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ABSTRACT, -

The meson resonances g(1660), @..(1650), P (1830) and
K(1760) are tentatively grouped in an "ideal" SU(3) nonet having gFC -
=377, A discussion of their masses and their decay modes is presen-
ted showing general agreement with the available experimental data.
Our results are also discussed in the light of finite energy sum rules
for the reactions wk - @k and @k > @k.

1.~ INTRODUCTION, -

It is generally accepted that two of the main features of our
understanding of hadron interactions, at least from a phenomenological
point of view, are the approximate validity of unitary symmetry sche-
mes and the Regge behaviour of the scattering amplitudes, Only in a
reduced number of cases however the immediate application of these
models leads toasuccessfull description of the experimental facts.
When mesons are considered, one observes that only the natural, spin-
-parity JPC=1"' and 277" nonets are well understood in the framework

{x) - On leave of absence from Departmento de Fisica Tedrica, Barcelona.
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of a fundamental quark model or SU(S)(l). Similarly the only well esta
blished Regge trajectories are those containing these mesons, For
the large majority of the remaining cases the introduction of supple-
mentary and sometimes arbitrary assumptions is often unavoidable.
In this sense ‘we think that an attempt to study the 37~ mesons, belon-
ging to the natural series and lying on-the leading Regge trajectories,
would be particularly attractive,

*

On the other hand a new k resonance decaying mainly into

knw and kww has been very recently observed(z), suggesting a natural
spin-parity assignement to this state.

In the present paper a phenomenological analysis of the 3~
resonances is done, showing that the observed properties of these sta
tes can be fairly well, understood in terms of -an ''ideal'' SU(3) nonet
structure. In Sect. 2 we discuss the mass properties of these 3~ me-
sons suggesting the identification of some of the actually known reso-
nances with the members of this nonet., Further evidence in favor of the
iser ‘assignements is obtained in Sect. 3 where the decay widths and
branching ratios are analyzed, Finally we study the implications of
our results in the framework of finite energy sum rules for the reac
tions mk » @k and wvk—=> @k,

2. - MASSES AND LINEAR TRAJECTORIES, -

The g or p . (1660) has been for some time the only meson
showing some evidence for a J© =3 assignement(3). This choiee was
also supported by the value of its mass, 1660+ 20 MeV, which allowed
to identify the g, in a world of linear Regge trajectories with a common
slope, as the first recurrence of the ¢ meson, Because of the experimen
tal confusion existing in the R-region, to which the g meson belongs,
it is however very hard to establish clearly its main properties and
decay modes,

In a recent paper Carmony et al, (2) have reported on the ob-
servation of a kN(1760) strange meson with a probable 3~ spin-parity
assignement and whose mass and width are 1759+ 10MeV and 60+20 MeV
respectively. The iterpretation of this state as the Regge recurrence
of the k*¥(890)-meson follows quite naturally.

The whole situation is shown in Fig, 1, where a common slope
a'=0.9 GeV~2 has been assumed for all trajectories. The very approxi
mate p - @ mass degeneracy implies a similar equality between the mas
ses of the g and its isoscalar partner. This suggests the identification
of the pr(1650) of mass 1664+14 MeV and natural spin-parity as such
a I=0 state, Analogously the recurrence of the ¢ meson is predicted
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to have a mass roughly corresponding to the ${1830) enhancement ob
served in different experiments(4» 5)., The nonet of tensor mesons is
also shown in Fig, 1 indicating that within the experimental uncertainties

the expected degeneracy of trajectories a, = oLA2 = Qg = Cp @, %= % xx
and ag= G, is well satisfied(6),
)
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The q)uark model, on the other hand, predicts the following
mass formulal?

A

A
o+ 0, if Oo~0

(1) 2%

where the symbol ?/’ means the squared mass of the V-like mesons,
which is well satisfied by the vector and tensor mesons nonets, Since
eq. (1) is linear in the squared masses of the particles it is also espec
ted to be satisfied by the 3~ nonet. It predicts in fact the mass of the
¢N(1830) to be 1.85 GeV, Note however that a very similar value is
obtained using eq. (1) for the masses instead of the masses squared
of the particles.

From the Gell-Mann‘-@kubo (linear or quadratic) mass for-
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mula the value of the mass of the isoscalar member of the octet is
predicted to be 1,79 GeV., The mixing angle between the qu(1664)
and ¢N(1850) states is then © 234C in both cases and rfughly coinci-
des with that obtained for the well established 1~ and 2 nonets,

Consequently, the nonet of 3° mesons seems to present,
as expected, an "ideal" quark model structure, In particular, the
@N(1 664) state is analogous to the @ or f mesons in the sense that it
can be considered as constructed by non-strange quarks only. The
@N(1850) on the contrary is a pure AA state similar to the ¢ and f'
mesons,

3.- DECAY RATES AND COUPLING CONSTANTS, -

According to ref, (2) the only final states observed in the
decay of the k.(1760) meson are k&, k*¥(890)w and ke . This suggests
that the dominant decay modes of the other members of the 3™ nonet,
let us symbolize them by G, are also of the type G->PP' and G—=> VP,
where P and V stand for pseudoscalar and vector mesons. They are
explicitly listed in the first column of Table 1,

The Lorentz-invariant matrix elements for the decays G-
~>PP' and G—> VP are given by8

= ~af?
(2.2) Tepp™ ggppr © 9o 9g Yy
and

= @ Y alu’/l
(2.b) Tavp 8ave  CagrsV PP AT G Ta,q

where GaB')’ and V% are the polarization tensors of the 3™ and 1~ mesons
respectively, q is the four momentum of one of the pseudoscalars and
p that of the vector meson; Usual phase space integrations lead to the
expressions for the partial widths:

2 7
_&ppr 1 |7l

(3.2) I'cspp™ T4m 35 2
m
G
g’ 7
_Egvp 4 -
(3. b) Iy svp™ 2m 105 lp'

whose numerical values, apart from the coupling constants, g2 /4n’ , are



TABLE 1
Decay modes Phaie Space Coupling Branching ratios Partial width
G-»PP", VP x10%(GeVvd: ) constant (%) (MeV)

k) (1760) +ka 20 1/2 g; 23.6 14.2 + 5.9

k7 8.3 1/2 g2, 9.4 5.6 + 2.3
X
K 17 9/20 g2, 35.7 21.4 + 8.9
ek 12 9/20 g2 22.5 13.5 + 5.6
ok 10 3/20 g2 6.7 4,0 + 1.7
Pk 1.0 6/20 g;zD 1.4 0.84+ 0,35
K*q 2.7 1/20 g2 0.7 0.42+ 0.18
Total 60+ 20
g(1660) » w7 26. 2/3 g% 42,1 24.4 +10.2
Kk 6.0 1/2 g2 4.9 2.8 + 1.2
o 16 3/5 & 46.3 26.8 +11.2
KXk 1.3 3/5 & 3.7 2.1 + 0.9
09 3.2 1/5 glz) 3.0 1.7 + 0.7
Total 58 + 24
Py (1664) » Kk 6.3 1/3 &, 2.9 2.9 + 1.2
o 18.7. 9/5 g2 93.0 93  +39
KXk 1.5 3/5 g2 2.5 2.5 + 1.0
o7 3.1 1/5 & 1.6 1.6 + 0.7
Total 100 4 43
Y (1850
N1850) 14.6 2/3 g2 28,5 13.7 + 5,7
k¥ 9.5 6/5 &2 64.2 30,8 +12.8
P 1.6 a/5 g 7.3 3.5 + 1.5
Total

48 + 20




given in Tablel.

Let us now turn to the problem of relating different cou-
pling constants under the assumption of exact SU(3) symmetry. The
pseudoscalar mesons are assumed to transform according to an octet
representation considering that the small 9 - ' mixing angle has negli
gible effects in this casel®), The 3~ and 1- mesons on the contrary,
belong to two "ideal'' nonets of SU(3), as discussed at the end of the
preceding section. Because of the violation of charge conjugation pa
rity by the coupling Gy Pg Pg, all different G - PP' decays can be ex-
pressed in terms of only one unknown gp» as shown in fhird column
of Tablel, The situation concerning the vector-pseudoscalar decays
is more involved since three different couplings, G8 V8 PB" G1 V8 P
and Gg V, Pg are now allowed. We can use however one of the main
features of the quark modell?) to relate these three couplings, which
by simple SU(3) should be regarded as independent. We shall make
use of the fact that both ¢ and ¢N(1830) mesons are constructed only
by strange quarks and their couplings therefore, to any couple of me-
sons containing only non strange quarks are expected to be strongly
suppressed, Such suppression is known to occur in all cases where
is expected, namely in the transitions ¢ — pT , @ —» w7y and f'-» mr(o)u
Qur final results are then listed, in terms of the D-type coupling
constants gpy only, in the third column of Table 1.

It is now clear that the different branching ratios of the de-
cays G—>PP' and G- VP are fixed once the value of the relative cou-
pling strength g /gD is given. The most direct way to estimate this
ratio is to use the experimental result

k_~>kw
(4) N = 0.4+ 0.1

X
+
kN-"»k T+ pk

quoted in ref, (2). The result

2
}g 2

(5) —-§—= 0.52+0,13 GeV

&b

(%) - In so doing no predictions can be made for processes involving
the mainly. singlet meson %', But due to its large mass such
processes are expected to be strongly depressed.

(0) - The coupling constants g2 and g2 are known to be rougly
a factor of 500 smaller tharpl the corréYsT{)onding gg) - and €0

A small gpper limit can be similarly found for the ratio v

8o /&
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is easily obtained, It is worth observing that a similar result is obtai
ned by evaluating the analogous ratio from the experimental data(3)
on the V-»PP'and V-» VP decays:

gz
F . 2
2 )V-0.46 GeV©.

€p

(6) (

Such an agreement can be explained by using SU(6) arguments and is
also predicted by a large variety of quark models'®¥), The different
branching ratios evaluated through eq. (5) are given in the fourth co-
lumn of Table 1,

Some comparisons with experimental data one now possible,
The ratio

X
k
N(1760)—>k L 40+15

(1760)-> pk ~ 60+25

kN

measured in ref. (2) is compatible, within the large errors, with our
predictions. As far as the g meson decay modes are concerned, the
only non controversial experimental result is(9, 10)(g—>k§)/(g-—9 )=
=0.08 +0.026 in good agreement with our results, The prediction of
the dominance of the pw mode in the @ (1650) decays is also quite
satisfactory(3),

In order to get an estimate of the absolute partial widths a
new input is required, which essentially fixes the absolute value of
gy OT gp. The experimental result(2)

(7) F(kN(.1760)--> all) = 60+20 MeV

seems to be the most adeguate for our purposes, As a consequence
we obtain the predictions quoted in the last column of Table 1, where
the indicated errors result from those combined from egs. (4) and

(7). Alternatively we could have choosen as input the world averaged
result(3) p( @p(1650)> 37 , 57 )=141+17MeV. The presence however
of the 57 decay mode, not of the type PP' or VP and therefore not

(%) - Notice however that this result is not necessarily expected to
hold for the 2%+ nonet beécause of the opposite behaviour under
G-conjugaxtion,



included in our analysis, makes this choiceless adequateto our purposes,
Nevertheless the widths predicted in both ways would be mutually
compatible because of the experimental uncertainties,

Our predictions concerning the total width of the ¢N(1850)
is consistent with the available experimental informations(3), In parti
cular, French et al.(5) measured F (1850)~ 50+20 MeV observing

a clear bump in the kk+ nw mass Spectrum which, according to Tablel,
should be the main decay modes of this resonance,

The experimental information about the g meson is, as men
tioned before, far from being clear, the measurements Of its total
width giving values ranging from 20 to 200 MeV, This may suggest
that more than one resonance is present in the g-meson region, de-
caying into the same states(x). The data by Crennell et al, (9) pased
on the simultaneous observation of the kk and 7m decay modes, whexe
contamination effects and background are probably less important than
in the 47 decay modes, are particularly suggestive. They find

7

/ L +70
I'{g ~»all)y= 79 -25 MeV in reasonable agreement with our predictions,

Finally we note that different decay modes, for example
G ~» VS or G > TP, where S and T mean 0 and 2+4 meson states
respectively, can obv1ous1y be present. There are, for example indi
cations(3) for a ®..(1650)~> 57 decay mode; in addition several enhan
cements of the stall\%es Az'rr , pmm have sometimes been associated
with the g meson(3). This should imply that the total widths of the
3" mesons are larger than the results of Table 1, The stringent
upper limits for the analogous decays of the kN(1760)(2) would indicate
a limited importance of the effect,

4, - FINITE-ENERGY SUM RULES AND THE 3 MESONS. -

We would like now to discuss the implications of our analy
sis using finite energy sum rules. Quite apart from history, we belie
ve that FESR provides a useful framework wherein» our results can
be tested with some confidence,

(%) - In support of this hypothesis we note that evidence for the existen
ce of a p ' decaying into 4w at this ener§y has been presented by
Davier et al, (11) and Barbarino et a1, (12 , as discussed in ref. (13).



The g meson has been studied by Ademollo et al, (14) ip
the reaction ww —p ww., as the first recurrence of the @ trajectory.
It has been shown that the inclusion of the 3~ state in the lowest mo
ment sum rule leads to an improvement of the equality between the
resonance and the Regge sides of the equations, the agreement getting
better in a larger region of the momentum transfer t, In particular,
from the following parametrization of the leading Regge trajectory
for high » and fixed t

—- -ima(t) a(t)-1
; (t) l1-e
(8) A1) —» B . (2a'y)
»— oo I'la(t)] sin m a(t)
and with our definitions of the couplings, egs, (2)’ they found:
- 2

g g (m”)
(9) grr Sgro P17y 20'2=1.4Gev?,

gp T gp'rrw E(mj )

where the last equality follows from the assumgption E(t)=const.

Furthermore, Shapiro's(ls) extension of the Veneziano mo
de1(18) 1o nm scattering leads to the prediction I'(g = wn ) =38 MeV, .
This latter result derived in the narrow width approximation. should
be taken as only indicative,

Since as seen before the experimental evidence seems to
weigh clearly in favor of the 37 state belonging to the k¥ trajectory,
we discuss in detail the implications of our results in the reactions
Tk —>ok and mk - gk. A remarkable property of these two processes
is that all the natural parity resonances lying on the degenerate k*
and K™* trajectories can be exchanged in the symmetric s and u chan
nels, while the asymptotic behaviour is given by thep Regge trajecto
ry exchanged in the t channel, which couples strongly to the mw ver
tex and weakly to@w.

The T matrix for both processes is described in terms
of a single invariant amplitude A(w%,t) defined through

wype
.
(10) T V, P, P, Py, A(w,t)

where V  is the polarization vector of the w(@) mesons, and the mo
menta are defined as follows: 1r(p1)+k(p2)—ym, ¢(q)+k(p3).. Finally,

2 , 3
s =(p1+p2) ’ t={pz-p3) and v =(S-—U.)/4'.
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The contribution of the leading Regge pole to the amplitude
is parametrized for high » and fixed t as in eq. (8). The lowest mo-
ment sum rule therefore reads

Y
: | _ B 1 . - alt)-1-9
(11) / vImA(v,t)= .1'/}1 (t)] a1 (2a'?) R
thresh,

The low energy absorptive part is assumed to be dominated by the
exchange in the s and u channels of the k¥, k** and ky(1760) mesons.
We obtain

X g g
. k¥kT ®k¥gpk
2. ) = + £> 1
(12. 2) £, (v,1) R & <> u)
b —mkx
XX g xxr- & xx
(12.b) AZ (w,t)= S L 12{ wk pp'cos 8y +(s «>u)
S ‘mkxx
g g
Kk k, kr "k _wk
N N N 2 9, 2 1
= - =)+
(12.¢) A, (v,1) 2 p”~ p'“(cos 0 5) (s « u)
s -m
N
e KX kN
and similarly for A‘P (w,t), A(p (v,t) and 'Aq, (v,t). We have de
fined:
1 2 2 2 2 2 1/2
(13.a) p= (s -m_ ~-mk) -4m m, -
2 s
9 1/2
(13.b) p'= 1__ {(s —mi) -:mi.) —4mC20 mi} ,
2Vs ’
_ 1 1,2 2,2 2
(13.¢) cosQS— 4pp,‘{Z’Hs -2 4 . (m_ﬂ_ -mk)(mw -mk)},
2 2 2

o - YThe coupling constants involved in the egs.
(12) are taken from the experimentally observed decays and, if neces

sary, by using SU(3) symmetry. Numerically they are:

with Z=2m +m +m
k ™
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2
g, .x
K¥kn _ 12 11 2 -2
(14. a) 4‘" - 10: 411. gk}(a)k 4n (v-é' gkx ¢k) —G.SG*eV H}
g xx 2
KXk o2 12 1, 1 )
ar 2L.6GeV L, g wx 1 T ar VS Sikxgr)
(14.b)
- 8.85 Gev 2
g
N eyt L2 11 2
4w > 2w 8k @k 4w rgk Pk
(14.¢) N
- 4.08 Gev'S.

As a first check of the values we have used, we notice that from the
exchange degeneracy of the k* and k*¥ trajectories one would get the
relation

B xxy o gkxx.wk= 2af E¥ic B k

which is very well verified by egs. (14.a) and (14, b)

Using eqs, (12) the sum rule (11) is explicity written as:

(t+0, 47)+ (t+2.83) (t+0.41) +

Epxpn Bxx ok 9 Bypxxyn Bpxxy, )

(15.a) +-——g (t+5. 06) [{t+0. 97)%-0. 187 =

karr gk wk

" 3w(x) o (t)
= w ’2:'0,';' v )
T2+ a(t)/

a(t)~-1 52

for the w meson-and

(15:b)  Ey¥y Epx » 1{(t+o 04)+—= gkxxmgl - ,k(t+2. 41) (t+0. 17) +
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- 2 i}
4 Bk B gl tH4- 64) [(t40.74)7-0.10/ =

(15.b) N N
4 B (t) a(t) (2 - ) (t)—]. _1_)_2
™ ]’[2+ a(t)]
forthe @. 5
Going now to the positive t region one notes that at t=m
the ratio

R= B‘w(rflz )/F(p (mi )= /B g

is approximately equal to 32, in agreement with the very weak cou-
pling of the @ to the p7 system, as compared to the w meson, It is
worth noticing that this nice feature is only due to the inclusion of

the kN(1760) in the sum rule, and provides therefore a good check

for our calculations. Equations (15) in fact, limited in the 1.h.s. to
the contributions of the k* and k¥¥, would lead to R=2.2, in strong
disagreement with experiments. We observe also that eq. (9), predic
ted by Ademollo et al.(14) assuming B-( =const, provides the products
gk Ko gkka and gy Ko g;‘k Pk a factor two bigger than ours, and

leads to R 3.7 also in disagreement vv1th data. Similar considerations
hold at t=0, where we find Bm /B i /g ~ 38 to be com

pared with the value 3.4 obtained saturatmg the sum rule with only
the k¥ and k*%¥ mesons.

As far as the negative t region is concerned, the behaviour
of the resonance side of sum rules (15) goes differently in the two cases,
The first zero for a(t)=0 is in fact approximately present in each
term in the 1.h.s. of (15.a) and the insertion at each step of a new
term slightly shifts its position. The inclusion of the 3~ state further
more improves the position of the zero at a(t)=-2. In the @ case on
the contrary, the first zero, which occurs at t™0 when the k¥ alone
is considered, is obtained through the contribution of next resonances
which add together with alternative signs. Notice that it is this pecu
liarity of the signs responsible for the smallness of the resulting
coupling, while in the w case all the resonances add together with the
same sign to build up a strong coupling of the @ trajectory at the wwm
vertex,

We do not go into great detail in the discussion of the satura
tion problem which goes i,.beyond the scope of this paper because it
requires both an accurate knowledge of the residue functions Bw (t)

and the inclusion of other resonances on both the parent and daughter
trajectories.
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