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Comparison of Polarization Observables in Electron Scattering from the Proton and Deuteron
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Recoil proton polarization observables were measured for both the'p) andd(é, ¢’ p)n reactions
at two values ofQ? using a newly commissioned proton focal plane polarimeter at the MIT-Bates
Linear Accelerator Center. The hydrogen and deuterium spin-dependent obseabéexl D, the
induced polarizatiorP,,, and the form factor rati@/G}; were measured under identical kinematics.
The deuterium and hydrogen results are in good agreement with each other and with the plane-wave
impulse approximation (PWIA). [S0031-9007(97)04964-8]

PACS numbers: 25.30.Dh, 13.40.Gp, 13.88.+e, 14.20.Dh

For many years, a major effort of nuclear physics hasally nuclear mechanisms such as final state interactions
been the determination of the nucleon electromagneti¢FSI), meson exchange currents (MEC), and isobar con-
form factors. In the Breit frame, the Sachs representatiofigurations (IC). Since recoil polarimetry can be used for
of the elastic form factor&r and G, represent Fourier both neutrons and protons, it is possible to test these as-
transforms of the charge and magnetization densities afumptions using the complementary reactié(@, e’ p)n
the nucleon; the same interpretation is also obtained and directly compare the results to those obtained using
low Q2 in the nucleon rest frame. Precise experimentatecoil polarization in elastic proton scattering.
determination of these form factors imposes stringent Inthep(e, e’p) reaction, there are, assuming one-photon
constraints on models of baryon structure. exchange, two helicity-dependent polarization observables

In the past, th@? dependence of the proton form factors [12—14]:

[1-6] has been measured using the Rosenbluth separation

technique. Extracting the form factors requires performmqut = hDy, = k <_2,/T(1 + 7)GhGh tan&>,
a set of measurements at fixg@? while varying the 2

electron scattering angte and the incident electron beam h(E + E) )
energyE. Because the technique relies on absolute crogi¢ = D¢ = ————4/7(1 + 7) (Ghr) tar?
section measurements, it is sensitive to systematic errors
in E, E’ (the scattered electron energy), ahd The subscripts and ¢ refer to the recoil proton’s polari-
The Rosenbluth separation technique has also beeration components in the electron scattering plane, either
used to determine th€? dependence of the neutron transverse or longitudinal to its momentum. The first
form factors via quasielastic electron-deuteron scatteringubscript in the polarization transfer coefficieritg, and
[7-10]. Consequently, the extraction of the neutron in-D, refers to the electron’s longitudinal polarization. The
formation is sensitive to deuteron wave function modelselectron beam helicity is denoted byl is the unpolarized
It appears possible, however, using polarization techeross section (excludingy), andr = Q?/4M.
niques [such ad(e, e'n)p [11]] to determine the neutron ~ The measurement of polarization observables is of in-
form factors in a nearly model-independent fashion. Thiderest because they result from the interference between
requires that polarization observables measured on themplitudes and, thus, may be linear in small, interest-
deuteron for quasifree kinematics be insensitive to specifing quantities rather than quadratic (as in cross section

(1)
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measurements). An example of thisGg in P,. It is The angular distribution of th&C(p, p’) scattering in
increasingly difficult to measuré, asQ? becomes large the analyzer, in terms of focal plane polarizations, is [19]
[=1 (GeV/c)?] using Rosenbluth separation because the 1(0,¢) = I(0)[1 — PIPA.(9)sing
cross section is kinematically dominated B;. Note fp

. ; . + Pi Ac(6) cosg], 3)
that the ratio ofP,/P, gives the ratio of the form factors where Iy(6) is the unpolarized angular distributio

PP T

Gg/Gy independent of the beam helicity. is the second scattering azimuthal angle, andis the
analyzing power of thé?C(p, p’) reaction. A, depends

(2) on the second scattering polar angleand the proton

kinetic energyl',. A. peaks between £620° and goes to

Zgro as goes to zero because the small-angle scatterings

Because these two polarization observables are measur : S .

. ) . ; ; dre predominantly spin-independent multiple Coulomb
simultaneously, this technique avoids a major systematlgca,[terin s: however, tHaC( p. p') elastic cross section is
uncertainty of the Rosenbluth method. 9s, ' p.p

A recoil polarization component normal to tfe, ') dominated by these small-andls3.5°) events. To elimi-

i nate such events, the readout electronics was equipped
plane,P,, may, for example, be induced by FSI. Such a_ . SN )
ot .0 . with a fast, small-angle rejection system described
polarization is helicity independent, unlike the above Ion_elsewhere 20]
gitudinal and transverse polarizations. For elastic scatter- ) I .
The small-angle rejection system implemented a box

ing from a proton,P,, vanishes in one-photon exchange. . : .
. o ' ut on the second scattering coordinatemndy, resulting
Comparing the measured polarization observables in bot . . L
in azimuthally biased small-angle data. This bias was

SN IO : L
p(é,e'p) and d(e,e'p)n scattering allows a sensitive, o by a software cut that excluded events scattering
model-independent test of the impulse approximation fo'ihrough less than %7 Events with > 20° were also

the deuteron. excluded sinceA. is not well known at larger angles.

The experiment [15-17] was performed at the MlT'InstrumentaI asymmetries of the FPP were separated
Bates Linear Accelerator Center during the winter of 1995 Sy . . pare
from the physical asymmetries by elastically scattering

A longitudinally polarized electron beam of 580 MeV with unpolarized electrons from hydrogen. ARy component

i — 0,
a current ranging fromi- 15 w.A and a 1% duty factor was to this data could only result from two or more photon

incident on a cryogenic target. The target had cells for both S )
L ; exchanges and would, thus, be negligible in comparison
liquid hydrogen and deuterium. The hydrogen and deu: .

X - to instrumental effects; therefore, we treated any such
terium target cells were 5 and 3 cm in diameter, respec-

tively. They were alternated in the beam every 8—12 h'component as an instrumental asymmetry and subtracted
it from the P, component of the deuterium data.

The scattered electrons were detected in the Medium The A. values used to extract the phvsical asvmmetries
Energy Pion Spectrometer (MEPS) while the scattered ¢ bny y

2
protons were detected in the One-Hundred Inch Proto s © 0.514 and 0.537 for the 0.38 afid0 (GeV/c)

2 . .
Spectrometer (OHIPS). Both spectrometers contain twg2 measurement, respectively. These were determined

focusing quadrupoles followed by a vertically bendingusmg a fit of the form developed by Aprile-Giboet al.

dipole. MEPS had a 14 msr solid angle acceptance Whillalg] on a database that m.CIL.jdEd our IUCF calibration
measurement and other similar measurements [19,21].

. Yhe uncertainty in the measured proton polarization due
+
tum acceptances were10% and +5%, respectively. A to the analyzing power was 1.4% for the lower

focal_plane polarimeter (FPP) buﬂt by the ?Xp?”memersmeasurement and 1.9% for the higl@t measurement.

was installed on OHIPS, allowing the polarization of the he el b larizati d

outgoing protons to be measured. Data were acquired tT e electron beam polarization was measured on a
: . r'E‘ially basis using a Mgller polarimeter. It could also be

two different electron scattering angles, 82ahd 113

. ; >
corresponding to four-momentum transfers squared Ofo_3ge§erm|ned fror_n the hydrogen data using @é/GM
and0.50 (GeV/c)?. ratio as determined from the FPP. This ratio was used

. - in Eg. (1) to determine a value &fy,. By then taking the
The FPP consists of four two-plane multiwire propor- _ . - .
. . ratio P, /Dy,, the helicity was determined. These results
tional chambers, two each before and after a graphite ana-

. Iy 0
lyzer, allowing the proton trajectory to be determined bothagreed with the Mzller data to within 2.0% and are shown

before and after it scatters in the graphite. The analyze'rn Table I. The first error bars are statistical while the

thickness [7 and 9.5 cm for the 0.38 afd0 (GeV/c)? second are systematic.
Q% measurements, respectively] was chosen to optimize
the figure of merit. Scattering anglésin the graphite

Gz P, (E + E)tan#,/2)

Gy P 2M,

TABLE I. Summary of beam helicity measurements.

could be resolved te=1° and the FPP provided com- h h
plete azimuthal coverage far < 20°. The device was Device [Q? = 0.38 (GeV/¢)?] [0? = 0.50 (GeV/c)?]
calibrated in a direct beam of polarized protons at thg-pp 0281 + 0014 + 0004 0275 + 0.013 + 0.006

Indiana University Cyclotron Facility (IUCF) in February Maller

0.287 = 0.002 = 0.012 0.280 = 0.002 = 0.011
of 1993 [18].
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TABLE Il. Summary ofu,Gr /Gy measurements.

1.4
Q%=0.38, 0.50 (GeV/c)? ® p(&.ep)

¢ d(€,eP)n

Reaction Q2 = 0.38 (GeV/c)? 0% = 0.50 (GeV/c)?

ple,e'p) 1.016 = 0.052 = 0.016 0.970 = 0.047 = 0.020
d(e,e'p)n 1.024 = 0.103 = 0.016 1.005 = 0.064 £ 0.021 1.2

The FPP measures only the two polarization compo-<, Ho

nents perpendicular to the proton momentum vector; how<,
ever, they are each determined for both helicity state:
(+ and —) so that there are four observables at the fo-
cal plane: two helicity sums and two helicity differences
[(Pﬁp * Pgy)i=12]. BecauseP, and P, are helicity de- oz oa 6
pendent whileP,, is not, all three polarization components ' Q% (GeV?/c?) )
at the target can then be extracted by exploiting the spin ] ]
mixing in the spectrometer magnets. FIG. 1. The ratio u,Gg/Gy for both the proton (solid

i circles) and deuteron (solid diamonds) ¥’. The error
In order to exiract the polarization components at the tarbars represent the statistical and systematical errors added in

get from the focal plane polarizations, it was necessary tQuadrature. The fits and other (Rosenbluth) data are listed in
model the spin precession in OHIPS. This was done utilizthe text. The deuterium data are offset slightly for the sake of

ing the optics codeosy [22] which generated a trajectory- clarity.
and energy-dependent spin precession matisuch that
P;, = MP,. To the extent thaM - Py = M - Py,
(found to differ by less than 1% in a Monte Carlo simu- errors due to kinematic uncertainties and also uncertainties
lation using a realistic model of the deuteron), the methodn the positions of the spectrometer magnets which affect
of least squares can be used to give the maximum likelithe spin precession. Figure 1 compares these results with
hood estimate of the three polarization components at thprevious Rosenbluth separation measurements. The error
target in terms of the four focal plane observables [23]. Irbars represent the statistical and systematic errors added in
a separate analysis, the Monte Carlo prograreer [24]  quadrature. Our deuterium (solid diamonds) results are
was coupled with several physics models [25,26] to generslightly offset in Q> from our hydrogen (solid circles)
ate polarized scattering events appropriately weighted bgneasurements to allow comparison. The data are in good
their production cross section over the full experimentalagreement with previous Rosenbluth measurements. The
acceptance. Usingy, the polarization vector for each of previous measurements shown in the figure are from
these events was transported to the focal plane and thditéhler et al.[2] (open circles), Bartekt al.[4] (open
ensemble average then compared to the experimental datmuare), and Janssems$ al.[5] (Xs). The dot-dashed
Recoil polarizations at the target extracted using these twf27] and short-dashed [28] curves are based on vector
different methods were consistent with one another to betdominance models, while the long-dashed curve [29] is
ter than 0.6%. based on an extended vector dominance model. Table IlI
To facilitate the comparison between the hydrogen andghows the measured polarization observablgs D¢, and
deuterium data, the recoil momentum of the residualP, for the proton and deuteron. Their systematic errors
neutron for the deuterium data was restricted to the rangeclude, in addition to the previously mentioned kinematic
0-60 MeV/c. A precise subtraction of the polarization and magnet position uncertainties, larger correlated errors
of accidental events was made for the deuterium data. due to uncertainties in the beam polarization (4%, which
Table Il summarizes the experimental results for thedoes not affecP,) and the analyzing power.
hydrogen and deuterium targets. The first error bars are The hydrogen and deuterium data agree with each
statistical while the second are uncorrelated systematiother, which precisely confirms the validity of the impulse

I
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o
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TABLE lll. Summary of polarization transfer coefficients. The theoretical calculations are by Arenhével.

Reaction 02 [(GeV/c)?] Dy Dy Py

ple,e'p) 0.38 0.627 = 0.031 = 0.027 —0.510 £ 0.007 = 0.022 0.0000 £ 0.0022 = 0.0000

d(e,e'p) 0.38 0.624 = 0.060 = 0.027 —0.513 £ 0.016 = 0.022 —0.0014 = 0.0042 = 0.0000
d(e, €' P)iheory 0.38 0.649 —0.508 —0.0033

ple,e'p) 0.50 0.858 = 0.030 = 0.038 —0.410 £ 0.014 = 0.019 0.0002 £ 0.0042 = 0.0000

d(e,e'p) 0.50 0.825 = 0.038 = 0.037 —0.408 = 0.018 = 0.019 —0.0045 = 0.0052 = 0.0001
d(e, €' P)iheory 0.50 0.866 —0.422 —0.0024
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