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Abstract

An experiment to study polarized structure functions in inelastic electron
scattering using a polarized solid state 5N H, target and the CEBAF Large
Acceptance Spectrometer is proposed. The experiment measures the inclusive
polarized structure functions, 4; and A;, in a range of 0.2 < Q? < 1.5 GeV?,
and 1.1 < W < 1.8 GeV. The impact of the measurement on the determina-
tion of the Q? evolution of the Gerasimov-Drell-Hearn Sum Rule, and on the
determination of the photo-coupling amplitudes of the Roper. resonance are dis-
cussed in detail. A detailed comparison of the results assuming that the Roper
resonance P;;(1440) is a regular radially excited 3-quark (g?) state as suggested
by the non-relativistic quark model, or, alternatively the ground state of a hy-
brid system (¢® — G) with a valence gluon, as suggested by some recent model
calculations, is given. The measurement will be the first significant double
polarization measurement in the nucleon resonance region.



I. Introduction

The study of the hadronic structure of baryons at CEBAF will be'sigr;if-
icantly enhanced through the use of a polarized electron beam and polarized
targets. In inclusive electron scattering, it is possible to measure two new struc-
ture functions, 4; and A4,, which are not accessible without the use of the spin
degrees of freedom [CLO78]. In inelastic scattering, the structure function A3
is of particular interest. A, is directly related to o'lT/2 - cr_,?'/,, the difference in
the total transverse absorption cross sections for helicity 1/2 and helicity 3/2

in the v, - nucleon system. The measurement of this structure function in the _

deep inelastic region by the CERN EMC [ASH88] collaboration led to numerous
speculations about the nucleon spin possibly being carried not by the quarks
but by the glue. A measurement A; in the regio.n of the nucleon resonances
yields information about the spin properties of the electromagnetic transition

form factor for baryon resonances. The measurement can also be used to estab-

lish the Q? evolution of the Gerasimov-Drell-Hearn sum rule {GER65], [DRE66]
and its relationship to the deep inelastic regime (duality).

" - CLAS is well matched for polarized target experiments; especially since
only moderate luminosity can be achieved both for polarized solid state ta.rgeté'
[MEY85, WPT84], and for polarized gas targets. Solid state polarized hydrogen
(and deuterium) targets are limited in the amount of electron beam intensity
. that they can withstand without significant radiation damage. The ma.:umum
" luminosity is limited to about ~ 5 x 10% cm~?sec™? for radiation resista.nt; am-
mo;;a._rurgcts (the luminosity is given in terms of the total number of nucleons -
in the target including the nitrogen host material).  This limit is actually well

matched to the expected luminosity limitation of the ACLAS The large accep-

tance of the CLAS detector is important in a.ch.xevmg reasonable count rates .

with these targets, even in inclusive experiments. e Co .

" The design of the CLAS detector is well suited for use withi a'solid state
polarized target. The nearly zero fleld on axis provided by the CLAS magnet

does not disturb the operation of the target. The 5 Tesla holding feld associated

with hydrogen and deuterium solid state polarized t'nrgéf:s does. deflect both o
the electron beam and the reaction products (such as the scattered electron) ..
. significantly, but the particle trajectories can be reconstructed to retrieve the

kinematic quantities of interest.



In Section I, we outlifie the methods that we propose to determine the
‘inclusive polarized structure functions 4; and A;. Some specific problems of
using polarized solid state targets with CLAS are discussed in Section III.

IL. Polarized Structure Functions in Inclusive Electron Scattering

The differential cross section for inclusive scattering of polarized electrons
off polarized protons p{¢;e')X can be expressed in the following way:

do
dQ.dE!

[er+eor +P,-Py:cosp-(\/1 — et .cosyp- Ay -7+ V'2¢(1 — €)-sinp-Az-o7)] (1)

. where P, and ﬁ ate the electfon and target polarizations, respectively, v is
the angle between P and the direction of the virtual photon, and ¢ is the az-
imuthal angle between the electron scattenng plene and the target polanzatlon
vector(Figure 1). The two polarization structure functions, A, and A3, can
be separated by polarizing the target in the scattering plane (¢ = 0), and by
varying the polarization angle % for fixed electron kinematics. However, since
we are mostly interested in the structure function 4, we propose in the fol-
lowing section a method to measure 4; which does not require changing the
orientation of the target polarization with respect to the beam axis.

=Tr

II.1 Separation of the?olarizaﬁon Structure Functions A; and 4;

~ In the proposed experiment the 'ta.rget nucleon is polarized along the elec-
tron beam axis. Therefore, % in (1) becomes the angle 8, of the virtual photon
relative the heam a.xxs, and ¢ = 0. Consequently the relation (1) is transformed

xnio. - ) "

| | dﬂf:EZ =Fr
[o-T+ea'L+P - Py (\/iTe’- cosf, A, - a:p+\/2e—1—-_e) ainb, Az -ar)] (2)
wherb _ ‘
. __.,'. . e Ay = M o (3)
o N 1/2 + "3/2

<

’ Ag is & tra.nsverse-longtudmal interference term with an upper bound of

Az < \or/or (4)
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Although o7 /o is not well measured in the resoriance region, it is known to be
smeall, and is usually assumed to be of the order of 15% or less. Consequently,
A; is expected to remain rel.atively small too. One can define the cross section
asyminetry as:

do(+P,)  de(—PB,)
_ [dNdE, ~ dndE!

do(+P.) |~ do(-F,
d‘;l dE;, 'dcﬁ‘.dﬁ"
vV1—e?.cosby-Ay-ar+ /2¢-(1 —€)-sinb, - 4; - o7

or + eoL

=P Pp- (5)
The proposed method to separate the polarization structure functions 4, and
A makes use of the fact that the kinematical weighting factors in front of the
respective terms have a different dependence on 8, and e. Measurement of the
asymmetry A at fixed Q? and W, but different beam energies, will allow & sep-
aration of the quantities of interest. In the following we discuss the sensitivity
of the proposed measuremient to the values of 4; and A;.

Measurement of A at small values of e (and therefore low energies) are
most sensitive to :4;, whereas intermediate values of ¢ and high energies are
more sensitive to A;. To cover a range in Q2 and W: -

02 < @ < 15GeV?, 1.1 <« W < 18 GeV | (8)

measurements of the asynfmetry A at 4 variety of energies are needed.

To estlmate the absolute value of the expected asymmetry and the errors.
in the proposed measurenfents we Qse. a semi-empirical model where it is as-
sumed that the cross section is saturated by excitation of the known baryon
resonances and non-resonant single pion production as given by lowest order
Born terms. This model reproduces the total photo-absorption cross section
as well as differential photo- and electro-production cross sections for masses
below 1.8 GeV and over & large : range in Q? at the 10 - 20% level [BURS1]. It
. may therefore give some indication of how the asymmetry may depend on W
and Q2. The calculations were made for the ehcrgie's, luminosities and running

times as shown in Table 1.



Table 1: CL-AS Operating Conditions for A1, A2 Separation
Energy (MeV) | Luminosity (cm~2sec™? ) | Run Time (hours)

1200 ) 2.10%8 150

1600 2 .10% ‘ 150

2000 3.10% 150

2400 5.10% 150

2800 5 -10%% éOO

3200 ‘ 1.10% 200

4000 1.10% 200

We have assumed that electrons will be detected for.6; = 10° to 45°.in all
six sectors of CLAS. .

The values of the electron a.nd proton pola.nza.t:ons were taken to be P, =
0.5, and Fp, = 0.9. respectively. The cho:ce of P, is -rather conserntwe, in
© view of recent advances in' the development of strained GaAs polarized electron
sources capable of producing electron beams with curreats of 15-30 pA with
polarization in excess of 0.75 [CAR91]. The choice of P, is consistent with recent .
_results. A proton polarization of 0.96 was achieved[CRA90a] using irradiated
15 N H, as a target materialin a 5T magnetic field at 1 K. This same group, using
a target of similar dimensions at the Brookhaven AGS in-a beam of compa.rable
or slightly higher intensity than proposed here, achieved proton polarizations
well in excess of 0.8 on a routine basis [CRAS0D].

With 1*NH; as a polarized target material, the cﬁ'ectwe polarization in

inclusive scattenng is glven by:

a
2

# free protons | 3 i
— 0 15 7

# nucleons PP ., 18 ( )
A discussion of how to establish the eﬁ'ectwe target polarization more premsely
is given in section II.4 ] '

P! :P,




11.2 Sensitivity of 4, to Hybrid Baryon Pfocluction

In the non-relativistic quark model (NRQM) the lowest mass P;;(1440)
state, usually called the Roper, is assigned to a radially excited 3-Quark state
[¢°] within the SU(6)xO(3) super-multiplet {56,0%); (i.e. Lyg = 0, N3g = 2).
However, the observed low mass of the state, as well as the sign and magnitude
of the photocoupling amplitudes have been difficult to reproduce within the
framework of the NRQM. Moreover, there is experimental evidence that the Q?
dependence of the photocoupling amplitude A4, /2(@?) may be quite different
from what is predicted in the NRQM framework [LIB91]. The predictions of
several different models, along with the small amount of existing data are shown
in Figure 2. The data indicate a rapid fall-off of this amplitude with Q* whereas

- the NRQM and the relativized versions predict a much wesker fall-off or even a

rise with Q?. However, the experimental information about electroproduction
amplitudes of the Roper is rather limited, largely due to the compléte lack
of polarization data, and definite conclusions about the nature of the Roper
cannot be drawn from existing data.

Recently, there have been theoretical speculations [L1Z91] that the Roper
resonance might not be a regular [¢*] state, but the hybnd ([q‘G], 3-quarks
with one valence gluon) equivalent of the nucleon.

Obviously, the solution to the puzzle of the structure of the P;;(1440)
could have enormous impact on our understanding of baryon structure and the
dynamics of the strong interaction in the non-perturbative regime. It hdg been
pointed out [LIB91] that a precise measurement of the Q? dependence of the
vvpP11(1440) transition form factor provides a unique means of discriminating
between the interpretation of the Roper as a regular [58, 0"']3 [¢?] state,oras a
‘hybrid [70,0*]y [¢*G] state. The discriminating power results from the different
spin-flavor factors in the respective photocouphng amplitudes, such that in the
first approximation:

Ayja(P1a(1840))[70,00 1.
Ay/3(P11(1440))[56,0%]; @2

(8)

Therefore, the Roper is likely to fall off much more rapidly with Q3 ifitis a
hybrid state than if it is a regular 3-quark state. Measurément of the Q% depen-’
dence of the Roper photocoupling amplitude can thus be used to discriminatg
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between various spectroscopic assigments. The calculation based on the hybrid
interpretation is in better -agreement with the data than calculations using the
non-relativistic or relativized versions of the constituent quark model (Figure
2).

Measurement of the structure function 4,(Q?, W) contributes toward solv-
ing this puzzle. We first note that the P;;(1440), being a spin 1/2 resonance,
can only be excited by helicity 1/2 amplitudes (4,/; or 5, /2)- For an isolated
P1; resonance, the structure function A; = +1, whereas for an isolated A(1232),
A; = -0.5. In both cases these values are independent of Q3. Admixture of the
tail of the Py; excitation tends to shift the structure function in the region of
the A(1232) away from -0.5 towards more positive values. The value of A, in
the A region is therefore a direct measure of the strength of the P,;(1440).

To estimate the uncertainties in the determination of A; and A; a fit to
the functional form (2) was made, assuming the following bins in W and Q?:

AW =30 MeV, AQ?=0.2.Q° (9)
The results are shown in Figlres 3-5, where 4;(Q?, W) is shown for the ¢
and ¢*G interpretations of the the Roper state. It can be noted that in the
region of the A(1232) A, =~ -0.5. This value is expected for the pure A state.
. Interferénce from the tail of the Roper makes A, less negative, so that the value
of A; in this region is a clear indicator of the strength of the coupling to the
Roper resonance. For these calculations, the longitudinal to transverse ratio
-was fixed at 0.15 throughout the resonance region. A calculation with the ratio,
set to 0 indicates that A, is rather insensitive to the choice, as seen in Figure
5. - ' o
The ei:peri;:enta.l method is rela.tiv'ely less accurate for measuring Az,

which is expected to be quite small and less semsitive to various model as-
sumptions. Howcver, a significant measurement of A; can be made at small
Q?* (Figure 6). Aj is expected to be small since it depends on interference be-
. tween longitudinal and transverse amplitudes. Because essentially nothing is
known about the longitudinal amplitude in the resonance region, except that it
is small, we do not show calculations of A; in Figure 8. :



4]

I1.3 Q? Evolution of the Gerasimov-Drell-Hearn Sum Rule

The polarized proton structure function measured by the EMC collabo-
ration [A$H88] has prompted numerous speculations about whether or not in
the deep inelastic region the spin of the proton is carried by the quarks. This
. has led to renewed interest in experimental tests of the sum rule of Gerasimov
[GER65] and Drell, Hea..rn [DRE66] and its Q? evolution. The sum rule re-
lates the difference in the total photo-absorption cross section on nucleons for
photon-nucleon helicity Ay = 1/2 and A,n = 3/2 to the anomelous magnetic
moment of the target nucleon:

: _/‘2[0’1/2(”: ) — o33(v,0 )]—-2;[,&!:’ | (10)

Vihe

where v is the photon energy, 0,/; and oy /2 are the absorption cross sections
for total helicity 1/2 and 3/2, and k is the anomalous magnetic moment of the
target nucleon. The GDH sum rule has been derived on rather general grounds
but has never been tested experimentally. There is evidence from the analysis
of single pion production that the sum rule cannot be grossly violated [KAR73].

The interpretation of the EMC results on the polarized proton structure
- functions in terms of the Bjorken sum rule {BJOB6] suggests [CLO8S)
S

.f i'ilaw(v’ @) - rsa(n @) = 53 22 (1)

Mihy

The latter sum rule should be valid in the deep inelastic region. A companson
of (4) and (5 suggests that dramatic changes in the helicity structure of the vp
couphng must occur when going from the deep inelastic region to Q2 =0, if the
GDH sum rule were to be fulfifled. This is illustrated i in Figure 7. A calculation
by - Anselmino et al. [ANSSQ] which is based on the vector meson dominance
analogy- shows a sf;ong Q@? dependence and predicts 51gmﬁca.nt uncertainty
resulting from the a.ssﬁmed effective vector meson mass. In this calculation,
the GDH limit"-0.535 Ge'V‘2 at Q® = 0 has been used for normalization. A
. calgulation based on the more fundamental QCD sum rules is now under way
[RAD91]. Extrapolations of the- -photoexcitation calculations by Koniuk and
Isgur [KONS80], and by Close and Li [CLO90] to electroproduction are shown

9
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as well. In addition, some sem.i—empirica'.l' calculations based on experimental
information and single-quark-transition-madel symmetry arguments are shown.
Qualitatively, the change in helicity structure expected from the GDH sum
rule limit and the deep inelastic EMC results is reproduced, with significant
differences between the various calculations. In particular, the quark model
calculations do not reproduce the GDH limit. |

Figure 7 also shows the expected statistical error bars of the GDH inte-
gral Igpu(Q?) for a mass cut-off at W = 1.8 GeV. Obviously, the proposed
experiment will make a very significant contribution to the study of the Q? evo-
lution of the sum-rule, and to our understanding of the structure of the Roper
resonance. ‘ I

11.4 Effect of Systematic Error;

The errors shown in Figures 3-7 #re of statistical nature only. We now
estimate the systematic urcertainties. We first note that untertainties in the
detector efficiencies. (acceptmces) ca.ncel since only count rate asymmetries for
opposxte electron helicitiés will be used in determ.lmng A; and A;. Since 4,
and A; are.not-expected to exhxblt very rapid gha.nges, the experiment will
also be insensitive to minor systematxc shifts.in the beam energy,-and in the
recons,tructed kinematical quantities of the scattered electron. Nonetheless,
we intend to make use of elastic electron-proton scattering to.calibrate the

detector. The. following, sourccs of systematic uncertainties are expectcd to
yield the largest contributions to the systematic grrora

(1) Electron beam .pola.nzatxon )
(2) Effective target polq.x:izatiqn o

Electron polarization’

We propose to measure the electron polarization using ‘Moller scattering.
Moller electron pol.a.nmeters ‘have been used in electron scattering experiments
at various laboratones [00075], [BRES5], [COA89] and the techniques are
well established. The main uncertainty in the measurement of P, is due to the

-limitations in mea.suﬁng the magnetic flux in the thin magnetized target foil.
Without any further improvement of this technique the electron polarization
may be determined to §P, /P, =~ 0.05. ’

10



Target polarization

The uncertainty in the knowledge of the target polanzatron is compareble
to that in the beam polarization. A direct measurement of the polarization
has an absolute accuracy of about + 3% In addition to this uncertainty, the
proposed target material '* )V H; has the disadvantage versus alcohol based ma-
terials (such as butanol doped with chemital radicals) in that the unpaired
proton in the nitrogen nucleus will, to some degree, be polarized. The polar-
ization is known to be about 16% for a 90% polarization of the free proton.
However, since the dilution factor is 3 times larger, the effective contribution of
the nitrogen polarization is

# polarized protons in N
. # nucleons in **NHy’
assuming equal contributions from all nucleoss in the 5N nucleus. This cot-
responds to about 6% of the effective free proton polariz'a.tiorx. The relevant -
contribution to the inelastic asymmetry will be from quasifree scattering off the
unpaired proton in the 1 N. Using realistic 15N wa.vefunetions, we expect that
the correction factor may be calculated with an uncertmnty of less than 30%,
which reduces the systematic uncertainty in the asymmetry to less then 2%.
We also note that the correction is an overall multxphca.twe factor, which may
be adjusted as more accurate theoretical calculations become available.

Pl = Puy ~0.009 (12),

In addition, we propose a method that will allow. a more direct mea,sure-
ment of the effective target polarization. This method is outlined i in the follow-

ing section.

Determmatxon of the product of beam and target polarization

‘We propose to measure the, product P + Py in elastic: electron scatterinig off
free protons and in quasi-elastic scattenng off bound profons. Using the good
missing mass resolution of CLAS, elastic and qua.s; -elastie processes can be
separated. A simulation of the two processes for’ atypical k:gema.t:ca.l situation
is shown in Figure 8. The CLAS detector will record elastic 13'(e & )p, and quasi-
elastic 15N (€,e")X events in "parallel mth' the -mele.stxe évents. We therefore
propose to use the same technique to extract the asymmetry AP ‘for elastic
a.nd quasi-elastic scattering. For elastic scattering of a polanzed electron from
a free polarized proton the asymmetry is given by [DONSG]

AP = A, cos 9., + A s_;n 6y - (13)

11



where

_ - l 2rvip
A = ) (G5 /GL ) T 2ror (14)
and
_ 2\/21‘ 1+1' (G /(;‘P 'UTL 15
= (T4 1) (GB/CR ) + 2rur - 08
where '
Q’
aM?
2
v = (%)2
@ 28
v = 24 +t -2'
—enn f 20 Q3
N vy = tan—z— tan 2 -+ q—-
: Q* tan

Here ¢* = Q? + u? is the conventional notation. Sincg G2 and G%, are
accurately known at small Q2?, measurement of the experimental asymmetry

AP =P .PpeA® (19

' allows the extraction of the product of beam and target polarization. The
same techmiques can be used to measure the product of beam pola.nzuhon and
effective 1°N polarization. The elastic ep asymmetry is ‘shown in anure 9
along with the expected statistical errors using the running times proposed for
this experiment. In these calculations a conservative estimate of 2% was used
for the-experimental uncertainties in the form factors. Besides the statistical’

: uncertainties, the main contribution to the uncertainty is due to the uncertainty
in the measurement of Q?. Since measurements of the same factor can be made
in many Q? bins at each energy, the statistical uncertainty can be significantly
reduced, leaving an uncertainty of less than .01 in PP, . This is.a substantial
improvement over the direct measurements of the polarizations.

12



Correction for scattering on 1*N
The experimentally measured asymmetry is given by:

AP — p _3'("'?/2 "’3/2) Pp+ ("o 1/2” "3/2 ")."Pp”
1 ¢ 6- (ar+eaL)+2aTOT(15N)

?

where ? “17}2” denotes the helicity 1/2 quasi-free cross section on 15N,

The demoninator contains the total cross section for scattering on the N
nucleus. For a precise measurement of this contribution, the polarized target
material will be replaced by a 1®*N target under otherwise identical condition
(target geometry, polarized target field, beam rastering, etc.). The two mea-
surements will be normalized to each other by matching the areas under the
quasi-elastic peak in the missing mass regions outside of the elastic ep scattering
peak. (Figui‘e‘ 9). |

III. Performance of the CI;AS‘ Detector with Polarized Target Field.

The axial field component B, of the polarized target is shown in Figure
'10 as a function of r and z. For a central magnetic field of 5 Tesla one ob-
tains fBdl = 1.0Tm. Deflection of charged particles in the target field- might
therefore seriously affect ‘the acceptance of charged particles in CLAS. Clearly,
the la.rgest deflection will occur for particles emitted at 90° with respect to the
symmetry axis of the target field. Charged particle trajectories with momenta
- between 150 MeV/c and 2000 MeV/c are displayed in Figure 11. The polarized
-target magnetic field strongly deflects low momentum particles, resulting in an
-effective low momentum cut-off at =~ 150 MeV/c. Except for this cut-off, the
CLAS acceptance for single particles is only slightly affected if one ignores the
fact that the ) eccepta.nce is shifted by an a.ngle Ad(p). The analysis of the .
tra._]ectones is facilitated by the fact that the particle trajectories after leu.vmg
the polarized target ﬂeld region still appear to be pointing back to the emission
_ point at the target. Momentum resolution for reconstructed trajectories is, to
" first order, not affected by the presence of the target magnetic field, since most
of its [Bd! i4 concentrated inside the region w[h.ere'the LLAS tracking -cham-
" bers are located. Similarly, the resolution.in the polar and azimuthal scattering
ahgle is not affected by the presence of the target field, assuming the target
field distribution is known with sufficient precision.

13



IV.1 Beam Handling in Polarized Target Operation.

In most applications of polarized targets pertaining to the study of nucleon
resonance excitation, the polarization vector is a.l:igned parallel to the direction
of the incident electron beam. In this configuration the primary beam is unaf-
, fected, except for the (minor) focussing properties of the target field.

Beam rast eriﬁg.

The polarizability of the protons and deuterons in ! N H; strongly depends
upon its exposure to ionizing particle beams. In fact, the material must be pre-
irradiated with about 10! particles per em? to reach its optimum performance.
In case of a physics experiment, the polarization degree can change {increase
or decrease) depending on the history of the target sample. To avoid local de-
polarization or polarization bmldup, due to non-uniform exposure of the target
sample to the beam, the incident beam will be rastered across the target front
face. To avoid local temperature rise within the target sample, high speed beam
rastering is necessary. This can be achieved by incorporating four small dipole
magnets, made of laminated magnetic steel, upstream in the beam line.

V.2 Background and Luminosity Issues for Polarized Target Opera-
tion. .

Since a polarized solid state target has a strong magnetic field associated
with it, the trajectories of charged background particles coming from the target
" region will be strongly mﬂuenced by the field orientation chosen. for a spe-'
cific experiment. Background events have been simulated using the GEANT3
[BRUSS6] package, and a realistic event generator. The event generator was
based on events generated using the EGS4 package corrected for wide angle
bremsstfah.lung, and X-ray production.

The tagget samp‘le used.in the simulation is in the sha.pe of a cylinder of
1.5 cm length a.nd 1 cm radius. .

With the ta.rget polarized along the bea.m direction, the iongitudinal mag-
netic field of the target acts like a focussing lens, and keeps practically all low
energy charged particles emerging from the target within a narrow cone sur-
rouniding the beam ‘axis, even those emijtted at large angles to the beam. This
effect is illuétra_.féd in Figure 13. This shielding of low energy particles from the
CLAS tracking volume is at least as effective as the shielding obtained with the

14



standard miniature torus. The wire chambers appear to be nearly unaffected
by charged background. Therefore, we can expect the CLAS detector to safely

23ec~! (and possibly beyond) in conjunc-

operate at luminosities of 103 cm™
tion with a polarized target having the polarization axis aligned along the beam

axis. ' ’ . 1

Note that the simulations were done with the CLAS configuration as out-
lined in the Preliminary Conceptual Design Report [CLA89]. However, we do
not expect any significant change in the background situation for the current
detector geometries.

IV.3 Mechanical Aspects of Polarized Target Operﬁtion in CLAS.

The mechanical support structtfre' has to serve two functions; it holds the
target magnet in place, and it has to carry the magnetic forces resulting from
the interference of the target field with the main torus field. Also, it should not
obstruct any additional solid angle. The present design mekes use of a rigid
connection of the magnet cryostat to the torus cryostat in the rear. The layout
of the target magnet, the target cryostat, and the support structure in the
CLAS magnet as currently envisioned are shown in Figure.13. As illustrated
in Figure 14, the polarized target magnet coils will be placed in a their own
cryostat, which is sepaiated from thé polarized target cryosiat, providing more
flexibility in servicing the target as well as in changing the orientation of the
magnetic field. . . e ’ ‘

V. Summary of Beam Requests and Equipment Requirements

Qur request for running time, beam energies, approximate cufrents, and
targets is summarized in table 2. The quote.d numbers dg not-include time
needed for servicing.the polarized target, such as annealing, refilling liquid he-
lium dewars, etc. All measurements will be conducted using the polarized elec-
tron source. We assume that the CLAS detector will be fully instrumented with
tracking chambers, gas Cerenkov counters, scintillation counters, and electro-
-magnetic calorimeters for angles up to 45°. Estimated running times are given
for two values of the beam polarization. The running time is approximately

proportional to 1/P3.
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Total amount of be@ time requested (P, = 0.5):
1,200 hours of running with polarized > N H, target
120 hours of unpolarized running with 1* N target

Total amount of beam time requested (P, .= 0.75):

530 hours of running with polarized >N Hj target

58 hours of unpolarized running with 1*N target
VI. Responsibilities

-CEBAF and the University of Virginia are jointly responsible for the po-
larized target magnet. The University of Virginia will design and build the
polarized target cryostat with the assistance of the CEBAF engineering group..
The University of Virginia will be responsible for the operation of the polarized
target. Data will be analyzed jointly by CEBAF, U.Va. and other members of |
the collaboration.

16
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Table 2: CEBAF Operating Conditions for A1, A2 Separation

Energy (MeV) | Target | Current (nA) | Running Time (hours) | Running Time (P.=0.75)
1200 SN H, 1 150 65 - o
1200 By 1 15 7
1600 18N H, 1 150 65
16060 15N 1 15 7
2000 15N H; 1.5 150 65

2000 By 1.5 15 7
2400 15N H, 2.5 150 85
2400 1By 2.5 " 15 7
2800 BNH, 2.5 200 90
2800 15y 25" .20’ 10

. 3200 18 N H, 5 200, 90

. 3200 15N 5 20 10
4600 uvgel . s | 200 90
4000~ | BN 5 20 " 10
TOTAL . |“NH, 1,200 120
_TOTAL | 5N 530 58

17
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Figure Captions

Figure 1. (a) A diagram of the electron scattering for arbitrary orientation of
the nucleon polarization, 15; ¢ makes an angle 8., with the initial electron beam. |
The angles ¥ and ¢ are the polar and azimuthal angles of the pola.nzatmn vector
with respect to ¢ and the electron scattenng plane.

(b) Electron scattering with Pp oriented along the electron beam.

Figure 2. The structure function, A; /2 as a function of Q3. The points with
error bars show model dependent extractions from data. The open diamonds
are the results of a fit at fixed Q? by G. Gerhardt [GER80]. The two lines
ending at Q? =1 are different results of an analysis by Gerhardt, constrained
by a photoproduction value of A‘;(O) = -50.10"% GeV~1/2, The other points are
from an analysis of Boden and Kroesen [BODS86], also at fixed' Q3. The upper

—— line (dashed) and the dash-dot line are calculations of Weber[ WEB90] using a
relativistic quark model, with configuration mixing. The dash-dot-dot line is
from Foster and Hughes [FOS82]. The lines that remain negative are as follows:
the solid line is from the empirical calculation descnbed in the proposal. The
lowest line (dashed) is a calculation treating the Roper as a 3q state, and the
dash-dot line above th:s one uses a hybrid model [LIBS1).

Figure 3. Calculations of Al(Q2 W) at Q? =0. 25 GéV? a.nd Q? =0.75 GeV’_
using the program described in the text. The ratio or/or was fixed at 0.15.
The dashed line shows the result with the assumptzon that the ,Boper is a g}
state and the solid line shows the result if it is a.ssurged to be a hybnd. q’G
state. The Ropet width was taken to be I' = 150 MeV. The error bars show
_ the expected measurement errors in "A;1(Q?, W) for the proposed expenmcnt

Figure 4. Same as Figure 3, except that Q7 = 1. 0 GeV? and 1.5 GeV3, The
points with ecror bars are from SLAC data [BAUBO]

*Figure 5. The upper graph is the same as, for Flgure 3, except that Q¥ = 2.0
GeV2, In the lower graph, the eﬂ'ect ‘of the choice for the ratio, or /oy is shown. ’
The solid line uses 0.15 and the dotted line uses 0 for the ra(,txo In addition
the dashed curve was obtained by systematically 1ncreas1ng the asymmetry
measurement at 2.0 GeV by 2%. '

Figure 6. Estimated accuracy for the measurement of 4;(Q?, W) at (a) Q2
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= 0.25 GeV?, and (b) Q* = 1.00 GeV?. Since 4, depends on.the interference
between longitudinal and transverse amplitudes, not enough is known about the
ratio of the two throughout the resonance region to make a sensible calculation.

Figure 7. The Gerasimov-Drell-Hearn integral as a function of Q? for different
models. The line labeled GDH SR shows the valué of the GDH sum rule (Q?
= 0). The two lines around -0.58 at Q? = 0., were obtained with the semi-
empirical calculation described in this proposal: the solid line obtained with
Roper treated as a gluonic hybrid, and the dashed line with it treated as a
3-quark object. The dash-dot-dot line starting at the GDH sum rule uses the
form of Anselmino et al. [ANS89|, with the vector meson mass scale equal
to the m,. The two curves that start around 0 at Q% = 0 are obtained by
extrapolating-the model of Close and Li [CLO90|(solid line) and the model of
Koniuk and Isgur [KONB8O] (dashed line) from photoproduction. The solid line
that extrapolates to-large positive values at Q3 = 0, is a line fit with a 1/Q?
dependence to the EMC measurements at higher Q2. The figure also shows
the expected statistical error bars of the GDH integral for a mass cut-off at
W =1.8 GeV. |

Figure 8. Results of a simulation of the elastic and quasi-elastic electron scat-
tering processes in the CLAS for a typical kinematical situation, showing the’
narrow elastic’ peak riding on a much broader quasielastic peak.

Figure 9. (a) The asymmetry for elastic electron scattering for various values
of Q? and incident energies. (b)The expected errors in the product of the beam
polarization, P, and the éffective ** N polarization, at several values of Q? and
the proposed idcident energies. The errors were calculated by assuming AQ? =

0.1 Q% (c) The expected error in the measurements when the stat:stxca.l error

.

" is negligible.

Figure 10. The radial and axial distribution of B of the apht pair coil arrange-
‘ment., : " .

Figure 11.; Charged particle traje¢tories through the target ma.gnetaand through
the CLAS torus, for momenta 'of 150 250, 500, 1000, 1500, and 2000 MeV/c.

Figure 12. Cha.rged particle background when the ﬁeld axis is &hgned thh the

beam direction.
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Figure 13. Layout of the polarized target magnet, the target cryostat, and the’
support structure in the CLAS magnet. -

Figure 14. Superconducting split pair magnet with the coil shape designed for
minimal solid angle obstruction and maximum field homogeneity. The magnet
coils are placed in a their own cryostat, separated from the polarized target
cryostat. o
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