
PHYSICAL REVIEW 0 VOLUME 21, NUMBER 1 1 JANUARY 1980

Standard solution to Roper-resonance puzzles
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In the frame of the quark-pair-creation model (QPCM) of strong decays, the puzzling coupling properties
of the Roper resonance are shown to derive from the standard assignment as a radial excitation belonging to
a 56 multiplet. The agreement is obtained through nonlocal effects specific to the QPCM.

Although usually assigned to a (56, 0'), multi-
plet, the Roper resonance P»(1470) has always
been a challenge to quark-model spectroscopists.
First, there was the forward peak of the reactions
riP -w¹(1470),PP-P¹(1470), which was found to
be much steeper as well as much higher than ex-
pected. ' A simpl. e possible way out could be that
the resonance is only a small part of the diffrac-
tive bump, the rest being ascribed to some Deck
effect as in A, production. Stated otherwise, the
identification of the true I'„resonance is difficult.
Other cases really concern the resonant state
identified in zN. The location of P»(1470) seems
too low with respect to the other N= 2 multiplets.
Here, a simple explanation is given in Ref. 2

where they show that a spin-independent perturba-
tion is expected to shift the (56, 0'), much more
than the other multiplets. Anyway, we do not lack
explanations, since also the bag-model spin-spin
force or breathing effect coul. d expl. ain that l.ow
location. "

Much more serious is the challenge of decay
properties. The P» which is essentially seen in
photoproduction seems to vanish very rapidly in
electroproduction. " New puzzles present them-
selves when one tries to understand the P»(1470)
in the framework of the popular Feynman-
Kisiinger-Ravndal (FKR) model. The well deter-
mined photodecay coupling sign comes out wrong. '

Also, the widths P»-Nm, Am come out very small,
and the same for 6(1690). Small widths for radial
excitations is a general tendency of the FKR
model. While the situation is uncleaf for mesons
(see Ref. 8), it is definitely in conflict with the
baryon data, as emphasized by Burkhardt and
Pulido. '

In view of these difficulties, one might think of
giving up the radial assignment of the P». For
instance, one could think of a deuteron such as an
exotic TO m-N bound state. ' Another way, which
maintains the conventional three-quark structure
is provided by the "even-wave" model of the Delhi
group, ' which amounts to a strong mixing of the
two P»(940, 1470) states, according to (56, 0'),
+ (70, 0'),. It is then possible to get the correct
photodecay sign and the observed large widths. "

In this paper we want to emphasize that even the
early assignment (56, 0'), can perfectly explain
most of the above puzzles if, instead of the FKR
model, one uses the quark-pair-creation model
completed by vector dominance for photon cou-
plings. As this model has been discussed at
length in several papers by us and other authors, "
we simply state the basic outlines of the calcula-
tions. Any strong-decay amplitude A —B+C is
described as a creation of a qq pair with the
quantum numbers of the vacuum

M= ~ c y C„OO, ns —rn X, „7'™~, —k,— 4;;a~, i, s b~,—j,s

for mesons: g=N exp(-pz'B '/4),

for nucleon: g = N exp[- (pz'+p&')B'/2],

for (56, 0'), : P = N (3/R' —p~' —pz)
x exp[- (pq'+p~')R'/2],

(2)

(2)

(4)

where a (b ) are quark (antiquark) creation oper-
ators, y, is the spin-triplet wave function, and 4
the SU(3) wave function of the pair. g's are the
wave functions of the hadrons. For the spatial
parts one may use the following simple harmonic-
oscil. lator wave functions:

«r (70 0 ).: 0 =N(pp —px)exp[- (p +px)& /2].

(5)

A = (2v)' 'e/2yg —,'M (A - B+ &u) +M(A - B+ p) ] -„»

and the strong widths are

(6)

The photodecay amplitude in CKO units" for the
process A-B+y is simply givenby[(2m)' 'e/2y&
-0.95]
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As to the estimates of the parameters a reasonable
value of y is y 3, as seen from the decays of or-
bitally excited baryons. " For instance, it gives
1(D» ¹)50 MeV instead of an experimental
60 MeV. R' and R are not really free, being
determined by the Regge slopes. We take as be-
fore g =6 GeV, 8 =8 GeV corresponding to

We give the results of the model with the
assignments P»(1470) (56, 0')„P»(1780) (70, 0')„
P»(1690) (56, 0'), . They are compared with the
FKR results of Moorhouse and Parsons" and
Burkhardt and Pulido' and with experiment (Table
1).

On the whole one notices an impressive im-
provement vis-0-vB the FKR results. The widths
are now reasonably large except for &33 Pyp'.
The photodecay is good in sign and magnitude for
the P»(1470).

Another interesting fact is that one can under-
stand the very rapid falloff of eP- eP„(1470); the
p' dependence of y„N+-M(1470) is contained in
the overlap of the spatial wave functions

4= —0.46(0.795 —1.188q') (q ~exp(—1.08q') GeV ' ',
(8)

where q is in GeV. It is seen that J vanishes at

q =0.67 GeV' or q'= —0.62 GeV' and increases
again beyond, giving a shape (Fig. 1) which could
explain both the very steep falloff and the fact that

has been seen' at p' = —1 GeV'. This explana-
tion, if confirmed, would be a new example of the
important role pl.ayed by the nodal structure of the
excited levels and therefore of J—which has been
emphasized in the context of p decays" and g's
Okubo-Zweig-Iizuka-rule-allowed decays. " In the
present case, the advantage is that the nodal

~p.e N"„,(1470)

- q'(GeV'j

FIG. 1. The overlap of the four spatial wave functions
[P&&(1470), N(940), p, created pair], J', as a function of
—q, in conventional units (the scale is indicated by the
fact that at Q =0, A~~~2= —0.090 GeV )
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structure is directly displayed by the continuous
variation of q'.

Let us now try to analyze what differentiates the
QPCM model from the FKR one. There are two
main differences:

(i) QPCM gives a "recoil term" not only in pion
decays, but in any decay, in particular in the spin
coupling of vector particles. " On the contrary,
the FKR model for vector emission is practically
identical to the CKO nonrelativistic model ' and
has no recoil in its magnetic interaction. " This
explains the difference in photocouplings, also
emphasized in a previous paper (Ref. 12, third
paper) for EP»-Np. The explanation is simple
in the case of +yy states: Photodecays and pion
decays are governed by the same overlap J, so
that their product is fixed by J' x SU(6) coefficients
which are of course the same for P»(940, 1470);
therefore, there is not a change of sign between
the Born term and P» [note that as kr t7„J(k&)

J(p,)]. On the contrary, in the FKR model there
was a change on the pion side owing to the recoil
term, with no counterpart in the photocoupling.
In terms of SU(6) ~ analysis, the difference lies in
the C term which is zero for FKR and not for
QPCM. " The good effect of a pair-creation model
on calculations of P»(1470) -Ny was already no-
ticed by Petersen in the context of I-broken SU(6)
analysis ('P, model). "

(ii) Still more important and more specific to
QPCM is the presence of an effect due to the non-
local character of the coupling, which adds to re-
coil-term effects. By itself, the recoil term
which is included in FKR, and which has so many
good effects on calculations of pion decays of or-
bitally excited states (as first shown by Mitra and
Ross"), is also responsible for the excessive
narrowness of radial excitations. What happens
in QPCM can be seen on the analytic expression
of J

R'+R /4 R ' R +R '/2 1 R2+R "/2
R'+R' /8 R R' R "/8 8 R +R "/8 (9)

where C and I3 are well defined constants, unim-
portant for this discussion. If we take the "ele-
mentary emission" limit as in Ref. 12 (first paper),
i.e. , R '-0 with R fixed, only the last two terms
survive: The last term inside the bracket corre-
sponds to the old 0 ' k, model, while the second
term represents a recoil effect such as suggested
by Mitra and Ross. These two terms almost can-
cel, yielding a very small l". However, R -R'
and then the first term is of the same order as the
other two, and leads to reasonable widths. This
first term comes from the nonlocality of the in-
teraction. It corresponds to the overlap of the
three spatial wave functions g„s c at q =0. If
R =0, it is simply the scalar product (gs, Pg
=O. It is not present in orbital-excitation decays
because the orthogonality of spherical harmonics is
operating even if R WO. Of course the magnitude
of the term depends crucially on R '/R'. The
values obtained from the Regge slope n =1 are
not necessarily those which give the best fit in
every particular quark-model calculation. But we
prefer to stick to them and try to explain eventual
discrepancies by specific corrections to the naive
model 2'

Let us finally comment on the accuracy of the
predictions and their agreement with experiment.
On the theoretical side, admitting the quoted val-
ues of R', R, there remain a lot of uncertainties:
The true potential could be nonharmonic (e.g. ,
linear); we do not know the effect of mass differ-

I

ences so that the mass dependence of I' is not very
typical; the model is nonrelativistic. We could
then expect 50% errors or more in some critical
cases [we must also consider the possibility of
mixing between SU(6) states]. What is typical is
the trend of having rather large widths with re-
spect to FKR and the sign change in I'»-Ny. The
photoproduction data for P»(1690) and P»(1710)
being rather uncertain, the main disagreement
concerns the P»-P»(1470)m which is —,', of the
empirical value. We do not know the experimen-
tal uncertainty. But we must stress that the nar-
rowness is not due to a specific cancellation, as
was the case of most widths in the FKR model; it
comes from the smallness of k, and from normal-
ization factors. However, finite-width effects
could be very important here.

In conclusion, the large widths of¹'and Am de-
cays of the +yI and P33 can be explained with the
usual harmonic-oscillator assignments. We are
led to take with caution the widespread statements
of "symmetric quark-model predictions" since
QPCM can induce very different patterns of decay
with respect to previous decay models. We must
certainly make a revision of a number of spectro-
scopic conclusions taken from those older decay
models. The recourse to exotics is no longer
necessary. Our proposal of assigning the P„(1470)
to a (70, 0'), (Ref. 11) is not favored since the
(70, 0'), assignment of P»(1780) explains the ob-
served narrow width better than a (56, 0'), and
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since photoproduction is now not a problem for
P„(1470)." Finally, let us emphasize that in
addition to the general prediction of decay signs
opposite to those predicted by SU(6) ~,

"QPCM is

now shown to exhibit very interesting features
coming from the ~onloeality of the emission
process.
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