e. es ta-nlishedt -re -'Usa ap pears what

loo-:s lik.- cnouhe.r 2"5OiAonco in. Ithe cross--section curlv-s --It an energy

of alh 't 163oý 1erV. A>, these d;:ta are ;,unrmarizedj in Table I.

L.-sn 153) n-s itns1rh?§scoi 1.U-, "0or thes!e resonances

C? ,r -6.i t S i n "I J1 -1 -ho I atNrsnne n wartens isotopic spin and

,an!ular momeoniun Etz5-,, His an;-ly.sis of toe oiatsq s~j5 uggests that the

165o MieV resonance, ;•_ the- fl5/ 2 ,end he19oo I.-eY resonance in theF /

state, For detrailsz, vte rt~f-r tere d--_ toý La-son's capers15)

3-The Y*EescrnanreýS

a) The Y~: In Table Ii,. xe hew. 1 2otoa, -t r:-ass val-ue of 1K,8Q ldeV for this

resonance, This agrees (::itýh;n the- experimental incoýrtaintiefs) with

the accurate oesrm~r f' M.I Dabhi et -1. and of J.P. Berge

et al. 1714 (h: gI ve - an _. i3& -e nandIý..- 13655 + 5 LieV respecti-

vely) it agýrees also ewthn older cyxceriments, -titis slightly outside
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the range of uncertainty of the mass value ;iven by R.P. Ely et al. 175)

(which is 1576 + 3 heV). The quoted half-width is the avera•ge of all the

measured values given hy those ,!xperiments in -,hich the energy resolution

is smaller than the half-width. R.P. Ely et al. 175) obtain r/2 = 24 1 4 14eV

for &Y and 33 5 5 14eV for Y.
11

The quoted spin assignment is the ;.wst rec•LT one by R.P. Ely et al. 173)

obtained through an Adair analysis.

The branching ratio for the decay into E4 it is the value given by

P. Batien t •J174)

P. Bstien t a 174) ; we would however draw the reader's attention to

the authorS! remark that "This average (2 + 2 7o) must he used with some

reservation since the 5 input data are not very consistent."

The reaction K- +X_ __ -YO is to be understood as a K- scattering on a

nliclror bound in a nucleus. This process hMs been observed 1-y Y. Eisenberg

et al. 175) who find th.;t the mass of y*o seems to he greater than the
+ 1+

mass of Y- by 10- 15 HeV. It is how~ever not certain thut all the events

observed are those of Y* and many of the events could be due to Y*-decay'S.
1 0

(Sen Y. Eisenberg 176) and R. Cester 177).)

h) The Y* s The mass of Y* has been found to be 14o5 MeV by Ll.H. Alston et al. 1 8 8

0 0

They find in'addition that the toteilenergy in the center-of-mass system of

the decay products (i.e. the effective mass) is 19 - 6 MeV higher for un-

charged decay products (Z°+ TO) than for -he ch.-.rged ones (SA+ 11+).

By K-+ X--Y* we understand again the scattering of a K- on anucleon

0

hound in a nucleus.
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o) The Y** i This resonance h,'s been observed as a Breit-Wigner MaximumO

in the K--p total cross-section (indicated in the Table as the process

K + p--,Y** ) by ML.Ferro-Luzzi et al. 189) Their spin parity assignment
0

to this resonance is able to fix the relative t-A parity as even.

(RDo Tripp et al. 190).)

d) The Y*** : This resonance has also been found as a maximum in the K--p

o

totnl cross-section (KW+ P--*Y***). See also the older total cross-section
1

mensureiaents by V. Cook et al.

4. The Pion Resonances

In the column "Spin-Parity" of Tnble III we have added a third column where

we li -t the "G-parity" of these states. The G-parity operation is defined as

charge-conjugation opcrr:tion tiLes a rotption around the 2nd axis in the

isotonic-spin snace by 13o 0, i.e.

G - - . e cT

The assignmenL of these ouantui;. numbers for the pion resonances implies

certain selection rules for the decay of these states and we reproduce a

list of these selection rules below. (See e.g. B.T. Feld 195), H.P. Duerr

and V1. Heisenberg 194).)

Selection Rules forn- decays:

T = 0 2 3T1 4T T=l 2n 3n 4Tt NN state

0++ yes P,G yes 0 G P G 0p
O

93 0-+ P G yes 1 10p, yes Q I 1S0

1 P yes yes 1 P G yes P1

I ++ P G yes I1 P yes yes 3P 1

1-- G yes,no3i° G 1 11-+ yes G yesp_ 3Sl



-6-

In this table, selection rules for the 27t, 3n and 4n decays are listed for

both T = 0 and T = 1 states with various snin-parity-G-parity combinations.

"Yes".means an allowed transition. P means that the transition is forbidden

by parity conservation, i.e. it is only allowed via weak interactions.

Similarly, G denotes electromagnetically allowed decays which are however

forbidden in the presence of strong interactions clone. The last column lists

the nucleon-antinucleon states with the same quantum numbers as the resonant

states (hero only S and P waves are considered).

a) The -meson,

The mass of the 9 particle hns been measured by P.L. Bastien et al. l95)to be

548 + 2 11eV for the charged 9 and 550 + 1,5 LeV for the 9-i.ode decaying into

5T0. Combining it :ith the 546 MeV found by A. Pevsner et al. 196), we quote

a value of 548 L1eV.

The spin-parity assignment has been made by P.L. Bastien et al. 195), from a

Dalitz-plot to be 0"÷, but '-ith very poor st'vtistics. Howevvr, the narrow

width and the branching ratio for neutral decays support this assignment.

Further, for a 1-- 9 , the branching ratio for a f (see d)) aecaying into 9+ n

has been estimated by G. Feinberg 197) to be 3/4 nnd •y A.H. Rosenfeld et 19")

to be 1/4. Such decays have bepn'searched forvby'the latter authors and have

not been-found; It 'should however be r.mentioned' tha 'the'estimates mnde by

U. Gell-ann etal. 199) for this branching ratio are appreciably lower (rt1/loo)

than'the ones quoted-above. S. Hori et al.'200) 'alsocobtain'a½very low ratio,

but'they' do not take' into account the 'angular momentum barrier 'and other

momentum-dependent factors. We therefore quote the assignment O-+ in the Table

in paranthesis.

For the isospin assignment to this resonance~see D. D. Carmony et al. 2o1)
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b) -The-y-meson:

An indication'for this resonance already appears in the.-U cross-section

curves-obtained by A.R. Erwin et al. 2o2) as a second hump besides the one

for the 9 -pprticle. The quoted maý;s is the misan of all quoted experiments.

c) The u-j..eson:

The mass value is again the mean of all experiments (787, 764 and 780 NeV).

The spin-p-rity ass-ignment is due to I.L. Stevenson et an. 205).

d>_The y -meson:

The n ture of -his resonance seems to be r; ther comoliceted. Althnugh it

has been observed in -.-ny different processes nnd even in the extr-apolated

It-7t croso--section curves, its mass and half-width are still slightly uncer-

t-in since the values obtainnd are different in different exneriments. It

might even he that it is Pctually composed of ta-o unstable particles, but

no definite results hi:ve '>s yet bern uu'-lished.

e) The ABC-narticle:

For comnleteness, vie add soni co;.e..onts on another resonpnce which has been

found as a spectruz, anomaly in the reaction p + d-He + 7t + +t by

A. Abashian, N.E. Booth and K.M. Crowe 216),217). They found a hump suggesting

a it-It resonance at 31o MleV. Since then, it has been looked for unsuccessfully

in photoproduction reactions by K. Berkelman et al. 2 .8). Further, the results

of Abashian et al. cpn be well exolained as purely due to final state inter-

actions (see TN. Truong 219) or A. Tubis and J.L. Uretsky 22o). For these

reasons, we have not included this "resonance" in the Table.



5, The K-t Resonance

Alston et al. 221) have found K-It resonance in the study of the reactions

K- + p-- K- + it+ p a)

Ko + U-+ p b)

The resonance (k*) appears with a mass value of £85 MeV and a remarkably

narrow, half-width of 8 MeV 17o) The isospin of the resonance has been

measured by studying the r- tio of the rates of the reactions (a) and (b)

for those energy veluen of the (K-T) systemz which lie within the K-7t resonance

region. The expected re•tio for (Ris 0.5 for an I = 3/2 R- and 2 for

an I = 1/2 R*. The experiimental ratio is 1.4 + o.4 which therefore favours

a n I = 1/2 resonance. An Adair type analysis for the decay K.-*K 0 o+ n- has

been carried out which indic-tes an essentially isot-nic Panular distribution

for the decay products giving J = 0 or 1 for the R* 221). A number of

aru]..ents have apeared steL1.,in¼ essentially from the narrow width of the K*

su:,I-Uestin that the actual s-.in assignment is J = 1 224)-226) 0

The andipnrticles of R* have also been observed by Erwin et al. 222) and by

Alitti et al. 223) in the study of the reactiins

n-+ p - + K0 + i+

+- + K+ 0

The mass distribution curve of the TI-K system given by Erwin et al. 222) seems

to have -nother hump at an energy of about 780 LMeV which may indicate yet

another K-1% resonance at this energy.
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