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The polarized longitudinal-transverse structure functigr, has been measured in th€1232) resonance
region atQ?=0.40 and 0.65 Ge¥/ Data for thep(e,e’p)=° reaction were taken at Jefferson Lab with the
CEBAF large acceptance spectromdt8LAS) using longitudinally polarized electrons at an energy of 1.515
GeV. For the first time a complete angular distribution was measured, permitting the separation of different
nonresonant amplitudes using a partial wave analysis. Comparison with previous beam asymmetry measure-
ments at MAMI indicate a deviation from the predict®d dependence af 1, using recent phenomenological
models.

DOI: 10.1103/PhysRevC.68.0322XX PACS number13.60.Le, 12.40.Nn, 13.40.Gp

The y*p—A™(1232) transition has long served as ation observable§14-17 and unpolarized cross sections
benchmark for testing nucleon models. In the SU(6) sym{2,18| for Q?<0.2 GeV* show disagreement with some dy-
metric quark model, this strong magnetic dipole excitation isnamical models near tha(1232) peak. However, so far
described as originating from a single quark spin flip. Re-only narrow angular and kinematic ranges have been studied,
sidual spin-dependent and tensor-type interactions betwespelding few clues as to the origin of the discrepancy. The
the quarks are needed to explain tie-A mass difference present experiment was performed at four-momentum trans-
and the small quadrupole transition strength observed in pafersQ?=0.40 and 0.65 Ge¥/and covers a range of invariant
tial wave analyses of experimental pion electroproductiormasswW=1.1-1.3 GeV with full angular coverage in cé%
data[1-3]. Understanding the origin of these residual inter-gnd #* in the p7° center of masgc.m).
actions and their role in resonance formation and decay is a The data were taken at the Thomas Jefferson National
fundamental challenge for modern QCD-inspired hadronicaccelerator Facility (Jefferson Lap using a 1.515 GeV,
models. 100% duty-cycle beam of longitudinally polarized electrons

In particular, the dynamical effects of the pion cloud areincident on liquid hydrogen target. The electron polarization
predicted to strongly modify the electromagnetic couplingsyas determined by frequent Mer polarimeter measure-
at sufficiently low Q®. Chiral-quark and bag models that ments to be 0.690.009(stat}: 0.013(syst). Scattered elec-
incorporate pion coupling$4—-7] generally describe the trons and protons were detected in the CLAS spectrometer
A(1232) photocoupling multipoles better than a purely[19]. Electron triggers were enabled through a hardware co-
quark/gluon framework8,9]. Recent dynamical models de- incidence of the gas Cerenkov counters and the lead-
rived from effective chiral Lagrangians explicitly treat pion scintillator electromagnetic calorimeters. Protons were iden-
multiple scatterind10,11 and predict strong modifications  tified using momentum reconstruction in the tracking system
to both resonant and nonresonant amplitudes. The role of thend time of flight from the target to the scintillators. Soft-
pion cloud in electromagnetic interactions is also being studware fiducial cuts were used to exclude regions of nonuni-
ied using heavy baryon chiral perturbation theft?] and  form detector response. Kinematic corrections were applied
unquenched lattice QCEL3]. to compensate for drift chamber misalignments. e’

Unfortunately, cross section measurements alone do n@inal state was identified by requiring the missing neutral to
provide sufficient information to separate th¢1232) exci-  have a mass squared betweef.01 and 0.05 Ge¥/ Back-
tation reaction mechanisms from nonresonant backgroundsground from elastic Bethe-Heitler radiation was suppressed
and the tails of higher-mass resonances. Single spin polarizgy below 1% using a combination of cuts on missing mass
tion observables, on the other hand, are directly sensitive tand ¢* near ¢*=0°. Target window backgrounds were
the interference between resonant and nonresonant processggpressed with cuts on the reconstruaégl target vertex.
and together with precise cross sections can provide power- | the one-photon-exchange approximation, the electro-

ful constraints to models. production cross section factorizes as follows:
In this Rapid Communication we report new measure-
ments of the longitudinal-transverse polarized structure func- d5s d2gh
tion o 1 obtained in theA(1232) resonance region using =T , (1)

the p(é,e’p) 70 reaction. Recent measurements of polariza- dEe dQe dQ dQy
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wherel, is the virtual photon flux and?c™" is the differen-
tial cross section fo* p— p® with electron beam helicity
(h==*1). For an unpolarized targed,’o" depends on the
transverse €) and longitudinal € ) polarization of the vir- &
tual photon through five structure functionsy,o , and 2
their interference termat1, o1, ando 1 : s
S)
d20'h p*
=—"[og+hy2e (1—€) o 1/SinG*sing* ],
da; Kk
0go=01+ € 0+ €orSINPO%cos 2%
+ 26, (1+€) o rSindicoser , (2 =
3
where Q% ,6% ,¢%) are thew® ¢.m. momentum, polar, and T~
azimuthal angles, e=[1+2|q|?tar?(6,/2)/Q?]7Y, € 5
=(Q?/|k*|?)e, andk’ and|k*| are the virtual photon c.m.
momentum and equivalent energy.

The structure functions + and o 1/ determine the real
and imaginary parts of bilinear products between longitudi- ___ MAlDéooo
nal and transverse amplitudes:

FIG. 1. CLAS measuremen®) of o 1/ vs cos#: extracted at
or: REL*T)=RegL)RET)+Im(L)IM(T), (3)  Q2=0.40 Ge\? (top) and Q2=0.65 Ge\? (bottom). Curves show
model predictions. Shaded bars show systematic errors.
o ImM(L*T)=ReL)Im(T)—Im(L)R&T).  (4)
rections were also applied to compensate for cross section
Detection of a weak nonresonant background underlying theariations over the width of each bin. The correctegd;
peak of theA(1232) can be enhanced through its interfer-was multiplied by the unpolarized cross sectiop. A pa-
ence ino 1, with the strong transverse magnetic multipole rametrization ofo, was used, which was obtained from the
Im(M,,). Sensitivity to real backgrounds is suppressed inSAID PRO1 solution[21] fitted to previously measured
o1 due to the vanishing of R&{,.) at the resonance pole. CLAS data and world data. The structure functign,, was
Extraction ofo 1+ was made through a measurement ofthen extracted using E@6) by fitting the ¢ distributions.

the electron beam asymmetdy 1 : Systematic errors foeor 1+ were dominated by uncertainties
g e in determination of the electron beam polarization and the
A :d o —d% ) parametrized unpolarized cross sectiofy The systematic
L 20t + d20 error for A, is negligible in comparison. Quadratic addition
of the individual contributions yields a total relative system-
e (1—e .sin 0* sin* atic error of<6%.
_ V2l )U;Z SN0 ¢”. (6) Figure 1 showso 1 extracted atQ’=0.40 GeV and

Q?=0.65 Ge\#, where the cog* dependence is plotted for
W bins of 1.18, 1.22, and 1.26 GeV. The measured angular
distributions show a strong backward peaking Yrbins
around theA (1232) mass. The curves show predictions from

A, recent model$10,22,23 which use different methods to sat-
AT =5 (7)  isfy unitarity in themp final state. These models, which are

€ fitted to previous photoproduction and unpolarized electro-
N_t—N_- production data, include backgrounds arising from Born dia-
=z T (8  grams and-channel vector meson exchange. The Sato-Lee
N, "+N_~ [10] and Dubna-Mainz-Taipej22] (DMT) models use an

. off-shell 7N reaction theory to calculate unitarity correc-
whereN; is the number ofr® events per incident electron tions, while the more phenomenological MAID2000 model
for each electron beam helicity stat®., was determined [23] incorporateswN phases directly into the background
for individual bins of Q?,W,cos#% ,¢%). Normalization fac-  amplitudes. While the models describe the data qualitatively,
tors cancel in Eq(6), and since acceptance studies showechone of the calculations is able to describe both the overall
no significant helicity or bin size dependence, acceptanceagnitude and the slope of the measured c.m. angular distri-
factors canceled i\, as well. This leaved\, largely free  butions consistently.
from systematic errors. Radiative corrections were applied A more quantitative comparison was made through fitting
for each bin using the program recently developed by Afathe extractedr,  angular distributions using the Legendre
nasevet al. for exclusive pion electroproductior20]. Cor-  expansion:

A1 was obtained by dividing the measured asymmeigy
by the magnitude of the electron beam polarizatityn

m
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cost, Q? (Ge\/z) FIG. 3. CLAS measuremen®) of Legendre momenb| vs

W (GeV). Curves show recent model calculations that include con-
FIG. 2. Left: Fits too 1 angular distributions measured by tributions from multipoles up to angular momentlip=5. Shaded
CLAS (middle, bottom and MAMI (top) at W=1232 GeV using bars show systematic errors.
Eq. (9). See text for details. RightQ? dependence of Legendre
moments ofo 1. . Curves show model predictions. Data points arelarge statistical uncertainties. No evidence fowaves was
the present CLAS measurement. Vertical barsQét=0.2 Ge\ observed in our measurement @f; [1].
show moments obtained from model constrained fits to MAMI  We also compare our fit results with a recent MAMI mea-
data[16]. surement [16] of the beam asymmetryA  at Q?
=0.2 Ge\%. The published MAMI angular distribution was
o 1=D{+DjP1(cosd%)+D,P,(coshy), (99  converted too 1/ using Eq.(6) and MAID2000 for the un-
polarized cross sectiony. Since the MAMI data do not
where P,(cos#%) is thelth-order Legendre polynomial and have sufficient angular coverage to deterniig the fit was
D/ is the corresponding Legendre moment. Each momerperformed by constrainingD; relative to D; using
can be decomposed into interference terms involving th&1AID2000. With D, fixed, the remaining Legendre mo-
leading-order magneticM, -.), electric €, ), and scalar ments estimated from the MAMI data can be compared to
(S, .) multipoles: the Q2 trend of the CLAS datdFig. 2, righy. Both datasets
" suggest an anomalous behavior @f with respect to the
D'=—Im[(M+_ —M~.+3E:.)*Sn. +E*. (S, —2S models. However, a recent Bates measurerfientof o 1/
0 (M 1+ 1) S0+ + B0 (51 1+) at Q?=0.127 GeV and #*=129° found good agreement

+ee] (100 with MAID2000 and DMT, although no angular distributions
were reported.
Di=—6IM(M;_—M,+E;)*S;, +E},.S;_+---] Figures 3 and 4 show th&/ dependence of the fitted

(11)  Legendre moment®; andD;, respectively. Both moments
show strong resonant behavior, suggesting dominance of in-
Déz—12IrT{(MZ,—EZ,)*Sl++2E’l*+Szf+ e, terference terms involving the multipoles of tig1232).
(12)  Our measurement db is substantially below the predic-
tions of MAID2000, and in closer agreement with the DMT
wherel . is ther®p angular momentum whose coupling with dynamical model aW=1.18 GeV, while the Sato-Lee pre-
the nucleon spin is indicated by . diction is smaller still. For increasing/, our data fall below
Figure 2 shows typical fits ter 1, angular distributions the DMT curve, while none of the models describes ‘e
near the peak of thA(1232) resonancéeft), while the Q? dependence well. Note that contributions of higher reso-
dependence of the extracted Legendre moments is comparednces tdD are negligible except ne&/=1.30 GeV. Fig-
to model predictiongright). The largest disagreement with ure 4 shows the fit results f@} . Here our comparison with
models clearly occurs fdD,, which is dominated by inter- models shows som@? dependence. Better agreement with
ference terms involving-wave wN multipoles. The CLAS the dynamical models occurs below thg1232) at Q?
data also requir®,+0. The fittedD, strength has the same =0.4 Ge\?, while atQ?=0.65 GeV all of the W points are
sign and overall magnitude as the model predictions, alsystematically larger than the predictions.
though we cannot differentiate between the models due to The large differences between the model predictions for
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D, arise from the term In¥17, Sy..), which produces 70%—
75% of the total strength in MAID2000. In contrafl, is
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extraction of they* p—A(1232) C2 Coulomb quadrupole
transition, and is sensitive to choices ®NN coupling and
contributions from final staterN rescattering23]. Unfortu-
nately, a simple rescaling of ti&, strength, as suggested in
Ref. [16], is not sufficient to account for the inferre@?
dependence dbj.
In summary, complete angular distributions for the polar-

ized structure functiowr, t» were measured for the first time,

using thep(e,e’ p) #° reaction. In accordance with measure-
ments at lowef? [14—17, evidence for significant nonreso-
nant background in thAa (1232) region is seen. A departure
from the predictedQ? dependence of various effective La-
grangian based models is seen atA{@232) peak when the
CLAS data are compared to the MAMI data &
=0.2 Ge\f. Examination of the Legendre momerig and
D; shows the discrepancies are largestlgr. CLAS mea-
surements in th€? range of 0.1-0.4 Ge¥/and also folw
>1.3 GeV are currently being analyzed to provide more in-
formation on the form factors of the underlying multipoles.

We acknowledge the efforts of the staff of the Accelerator
and Physics Divisions at Jefferson Lab in their support of
this experiment. This work was supported in part by the U.S.
Department of Energy and National Science Foundation, the
Emmy Noether Grant from the Deutsche Forschungsgemein-
schaft, the French Commissariat a I'Energie Atomique, the
Italian Istituto Nazionale di Fisica Nucleare, and the Korea

more sensitive to higher resonances, which contribute 15%Research Foundation. The Southeastern Universities Re-

20% in MAID2000 [coming mainly from ImM7I_S;.)],
while Im(M7, S, ) accounts for=40% of the total strength.

search AssociatioiiSURA) operates the Thomas Jefferson
Accelerator Facility for the U.S. Department of Energy under

The Sy multipole is an important background affecting the Contract No. DE-AC05-84ER40150.

[1] K. Jooet al, Phys. Rev. Lett88, 122001(2002.

[2] C. Mertzet al, Phys. Rev. Lett86, 2963(2001).

[3] V.V. Frolov et al, Phys. Rev. Lett82, 45(1999.

[4] K. Bermuthet al, Phys. Rev. 087, 89 (1988.

[5] H. Walliser and G. Holzwarth, Z. Phys. 267, 317 (1997).

[6] A. Silva et al,, Nucl. Phys.A675, 637 (2000.

[7] L. Amoreira, P. Alberto, and M. Fiolhais, Phys. Rev. 62,
045202(2000.

[8] S. Capstick and G. Karl, Phys. Rev.41, 2767 (1990.

[9] N. Isgur, G. Karl, and R. Koniuk, Phys. Rev. Bb, 2394
(1982.

[10] T. Sato and T.-S.H. Lee, Phys. Rev.6B, 055201(2001).

[11] S.S. Kamalowt al, Phys. Rev. (54, 032201R) (2002.

[12] G. Gellaset al, Phys. Rev. D60, 054022(1999.

[13] C. Alexandrouet al.,, hep-lat/0307018.

[14] T. Pospischilet al,, Phys. Rev. Lett86, 2959(2001.

[15] G. Warrenet al, Phys. Rev. (568, 3722(1998.

[16] P. Bartschet al, Phys. Rev. Lett88, 142001(2002.

[17] C. Kunzet al,, Phys. Lett. B564, 21 (2003.

[18] N.F. Sparveriet al, Phys. Rev. (67, 058201(2003.

[19] B. Meckinget al., Nucl. Instrum. Methods. 503 513(2003.

[20] A. Afanasev, |. Akushevich, V. Burkert, and K. Joo, Phys. Rev.
D 66, 074004(2002.

[21] R. Arndt, W. Briscoe, I. Strakovsky, and R. Workman,
nucl-th/0301068.

[22] S.S. Kamalov and S.N. Yang, Phys. Rev. L88,4494(1999.

[23] D. Drechsel et al, Nucl. Phys. A645 145 (1999, see
www.kph.uni-mainz.de/MAID/

032201-5



