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Measurement of theR ; response function for 7° electroproduction
at Q?=0.070(GeV/c)? in the N—A transition
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Quadrupole amplitudes in thg" N— A transition are associated with the issue of nucleon deformation. A
search for these small amplitudes has been the focus of a series of measurements undertaken at Bates/MIT by
the OOPS Collaboration. We report on results fromelé(p) #° data obtained a?=0.070 (GeV¢)? and
invariant mass oW= 1155 MeV using the out-of-plane detection technique with the OOPS spectrometers. The
ot andot+ eo response functions were isolated. These results, along with those of previous measurements
atW=1172 MeV andQ?=0.127 (GeVt)?, aim in elucidating the interplay between resonant and nonreso-
nant amplitudes.
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The signature of the conjectured deformation of theH(e,e’p)#° reaction atQ?=0.070 (GeV¢)? and at W
nucleon[1] is mostly sought through the isolation of reso- = 1155 Mev, on the rising shoulder of tieresonance. The
nant quadrupole amplitudes in th& N— A transition. Such  tivation for the experiment was twofoléh) to understand
quadrupole contributions provide a sensitive probe of thgne jyterplay between resonant and nonresonant amplitudes,

@nternal nucleon structure and the und_er_lying quark dynam\'/vhich is best explored by following thé&/ dependence of the
ics. Quadrupole amplitudes and the origin of deformation L}_/n

. ) . . “Vvarious responses arill) to commence a series of measure-
attributed to different effects depending on the theoretical ents at a lowerQ? than Q?=0.127 (GeV&)2, a point

approach adopted. In a constituent-quark picture of th(?/vhere the database is by now quite rich as a result of mea-

nucleon, a quadrupole resonant amplitude would point to Qurements at Bates, Mainz, and Bdifnl2—14. The reason

ghsé?etgnadsrggt:u;isgtéhiotrzreoer;g::? IrIS< g{a\;itfeudngéog g:;ntzspf focusing on low momentum transfer region is driven by
uence of the color-h erfirl?e interactior? amona auarks Ir;[he need to understand the pion cloud effects which are ex-
gynamical models of {EerN system, the presegc?e of tHe pected to dominate tHe2 andC2 transition matrix elements

ionic cloud also gives rise to resonant quadrupole am Iiin the low Q* (large distancescale[15,18.

Fudes 9 q P P Spin-parity selection rules in th&l(J™=1/2")—A(J™
A ﬁumber of experimental progranfig—g] have been ac- =3/2") transition, allow only magnetic dipolél 1 and elec-

T ; ) R . tric quadrupoleE2 or Coulomb quadrupoled2) multipoles

tive in photopion and electropion production in theregion . : ;

: . . to contribute. The resonant photon absorption multipoles
at all the itermediate energy electromagnetic facilities. Re-M1 E2 andC2 correspond to the pion production multi-
sults emerging from these programs strongly support the no- 7" “"5," “35 ,'2 > plon prod
tion of a deformed nucleon although the magnitude and th@o!eSM}+ ’ E,1+ , and i respectlvely,_fcﬂli)wmg the no-
origin of this effect is still under exploration. The principal @ONMi.., Ej., andS.., wherel andJ=I=; correspond
difficulty derives from the “contamination” of the quadru- to their isospin and orb|tal angular momentum, resp_ectlvely.
pole amplitudes from coherent processes, such as Born ternf§€ duadrupole amplitudes are typically referred to in terms
or tails of higher resonances. The isolation of the contribu®f ;[zhelr ratio to the dominant magnetic dipole amplitude
tions of the nonresonant terms has emerged as a key task 1+ - The Coulomb quadrupolg: toggmagnetlc dipole ratio is
the experimental program exploring the issue of nucleon dedefined asCMR= RSM:_Re(S;+/M 1+) and the electric
formation. Recent reviews on this issue can be found irfluadrupole to magnetic dipole ratio aEMR=Rgy
Refs.[9-11]. = Re(Ef’f/M%2 . In the spherical quark model of the

We present here the results pertaining to the measurementicleon, theN— A excitation is a puré 1 transition. Mod-

of the ot and o,=01+ €0, response functions in an els of the nucleon which are in reasonable agreement with
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the known experimental facf45—18 predict values oRg)y,  genic liquid-hydrogen target. The beam average current was
in the range of- 1% to — 7%, at momentum transfer square 5 wA. Electrons were detected with the OHIPS spectrometer
Q?~0.1 (GeVic)>. [23] that was located at an angle of 22.9° and was set at a
The weak quadrupole amplitudes manifest themselvesentral momentum of 541 Me¥/ Protons were detected
through interference with the dominant dipole amplitude.with two OOPS spectrometef20—-22, symmetrically posi-
The interference of th€2 amplitude with theM 1 leads to  tioned at¢,q=45° and 135° with respect to the momentum
longitudinal-transversé€LT) type responses. The determina- transfer direction for a fixed9;q=55° and set at a central
tion of the o 1 response was the primary objective of this momentum of 428 Me\d. The uncertainty in the determina-

experiment. tion of the central momentum was 0.1% for the proton arm
The cross section of the (e’ p) #° reaction is sensitive and 0.15% for the electron arm. The spectrometers were
to four independent response functions, aligned with a precision better than 1 mm and 1 mrad, while
the uncertainty in the determination of the total beam charge
d°o B was 0.1%. The central invariant mass and the squared four-

dod0.dacm I'(or+eo —v ro17C08py, momentum  transfer ~ were W=1155MeV  and

erea Q?=0.070 Ge\?/c?, respectively. A third OOPS was used

+€07rC0S2byg), (1) ?s a luminosity monitor detecting elastically scattered elec-
rons.
where the kinematic factos 1= 2e(1+¢€) and € is the The OHIPS spectrometer employed two vertical drift

transverse polarization of the virtual photdn,the virtual chambers for the track reconstruction. Two layers of 14 Pb-
photon flux, andg, is the proton azimuthal angle with re- glass detectors and a Cherenkov detector were responsible
spect to the momentum transfer direction. for identification of electrons from the~ background. The

In the experiment reported here, we have measured théming information for OHIPS derived from three scintillator
o7 response function, which contains the interference ternéletectors. The OOPS spectrometers used three horizontal
Re(SF,M,,) in leading ordef19], and theot+ e which  drift chambers for the track reconstruction followed by three
is dominated by the-; response and the ; . multipole. The scintillator detectors for timing and for the separation of the
measurement was performed using the technique of the ourotons from the strongr™ background coming from the
of-plane detection with the OOPS spectrometers. By placing’* p— " n process.
the two identical OOPS moduld®0,21 symmetrically at The data taking period was preceded by a commissioning
azimuthal anglesp,,=45° and 135° with respect to the mo- period. E_Iastlc_: spatterlng data for calibration purposes were
mentum transfer direction—in the so-called “hatf- taken using liquid hydrogen and carbon targets and a 600
configuration”—we have the advantage of eliminating out inMeV beam. Measurements with and without sieve slits for
leading order thertt response term from the cross section all spectrometers allowed the determination Qf the optical
because of its cos®, dependence. Thus, combining the maitrix elements for all spectrometd®4] and their absolute
measurements from the two OOPS spectrometers we are atftficiency.

to separate the r andor+ o, responses. Tha  asym- _The “on line” coincidence time-of-flight peak had a full
metry is also measured which is proportional to the re-  Width at half maximum(FWHM) of 6 ns. After the time-of-
sponse and inversely proportional g+ eo, : flight correctlons were applled_ to accou.n.t for Qﬁerence_s in
the particle path length, particle velocities, different light
1 | d?¢ ( . d%o 37\ | times in the scintillators, and time walk effects in the scintil-
o r=——| —=| bpg= ——( ¢ =—) , lators, the FWHM was reduced to 2 ns. The missing mass
V20 _ngm 4 ngm M spectrum for the reconstructed® mass was characterized by

2 a width of 8 MeV (FWHM) and was successfully described
by the Monte Carlo simulation. A cut of a 5.5 ns time win-

1| d?c T d’c 37 ; ;
o1t ea == ( :_) ( :_) ’ dow on the corrected time-of-flight and af10 MeV around
2 ngm Pa -4 ngm Pa 4 the missing mass peak was used to select good events
) "~ (3) throughout the analysis.
The Monte Carlo programeexs [25] was used to model
do(ppq=7l4) —do(ppq=37/4) the experimental setup. A detailed simulation of the spec-
ALT:da(quq: 7l4)+do(ppq=3m/4) (4)  trometers involved was necessary in order to determine the

coincidence phase space volume. The precise knowledge of

The measurements were performed simultanously withhis volume was essential for the determination of absolute
two identical proton spectrometers enabling us to minimizecross sections.
the systematic errors. Minimization of the systematic errors The conventional set of three independent kinematic vari-
is a key issue in this experiment since the quadrupole ampliables that is used to describe the cross section is the center-
tude of interest contributes only as a very small part of theof-mass opening angle, the four momentum transfer squared
reaction cross section. and the invariant mas&aﬁgq,Qz,W}. Extraction ofA_1 and

The experiment was performed in the South Hall of MIT- o 1 requires that the phase space of the detected protons is
Bates Laboratory. A 0.85% duty factor, (0.820.008) GeV identical in the two OOPS spectrometers. However, due to
unpolarized pulsed electron beam was employed on a crydhe extended acceptances and the different convolution with
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TABLE I. Derived experimental quantities followed by the as-

signed statistical and systematic errors, respectively.

W 1155 MeV
Q? 0.070 (GeVic)?
0;q 55°
do T
—_ — 9.72+0.25+0.39 b/sr
a0 (¢Pq 4) #
do 37

Dog= 11.05+0.21+0.44 ubl/sr
do \"P9 4
At —6.4+1.6-1.8 %
o,=01t €0 10.39+0.16+0.27 ubl/sr
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FIG. 2. Theo,=o1+ €0 responses sum measured at this ex-

the electron acceptance, the accessible range in these thig@iment is plotted as a function df,, along with the model
variables differ for the two proton arms. For this reason, thef@lculations. Units are inub/sr and degrees fov, and g,
cross sections were measured individually for the two spec€SPectively.

trometers with their respective coincident phase space vol
umes{a’gq,Qz,W} matched. To facilitate comparison with

ions for finite acceptance effects using theoretical models by
comparing the model cross section for point kinematics to

theoretical predictions, we corrected our measured Cross sefiie same model averaged over the full acceptance.
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The cross sections for tHerward (nearest to the dump
OOPS (ppq=m/4) and thebackwardOOPS (b= 37/4),
along with theA|  space asymmetry and the responses
and o1+ eo are summarized in Table I. For all experimen-
tal quantities both the statistical and systematic errors are
presented, which are in general of comparable magnitude.
The systematic error is primarily driven by the uncertainty in
the beam energy and the angular positioning of the spectrom-
eters. A detailed breakdown of all sources of systematic error
is presented in Ref27].

In Figs. 1 and 2 we present the experimental results for
ot and o+ €0 ; the error shown represents the total ex-
perimental uncertaintystatistical plus systemajicThe re-
sults are compared with the recent phenomenological model
MAID 2000 [16,17], the dynamical model of DMTDubna-
Mainz-Taipe) [18], the model of Sato-Le¢l15| and the
SAID multipole analysis predictiof28]. Results from these
models have been widely used in comparisons with recent
experimental results. We will therefore forego a summary of
their physical content that is presented in the original papers
and other recent experimental investigations.

The MAID 2000 model offers consistently the best de-
scription of the data obtained so fdt2,24,26 with a slight
tendency to somewhat underpredict the strength of the mea-
sured responses. The SAID prediction offers an equally good
description to MAID to the data presented here. However,
the two models exhibit different behavior away from the
measured angle, pointing to the need of an expanded experi-
mental angular coverage at these same kinematics. Surpris-
ingly, the DMT calculation that had considerable success in
describing data on resonan@e higherQ? values, is incom-

FIG. 1. Theor response function measured at this experimentpatible with the experimental results presented here. The

is plotted as a function oﬁ’gq (top) and as a function of the invari-
ant mas$V (bottom) along with the predictions of the MAID, DMT,
Sato-Lee, and SAID model calculations. Units areuib/sr, MeV,

and degrees foor 1, W, and 6%

g respectively.

Sato-Lee model calculation, which as the DMT offers an
economic phenomenological description anchored in a con-
sistent microscopic framework, similarly underpredicts the
o7 response with results straggling the difference between
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the MAID and DMT models. The inadequacy of the dynami-need further refinement in order to account for the delicate
cal modelq 15,18, especially at @? value where the pion interplay between nonresonant and resonant amplitudes,
cloud contribution is predicted to be maximum is troubling; which is manifested most sensitively at the wings of the
their differences suggest that they may be capable of descrifiesonance. A better understanding of the interfering ampli-
ing the data in a more satisfactory fashion with a readjusttudes and their isolation can be facilitated through an exten-
ment of their phenomenological input. sive and detailed mapping of the responses primarily in
Our earlier measurement§12,13,24 below the A terms ofW and a’gq, 2as it is evident from Figs. 1 and 2,
resonance—atv=1170 MeV,Q?=0.127(GeV/c)?, and at but also in terms 0. ) ,
0= 61°—exhibit a similar trend when compared with the Recent measuremenf27] at Q“=0.127(GeV/c)*, on

predictions from these models. MAID 2000, which providesand above resonance utilizing the OOPS spectrometers are

an excellent account of the measured responses on resonar%grently being analyzed and are expected to provide a more

[12,13,24, offers a good description of the measured re_complete pictqre (.)f the behavior (.)f. the responses ofrthe
spo'nsés 'below resonan¢@2,13,24 with a tendency to electroproduction in th&l— A transition; They are expected

; ; ! . to elucidate further issues related to hadron deformation.
slightly underpredict them. This may be due to multipoles
that are not well determined in the model and which play a We are indebted and would like to thank Dr. S.S. Ka-
relatively more important role away from the peak of themalov, T.-S.H. Lee, L. Tiator, and T. Sato for providing us
resonance. SAID offers a similar description to MAID to with valuable suggestions on the overall program and these
these data. The dynamical models, DMT and Sato-Leeresults in particular. This work was supported in part by the
clearly exhibit deficiencies off resonance. These deficiencies.S. Department of Energy, the National Science Founda-
taken together with the behavior of the models on top of theion, and the EC-IHP ESOP, Contract No. HPTN-CT-2000-
resonancg12,13,24 indicate that the dynamic of models 00130.
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