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We briefly review the objectives and techniques for several experiments upon recoil
polarization in electroproduction of pseudoscalar mesons that will be performed in
Hall A at Jefferson Laboratory.

PACS numbers: 13.60.Le, 13.88.+¢, 14.20.Gk UDC 539.126

Keywords: meson electroproduction, nucleon resonances, recoil polarization, superparallel
kinematics

Transition form factors for the electroexcitation of nucleon resonances provide
stimulating tests of QCD-inspired models of baryon structure. The experimen-
tal program now underway in Hall B at Jefferson Laboratory (JLab) will soon
provide cross-section data whose statistical precision and coverage of phase space
will greatly exceed the world’s extant data set. However, it is difficult to sepa-
rate the form factors for overlapping resonances that interfere with each other and
with nonresonant background using only cross-section data. Minimization of am-
biguities in multipole analysis requires both target and recoil polarization data.
Target-polarization data will be acquired in Hall B while recoil polarization will be
obtained in Hall A. In this contribution, we highlight some of the unique sensitivi-
ties offered by recoil polarization, with particular emphasis upon a new method for
measuring longitudinal amplitudes using recoil polarization instead of Rosenbluth
separation.

It is usually very difficult to measure the longitudinal response function, Ry,
without substantial systematic errors using the traditional Rosenbluth method be-
cause unpolarized cross sections for meson electroproduction are usually dominated
by the transverse response function, Rt. Consequently, there exist few data for
longitudinal excitation with useful accuracy. Yet, it is very important to obtain ac-
curate measurements of the longitudinal form factors for baryon electroexcitation
because these quantities are quite sensitive to configuration mixing in quark models
and to relativistic corrections.
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It can be shown (e.g. Refs. 1 and 2) that recoil polarization observables for
parallel kinematics reduce to

6o = vLRy+vrRy
50HN = VLT RIIJVT
Golls = hujr Ri
50HL = hl/TT RTT s

where o is an unpolarized reduced cross section, II = P + hP’ is the net polar-
ization containing a helicity-independent part, P, and a helicity-dependent part,
P’. The kinematic coefficients, v, depend only on electron scattering kinematics,
while the corresponding response functions, R, containing the dynamical content
of the reaction, depend upon invariant mass, W, photon virtuality, @2, and the
center-of-mass, angle Ay, between the ejected nucleon and the virtual photon We
employ a basis in which Lis along the nucleon recoil momentum and N is normal
to the reaction plane containing the nucleon and meson momenta. A more detailed
accounting of the response functions and notation can be found in Refs. 1 and 2.

The reaction amplitudes for any A(e,e’ N)B process, where A has spin % and B
spin 0 that is governed by the one-photon exchange mechanism, can be expressed
in terms of helicity amplitudes of the form

Hy xon, (Q%, W, 0x,0n) = (Af|Fue™| s Ay,

where A\; and Ay are the initial and final helicities of the nucleon, A, is the helicity of
the virtual photon, F* is an appropriately normalized transition current operator,
and e* is the virtual-photon polarization. Since parity conservation requires

[H x;—x;—x, | = [Hx;an, |

it is sufficient [3,4] to consider the six independent amplitudes

H, = <*%|-7:u5“| 5. 1) Hy = (+3|Fuetl + 3,1)
Hy = (—%|Fuet| + 3,1) Hs = (+1|F.e”| + 5,0)
H3:< §|fu€u| %71> H6:<+%“EA6H|_%vO>

Due to the absence of orbital angular momentum in the initial state or spin in the
undetected recoil particle (B), the angular momentum projected onto the virtual
photon direction reduces to J, = Ay —A; = £\ for parallel (+ sign) or antiparallel
(- sign) kinematics. Hence, only Hy and Hg contribute to parallel or Hy and Hy to
antiparallel kinematics.

With only two complex helicity amplitudes surviving in parallel kinematics,
there can be only four independent response functions. For recoil polarization,
one obtains the following relationships (very similar results are obtained for target
polarization):
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Response function Parallel Antiparallel
Ry |Hg|? |H
R 3| Hal? 32
Ry 3| Hal? —3|HaP?
Ri2 —JsReH H —JsReH:H;
RN, %Imm H; — %ImHQ H;

Thus, it is possible to obtain both the magnitudes and the relative phases of the
H, and Hg helicity amplitudes in parallel kinematics or the Hy and Hs amplitudes
in antiparallel kinematics using either recoil or target polarization measurements.

The symmetry property Rify = +Rt, with upper (lower) sign for parallel (an-
tiparallel) kinematics, can be used to separate Ry, and Rt using recoil polarization
measurements with fixed electron-scattering kinematics. We define

R (Q2 w. 9N) :|:th N HL
2 W) = L ) ) _ TT
RL(Q°, W) Rr(Q2, W, 0x) oo v 10

as the ratio between the longitudinal- and transverse-response functions for parallel
(antiparallel) kinematics and find that this ratio depends upon the nucleon polar-
ization, IIy,, parallel to both the momentum transfer and the ejectile momentum.
We refer to these conditions as superparallel kinematics. This technique avoids the
major systematic errors involved in the Rosenbluth method, which tend to be large
because acceptances and cross sections vary rapidly with electron-scattering angle.
Furthermore, it is important to recognize that the underlying symmetry property
for pseudoscalar meson production is quite general, requiring only one-photon ex-
change and parity conservation — it does not depend upon dominance of a particular
resonance and applies equally well to the resonant and nonresonant contributions.
However, it need not apply to more complicated background processes such as
p(e,e’'N) wrr. Fortunately, those contributions should vary slowly with missing mass
and can be subtracted when the meson is narrow. Nor can this technique be used
to obtain full angular distribution for Rt and Ry, without Rosenbluth separation.

We have proposed to measure the angular distributions for recoil polarization
in the p(€,e'P)n reaction near the S11(1535) resonance at Q? = 0.5 (GeV/c)? [2].
Although it is well known that the S;;(1535) resonance dominates 7 electropro-
duction, nondominant resonance and nonresonant background still complicate ac-
curate extraction of its electroexcitation form factors. The sensitivities of coplanar
response functions to selected nondominant resonances were examined in some de-
tail in Ref. 2. We find that the R’1§T response function provides the most robust
signal for the |Ep,|?> multipole amplitude — the calculation using only S;; and
nonresonant amplitudes is practically identical with the full calculation including
many additional resonances. By contrast, the substantial contribution to Rt from
poorly known P17(1440) amplitudes would make it difficult to isolate Eyy without
using polarization. It is also worth noting that the D13(1520) resonance dominates
Ryr. Finally, although Ry, is expected to be small, R can still be obtained with

FIZIKA B 8 (1999) 1, 81-84 83



KELLY: RECOIL POLARIZATION IN ELECTROPRODUCTION OF MESONS

good precision using the recoil-polarization technique for superparallel kinematics.
Experiment 96-001 requires approximately 75uA of 75% polarized beam and will
request scheduling when this combination of beam parameters is achieved.

Quadrupole amplitudes for the N — A transition are sensitive to deformation
induced by color hyperfine interactions and are the subject of many current experi-
mental and theoretical investigations. Although recent photoexcitation experiments
have provided reliable, if slightly model-dependent, values of E;, at Q2 = 0, form
factors and scalar amplitudes require electroexcitation. The Ryt response function
is quite sensitive to the S14+ amplitude, but background contributions are not neg-
ligible. Recent measurements suggest values of ReS14 M, /|Mi4|? ~ —12% [5,6].
However, Kalleicher et al. [5] omitted the nonresonant background while a recent
measurement of Py [7] at the same Q2 = 0.13 (GeV/c)? suggests that scalar back-
ground amplitudes are substantially larger than predicted by current models and
are not negligible. Thus, in order to reduce the model dependence of S;; mea-
surements, it becomes important to understand better the background amplitudes.
The helicity-independent recoil-polarization response functions depend upon the
imaginary parts of interference products, Imab*, which emphasize the role of non-
resonant background. Experiment 91-011 [8] will measure both helicity-dependent
and helicity-independent coplanar response functions for pion electroproduction at
the A resonance for Q? = 1.0 (GeV/c)2. It is expected that a multipole analy-
sis of these data will provide Si4 with little model dependence and will better
characterize the properties of the nonresonant background.

We conclude that recoil polarization provides some unique opportunities for
studying baryon electroexcitation and plan to develop additional experimental pro-
posals as the required techniques mature.
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ODBOJNA POLARIZACIJA U ELEKTRO-TVORBI MEZONA

Daje se pregled ciljeva i metoda vise mjerenja odbojne polarizacije u elektro-tvorbi
pseudoskalarnih mezona koja ¢e se izvoditi u hali A Jeffersonovog Laboratorija.
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