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Near threshold electroproduction of the @ meson atQ?~0.5 Ge\?
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Electroproduction of thas meson was investigated in tH&l(e,e’p)w reaction. The measurement was
performed at a four-momentum transf®?~0.5 Ge\2. Angular distributions of the virtual photon-proton
center-of-momentum cross sections have been extracted over the full angular range. These distributions exhibit
a strong enhancement ovechannel parity exchange processes in the backward direction. According to a
newly developed electroproduction model, this enhancement provides significant evidence of resonance for-
mation in they*p — wp reaction channel.
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[. INTRODUCTION old regime[1,2]. These experiments, carried out at DESY,
) despite suffering from very low statistics revealed that dif-
There are only few measurements of the cross section fGerent mechanisms contribute to production of feand w
electroproduction of light vector mesons in the near threshmesons in this region. The data for both the energy depen-
dence and angular distribution pf meson electroproduction
were found to be consistent with a vector meson dominance
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FIG. 1. (Color onling Vector meson dominandechannel con- el
tributions: (a) diffractive scattering—natural parity exchangé) Incident
79 exchange—unnatural parity exchange. beam

language of Regge theory, is the dominant process in the
natural parity exchange mechanism above the traditiona

resonance region. Near theproduction threshold, because HYBHOGEN IARGET High Momenturn

of the appreciable relative decay widlh, .0, (~8%), Spectrometer ./
t-channel unnatural parity exchange, mediated by the ex (Electron amm) »”_ -1

change of ther® meson, can make significant, even domi-

nant, contributions taw electroproduction. FIG. 2. (Color onling Top view of Hall C.Q and D denote

A VMD-based model[3], which includes both of these quadrupole and dipole magnets, respectively.
mechanisms fails, however, to reproduce the electroprodu
tion data near threshol@]. It was found that the strength of
the total cross section at threshold is much larger than th

predicted for the-channel exchange contributions. This en- The experiment used the high momentum spectrometer
hancement was associated with the nonperipheral componemMS) to detect scattered electrons. Its geometrical accep-
of the total cross section corresponding to large, equiva- (406 of~6.8 msr was defined by an octagonal aperture in a
lently, backward scattering angles. Theoretical models basegl 35_m_thick tungsten collimator. Before being detected, the
ont-channel exchange predict a strongly forward peaked ansjecirons traversed the magnetic field of four superconduct-
gular distribution of the cross section that monotonically de'lng magnets; three quadrupoles followed by a dipole. A pair

creases with increasing angle. The results presented in thig it chambers at the focal plane of the spectrometer was
paper substantially differ from this prediction. Such discrep-

. , ~used to determine the electron momentum while a threshold
ancies were suggested by other earlier measurements whicll,g “erenkov detector and Pb-glass calorimeter provided
as in Ref[2], found disagreements in the energy dependencgyicie identification at both hardwatiggen and software

of the total cross sectiop#,5]. More recent theoretical mod- |o\els. Arrays of segmented scintillator hodoscopes were
els address this by includirgchannel andi-channel contri- 504 to form the trigger and provide time-of-fligAEOF)
butions to compensate for the additional strength at threshz oo rements. Al of the data were taken with a HMS

old. spectrometer central angle of 17.20° and a central momen-

The data for the present analysis were acquired .in Hall Gum of 1.723 GeV. This choice defined the virtual photon
at the Thomas Jefferson National Accelerator Faclligf- ¢,y centered at 17.67° from the beam direction, and the
ferson Lab during an experiment designed to study electro, ;. momentum transfe@?~ 0.5 Ge\2.

production of strangeness vii(e,e’K)A(X) [6]. Part of The short orbit spectrometéBOS was set to detect posi-
the background in the kaon electroproduction experimen{ivmy charged particlegn*, K*, or p) and served as the
were moderately inelastie'p events rejected in the analysis padron arm in the experiment. An octagonal aperture in a
by kaon particle identification. Thegp events, analyzed in g 35.cm-thick tungsten collimator defined the SOS solid
the present work, provide the !argest, to date, available daténgle acceptance to be roughly 7.5 msr. Hadrons were de-
set onw meson electroproduction. _ _ tected after passing through the magnetic field of three resis-

This wqu reports on a measurement of the d|ﬁerent|altive magnets; a quadrupole and two dipoles with opposite
cross section for electroproduction @fmesons observed in  phenging directions. A detector package similar to that of the
the "H(e,e’p)w reaction near threshold at four-momentum s allowed for momentum determinatigmultiwire drift
transferQ®~0.5 Ge\~. The detailed analysis can be found chambersand particle identificatiorisegmented hodoscope
in Ref. [7]. arrays andCerenkov detectoys

Having fixed the electron arm position and momentum,
the angularg, and momentunp, setting of the hadron arm
was varied to access different scattering anglesn the

The experiment was conducted in Hall C at Jefferson Labhadron (y'p) center-of-momentum(CM) system. These
The layout of the instrumentation is indicated in Fig. 2. Dataspectrometer settings, which corresponded to increasing vir-
were taken using 3.245 GeV electrons impinging on a 4.3@ual photon proton angular separatiéy, in the lab, allowed
-cm long target cell[8,9]. Liquid hydrogen circulating complete coverage for the scattering angleg” with respect

(fhrough the cell was cooled in a heat exchanger by 15 K
Jaseous helium and kept at a temperatur€l8f0.2 K and
a pressure of 24 psia.

Il. EXPERIMENT

035203-2



NEAR THRESHOLD ELECTROPRODUCTION OF TH MESON AT

Q?~0.5 GeV? PHYSICAL REVIEW C 70, 035203(2004

TABLE I. Central values of the hadron arm momentpg an- 5000 F
gular settingéy, as well as the corresponding virtual photon proton £ 4500 - 24000
separatiord,,, and virtual photorw meson CM angles”. E 4000 [ P 12000°T
" % 3500 ¢ 10000 Real Coincidences
Po (GeV) o (deg 0, (deg 6 (deg 8 ol
1.077 17.67 0.00 180 2500 | 8000
22.00 4.33 155 2000 6000 |-
26.50 8.78 135 1500 | 4
v 4000
31.00 13.3 115 1000 | ,‘ M Random Coincidences
K 2000 F, T T !
0.929 17.67 0.00 180 500 | [
22.00 4.33 130 00 012 04 06 08 I 1.2 0 8 -6 420 2 4 6 810
26.50 8.78 110 Time—of—Flight B Corrected Coincidence Time
31.00 13.3 95
a 035 10
35.00 17.3 85 Q gl .
0.650 17.67 0.00 0 | 025
w 02 8
22.00 4.33 15 S s |
Q 0I5 ¢ 7
26.50 8.78 25 0.1 |
005 | ~ 6
_oog F .z *"ﬂ?i‘! iy
to the virtual photon direction in the CM frame, particularly 01 f e g 4
backward of 60°. The data taken for the forward angles suf- -0.15 | o &
fered from very low statistics. All the settings are presented (;‘Z | n2
in Table I. o3l H1
Figure 3 shows the full kinematic coverage of the data set e e L

in conjunction with the available acceptance. The closed
curves in this figure are contours of constant invariant mass
W and the radial lines are contours of constant scattering

*

Corrected Coincidence Time (ns)

FIG. 4. (Color online Top left: Velocity distribution from the

angle ¢ in the hadron CM frame. Open circles are attime-of-flight measuremerifBrop) for the real coincidence time cut
20 MeV and 5° increments, respectively. The plot was genshown in the bottom plot and described in the text. Top right: Dis-

erated for thew mass, 0.782 GeV, an®?=0.5 Ge\2. It is

tribution of the corrected coincidence time for protons. The esti-

evident from this plot that a finite acceptance in proton labmated random coincidence contribution is overlayed on top of the
momentum can produce cuts in which the range of acceptecbincident proton peak. Protons were selected using the TOF cut

W is a strong function of¢". These correlations were ac-

shown in the bottom plot. Bottom: Typical spectrum of the differ-

counted for in the extraction of the differential cross sectionsnce in the velocities as determined by the time-of-flight technique

from the data.

[ll. DATA ANALYSIS

Inelastic electron-proton final states were relatively eas

to identify. Electrons were well separated from pions at th

1.6 ——
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FIG. 3. (Color onling Total kinematic coverage. Straight lines

and proton momentum vs the corrected coincidence time.

trigger level and final purification was achieved by using cuts
on detector responses from the HMS g&senkov detector
Yand the Pb-glass calorimeter. Protons were selected using
&wo types of scintillator timing information, TOF and coin-
cidence time. In the SOS, the TOF was measured between
two pairs of segmented hodoscope arrays separated by
1.76 m. In addition, relative coincidence time was measured
between the hadron and electron arm scintillator arrays. The
top plots in Fig. 4 show typical distributions of TOF velocity,
Bros and coincidence time.

The relatively large momentum acceptance, £20% of the
central settingp, in Table ), resulted in a variation of ve-
locity with momentum(manifested as an asymmetry in the
proton Bror distribution, see Fig. 4 top leftThis, together
with the associated pathlength variations, required correc-
tions to the coincidence time to account for deviations from
the central trajectory. The corrected coincidence time distri-
bution (Fig. 4 top righy clearly shows the 2 ns radio fre-
quency(rf) microstructure of the electron beam. This struc-
ture was essential in the proton identification and accidental

define the acceptance of the experimental apparatus for all the kbackground removal. Real coincidence everdqy pairs

nematic settings.

coming from the same interaction point, form a prominent
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FIG. 5. (Color online Fixed target'H(e,e’p)X scattering pro- Missing Mass M (GeV)

cess. Here, as well as in the text later, the energy and three-

momentum transfer andq are given byv=E—E’ andq=k-k’. FIG. 7. (Color online Missing mass distribution fotH(e, e’ p)X

showing the decomposition into a peak ferand the background.

peak at —4.5 ns. The remaining peaks are formed by random
coincidences.

The final sample of protons was selected by requiring the
corrected coincidence time to be within the three rf peaks MZ:[(Mp,O) +(E,k) - (E' k") - (Ep,p)]Z:W2+ M,zJ
centered on the true coincidence peak and by employing a B
cut, for improved selectivity, on the difference between TOF 2E,(Mp+ ) + 2lq|plcos 6, )
velocity Bror and the velocity calculated using the measuredwhere 6, is the laboratory electron scattering angle anygl
proton momentunp,. This combination of cuts allowed the is the proton scattering angle with respect to the virtual pho-
retention of those protons that underwent interactions in thegn dire(;’[ion,Q2 is square of the four-momentum transfer to
SOS detector hut. These events form a shoulder that extenése target,W is the invariant mass of the virtual photon-
from the proton coincident peak toward negative values oproton systemt is the squared four-momentum transfer to
Bror— By (Fig. 4 bottom). the proton, andM is the mass of the system of undetected

Random coincidences, also present beneath the true coiparticles.
cidence peakFig. 4 top righy, contributed a background in

t= [(Mp,O) - (Eprp)]z = ZMp(Mp - Ep)u (3)

the final data samplé-ig. 7). These were averaged and re- ¢ e £ w0 F
moved by selecting a sample of random coincidences frorrﬁmo | <W> = 1.790 Gev ST ) 5 ey
five rf peaks(the selection procedure is shown in the bottom € < a5 I }'

o

(&} [

of Fig. 4). The random-subtracted distribution for any phys- S ,,, |-
ics quantity was then obtained by subtracting the correspond .
ing distribution for real and random samples, weighted by a 500 |-
3:5 ratio to account for the differing numbers of peaks in the I
respective samples.

The kinematics of theys channel for a fixed target is dia-
grammatically shown in Fig. 5. Kinematic quantities charac-

terizing the process can be expressed employing the notatio 0 s Sy 0"8 : 3

300 |-
1000 + =L

100 |

500

§

0 Lt
7 075 08 085 09

. } 0
of Flg- 5: Missing Mass M (GeV) Missing Mass M (GeV)
me—0 £ o0 | o =150° 5 [ eo=148
Q=-[EK - (E K = 4EE'SiM(6/2), (1) 3 [ W= 7oy 5300 | <w> - Jj750 Gev
5 g f 5 F
> 5 ) 5 g 700 | § 250 F
W :[(Mpvo)+(qu)] :Mp+2MpV_Q ) (2 600 7 o0 b
500 F
£ 12000 400 F 150
Dioooo | 'H(eep)X . 300 F 100 F
b= 200 F 1 .
2 8000 b R ! 50 F
= 00 Fh e
6000 0 W R I LT el
& 07 05 18 1ss 0T 075 18 18
4000 |- Invariant Mass W (GeV) Invariant Mass W (GeV)
2000 7 FIG. 8. (Color onling Missing massM and invariant massV
Oz T 0.6 =07 08 00 i distributions were broken down into individual contributions for
Missing Mass (GeV) two different momentum settings but the same angular settings.

Solid circles with error bars are the data. The shaded histogram is
FIG. 6. (Color onling Light vector meson electroproduction. the full Monte Carlo fit. The dotted line histogram corresponds to
The histogram shows events for all accepted momenta for one setihe resulting phase space yield, the solid line histogram towthe
ting. Note the presence of the pseudoscalaneson signal. yield, and the dashed line histogram to ffeyield.
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FIG. 9. (Color onling Distributions of four-momentum transfers FIG. 10. (Color onling Fits for two different momentum set-
Q2 andt for the same settings as described in the caption of Fig. 8tings summed ove# bins for missing masstop) and invariant
The cut-off at low values of t-reflects the proton momentum cut mass(bottom). Figure 8 contains the legend explanation.
applied in the analysis since the proton energy is directly propor-
tional tot in the fixed target regimésee Eq(3). was modeled as a combination of two processes, electropro-
duction of the neutrab meson and multipion production.
Reconstruction of the missing mass, performed according Production of thep was assumed to be purely diffractive
to Eq. (4), reveals a spectrum with a stromgmeson signal  [10]:
atop a complicated backgrouriBig. 6). The data were cor-
rected for trigger inefficiency<1%), track reconstruction do - (Mg)nB (M)DeP 7)
inefficiencies (~10%), particle identification inefficiencies dQ’dm M r '
(~2%), and computer and electronic dead tinfe5%).
In the CM system, the virtual photon cross section dor
productiondo,/dQ)" is given in terms of the conventional
two-particle coincidence cross section

where t' =t—tui,, with t,, being the momentum transfer
when the scattering occurs along the virtual photon direction.
In expression(7), coefficientsD andb are Q> andW depen-
dent to account for their variation near threshold @&ndat

do do, Q?=0, corresponds to the photoproduction cross section. The

s =Ty, ©) skewness of thg meson shape, apparent from other experi-
dperdQe dQ) dQ |
ments, was accounted for by using the Ross-Stodolsky pa-

whereI'; is the virtual photon flux. The virtual photon cross rametrization[11] [in Eq. (7) first factor on the right-hand
section can be decomposed into transvéosg, longitudinal ~ sidegl with the exponentn=5.2 coming from a fit to the
(o), and interference term@rr, 0. 7), such that DESY data[1]. For both the background and tlkRemeson,

the mass distributions were generated according to a fixed

do, width relativistic Breit-Wigner distribution

da’

. e(e+1) .
=gy +eCos 2 o+ 5 cos¢ o1, (6)
MSTS

(M2=M2)2+MT5’

B,(M) = (8)

whereoy=or+e gy, ¢ is the virtual photon polarization pa-
rameter, andy is the relative angle between the electron
scattering plane and hadron production plane. wherev is p or w with M,=781.94 MeV,I",=8.43 MeV,
The biggest challenge in cross section extraction was th ,=768.1 MeV, and’,=150.7 MeV[12].

separation of the data into the physics backgrounds@nd  The multipion processes were collectively modeled as a
meson productioiFig. 7). This was accomplished by using Lorentz invariant electroproduction phase space for two-
a Monte Carlo program to simulate both processes, the dombody production of a fictitious particle with arbitrary mass
nant background as well as production. The background M. This term is meant to account for all physically allowed
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FIG. 11. (Color onling Fits for two different momentum set- FIG. 12. (Color onling The results of signal-background sepa-

tings summed oveé” bins for four-momentum transfer(top) and ration, or, equivalentlyw yield extraction, for two different mo-

four-momentum transfe®? (bottom). Figure 8 contains the legend mentum settings of the hadron arm but the safg=4.33°, angu-

explanation. lar setting, Top: central momentupg=1.077 GeV. Bottom: central
momentumpy,=0.929 GeV.

reactions(W is well above themrs threshold that result in

more than three particlggncluding the electron and protpn The Monte Carlo program simulated finite target effects
in the final state. The flatly distributed low yield of events (multiple scattering and ionization energy logsesceptance
(approximately 2% at most settingsoming from the alumi- corrections, and radiative proccesses. The radiative correc-
num walls of the liquid hydrogen target were also treated asions were modeled after the approximations from RES].

a part of the phase space background. The phase space widy were accounted for by altering the incident and scat-

simulated by tered electron kinematics and applying loop and vertex cor-
. rections which modify the cross section, but do not modify

do - i(p_)M (9) the missing mass distribution. Having simulated all the pro-

dQ'dM 3272\ g/ W2’ cesses for each kinematic setting, the data and Monte Carlo

« « - ) . events were binned in CM scattering angle Finally, a
whereq' andp are the initial and final momenta in the CM pinneq maximum  likelihood fit was performed simulta-
fra_ﬂ?’ respotlactl\_/ely. f th imulated with neously in missing massy, Q2 t, and 6. The approach

e production o ge‘” bn;?]son vlvas simu ‘T[e WIth @ i corporated in the fit was developed by Barlg®d]. The
cross section assumed to behannel unnatural parity €x- jielinood function accounted for fluctuations in the data and

change Monte Carlo distributions due to finite statistics. Its maximi-
do zation allowed the search for the overall strengfhsof each
a0 dM B,(M)(o7 +e0] ), (100  process modeled, so that the resulting yields for each bin

satisfy the relation

with o7, af" being the transverse and longitudinal parts of the _ _
corresTponLding cross sectig8]. Within this model, the lon- Yoata = Yue =P1 Yo+ P2 Y, ¥ Ps Yonsp (1D
gitudinal contributiono|” is insignificant because it is an or- Results of the fitting process for the high momentum set-
der of magnitude smaller tharf for the kinematic regime of ting of the hadron armpe©5=1.077 GeV, and the intermedi-
the experiment. Natural parity exchange was neglected bete momentum settinngOS:O.929 GeV, for the same angu-
cause it is also roughly one order of magnitude smaller thaitar setting ofé,,=4.33°, are shown in Figs. 8 and 9. Figures
a7 within this regime. Similarly neglected were the nearly 10 and 11 show the result of summation of the fits foréall
vanishing contributions from the interference terms and  bins within these two hadron arm settings, respectively, thus
o7 This amounts to modeling the total cross section usingeflecting the goodness of the fit. Performing the fit allowed
only the largest contribution. separation of the raw data into the Monte Carlo determined
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TABLE 1. Differential cross sections for the lower averagé  [Eq. (8)]. The cross section was extractedQit~0.5 Ge\?
((W)=1.75 GeV. The bin width is 5°, centered on the quoted for 74 bins iné", mostly for backward directions in thg p
value, except for the first bin whose is 10°. The cross sections wergM system. Here, the Harfd 5] convention was adopted in

extracted forl¢'| <30°. evaluating the virtual photon fluK+. Identifying thew me-

son production using only the'p final states introduced a
g do/dQ’ Uncertainty W) Q% statistical error of less than 25%. Systematic uncertainties
(deg (ub/sn Stat. Syst. (GeV)  (GeV?) associated with the background subtraction are less than

12%. Fixed electron kinematics and limited out-of-plane ac-
45 0.257 0.057 0.015 1.753 0.501 ceptance reduced the range of acceptédangles to +30°
75 0.116 0026  0.011  1.745 0512 about 0° for the outermost angular settifgy,=17.39. This
80 0.170 0.026 0006  1.747 0511 ¢ cut was also applied to the data of all other settings.
85 0.112 0.024 0.006 1.747 0.510
90 0.131 0.024  0.006 1.747 0.510
95 0.163 0.024  0.008 1.749 0.510 IV. RESULTS
100 0.176 0.023  0.010  1.752 0.509 With the use of the procedures described ealier, angular
101 0.170 0.028  0.012 1.752 0.509  distributions of the differential cross sections for electropro-
105 0.260 0.023 0.012 1.755 0.505 duction of thew meson were extracted for two different av-
106 0.267 0.028 0.012 1.756 0.508 erage values of the invariant ma#s The data were divided
110 0.292 0024 0012 1.758 0504 into two sets according to the averagewhich, for each data
ML osiLo00s 00w L76L 0805 B e e buions that cortespond (o mean

u istributi
115 0.440 0.026 0.014 1.763 0.501 invariant masse$W) of 1.750 and 1.790 GeV. The results
120 0.466 0.025 0.013 1.766 0.499 are presented in Tables Il and III.
125 0.425 0.025 0.013 1.766 0.498 These two sets of the data, however, do not constitute two
130 0.399 0026 0012  1.762 0.498  independent angular distributions. There are large overlaps in
135 0.412 0.031 0.012 1.759 0.500  theW ranges for both distributions that can readily be seen in
138 0.400 0.031 0.012 1.749 0.497 the bottom of Figs. 8 and 10. Therefore, the cross sections of
140 0.458 0.044 0.012 1.755 0501 both angular distributions were scaled to a referetef
143 0.466 0.033 0.012 1.751 0.498 1..785 va. This was done by rescaling their corrgsponding
153 0.352 0.030 0.010 1.750 0.501 mass, the scaling factor was determined on an event-by-
158 0.308 0.031  0.010  1.748 0.501  event basis and then averaged. The scaling can quantitatively
163 0.353 0.039 0.009 1.747 0.501 be described by
168 0.288 0.040 0.010 1.745 0.504
173 0199 0050 0012 1742 0510 ( d"*) _ [Wiey) do (14)
dQ scaled F(\N) dQ ,

whereI'(W)=p"(W)/q"(W)W? is a normalized phase space
factor[compare with Eq(9)] andp” andq" are, respectively,
the 3-momenta in the CM frame of the and the virtual
Eoton which, for fixedW, are determined only by the

background, consisting of themeson and phase-space con-
tributions, and thew meson signal, thus obtaining the data
yields (Fig. 12).

Subsequently, the differential virtual photon cross sectio
was computed by scaling the model cross section by the da
yield Yiara (=p1Y,,), normalized to the simulated yield

asses of the interacting particles. The result of this proce-
re is shown in Fig. 13. Correcting for the phase space,
opening up above the threshold, removes practically all of
do,  Youra( do the observedV dependence. It also shows that the shape of
— = T(_> . (12 the distribution is not trivially induced bw variations of the
dQ ve VA2 me phase space factors.

The Monte Carlo yieldré. was evaluated by integrating the ~ The enhancement of the backward-angle cross section
model cross sectiordo/dQ)'dM over the entire acceptance Over t-channel unnatural parity exchangéraas model,
of the apparatus and binning the result in the CM scatteringlashed ling is evident. This was suggested by the earlier

angle. For any, bin, this process can be expressed as  €lectroproductiori2] and photoproductiof4,5] data. Such a
departure from the smooth falloff of tiechannel processes,

o _ do x either in the angular distribution drdependence, has been
e f A(6) FTRdQ*deQZde‘ﬁe'dQ dM, (13 attributed, theoretically, ts- and u-channel resonance con-

: tributions. Even though the energy dependence may not be
where R represents the multiplicative part of the radiative sensitive to the details of the model, since it is integrated
corrections andd(4,) is the acceptance for the giveéh bin.  over full angular range, the inclusion of resonance formation
In expression13), mass was integrated over thdine shape was also necessary to reproduce the near threshold strength
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TABLE lII. Differential cross sections for the higher average
((W)=1.790 GeV. The bin width is 5°, centered on the quoted

PHYSICAL REVIEW C 70, 035203(2004)

TABLE Ill.  (Continued)

value, except for the first bin whose width is 10°. The cross sectiong’ do/dQ” Uncertainty (W) (Q?

were extracted fof¢'| < 30°. (deg (ub/sy Stat. Syst. (GeV) (Ge\?)

& do/dQ’ Uncertainty (W) (@ 171 0.419 0.059 0.012 1.780 0.482

(deg (ub/sn Stat. Syst. (GeV)  (GeW?) 175 0.485 0.070  0.012 1.755 0.513
176 0.392 0.077 0.014 1.778 0.489

25 0.501 0.058 0.015 1.778 0.505

35 0.360 0.053 0.015 1.765 0.502

62 0.229 0.034  0.015 1.808 0.493  of the photoproduction cross sectigee Refs[16,17).

67 0.263 0.030 0.014 1.808 0.489 Recent examples of such calculatigdi$—21 mainly ad-

72 0.186 0.027 0.014 1.811 0.488 dress SAPHIR datgb]. Some of these work20,21 showed

73 0.171 0.033 0.014 1.771 0504 thatthe domipant contributions (iould come from the. missing

77 0193 0025 0.014 1814 0.484 resonancesiNg,,(1910, and.theN3,2(196O [the latter is la-

-8 0.168 0.032 0.014 1773 0.503 beIeQDB(ZOBO by the_ Parpcle Da_talGroupIZ]]. Other c_al-
culations, however, differ in predicting which nucleonic ex-

82 0.141 0.023 0.013 1.819 0479 (itations could contribute in thechannel. In Ref[16—-19 it

83 0.175 0.030 0013 1775 0.502  was found that the contribution from two resonances,

84 0.173 0.030  0.012 1.780 0512 P,41720 andF,5(1680, dominated and their inclusion was

88 0.225 0.029 0.012 1.779 0.500 necessary to reproduce the available photoproduction data

87 0.226 0.024 0.012 1.821 0.477  near threshold.

89 0.256 0.024  0.012 1.782 0.502 From the point of view of the present work, the most

92 0.251 0.027 0.012 1.825 0.475 Interesting result of these theoretical mod_els is that the

93 0.249 0028 0012 1784 0.496 nucleon resonances are the favo_red mechamsm_ for producing
backward-angle enhancements in the differential cross sec-

94 0.237 0.020 0.012 1.789 0498 " tion. The solid line in Fig. 13 shows the comparison of the

o7 0.282 0.031  0.012  1.827 0.473  data with an unpublished, as of this writing, electroproduc-

98 0.329 0.027  0.012 1.791 0.493  tion calculation[22] complementary to the photoproduction

99 0.321 0.019 0.012 1.800 0.491  model[17]. In this model, the diffractive nature af produc-

102 0.309 0.047 0.012 1.827 0.470 tion is described by Pomeron exchange based on Regge phe-

103 0.395 0.028 0.011 1.798 0489 homenology and S(3) flavor symmetry. This contribution

104 0.352 0.018 0.012 1.808 0.4g5 dominates the cross section abov_e 'the resonance region.

108 0.365 0.030 0,012 1796 0.488 Neutral 7 ex_change in the-channel is included to account

109 0.391 0.020 0.011 Ls11 0.484 for the_ peaking of the cross section in the forward d|rect|on,_
especially near threshold. Resonance formation processes in

113 0.318 0.037 0.012 1.791 0.488

114 0.450 0.023 0.011 1.814 0.481 o~ I

116 0396 0025 0011 1772 0500 Q gk e e

119 0.515 0.029 0.011 1.816 0.481 -Di 0.8k 4 DESY - <W>=13820Gev

121 0.486 0.024 0.010 1.785 0.493 ;—/ e - S: E?:aos(&e;%,[lzzzl%) : I |

124 0.524 0.044 0.010 1.816 0.482 % b

126 0.503 0.023  0.010  1.795 0488 05

131 0.506 0.024 0.010 1.796 0.488 © 0.5}

136 0.518 0.027 0.010 1.792 0.490 04f

140 0.530 0.024 0010 1.772 0.489 e

141 0.495 0.031 0.010 1.788 0.492 0_25

145 0.538 0.020 0.010 1.781 0.488 0.15

146 0.536 0.046 0.010 1.779 0.501 g

150 0.492 0.019 0.010  1.783 0.489 O "20 "0 60 80 100 120 140 160 180

151 0.471 0.102 0014  1.765 0.516 ¥ (deq)

195 0431 0.019 0.010 1780 0.492 FIG. 13. (Color onling The angular distributions for different

160 0.425 0.021 0.010 Lot 0.494 averageW and for|¢"| < 30°. Errorgbars are statistical. The DESY

165 0.439 0.026 0.010 1.773 0498 yata correspond to the four-momentum trans@=0.77 GeVf,

166 0.652 0.093 0.014 1.785 0.470  w=1.82 GeV, and fullp" range. The Fraas model shown here was

170 0.442 0.036 0.011 1.764 0.504 used in the cross section extraction. Both distributions were scaled

to W=1.785 GeV. The scaling procedure is described in the text.
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the s- and u-channel that dominate intermediate and back-currently observed24-32. If they exist, these states are
ward scattering angles, where the other contributions areither being masked by neighboring resonances with stronger
small, were modeled in aBU(6) X O(3) quark model sym- couplings or they are altogether decoupled from trd
metry limit. All contributions, summed coherently, give a channel. There are decay modes, other thdh however,
strongly ¢"-dependent cross sectigiq. (6)]. To correctly  that are predicted to have sizeable resonance coupling con-
compare this theoretical calculation with the data, the modes$tants[26,33. A calculation, based on the symmetric quark
was integrated over a range of the azimuthal argjleorre-  model [34], indeed predicts that vector meson decay chan-
sponding to the cut used in the data analysis. The model wazels, Np and Nw, have appreciable resonance couplings.

also averaged over the appropri&teand Q? ranges. Electroproduction ofw mesons, enhanced by its isospin se-
lectivity, may therefore provide additional evidence in the
V. CONCLUSIONS search for resonances unobservedriv scattering.

Cross sections for th@ meson electroproduction were
obtained from the'H(e,e'p)w reaction atE,=3.245 GeV.
The angular distribution of the differential cross section in  The authors would like to express sincere thanks to Dr.
the threshold regime has unprecedented granularity an@iang Zhao for sharing his electroproduction calculation and
much smaller statistical uncertainties than in previous workfor fruitful discussions on the underlying theory. The authors
The angular distribution exhibits a substantial backwardwould like to acknowledge the support of the staff of the
angle enhancement of the cross section over the purAccelerator division of Jefferson Lab. This work was sup-
t-channel expectation, similar to that found in the DERY,  ported in part by the U.S. Department of Energy under Con-
photoproductior{4], and SAPHIR dat45]. tract No. W-31-109-Eng-38 for Argonne National Labora-

In comparing the result of this work to the Zhao modeltory, by Contract No. DE-AC05-84ER40150, under which
[22], the similarity of the angular distributions is evident. In the Southeastern Universities Research AssocidBrRA)
the view of these results, this analysis provides significanbperates the Thomas Jefferson National Accelerator, and the
evidence for resonance formation, possiblghannel, in the National Science Foundation(Grant No. NPS-PHY-
v*p— wp reaction. It is worth noting that, although elastic 9319984. It was also in part supported by Temple Univer-
7N scattering constitutes the main source of information orsity, Philadelphia PA. P. A. would like to thank Dr. Kees de
the nucleon excitation spectrum, it alone cannot distinguislager, the leader of Hall A at Jefferson Lab, for the support
among existing theoretical mod€[&3], many of which pre- that allowed him to finish the analysis presented in this pa-
dict a much richer baryonic, hence nucleonic, spectrum thaper.
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