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Extraction of the D13„1520… photon-decay couplings from pion- andh-photoproduction data
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~Received 11 November 1999; published 8 September 2000!

We compare results for theD13(1520) photon-decay amplitudes determined in analyses ofh- and pion-
photoproduction data. The ratio of helicity amplitudes (A3/2/A1/2), determined fromh-photoproduction data, is
quite different from that determined in previous analyses of pion-photoproduction data. We consider how
strongly the existing pion-photoproduction data constrain both this ratio and the individual photon-decay
amplitudes.

PACS number~s!: 25.20.Lj, 13.30.Ce, 14.20.Gk, 24.70.1s
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Recent precise measurements ofh-photoproduction ob-
servables have spawned a number of analyses, foc
mainly on the properties of theS11(1535) resonance@1#.
These studies have found values for the photodecay am
tudeA1/2

p , which are significantly larger than those found
previous analyses of pion-photoproduction data@2#. As the
S11(1535) resonance is masked by a stronghN threshold
cusp in pion photoproduction,h-photoproduction holds the
promise of a less model-dependent analysis. Attempts t
pion- andh-production data in coupled-channel approac
@3,4# have generally found values between those extrac
from single-channel fits.

Two studies@5,6# have gone beyond theS11(1535) and
have considered the sensitivity ofh-photoproduction data to
the nearbyD13(1520) resonance. In both of these analys
values for theratio of photodecay amplitudesA3/2/A1/2,
were found to be consistently far smaller than those infer
from pion-photoproduction analyses@7#. This discrepancy is
certainly unexpected@8#, as theD13 state appears to have
clean Breit-Wigner-like signal in the associated multipo
E22

1/2 and M22
1/2 extracted from pion-photoproduction dat

This ratio, as determined fromh-photoproduction data, ha
the value22.560.260.4 @5# or 22.160.2 @6#, as compared
to the PDG estimate@9# of 26.962.1. h-photoproduction
has the advantage of isospin selectivity but, in the case o
D13~1520!, one must deal with a very small coupling to th
hN channel.

As this difference amounts to a shift by several stand
deviations in a supposedly well-determined quantity,
have considered whether theh-photoproduction result can b
accommodated, even qualitatively, by the existing pio
photoproduction database. Given that we are investigatin
very large effect, and the background contribution to theE22

1/2

andM22
1/2 multipoles appears to be small near the resona

energy, this study was carried out assuming resonance d
nance in both theh- and pion-photoproduction multipole
@10#. Clearly this implies our results will only be qualitative
However, as we will see, even qualitative results can be
vealing.

We first note that the ratio of modified multipole amp
tudes, corresponding to the ratioA3/2/A1/2 is given by

A3/2

A1/2
5A3S Ē221M̄22

Ē2223M̄22
D ~1!
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with conversion factors as given in, for example, Ref.@11#.
Since we will be dealing with ratios, the conversion factor
not relevant and we will drop the barred notation. Assum
resonance dominance, a ratio of22.5 for A3/2/A1/2 can be
converted to a ratio of about 1.4 forE22

1/2/M22
1/2 . This can be

compared to the result of a representative analysis of p
photoproduction data@12,13#, wherein the ratio of multipoles
~imaginary parts! is found to be about 2.1 at the resonan
energy@14#.

In order to gauge the sensitivity of pion-photoproducti
data to this ratio, we started with a single-energy analy
centered at a lab photon energy of 760 MeV, correspond
to a value ofAs near theD13(1520) resonance position. W
then considered the effect of changes in the fitted multipo
Some qualitative results were immediately noticed. If o
D13 multipole was fixed and the other (E22

1/2 or M22
1/2) was

shifted to achieve a ratio of 1.4, the cross sections for b
p0p and p1n production were missed by large margin
However, if E22

1/2 was reduced andM22
1/2 was increased in

magnitude, a qualitative description of the cross secti
could be retained. A good fit to the existing polarization da
was also preserved. It soon became apparent that asmall
increase inM22

1/2 and amoderatedecrease inE22
1/2 was pre-

ferred in this exercise. From Eq.~1! this implies a small
decrease inA3/2 and a larger increase in the magnitude

FIG. 1. Differential cross section forgp→pp0 at 762 MeV.
Data from Ref.@15#. Solid curve corresponds to the unmodifie
single-energy solution; dashed curve corresponds to a 15% incr
in the imaginary part ofM22

1/2 and the proposedA3/2/A1/2 ratio
(22.5); dotted curve corresponds to the proposed ratio assum
the largest multipole (E22

1/2) is correct.
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A1/2; results following the trend suggested in Refs.@5,6#.
In Fig. 1 we show the result of increasingM22

1/2 by 15%
and fixing theE22

1/2/M22
1/2 ratio at 1.4. For comparison pur

poses, we also show the result of a shift inM22
1/2 alone, lead-

ing to the required ratio. The backward-angle cross sect
are particularly sensitive to these changes, as theD13 multi-
poles enter in the combination (E22

1/223M22
1/2). The larger

M22
1/2 and smallerE22

1/2 both reduce the cross section at ba
angles. Polarization measurements, in the current data b
are not sufficiently precise to pin downE22

1/2 andM22
1/2 . The

relative insensitivity of recoil polarization is illustrated i
Fig. 2. A somewhat greater sensitivity is seen in the bea
polarization observable (S) displayed in Fig. 3. It should be
emphasized that this isnot a fit to the pion-photoproduction
data. As mentioned above, a fit would result in very differe
values for the multipoles. Here we are simply showing h
the conclusions of Refs.@5,6# would effect the existing fit to
pion-photoproduction data, near theD13 resonance position
It would be incorrect, for example, to conclude that chan
in the pion-photoproduction observableS can be directly
linked to theE22

1/2/M22
1/2 ratio.

In summary, properties of theD13 multipoles, as deter-
mined from fits toh-photoproduction data, are not entire
excluded by the existing pion-photoproduction data. It
possible to obtain a qualitative description~but not ax2 fit!
of the pion-production data, at the resonance position, c
sistent with anA3/2/A1/2 ratio near22.5. If this ratio were
correct, and effects from the background were not a probl
the next step would be to determine which data, in the p
data base, were incompatible with this result. At pres
this would be difficult, as the data base is rather spa
with few sets covering a wide angular range. We sugge
similar study should be interesting if performed on t

FIG. 2. Recoil polarization forgp→pp0 at 762 MeV. Data,
between 760 and 765 MeV, from Ref.@16#. Curves as given in Fig
1.
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h-photoproduction data base. In that test one would ass
the D13 ratio, as extracted from pion-production data, a
consider what changes in the other multipoles would be
quired for a qualitative fit.

A second implicit assumption in this study should also
mentioned. We have considered the effect of changes in
D13 multipolesassumingthe remaining multipoles to be cor
rect. Given the above mentioned discrepancy betweenh- and
pion-photoproduction results for theS11(1535), this assump-
tion could be questionable for theS-wave multipoles. As an
exercise, we fixed theE22

1/2/M22
1/2 ratio at the resonance poin

and fitted the full database to 1.2 GeV. TheE22 /M22 ratio
was forced by adding amplitudes, with small errors,
pseudodata. In this fit, as might be expected, theE01

1/2 multi-
pole showed the largest shift due to the constraint. T
E22

1/2/M22
1/2 ratio was shifted from 2.1 to 1.6, and the imag

nary part ofE01
1/2 increased by 25% at 760 MeV. These r

sults clearly depend on the~purely subjective! errors as-
signed to the pseudodata, and should be taken only a
indication of correlations between theS11 and D13 multi-
poles. More definitive tests will be possible when prec
measurements of the cross section and polarization obs
ables cover this region. Precise measurements at back
angles will be particularly useful.
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work was supported in part by a U.S. Department of Ene
Grant No. DE-FG02-99ER41110. R.W. and I.S. gratefu
acknowledge a contract from Jefferson Lab under which
work was done. The Thomas Jefferson National Accelera
Facility ~Jefferson Lab! is operated by the Southeastern Un
versities Research Association~SURA! under U.S. DOE
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FIG. 3. Beam polarization (S) for gp→np1 at 762 MeV.
Curves as given in Fig. 1.
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