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We present a measurement of the induced proton polariz&joim 7° electroproduction on the proton
around theA resonance. The measurement was made at a central invariant mass and a squared four-momentum
transfer ofW=1231 MeV andQ?=0.126 GeV/c?, respectively. We measured a large induced polarization,
P,=—0.397+0.055+ 0.009. The data suggest that the scalar background is larger than expected from a recent
effective Hamiltonian mode[.S0556-281®8)02012-3
PACS numbgs): 13.88:+e, 13.60.Le, 13.60.Rj, 14.20.Gk

At low Q?, theN— A transition is dominated by the mag- the quarks occup states in theN and A wave functions,
netic dipole amplitude. In a simple $6&) model in which all  the N— A transition is a spin flip of a single quark. If the
quarks are allowed to occufy states as well aS states in
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rupole amplitudes to the dominant magnetic dipole ampli-between 1200 and 1270 MeV.

tude, referred to as thegy andRc),, are indicative of the The focal plane asymmetries were calculated following
relative importance of thB state in the nucleon antl wave  the procedure detailed in R¢gfl1]. This procedure involved
function in this model. the use of polarimetry data of elastic scattering from hydro-

A sensitive probe of th&l— A transition is pion produc- gen[12] to determine the false asymmetries of the polarim-
tion on the free nucleon. However, many processes in addeter. In the one-photon exchange approximation with unpo-
tion to the N— A transition contribute to pion production: larized electrons, elastically scattered protons cannot be
nonresonant nucleon excitation, photon—vector-meson cowolarized. Therefore, any measured nonzero polarization is
pling and excitation of other resonances. Rescattering of thdue to false asymmetries. The resulting false asymmetries
final-state hadrons also affects the pion production obserwere small,<0.004.
ables[3]. We refer to the nonresonant processes as “back- The polarization of the protons at the polarimeter is the
ground” [4]. In order to extract information about tHé¢  asymmetry of the secondary scattering divided byghéC
— A transition from pion production observables, one mustnclusive analyzing power. We determined the analyzing
understand the contributions from the background processegower by using calibration data of the FPP taken at the In-

Electroproduction experiments were performed in the latediana University Cyclotron Facilityf13]. From our data
1960s and early 1970s in which iR, was extracted by taken with an incident proton energy of 200 MeV and the
performing multipole analysis ofe(e’p) data acquired over world’s data for analyzing power for energies between 150
a wide range of energies and ang]% These analyses ex- and 300 MeV[14,15, we determined a new fit to the func-
tracted an averag®c,, of roughly —7% for Q2 up to tional form of the analyzing power according to Aprile-
1 GeV?/c?. In 1993, an €,e’7°) experiment was con- Giboniet al.[14]. The uncertainty in the analyzing power for
ducted at ELSA aQ?=0.127 Ge\¥/c? [6]. The analysis of this measurement was 1.5%.

this experiment yielded a larg@zy, of —0.127+0.015, in In a magnetic spectrometer such as OHIPS, the polariza-
agreement with the analysis by Crawfofd] of earlier tions at the target and focal plane are related by a spin pre-
(e,e’'p) data at the sam@?. cession transformation. This transformation depends on the

We conducted a series ¢f(e,e’p)w° measurements at Precession of the spin in the spectrometer and on the popu-
the sameQ? as the ELSA measurement. We measured twdation of events across the acceptance. For this measurement,
types of observableg1) the cross section over a range of the transformation S|mpI|f|ed to a Simple multiplicative fac-
proton scattering angles with respect to the momentum trandor for the induced polarization because the electron beam
fer for a wide range of the invariant mass around Ahe(2) was unpolarized and the protons were detected along the
the induced proton polarization in parallel kinematics indirection of the momentum transfer.
which the proton is detected along the direction of the mo- TO determine this transformation, we used the Monte
mentum transfer. The cross section measurements allow férarlo program MCEEIP16] modified to use the spin-transfer
the extraction of theRcy. The induced polarization mea- Mmatrices of COSY17]. We populated events across the ac-
surement is sensitive to the background contributions. Wéeptance using a preliminary electroproduction model by
discuss in this paper the results of the polarization measuré3ato and LeeSL) based on their photoproduction model

ment, which is a measurement of tNe~A transition. described in Refl3]. The transformation was
Past electroproduction measurements were performed
over a wide range o®?, but only the angular dependence of P,=(—1.070+0.016 Py, @

the coincidence cross section was extracted from the[B8ata ) o
This data constrains only the real part of the interferencévherePy is the polarization component extracted from the
response tensd6]. In parallel kinematics the induced polar- azimuthal asymmetry of the secondary scattering, Bpds
ization P, is proportional to the imaginary part of a the nqrmal-type polarization at the target. We varied param-
longitudinal-transverse interference response tensor; hence 8ters in the COSY and MCEEP models by their measured
is proportional to the interference of the resonant and backuncertainties to determine the uncertainty of the spin preces-
ground amplitudes. In this manne®,, is sensitive to the Sion transformation. _
same physics as the beam helicity asymmetry proportional to 10 compare to theoretical models, we corrected the mea-
R_ 1/, the “fifth response function’[8]. ThusP,, is in a new su_red polarlzanon_ for f_|n|te acceptance effects. We deter-
class of pion production observables. mlngd the correction with MCEEP using the SL pion pro-

The experiment was conducted in 1995 in the South Halfuction model:
of M.L.T.-Bates. A 0.85% duty factor, 719 MeV electron )
beam was incident on a cryogenic liquid-hydrogen target. P, for point acceptance
Electrons were detected with the medium ener ion - P, for full t =1.158=0.011. @

gy pion spec , for full acceptance

trometer(MEPS [9] which was located at 44.17° and set at
a central momentum of 309 MeW®/ Coincident protons This correction is mostly due to the large electron accep-
were detected with the one-hundred-inch proton spectromtance. The uncertainty in the acceptance correction reflects
eter(OHIPS [10] which was located at 23.69° and set at a uncertainties in the experimental acceptance.
central momentum of 674 Me¥! The final-state proton Applying the spin-transformation factor and the accep-
polarization components were measured with the focal plantance correction, we determined that the induced polarization
polarimeter(FPP [11]. The central invariant mass and the for a point acceptance was
squared four-momentum transfer wafé=1231 MeV and
Q?=0.126 GeVf/c?. We sampled data over a range \of P,=—0.397+0.055+0.009, ®)
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where the first uncertainty is statistical and the second is
systematic. Our analysis does not depend on the absolute oo n—
scale of the model predictions. Thus, the smooth variatons [~ T
of the cross section and of the induced polarization over the ]
experimental phase space predicted by the model of Sato and Y i »
Lee suggest that the model sensitivity should be sufficiently o [
small to be neglected for this measurement. Corrections to & I
P, due to radiative processes are small, 0.02%, and were not -0.4 J{
included. I
In parallel kinematics all the response functions can be I 1
constructed from two complex amplitudes which we laBel T T N
and T [18]. In terms of the Chew-Goldberger-Low-Nambu 118 120 122 124 126 1.28
amplitudeg19] and multipole amplitudes expanded uppo W (GeV)
wave[8], these two amplitudes are

FIG. 1. Comparison of measurdd, with the two models. The

S=F{—F¢{~Sp+—S;-—4S;,, dot-dash is from MW. The lonéshor) dash is from SL with a 0%
(1.4% probability of aD state in theA wave function. The solid
T=F;+Fy~Ep, +M;_—3E;, —M,, . (4) line atP,=0 is the approximation of no background contributions.

The uncertainty shown is the statistical and systematic uncertainties

In parallel kinematicsP,, is proportional to the imaginary added in quadrature.
part of a longitudinal-transverse interference divided by the

unpolarized cross sectidi8]. In terms ofSandT, Rew=—9.1% when calculated from Eq.7) with Rgy
=—3%. Also shown are th§3+,Bs} points for the SL and
—V2es(1+€)ImS*T MW models. The SL model with a deformé¢dondeformed
n= T2+ €S2 ' (5) A has {s=0.001(—0.047), which violates the simple rela-
s tion of Eq.(7) because of a strong imagina®y, . The MW
model does not consider imaginary scalar contributions so
- V2e4(1+€)(Bs— {sBT) 6) that {s=0. Sincels of these models are approximately zero,
(1+83) +ey(Bo+D the points on the graph should be compared to the vertically
hatched region.
where e=(1+2q3/Q?% tarf10,) %,  €=Q%q%, €, For the wide range gBt and{s in the figure,Bs is larger

Qiab (Gem) iS the three-momentum transfer in the (@enter-  than 20%. Itis possible to satisfy the restrictionsRpfwith
of-momentun frame, @ is the scattering angle of the elec- IOWer s, but this requiress<—0.4. However, the sum
tron with respect to the beanggr)=ReS(T)/ImT and {s (st BSis I|m|t_ed by the small longitudinal contrlputlon to
=ImSImT. the cross sectiof21]. The results from the companion cross

The zeroth-order approximation @, is obtained by as- Sectior} data will provide additional information to constrain
suming only a purely resonaht— A transition contributes. the ratios.

Then at resonance, the contributing amplitudes are purely For the SL model to describe tli, data, the two extreme
imaginary, and thus corrections to the model are to increase eith@s or

RCM
1+3-Rey’

0.6 —

Bs=pBr=0 and (s=4 (7)

05
This approximation give®,=0. A nonzeroBg and/orB+ at
resonance, comes from background contributions. In this 0.4
manner,P,, is sensitive to the background.

In Fig. 1 our result is compared to two different pion
production models plotted over a range of the invariant mass
W at a fixedQ?=0.126 (GeVt)?. Results from a prelimi-

w0

w 03[

02F

nary electroproduction model based off the published SL 01 a E
photoproduction moddi3] are plotted for 0 and 1.4 % prob- E o ]
ability of a D state in theA wave function. The model of ol v 1o o B L
Mehrotra and Wright for the simultaneous fit & and 7+ 0.0 0.2 0.4 0.6 0.8 1.0
production data requiring unitarig§W) [20] is also plotted. B

Th's model ,does not considey resonance quadrupole am- FIG. 2. Regions of35 and B consistent with this measurement
plitudes. Neither of these models successfully reproduces thg, 1o values ofs. The region filled with verticaldiagonal lines
measured®,, . . . ) corresponds tds=0.0(—0.4). The regions for eacly denote the

The constraints on the ratios due to this measurement aghe standard deviation uncertainty in the constraint. The solid circle
illustrated in Fig. 2. The two bands denote the regions ofsquarg indicates the{s7,8s} of the SL model for a deformed
{B1.Bs} consistent with this measurement fo§=0 and  (nondeformellA. The empty circle is for the MW model. See text
—0.4. These values ofs correspond to arRcy=0 and for a further description.
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—{sBt1. As the model differs from the measurement by P, is sensitive to the real part of the background, whereas
roughly a factor of 2, we want to signficantly change thethe observables used to extraRt), are sensitive to the
ratios. Since the model describes the measured cross sectihaginary part.

as a function of the invariant mass w¢R2], we cannot Previous extractions of thBqy, neglected the nonreso-
radically alter the transverse contributiogg.differs by only ~ nant terms under the assumption that they are small. Our data
0.05 between the SL calculations with nondeformed and dedemonstrate that the background contributions are significant
formedA, so any large change in the real or imaginary scalafompared to the dominant resonant contributions and are not
amplitudes must come from nonresonant contributions. Folell described by recent models. Therefore, one camnot
lowing these conjectures, we conclude that the ldpgeof ~ Priori neglect the background terms in tRey extraction.

this measurement indicates that the scalar background con: N Summary, we measured a large induced polarization for

: — 2_
- ion production at W=1231 MeV and Q-=0.126
tributions are larger than expected from the SL model. P > .
The inclusion of rescattering in the SL model has a sig-GeVZ/C . The data suggest that the scalar background is
. L larger than expected from recent effective Hamiltonian mod-
nificant effect on the scalar background contributions com- : o
els. We demonstrated that the large induced polarization of

pared to the MW model. Both models use a similar descrilo'his measurement provides a significant constraint on scalar
tion of the Born amplitudes at the tree level: pseudovecto proy 9 !
ackground contributions. Results from the companion

7NN coupling andp exchange. However, the real scalar \\\"t" oo oo cross sections measurements and from future
contributions are quite different as demonstrated by the dif-

ference in thegs values in Fig. 2. Thus, the rescattering experiments planned at several facilities will constrain theo-

procedure in the SL model significantly enhances the bac retical approaches and improve our understanding ofthe

o — A transition.
ground scalar contributions.

It is difficult to directly compare the background of this ~ The authors wish to thank the staff of M.I.T.-Bates as
measurement with that of measurements from which thevell as T.-S. H. Lee for his preliminary model calculations.
Rcw is extracted. In general, the two observables can involv@his work was supported in part by the U.S. Department of
different combinations of multipole amplitudes. In addition, Energy and the U.S. National Science Foundation.
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