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Abstract

Electroproduction of w mesons (ep — e’pw) will be used to search for a
group of “missing” N* resonances in the mass region between threshold and
2.2 GeV. These resonances have been predicted by quark raodels but have
not yet been experimentally confirmed. Using the CEBAF Large Acceptance
Spectrometer CLAS, the recoiling proton will be detected in coincidence with
the scattered electron. In addition, the 7~ % pair from the w decay can be
detected. This will not only improve the signal/noise ratio but also make it
possible to perform an analysis of the w polarization. The cross section for the
production of w in the backward direction and the w polarization are expected
to be especially sensitive to resonance contributions.

A. Introduction

The non-relativistic quark model with QCD-inspired improvements has
been very successful in describing the properties of the known baryons. How-
ever, the predicted number of excited baryon states (resonances) is consider-
ably larger than the number of states that have been observed experimentally.
Failure to find these resonances would create a serious problem for the non-
relativistic quark model and indicate that the basic degrees of freedom in 3
quark systems are not well understood. For example, it has been conjectured
that the quark degrees of freedom are restricted to oscillations of a quark-
diquark system.

An explanation which doesn’t invoke restricting the quark degrees of free-
dom has been developed [1]. It explains the lack of observation of these “miss-
ing” resonances as an experimental problem. Most N* resonances have been
observed in pion scattering experiments. This permitted only the observation of
those resonances that have an appreciable # N coupling. Particularly, in the case
of elastic 7N scattering via a resonance, the cross section is proportional to the
fourth power of the 7N coupling. Weak =N coupling results in the resonance
being masked by neighboring resonances with stronger 7V coupling. Koniuk
and Isgur [1] have shown that many unobserved resonances indeed decouple
from the #N channel. Their small 7N coupling is caused by color hyperfine
splitting between the constituent quarks producing configuration mixing both
within and between SU(6) multiplets. Other decay channels such as 7N, wN,
pN, and 7A are not affected by this mixing, and the “missing” resonances re-
tain a total width characteristic of other known resonances. Hence, the only
practical way to observe “missing” resonance formation is via (YN — wN, pN,
or wA) reactions.

The wN decay channel is well suited to search for “missing” resonances
because of the relative narrow w meson decay width (T, =8.5 MeV), compared
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to the p meson (I'; = 153 MeV). The hadronic final state can be identified in
e p— e'p X using missing mass techniques. The wN channel should be very
sensitive to “missing” resonances because:

a) the isoscalar w meson can couple with the proton only to N*(I = 1/2)
resonances. There are no A(I =3/2) resonance contributions to wp final states.

b) the decays of the known N* resonances proceed predominantly via N,
An, Np, and N7 final states. There are no N* known that have a measurable
w decay branch [4]. (There are several resonances, e.g. the P;;(1700) and
P,3(1700), whose total inelasticity is not fully accounted for by the known
decay modes. These resonances could enhance w production near threshold,
similar to the Roper resonance enhancement in the I = 1/2 component of the
N — mx N reaction). '

Quark model predictions by Koniuk [5] and Isgur [3] show that the wi¥V
decay of “missing” N* resonances is generally as strong as the other non-(7V)
decays. They list eight low-lying N* states (states for which the orbital angular
momentum < 2 and radial excitation number < 1) that have not been observed.
Table I [3] lists these together with two A resonances. All wN couplings are
considerably larger than the #N couplings.

The Feynman diagrams for the processes contributing to w production are
shown in Fig. 1. The two non-resonant processes, t—channel v exchange and
diffraction are strong and could easily mask a resonance signal. In 7 exchange,
w production occurs via 7’ exchange with the incident photon. The amplitude
for this process is significant due to the relatively large (8%) w — 7%y branch.
In diffractive production, the incident photon turns into a virtual w (Vector
Meson Dominance, VMD) and then diffractively scatters off the proton. Both
processes have large cross sections at small momentum transfers, corresponding
to forward angles. Therefore, a search for the contribution of resonances to w
production has to concentrate on backward angles.

B. Existing Data

Differential cross section data for backward w electroproduction in the res-
onance region are sparse as can be seen in Figs. 2 and 3, [8,9]. No attempt
has been made in the previous work to study the variation of backward cross
section with W. In the work by Ballam et al. (W = 2.5 GeV), shown in Fig. 3,
no results were reported for the backward region. In the w electroproduction
data by Joos et al., Fig 2., (W = 1.7 - 2.0 GeV), there is evidence for a leveling
off of the differential cross section at backward angles. Joos notes that his data
cannot be explained by 7 exchange and diffraction alone and suggests that:



“formation of s-channel resonances contributes
strongly in w electroproduction for W < 2 GeV”

The same flattening out appears in the photoproduction data of the ABB-
HHM collaboration (W = 1.8 - 2.0 GeV), Figs. 2 and 3. The two ABBHHM
data points (solid boxes) at back angles are considerably above the calculated
non-resonant cross section produced by diffraction and 7 exchange, (solid curve
of Fig. 3, see section C for details). The surprisingly large backward cross sec-
tion is, however, consistent with the formation of a “missing” resonance with
the expected v and w couplings (dashed curve of Fig. 3).

C. Cross Section Calculation

Calculations were performed to determine the sensitivity of w production
cross sections and w decay correlation measurements to the existence of the
group of “missing” resonances. As a prototype, the N *} (1955) member of the
group was selected for the calculation because of its predicted features {3,5]:

_ it has a strong photon coupling, nearly one third of the A{1232) photon
coupling
- it has the strongest w coupling in the “missing” resonance group

- it has an almost vanishing 7N coupling, only 1/30 the wN coupling
(difficult to detect in pion induced formetion)

- its relatively high spin, J = 5/2, characteristic of many resonances in
the group, will generate a high multipole angular distribution in the resonance
center-of-mass system (cms). This should facilitate the separation of the reso-
nance from the background.

a) Differential Cross Sections

The differential cross section for w production resulting from the three con-
tributions (s - channel resonance, VMD diffractive, and t - channel = exchange,
see Fig. 1) was calculated by adding the resonance amplitude to the = exchange
and diffractive amplitudes as given in [8]. A centrifugal w barrier penetration
factor of the form (qu(W)/q.(W=1955))%/? was used where q, is the w momen-
tum in the cms. The N*1(1955) resonance helicity amplitudes, taken from (3}
and [5], are typical for the group of “missing” resonances in the 1.8 < W < 2.1
GeV region. The two non-resonant processes dominate the forward direction;
the ratio of non-resonant forward/backward w production in the cms system
is &~ 200/1. Figure 3 shows the differential cross section at W = 1955 MeV
as a function of 82, (the w angle in the cms) with and without the N*3(1955)
resonance. The photon and w coupling constants were taken from Table I. The
backward w production is dominated by the N *3 (1955) resonance formation.
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Figure 9 shows the differential cross section at 8, = 180° as a function of W
yielding the typical "bump” at the resonance energy.

b) w Decay Correlation

Detecting the 7=+ pair from the w — =7+ x? decay in coincidence with
the proton will allow the complete kinematical reconstruction of the reaction
~op — wp — m wt7x’p and the determination of the decay plane of the w,
yielding additional sensitivity to resonance formation. The decay correlation,
W{(B4ecay, Pdecay), describes the variation of the w production cross section with
the orientation of the w — w—wt 7 decay plane. The orientation of the plane
is described by the direction of the normal to the r~wtx? decay plane in the
cms of the decaying w. The angles 64.cay 20d Pdecay are defined relative to the
outgoing proton (z axis) and the reaction plane (x axis). The w density matrix
elements from the differential cross section calculation were used in the decay
correlation expression of [11] to determine W(decay; Pdecay). Figures 10 and
11 show W(84ccay, Pdecay) evaluated at W = 1955 MeV and 8* = 180° with
and without the prototype resonance. Due to interference between the three
contributing processes that populate different w helicity states, there is clear
sensitivity to resonance formation in the correlation pattern.

D. Experimental Procedure

The proposed experiment will use the CEBAF Large Acceptance Spec-
trometer to measure w electroproduction off the proton. The main goal of the
experiment is to measure differential cross section for w production asa function
of the the mass of the hadronic system W (from threshold to ~ 2.2 GeV) and
the w production angle 87, Differential cross sections will be measured, detect-
ing the recoiling proton in coincidence with the scattered electron (ep — €'pX)
and using the missing mass technique to identify the unobserved w. A subset
of the data will contain 7~ =t pairs from the w decay. This allows to

a) improve the signal/noise ratio, likely to be important in the backward
direction where cross sections are known to be small

b) determine the decay angle correlation which is especially sensitive to
resonance production.

Ideelly, the data acquisition system should be triggered by the detection
of a scattered electron, thus giving an unbiased data sample for the hadronic
final state.

E. Simulation of the Experiment

Monte Carlo techniques were used to generate events from the (ep — ¢'pX)
reaction and to study the response of the CLAS detector. All relevant reac-
tion channels were included. CLAS resolution and acceptance were taken into
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account to derive the missing mass resolution, the signal/noise ratio for w de-
tection, and the acceptance as a function of the w cms angle.

Figure 4 shows the results of the simulation for the missing mass distribu-
tion (mx)? derived from detecting only the scattered electron and the proton
(ep — €'pX). The (mx)? distribution contains an w peak at 0.61 GeV? on
top of a continuum of mostly two-pion final states resulting from p and Aw
production. In addition, there is a small contribution of 37 final states that do

not result from w decays.

By requiring the detection of a #~x* pair in coincidence most of this con-
tinuum background can be eliminated. Figure 5 shows the result of the simula-
tion for the mass squared distribution, (my- »+)?, for all 7= pairs from the
final states mentioned above. Due to the missing 7° in the w decay there is little
overlap between the (my-+)? distribution generated by w and p decay. Ap-
plying a cut on the (my- +)? distribution eliminates the two-pion background
underneath the w pesk in the (mx)? distribution completely. Figure 6 shows
the (mx)? distribution with the cut on (m,- »+)?. The remaining background
under the w peak arises from 3 pion final states. The broad distribution below
0.4 GeV? is mainly due to Ar — pr~ ' final states.

The detection efficiency for the (ep — €'pw) reaction was determined as a
function of 8% taking the kinematics of the reaction and the acceptance of CLAS
into account. Figure 7 shows the efficiency for detecting the recoiling proton
only, Fig. 8 gives the efficiency for the coincident detection of the pr~nt final
state. (The efficiency figures do not include the limited azimuthal acceptance
for the scattered electron; this will reduce count rates by a factor of 2). The
efficiency variation with 62, is mainly caused by the azimuthal acceptance of
CLAS that decreases for forward going particles. Note that the full 87 range
can be covered. has

F. Count Rate Estimates

The following assumptions were used in estimating the w count rate due
to resonance formation:

Electron beam energy: Eo = 4GeV

Luminosity: L = 103cm™2 - sec™?

Virtual photon flux /incident electron / (AW - AQ?) = 1.8 -1073GeV ~2.
The flux, evaluated at W = 2.0 GeV, is an average over 0.5 < Q% < 0.8GeV2,
(14° < 6, < 19°).

Total w production cross section due to NV *4 (1955) formation: Fyotai(yp —
N* = pw) = 1.0ub



CLAS average efficiency = 0.075 for detection of the e’pr~n* final state
particles. This was obtained from the CLAS simulation calculation described
in Sec. E.

Size of Q* bin = 0.3 GeV?2,

Size of W bin = 0.05 GeV.

Size of 8% bin = 15°, number of bins = 12

The resulting count rate (due to resonance formation alone!) is 10° /week
/6% bin. The experiment will be able to obtain approximately 3% statistics per
week per £ bin at back angles.

Using the simulated 3 continuum background component under the w
peak, the proposed experiment can detect a resonance contribution of 13 nano-
barns/sr in a 8,-bin per week running time.

Size of O4ecay bin = 18°, number of bins = 10

Size of Pgecay bin = 18°, number of bins = 10. (Note that W(Bdecay: Pdecay)
is symmetric about ¢ = 180°).

The w decay angular correlation will give an additional signature for a res-
onance. The w decay correlation count rate is 10/(8.,-bin)/{8decay-bin)/(Pdecay-
bin) per week.

G. Run Time Request

The running conditions of this experiment are identical to the conditions of
some of the experiments proposed by the N* Collaboration. A total of 500 hours
of beam time (to be split between 2 and 4 GeV, and hydrogen and deuterium
targets) has been approved for all N* Collaboration experiments. No additional
run time will be requested at this time. Note, however, that only the run time
with 4 GeV electrons on the hydrogen target will be useful for the “missing”
resonance search.

H. Summary

The proposed experiment represents a first step in the search for a group
of “missing™ N* resonances in the mass region around 2 GeV. These resonances
have been predicted by quark models but have not yet been experimentally
confirmed. The experiment will investigate the wV decay of these resonances.
The backward w production cross section and the orientation of the w decay
plane are expected to be especially sensitive to resonance contributions.

Using the CEBAF Large Acceptance Spectrometer CLAS, all charged par-
ticles in the final state can be detected in coincidence with reasonable detection
efficiency.



Should the experiment find evidence for “missing” resonances in the wiN
channel it is likely that more detailed investigations will be required to identify
and disentangle the contributing resonances.
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Figure Captions

Figure 1 Feynman diagrams for the three processes taken into account for
the calculation of the electromagnetic production of w mesons.

Figure 2 Differential cross section for w photo- (open circles) and electro-
(black circles) production, reproduced from Fig. 5, Joos et al. [9].

Figure 3 Calculated differential cross section for w electroproduction in the
limit Q2 = 0 at W = 1955 MeV. The large forward cross section is due to =
exchange and diffraction scattering, in about equal amounts. The solid curve
is without the resonance, the dashed line is with the resonance. Also plotted
are w photoproduction data of Ballam et al., ref. 8, (open circles) taken at
W = 2.5 GeV and scaled to W = 1.955 GeV.

Figure 4 Monte Carlo calculation for the missing mass squared (mx )} in
(ep — e'pX) showing peaks due to #%, 5, and w production. The broad bump

underneath the w is due to p production.

Figure 5 Monte Carlo calculation for the mass distribution of m~ w7t pairs,
(My- x+)? showing the contributions from p and w production.
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Figure 8 Monte Carlo calculation for the missing mass distribution, (mx)?,
in coincidence with #— ™ pairs. A cut was placed to accept pairs only below
(Mx-x+)? = 0.42 GeV2. The broad peak underneath the w peak arises from

non-resonant 3 7 final states.
Figure 7 Monte Carlo calculation for the CLAS detection efficiency for pro-

tons from w electroproduction.

Figure 8 Monte Carlo calculation for the CLAS detection efficiency for the
complete pr~ 7w final state.

Figure 9 Result of a model calculation for the w electroproductlon differential
cross section at #* = 180° versus W with and without the N *} resonance.

Figure 10 Result of a model calculation for the w decay angular correlation,
W(Bdecay, Pdecay), evaluated at W = 1955 MeV and 6* = 180° forw — = ~xtal
decay in the presence of the N *3 resonance. The angles 84ccay 80d Pdecay are
‘defined in the text.

Figure 11 W(84ecay; Pdecay) Without the resonance contribution.
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TABLE1 : Some Missing Baryon Resonances (and Where to Find Them)

photoproduction amplitudes strong coupling amplitudes
PP n n

state >u\N wxm >u\m >~\m Nn An Np N
N2 (1955) + 9 -67 45 -22 0 -7 -8 +12
zw (2025) -1 42 451  +15 1 -7 +7 -1l
2" (1975) 176 +61 . 1 +6 ~-18 na
zw (1870) +6 -19 -6 -21 3 -4 41 -10
zw (1955) Y4 16 -39 +6 1 -9 +6 -9
zw (1980) -5 419 422 -20 1 +9 -7 +3
zw+ﬁmomov 0 -1 -15 +2 1 +5 -3 +9
W {1975) -1 +18 [ 0 - 8 + 5 na

1+
N5 (1890) 20 -1 4 +3 -5 +6

1+
N3 (2055) + 7 + 3 1 +2 -1 -5
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