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Abstract. The BLAST (Bates Large Acceptance Spectrometer Toroidg@exgent has been carried
out at the MIT-Bates Linear Accelerator Center to study sf@pendent electron scattering from
protons and deuterons with small systematic uncertainiike experiment used a longitudinally
polarized, intense electron beam stored in the Bates ScaittRihg in combination with isotopi-
cally pure, highly-polarized internal targets of poladZgydrogen and vector- and tensor-polarized
deuterium from an atomic beam source. The BLAST data have bged to extract precise results
for the elastic form factor ratioSg /Gy of the proton and the neutron at low momentum transfer.
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Measurements of the elastic form factors of the proton amtrae and their theoret-
ical descriptions have long been and continue to be a focosodlern nuclear physics.
The BLAST (Bates Large Acceptance Spectrometer Toroid) éxeet at the MIT-
Bates Linear Acelerator Center was designed specifically Itp éxploit polarization
degrees of freedom in electron scattering in a systematitystf elastic nucleon and
deuteron form factors, quasielastic deuteron electnoigration, and inelastic electron
scattering in thé resonance region. The experimental configuration was ttediuse
an electron storage ring with longitudinally polarized itmeand internal polarized hy-
drogen and vector- and tensor-polarized deuterium targatlied by an atomic beam
source (ABS) in combination with a large-acceptance magsegctrometer.

Precise single and double polarization observables insna scattering (e,e’) along
with the exclusive channels (e,e’p), (e,e’'n), (e,e’'d) uag'{t) were measured simulta-
neously with the BLAST detector, in order to extract e.g. thaqgn electric to magnetic
form factor ratioGR/G},, the form factors of the neutraB2 andG},, electromagnetic
structure observables of the deuteron such as the tendgeimggpowerT,g or the struc-
ture functions of the quasielastic deuteron breakup asaggilion electroproduction in
theA resonance region.

The BLAST detector is a toroidal spectrometer with eight raroonducting mag-
netic coils producing a maximum field of 0.38 T. The two opp®Bi-plane sectors were
instrumented symmetrically with detectors to track chdrgarticles and neutrons. The
angle acceptance covered scattering angles betweesn2080 as well as up ta:15°
out of plane. The South Hall Ring (SHR) was periodically filledhw 200 mA of po-
larized electrons at 850 MeV. The beam polarizatof ~66% was kept longitudinal
at the interaction point with the help of spin rotators (Side Snake) in the opposite
straight section of the SHR and was monitored continuallyh\& Compton backscat-
tering polarimeter. The ABS provided hydrogen or deuteritioms in separate nuclear
spin states with a proton polarizatieh~ 83% and a deuteron vector (tensor) polariza-
tion of up to 89% (68%). The target spin direction was alignétt Helmholtz coils and
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FIGURE 1. Schematic view of the Atomic Beam Source (left) and the BLAfTector (right).

carefully mapped, resulting in average values of 280theH(e,e’p) and to 31.6and
46.3 for the ?H(e,e’'n) event samples, relative to the beam direction tinédleft sector
of BLAST. The ABS and the BLAST detector are shown schematicaliig. 1. Details
of the BLAST experimental setup can be found in [1].

With longitudinally polarized electron beam and polariZegk-nucleon target, the
spin-dependence of the elastic scattering cross sectaws I a beam-target double
asymmetry that is sensitive to the ratio of electric and regigrform factorsGg (Q?)
andGy (Q?), viz.

VzC0SO* + vy SinB* cosg*Ge /G
(T+&(Ge/Gm)%) / [e(1+T)]

where 6* and ¢* are the polar and azimuthal angles of the target polariza-
tion relative to the three-momentum transfer direction ane- Q?/(4M?) with

the nucleon mas#. The quantitye = [1+ 2(1+ 1)tar?(6e/2)] ! is known as
the virtual photon polarization, wheré, is the electron scattering angle, and
V; = 21tan(6e/2)\/1/(1+ 1) +taré(6e/2), v = 2tan6e/2)/1/(1+ 1) are kine-
matic factors. Note that with the normalizati@y, (0) = p, the nucleon magnetic
moment, the “perpendicular” terid sin6* alters its sign between protongy~ 2.79)

and neutronspf, ~ —1.91). Also, withGg << GE, the magnitude of this term is quite
different for protons and neutrons.

The elastic beam-target asymmetry has been measured Wttized protons fo)?
between 0.15 and 0.65 (GeV4dp eight bins, each for two spin angle configurations
simultaneously using the left-right symmetry of the seflipe kinematics of BLAST is
such that the asymmetry with electrons scattered into fhéright) sector corresponds
to 8* ~ 90° (~ 0°). The coincident elastic events were selected based omdeadt
kinematic information. The two asymmetry measurements@h@? bin allows one to

A= —RR
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FIGURE 2. Results ofquf‘;/G,’\’,I shown with the world polarized data [3] and several model$[4,
7,8,9,10].

extract both,R and p,GE /GFy for each bin. However, sindg,R did not exhibit any
Q? dependence, as expected, only one valueR§er was extracted in a fit procedure
together WithquE/G,'i’,| in all bins, thereby maximizing the information used toward
extracting the form factor ratio. The BLAST results [2] ar@sh in Fig. 2 along with
previous recoil polarization experiments [3] and variousdeis [4, 5, 6, 7, 8, 9, 10].
In the Q? region below 0.3 (GeV/é)the BLAST data mark the first measurements of
quE /G,f’,I from a double polarization observable. In the overlap negiith previous
experiments the precision of the available data has beaeifisantly improved.

Due to the lack of free neutron targets, any information atrogs must be extracted
from light nuclei such as the deuteron3te. Instead of elastic electron-neutron scatter-
ing one has to consider e.g. quasielastic scattering ifHte e’n) reaction. For nucleons
in the Sstate, the nucleon spin is aligned with that of the vectda#iwed deuteron. Nu-
clear corrections have to be applied for final state inteyast(FSI), meson exchange
currents (MEC), isobar configurations (IC) and relativisticrections (RC), for which
the electrodisintegration model of [11] has been used. Bu¢ran elastic form factor ra-
tio unGR /GY has been determined with BLAST f@? between 0.10 and 0.55 (GeVAc)
applying the model framework in a Montecarlo simulationtwé £xperiment. The size
of FSI correction at lovQ? is substantial and its validity has been independentlyfieeri
with the simultaneously measured tensor asymmetry, wiicdlominated by FSI and in
good agreement with the data [12]. The neutron electric ffarctor was extracted as-
suming a parameterized form f@y, taken from [9]. The results are shown in Fig. 3.
The new data from BLAST [12] significantly improve the dataliyat low Q? and re-
move the large model uncertainty GE when extracted from elastic electron-deuteron
scattering. The data agree very well with recent VMD fits [, &nd show no evidence
for any narrow structure iQ?.

Further analyses of BLAST data are in progress and will yieldhier form factor
results onGE /GF, from 2H(&,e’p), and orG}, from the?H(&,e’) inclusive channel.

Attendance of this symposium has been supported by Thonfessde National
Accelerator Facility and US Department of Energy.
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FIGURE 3. Results onGE from BLAST [12] shown along with the world data from neutrcecoil
polarization experiments with unpolarizéd target [13] (open triangles) and experiments with poksiz
2H (open circles = Ref. [14]) antHe targets [15] (open squares), and with various model sUi 17,
9, 6, 18, 19].
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