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Abstract

We propose to measure the polarization transfer coefficients,Dy; and Dy, as well as the
induced normal polarization, P, in the *He(€,e’p)d and 3He(€,e'p)pn reactions simultane-
ously. Recent calculations of the polarization transfer coefficients in the *He(&,e'p)d reaction
at low missing momentum have shown that the ratio of these observables is insensitive to
the details of the *He wavefunction and hence provides a measure of the bound proton form
factor ratio, G4, /G%. In contrast, calculations indicate that the polarization transfer coef-
ficients in the *He(&,e'B)pn reaction are very semsitive to the $'-state contributions to the
*He ground state wavefunction at low recoil momentum. The measurement of the induced
normal polarization will provide an indication of the size of final state interaction effects.

We will measure these observables as a function of the missing momentum, p,,, over
the range 0<p,, <250 MeV/c, for values of Q? of 0.8, 1.5, 3.0, and 4.0 (GeV/c)?. Since
a single kinematical configuration will be used at each value of Q* and because the ratio
of polarization transfer coefficients is independent of the incident electron polarization and

of the carbon analyzing power in the focal plane polarimeter, it is anticipated that the

systematic uncertainties will be minimized.
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1 Physics Motivation.

- =

In this experiment, we propose to use the *He(é,e'p)d and *He(€,e'p)pn reactions to measure
the spin transfer coefficients, Dy and Dy, as well as the induced normal polarization, P,. Our
study of the 3He nucleus using polarization transfer is motivated by several factors. In the
3He(€,e'p)d reaction, the ratio of spin transfer coefficients is directly related to the ratio of the
Sachs electromagnetic form factors for the proton, Gi;/G%, and therefore we will investigate
possible medium modification of this ratio in a way which eliminates many of the systematic
uncertainties which are typical of cross-section measurements. The physics program in Hall
A currently includes approved experiments which will be sensitive to the ratio of proton
electromagnetic form factors in 'H, ?H, and *He. This experiment would complete the
systematic study of possible medium modification effects for light nuclei. Due to the rapid
change in binding energy per nucleon, it is expected that medium effects will vary strongly
with A over this range of nuclei. In addition, exact microscopic calculations arc available
for all of these nuclei. In the *He(€,e'F)pn reaction, the polarization transfer coefficients
are very sensitive to the $'-state contributions to the *He ground state wavefunction at
low recoil momentuni. Because we can now solve the corresponding Faddeev equations for
the three-body system exactly, the *He nucleus provides an excellent testing ground for
our understanding of the physics of the NN and NNN forces. As will be descibed in more
detail in Section 1.2, the S’ component in *He is directly related to the binding energy of
the three-body systems, which has been a long standing problem in models of three-body
systems which do not include relavistic effects, three-body forces, NN-NA couplings, or

non-nucleonic degrees of freedom.

1.1 Medium Modification of Ratio of Proton Electromagnetic

Form Factors in Nuclei

During the past twenty years, inclusive and exclusive electron scattering experiments have
been used to gain much information on the structure of nuclei as well as on the electron-
nucleus reaction mechanism. Within the nucleon-meson picture of nuclei, the usnal assump-

tion made in most calculations is that the incident electron interacts with a single nucleon



- the Impulse Approximation {IA). However, recent experiments have indicated that the A
may be inadequate in certain kinematic regimes. Inclusive electron scattering experiments
for a range of nuclei at MIT [1], Saclay [2, 3, 4], and SLAC [5, 6] have shown that, except in
3He and *He, a considerable amount of longitudinal strength is missing. In exclusive (e,e’p)
experiments [7, 8, 9, 10] on ®Li, 2C, and *°Ca, the ratio of electromagnetic form factors
of the bound proton, G},;/G%, differs significantly from the free proton value, as shown in
Figure 1.

The deviations from the free proton value for this ratio may be due to medium modifica-
tion of the spinors, current operators, or nucleon form factors. Celenza et «!. have considered
a non-topological soliton model of the nucleon [11]. Within this model, the quarks within
the nucleon couple to the meson fields as well as an additional scalar field introduced to
provide quark confinement. The result is a reduction of the constituent quark masses, and
hence an increased charge radius of the proton. Along the same lines, Mulders [12] has used
a Fermi Gas model of the nucleon to show that the nucleon size (and hence the proton charge
radius) is significantly enhanced in the nuclear medium. Carlson and Haven [13] suggest
that the deviation is due to formation of six-quark clusters at large nuclear densities.

Others {14, 15, 16] have indicated that the enhancement may be associated with final
state interaction or meson exchange current effects. To support this, a recent calculation by
Krewald [17] which takes into account quark degrees of freedom indicates that at nuclear
matter densities Pauli blocking effects which had not heen taken into account previously
result in a significant reduction of the nucleon size and hence would tend to cancel the
predicted increase in size of the nucleon in the soliton model. In a microscopic calculation
by Carlson and Schiavilla [18] which includes pion degrees of freedom, both the longitudinal
and transverse responses agree well with the exprimental data for inclusive (e, ¢’) scattering
from “He at low Q2. Interestingly, the agreement for *He calculated in the same framework
is not as good.

In the cross-section measurements to date, it has been difficult to separate such reaction
mechanism effects from medium modification effects. Therefore, as an important step in
the systematic investigation of the possible modification of the proton electromagnetic form

factors in nuclei, we propose to measure the polarization transfer coefficients, Dy and Dy,



as well as the induced normal polarization, P,, in the *He(€,e'p)d reaction. There are
a number of factors which make *He an interesting nucleus for this study. An important
point is that all of the explanations which predict a modification of the electromagnetic form
factors of the bound proton in the nuclear medium suggest a strong density dependence.
Thus a direct comparison between a relatively low density nucleus such as *He, where exact
wavefunction calculations are available, and a high density nucleus such as *He would be
desirable. Since we have chosen identical kinematics for this experiment as for the approved
CEBAF Experiment 93-049, which will measure the form factor ratio in the *He(€,e’p)*H
reaction [19], such a comparison would be possible.

Thus, if the proton electromagnetic form factors are indeed modified in the nuclear
medium, the effect should be much more pronounced in “He than in *He. Indeed, from
A=1 to A=4 the binding energy per nucleon increases rapidly, and hence we would expect
medium modification effects to begin to manifest themselves over this range of nuclei. In this
scenario, “He would serve as an important benchmark in the study of form factors in nuclei.
In contrast, reaction mechanism effects could lead to a significant enhancement of this ratio
in both *He and YHe. As well, deviations of the ratio from the free value could be indicative
that relativistic effects are becoming important at these momentum transfers, especially
since the only calculations that presently exist for *He indicate that meson exchange current
and final state interaction effects are small in this kinematic regime.

A detailed analysis of the polarization response functions in (€,e'p) scattering has heen
developed by Picklesheimer and Van Orden [20]. Their analysis shows that there are 18
independent response functions. The polarization of the outgoing proton, S, in the process

e” +° He — e~ + p+ d is defined by:

d’s mplp| | do .
Wedﬂ,; = 2(27)3 | dS, ot x (vp (R + R}S.) + vr(Rr + R.S,)
+urr [(RTT + RqSa)cos(2¢) + (RyppSi + RypSi)sin(2 (;5)] (1)

oLt [(RLT + RipSu)cos(¢) + (RSt + RypS)si (¢)]
+horr [(me + R}p,Sn)sin(d) + (Rpp,Si + RET!St)COS(QS)}
+horrd RSt + RtTTfsl))

Here w = E — EI is the energy loss of the incident electron, p is the 3-momentum of
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the proton in the centre-of-mass system (CMS) of y* +* He — p + d, dQ. (d,) is the
element of solid angle in the lab system (CMS), & is the helicity of the initial electron, and
¢ is the azimuthal angle between the electron scattering plane and the plane formed by the
virtual photon momentum, q, and p. The v’s are kinematic factors weighting the various
virtual photon polarization states and [do/d€Q]ar0s is the cross-section for scattering from a
structureless Dirac particle. The direction [ is along the momentum of the scattered proton,
n is normal to the reaction plane, and ¢ is perpendicular to both { and n.

This expression assumes the conservation of electromagnetic current for v*+*He — p+d,
the validity of the one-photon mechanism for e?He— epd, and parity conservation in the
strong and electromagnetic interactions. Moreover, the formula should hold for any process
A(e,e’p)X, the specifics of each process being contained in the helicity amplitudes of v+ A —
p + X. The response functions, R, can in turn be expressed in terms of the 18 helicity
amplitudes of the reaction v +2 He — p + d or the 24 helicity amplitudes of the reaction
v +*He - p+p+n.

For coplanar kinematics, where the outgoing proton is emitted in the scatiering plane,
only twelve of the response functions of Equation 1 survive. In terms of the polarization

dependent part of cross-section, o,4, the components of the proton polarization are given

by
. my|p| | do
owst = gl o] (ornton o ()
-t " |p| do‘ i3 n n n
Tpdin = E(grr)s [dﬂe] Mott (et ol + sz RircosRe) + virfipeoste)) (2
m,|p| | do
TpaSi = h?(;'ﬂ)a ldﬂe] Mott (UTT,R;"T! ¥ ’ULT’RET’COS(QS))

It is interesting to note that the response functions R}, R}, R7r, and R}r are given by
imaginary parts of bilinear combinations of helicity amplitudes. In the PWIA, the helicity
amplitudes are real and therefore these structure functions, and hence the normal component
of the polarization, is zero.

The components of the outgoing proton polarization with respect to the momentum



transfer, g, are given by

P, sin(fpg) 0 cos(fy,) S
P, | = 0 1 0 Sn (3)
P, cos(8,,) 0 —sin(f,,) S

where ¢ 1s along the momentum transfer, y is perpendicular to the electron scattering plane,
and z is perpendicular to both z and y. 8,, is the angle between the outgoing proton and
the momentum transfer.

According to Equation 2, the longitudinal and transverse components of the outgoing
proton polarization in the 3He(€,e’p)d reaction are non-zero in the PWIA and are propor-

tional to the electron beam helicity. Therefore, one may write
Sy = hDy (4)
where Dy, and Dy are the so-called spin transfer coefficients.

In the PWIA and collinear kinematics, [J;; and [J; may be expressed in terms of the

bound proton electromagnetic form factors, Gg, and Gagy, as [21, 22]

1 0.

I.Dy = —2(T(1-+—T))5GA.II,GE,,1‘.an(5) (5)
E+ F 0.

oDy = t (T(l+T))%Gi[ptale(T) (6)

myp 2
2 2 9 2, 0e
I = C’Ep + TC’Mp 14 2(1 + 7)tan (?)
where 7 = ﬁ% Using this description, one sees that the ratio of the longitudinal and
P
transverse components of the recoil proton polarization is proportional to the ratio of the

magnetic and electric proton form factors, as

S[ E + E' (ge GMp

-— lan({—
S, 2m,, 2 )GE,,

(7)

As noted above, this expression is valid only in the PWIA with single nucleon knockout.
Thus we expect that the equality should hold in the low missing momentum region (p,, <200

MeV/c) where the polarization observables in the *He(&,e'p)d reaction are insensitive to



§'- and D-state components in the *He ground state wavefunction as well as final state
interaction and meson exchange effects. This is shown in Figures 2a and 2b, where we also
show the predicted uncertainties of our planned data points. The incident electron energy is
4 GeV and the curves are for the lowest value of Q2 of 0.8 (GeV/c)?. The solid curves, which
include final state interaction and meson exchange current effects, are calculations by Laget
(27] and use the full 3He wavefunction of Reference [28]. The dashed curves have F5I/MEC
effects removed. The effect of removing - and D-states from the full *He wavefunction
is negligible. The calculations indicate that the polarization transfer coeflicients are not
strongly varying functions of the recoil momentum.

The above equation indicates that the measurement of this ratio only requires an accurate
knowledge of the incident and scattered electron energies, the electron scattering angle, and
the spin precession angle, v, of the recoil proton polarization in the spectrometer. Because
these quantities will be measurable to high precision, the experimental uncertainty in the
ratio of the form factors is dominated by the uncertainty in the ratio of the polarization
ohservables. This ratio is independent of the electron polarization and of the analyzing

power in the focal plane polarimeter.

1.2 Small Components of the *He Ground State Wavefunction

Few body systems have always played a special role in nuclear physics. The goal has been
to solve numerically the Schrédinger equation for nuclear Hamiltonians based on realistic
nuclear potentials. This has heen accomplished for the deuteron and for the A=3 systems,
for the latter by solving the corresponding Faddeev equations.

The physical problem is enormously simplified by suppressing non-nucleonic degrees of
freedom, considering only non-relativistic dynamics, and assuming that nucleons interact
primarily via two-body forces. Despite these simplifications, such a model describes much
experimental data amazingly well. Due to the success of the model, most efforts have
focussed on extensions of it, by including meson exchange currents, three-body forces, NN-
NA couplings, relativistic dymanics, and non-nucleonic degrees of freedom such as the
quark-gluon substructure of hadrons [23, 24, 25].

Within this non-relativistic model containing only two-body forces, no approximations
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are made, and therefore, disagreement between theory and experiment is indicative of miss-
ing physics. Also, once accurate models of few-nucleon systems are created one can test
our understanding of benchmark calculational methods which may prove effective in many-
nucleon systems.

One of the long standing benchmarks used in evaluating calculations using realistic
NN potentials in the A=3 systems is the triton binding energy. In models where only
two-body forces are included the triton is underbound, even when up to 34 NN potential
waves are retained [26, 28, 29, 30]. There have been many suggestions as to the origin of
this discrepancy, the most common being the lack of multi-nucleon or specifically three-
body forces. Indeed, experimentally there have been a number of cases reporting large
discrepancies between three-nucleon data and calculations which include only two-body
forces. Ruth et af. [31] have measured cross-sections in the *He(v,p) reaction. Calculations
by Laget [32] which include some three-body force terms are in much better agreement with
the data than two-hody calculations in the 'dip’ region between the quasielastic and delta
regions.

A similar situation is seen in the exclusive *He(v,pp) reaction, where the cross-section
is predicted, in two-body force models, to be extremely small above 300 MeV/c recoil
momentum. Sarty [33] and Audit ef «!. [34] have measured this cross-section for W, ,=2010,
2040, and 2160 MeV, where W, is the total energy of the two protons in the centre-of-
mass system. The data, which are shown in Figure 3, fall well above the two-body force
calculations, but are in qualitative agreement with three-body calculations of Laget [35].

Unfortunately, in the case of the triton binding energy, the agreement is not as good.
Adding a static three-body force enhances the *H binding; however, the results are extremely
sensitive to the cutoff in the 7N form factor used. In general, three-body force models which
use a consistent #N form factor cutoff for all Feynman diagrams considered overbind the
A=3 systems [36, 37, 38, 39].

The wavefunction probabilities, Ps, Ps/, Pp, and Pp, are not physical observables. How-
ever, they provide a useful characterization of the wavefunction generated by a particular
force model. In a central force approximation, Ps=0 implies that V('Sp)=V(*S;). The

mixed symmetry $'-state provides a measure of the difference that exists between the *H



and 3He wavefunctions due to the fact that the NN force is charge dependent. The S'-
state corresponds to an excitation in oscillator language from the (1s)* configuration to the
(15)%(2s) or (1s)(1p)?. This implies that Ps should vary as the inverse square of the binding
energy. Thus, there is a direct connection between Ps and the binding energy in the A=3
systems.

Models which include new physics such as three-body forces or NN-NA couplings that
enhance the triton binding energy necessarily decrease Pg:. This is shown [23] in Figure
4. In the plot of the S'-state probability versus the binding energy of the triton in that
particular force model, it is seen that the relationship Ps ~(Eg)~%! is followed. The two-
body force models which underbind the triton give a larger $'-state probability than the
three-body force models which overbind it.

Calculations of the spin transfer coefficients, Dy and Dy, in the *He(€,e'B)pn three-body
breakup reaction do not exist at this time. However, we may gain some insight into the
sensitivity of this reaction to the $'-state contribution in the *He wavefunction by looking
at calculations of the target related asymmetries, A and A} in the 3ﬁe(€,p)pn reaction (See
Figure 5). From time reversal symmetry we have that, at zero recoil momentum, A, =F;
and A'=-P, [22]. Therefore, if we are sensitive to the §'-state component in the target
related asymmetries at low missing momenta, we expect the same sensitivity in the spin
transfer coefficients.

In Figure 5, the calculations of Laget [40] are shown. While the solid, long-dashed,
and dash-dot curves include the S'-state contribution to the *He wavefunction, the dotted
curves are for Pg==0. The observable A7 in thesﬁe(é,p)pn reaction (and hence P in the
3He(&,e'p)pn reaction) at low missing momenta is most sensitive to the 5'-state contribution
to the *He wavefunction. As mentioned previously, one is insensitive to this component in
the *He(€,ep)d reaction, indicating that the contributions from the various helicity ampli-
tudes for the two-body- and three-body-breakup reactions differ significantly.

The total S'-state probability in the *He ground state wavefunction is given by the
integral over all possible recoil momenta of [¢os:(pr)|*, where ¥g is the §'-state admixture
to the *He wavefunction. Even without calculations of the recoil momentum dependence

of the polarization observables at this time, we may make some estimates of our sensitivity



in this experiment to this component of the wavefunction. At zero recoil momentum, we
see that the polarized target asymmetry, A. varies by a factor of two depending on the &'
contribution. The expected error bars on our data points for the corresponding polarization
observable, P;, are comparable in this region of recoil momentum to those shown in Figure 2.
Thus we expect that we would be able to deterimine the §'-state admixture to the *He

wavefunction to within ~10% at zero recoil momentum.

2 The Experiment

2.1 Introduction

The experiment is proposed for the CEBAF electron-scattering facility using the Hall A
high resolution spectrometers. An incident electron beam with an energy of 4 GeV and
100% duty factor will be used. We will measure simultaneously the polarization transfer
coefficients, Dy and Dy, in the reactions *He(€,e'p)d and *He(&¢e'B)pn. In addition, we
will measure the induced normal polarization, P,. These coefficients will be measured over
a large range of missing momentum (0<p,, <250 MeV/c} at values of Q? of 0.8, 1.5, 3.0,
and 4.0 (GeV/c)®. The expected combined missing energy resolution of ~1 MeV of the
Hall A spectrometers will allow a clean separation of the two-body and three-body breakup

channels.

2.2 The High-Pressure *He Gas Target Cell

A high-pressure gas target cell is being developed by Rutgers University. The target, which
will be operated at a pressure of 150 atmospheres and a temperature of 280 K, is depicted in
Figure 6. The target density corresponding to this temperature and pressure is 19.6 mg/cm®.
Assuming that there will be available 67 A of 45% longitudinally polarized electrons to
the Hall, the resulting luminosity is 8.2x10% cm~2%s~".

The side windows of the target are formed by seamless Al tube, approximately 50 em

long, with an outer diameter of 0.500” and a wall thickness of 0.028”. This tubing will be

inserted into a piece of 3.5” dia. cylindrical Al stock which has been drilled along its length
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to accommodate the tube. Material on the sides of this piece will be removed (except at
the ends) to expose the surface of seamless Al tubing. This cylindrical Al stock will have
cooling manifolds mounted on it and a chilled water supply will maintain the target cell
at room temperature. A 67 ptA electron beam will deposit about 200 W of heat when the
target is operated at 150 atm. The target cell will be closed at each end by a piece of Al
stock which will form the end window and provide a gas fill port. These two Al endpieces
will each have a 0.500” diameter region machined to provide 0.030” thick end windows for
the target cell.

The connections between the seamless tube, the cylindrical stock to which the cooling
manifolds are mounted, and the endpieces will be formed by electron beam welds at each
interface. These welds will be hydrostatically tested to determine a safe operating pressure
and tested at high pressure with helium gas to check the poroscity of the weld. The seamless
Al tubing has been certified by the vendor to have a burst strength of ~400 atm. Test
stands for the hydrostatic and helium leak measurements have been assembled at Rutgers
and evaluation of target cell components is underway.

Preliminary calculations of equilibrium gas cell temperatures and endwindow heating
indicate that effects due to beam heating will fall within the projected operating range for
this target cell. More detailed calculations are underway. Since the gas in the target cell is
not being flowed, local density fluctuations will occur at some level. Again, because in this
experinient we will measure polarization ohservables and not absolute cross-sections, such
fluctuations will not affect our results. It is also anticipated that density fluctuations will
not strongly affect the average data acquisition rate.

For the experiment, three such cells will be mounted on top of the solid target ladder
along with a support/alignment structure mounted on the platform of the scattering cham-
ber. The targets will be positioned by the actuator of the existing solid target ladder. One
cell will be filled with *He for the experiment and another will be filled to a pressure of 10
atm with hydrogen. This cell will be used to calibrate the coincidence detection efficiency
using the 'H(e,e'p) reaction. A third cell will be empty and will be used for background
studies.

Due to the 50 cm active length of the target cell, neither the entrance or exit windows are
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within the acceptance of either spectrometer for the kinematics chosen. Backgrounds from
photoproduction in the entrance window will be eliminated by requiring the electron-proton

coincidence.

2.3 The Focal Plane Polarimeter

The focal plane polarimeter intended for the Hall A hadron spectrometer is under con-
struction at Rutgers University and the College of William & Mary. The polarimeter will
determine the proton polarization through the azimuthal asymmetry induced in scatiering
the proton from a carbon analyzer, as in previous polarimeters at hadron facilities. Four
straw-tube chambers are used to track the proton trajectory into and out of a graphite
block. False asymmetries will be minimized due to the chamber resolution (o<250pum),
small multiple scatiering at higher energies, and the continuous alignment information pro-
vided by the spectrometer high resolution front chambers. Tracking efficiency is estimated
to be about 99% for single-track events.

After the proton travels through the spectrometer, the components of its polarization
normal to the bend plane (Y) and along the momentum dispersion direction (X) are mea-
sured in the polarimeter. Unlike the normal and longitudinal components, the sideways
component of the proton polarization immediately after scattering does not precess (to first
order) in the magnetic field of the spectrometer. If the precession angle in the spectrometer
is given by \, then the polarization components measured at the polarimeter are given in
terms of the polarization components immediately after scattering (as in Equation 2 above)

by
Py = Sucos(x)+ Sistn(x) ®)
P‘,- = 5.

The precession angle is given by
qg—2

2

X = 7!, (9)

where g is the proton gyromagnetic ratio (5.586), 7 is the Lorentz factor and Qp is the bend

angle of the proton in the spectrometer. The three components of the proton polarization

12
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Table 1: Kinematics for the Proposed Experiment

Q* E | & | o | T, | 6
(GeV/c)? | (GeV) | (GeV) | (deg) | (GeV) | (deg)
0.8 4.0 3.57 | 13.59 | 0.424 | 538.14
1.5 4.0 3.20 | 19.70 | 0.795 | 47.76
3.0 4.0 2.40 | 32.46 | 1.594 | 33.21
4.0 4.0 1.87 | 42.91 | 2.130 | 25.80

at the target are determined uniquely using the fact the P, is independent of the electron

helicity.

3 Count Rate and Beam Time Estimates

3.1 Kinematics

We have chosen to measure the spin transfer coefficients at four values of Q*, namely 0.3,
1.5, 3.0, and 4.0 (GeV/c)?. As can be seen in the calculations of these observables, final
state interaction and meson exchange current effects should be small at these momentum
transfers. As mentioned previously, these kinematics are identical to those of CEBAF
proposal 93-049, which will measure the same observables in the *He(€,¢/5)*H reaction [19].

The kinematics are given in Table 1.

3.2 Count Rate Estimates

The count rates for the present experiment were calculated using the Monte Carlo reaction
code MCEEP [41]. The acceptances of each spectrometer are §§=+27 mr, §¢==65 mr, and
Sp==25%. The pressure of the >He target is 150 atm at 280 K, and the target length is 50 em.
This corresponds to a luminosity of 8.2x 103 cm™%s~! assuming 67 A of 45% longitudinally

polarized electrons. In practice, however, the acceptances of the spectrometers are 5 cm

at 90°, and therefore the effective luminosity for coincidence measurements is reduced. The
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effective luminosity in the kinematics chosen is shown in Table 2. Also shown in the table
are the total counts predicted in the two-body and three-body hreakup channels for each
missing momentum bin. For both channels, the spectral function of Meier-Hadjuk et al. [42]

was used.

3.3 Background Estimates

As mentioned previously, the endcaps of the target cell will be outside of the acceptances
of both spectrometers in the chosen kinematics. Thus the main sources of hackground are
random coincidences from singles scattering in the target. The singles rates for (e,e'), (e,m7),
(e,p), and (e,7F) are shown in Table 3, along with the real to accidental ratio assuming a
time-of-flight window of 2 ns and a duty factor of 100%. These rates were also calculated
with MCEEP. The Cerenkov and shower counters will be used for particle identification,
and will serve to reject a large fraction of the random coincidences for pion events. The
real to accidental rate shown could also be improved using a software cut on the correlated

vertex position. Such a cut could improve this ratio by at least an order of magnitude.

3.4 Statistical and Systematic Uncertainties

The statistical uncertainties for the polarization observables shown in Figures 2a, 2b, 5a,
and 5b were calculated in the following manner. The percentage of protons scattering in
the carbon analyzer of the FPP into an angular cone from 5° to 20° is estimated using
cither a parametrization of the POMME data [43] or a fit to the data of Aprile-Giboni et
al. [44], depending on the incident proton kinetic energy. The average carbon analyzing
power over this angular range is taken from either the POMME parametrization or a fit to
the data of McNaughton et al. [45], again depending on the incident proton kinetic energy.
The analyzer thickness is chosen to maximize the the figure of merit for the polarimeter,
ALf, for each kinematic point. The values of analyzer thickness, average carbon analyzing
power, and fraction of events scattering into the fiducial angular cone are given in Table 4.

The uncertainty in the polarization observables measured at the polarimeter is then
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Table 2: Coincidence Totals for the Proposed Experiment

Q? Beamtime Less Pm pq Ny Ny
(GeV/c)? (hrs) (em~s=1) | (MeV/c)} (°)

0.8 72 1.9x10%7 0-50 1.63 | 3.67x10% | 1.82x108
50-100 | 3.30 | 9.38x10% | 5.18x 108
100-150 | 5.22 ) 4.39x10% | 3.08x10%
150-200 | 7.75 @ 8.11x107 | 6.62x107
200-250 | 11.14 | 7.20x10° | 8.32x10°

1.5 72 2.2x10%7 0-50 1.07 1271107 | 1.38x 107
50-100 | 2.34 | 6.72x107 | 4.00x 107
100-150 | 3.91 | 4.05x107 | 3.14x 107
150-200 | 5.43 | 1.44x107 | 1.35x 107
200-250 | 7.41 | 2.08x10% | 1.88x10°

3.0 216 3.0x10% 0-50 0.69 | 8.93x10% | 4.16x10¢
50-100 | 1.40 | 2.27x107 | 1.23x 107
100-150 | 2.21 | 1.29x107 | 9.76x 10°
150-200 | 3.12 | 3.63x10% | 3.06x 10"
200-250 | 4.24 | 4.84x10° | 4.61x10°

4.0 216 2.4%10% 0-50 0.55 | 1.64x 10% | 7.49x10°
50-100 | 1.13 | 4.07x10° | 2.38x10°
100-150 | 1.80 | 2.27x10° | 1.66x10°
150-200 | 2.45 | 6.39x10°% | 5.77x10°
200-250 | 3.36 | 8.70%x10% | 9.08x10*
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Table 3: Single Rates for the Proposed Experiment

Q? N(e,e) | N(e,m™) | N(e,p) | N(e,x*) | R/A
(GeV/c)? Hz Hz Hz Hz
0.8 1.2x10° | 3.9x10% | 2.2x10* 1 1.3x10* | 1209
1.5 1.2x10% | 7.5x10°% | 6.9x10* | 2.7x10* | 312
3.0 784 | 1.8x10* | 1.1x10° | 3.2x10* | 362
4.0 141 1.7x10% | 1.3x10° | 1.8x10? | 312

Table 4: Polarimeter Parameters for the Proposed Experiment

Q? Analyzer Thickness | Average A, | f
(GeV/c)? {cm)

0.8 20 371 .08

1.5 30 232 18

3.0 40 160 22

4.0 60 110 44
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calculated according to

. 5A,\* tpp? ]°
§p = [(—9) P2+( T : (10)

Ay a—b)2(a+b)
a = fN(1-PA),

b = fN(1+ PA,).

The uncertainty in the polarization obhservables at the target are then calculated using
Equation 3, Equation 4, and Equation 8.

As mentioned previously, the measurement of the ratio of bound proton form factors,
GR,/GY%, is independent of the electron beam polarization and the carbon analyzing power in
the focal plane polarimeter. Hence the uncertainty in the ratio will be dominated by statis-
tics in this experiment. In contrast, for our measurement of the polarization observables in
the *He(€,e'p)pn reaction, we require an accurate measurement of both of these quantities.
For the electron polarization, this will be accomplished using the Moeller polarimeter in
Hall A, which at this beam current is expected to determine the electron polarization to
within 3% of its value. For our lowest value of Q?=0.8 (GeV/c)?, the carbon analyzing
power is well determined (§6A/A~4%) from the data of McNaughton ef al.[45]. For the
higher Q? points, the analyzing power will be accurately determined from the calibration of
the polarimeter in the approved CEBAF experiment, 93-027. The expected uncertainties
following calibration are 1.3% at Q?=1.5 (GeV/c)?, 1.8% at Q*=3.0 (GeV/c)?, and 3.9% at
Q?=4.0 (GeV/c)%

3.5 Beam Time Request

The total beam time required is 624 hours, which includes 48 hours for setup and testing
of the experimental equipment. The time required at each value of Q?, along with the

predicted statistical uncertainty in the ratio, Dy/Dy, is shown in Table 5.
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Table 5: Required Beam Times for the Proposed Experiment

Q? Beam Time | Statistical Uncertainty
(GeV/e)? | (hours) in Du/Du(%)

0.8 72 2.2

1.5 72 4.4

3.0 216 6.1

4.0 216 8.3
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Figure 2. Spin Transfer Coefficients, Dy (2a) and Dy (2b), for the *He(g,e'5)d

Reaction.

The solid curve is the calculation of Laget [24] including FSI and MEC effects. The dashed

curves have these effects removed. The error bars shown are the planned statistical uncer-

tainties for the experiment.
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The data in the upper figure are from Audit et al. [31]. The data in the lower figures are

from Sarty [30]. The explanations of the curves may be found in the text.
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BEAM REQUIREMENTS LIST
CEBAF Proposal No.:

Date:
{For CEBAF User Liaison OMce use anly.)

Listall combinations of anticipated targets and beam conditions required to execute the experiment.
(This list will form the primary basis for the Radiation Safety Assesment Document (RSAD) calculations that
must be performed for each experiment.)

Condition #| Beam Beam Polarization and Other Target Material Targer Marerial
Energy Current Special Requirements (use multiple rows for Thickness
(MeV) (LA) {e.g., time structure) complex rargers — {mg/em?)
&.g., w/windows)
{ 4000 bF 85° lonqtudinedly polurize &b [SD ¢t *He g0

W 1 windows (3om1) 411

L Looo 0D Un polarited [0 cbny, H2 44

L.wa“ndows (SOM.'.I) Lf'“

jeam energies, E;  , availableare: E;,_ =NxE

Linac WhereN =1, 2,3, 4, or 5. For 1995, Ehac=800MeV, ie., available E are
800, 1600, 2400, 3200, and 4000 MeV. Starting in 1996, in an evolutionary way (and not necessarily in the order given) the following

Beam

additional values of E,, __ will become available: E, hac = 400, 500, 600, 700, 900, 1000, 1100, and 1200 MeV. The sequence and
timing of the available resultant energies, E,, _, will be determined by physics priorities and technical capabilities.



HAZARD IDENTIFICATION CHECKLIST

CEBAF Proposal No.: Date:
{For CEBAF User Linison Office use only.)
Check all items for which there is an anticipated need.

Cryogenics Electrical Equipment Radioactive/Hazardous Materials
beamline magnets cryo/electrical devices | List any radioactive or hazadorous/
analysis magnets capacitor banks toxic materials planned for use:
target high voltage
type: exposed equipment
flow rate:
capacity:

Pressure Vessels Flammable Gas or Liquids Other Target Materials

1,118 «»  inside diameter type: H ____ Beryllium (Be)

150 ot~  oOperating pressure flow rate: o __ Lithjum (Li)

a4k window material capacity: 6O cm’ ___ Mercury (Hg)
076w window thickness (Sewled Hy cell) __ Lead (Pb)

These are o SHe scaded cof | Drift Chambers —_ Tungsten (W)

Secomd el w bW et Ha type: ) —_ Ura'mun:l (U)

wihe Tdewtred |)h'j<i cof flow r'atet. __ Other (list below)
o M YAS | capacity:

Vacuum Vessels Radioactive Sources Large Mech. Structure/System
inside diameter permanent installation lifting devices
operating pressure temporary use motion controllers
window material type: scaffolding or
window thickness strength: elevated platforms

Lasers Hazardous Materials General:

type: ___ cyanide plating materials
wattage: __scintillation oil (from) Experiment Class:
class: _____ PCBs
—_ . methane Base Equipment
Installation: -— TMAE v Temp. Mod. to Base Equip.
permanent — TEA Permanent Mod. to
temporary - Pphotographic developers Base Equipment
_____other (list below) Major New Apparatus
Use —
calibration Other: larget  will be
alignment mounted gn solid
tarqet ladder

Hall & scatleriiy Chuber



LAB RESOURCES REQUIREMENTS LIST

CEBAF Proposal No.: Date:

({For CEBAF User Liaison Office use only.)

List below significant resources — both equipment and human — that you are requesting from
CEBAF in support of mounting and executing the proposed experiment. Do not include items
that will be routinely supplied to all running experiments, such as the base equipment for the
hall and technical support for routine operation, installation, and maintenance.

Major Installations (either your equip. or new Major Equipment
equip. requested from CEBAF)

Magnets
i modifrabiont o gfq}-f"’ér'-mj
cMann hor — date, cusling Lines
i
inbo| st v¥  cecathteving Chamber Power Supplies

= Gas AU vod Aives
r‘/\f—ufdul- s Scr..'Hen'.'f\'} Moy boy Targets

2. hody Feaksas . Slid

-l—'a,u}u- ladder 5 Mo+

. Detectors
lgh pressure  ags taveed
cells .
Electronics
New Support Structures:
Computer
Hardware
Data Acquisition/Reduction Other
Computing Resources:
Other

New Software:




