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Multipole analysis of 2H(y,p)n in the A resonance region
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An energy-dependent multipole analysis of the photodisintegration of deuterium has been performed for
photon energies between 187 and 314 MeV using recent data taken with linearly polarized photons. A good fit
is obtained with 11 free parameters determining eight multipoles. A wide variety of multipole solutions has
been examined and in all cases the cross section with photon polarization parallel to the reaction plane is
dominated by electric transitions, with2-E1 interference responsible for the observed forward-backward
angular asymmetry. The cross sections observed in perpendicular kinematics are dominated by magnetic
multipoles. Several rece™MA/NN coupled-channel calculations have predicted a pronounced 90° dip in the
cross section that is absent from the data. This dip can be reproduced by chandi® stvength distribution
in our fit. A comparison is made with multipoles calculated by Wilhelm and Areehat 300 MeV.
[S0556-28188)00507-X

PACS numbgs): 25.20-x, 21.30.Ch, 24.10.Eq, 25.18s

Deuteron photodisintegration has been one of the tradias well, notably in the distribution of partial wave strength.
tional testing grounds for studies of thiN andNA interac-  Characteristic of these calculations is a discrepancy in the
tions. Near typicalA excitation energiesE,~300 MeV),  cross section that grows with energy above about 250 MeV
two factors contribute to making this an important laboratorycreating a dip in the predicted 90° cross section that is absent
for the study of both forces. First, since the incident photorfrom the data. A detailed comparison of the calculations of
interacts primarily with one of the two nucleons, at theseWilhelm and Arenhwel [4] (WA) with the LEGS data at 300
energies it is the magnetic dipoNA coupling that domi- MeV shows that while the predicted cross section with pho-
nates and leads directly to @A intermediate state. The ton polarization parallel to the reaction plamgis in reason-
second factor comes from the spin structure of the deuterof@ble agreement with the data, the cross section in perpen-
which is primarily 3S; with a small additionaD, compo-  dicular polarization kinematics, is predicted to be too high
nent generated by tHeN tensor force. Since thel 1 opera- &t forward and backward angles and too low at B Al-
tor primarily flips spin without changing orbital angular mo- though in theyN system A excitation is almost purel 1,
mentum,M1(3S;) —1S, transitions cannot pass through an when transformed to the deuteron center of mass many mag-
NA intermediate state ansil =2 M1(3S,)— 1D, transitions netic as well as electric multipoles can contribute, and their

. . . 3 l .
are strongly suppressed. Thug,l A excitation proceeds interference with the dominant1("D,)— "D, transition

. . . will strongly effect predictions, particularly for polarization
mainly througah thed lstate of the_: deuterqn wave function VI8 observables. This makes it impossible to understand the
aAl=0 M1(°D;)—"D, transition and is inherently sensi-

! - > source of such discrepancies through a direct comparison
tive to theNN tensor interaction. with the data alone.

Leidemann and Arenhel [1], and Pea et al. [2], have It has long been recognize®,9] that an experimental
confirmed the eXpeCted SenSitiVity to th&\ interaction in mu'tipo'e decomposition of th|s reaction Wou|d be an ex-
D(y,p)n, both in the cross section and in the beam polartremely useful tool in analyzing the successes and shortcom-
ization asymmetry. Calculations similar to R¢l], com-  ings of theoretical calculations. Previous authors have char-
bined with the first simultaneous measurements of both obacterized the data with energy-dependent Legendre
servables by the LEGS Collaboratiof8], have also polynomial fits(see Ref[10], and references thergirSuch
demonstrated a strong sensitivity to the short-range part dits are useful in providing an average of data from many
the NN tensor force, an aspect of the interaction that is nodifferent experiments for displaying general properties of the
well constrained by other experiments. data but provide very little insight. The results of a Legendre

A full microscopic model forD(y,p)n requires a unitary  polynomial fit are helpful only when interpreted in the con-
coupled-channel treatment of tieN and NA interactions, text of a model. A purely data-driven analysis cannot indi-
and several sophisticated calculations have been developedte a possible source of agreement or disagreement with a
in recent year$2,4—6. These calculations have several fea-calculation. Our goal in the present work is to extract infor-
tures in common, but they also exhibit significant differencesmation from the data in the form of a multipole expansion

for a detailed comparison with theory. This has not previ-
ously been attempted, mainly because of the ambiguities that

*Present address: Centre de Physique, Ecole Polytechnique, Fesult from combining measurements of observables from
91128 Palaiseau-Cedex, France. different experiments that have different systematic uncer-
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tainties. This situation has been changed by the recent avairgy are represented loy |, andq, respectively. The extent
ability of a precision data set from LEGS which reports bothto which theA resonance strength is redistributed among the
cross sections and beam asymmetries covering the energdd multipoles is an interesting question which we would
region of theA resonanc¢7,11]. like the data to answer. This form is the simplest choice that
We present here the first multipole decomposition of thegjlows a peak in each multipole.
D(,p)n reaction. This analysis is necessarily model depen- The parametrization in Eq2) results in 66 constants. To
dent due to the limited number of observables av_allable"mit this enormous number of parameters, we are guided by
There are 24 complex amplitudes,(22,X2,X3q) which  {hree observations. First, thé1 multipoles are expected to
reduce to 12 under parity and time reversal invariance. Thu%ominate in particular th11(1D,). Secondly, a semiclas-
Thtere letre 2_4Eh(eal parameitlershtc;) dgéermlne.' For ta UNIQUE SQa) estimate shows that a 300 MeV photon absorbed at the
ution {to within an overall phase 25 experiments are re- edge of the deuteron has an angular momentum of approxi-
quired. With only two observables, the problem is severely

underdetermined. Nevertheless, it is possible to produce rgately 2.5, so that contributions from final states with Sig-

physically meaningful, model-dependent fit nificantly higher relativep-n angular momenta are expected

We have included electric and magnetic dipole and quad(© P& very smal[the expansion in Eq1) contains terms up

rupole photons in the initial state and all possible relativel® ~ =4]- Finally, the general energy dependence of the WA

p-n angular momenta in the final state. This produces a mulmultipoles was used to infer the initial energy dependgnce in
tipole expansion containing 22 complex amplitudes, whichEd-: (2), beyond the overall H, dependence of Eq1). With
are normalized12] so that such guidance, a physically meaningful solution with many
fewer than 66 parameters is obtained.
Oiot= M1+ 01+ oMot 0g2, (1a The fit was made to the complete LEGS data [de]
consisting of cross section sundg/dQ=(1/2)(do/dQ2
where +do, /dQ), and difference A=(1/2)(do/dQ—do, /
 (hc)2 dQ) angular distributions at 13 energies and integrated total
OMLEL= = <_) E (23+1)|ML,EL(>S /)2 cross sections at 12 energies between 187.5 and 313.8 MeV.
' 6 \E, There are data at eight angles for all but the lowest two
(1b) energies where there are seven. This gives a total of 216 data
Here, L is the total photon angular momenturfijis thep-n pqints in the fit. Ax? minimization was made to these data
relative orbital angular momentum, addis the total final ~ Using the CERN programinuiT [15]. o
state spin. Since the data lie mainly below the treshold For better control of the fitting process,lthe initial fit was
where the inelasticities in most partial waves are small, wglone in three steps. We began with #d.("D,) and some
use Watson's theoreiii3] to specify the phases. These are Of the higher angular momentum terms in &, M2, and
taken from thep-n scattering phases of the VPI FA95 solu- E2 multipoles. In the second and third steps, terms, expected
tion [14]. This leaves 22 magnitudes to be determined fromf©® be smaller according to the general criteria outlined above,
the data. Preliminary energy-independent analyses reveald¢ere added. At each step, all parameters were allowed to
that these magnitudes are strongly correlated through thekary- Aft'er Investigating the model space to get an idea of
similar angular dependences and, if left unconstrained, caf€ relative importance of the various terms, a procedure was
oscillate wildly from energy to energy. To ensure that thefound which produced a fit with 21 parameters. This is out-
fitted multipoles vary smoothly with energy, an explicit en- lined in the column labeled initial in Table I. This fit con-
ergy dependence must be assumed. While a Breit-Wigndgined four parameters for which the uncertainty exceeded
form might be a tempting parametrization for theL(!D,)  the value of the parameter. Fixing these undetermined pa-
where theA is dominant, there are in fact several reasons td@meters to zero and refitting gave the 17 parameter fit de-
expect significant deviations from such a pure resonancgctibed in the column labeled pruned.

shape. First, there are nonresonant contributions even to the This procedure still left poorly determined parameters in
M1 in the yN system, and these will persist in th® sys- the fit, some with uncertainties in excess of 50%. To reduce

tem. Secondly, the mixing of the multipoles in the transfor-the parameter set to a minimum and improve the uncertain-
mation from theyN to yD systems could further dilute the €S, we have used ttfe test[16] to estimate the significance
resonance portion of thel 1, spreading it among many other Of €ach term. The order in which parameters are removed
multipoles. Finally, even if one were to impose a resonantrom the fit is determined in the foIIOW|ng'Way. Starting from
shape on certain multipoles, there is still the problem of théh€ Pruned fit, a parameter is temporarily fixed to zero and
choice and interpretation of th& width(s) which is itself ~ the fitis repeated with one fewer degree of freedom. This is
energy dependeriB]. With these caveats and the desire todone successively for all the terms in the fit. The term which
A . . 2
keep the parametrization as simple as possible, the enerd\@S the least effect og” is permanently removed from the

dependence for each multipate has been parametrized as M- The significance of the deleted term is evaluated by com-
puting theF statistic. By successively removing the terms

ML,EL(%S*Y/ ) =cp+ | X+ qmX?, (2)  which changey? the least, parameters were removed Uil
showed a significant increase beyond the critical value cor-
where x is the scaled, dimensionless variabbe=(E, responding to 99% probability that the additional term was
— Emin)/ (Emax— Emin)- Emax @nd Ei, are the maximum and required. In this way, the number of parameters was reduced
minimum energies included in the fit, respectively. The co-to 11. The energy dependences of the remaining parameters
efficients of the terms constant, linear, and quadratic in enand their uncertainties are given in the column labeled final
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TABLE I. Outline of the fitting procedure. The energy depen- 50
dence is indicated by the lettezd,q, representing the inclusion of ~ 40
the constant, linear, and quadratic terms, respectively. The reduced @ 5 4
x2 for each step in the initial fit is given along with the final value. Q
! . ! S 20
The numbers in parentheses in the final column are the percent -
uncertainties for each parameter. = 10} Fit to LEGS Data ]
0 —+++t—+++H = = =WA Coupled Channels | ]
£ q q - i ®  Fit to 300 Mev "dip” |
nergy dependence = 30f E
Multipole Initial Pruned Final g 20 _ - E
M1('D,) cl,q clq o(4.5)1(3.3) a(4.6) W 10f TTTT e mme
E1CF,) c,l c c(1.8) ol
M2(F3) cl cl c(8.4)/(3.4) ~ sk
E2(°D,) c,l | 1(11.5) p 6
E2(3Ds) cl c c(5.8) g 3
E2(3Gs) c| c,l c(3.1) " AF
Y2n; 2.57 = 2
of
E2(*D,) cl,q c,l.q ~ aF
E1(3Py) cl c.l c(3.8) L
2 E
x°Ing 2.31 g s b E
E1(P,) c.lq l,q 1(6.8) w4 | E
x°In 2.06 2.04 2.39 SR S ersdon Bl =l LK
@ 0.8f E
. . € 0.6f E
in Table I. All of these parameters are determined to better = g ="
than 12% and all but three have uncertainties between 3 and ﬁ‘ 0.4 - - E
7 % as indicated in the table. 4 0.2 —-=-—T7 .
As a final step, fits were made successively freeing each S ) S S AP S PSS SO PR
’ 180 200 220 240 260 280 300 320

of the previously unused multipoles along with all param-
eters in the final set to search for any overlooked depen-
dences. Althozugh the |nclu3|qn (_)f additional parameters im- FIG. 1. The angle integrated total cross sections for each for the
proved the x°, the F test indicated that none of the phoi0n multipolarities included in the fit. The total integrated cross
improvements were statistically significant. section is the sum of the four components. The solid line represents

It should be noted that by ignoring the known deuteronihe energy-dependent fit, the dashed line indicates the WA coupled-
spin structure and successively adding multipoles which rechannels calculation, and the filled square symbol shows the result
duce x? the most, removing the undetermined parameterss a fit to the coupled-channels predictions at 300 MeV.
and then using thé& test to find the minimum set, a nine
parameter fit to the data can be made. This purely data drivefihe fact that no renormalization is required indicates that the
fit shows a very strong preference for thiel (°D,) over the  expansion is not truncated at so low an angular momentum
M1(*D,). This occurs because thd1(°D,) produces a that compensations are required by adjusting the scale factor.
flatter o, than theM1(*D,), giving an angular distribution (The results of the final fit along with uncertainties computed
more like the data. However, we have rejected this solutiorusing the complete error matrix can be accessed from the
as unphysical. LEGS web pag¢18].)

A measure of the overall quality of the fit is seen by To go beyond a direct comparison with the data, we have
examining the difference between the data and the fit for theelected the WA coupled-channels calculatigh as repre-
204 sum and difference cross section data points. The stagentative of the modern, sophisticated theoretical treatments.
dard deviation for this distribution is 0.2ab/sr which is The M1, E1, M2, andE2 contributions to the total cross
quite comparable to the average statistical experimental ursections from our multipole decomposition are compared
certainty of 0.13ub/sr. Using the complete covariance ma- with that of the WA calculations in Fig. 1. The total cross
trix to compute the uncertainties on the fit, the angle inte-section is the sum of these four terrfisq. (18)]. As ex-
grated total cross sections are determined to aboi8%. pected, the M1 dominates near the peak of tha&
These uncertainties on the fit reflect only the statistical and~ 260 MeV for theyD system. There is, however, no clear
polarization-dependent uncertainties on the data. We havexpression of thé\ peak in other multipoles. This indicates
also made fits adding a variable scale factor for the datahat the mixing that occurs when transforming from ty¢
weighting its contribution to? by the 5% experimental sys- to theyD systems does not produce a major redistribution of
tematic uncertainty following the method described bythe A strength. Nevertheless, the WA calculation produces a
D’Agostini [17]. This produces a scale factor of one to well larger M1 strength than does the fit throughout the energy
within the experimental limit, a uniform 5% uncertainty on range. The reduceM 1 strength appears to be required by
the fit results, and the same values for the parameters in thhe data, independent of the precise details of the fit. A va-
fit as found when including only the statistical uncertainties riety of different fits made to the datéor example, see fits

Photon Energy (MeV)
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] N FIG. 3. The parallel and perpendicular cross sections at 300
_ FIG. 2. The multipole decomposition of the parallel and perpen-yey. The filled circles show the LEGS data and the solid lines
dicular cross sections at 300 MeV. The cross sections are computedyesent the fit to this data. The dot-dashed lines represent the fit to
using the final fit described in Table I. The dotted line represents thg comparable number of points predicted by the full WA coupled-

M1 multipole strength. The medium dashed curve shows the surghannels calculationThe full WA calculation is shown as dotted
of the M1 andE1, the long dashed line represents the sum of thelines.)

M1, E1, andM2, and the solid line is the full fit to the data. The

statistical uncertainties in the fits are smaller than the line thiCk'strength is small and the angular dependence produced by
NEsses. the pureE2 terms contains only even powers of (s this

asymmetry comes from the2-E1 interference which con-
A—C in Table Il below all fall below the calculation. This tributes cod) and cod(6) angular dependences and is am-
may indicate a problem in coupled channels procedure. plified by the largeE1 strength.

The E1 multipole becomes increasingly important at the  The fit reproduces ther, cross sections with thé1
lower energies. The increase &1 and decrease dfi1  strength dominating, but the decomposition &or sheds no
strength is more pronounced in the fit than in the WA calcudight on the possible sources of the predicted 90° dip. Be-
lation, although the energy dependences are similar. cause the fit and the calculation use differpat phases and

The fittedM2 strength is similar in magnitude to that of the energy dependences for & andE2 contributions are
WA. Although the energy dependences are somewhat differdifferent, a direct multipole by multipole comparison is not
ent, both generally follow the same trend of increasing withvery illuminating. Rather, we have taken a simple, empirical
photon energy. approach to analyze the predicted 90° dip. Taking our fit to

The most striking difference occurs in the fitte@ cross the LEGS data as an initial baseline, we have fit the predic-
sections that are an order of magnitude larger than the WAions from the WA coupled-channels calculation. The differ-
calculation. As Donnachie has pointed ¢@8], the trunca- ence between the fit to the data and the fit to the calculation
tion of a multipole expansion can give rise to an ambiguitythen provides an indication of the source of the dip in the
which can effectively shift strength from higher, omitted, calculations. To avoid the complication of an energy depen-
terms down to lower angular momenta. To check whethetence, we have focused on 300 MeV where the predicted dip
this truncation ambiguity is responsible for the increased fitis large (Fig. 3).
ted E2 strength we have plotted in the lowest panel of Fig. 1  We replaced the 300 MeV LEGS data with predicted WA
the sum ofE3, M3, E4, andM 4 cross sections from the WA  values selected at eight angles, assigned uncertainties typical
calculation. Evidently, the increasé&® cross section is not of the LEGS data, and then repeated the fit at this one en-
caused by the absence of higher multipoles in the fit bukrgy. A fit to these cross sections varying all eight multipoles
rather results from a redistribution between dipole and quadincluded in the final fit could not reproduce the dip. To iden-
rupole strength in our multipole analysis as compared to théify the multipoles which contribute to the dip, a series of
WA calculation. additional fits was made, fixing the parameters to those of the

The multipole decomposition of the cross section at 30(inal fit described in Table I, and then allowing one other
MeV is shown in Fig. 2. Ther;(90°) cross section is mostly multipole at a time to vary. All multipoles not already in-
E1l. TheE1(®F3) and theM 2(F3) contributions tar, have  cluded in the final fit were sequentially varied in this proce-
terms involving co4#) which almost exactly cancel so that dure. Only with the addition oM2(3P,) is the coupled-
these, combined with the constavitl term, lead to a nearly channel calculation reproduced. The fit to the LEGS data and
flat angular distribution. The forward-backward angle asym-this fit to the WA calculation at 300 MeV are shown along
metry is driven by theE2 multipole. Because thé&2  with the LEGS data in Fig. 3. The agreement between the
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calculation and the fit for, is quite reasonablelthough TABLE Il. The angle integrated cross sections at 300 MeV for

there aresomedifferences at large and small angles . each of _the photon multipoles mcluo_led_ in the fit. The total cross
. . section is the sum of the terms as indicated by B@). The fit
These extreme angles are sensitive to the interference ?f

- . . . . beled final is described in Table I—there the multipole phases
multipoles with natural and unnatural parity. Since WA in-\ aa fixed at the corresponding elastien values. For all of the

clude terms up td. =4 and our fit stops dt =2, differences  gther columns of this table multipole phases were fixed at the
from our fit are to be expected in this angular region. coupled-channels values from WA]. The column labeled full WA

The effect of this fit on the multipole strengths are indi- calculation includes all multipoles with=<4. Solutions A and D
cated by the filled squares in Fig. 1. The addition of thestart thex? minimization from the final fit values, while B and E
|\/|2(3P2) multipole produces an increase in th2 cross start at the WA values for the eight multipoles of the final fit.
section and leaves the others unaffected. Since the effect #9lutions C and F start with all<2 multipoles fixed at the WA
confined to theM 2 cross section and only tM2(3F3) and yalues but vary only the eight of the final fit. All cross sections are
M2 (3P,) are nonzero, there are two terms to investigate: thel? 1b-

[M2(3P,)]? andM2(3P,) -M2(%F3). By successively edit-
ing these terms from the multipole expansion and repeating
the fit, we find that thé12(®P,)-M2(°F,) interference term  Multipole Final A B C FulWA D E F
° rvevsép(r)]giflzé%r ::r?e?o\?eddltﬁe;a;b.ove procedure allowing aﬁll 829 351 379 348 405 245 83 01
nine multipoles, the final eight plus one more, to vary eac 154130 1152 123 129 202 230
. P 4 . ' 74 11 11 23 6.4 17.0 32.7 28.0
time (rather than fixing the final eight and varying only the

X . . 26 89 17.1 159 0.3 45 59 7.7
added ong Now we find that manyM2 multipoles either
directly or through their interference with thd2(°F5) can L>2 0 0 0 0 0-5 0 0 0
produce a dip at 90°, although the2(P,)-M2(Fy) is Total 583 581 57.1 582 59.9 589 67.1 588
clearly preferred. In our fits, the dip is produced by a par-
ticular combination of constant, cigg) and co$(¢) terms.
An overall negative cd$6) contribution creates the generally redistributions of the multipole strength when compared to
negative curvature, while positive constant andzoﬁ)sterms the final fit. The range of solutions which fit the data reflects
produce an increase in the cross section near 50° and 13¢he ambiguity inherent to the limited number of observables
This combination can be produced in several ways but only@vailable. In these fits, thel2 strength is small and there is
by the M2 multipoles in our fit. an exchange of strength between B andE2 multipoles:

In the above analyses, multipole phases were fixed to themaller E1 contributions are accompanied by largep
p-n elastic scattering values. The phases used in the WAerms. A detailed decomposition of each of these fits shows
calculation have been renormalized by the coupling with théhat the forward-backward asymmetrydn is still produced
NA interaction and are considerably different. To test theby theE2-E1 interference. Thus, regardless of the nature of
model dependence of conclusions regarding the source of ttiBe fit, o is dominated by the electric multipoles and the
asymmetry ino, and the predicted dip i, to the multipole  E2-E1 interference term is responsible for the asymmetry in
phases we have made another series of fits at 300 MeV, bothe observed angular distribution.
to the LEGS data and to the WA calculation, using the Fits D and E, which include only onil2 multipole, the
coupled-channel phases of WA. The angle integrated cros¥ 2(*F3), do not reproduce the predicted dip at 90%in.
sections from these fits, along with those of the final fit de-However, the nonphysical fit fwith negligibleM 1 strength
scribed in Table | and the full WA calculation, are given in includes nonzero values for all th¢2 multipoles and does
Table Il. The fit labeled A starts with the eight multipoles fit the dip. A more detailed examination of this fit shows that
included in the final fit of Table | and refits the LEGS data atonce again, thé12(3P,) is required to produce the dip. If,
300 MeV with the WA phases. Fit D is a repeat of fit A with as before, otheM2 multipoles are also allowed to vary
the LEGS data replaced by predictions from the WA calcu-along with the eight in fit F, then again seveMP multi-
lation. Solution A is very similar to the final fit, except for an poles can make a 90° dip i, .
exchange betweeW?2 andE2 strengths. Comparing solu- The WA coupled-channel calculation includes multipoles
tion D to the full WA calculation, bottM2 andE2 compo-  up to L<4. TheirM2(3P,) strength is smaller than in our
nents have increased at the expense of\Mie strength. fits, and a significant fraction of the dip in tlg (90°) pre-

To test the sensitivity of the fitting procedure to the initial diction comes fromM1(*D,)-M3(*G,) interference[4].
starting point of the chi-squared minimization we have re-Once again, both the magnitude of thr¢ cross section and
peated A and D, but starting from the WA values of the eightthe shape of its angular distribution are dominated by the
multipoles rather than the final fit values. The results arenagnetic multipoles.
shown in columns B and E in Table Il. Fits C and F again Meson exchange currentMEC’s) are well known to
vary only the eight multipoles included in the final fit, but generate sizable effects D(y,p)n in the energy range of
start with all 22L <2 multipoles set to the WA values. this study[5]. It is interesting to recall that current conserva-

The M1 strength is relatively stable in the fits to the tion allows the evaluation of the dominant part of electric
LEGS data(sets A, B, and ¢ but the other multipoles vary MEC transitions directly from the charge density, without
quite a bit. In fact, for fits B and C thEé2 multipole is larger  requiring explicit knowledge of the nuclear current. This is
than either th&e1 or M 2. In spite of the fact that all of these just Siegert's theorem and has been used in most of the
fits reproduce the LEGS data very well, there are significantoupled-channels calculations. However, evaluation of the

Fit to LEGS data Fit to WA dip
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magnetic MEC transitions requires the nuclear current. Irthe o, predictions that characterize all recent coupled-
light of this, it is very tempting to speculate that the agree-channel calculations can be reproduced by changing/tBe
ment in Fig. 3 between the WA calculation ang, which is ~ Strength distribution in our fit. _ _
dominated by electric transitions, is due to the essentially Wh||le the_ W'IA‘. calllc_lélathns a(;re ”c11 goodhagreemg_nt with
perfect treatment of the electric MEC components that is e electric-multipole-dominate@,; data, they predict a

. s th v the fail zhape for the magnetic-dominater distribution that is
guaranteed by Siegert's theorem. Conversely, the failure Ofjeqrly inconsistent with the measurements. We speculate

the WA calculation to reproduce the distribution suggests  that this rather unusual situation could be caused by an in-
problems with the hadronic current that is needed to evaluateomplete treatment of MEC's which affects primarily the
the magnetic MEC contributions, since it is the magneticmagnetic transitions where the hadronic currents are impor-
multipoles that dominater, . tant. It is clearly desirable to further reduce the ambiguities
To summarize, we have carried out the first multipole!” the multipole decomposition. For this, other polarization
observables are required, and many are expected to be sen-
sitive to nuclear potentials and curref9]. Although there
> ' . 'Y PG3 a limited amount of nucleon polarization d@gi,22, the
larized photons. In an expansion that includes electric angky points currently available in the region of tiereso-
magnetic dipole and quadrupole radiation, the data can be fitance[21] have nearly 100% errors and do not provide a
with 11 parameters specifying the energy dependence of 8seful constraint. However, beam-target double-polarization
multipoles. Solutions of equivalent quality can be obtainedexperiments are in preparation at the LEGS and Mainz
with a larger number of parameters and we have examinet@gged photon facilities and these are likely to change this
the multipole decompositions of a wide variety. In all casesSituation dramatically.
the parallel cross section is dominated by electric multipoles We would like to thank Dr. H. Arenhel and Dr. P.

and the forward-backward asymmetry that characterizes th@jjjneim for many stimulating interactions. This work was

angular dependence of the, data is produced b¥2-E1  supported by the U.S. Department of Energy under Contract
interference. In contrast, the perpendicular cross sections argo. DE-AC02-76CH00016, and by the National Science
dominated by magnetic multipoles, and a spurious 90° dip ifFoundation.
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