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ABSTRACT

We propose to extend the existing measurements of the tensor polarization of the
deuteron produced in the D(e, ¢'d ) elastic scattering. Using the CEBAF facility
and a new deuteron tensor polarimeter (POLDER), the ¢y of the recoiling deuteron
will be measured in the range of momentum transfer @ = 4.4 - 6.2 fm=! . When
combined with the knowledge of the structure functions A and B, this quantity
permits the separation of the charge (G¢ ) and quadrupole (Gg ) form factors of
the deuteron. The determination of G¢ at large momentum transfer will test the
applicability of existing theoretical models and their assumptions, and determine
the effects of non-nucleonic degrees of freedom.

April 2, 1993



1 Introduction

The deuteron has a spin 1 and its electromagnetic structure is described by three
form factors: charge monopole G¢, charge quadrupole G and magnetic dipole Gy;.
Non-relativistically, these form factors are related to the spatial distributions of
charge, quadrupole deformation and magnetization respectively, both the nucleon
spins and the nucleon currents contributing to the latter.

Many models of the deuteron electromagnetic form factors have been proposed.
In the impulse approximation (IA) for the description of e-d scattering, the electron
interacts with each nucleon in the deuteron via a virtual photon and the electro-
magnetic form factors of the interacting nucleon are taken to be the same as those
for a free nucleon. At large four-momentum transfers, various corrections to the [A
become important. These include isoscalar meson-exchange currents (MEC), isobar
components (IC), relativistic effects and perhaps quark degrees of freedom. Rela-
tivistic models have been developed in both the light cone formalism and solving
a Bethe-Salpeter equation. Some non-relativistic models use a coupled-channel for-
malism of nucleons and isobars (A and N*) and include contributions from MEC;
in these models the amount of A-A component in the deuteron ranges from 0.4 to
7 %. Quark configurations are incorporated in several hybrid quark-hadron models
with the quark confinement radius taken as a free parameter. Some of these models
give predictions similar to the IA while others have completely different results for
the high four-momentum transfer region. A Skyrme model predicts results for the
deuteron form factors similar to those obtained from conventional nucleon-meson
dynamics. Finally, perturbative quantum chromodynamics (PQCD) predicts simple
relations between the form factors of the deuteron.

Experimentally, at least three observables of e-d scatiering are needed to deter-
mine separately all three form factors (see section 2). Differential cross-sections mea-
surements at different electron angles for the same four-momentum transfer allow the
determination of the longitudinal and transverse structure functions A(G’Z-, G5, Gar)
and B(G3,), which have been so far the main testing ground for the above mentioned
models. A is measured up to @ = 10 fm™! {1] and B up to @ = 8 fm™! [2]. To
separate further G¢ and Gg, the measurement of another observable is required, and
this is necessarily a polarization observable. This fact was realized a long time ago :
one must either measure the asymmetries induced by a tensor polarized deuterium
target, or measure the tensor polarization of the recoiling deuterons (alternatively,

one may deal with deuteron vector polarization only if the electron beam is polar-
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ized; this type of experiment has never been attempted, but is not expected to yield
2 better determination of the individual form factors [3]). The observable of choice
here is the temsor moment ¢y which is a measure of the relative probabilities of
scattering off deuterons in magnetic substates m; = +1, —1 or 0 when dealing with
a polarized target, or of producing deuterons in these different magnetic substates
when measuring the polarization of the outgoing deuterons. tzg(Gc,Gq,GM,Ge),
together with A(Gc?,Gq?,Gar?) and B(Gar?), allows the separate determination of
the two charge form factors Gc and Gg. The two other tensor moments t; and a2
provide also different useful quadratic combinations of the form factors.

Some measurements of ty {4, 5,6, 7, 8] have been performed at relatively low mo-
rentum transfer where theoretical uncertainties are very small and predictions differ
only little from each others. The recent Bates experiment, performed with the po-
larimeter AHEAD [9], determined all three moments of the recoiling deuterons tensor
polarization (20, t21 and t,3) at four-momentum transfer values up to @ = 4.62 fm™~!
[10], and provided the first experimental evidence for a node in G¢ {located around
4.4 fm~!). This node is a reflection of a node in the S-state wave function, which in
turn is due to the repulsive nature of the NN interaction at short distances. Thus
around 4-5 fm~! , the already measured structure function A determines mostly
Ggq. At such four-momentum transfers, short-range components and non-nucleonic
contributions become important and manifest themselves mainly in G¢. Finally,
contrary to all other observables and to the form factors themselves, ¢ is nearly
independent of the elementary nucleon form factors, and in particular of the poorly
known neutron electric form factor.

We are proposing here to perform new precise measurements of g0 , t21, and t22 ,
starting at 4.4 fm~! to determine with better accuracy the behaviour of G¢ around

its node and extending the separate determination of G¢ and Gg up to 6.2 fm™! .



2 Kinematics and observables

The energies of the incident (E,) and scattered (E?) electrons, and of the deuteron
(T4) are related to @ by the relation :

d
Q2 =2M;Ty=2M, (Ee - E;) = 4E=E;3£n2 (-Ec) (2.1)

where My is the deuteron mass and 4. the scattering angle of the electron.

It is also convenient to express the angular correlation as :

8.
L, cos? (?) ., (9,) cos? (84)
8.} = == s’ | = = — 2.2
sin” (6) 1+ psin® (%) 2 1 4 psin® (84) 23)
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By using the first Born approximation {one-photon exchange approximation) and

imposing relativistic and gauge invariance, the differential cross-section can be writ-

ten as d d
o o
a " (E)Mou' (24)
where \ \ (a )
do a’E; cos’ (%
(E)ﬂiott = 4E3 sin? (g;) (2-5)

describes the scattering of an electron off a pointlike spinless particle (a« is the fine

structure constant), and

S = 4(@)+ B(Q)tar’ (% (26)

originates from the electromagnetic structure of the deuteron. As a consequence
of parity and time-reversal invariance, the structure functions A and B are in turn

given in terms of three elementary electromagnetic form factors:

A(Q) = GH(@) + 51'G}(Q) + 21G3(@) (27)

B(Q) = 31(1 +1)04(@) (28)
with 7 = Q2/4M3.



The three moments t;, of the deuteron tensor polarization are given by:

1 8 1
ta = VT [ 371GCGQ + ﬂzGQ + Ti[l +2(1 + n) tan® ( ) IGXs ] (2.9)

2 8. 8.
ta = m 7(n + 7*sin ( ) )ImG:\IGQ $ec ( 2) (2.10)

1
tyg = ——— pG: 2.11
22 2\/§S Nrar ( )

In the one photon-exchange approximation of e-d scattering, and as a result of
time-reversal invariance, the deuteron vector polarization is identically zero when
using an unpolarized electron beam.

The form factors are normalized at { = 0 to the static moments:

Ge(0) = 1 (2.12)

Go{0) = M2Q, = 25.83 (2.13)
My

Gar(0) = ——pq = 1.714. 2.14

1(0) T (2.14)

where Q4 and g, are respectively the electric quadrupole moment and the magnetic
dipole moment of the deuteron, and M, is the proton mass.

The quantity iy, derived from Eq. 2.9 by neglecting the magnetic contribution
is often used in the literature. Though not an observable, it is interesting since it

depends solely on the ratio

2
= 31Gq/Gc (2.15)
- z{z + 2)
tao=—V2 — Ti27 (2.16)

At small four-momentum transfers, z < 1 and fy ~ f39 ~ —22v/2 ~ w’?Qsz,
so that #yg is very much constrained by the already known deuteron quadrupole
moment. The maximum difference between #,0 and 39 occurs around their absolute

minimum (i.e. when x=1) and is of the order of 10-15%.



3 The Physics Case

In this section we review some of the existing theoretical calculations of the
deuteron form factors and compare available data with these model predictions.
However, for sake of clarity we will present only one figure (figure 1) with a sam-
ple of representative calculations discussed below which are compared with existing

experimental data.

3.1 Nonrelativistic impulse approximation

In the NRIA, G¢(Q) has a structure very similar to u(k), the S-state wave function
in momentum space, with k, the momentum of the nucleons with respect to their
center of mass, equal to Q/2 [11]. The weaker the short-range repulsion of the NN
potential, the more the node of u(k) will move to higher values, the shallower the
minimum of G¢ and the less steep the slope of {5 will appear. At the Limit where
the hard core disappears, the node moves to infinity and iy remains lower than
—~1/+v/2. NN potentials developed in the last ten years all incorporate the main
features of the NN scattering data. But phase-shift equivalence does not imply
equal potential or wave-function, and therefore differences may manifest themselves
in the deuteron form factors. In the case of the Bonn potential (Bonn-E} [12], the
calculation must take care of its explicit energy dependence {13]. Calculations of
the deuteron form factors and e-d observables in the NRIA have been performed by
many authors [12, 14, 15, 16, 17, 18]. It is remarkable that the NRIA (using realistic
NN potentials) gives a fair description of all available 30 data.

Desplanques and Amghar [19] recently explored the possibility that some of the
NN interaction models may be equivalent up to an unitary transformation. Quanti-
ties where the NN system coubles to an external probe are affected by this transfor-
mation and should therefore be accordingly corrected. Once this is done, predictions
made from different models tend to move closer to each other.

In the NRIA, the isoscalar nucleon electric form factor cancels in the ratio z and
therefore in £y (see Egs. 2.15 and 2.16). In the NRIA, iy is strictly independent of
G7% . Because its magnetic contribution is small, ¢ is nearly independent of G% .
This will also be the case for all models which go beyond the NRIA.

3.2 Meson-exchange currents and isobar contributions

Isoscalar meson exchange include pair and retardation currents, where the pion



contribution largely dominates over that of heavier mesons, as well as model-dependent
pry and woy contributions. Most MEC calculations include also various relativistic
one- and two-body current contributions (RC) added perturbatively to the NRIA
results.

As compared with NRIA, the minimum of G is shifted to lower Q values. This
shift is larger than the Bates data would suggest, except in the case where the Bonn-E
potential is used [13]. This trend is in apparent contradiction with similar calcu-
lations in the three-body system where the isoscalar charge form factor extracted
from e-3He and e-3H elastic scattering [20] is better reproduced with the same MEC
contributions as used for the deuteron [21].

Isobar degrees of freedom may be taken into account by adding to the wave
function explicit AA and NN~ components. The deuteron form factors are then
modified, both in the NRIA, with the assumption that the isobars have form factors
proportional to those of the aucleons, and in the MEC calculation where additional
terms must be taken into account. Present models [22, 23] predict isobar admixtures
ranging from 0.36 to 7 %. However, the agreement with A, B and tzo is worse for

high AA components.

3.3 Relativistic calculations

Relativist calculations of the deuteron form factors can be divided into two gen-
eral approaches [24]. Those based on the Bethe-Salpeter equation (BSE) are of the
instant-form type while the front-form approach {also called light-cone quanium me-
chanics) is a type of Hamiltonian dynamics for a fixed number of particles where the
matrix elements of the nucleon current operator and the nucleon electromagnetic
form factors are related by kinematic transformations. Most relativistic calculations
do not include contributions from MEC such as the pwy process and are therefore
referred to as relativistic impulse approximation (RIA). However the pair and retar-
dation currents are included automatically in some models of RIA [25, 27). Fully
relativistic analysis of the pmy and wey, calculated consistently with the NN dy-
namics in the framework of a relativistic quasipotential one-boson-exchange model,
have been done recently by Hummel and Tjon [28].

In order to achieve a manageable three-dimensional reduction of the BSE, various
prescriptions have been used leading to different quasi-potential equations. The
calculation of Arnold et al. [25] assumes that the spectator nucleon is on the mass-

shell while the interacting nucleon is off-shell. A parameter A can be varied between



0 (pure pseudo-vector) and 1 (pure pseudo-scalar) for the boson-nucleon couplings
used to generate the wave function. Their results both for B(Q) and ¢y are in favour
of pure PV-coupling, when the RIA is closer to the NRIA.

Recently, Braun and Tokarev [45] undertook a similar calculation though with a
different, allegedly more rigourous, treatment of the integrand in the form factors
integrals. The agreement with ¢;, is however slightly worse.

Using another prescription, the wave function of the deuteron can be constructed
by a combination of two functions, corresponding respectively to the case where the
spectator, or struck, nucleon is on-shell [30}. This leads to a somewhat too small
slope of ¢30. The limit where only the spectator nucleon is on shell is in better
agreement with the data, as in Arnold et al. [25].

Rupp and Tjon [31] obtained rigorous solutions of the BSE by using separable
potentials. This class of potentials however, whether non-relativistically or in their
covariant generalizations, misses the general features of the charge form factor: the
node is shifted to @ values of about 5.5 fm~! , much higher than the Bates experiment
indicates.

Hummel and Tjon [28] have performed a relativistically covariant analysis of
pmv and woy MEC, which were treated consistently with the NN dynamics within a
quasipotential one-boson-exchange model. The perturbative treatment of MEC’s in
the non-relativistic approach neglects the recoil corrections due to the kinetic energy
of the nucleons. This approximation is not justified at high momentum transfers.
Humme! and Tjon derived the relativistic formulae for the pmy and weoy current
operators and evaluated their matrix elements using a relativistic OBE model with
7,p,w,o,n and § mesons. They find the pwy contribution to the form factors to
be much smaller than in the non-relativistic case, and consequently the woy, thus
far never considered, of comparable importance. The RIA is seen to be in perfect
agreement with the data, while the addition of the MEC changes the results by less
than one experimental error bar. The pmvy and woy contributions to Gg almost
exactly cancel each other, while the woy contribution to G¢ is twice as large, with
opposite sign, as the pmv one. Similar relativistically covariant calculations have
been performed by Devine [32], with equally good agreement with the existing data.

Relativistic models of front-form use the four-vector (¢ + z,z,y) as the kinematic
variable, the four-momentum being then (E £+ p,,pz,p,). The equation of motion has

a form similar to that of the non-relativistic Schrddinger equation, with a relativistic



wave function of the deuteron related to the non-relativistic one in a simple way:
Yreai(k) = (K + M3) Ynonre (k) (3.1)

Such calculation [33, 34] give a good description of the available data. The problem
of including MEC has not yet been dealt within this approach.

3.4 Quark-hadron hybrid models

When electron scattering involves higher momentum transfers, the deuteron is
probed at smaller internucleon distances. The quark substructure of the nucleons
should then manifest itself in observables, but a distinct signature of quark effects in
nuclei is still very elusive. Some calculations of the deuteron electromagnetic form
factors explicitly take into account quark degrees of freedom. The deuteron structure
is then described in hybrid models which mix quark and nucleon degrees of freedom.

The first class of such models assumes for the deuteron wave function a sum of two
wave functions: a conventional NN wave function and a six-quark (6¢) configuration,
but does not contain any dynamics to link the hadronic and the 6g components.
Kobushkin and Shelest [35] write ¥4 = at,, + Bthe; where 1y, is calculated from
the Reid hard core potential while 1, is determined using a relativistic oscillator
quark model. The six quarks are all considered to be in an S-state. The oscillator
constant and the probability of the 6¢ admixture §° were determined by fitting the
then available data on A and B. They obtained 82 = 2.5%, but the 6¢ contribution
to G¢ is so large and positive that the node of this {form factor disappears. This is
in clear contradiction with the Bates data. Burov and Dostovalov [36] had a similar
approach, with the difference that the 6g component was restricted to a small sphere
of radius 1 fm and that MEC contributions (at the nucleon level) were included in
the calculation of the form factors. Their 6¢ admixture was of 3.5% and Gc¢ is also
without a node. Cheng and Kisslinger {37] took into account five different six-quark
configurations, also within the relativistic oscillator quark model. Their result differs
widely from the work of Refs. [35, 36] since they do predict a node in G¢ in the
right Q range. Within these models, the form factors thus seem to be very sensitive
to the six-quarks configurations being used.

A smooth dynamical connection between the configuration of two three-quark
baryon clusters at long distances and a 6q configuration at short distance may be
provided by the non-relativistic quark-cluster model (QCM), using the resonating
group method. The QCM is able to reproduce the repulsive nature of the NN

9



interaction at short distances, but the intermediate range atiraction is included
through two-pion exchange or a phenomenological o exchange. The long-range part
of the interaction is given by OPEP between quarks. Yamauchi and Wakamatsu
[38) demonstrated that it is rather ambiguous to speak about the 6g components in
the deuteron independently of their relation to the NN component. They calculate
e-d observables which are very close to the NRIA. Only in the magnetic form fac-
tor do quark effects manifest themselves through the antisymmetrisation of quarks
between the two clusters. Quark exchange contributions to the form factors were
also investigated [39, 40| : the impulse one-body current operators consist of a direct
term (the coupling of the virtual photon to a quark in a cluster) and two exchange
terms, where two quarks from different clusters are interchanged (the virtual photon
then couples either to a spectator quark or to an interchanged quark). Buchman et
al. [41] improved such calculations by including contributions from two-body pion
and gluon exchange currents on the quark level. Quark exchange is found to have a
small effect on £,4, so that, as in conventional calculations, the node of G is shifted

to lower values of @ because of the = pair contribution.

3.5 Skyrmion model

In the Skyrme model [42], baryons are identified with solitor solutions (Skyrmions)
of a Lagrangian constructed on an SU(2) field U(¥) = exp[iT-# ¥(r)]. 7 is the nucleon
isospin operator and ¥(r) is called the chiral angle, a function which satisfies an
equation of motion of the underlying Lagrangian. The isoscalar electromagnetic
current operator J* is proportional to the anomalous baryon current operator which
depends on the fields U of the Lagrangian but not on their interaction. Nyman and
Riska {43] predicted the deuteron electromagnetic form factors within the Skyrme
model adjusting ¥#(r) to reproduce the isoscalar nucleon form factor, and representing
the deuteron by a product ansaiz of two soliton fields. As a result the current
operator for the deuteron can be expressed as a sum of the isoscalar current operator
of single nucleons and of an irreducible two-body exchange current operator. This
exchange current in the Skyrme model has been formally identified [42] with the
conventional pry MEC. The extended structure of the nucleons is taken into account
automatically in the construction of the operators, so that no phenomenological
cutoff form factors at the meson-nucleon vertices are needed. Nyman and Riska
did not introduce any dynamics in the Skyrme model: the deuteron wave functions

needed to calculate the matrix elements of the current operator J* must be taken
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from another dynamical model, and they chose to use the wave function generated
conventionally from the Paris NN potential. Their results are in fair agreement with
the Bates data although ¢ is predicted to have a steeper slope than in most other
models {see figure 1). Such a behaviour will be tested in the proposed experiment.

Braaten and Carson [45] consider the previous result as fortuitous: they criticized
the product ansatz and the resulting additivity of the current operators. They
calculated the deuteron form factors in the Skyrme model under the assumption
that the deuteron should be identified with the ground state of the toroidal B = 2

Skyrmion. All three form factors are then overestimated by an order of magnitude.

3.6 Perturbative quantum chromodynamics

At sufficiently large momentum transfer, PQCD is expected to become applica-
ble. In elastic scattering, the deuteron keeps its identity, so that it is generally
assumed that the momentum transfer is shared among the six quarks. Brodsky and
collaborators [46] studied the high-Q behaviour of the electromagnetic form factors
of hadrons and of the deuteron within the framework of PQCD. Using the above
assumption, they derived the so-called quark counting rule which predicts for the
deuteron /A(Q) x @ '? as Q@ — co.

Carlson and Gross [47] showed that, though classical nuclear physics may lead
to the same power law, spin observables could provide a distinctive signature of
the domain of validity of PQCD: working in a helicity basis, the dominant matrix
element of the electromagnetic current is the one where the deuteron has a 0 helicity
in both initial and final states. This corresponds to a longitudinal form factor G g9 =
—\/ Q% + 4M3[G¢ + 3nGq] which exhibits a Q~® asymptotic behaviour. The double
helicity flip term Gr - = /Q? + 4M}(G¢c — $19Gq] is suppressed by a factor Q?
compared to G g0, which leads, using Eqgs. 2.15 and 2.186, to the prediction:

lim = —v/2. (3.2)

Q—oo

Carlson [48] later suggested that this asymptotic behaviour could be matched to the
low transfer limit of Eq. 2.12 by the adhoc construction:

Go = (1/MQu+ on)Ce (33)

The Bates data contradict this supposition, indicating that they are still far from
the momentum transfer range where PQCD begins to be applicable.

11



Brodsky and Hiller [49] recently reexamined the question of asymptotic behaviour
of the deuteron form factors: the relevant transfer momentum scale for the validity
of PQCD is claimed to be @ > \/2MsAqcp ~ 4.5 fm™}, which is much lower than
the scale usually given by 7 2> 1. The energy scale Agcp is taken to be around 200
MeV. A calculation of the form factors in the light cone formalism [49, 50] keeping
only the leading term G oo, results into :

2
G =(~1+37)Gq (3.4)
e n(n — 1)
t'zo = —‘\/§ m (35)

which in the limit 7 3> 1 leads to the Carlson and Gross prediction of Eq. 3.3. The
present data are not incompatible with this behaviour as of Q ~ 5 fm™!, but the
assumption of the dominance of 0 — 0 transition cannot account for the observed
dip in the magnetic form factor [2]. A test of the applicability of PQCD to the
description of the charge form factors will then be to determine whether £,; flattens
out around zero above 5 fm~!. Most other models predict that t,, will reach its
absolute maximum (f3= 1/v/2 when z = —1/2) around 6 or 7 fm~! , while Eq. 3.4
predicts that this occurs at Q = 13.4 fm~? .

12



4 This experiment

The goal of this experiment is to extend to higher @ values the measurements of
t55. The preceding section illustrates that such data are needed, with good precision,
to test validity of various models and to help choosing between different physical
descriptions.

We have schematized the general experimental set-up in figure 2. This experiment
will require two spectrometers for the detection of the scattered electron and recoiling
deuteron in coincidence. The polarization of the recoiling deuterons will be measured
in the polarimeter POLDER. The range of operation of this new polarimeter (i.e.
200-400 MeV deuteron energies) allows one to perform measurements in the range
of four-momentum transfer Q starting from 4 and extending up to 6.2 fm~! (see Eq.
2.1).

In this double scattering experiment, owing to the smallness of the e-d cross-
sections, an intense electron beam, a thick liquid deuterium target, large solid angles
for the electron and deuteron spectrometers and a high efficiency for the deuteron
polarimeter are needed to obtain a sufficient number of events.

For the liquid deuterium target, the 15 cm long cells being developed for CEBAF
experiments will be needed. A high power cryogenic system must be associated with
the target in order to allow the experiment to be performed at maximum beam
intensity.

The experiment could be performed in Hall A or C of CEBAF using either the
HRS or HMS spectrometers for the detection of the electron. For the deuteron
magnetic channel, none of the existing spectrometers at CEBAF are really adapted
for our case. Indeed very dispersive magnetic channels would lead to large spot of
the recoiling deuterons on the polarimeter target and consequently to losses leading
to a prohibitive beam time request. Thus we propose to develop a specific device

(see following section) placed at a fixed angle.

4.1 The Deuteron Transport Channel

The purpose of the deuteron magnetic arm is to:
i) give a deflection to the deuterons so that the polarimeter is not in direct view
of the liquid deuterium target.
ii) concentrate most of the deuterons associated with a detected electron in the

electron spectrometer onto the polarimeter target. No particular resolution require-
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ments are needed since, in this two-body reaction, the exact kinematics will be better
determined by the electron spectrometer.

iii) Achieve a small deuteron spot since tensor polarization measurement may
not be performed with an extended polarimeter. The present POLDER target cell
is 10 ¢m in diameter; it could if needed be enlarged to a 16 ¢m diameter cell. But
the larger the cell, the more the efficiency of the polarimeter will vary with the angle
and position of the incoming deuterons.

iv) Help to eliminate most of background protons and pions produced in the LD,
primary target.

v) Identify deuterons by time of flight and momentum selection.

Existing spectrometers at CEBAF are too dispersive for our purpose since, even
with modified optics, criterium iii) cannot be met. It has thus appeared worthwhile
to propose to build a “simple” magnetic channel, set-up at a fixed angle, which could
meet our requirements. Note that the solution of a specific deuteron channel was
also the one adopted for the Bates experiment [10]. Our proposed design is a QQD
system. The double bend used in the Bates experiment is not needed here because
the proton and pion single rates on the polarimeter should be acceptable (see Section
6).

The acceptance of the deuteron channel has to match that of the electron spec-

trometer. The kinematical relations :

6, sin26,
d_ﬂe ~ 2siné, (4.1)
dq!;d sin ﬂd
dd.  sinb, (4.2)
1 dpy
K= —— 4.3
Pa 484 (43)

are, for a fixed four-momentum transfer @, very rapidly increasing functions of the
incident electron energy E, (see figure 3) and will then lead to important factors
of mismatch between the electron and deuteron spectrometers. Although the cross-
section increases with energy, it is more advantageous not to introduce any mismatch
between the deuteron and the electron arms and consequently not to work at the
maximum energy.

We therefore optimized our design for the following conditions:

Q =62 fm™', Ty = 400 MeV, ps = 1290 MeV/c, 84 = 53°, E, = 2 GeV. For

these conditions, one gets, in order to match the HRS acceptance:
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g79% = 0.75 x 8% = £23 mrad,

x = —0.162 %/mrad,

¢7%* = 1.24 x ¢J'°" = 180 mrad.

In order to minimize the deuteron spot size, we imposed point to point focusing
in the vertical direction and, in the horizontal (dispersive) plane, a condition of
compensation of the kinematical change of momentum with angle: (z|8)+x(z|é) = 0.
The dipole must then bend toward the beam, as indicated on Figure 2. Figure 4
gives the trajectories originating from the extremities of the liquid deuterium target
{+4 cm in projection) and with the maximum correlated angle and §. Because of the
target size, one cannot avoid the large horizontal envelope in the second quadrupole.
The spot size at the “focal” point is calculated by raytracing (in ideal fields so far) to
be 4 x 4 cm? (see figure 5). This exceeds our initial requirement, but more detailed
calculations, using field maps and including multiple scattering, are necessary.

Magnetic elements which could suit this design are available at Bates :

* Q1: 8Q32, 1kG/cm (85 V, 1000 A).

* Q2: rectangular aperture of 15 x 60 cm and a length of 130 cm, 0.34 kG/cm
(250 V, 440 A).

* D: 10-15 cm gap, 18 kG over 1 m (25° bend)

The whole QQD assembly, as well as a concrete hut around the polarimeter, will
have to be supported at beam level.

Three collimators would be installed: the first one close to the target would
eliminate particles originating from the target entrance and exit walls, the second

at the entrance of the Q1 and the third one upstream of the polarimeter target.

4.2 Detection of the electron

The HRS (Hall A) and HMS (Hall C) spectrometers developed at CEBAF and
their associated detection systems will be well adapted for our experiment. The time
and energy information of the scattered electrons will be used in conjunction with
the deuteron detection system to allow the rejection of background charged particles
reaching the polarimeter. The connection of the information delivered by the 2 arms
will have to be carefully studied at the acquisition level.

The deuteron detection angle being fixed, the electron spectrometer will be ro-
tated to match the 2 body kinematics of the D(e, e’rf) reaction (typically in the
30-50° domain).
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4.3 Beam Energy and intensity

A large beam intensity is required in this experiment. Limitations could arise
from the rate of background charged particles reaching the polarimeter and the
power dissipated by the beam in the LD, target. A beam intensity of 100 uA looks
realistic and was considered for the background and beam time estimations (sections
6 and 7).

As the choice is made to perform the experiment at fixed deuteron angle, the
beam energy will be changed for the different values of momentum transfer. Due
to important kinematical mismatch factors (see figure 3), the choice has been made
not to perform the experiment at the maximum beam energy. To a much lesser
extent the radiative corrections and the power dissipated by the beam in the LD,
target are also minimized with this choice. Calculations of kinematics and counting
rates were made using the characteristics of the deuteron magnetic channel described
in section 4.1 and the HRS spectrometer for the electron detection. We optimized
the deuteron counting rates when placing the deuteron channel at an angle of 55°:
Calculation of mismatch factors showed that the experiment should be performed
with beam energies ranging from 1 to 2 GeV. The gains in cross-section one would
get by increasing the beam energy are indeed balanced by the losses due to the non-

matching of the solid angles of the electron and deuteron in the D(e, ¢’ d) scattering.

4.4 The LD, target

We propose to use a cryogenic target developed for the CEBAF experiment in
Halls A or C.

With a beam intensity of 100 pA, the availibility of a 500 W LD, target is crucial
for this experiment, whether Hall A or C is used. The planned Hall A cryogenic
system is thus adequate for this experiment. The beam will be either rastered or
defocused in the horizonthal direction on the target to avoid problems with local
boiling.

The planned 15 cm length target cells of CEBAF are well adapted for this ex-
periment. However the target windows will be collimated in order to reduce the
background in both spectrometer arms. This will then lead to an useful length of

about 10 cm.
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5 Polarization Measurement

One key element of the experiment is the polarimeter which measures the polar-
ization of the recoiling deuteron.

A polarimeter requires a nuclear reaction to have both large analysing powers
and cross sections in order to yield measurable asymmetries with respect to the
incident particle polarizations. The cross section for such a reaction depends upon

the incident polarization through [51] :

o (0,8) = o0 (8) [1+ tao Too + 2(it11iT11 + t2; Toy) cos (@) + 2tan Taa cos (2¢)]
(5.1)

where T, are the analysing powers of the reaction and ¢, the polarization coefficients
of the particles. Here o is the cross section for unpolarized incident deuterons and
¢ the angle between the normals to the reaction and the e-d scattering planes.

Unpolarized cross section and analyzing powers (op and T, ) have first to be
measured in calibration runs with beams of known polarization. Only then can
the polarimeter being used to measure polarisation of incident particles from the
experimental asymmetries measured with the polarimeter operated with exactly the
same cuts and efficiencies of the calibration run.

Finally, polarimeters are characterized by a so-called figure of merit given by

(Fio)* = [ (Tun)? €(0) d2 (5.2)

where ¢ is the ratio of the number of reactions to the number of incident particle
(Ninciden:) and Ty, the analysing powers of the analyzing reaction. These quanti-
ties are integrated over the phase space covered by the polarimeter. The figure of
merit allows one to compare different competing apparatus because it governs the

statistical error made in a polarimeter measurement through the following relation :

-1
Atkq = (qu Nincident) (53)

From this, one sees that the larger the figure of merit, the smaller the error for a

given number of incident particles (and thus of beam time).

5.1 The POLDER Polarimeter

POLDERis based on the ]H(J,2p)n reaction as proposed by Bugg and Wilkin [52].
Their predictions have been checked in experiments performed at 200 and 350 MeV
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{33] and a fair agreement was found between the theory and the data. At 200 MeV
the figures of merit (Fy and Fp) in the 'H(d ,2p)n [53] reaction were found to be
comparable to those of the 'H(d ,p)X reaction used in the AHEAD polarimeter [9].
However the crucial feature of the 'H(d ,2p)n reaction is that its figures of merit
remain large up to at least 350 MeV whereas those of the 1H(d.,p)d reaction fall
quickly above 200 MeV [54]. The figure of merit Fy, for the vector analyzing power
is zero for this reaction. Also the 1H(d-’,2p)n reaction is well understood in terms
of the impulse approximation [55], and theoretical predictions can thus be used for
numerical simulations.

The experimental set-up (see figure 6) has been constructed by a collaboration
of the Institut des Sciences Nucléaires of Grenoble and the Laboratoire National
Saturne at Saclay.

The measurement of the directions and impact points of incident deuterons on
the target is performed with good precision by two multiwire proportional chambers
(MWPC1/2) placed upsiream of the target. These are composed of two planes
providing X and Y information and constituted of wires separated by 1 mm. The
MWPQ’s are operated with a standard magic mixture and efficiencies of 95 % per
plane were obtained for deuterons of interest (200-400 MeV). These detectors are
capable of detecting multi-hit events, thus permitting the rejection of two-charged-
particles events originating from upstream of the target.

The measurement of the number of deuterons incident on the target, necessary
for the cross section normalisation, is determined by a coincidence in two detectors
(S1 and S2) composed of thin fast plastic (NE102) scintillators (300 gm thick and
8 cm in diameter) optically coupled to two phototubes (XP2020). The coincidence
signal from these two detectors achieves a clean rejection of false events generated
by background particles and/or electronic noise and is also used for the start signal
of the time-of-flight measurement of the protons produced in the reaction. The
total dead time of the experiment vetoes this coincidence and so exactly the same
correction is applied to the measured number of reactions and incident deuterons.
The information delivered by the electron spectrometer will be used in conjunction
with those of POLDER to ensure the discrimination of incident deuterons against
the background particles reaching POLDER .

The 'H(d,2p)n reaction takes place in a liquid hydrogen (LH;) target of cylin-
drical shape, 16 cm long and 10.2 cm in diameter. The target cell is made of 170 #m
thick mylar with an entrance window of 120 pm thick kapton. This is mounted
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in a vacuum chamber with entrance and exit windows made of titanium of 50 and
100 gm thickness. The target is operated at a temperature of 17.5°K, controlled
by a monitoring system, with a 10 W cryogenic system. Changes are foreseen to
comply with the US safety regulations for enclosed Liguid target operation.

The protons created in the 1H(af‘,2p)n reaction are detected in two hodoscopes
placed after the target, as shown in figure 6. The solid angles covered by this pair
permit, with good efliciency, the detection of protons from the H(d ,2p)n reaction in
the range of momentum transfer to the neutron (q) where most of the cross section
of the IH(J ,2p)n reaction is located. The hodoscopes are formed of two planes
providing X and Y information and the thicknesses of the scintillators (0.2 cm and
1 cm) were kept small in order to reduce the reaction rate in the detectors. Dead areas
have been minimized and detection efficiency for two-particle events is about 90 %.
The plastic bars are optically coupled to a phototube at only one extremity. The
information on the numbers of the bars fired in the two hodoscopes permits one to
determine the directions of the protons. To achieve this, the first hodoscope is rotated
by 45° to remove ambiguities in the determination of the directions of the protons. At
our energies, the characteristics and kinematics of the IH(J ,2p)n reaction allow one
to discriminate charge exchange events from other parasitic reactions by the simple
condition that two charged particles are detected at velocities close to those of
the incident beam. As the thin plastic scintillators making up POLDER are mostly
sensitive to charged particles, no particle identification is necessary. The velocity
of the detected particles is obtained by a time of flight measurement and energy
measurements are therefore not necessary. These features simplify considerably the
operation of the apparatus and reduce gating problems in data treatment.

Finally a veto detector is placed on the beam axis. This detector is composed of
an absorber which stops the protons of interest and of a plastic scintillator coupled
to two phototubes which detects the deuterons. This veto detector allows then to
reject background events associated with the detection of at least one of the incident
deuterons.

A VME acquisition system is associated with the set-up and based on 68030
microprocessors running in parallel for data acquisition, recording, on-line control
and calculations. The times of flight of the particles are recorded as well as the
numbers of the bars which fired in each hodoscopes. The signal delivered by the
MWPC are treated by a fast digital read-out system which can handle multi-hit

events and information are obtained for each track. Data are recorded on exabyte
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tapes and the acquisition uses CAMAC standard for data encoding (TDC, scaler,
pattern unit). Using the pattern unit information, only the TDC values of fired
detectors are recorded allowing gains of space on tapes. This system ( which will be
upgraded with 68040 microprocessors) can handle more than 300 events per second
with small dead time. This is sufficient in our case as the expected acquisition rate
will only be of some tens of events per second in this experiment. The information
from the electron spectrometer will be used to reject background events and have
also to be recorded. The interconnection of both electronics and acquisition systems
will be studied with the collaboration of the Hall of choice. An Ethernet link is
finally used to send data to a workstation for on-line control, sophisticated event
selections, fits and plotting. In particular, preliminary deuteron polarization can be

calculated during the experiment.

5.2 Calibration of the Polarimeter

The polarimeter was calibrated in May 1992 for incident deuteron energies of 300
and 380 MeV and a second calibration run is scheduled next July to complete this
set of data with measurements at 200, 250 and 350 MeV.

The calibration experiments have been performed using the polarized deuteron
beams delivered by the Saturne synchrotron which can provide deuterons of known
(with a 2-3% accuracy {56]) vector and tensor polarization. The polarimeter POLDER
was installed in the focal plane of the spectrometer SPES1. In order to measure the
T2; analyzing power, a superconducting solenoid was used to rotate the spin axis
of the beam by 90° from the vertical to the horizontal plane in conjunction with
the SPES1 spectrometer acting as a dipole magnet. For consistency checks, the

measurements were performed both with and without the solenoid.

5.2.1 Data Handling and Background Rejection

The selection of the pp pairs originating from the IH(J ,2p)n reaction is performed
using a limited number of gates. Most of the background events, which reduce the
polarization signal and contribute to the cross section in a non-reproducible way,
are rejected using the time-of-flight information on the detected particles from the
second hodoscope.

Precise time-of-flight data (< 1 ns FWHM) are obtained after corrections for the
transit time of the light in the bars. As the two protons created in the 'H(d,2p)n
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reaction have very similar velocities, another gate was set on the difference in the
corrected times of flight.

The mechanical alignment for all the elements of the set-up is obtained from
an off-line procedure which uses the individual counting rates of the bars of the
hodoscopes and the beam axis defined by the MWPC’s. This alignment uncertainty
mostly influences the #;; determination and a systematic error of about 0.05 has to
be considered for the measurement of this quantity according to the precision of the
alignment deduced from the data analysis. This should be improved by using a third
MWPC placed close to the veto detector.

The direction of the two protons is fixed by the numbers of the bars which fire
in the two hodoscopes, whereas the incident particle direction is measured in the
two MWPC’s placed before the target. From these one can determine the direction
of the centre-of-mass of the pp pair and the polar angle § (closely related to the
momentum transfer q to the neutron) as well as the azimuthal angle ¢ information.
As large tensor signals are only found for small excitation energies of the pp pair (Ex
< 8 MeV ) [53], this quantity is derived from our data by using the relative angles
of the two protons combined with their time of flight.

Using the directions of the incident deuteron and those of the two protons, it was
possible to calculate the vertex of the reaction by a fitting procedure. This enables
us to make a clean discrimination between events originating from the target and
those created elsewhere (mostly the plastic bars of the first hodoscope).

Data obtained from all this treatment were compared with the results of a simula-
tion program which physics inputs are the full predictions of the impulse approxima-
tion model [55] filtered by the experimental device and with the same cuts. Figure 7
shows the fair agreement between data measured at (Ty = 380 MeV) and simulation
for two keys quantities of this experiment (the excitation energy of the pp pair E;
and momentum transfer q). Since the theory has been previously checked with a
different detector, this result gives confidence in the data handling and background

rejection.

5.2.2 Analysing Power and Cross Section Determination

The counting rates for the IH(a:" ,2p)n rteaction events, binned in q and ¢, is
measured for different beam polarizations and combined, for the same number of
deuterons, to construct vector and tensor asymmetries. The sum of these normal-

ized yields (N;) provides the counting rate for an unpolarized beam. The tensor
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analysing powers Ty, T, and Ty;, which are related to the asymmetries, are de-
duced using a x? minimisation procedure.

For the {;; measurements, the absolute values of the unpolarized cross sections
must be very well known and thus many different experimental conditions have
been tested. In particular the dependence of the results on the beam intensity and
direction was examined. It appears that the unpolarized cross section deduced from
these measurements in different runs, after all cuts in the off-line treatment, were
stable and mutually compatible within statistical errors as illustrated in figure 8.
Systematic errors were estimated to be less than 0.5% for the unpolarized cross-
section in our set-up and data treatment.

The results obtained at Ty = 380 MeV for a cut of 5 MeV on E, are displayed
in figure 9 with statistical errors only. Uncertainties due to the beam polarization
measurement were estimated to be less than 3%. The full curves are the predic-
tions of the impulse approximation model with a cut at 8 MeV which can only be
used for qualitative comparisons since the cuts are not matched. The experimental
cross sections have not been corrected for geometrical detection efficiencies in the
hodoscopes and the rapid fall above 250 MeV/c indicates an increasing effect oc-
curring in POLDER at large deteciion angles. The data for T,y and T3,; obtained
with and without T,; contributions are consistent and typical statistical errors of
better than 5% were reached around 120 MeV/c. Also, as shown in figure 9, the
data exhibit a very smooth dependence with q. The vector signal (iT1,) is consistent
with zero, whereas T); values are somewhat larger than expected.

Broadly similar conclusions can be drawn from the 300 MeV data displayed in
figure 10, though it should be noted that cross sections becomes higher as the beam
energy decreases leading to larger figures of merit. Measurements are scheduled to
complete the calibration data at 200, 250 and 350 MeV.

The integrated figures of merit, taking into account all efficiencies (MWPC, de-
tections, cuts, etc.), are given in table 1. For the 200 MeV energy, extrapolation,
based on our previous study of the 'H(d,2p)n reaction [53], is made for the beam

time estimate.
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Table 1 :
Figures of merit Fi, measured at Ty = 300 and 380 MeV with POLDER . These
have been calculated with E; < 5 MeV,

Td (MEV) on le Fzg

380 ] 0.0075 | 0.005 | 0.009
300 0.01 | 0.0065 | 0.0095

5.3 Deuteron Polarization Measurements

Knowing the unpolarized cross section and analysing powers (T, ) of the 'H(d ,2p)n
reaction from calibration runs, the asymmetries in counting rates allow one to de-
termine the incident particles polarization temsors. The experimental asymmetries

measured in POLDER are given by :

N(g,¢) = kNo(g)(1 + 2it11iT1i(g)cos(¢) + tao Too(q)
+2 Ly To(g)cos(d) + 2 t22Taa(gq)cos(2¢)) (5.4)

A x? minimization procedure is used to calculate the polarization tensors of the
deuterons (t4,) from the q (9) and ¢ dependence of this cross section. All geometrical
and detection efficiencies are in principle contained in the unpolarized cross section
measured during the calibration run, but an overall normalizing factor & may be
needed. Now there is a very strong correlation between the values of the cross
section and ¢y polarization and this leads to large systematic errors if the k factor is
left completely free. This is far less important for the ¢5; and ¢;, which are defined
mainly by their ¢ dependence. Fortunately the calibration runs have shown that
it is possible to fix k to within 1 %. As the value of the average T), lies around
0.2, this lead to typical systematic errors of 0.05 which will have to be added to the
statistical error deduced from the figures of merit as given by relation 5.3.

A sample of data recorded during the calibration run has been selected and
analyzed following the procedure described above. This allows for checks of the
ability of POLDER to be operated in polarimeter mode and for the study of the
errors associated with the statistics recorded during the calibration, polarization
measurement runs, and with the fitting procedure. The polarizations extracted
from the fitting procedure were compared with those measured at low energy by

the means of a polarimeter prior to the acceleration stage. For all three tensor
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polarization (taq, t21, t22), results fairly agreed within the error bars as shown in
figure 11. Systematic error due to the statistics of the calibration (of the order of
0.02) are combined with statistical errors in the data. Typical systematic errors of
0.05 have also to be considered and added.

The systematic errors, compiled in table 2 for the 380 MeV run, are of two types.
First those linked to statistical errors associated to the calibration run. Secondly,
additional systematic errors for ¢y linked to the correlation between parameters k
and ¢30 and the associated error of the unpolarized cross section. For ¢,; a systematic
error is due to the alignment uncertainty. Systematic errors become large when very

small statistics are used (< 10% incident deuterons).

Table 2 :
Statistical and systematic errors measured at T; = 380 MeV with POLDER .

N deuterons | Polarization || Statistical | Systematic error | Systematic error
tensors error | (calibration) (others, see text)
20 0.07 0.012 0.06
4 108 t2 0.07 0.017 0.05
ta2 0.037 0.004 negligeable

Finally one can mention that POLDER was also used to measure signatures of
isoscalar spin-flip transitions in A(d-;aﬁ )A” scattering {57]. The preliminary results are
in agreement with expected theoretical (in elastic scattering) or previously measured

(for inelastic) values.
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6 Estimate of Background Rate

From the polarimeter information and the requirement of the coincident detection
of the electron, the incident deuterons and true charge exchange events should easily
be discriminated against background particles and associated events.

However, it is important to perform simulations to estimate the single counting
rates of background charged particles (protons, pions...) endured by the polarimeter.
If this rate is too large, this may perturb the measurement or the proper operation
of the detectors. For this purpose, we are using a code developed at CEBAF for
CLAS which takes into account many processes (electro- and photo-excitation and
subsequent decay of nucleonic resonances, quasi-elastic scattering, ...) [58]. The
photo-disintegration of the deuteron, which is a serious source of background, is now
also available from the simulation [59].

The simulation has been made for three beam energies. The 1 to 2 GeV range
corresponds to this experiment, whereas the 0.5 to 1 GeV one is close to the range
of the Bates experiment [10]. Four different processes have been studied at this
moment : the photo and electro-production of A and N™ resonances, the quasi-
elastic process (including the effect of Fermi motion) and the photo-disintegration of
the deuteron. The production rates of protons and pions have been investigated and
preliminary results are shown in figures 12 and 13 for protons (pions being much less
produced at combination of momentum and angles allowing their detection in the
polarimeter). These figures show that only a small fraction of the particles produced
in electro and photo-production of resonances can reach the polarimeter (see figure
13). Estimates of single counting rates have still to be performed, but figure 12
shows that viable experimental conditions should be obtained. Indeed at 1 GeV,
experimental conditions look close to those of the high energy point of Bates. The
background rate is much larger for our lower beam energies, but in this case as the
deuteron rate is large, the beam intensity could eventually be reduced.

This work is still in progress. More detailed studies as a function of beam energy
and deuteron detection angle are underway and single rates in the deuteron and

electron arms will be estimated.
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7 Beam Time

In this section we will detail our beam time estimate and associated errors given
in table 3.

7.1 Counting Rates

The cross section is calculated using relation 2.4 with a fixed angle of 55 ° for
the deuteron spectrometer. The beam energy and electron angles for each value
of momentum transfer Q to the deuteron are calculated from a 2 body relativistic
kinematics. The solid angles considered here are those of the HRS spectrometer
and of the deuteron channe] described in section 4.1. The deuteron spectrometer
characteristics and the detection angles and beam energies chosen for this experiment
avoid any kinematical mismatch.

The values of the structure functions A(Q?) are interpolated from the values
of reference (1], and B(Q?) can be neglected in our case. It should be noted that
the accuracy of the data for A(Q?) in this @ domain has to be improved with new
measurements.

A beam intensity of 100 gA and an useful target length of 10 cm (collimators
being used to remove the background events produced in the target entrance and
exit windows} will yield a luminosity of 3. 103 cm~?s-!. The radiative corrections
have been estimated. In our case the coincidence between the deuteron and electron
arms in this 2 body reaction should prevent the detection of background events.
Thus the window set on the electron energy spectra can be loose and consequently
the loss of events due to the radiative emission is weak. The limiting factor here is
the momentum acceptance of the electron spectrometer. A loss of 20 % (calculated
with a realistic 100 MeV wide window) is considered in our case. This correction
is calculated for beam energies ranging in the 1-2 GeV domain and increases with

increasing beam energy.

7.2 Beam Time and Statistical Accuracy

The statistical precision of the ¢;o measurement is estimated from the polarimeter
figures of merit (relation 5.3) measured in calibration. One will have to add sys-
tematic errors which are due to the correlation between the absolute normalization
and ¢z (estimated to be of the order of 0.05), the precision in the mechanical align-
ment (for ¢5;, about 0.05) and also the statistics recorded during the calibration runs
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(estimated to be less than 0.02 for 10® deuterons).

Table 3 :

Beam time and associated statistical errors in the measurement of ¢5;. The calcu-
lation is performed with a beam intensity of 100 pA, a target length of 10 cm and
a radiative loss factor of 0.8. The deuteron angle is fixed at 55° with no mismatch
factor. Systematic errors, which have to be added, are estimated to be about 0.06.

Q Ty E. 8. | A(Q?) | Time | N deuterons | Fiy | Aty
(fm~!) || (MeV) | (GeV) | (°) | (SLAC) (days)

4.4 200. 1.15 46. | 2. 10 2 8.5 1098 0.013 0.03

5.0 260. 1.5 42.2 | 6.5 1078 5 6.2 10° 0.011 || 0.04

5.6 330. 1.85 39. | 2.5 103 15 6.5 108 0.009 |} 0.05

6.2 400, 2.2 35.5 | 2.10°3 15 4.5 10° 0.0075 || 0.07

From table 3, it appears that within 6 weeks of beam time, it will be possible
to significantly improve the precision of the point measured at Bates around 4 fm™!

and measure 3 new points with a good accuracy up to 6.2 fm™! (see figure 1).

7.3 Beam Time Request and Schedule

Preliminary beam time periods will also be required for tests, background re-
duction and counting rates checks. Also time is needed for beam energy changes.
Finally we estimate that a one-month period will be necessary for installation of the

polarimeter and deuteron channel. This lead to the following beam time request and

schedule:
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Preparation 160 hours
Physics 900 hours
Contingency 140 hours

1200 hours

We will be ready to install the experiment by the end of 1996. Ideally the schedule

for the experiment would be :

Installation 1 month
followed by preparatory tests one week
1 month later 2 weeks at @=4.4, 5.0, 5.6 fm™!
4 months later 3 weeks at Q=5.6, 6.2 fm™!
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8 Comparison with other experiments

The recoiling deuteron polarization measurement, as proposed here, has so far [10]
been the most efficient way to measure ¢5, and the proposed experiment will improve
significantly on the overall figure of merit of the experiment performed recently at
Bates.

An alternate technique to measure the same quantity is to scatter electron off
a polarized target. In this case one deals with single scattering experiments and
only analyzing power (To) has to be measured. Experiments based on an external
cryogenic polarized target are very limited by the amount of beam this kind of target
can withstand [8]. Even if used with large acceptance detectors, it is presently not
competitive with the polarimeter technigue. Another method has been pioneered at
Novosibirsk [5, 6] using an internal target in a storage ring. Target technology is
progressing steadily [7] and using a high energy machine (in order to gain in cross
section) new viable experiments may be performed in several years [60).

In table 4, we have compared the performance of different, already performed
or proposed, experiments. Table 4.a shows the comparison of experiments based on

polarimeters and table 4.b those based on polarized targets.

Table 4.a : Comparison of recoiling deuteron polarisation experiments.
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D,0 + LD; + LD, +
Experiment polarimeter | polarimeter polarimeter
Bates Bates/AHEAD | CEBAF/POLDER
(4] [10] (this proposal)
Beam energy (GeV) 0.371 0.85 2.0
Beam intensity (uA) 30 30 100
Target density (at/cm®) || 4.2x10% 2.4x10% 4.8x10%
Luminosity (cm™> s~!) 7.9%x10% 4.5%10%" 3.x10%
e~ solid angle (msr) 20 18 7
Losses 0.5 0.25 0.2
Polarimeter efficiency ¢ 10~ 2.x1077 1.6x107°
Analysing Power Ty -0.8 -0.4 -0.2
Figure of merit
F = LQeT%,E? 6.9 1078 4.7x10% 4.3%10%
Q@rmaz (fm™1) 2.0 4.6 6.2

Table 4.b : Comparison of polarized target experiments.

Polarised | Internal polarised Internal cell
Experiment ND; atomic beam optical pumping +
Bonn Novosibirsk spin exch.
HERA-HERMES
L ) 8] {7 (being considered) |
[ Beam energy (GeV) 2. 2. 10.
Beam intensity 0.4 nA 200 mA 60 mA
Target density (at/cm*) | 9x10% §x 10" 10'°
Luminosity {(cm~2s~1) || 2.3x10%* 7.5%10% 3.8x10°¢
e~ solid angle (msr) 5 120 120
Target polarization A/v2 0.12 0.46 0.6
Figure of merit
F = LQeAE? 6.5x10% 7.8x10% 1.6x10%
Qmaz (fm™1) 3.6 2.9 6.

From this, one can stress that the combination of the CEBAF facility and of the

POLDER polarimeter constitute, at the present time, the most competitive tool for

t,o measurement.
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9 Status of the Collaboration. Distribution of
the tasks

This proposal was handed to Halls A or C Leaders and Co-Program Managers,
in order to explore the interest of both the collaborations in this project. Also
the technical aspects that may dictate the final choice of the Hall has to be further
investigated and the participation of groups involved in the cryogenic target, electron
spectrometer and data acquisition are mostly wanted.

At the present time the collaboration is not yet finalized and a more definite

status will be presented at the next PAC meeting in June. What can be stated at
this stage is the following:

Polarimeter : Grenoble-Saclay-Orsay-Saturne. Final tests and calibration of the
polarimeter. This could involve changes in either the LH; or detection device.

MIT /Bates might be involved in the safety aspect of the target.

Deuteron channel : Saclay-MIT/Bates. SNPI/Gatchina has expressed interest

into a participation.
LD, Target : CEBAF/Univ. of Maryland/Basel
Electron spectrometer : CEBAF/Rutgers

Data acquisition : Grenoble/CEBAF/Rutgers. (In particular the interconnection
of the acquisition systems of POLDER and electron spectrometer).
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- - -- NRIA (Schiavilla-Riska)
——- NRIA + MEC + RC (Schiavilla-Riska)
—— RIA + MEC (Hummel-Tjon)
------------ Skyrme (Nyman-Riska)
—-— PQCD (Carison)
—+»— PQCD (Brodsky-Hitler)
< expected at CEBAF

Figure 1 : Predictions of various theoretical models for ¢, G¢ , Gq , as a function of

‘ the momentum transfer to the deuteron. Experimental available data for £,
are displayed with their error bars (open circles [5,6], full circles [4], open
squares (7|, full squares [10]), as well as the range covered by this proposal
(open diamonds), shown with the expected accuracy of the measurement.
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Figure 2 : Schematic lay-out of the ¢;p measurement at CEBAF (see text for details).
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Figure 4 : Trajectories in the deuteron transport channel calculated for deuteron pro-
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Figure 5 : Impacts of the deuterons on the polarimeter target after the transport channel



Figure 6 : Artist view of the POLDER polarimeler (see text for details).
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strates the validity of data handling and rejection criteria.
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the impulse approximation model [57] for a 0-8 MeV bin in E,. They can only
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and excitation energy resolution effects.



Ed = 300 MeV

B e A
C 50 190 150 200 250 309 0 30 100 130 200 2590 300
q MeV/c q MeVic

103 b bbb
i.Crossisection. . ...

o~
b~
mb/GeVic2

—0.25 |meee ......... ......... ........

I R T A A R N
C 5C 100 150 200 250 300 0 50 100 150 200 250 300
q MeVic q MeVic

Figure 10 : Same as figure 9, but for 300 MeV deuterons.
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Figure 12 : Proton rates produced by quasi-elastic scattering (left part of the figure) and
photo-disintegration of deuteron (right) processes. The events are plotted as
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momentum for the Bates experiment [10] whereas solid line shows those chosen

in this proposal.
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N~ resonances.



