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Abstract

This report is an at?empt tc collect the available experinental
material on the resonances observed in gsystems of strongly inter-
acting particles. It confines itself strictly to well-established
facts and althoug™ references to the various phenomenological
nodels provnosed to understand these resonances are given, none

of the conclusions reached purely from such medels are included

in our "Tables" for these resonances,



1, Introcuction

e have classified the resonances into four grouvs corresvonding to the
baryon nurher sn: stirangeness combinations B =1, S = 0; B=1, S = =-1;
B=0,S5S =0and B=20, [S] =1, No resonance of the type B = 1, § = 1 has
as yet been observed and consequently no fifth class anpears characterized
by these quantun numhers, In Sections 2-5, we #ive short summaries of the
avallahle inforn tion on the resonances in each of these classes. In these
S~ctions may also re found hrief references to the iore speculative work
in this field. In the Tahles, we have tabulated the various quantum numbers
o’ these resconances. The nas-—es of the resonances given here have been
crleulated =8 the mean of the values given by the exveriments with the
smallest errors. Finally we list the references from which the nreceding

*)

mrterial has heen collected,

2. The m-N-Resonances

The references for the M-N scattering have heen tabulated in the crergy
range of 340 to 15c¢0 LleV for the pion 1laboratory kinetic energy. These
have been classified under varinus headings for csse of reference. Re-
ferences to the exneriients in the energy ronge of the (5/2, 5/2) reso=-
nance have heen omitted since the dnt= involved here are rather well=-

known, (8ee. for instance the review articles To0.(163)and ro.(168)).

*)

e have attempted at cornleteness of references, but no doubt we
have not succeeded very we®l in this tnsk, and we wish to apologize

to all those authors towards whom we have heen guilty of sins of

omission.,



RO,

The 7n-¥ resonsnt st-tes hive hoen intongively investiy . ted in the 7m-N
el=stic ~nd inelastic scettering vrocesses as well as in the photopro-
duction processes Y + D=— p =+ 1° and Y + DT+ . The I = 1/2 cross-
section for m-N scatterin; showvs two marked resonances, wne (the N**) at
1515 eV with 2 half-width (7 %o eV and thoe other (the N%¥%) at 1680 MeV
with a half-width or %S0 MeV. The s»in ~na narity of these resonances
hove been astermined in the photunroduciion experi.ents ny studying the
anmiler distributions and nclarizeation of the recoil nroton (in the
reaction Yy + p—=p + no). Triese reveal that d%*¥ is in the D5/2 and N¥**
in the F5/ st te, In the m ° n scatterin - cross-seciions, there appears
a2 huin -t r~n enor:y ¢f z¥out 1900 eV with a half-width of ahout loo leV
whizh roberiy 18 a resononce of sowe kind., The snin and parity of this

reson nce (tre N****) are not we !l estahlisbhed.” . re also appears what
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of ar~ut 106952 eV, “P7 AT these drta ore sumpmarized in Tabhle T,

Loyson nes Droposc roensnoreiogic 1 model Tor these resonances
% oign pr-dicte in =11 2i kit w-M resonnnces in vorious isctopic spin and

ansular meneniun: si- analvsis of the data ~1z: suggests that the
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1650 lieV resonance -s ir the D5/2 and the 1960 lieV resonance in the F!/

153)

2

state. For detalis, we refor <he re der to Layson's navers

3. The Y* Rescnan<s

1]

a) The Y*; 1In Tabtle 11, ¢ nev. quotea - rass velue of 1358c LeV for this

;rezs (within the experimental ancertainties) with

the accurnte kmeazursmeonts of C,I., Dahi et =1. 170) ard of J.P. Berge

171)

resonaace. Tnis a:

[

4 )
2% di.

1 : s

. It zgrees also w.oth older c¥neripments,

L

vely

ho give 2 vaius of 1562 -~ 7 Le¥V and 1565 + 5 KeV respecti-



1)

173)

the range of uncertainty of the mass value given by R.P. Ely et al.
(which is 1376 + 3 EeV). The quoted half-width is the avernge of all the
nessured values given hy those ~xperiments in which the energy resolution

- y - 1, 173) in /2 = 24 % 4 HeV
is snalier than the half-width, R,P, Ely et al. obtain = - 4 He

for Yf+and 33 2 5 eV for Y47,

173)

The ouoted spin assignment is the i.ost rec-1t one by R.P. Ely et =al,

obtained throurh an Adair =nelysis.

The branchin; ratio for the decay into T+ W is the vulue given by

P, Bastien et =i, 174); we wonld however draw the reader's attention to
+ .

the author&® remark that "This average (2 - 2 ?o) nust be used with some

reservation since the 5 inout data are nct very consistent.”

The reamction K“-+xf-—+YT0 is to be understood as a K scattering on a
nucleon hound in a nucleus., This process hmgs heen ohscrved »y Y. Eisenberg
et al. 175) who find th-t the mass of YTO sreLls to he greater than the
mass of YT - by lo-~ 15 MeV. It is however not certain th-t a2ll the events
¢bserved are those of Y{ and many of the events could bhe due to Yg-decay's.
176) 1770

(Sen Y. Eisenberg and R. Cester

The Y: ¢ The mass of Y; has been found to he 1405 MeV by LK.H. Alston et al.188

They find in-addition that the tot=sl energy in the center-of-mass system of
the decay products (i.,e. the effective mass) is 19 6 Hev higher for un-

charged decay products (E°+ m°) than for :he ch.rged ones (L¥+ n¥),

By K“+,£¥—¢Y: we understand again the scattering of a K on a nucleon

hound in a nucleus.



L2 )

¢) The Yg* ¢ This resonance hns heen observed as a Breit-Wigner Maximum

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

189)

K™ + p-—;Yg* ) by M.Ferro-Luzzi et al, . Their spin parity assignment
to this rcsonance is able to fix the relative L-A parity as even.

Q
(R.D. Tripp et al. l,o).)

d) The Yg** ¢+ This resonance has also heen found as a maximum in the K =~p

tot~1l cross-section (K + p-—»Yg**). See also the older total cross-section

192)
measurerents by V, Cook et al, .

4, The Pion Resonances

In the column "Spin-Parity" of Tohle III we have added a third column where
ve 1li-t the "G-parity" of these states. The G-parity operation is defined as
charge-conjugation oper-tion tines a rotation around the 2nd axis in the

. . . .0 .
isotovnic-snin snroce hy 10, i.e.

6=, e 2

The assignnent of these gquantur numbers for the pion resonances implies
certain selection rules for the decny of these states and we reproduce a
list of ithese selection rules below. (See e.g. B.T. Feld 195), H.P. Duerr

G
and V. Heisenberg l’d).)

Selection Rules farmn- decays:

T=0 2n 3 4m T=1 21  3m 4= NN state
o** yes P,G yes o G P G 5Po
o~t P G yes| |07° P,G yes G |T 130
1t P yes yes 1%7 P G yes 1Pl
pt P G yes 177 P yes  yes 5P1
17" G yes,no3n® G 1°* yes G ves| @ 5Sl




In this table, selection rules for the 2m, 31 eand 41 decays are listed for
both T=0 and T = 1 states with various spin-parity-G-varity 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 clectromagnetically allowed decays which are however
forhidden in the presence of strong interactions mlone, The last column lists
the nucleon-antinucleon strtes with the same cuantum nuuhers as the resonant

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

a) The p -mesons

195)

The mass of ﬂu:q par:icle hrs bheen measured hy P,L. Bastien et 2l. to he

548 + 2 eV for the charged n and 550 + 1,5 ileV for the n -i.ode decaying into

196)

Sno. Conbining it with the 546 FeV found by A. Pevsner et al. , we quote

a value of 548 leV,

195)

The spin-parity assignment has heen made by P.L. Bastien et =1, , from a
Dalitz-plot to be O'+, but ~ith very poor ststistics, Howevnr, the narrow

width and the branching ratio for neutrnl decnmys support this assignment.
Further, for e 17~ D » the branching ratio for a ¢ (see d)) uecaying into n+ n
has been estimnted by G. Feinberg 197) to he 3/4 »nd *y A.H, Rosenfeld et ul.lgb)
to be 1/4. Such decays have been senrched for*by the latter authors and have

" not been found., It 'should however be mentioned th~=t  the estimates made by
H.'Gell;Mann'et'al.‘199)'for‘this branching ratio are appreciably lower (fvl/loc)

200)'also'ohtain'a'very'low'ratio,

than " the ones quoted ahove., S. Hori et al.’
but’ they do not "take into ‘account the angulsr momentum barrier ‘and other
momen tum-dependent factors, We therefore quote the assignment 0~" in the Table

in paranthesis.

For the isospin assignment to this resonance,see D, D. Carmony et al. 201).



b) The Y-meson:

An indication-for this resonance =nlready avnpears in the %% cross-section

202)

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

for the ly—p?rticle. The auoted macs is the mean of all quoted experiments,

cl The &-uesont

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

205)

The spin-p-rity assipnment is due to lLi.L. Stevenson et al.

d) The ¢ -mesons

The n-sure of this resonance seems to he r:ther comnlic-ted. Althsugh it
has hecn obhserved in umnny different processes =nd even in the extrapolsted
- cros~-section curves, its mass and half-width are still slightly uncer-
t=in since the values obtained are different in different exverinents., It
mignt even he that it is sctunlly composed of two unstahle particles, but

no definite results hnve ~s yet heon purlished.

elﬁThe ABC-v rticle!

For comnleteness, we add some co:p.ents on anothoer resonsnce which has been

. . + o}
found ~ns a spectru snomaly in the reac:tion p + df—-He3+ T + T by

216),217)

A, Abashian, N.E. Booth and K.M. Crowe o« They found & hump suggesting

a M- resonance at 3lo MeV, Since then, it has been looked for unsuccessfully

218)

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

of Abashian et al. can be well exnlained as purely due to final stnte inter-

219) 220)

actions (see T.¥N. Truong or A, Tubis and J.,L. Uretsky . For these

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




5. The K- Resonance

Alston et al. 221) have found » K-T resonance in the study of the reactions
- - o}
K + p— K + T +0p a)
K + s P b)

The resonance (K*) avpears with a mass value of 885 MeV and a remarkably

narror half-width of 8 Moy 17°)

. The isospin of the resonance has bheen
measured hy studying the r- tio of the rrtes of the reactions (a) and (h)
for those energs veolues of the (K-m) system which lie within the K-T resonance

0-
region, The exwected rotio for —%%:%%gﬂ is 0,5 for an 1 = 3/2 E* and 2 for

1/2 &*, The experirental ratio is 1.4 + o.4 which therefore favours

oW

=
H
i

1/2 resonance. An Adair type analvsis for the decay E* %%+ 1~ has

™
=
L]
H

bren carried out which indic~tes an essentially isotimwic engular distribution

221)

for the decay products giving J = O or 1 for the K* . A nunber of

ar;utents have apne:nrnd stenming essentially from the narrow width of the K¥

su.;ijesting that the actual ¢ :in assipgnment is J = 1 224)-226).
. . . 222)
The antiparticles of K* have nlso heen observed by Erwin et al, and hy
s 223) . . .

Alitti et al, in ithe study of the reactinons

T+ p— £ + K%+ "

£+ ke 7°
. . . . . . 222)

The mass distribution curve of the T-K system given by Erwin et al, seems

to have ~nother hump ~t an energy of 2rout 780 LeV which may indicate yet

another X-® resonance at this energy.

* » »
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