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1. Introduction 

The project presented in this proposal combines two major avenues of re- 
search. It merges high energy and intermediate energy physics in the quest for 
understanding the many facets of the strong interaction and the building of nu- 
clei. The first avenue is addressed by the measurement of the spin structure 
function of the neutron using a polarized electron beani and a polarized 3 H e  
target at the Stanford linear accelerator with the goal to test the Bjorken sum 
rule and provide an answer to the mystery of the missing spin of the proton. 
Since the suprising result from the New Muon Collaboration (NMC) collabora- 
tion on the measurement of the spin structure function of the proton at CERN 
several groups are aiming to check the proton measurement and also to measure 
the neutron structure functions. Experiments with similar goals have been pro- 
posed by the SMC collaboration at CERN, and by the HERMES collaboration at 
HERA. Our proposal is complementary to those projects and has been approved 
and scheduled to run in end station A in the spring of 1992. The technical re- 
sponsibility of the Stanford group is to build four threshold C02 gas Cherenkovs 
used for electron identification. These detectors will be described in detail in the 
technical part of the project. 

The second avenue of our proposed research effort is directed towards research 
at the Continuous Electron Beam Accelerator Facility (CEBAF) where our main 
iiivolvement is focussed in Hall A. Stanford as part of the Hall A collabora- 
tion will be involved in several collaboration experiments, however I shall only 
present in this project the experiments that have our highest priority since we 
are spokesman. They are PR-89-016 (The transverse and longitudinal response 
functions for quasielastic electron scattering in the momentum transfer range 
0.35 Q2 5 1.5 GeV/c)2 and PR-89-019 (Measurement of proton polarization in 
the d(7,p)n reaction). 

In the first experiment we plan to pedorm a precision mesurement of in- 
clusive electron scattering cross sections in the quasielastic region at different 
scattering angles and for several nuclei (2H,3He, 4He, 12C, 27A1, "Fe and '08Pb). 
We will extract the longitudinal and the transverse response functions at ino- 
mentum transfers in the range 0.5 5 Q2 5 l . S ( G e v / ~ ) ~  with a precision of few 
percents ( between 1% and 12% for the longitudinal response in the whole range 
of momentum transfers). 

In the second experiment we propose to measure angular distributions of the 
proton polarization in the d(7, p ) n  reaction in the GeV region. This measurement 
aim to test the validity of extensions of conventional nuclear-physics tlieories to 
the higher energy regime. The result of the experiment will further constrain 
recent claims of the observation of asymptotic scaling in the d ( 7 , p ) n  differen- 
tial cross section above 1.4 GeV photon energy and of possible exotic &baryon 
resonances. These two experiments have been presented at the last PAC in Oc- 

4 



toher and March 1990. The first one has been deffered while the second had a 
conditional approval. 

Our technical responsibility in the Hall A instrumentation is to build the 
compton polarimeter in order to measure the longitudinal polarization of the 
electron beam. This project is crucial for many important experiments to come 
in this Hall. A separate proposal with a detailed design is under preparation in 
order to build this device nevertheless we would start to make some development 
starting next year. A description of the method and feasbility is included. 

2. The SLAC Experiment 

2.1 Measurement of the neutron spin dependent structure function 

We propose to measure the neutron spin dependent strucutre function in 
the range 0.04 < x < 0.6 for Q2 > 1 (GeV/c)2. This experiment requires a 
22.66 GeV polarized electron beam scattering off a polarized 3Hegas target in 
End Station A at SLAC. The scattered electrons will be detected by a two arm 
fixed spectrometer. We estimate that a one month period of set-up with beam 
followed by a month of running at 120 pps will be sufficient to test the Bjorken 
polarization s u m  rule to 4~15%. This experiment involves a strong collaboration 
of several institutions in the United States. 

2.2 Motivation 

A measurement of the neutron spin dependent structure function is of inter- 
est for four reasons. It gives direct information on the contribution of the quark 
spin content to the nucleon. It tests nucleon models used in supersymmetry 
and dark matter searches. It serves as a calibration for high energy polarized 
nucleon scattering such as polarized proton collisions at the SSC. Finally, in con- 
juction with the measurement of the proton spin dependent structure function, 
a determination of the neutron spin dependent structure function would test the 
theoretically well-established Bjorken polarization sum rule 

At present, 'only measurements of the proton spin dependent structure func- 
tion have been done. Experiments E80 and E1303 measured the proton spin 
dependent structure function in the range from x = .1 to x = .7, and recently 
the EMC collaboration4 extended the structure function measurement down to 
x = .01. The EMC results disagree with the predictions from the Ellis-Jaffe sum 
rule for the proton. These results indicate that the quarks do not carry the 
majority of the proton spin content. The number of theoretical papers generated 
by this result is enormous. 

1 
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A measurement of the neutron spin dependent structure function would test 
the Bjorken polarization sum rule for the first time. This sum rule, given below, 
relates the neutron and proton spin dependent structure functions to the weak 
coupling constants measured in neutron beta decay. 

] d z ( g p ( z )  - g n ( z ) )  = --(1- 1 QA a , ( Q 2 ) / w )  = .191f .O02 
0 6 sv 

The EMC measurement4 gives 

1 / dzgp(z) = .114 f .012(stut.) f .026(syst.) 
0 

With this value, the Bjorken sum rule predicts a large negative contribution to 
the neutron spin content. 

1 1 dsgn(s) = -.077 f .029 
0 

The measurement of the neutron spin dependent structure function also would 
test independently the Ellis-JafFe sum rule for the neutron, which predicts that 

1 1 dzgn(s) = -.002 f .005 
0 

In short, a measurement of the neutron spin dependent structure function would 
be a second independent test of the Ellis-Jaffe sum rule and a first test of the 
Bjorken s u m  d e  in which the neutron results are included. 

SLAC has a long history of experience in both the study of deep inelastic 
e- scattering and in polarized e- beams. High current polarized e- beams are 
still feasible for a fixed target experiment at the LINAC. Advances in the de- 
velopment of polarized 3He gas targets indicate that these targets would be the 
most promising for a SLAC measurement of the neutron spin dependent structure 
function. The theoretical uncertainty in extracting the neutron spin dependent 
structure function from the 3He spin dependent structure function is expected to 
be small. The event rate of a 3He(e,e’) scattering experiment are high enough that 
a precision experiment can be done in a one month run using a large acceptance 
spectrometer. 
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2.3  The Beam 

We propose to use the polarized GaAs source which is presently being com- 
missioned for the SLC.' Table 1 summarizes the parameters of the beam that 
are needed. A new source laser with a longer pulse length (1.5 psec) will need 
to be installed. Otherwise, no change from th SLC polarization set-up should be 
necessary. Polarization at 42 % is achieved in the laboratory with the cathodes 
that presently exist. 

Helicity reversal of the electrons is achieved by reversing the circular polar- 
The 7 ization of the pump laser similar to the SLAC parity violating experiment. 

reversals can be done on a pulse to pulse basis. 

Polarization of the e- beam will be measured with a Moller polarimeter to 
an accuracy of f 5 %. The polarimeter will be constructed for End Station A 
using the existing designs developed for the SLC. 

2.4  The Target 

The recent development of high density polarized 3He gas targets have made 
3He the preferred target for a SLAC measurement of the spin dependent structure 
function of the neutron. The dilution factor, the ratio of the number of polarized 
nucleons to the total number of nucleons is 1/3 for 3He, ignoring background 
corrections from extraneous material. This is about three times higher than for 
solid state targets. 

The SLAC target will be based on the technique of 3He polarization by spin 
exchange with a high density laser optically pumped Rb vapor. The physics of 
spin exchange in the 3He-Rb system, and other closely related alkali-metal noble- 
gas systems, has been extensively studied, making it possible to project the 
achievable target parameters which are summarized in Table 2. This technology 
has been successfully applied in recent experiments at Los Alamos and TRI- 
UMF. Also, extensive tests at the Princeton cyclotron and the Bates Linac have 
provided detailed quantitative understanding of a variety of effects that will be 
important to operation in the SLAC beam. In the Los Alamos experiment, 
epithermal neutrons were polarized after passing through longitudinally polar- 
ized 3He, and in the Triumf set up l7 a 300 MeV polarized proton beam was used 
to study the spin-momentum correlations of nucleons in 3He using knockout re- 
actions. The TRIUMF target had a density of 0.8~10~~ atoms/cm3, a volume of 
17 cm3, a length of 8.5 cm, and a 3He polarization of 60%. The SLAC target will 
be similar in design, but will have twice the target volume and therefore require 
twice the laser power. The major elements ef the SLAC target system are shown 
in figure 1. The target cell consists of a cylindrical glass cell containing a 3He 
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density of 3 x 1020cm-3 (Z 10 atmospheres at 300°K), a density of N2 or Ha of 
2 to 4 times lo1' cm-3 (z 50 - 100 Torr), and several milligrams of rubidium 
metal. The N2 or H2 is necessary to non-radiatively quench the Rb excited state 
populated by the absorption of laser light. The cell is heated to z 180' to obtain 
the desired number density of rubidium vapor. The magnetic field of about 30G, 
produced by Helmholtz coils, establishes an a x i s  of quantization for polarization 
and dominates the effects of magnetic field gradients in the vicinity of the 
target. The lasers for optical pumping will be two solid state-sapphire lasers, 
each pumped by an argon-ion laser and producing greater than 8 watts of power. 

The 3He nuclear polarization will be measured to an accuracy of 5% by using 
either NMR adiabatic fast passage (AFP),8 or through the observation of the 
frequency shift that the polarized 3He will cause in the EPR resonance line of the 
Rb2' . The polarization of the electron beam will be reversed on a pulse to pulse 
basis, there by making occasional flips of the target polarization sufficient for the 
control of systematic errors. Polarization reversal of the 3He can be accomplished 
using AFP or through the rotation of the static magnetic field. We note also that 
when the 3He is initially polarized, the polarization direction can be produced 
parallel or anti-parallel to the magnetic field. 

A simplified expression for the equilibrium polarization of a 3He cell is given 
by: 

18,19 

P(3He) = P(Rb) YSE 

TSE + rgeam + FO 

where P(Rb) is the average polarization of the Rb vapor, TSE M 1/4 hr is the 
spin exchange rate between the 3He and the Rb vapor, I'o < 1/40 hr, is the 3He 
spin relaxation rate due to wall collisions and magnetic field gradients, I'Beam z 
1/18 hr is the 3He spin relaxation due to the ionizing effects of the beam. The 
key to obtaining a high 3He polarization is to arrange for ~ S E  >> rBeam + r0. We 
note that y s ~  = ( v o ~ ~ ) [ R b ] ,  where  vas^) is the velocity averaged binary spin 
exchange cross section. We can obtain any desired value of TSE by adjusting 
the Rb number density.8 To obtain the quoted value of YSE = 1/4 hr, we 
will operate at a Rb number density of about 6 x 1014 ~ m - ~ .  The equilibrium 
polarization with the electron beam will be greater than 50%) and it will require 
about 8 hours of optical pumping prior to bombardment. 

The Rb number density dictates the laser power that is necessary for a given 
target volume. We find that 120 mW/cm3 of power is needed for the SLAC 
target. Enough laser power must be available in order to overcome the loss of 
angular momentum of the photons due to spin destroying Rb-Rb collisions. The 
required laser power is proportional to the volume and is the only real limit to 
the size of the target * . This has been demonstrated over a range of volumes from 
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1 to nearly 20 cm3. For the SLAC target we will need a total of 8 watts at 795 
nm. This currently requires two Ti-sapphire lasers each of which is pumped by a 
20 Watt argon-ion laser. However, the demonstrated capabilities of Ti-sapphire 
lasers are advancing rapidly and it may soon be possible to achieve the required 
8 watts with a single laser system. 

The depolarizing effects of the electron beam on the 3He are well understood 
21,22 23,24 both theoretically and experimentally 

and will not pose a problem. The expectation for the SLAC target is a beam 
induced 3He relaxation time of about 18 hours. 

The ionization due to the electron beam affects optical pumping. We are thus 
planning to separate the region in which the 3He is polarized from the region in 
which the 3He is bombarded with the electron beam. There are at least two 
solutions to this problem. For the Bates experiment, a multi-chamber target cell 
has been de~eloped,'~ as is illustrated in figure 2. The 3He diffuses continuously 
between the pumping cells and the target cell. The transfer tubes that connect 
the pumping and target cells allow the 3He atoms to diffuse in a few minutes and 
maintain a thermal gradient to keep the Rb vapor density negligible outside of 
the pumping cell. This target design has been tested with low laser power (up to 
1 watt), quantitatively demonstrating the validity of the design. Alternatively, 
two separate cells could be used - one cell would be used as the target while the 
other cell would be pumped. A sketch illustrating a simple geometry for the use 
of two cells is given in Fig. 3. In summary, while the issue of the depolarizing 
effects of the beam on the Rb vapor needs to be addressed, we already have at 
least one design solution, and other possibilities exist as well. 

(M 34 atms. at 300K) 
have been extensively studied. These cells are constructed by using liquid nitro- 
gen to increase the density in the cell when the glass seal is made. The primary 
reason higher pressure cells have not found wider use is the increased conipli- 
cation of the fabrication process-temperatures lower than 77 O K  are needed to 
obtain higher densities in sealed cells. The optical pumping and spin exchange 
properties of cells containing 3He densities of 3 x 1020cm-3 axe expected to be 
nearly identical to those of cells with 3He densities of 1020cm-3. Thin glass win- 
dows (thickness about 0.15 mm) have been successfully employed at Bates with 
40 PA of 250 MeV  electron^.'^ For the SLAC target similar windows will be 
used, although if necessary, metal windows will be employed. In the past, metal 
windows have not been used because they cause faster spin relaxation than glass 
windows. The large volume of the SLAC target results in more flexibility, how- 
ever, because the windows represent a smaller fractional surface area than is the 
case in smaller cells. 

In summary, the SLAC target appears to be a natural and straightforward 

Sealed 3He cells containing a 3He density of 
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applicat*ion of 3He spin-exchange target technology. Test beams will be available 
at both Princeton and TRIUMF for studying the effects of ionizing radiation, 
and we anticipate about 1 year of work for target development. 

2.5 The Spectrometer 

We propose to use a set of two spectrometers to detect simultaneously elec- 
trons scattered at 4.5' and 7'. Figure 4shows the layout of the apparatus. The 
7O spectrometer, made up of existing magnets B201 and B81, provides a high 
solid angle acceptance of 0.45 msr averaged over the large momentum range 
A p / p  = SO%, as illustrated in Figure 5. This large momentum range permits 
the collection of data over a wide range of x for the same beam and target condi- 
tions. The spectrometer will be run at central momentum settings of 10 GeV/c 
and 15 GeV/c, providing a range in x of 0.1 to 0.6 for Q2 > 5 GeV2. The 4.5' 
spectrometer is made up of existing magnets B204 and B82, and has a solid angle 
of 0.15 msr averaged over a momentum acceptance of 50%. In this case, the t 
range will be from 0.04 to 0.20 for Q2 > 1 GeV2, providing some overlap with 
the 7' spectrometer. 

The requirements for the detector package in the 7' spectrometer are that it 
handle rates of 2 electrons per pulse and about 4 pions per pulse (Figure 6) . 
We plan to use two gas Cerenkov counters and a segmented lead glass array for 
electron identification, and a set of MWPCs and a hodoscope array for tracking. 
The first Cerenkov counters will be 4m long filled with COz at a pressure of 2.18 
psi, giving a pion threshold of 13 GeV, and an electron efficiency of about 99% 
(7.5 photoelectrons). The pion threshold momentum set for the second Cerenkov 
counter will be 9 GeV/c rejecting pions in a region where the n / e  ratio increases 
rapidly with decreasing momentum. The length of this conter will be smaller 
(2m) and the pressure higher leading to the same efficiency as the first Cerenkov 
for electrons The expected 50:l pion rejection power of the lead glass counter 
will keep the pion contamination small (less than 5% even above pion threshold 
in the Cerenkov counter). We plan to use the lead glass blocks from the 8 GeV 
spectrometer, which have an energy resolution of a ( E ) / E  = 8%/@. We also 
plan to use the ten planes of wire chambers and the scintillator hodoscope from 
the 8 GeV/c spectrometer for tracking and fast timing. With the 2 mm horizontal 
and 4 mm vertical wire spacing of the wire chambers, we expect to obtain a 
momentum resolution of better than 1%, and a scattering angle resolution of f 
0.5 mr. These resolutions are more than adequate to correct for the cross section 
variation within each x bin. The present electronics for the wire chambers will 
need to be upgraded in order to reduce the dead time and allow several events 
per spill to be read out. The wire chamber manufacturers have stated that they 
could provide the desired electronics cards for a cost of about $2O/wire, or a total 
cost of $40K. In order to handle a trigger rate of up to S/pulse, the signals from 

26 
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the shower counter, Cerenkov, and hodoscope would have to be fanned out to 
three sets of CAMAC ADC's and TDC's. This will require the acquisition of 
more electronics modules than are presently available in Counting House A. 

The detector package for the 4.5' spectrometer is designed to handle elec- 
tron rates of less than 5/pulse with an average r / e  ratio of 2:l. As for the 7' 
spectrometer, two Cerenkov counters will be used at different pressures of COZ 
leading to two different pion momentum threshold, namely 13Gev/c and 9GeV/c. 
The respective length of the two counters is 4m and 2m. The lead glass array 
will be composed of the forty 10 by 10 by 25 cm blocks used in experiment NE4. 
The good ( a ( E ) / E  = 7%/@) resolution of these blocks, combined with the 
pion rejection power of the Cerenkov counter, will keep the pion contamination 
below 2% for all kinematic settings. The existing phototubes for the lead glass 
blocks are slow and would need to be replaced with faster tubes. Because of the 
high electron and pion rates per pulse, we propose to use a set of two scintillator 
hodoscopes for tracking and fast timing. In the horizontal direction, position 
information only is needed to obtain the scattering angle, so that a single plane 
of 5cm wide units will give a resolution of a few mr. In the vertical direction, 
measurements of both position and angle are necessary to achieve the desired 
momentum resolution of better than 5%. This will require two planes of 1.25 
cm wide scintillators separated by 2 m. Coincidences between various combina- 
tions of scintillators will determine the momentum, which in coincidence with 
various scattering angle bins will be recorded in hardware scalers. This scheme 
will require a substantial investment in new electronics, (e.q. several dozen 16- 
channel ECL discriminator, coincidence, and scaler modules), as well as building 
the hodoscopes. For monitoring the efficiency, effective dead time, and pion con- 
tamination of the system, information from one of the triggers in each beam burst 
will be read into the computer. We are presently investigating the possibility of 
using wire chambers for tracking in the 4.5', at a substantially reduced trigger 
rate. 

Also we note that the contamination from e+ background is negligible. The 
threshold for significant e+ production with a 22.66 GeV beam is W = 5.5 GeV. 
No bins in z correspond to such a high value of W. 

2.6 Event Analysis 

With the experimental conditions given in the previous sections, the event 
rates and statistical errors on the spin-dependent asymmetries are calculated. 
Table 3 and 4 give the kinematic variables and the cross-sections for the 7' and 
4' data, respectively. Figure 7 shows the event rates per pulse as a function of x. 
The differential cross-section, d2@, appearing in these tables is in units of 

11 



cm2/sr and corresponds to 

d2a E O U t  d2aP = 
dCldEout 

where W1 and Wz are the proton structure functions. 

and is given by: 
D is a factor which corresponds to the depolarization of the virtual photon 

Eat 

R 
E - 1+2(l+v2/Q2)tun2(e/2) 

E[1 -k i+2(l+v2/Q2)tun2(8/2) 1 
D =  

27 where R = ~ L / u T  . 

event rate for the experiment. 

AAY, derived from the event rates of figure 8. 

Given the proposed running time (section 2.81, figure 8 presents the totd 

Figure Sshows the statistical uncertainty on the asymmetry measurement, 

6 = 1/JNurnber of events 

P, = beam polarization 

Pt = target polarization 

f = dilution factor 

D = virtual photon depolarization factor 

The dilution factor used for calculating figure 9 takes into account the differ- 
28 ence between the proton and neutron cross-sections: 

8 ( ~ )  = cp(z)( .92 - 3832) 

The small correction on the dilution factor due to the EMC effect2' is ignored 
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for this calculation. In short, 

a*(x) 
= 3.86ap(z) + 2.86an(x) 

where the extra 1.86 corresponds to the n ~ n - ~ H e  target material. 

structure function in the scaling limit is given below: 
Finally, the relationship between the asymmetry A? and the spin dependent 

Figure 10 shows a comparison of the proton spin dependent structure func- 
tion measurements from the EMC collaboration and the old SLAC experiments, 
E80 and E130, with the measurement of the neutron spin dependent structure 
function proposed in this report. The asymmetry for the neutron spin dependent 
structure function is assumed to be zero, and the error bars for the neutron points 
are statistical only. The impact of the 4.5' and 7' data are shown separately. 

2.7 Systematic Uncertainties 

The experiment should be limited by systematic uncertainties. Table 5 gives 
the breakdown of these uncertainties. The numbers represent the percentage 
uncertainty on J gr(z)dz assuming that it has the value -0.08 as predicted by the 
Bjorken s u m  rule in combination with the results of the new EMC d a h 4  

relationship between A2 and gl(x) is given below: 
The largest uncertainty comes from not knowing the asymmetry A2. The 

A conservative bound on the value of A2 is lAzl 5 a. Therefore, the 
uncertainty on J gr(s)dz due to A2 is calculable. From measurements of R2' at 
the Q2 of this experiment, 

For Jgy( z )da :  = -.08, this corresponds to a f 9 % uncertainty. 
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The Moller polarimeter measures the beam polarization to f 5 %. The 
measurement is inherently limited by a background subtraction of the signal and 
an uncertainty in the amount of electron spin magnetism. 

The target polarization measurement is limited by the uncertainty in the 
density of 3He in the cell and by local fluctuations in the B-field along the electron 
beam trajectory compared to the entire 3He volume. 

The 5 % uncertainty in the dilution factor is dominated by the uncertainty 
in the thickness of the glass cell walls. We assunie that the wall thickness will 
be known to k 10 % of its value (Le. f 0.01 mm). Software cuts could possibly 
reduce the background from the walls. 

The last large uncertainty comes from the experimental uncertainty in the 
determination of the ratio of the neutron to proton structure functions2' . A 5% 
uncertainty in FY(x) gives directly a 5 % uncertainty in g';"(x). 

Radiative corrections to the asymmetry measurements will add an uncer- 
tainty in the extraction of A?. For the proton data in electron scattering, 
these corrections changed the absolute value of AT by .01 to .05, depending on 
the value of x. If these corrections are known to f 20 %, then the additional un- 
certainty on AT coming from the radiative corrections would range from negligible 
to .01. 

The radiative corrections to the neutron asymmetries should be similar but 
do depend upon the measured results. An estimate of the external corrections 
due to the present target cell with 0.1 mm windows and 0.5 mm walls indicate 
that the radiative corrections will be dominated by the internal rather than the 
external contributions. 

30 

2.8 Proposed Run 

This experiment requires a one month running period of the SLAC LINAC 
with a total of 90 hours of data recorded on tape per spectrometer. Table 6 lists 
the breakdown of how these hours would be used. Note that the run time for the 
7' and 4.5' spectrometers is the same. We estimate that the experiment will run 
with an average efficiency of 1/4. And that of this efficient run time, 1/2 of the 
data will be recorded on tape. 

We also request a two week test beam run for set up and initial tests. 
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2.9 F'rom 3He to the Neutron 

The nucleon spin structure of a polarized 3He target is the same as a polarized 
free neutron target to the extent that the 3He nucleus is in a spatially symmetric 
S state. In an S state, the proton spins remain anti-parallel in order not to violate 
the Pauli exclusion principle. 

An analysis of quasi-elastic data has revealed that to - 90 %, the 3He wave- 
function is in a spatially symmetric S state. Figure 11 gives the partial wave 
chanels of the three-nucleon channels of the Derrick-Blatt used in ref- 
erence 14. A recent comparison of existing models of the 3He wavefunction 
showed that all models give the same result for the probability that the neutron 
polarization is aligned along the 3He polarization. The result of this analysis was 
that the probability of the neutron spin being aligned is 93 % f 1 %, and there- 
fore a 100 % polarized 3He target corresponds to a net neutron polarization of 86 
%. The excellent agreement between the models does not justify their validity; 
however, the results do indicate that to a large extent a polarized 3He target does 
represent a polarized neutron target. Note that the small (- few percent) pres- 
ence of a polarized proton contribution (D-state 3He) is not significant enough 
to affect the asymmetry measurement. 

31 
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A recent paper34 has calculated the asymmetry measurements of a 3He 
experiment using the Carliti-Kaur model of the neutron asymmetry3' and the 
Afnan-Birrell 3He wavefunct.ion. The similarity between the neutron and 3He 
predictions is apparent (see figure 12). 

A complete theoretical study of the polarized 3He nucleus and its relation to 
the polarized neutron has only started. We list the main uncertainties that have 
been identified: 

36 

0 uncertainties in the 3He wavefunction 

0 final-state meson exchange currents (i.e. p exchange). which directly affect the 
asymmetry 

0 final state meson exchange currents (i.e. 7r exchange). which contribute to the 
denominator of the asymmetry 

0 3 body forces 

For the first uncertainty, we crudely assign an error which is equal to the 
difference between the simple case of the spatially symmetric S state 3He nucleus 
and the more detailed predictions of the 3He wavefunctions. With this error, a 
100 % polarized 3He corresponds to a 86 % f 14 % polarized neutron. 
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In principle, vector meson exchange is a dangerous background for this exper- 
inient, since it can affect directly the numerator of the asymmetry and especially 
at low x. For Q2 < 1 GeV2,  the rate of p meson production is - 10 % of 
electroproduction. As Q2 gets larger, this fractional rate decreases. A num- 
ber of effects must conspire in order to have a significant impact on the overall 
theoretical uncertainty. First, there must be a significant difference between po- 
larized p production in 3He (ep -, ep) as compared to the free neutron. Second, 
the asymmetry from polarized electron p scattering must be large. Third, the 
inclusive production of p mesons must be large even at Q2 > 1 G e V 2 .  Although 
we do not estimate the size of p exchange, it seems likely that the overall impact 
on the measured asymmetry will be small even at low x. 

37 

The third effect, pion exchange, has been related to the non additivity of 
the structure functions, EMC effect." Measurements of the 3He and deuterium 
structure functions show that the two are the same to within 5 % from 0.1 < 2 < 
(1.6~' . Since this effect only influences the denominator of the asymmetry and 
since the EMC effect is 10 % for nucleons in very different nuclei, we believe 
that this uncertainty is small compared to the first. 

We do not try to estimate the correction due to three body forces. Their 
existence is still contraversial, but their impact on the three nucleon system is 
generally not large . 39 

Finally, we note that some other effects indicate that the 3He polarized nuclei 
represents a reasonable model of a polarized free neutron. First, the magnetic 
moment of 3He (p3He = -2.13) and the neutron (p" = -1.91) only differ by 11 %. 
Second, using a simple model of the three body nuclei, it has been shown that 40 

H/a H e  (g) = (:)"IP 

to within a few percent. The relation given above indicates that the 3H - 3He 
system is similar to the neutron-proton system, and the results depend primarily 
on the measurements of the 3H and neutron lifetimes. 

In summary, we believe that a 1 c theoretical error of f 20 % (f .016) on the 
Bjorken value of J'gy(z)dz (i.e. -0.08) is a reasonable estimate. Future theoretical 
efforts directed to this problem should be able to bring down the uncertainty. 
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2.10 Testing Sum Rules 

The measurement from this experiment will test the Bjorken sum rule to f 
15%. Table 7 shows the contributions to this error. Note that An = A J gr(z)dz 
and Ap = A 1 &(z)da: and that the 15 % error is equivalent to J d(z) -gT(z)ds  = 
.191 f .03. 

The measurement will also test the Ellis-Jaffee sum rule for the neutron. If 
we find, for example, Jgr(z)dz = -.08 f .02 as predicted by the Bjorken sum 
rule, then this result would imply a 4 a discrepancy with the predictions of the 
Ellis-Jaffee sum rule: J g ~ ( z ) d ; c  = -.002. 
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2.12 E142 Threshold Cerenkov Counters 

We describe in this section the preliminary design of Cerenkov counters for 
E142 whose primary purpose is to identify electrons and reject pions. The pos- 
sibility of using a differential Cerenkov counter has been discounted due to the 
high velocity resolution required, so we investigate the parameters relevant to the 
design of a threshold Cerenkov detector. 

Choosing the Threshold 

The single most important setting of the Cerenkov detector will be the mo- 
mentum threshold. This determines the radiator’s index of refraction, which, 
with consideration given to minimizing the absorption of Cerenkov light, scintil- 
lation and knock-on electrons caused by the passage of pions, will determine our 
choice of radiator. From here, we can calculate the tank length needed to assure 
a good signal at the photomultiplier (PMT) anode. 

ratios have been 
calculated for the two spectrometer arnis and are listed in Table 8Assuming 
a shower counter efficiency of 90% in the rejection of pions, we can achieve an 
overall rejection of 97% by operating the 4.5’ spectrometer at a threshold of 13.0 
GeV/c, and the 7.0’ spectrometer at 11.5 GeV/c. A 13.0 GeV/c momentum 
threshold requires a radiator with an index of refraction (n - 1) = 5.763 
which necessitates the use of a gas radiator. 

For an incident beam momentum of 26.6 GeV/c, the 

Characteristics of Gas Radiators 

We present the expected behaviour of various gases when used in a 4.0 ni 
long Cerenkov tank operating at a 13.0 GeV/c momentum threshold in Table 9. 
The number of scintillations per pion is at best accurate to 25%. The estimate 
of knock-ons per pion is an overestimate assuming an incident 15.0 GeV/c pion). 
In each gas we expect about 90 photons to be produced in the range X e (171 
nm, 632 nm). The number of knock-on electrons from the 1/16” Kevlar window 
(backed with 15 mil polyethylene) will be of the order The effect of multiple 
scattering on the Cerenkov cone angle from the window and any of the gases 
would be of the order of degrees. 

Although hydrogen, isobutane, and ethylene have low scintillation and knock- 
on rates, they are highly flammable and thus unsuitable. Since the Cerenkov 
spectrum a 1/X2, we require our radiator to transmit well in the ultraviolet. 
Helium, nitrogen and neon, all transmit well in the ultraviolet, but their scin- 
tillation rates are too high. Oxygen is transparent down to 200 nm so it is a 
good candidate. Examination of the absorption spectrum of COa shows that it 
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invisible to radiation above 190 nm. The low scintillation and knock-on rates 
suggest it as a good choice for use in our detector. 

expression: 
To determine the number of output pulses at the PMT anode, we used the 

where c ( X )  is the absorption cross section, Na Avogadro's number, A the atomic 
mass number of the gas, n(X) the index of refraction, p the velocity of the charged 
particle, and E the efficiency of collection from the photocathode to the first 
dynode. The above expression is a convolution of the Cerenkov spectrum, the 
quantum efficiency of the phototube (&E(A) ) ,  the mirror reflectivity (R(A)), and 
the absorption of the gas radiator. Our tentative choice for a phototube is the 
5 inch Hamamatsu R1584-01 with a synthetic silica window and bialkali photo- 
cathode. The mirror reflectivity (Fig 13), PMT quantum efficiency (Fig 14), 
CO2 absorption cross section (Fig 15), and the Cerenkov spectrum before and 
after convolution with the absorption, reflectivity and quantum efficiency terms 
(Fig 16) have been plotted. 

Upon integrating the convoluted spectrum, and including a factor E = 1/2 
to account for photoelectron collection inefficiencies at the first dynode, we find 
that the expected number of output pulses per electron is 7.49. 

Mirror and Tank Design 

In order to design the optics of our Cerenkov it was necessary to model the 
trajectories of the electrons incident on the detector. By raytracing the Cerenkov 
photons of the 7', we found that we need a 50 cm * 35 cm window at the tank 
entrance, and mirrors to cover an area 100 cm * 50 cm. It was found that the 
optics needed to focus the radiation produced in the 7.0' spectrometer would also 
work for the 4.5' spectrometer. Thus we require only a single design (though the 
tanks will be operated at different pressures). 

Due to the limited number of Cerenkov photons, we will be restricted to 
using a single photomultiplier tube in each of the detectors. Attempts to use 4 
mirrors segmented in the bend plane, focussing at 4 phototubes, demonstrated 
that very little spatial information could be retrieved. Also, whenever the light 
cone straddled the join between two mirrors (which would occur with probability 
230%) there would be too few Cerenkov photons entering either of the relevant 
PMT's to assure a signal. Segmenting the mirrors in the non-bend plane would 
require mirrors that were 1.0 m long, which are hard to construct, and the same 
problem with having too few photons would still occur. Of course we could 
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double the tank length to 8.0 m to solve the photon problem, and use eight 
smaller mirrors. However, this involves increasing the solid angle of the detector 
which leaves us prone to more background, and we would need a larger array 
of shower counters and chambers. The simplest solution is to use a 4.0 m tank 
with two spherical mirrors, 50 cm * 50 cm, focussing on a single PMT placed on 
the side of the tank in the non-bend plane. The availability of spherical mirror 
molds of radius 1.20 m at CERN prompted us to examine their potential use in 
our detector. The resulting spot size was roughly 16 cm * 10 cm for the 7.0’ rays 
and smaller for the 4.5’ rays. By using a parabolic Winston cone of diameter 22cm 
and length 20.0cm, fitted to our 5 inch phototube, all of the Cerenkov photons 
could be collected, allowing for 2’ errors in the mirror reflection. Profiles of the 
trajectories in the Cerenkov tank (up to the PMT) are shown in the xz plane 
(Fig 17) and yz planes (Fig 18). 

The tank design involves an aluminum cylinder 4.2 m long and 1.20 m in 
inner diameter. It will be painted black inside, and fitted with b d e s  contoured 
to the photon profile to reduce the number of accidentals caused by scintillations. 
The phototube, its magnetic shield, and the Winston cone will be mounted on 
a comniercially available vacuum feed-through. This, in turn, will be installed 
in a second mount to be constructed on the cylinder’s side, 80 cm back from 
the mirror. Threaded guide-wires, attached to the PMT and Winston cone, and 
passing the vacuum feed-through will be used to fine tune the alignment of the 
PMT assembly. The tank will also have to be fitted with mounts that will suspend 
the mirrors and allow for some flexibility in their alignment. Such a system has 
been designed previously and we anticipate few problems in its implementation. 

The windows at the ends of the tank will be made of 1/16” Kevlar backed 
with 15 mil polyethylene. Previous tests have shown that small leaks in these 
windows will not expand dramatically, and dangerous scenarios in which the 
whole window gives way are unlikely. A schematic of the tank design is shown 
in Fig 19. 

In the case where a decision of removing the wire chambers is taken, a possible 
configuration of the entire spectrometer involves the use of two Cerenkov detec- 
tors in each ann. The first Cerenkov would be set at a high threshold, the second 
at a threshold of around 9 GeV/c. The lower threshold of the second Cerenkov 
allows its length to be much shorter and still receive an adequate signal. A 2.0 
in long detector using COz at 4.627 psi will yield roughly 7.8 signals per elec- 
tron after all losses. Coincidence requirements between the two Cerenkovs and 
hodoscope will reduce the background due to scintillation and pions significantly. 

Research - and Development - 

Some effort. will be expended investigating the use of wavelength shifters on 
the PMT window to improve the quantum efficiency. Also, the use of a X/4 
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film of MgF2 on the PMT could improve our efficiency (the mirrors are already 
fabricated with a A/2 coating over the aluminized surface to enhance reflectivity). 
The current plan is to use transducers measuring the pressure to determine the 
index of refraction, but the use of an interferometer to directly measure the 
refraction could provide lesser uncertainty in setting and maintaining a certain 
threshold. Whether such a system could be constructed will be examined. 

Comparisons between theoretically calculated and experimentally determined 
photon yields in Cerenkov detectors have revealed a serious discrepancy. In 
particular, simulations of a 3.0 m nitrogen Cerenkov at atmospheric pressure have 
led us to expect (with E = 1.0) four times as many photons as were actually found. 
This could mean that we should set E = 0.25 to reflect collection inefficiencies. 
However, the P MT manafact urer 's quant um efficiency measurements are the ratio 
of incident photons to the number of photoelectrons collected at the first dynode. 
This entails that E should, in fact, be set to one. Since we anticpate a limited 
number of photons, it is imperative that we determine the sources of this 75% 
loss and make efforts to improve our yield. To this end, in advance of E142, 
background and dark current measurements on the phototube, .and tests of the 
quantum efficiency with a pulsed laser should be performed. Measurements of 
the mirror and Winston cone reflectivities, and tests of the efficacy of wavelength 
shifters on the phototube window would also provide valuable information about 
the losses we should expect, and ways of improving the yield. Constructing a 
small tank would allow us to calibrate the pressure and temperature dependence 
of the index of refraction of CO2, and would be useful for testing the windows. A 
final test involving a source, small tank, mirror and phototube would yield what 
is crucial - an accurate prediction of the photon yield to guide the construction 
of the full scale Cerenkov detectors. 

This R& D is crucial for the experiment. The length of the Cerenkovs is 
constrained by the space available in the setup and it is practically impossible 
to solve the problem of obtaining the adequate number of photoelectrons by 
increasing the length of the crossed gas therefore of the boxes. 

2.13 Additional R & D Efforts for the Experiment 

We will investigate a few possibilities for improving the experiment, although 
these are regarded as non-essential features for the experiment. 

1. Install a pulsed Ti-Sapphire laser which could run at 790 nm and give 50 % 
polarization for the beam rather than the present 40 % polarization. 

2. Construct a higher density or larger volume target. for increased luminosity. 
This is a natural extension of the ongoing target research. 
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3. For the high rate data at 4.5', we may use a 3 dipole spectrometer configuration 
rather than a 2 dipole spectrometer. The advantage of this scheme is that the 
background due to scraping will be less. There is a sacrifice in acceptance (a loss 
of about 20 %) using three dipoles. The 3 dipole configuration would consist of 
2 dipole magnets from the 20 GeV spectrometer and one dipole from the 8 GeV 
spectrometer . 
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3. The CEBAF Program 

In this program our priority goes to the experiments that are likely to run 
in 1994-1995 and were we are involved as spokesman. The two experiments are 
PR-89-016 and PR-89-019. While the first one has been deferred the second 
obtained a conditional approval. We are also involved in approved experiments 
of the Hall A collaboration however we will not mention any of those experiment 
in this proposal. 

4. The Transverse and Longitudinal Response 
Functions for Quasi Elastic Electron Scattering in the 
Momentum Transfer Regime 0.3 5 Q2 5 1 .5 (GeV/~)~  

This proposal aim to address the question of the quenching of the longitudinal 
sum rule. New data on the longitudinal and transverse response function of 
"Fe at high momentum transfer (Q2 = l(GeV/c)2) from the NE-9 experiment 
at. SLAC show the sanie feature as the low momentum transfer data on 56Fe. 
The precision of these data still leaves open the speculation on the origin of 
the quenching of the sum rule. Recent results of K+ total absorption on 
carbon versus deuterium shows a significant difference from what is expected in 
conventional nuclear physics calculations. The authors used this reaction as a 
test for nucleon "swelling". The unique capabilities of CEBAF namely a high 
energy and high current beam combined with a large solid angle spectrometer 
spanning an angular range from 12' to 160' make this proposed measurement 
feasible. 

41  
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4.1 Motivation 

Just as high Q2 deep inelastic lepton scattering probes the quark momen- 
tum distribution in the nucleon, electron scattering in the quasielastic peak re- 
gion probes the nucleon Fermi momentum distribution in the nucleus. The first 
systematic data43 acquired ten years ago in the quasielastic region have been 
successfully described by the Fermi gas using the free electromagnetic 
form factors of the nucleons. Since then the total response function has been 
separated into its transverse and longitudinal components at the Bates, Saclay 

The results disagree with traditional nuclear theory cal- linear accelerators. 
culations for medium weight and heavy nuclei and indicate that inclusion of 
processes beyond the simple picture of the single particle degrees of freedom of 
nuclei is necessary. Much debate has gone into the role of two body and three 
body contributions in the quasi-elastic region. It was recognized early that many 
body contributions were present in the transverse response function through the 

45-51 
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contribution of meson exchange currents. Since then it has been experimentally 
demonstrated that many body contributions are significant in the longitudinal 
response function through the measurement of the exclusive (e,e'p) response 
functions in I2C. This finding suggested that the strength of the response function 
is shared between single and multiparticle contributions and lead t.0 believe that 
it is important to measure the longitudinal response function in the high energy 
loss region where the missing strength will naturally be located. Results53 of a 
measurement of the longitudinal response function in the A region at low momen- 
tum transfer Q2 = 0.1 (GeV/c)2 shows no significant strength. New data froin 
the SLAC NE-9 experiment4' at high momentum transfer (Q2 = l.(GeV/c)2) 
show the same trend as the low momentum transfer data, namely a missing 
strength in the longitudinal response function. As shown in the experimental 
response function is clearly below any quasifree scattering model predictions at 
the quasielastic peak and on the high w energy transfer of the peak. 

52 

The main problem is not the poor description of the shape of the inclusive 
longitudinal response function but rather the strength that seems to be missing. 
At low momentum transfer it has been argued that high excitation energy tails 
not counted for in the measurement are responsible for the missing strength. The 
new high momentum transfer data cover a high percentage of the allowed range 
of excitation energy making the argument of missing tails contributions not very 
convincing. Nevert heless it is still beleived that reliable calculations for heavy 
nuclei are not available making the speculation on the origin of the disagreement 
between theory and experiment easy. 

One of the attractive aspect of this problem was triggered by the observation 
of the so-called EMC effect.29 Novel ideas emerged in the quest of a common 
explanation of the relatively low momentum transfer quasielastic scattering and 
the high momentum transfer deep inelastic data from the EMC collaboration. It 
was suggested that one explanation of both phenomena may depend upon a 
modification of the nucleon structure in the nuclear medium (swollen nucleon). 

From a totally different approach and in relation with the success of the 
Dirac phenomenology in describing spin observables in polarized proton nucleus 
elastic scattering some effort has gone in the description of the electromagnetic 
response functions of the nucleus in the framework of relativistic mean field the- 
ory using an effective Lagrangien. The model used is known as the u-w model. 
The encouraging feature of the work is that two groups have independently 
converged to the same conclusions showing t.hat within the framework of this 
model the quenching of the Coulomb sum rule can be understood. The expla- 
nation, although different from the swollen nucleon idea can be related to it. In 
both cases the change of the electromagnetic properties of the nucleon in the 
nuclear medium are important. 

. 
54 
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At this stage new set of high precision experimental data of the separated 
response functions especially over a wide range of momentum transfer is strongly 
crucial. The NE-9 experiment has convinced us that some obvious improvements 
can be achieved at CEBAF compared to SLAC in minimizing the systematic 
errors and getting a better statistical accuracy. A study of the A dependence 
and momentum transfer is also necessary. An additional crucial point is the 
investigation of the density effect since we know that light nuclei do not show the 
same behavior as the heavy ones. 

data for the longitu- 
dinal response function with the most refined traditional calculations. The 3He 
data are compared with a complete calculation by Laget” in which two and 
three body contributions were computed using wave functions derived from the 
Reid soft core N-N potential by solving the Faddeev equations. For 12C and 40Ca 
the calculations by Horikawa are compared to the data. HorikawaS8 et  al.. used 
Woods-Saxon single particle wave functions and the final state interaction of the 
knocked out nucleon was calcnlated within an optical potential description. The 
fornialisni accounts for both the loss of flux in the one nucleon removal channel 
and the excitation of the multinucleon ones. Two major issues arise from this 

45-51 We show in Fig. 21. a comparison of the existing 

comparison. 

gitudinal responses functions. 
0 There is a significant difference between theoretical and experimental lon- 

0 This difference increases with A and appears to show a density dependence. 

4.2 Coulomb S u m  Rule Approach 

To study these effects in a model independent way, comparisons with the 
Coulomb sum rule should be made. If one integrates the longitudinal response 
function divided by the nucleon electric form factors along the path of energy loss 
for a constant momentum transfer, one measures the charge of the nucleus to the 
first order approximation. As pointed out by de Forest in the region of mo- 
mentum transfer where Pauli correlations no longer contribute, all independent- 
particle models predict the same result, namely 2. This result is exact in the case 
of the non-relativistic Coulomb sum rule. Nevertheless, relativistic effects and 
off-shell ambiguities do not spoil this simple result for momentum transfers near 
2 k ~  i.e. twice the Fermi momentum. We show in Figure 22experimental results 
analyzed in terms of the following expression, 

59 

where C(Q2)  is the Coulomb sum, MN is the nucleon mass, G; and G% are 
the free proton and neutron electric form factors. The results cover the region 
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of three momentum transfer 300 MeV/c 5 Id 5 550 MeV/c. It is clear that 
around Q2 < 6.5 fm-2 ( ( 0 . 2 5 G e V / ~ ) ~ )  the Coulomb sum rule is saturated for 
3He whereas it shows a suppression of about 20% for 12C and becomes more 
severely suppressed for heavier nuclei, reaching 40% in the 40Ca region. Results 
on 208Pb nucleus show the same Q2 behavior as 40Ca and with a slightly larger 
effect. 

The new results on the Coulomb sum rule from the NE-9 experiment at SLAC 
are shown in Fig. 23 where the quenching is clearly of the same order as that of 
the low energy transfer data. This result suggests that ground state correlations 
might be more important than expected or that use of the free electromagnetic 
form factors of the nucleon is inappropriate. Several theoretical studies on 
the effect of ground state correlations on the Coulomb sum rule reveal that they 
don't subtract more than 10% to the Coulomb sum rule at momentum transfer 
larger than twice the Fermi momentum transfer. It is this difficult to attribute 
the lack of strength to this effect alone. 

An example of the ideas that emerged in connection with the EMC result 
is the theoretical approach of Celenza et aZ.54 . Using a soliton model for the 
nucleon, they calculated the modification of nucleon properties in nuclei and sug- 
gested an explanation of the EMC effect through an increase in the size of the 
nucleon. The same model has been applied to describe the charge distribution of 
'08Pb in the central region and the quasielastic region. These authors, following 
the formalism used in ref.65 calculated the longitudinal response function with 
the Fermi gas and shell models using modified electromagnetic form factors. The 
agreement for the longitudinal response function is good, as shown in Fig. 24, 
however the same calculation leads to severe disagreement in the transverse re- 
sponse function. The authors argue about the other processes that have not been 
included in evaluating the transverse response function. 

60-64 

to explain the data is to 
modify the current of the nucleon through the effective mass. The relativistic 
u - w model is used within the Hartree approximation. Due to the cr - N 
interaction the effective mass of the nucleon in the Hartree field is about .56 M. 
The main effect of the scalar ( 0 )  and vector (a) fields is to modify the mass and 
energy terms in the Dirac equation as follows : M*= M+U, and E* = E - Uv 
where U, x - 400 MeV is the attractive scalar field and U, z 300 MeV is the 
repulsive vector field. The consequences of these modifications are a decrease in 
the longitudinal interaction and an increase in the transverse interaction. 

Recently the above approach ha been improved in a significant way. Calcu- 
lations within the relativistic model framework using the random phase approx- 
imation have been performed improving the early approach of the relativistic 
models. The result shows that besides the direct effect of the scalar poten- 

66-68 Another approach followed by several authors 
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tial on the electromagnetic current of the nucleons the nucleon-antinucleon pairs 
excitations describing the vaccuum excitations contribute to the quenching of 
the longitudinal electromagnetic response function. Two groups independently 
reached the same conclusion. 

One can ask then, what is the physics underlying the use of the effective 
mass and what is the relation between using an effective mass and modifying the 
intrinsic electromagnetic properties through a change of the form factors? The 
Q2 dependence of the different approaches will help us to disentangle between 
these very interesting options. The experiment we propose will provide a very 
stringent set of data to look at the Q2 dependence of the Coulomb sum rule. 

4.3 Y Scaling Approach 

An elegant approach to the analysis of the quasielastic data is y scaling as 
proposed by G .  West6' . If one assumes the Plane Wave Impulse Approximation 
in the description of the electron-nucleus cross section in the quasielastic region 
then the relation between the spectral function S(k,E) and the measured inclusive 
cross section is given by3': 

where Idu/dR,(,)I is the electron proton (neutron) cross section evaluated at 
kmin(q, w ,  emin), cos CY = if- k / [ q  - I C (  defines the angle between the struck nucleon 
momentum k and the incoming virtual photon momentum 6 IC,, and km;n 
are defined by pure kinematical conditions. S(k,E) is a probability of finding a 
nucleon in the nucleus with the momentum k and binding energy E 

Experimentally, we are interested in extracting the so called scaling function 
F(y)  expressed as the following ratio: 

+ 

4 

-1 

where y is the momentum solution of the total energy conservation equation 
evaluated at e = emin and cos CY = -1. In other words y is the minimal momentum 
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of the struck nucleon verifying the energy conservation of the process as follow; 

where MA and  MA-^ are respectively the total mass of the initial and the re- 
coil nucleus, k and q are the magnitudes of the nucleon and the virtual photon 
momenta, respectively. 

The scaling function F(y) was extracted in a significant region of momentum 
transfer to study its scaling behavior by Day et aL7* . The new available data 
allowed the determination of the momentum distribution of nuclear matter. 

4.4 Transverse and Longitudinal Scaling Functions 

One further step can be achieved in inclusive experiments,in studying either 
the momentum distribution or the electromagnetic properties of the nucleon in 
the nucleus, by expressing the equation (1.2) in such a way that the electric 
and magnetic contributions of the electron nucleon cross section are explicitly 
separated. We can obtain expressions of the scaling function F(y) in terms of the 
transverse and longitudinal response functions: 

I -  1-1 

(4.5) 

where (Ek, I C )  and ( E k l ,  k‘) are respectively the energy-momentum of the struck 
and outgoing nucleons. Gs and 6& are the effective electric and magnetic form 
factors of the nucleus; 

= Z G ~  + N G ; ~  

G& = Z G ~  + N G ~  
(4-7) 

We want to emphasize that besides the PWIA no further approximations are 
needed to obtain the relations ( (4 .5 ) ) , ( (4 .6 ) ) .  This consequently imposes the 
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following relation: 

This relation can be checked experimentally if one has data of the transverse and 
longitudinal response functions obtained by the Rosenbluth technique. These 
separated response functions are not available in the region of high momentum 
transfer. However, if one restricts the range of four momentum transfer from 
.1 (GeV/c)2 to .25 (GeV)2 the results of the existing data analysed following 
((4.5)) ((4.6)) exhibit an interesting behavior. and Q2= 0.3 (GeV/c)2 have been 
used. Fig. 5 shows the extracted longitudinal FL(Y) and transverse FT(~) scaling 
functions from the datag of 3He according to Ref 32. It is surprising to see that 
these two functions are different but tend to converge to the same value at the 
three value of momentum transfer Id = 0.5 (GeV/c). These results show that the 
impulse approximation is not valid for this nucleus at transfers lower than about 
0.5 (GeV/c). As an exaniple, a heavier nucleus7 has been analysed the same way 
and the result are shown in Fig. 26. The situation in this case is more critical, 
since the scaling regime seems to be reached around 0.5 (GeV/c) in niomentum 
transfer, however, no convergence of the two scaling functions is observed. 

At this stage it is important to notice that if one assumes that the free nucleon 
form factors we have used in the analysis are correct, then this result is an obvious 
breakdown of the impulse approximation. However the separate scaling behavior 
of each function is disturbing and can lead to the following question: Could a 
modification of the nucleon electromagnetic form factors lead to a convergence 
of these functions and maintain their scaling behavior? As suggested by Mulders 
for 12C in Ref.7' if one modifies the electric and magnetic form factors as follow; 

, 

the overlap of the two scaling functions can be obtained. One cannot make 
the same statement about 3He since the effect seems to be density dependent, it 
must be small in this nucleus. Therefore it is important. to know if this behavior 
is pronounced in *He compared to 3He since the former is strongly bound. These 
issues can be studied as soon as high precision separated response functions data 
become available for 4He and 3He at high momentum transfers. 

This experiment will do the separation at high Q2 and provide a consistent 
set of data to study these effects. The data are very important to understand 
whether the current operator or nucleon structure are modified in the nuclear 
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medium It is also true that if nucleon-nucleon correlations are the key effect 
in this problem, this inclusive measurement is therefore crucial. The various 
theoretical models that have been invoked to explain both the reduction of RL 
and the EMC effect show significant and different Q dependence in the region 
this experiment. will cover. 

4.5 Estimates of the Accuracy on UL and UT 

In connection with the total real photoabsorption cross-section it is conve- 
nient to express the inclusive inelastic cross-section employing the absorption 
cross-sections UT and UL, for virtual photons with transverse and longitudinal 
polarization components. One notices that when the four-momentum transfer 
reaches zero the longitudinal cross-section vanishes whereas the transverse part 
coincides with the real photon cross-section. Under the assumption of the one- 
photon exchange, the differential cross- section in the laboratory frame can be 
written as follows: 

where 

rv = ---(--) (Y K e '  2 
47r2Q2 e 1 - 

is the flux of virtual photons and 

E = 1 + 2(1+ --)tan2q-' W2 [ Q2 2 

their polarization 

Measurements at two different angles keeping the pair (Q2,w) constant are 
required to extract UT and a ~ .  Let us call uj and ai the reduced cross-sections 
measured at the forward (f)  and backward (b) angles respectively, using: 

f 1 da 
a = 

ds2dw 

The transverse and longitudinal cross-sections are obtained from the following 
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relations: 

uj - ab‘ 
UL = 

cf - E b  

We can estimate the resulting uncertainty in the extracted cross-sections 
if we treat both the ratio 2 = R and the relative statistical uncertainty 
as known quantities. To derive the following results we considered only the 
propagation of statistical errors, however if the systematic errors are independent 
between the forward and the backward angle the formula is usable to treat also 
the propagation of systematic errors: 

Plots of the resulting uncertainties of both response functions as functions 
of R are shown in figure 27. Q2 = 1 GeV/c and w=.52 GeV are the values of 
energy and four momentum transfer choosen for this plot. The region correspond 
to the top of the quasielastic peak where a typical value of the ratio is R= 0.25 
if one assumes the free nucleon form factors. We assumed dso that the absolute 
error where statistical and systematic has been combined quadratically on the 
cross section at each angle will be no more than 1%. Under these conditions 
the longitudinal response function can be determined with 7% uncertainty. We 
have to notice that the ratio R varies over the range of excitation energies of 
the quasielastic peak falling to very small values (less then 5%) at the wings of 
the peak. W e  will only give an upper limit of the longitudinal response function 
when the ratio R is about 5% since the uncertainty in the result is greater than 
a 100%. 
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4.6 Experiment 

We propose to measure inelastic cross sections on 'H, 3He, 4He, 12C, 27Al, 
40Ca, 56Fe and '08Pb for four different angles 15', 40°, 90°, 140' and energies 
ranging from 500 MeV to 4 GeV (6 GeV). The choice of the targets is dictated 
by several considerations. First we want to study the A and density dependence 
of any modification in the intrinsic properties of the nucleon. The deuterium 
and helium targets are needed in order to disentangle between an atomic mass 
and density dependent effects. Furthermore, elastic form factors of the targets 
should be known in order to subtract the radiative elastic tails from the measured 
inelastic cross sections especially at the largest angle where the final electron 
energies are small. 

In order to perform Rosenbluth separations the minimum number of angles 
needed is two. However to check for angle dependent systematic errors and to 
study the validity of the first order Born approximation and the needed correc- 
tions to this approximation for large atomic number nuclei a measurement at 
two additional angles are needed. To minimize the uncertainty in the longitudi- 
nal response function one needs to measure at the most forward and backward 
angle accessible. This could be done using the Hall A electron spectrometer at 
fifteen degrees. The incident electron beam energies needed for the forward angle 
measurements are between 1 and 4. GeV in .3 GeV steps allowing fits to be per- 
formed for radiative corrections and to cover the region of momentum transfer 
of interest. The incident electron energies for the backward angle measurements 
will range between .5 and 1.5 GeV. The lowest scattered electron energy we will 
detect is 200 MeV corresponding to an energy transfer w of 800 MeV which is 
close to w = Id = lGeV/c. At this scattered energy the contribution of electrons 
from (e+,e-) pairs created by bremsstrahlung photons produced in the target 
needs to be subtracted from the electron yields. By reversing the polarity of the 
spectrometer and leaving the detection system unchangedone can measure the 
positron yields from this process and subtract an equal amount from the electron 
yields assuming symmetry of the process. This needs to be done only for the 
cross sections measured at the backward angles(90°,1600) 

The third aad fourth angles will be used to test the experimental consistency, 
and to check the validity of the first order Born approximation for light nuclei 
and to monitor the Coulomb correction effects for heavy nuclei. At each electron 
scattering angle and electron incident energy a calibration of the spectrometer 
will be performed by measuring e-p elastic scattering cross sections using a liquid 
hydrogen target and comparing the results to the world data. A study of the 
angular and momentum acceptance of the spectrometer will be also performed. 

Figure 6 shows the ( Q 2 , w )  plane where the transverse and longitudinal re- 
sponse function will be extracted. For a given ( Q 2 , w )  the cross sections for the 
corresponding incident energy and scattering angle (Ei, 6 )  couple are obtained 

32 



by interpolating between the two closest measured spectra. The experiment will 
use from the lowest ( .5 GeV) to the highest (4 GeV) energy beani available from 
CEBAF, and requires the ability for a change of the energy in a continuous way. 

4.7 Count Rates 

To estimate the cross-sections we used measurements already performed mea- 
surement at SLAC at a forward angle7' . For the backward angle, a calculation 
by Laget using the shell model has been used to obtain the cross section at the 
quasielastic peak. One half of the quasielastic cross-section has been used as the 
average value over the entire region of the energy excitation spectrum. This is 
believed to be a realistic estimate since one has to include the differences be- 
tween the shape of 3He, 4He and 12C. Thus we will give a detailed experimental 
running time estimate for 12C and then a rescaling of this time is used to deduce 
the running time for 4He and 3He. 

Table 10 gives our assumptions to estimate the counting rates that we expect 
when performing this experiment. In the following paragraph we describe the 
evaluation of the time required to take the data on one target, namely 12C. 

The number of counts per second is given by the following formula: 

N e / s  = 

where N; is the number of incident electrons per second. For the beam conditions 
indicated above N; = 6 . 2 5 ~  1013. 

T(g/m2) is the intrinsic target thickness For this calculation we used T(12C) = 
50 (mg/cn2). 

Ot is the angle between the targets and the beam. This angle will be fixed at 45' 
for all solid targets. 

H = 6 . 0 2 2 ~ 1 0 2 ~  is the Avogadro number 

A is the mass number for the target nucleus 

Statistics of 10000 counts per 10 MeV energy bin (Au=lO MeV) is assumed. 

With these parameters the experiment can take place in a month period of 
beam time. 
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Part of this collaboration has been involved in similar type of measurements 
at Bates, Saclay and SLAC and has proven its competence. It is the best collabo- 
ration to attack the new challenge of high precision measurements. An important 
part of this proposal are the cryogenic targets. University of Virginia and Cali- 
fornia State University are involved in the development of these targets for Hall 
A. This collaboration is involved in many technical developments of Hall A for 
other experiments that have been proposed by the so-called Hall A collaboratior~. 
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5. Measurement of Proton 
Polarization in the d ( r , p ) n  Reaction 

The d ( y , p ) n  reaction is the simplest test case for nuclear-physics theories. 
The deuteron is the simplest nucleus, and allows the best separation of nuclear- 
structure ambiguities from reaction-mechanism ambiguities. As the incident y 
energy is raised, new degrees of freedom become important, and may be in- 
vestigated. Near threshold, it is necessary to consider only the Born term and 
final-state N N  interactions. Meson exchange current effects are important for 
incident y energies above a few MeV. The A resonance is a dominant part of 
the cross section for incident y energies in the range of a couple hundred MeV. 
At higher energies, one might find evidence for relativistic effects, additional 
resonances, and substructure of the nucleons. 

73 Cross sections for photodisintegration of the deuteron have been measured 
up to 1.6 GeV photon energy and can provide important tests of microscopic 
reaction-mechanism theories in the CEBAF energy regime. A more sensitive test 
is provided by the measurement of polarization observables. Different reaction 
mechanisms can interfere to produce large changes in the polarization, but only 
small changes in differential cross sections. This basic fact has led, for example, 
to the large number of searches for dibaryons with spin measurements in two- 
nucleon systems. 

We conclude that an exploratory measurement of the outgoing proton polar- 
ization in the d(7, p ) n  reaction is a desirable first-generation CEBAF polarization 
experiment. It provides a test of the ability of nuclear theories to calculate spin 
observables in the high energy regime. Since spin measurements are typically 
more sensitive to interference of reaction mechanisms than differential cross sec- 
tion measurements, it provides a more precise test of theory. It is of fundamental 
importance to check the validity of theories in the simplest reactions such as 
d(y, p ) n  before applying them to more complicated reactions. 

5.1 Physics Motivation - Meson-Exchange Theories 

Current conventional nuclear meson-exchange calculations for photon- or 
electron-induced reactions have been applied to reactions at incident energies 
from 0 to over 2 GeV, although few calculations and little data exist for photon 
energies above 1 GeV. The deuteron photodisintegration has been studied over 
this entire energy range both experimentally and theoretically, with a number of 
models. Here we review the data and some of the existing calculations. 
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The major feature of the total and differential cross sections is a smooth falloff 
with energy above an incident photon energy of four or five MeV, except for the 
prominant A peak at approximately 275 MeV. There is some conflict between 
existing data sets in the A resonance region, but otherwise the experiments are in 
generally good agreement. Cross sections at eCern. M 90' are shown in Figure 28. 

With an unpolarized target and beam, the outgoing proton may be polarized 
in the direction perpendicular to the reaction plane, pn. The polarization is 
then measured through a second scattering, of the proton in a polarimeter. An 
excitation function for pn at 6c.m. = 90' is shown in Figure 29. The polarizations 
are small (0.0 > pn > -0.2) below 350 MeV, but increase to about -0.6 between 
400 and 700 MeV. 

observing the peaking in the 90' excitation function 
for pn, suggested the possible existence of an exotic dibaryon resonance. Con- 
ventional calculations (see Figure 29) are not too different from the data up to 
400 MeV, then predict a decreasing polarization, from p, = -0.2 to 0.0, as the 
photon energy increased above 300 MeV. The addition of a dibaryon compo- 
nent improves the agreement between calculation and data. The calculations 
with dibaryons were later extended to fit sinlilar features in the excitation 
functions at other angles. A later analysis of this types0 for deuteron photodis- 
integration from 300 - 700 MeV concludes that, while the addition of dibaryon 
resonances improves the agreement of theory with data, the agreement is still 
uiisatisfact ory. 

78 Kamae and Fujita, 

79 

81 More recent estimates of dibaryon resonances suggest that the structure 
is too wide - dibaryon widths should be 15 - 100 MeV - and at too low an 
energy. The structures may instead result from the AA threshold. Although a 
search for exotic dibaryon reson&ces is not the primary focus of this proposal, 
we note that it may be possible to observe dibaryonic effects if the structures in 
the polarization are least 30 MeV in width and the polarization changes by 0.3 or 
more. No attempt has been made in the current experimental plan to optimize 
for the detection of any particular dibaryons which have been speculated to exist, 
but the experiment will span the mass range from 2.36 to 3.18 GeV. 

77 Laget calculated total and differential cross sections and outgoing proton 
polarizations for d ( 7 , p ) n  for incident energies up to 800 MeV. He expanded the 
reaction amplitude into leading diagrams, including Born terms, excitation of 
the nucleon into an intermediate A, and absorption of the photon on a virtual 
meson (meson exchange currents), and included N N  final-state interactions. He 
studied the effects of varying the wavefunction, meson ranges, and the strength 
of the p coupling. The cross section in the energy range above pion production 
threshold was found to be dominated by amplitudes involving the emission of a 
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virtual pion by one nucleon and its absorption by the other. Cross sections at 
@c.m. = 90' were well reproduced with accepted parameterizations up to Ey = 600 
MeV, but overpredicted above this energy. Aiigular distributions above E,. = 100 
MeV show qualitative agreement between data and theory. The outgoing proton 
polarizations were adequately reproduced below 400 MeV, but the calculations 
tended to decrease toward pn = 0 above this energy, instead of increasing as 
indicated by the data. The prediction of the bump in the polarization data could 
be much improved by adjusting the high-momentum part of the d-state deuteron 
wave function, but the differential-cross-section data above E-, = 500 MeV is 
then greatly overpredicted. 

82 Leidemann and Arenhovel conventional coupled channels calculations and 
emphasized the importance of their inclusion of dynamical A degrees of freedom. 
They also included A components to the deuteron wave function, meson exchange 
currents, and the N A  channel in their final-state interactions. They presented 
comparisons with N N  data up to 1 GeV, and d ( y , p ) n  data and several older 
calculations for energies up to 500 MeV. The N N  phase shifts are generally well 
described, but problems exist in a few channels. Angular distributions in the A 
resonance region are qualitatively reproduced, but the agreement is difficult to 
assess since in this region there exist discrepancies between various data sets. For 
pn angular distributions from 240 to 500 MeV, problems exist with each calcula- 
tion, but the full coupled-channels calculations agree with data better than the 
impulse approximation calculations, especially at the higher energies. Leidemann 
and Arenhovel also warned of some inissing physics, including relativistic effects 
and coupling of the N N n  to the N N  channel in their final state interactions. 

More recently, Lee 74has performed calculations of d(y, p ) n  differential cross 
sections up to 3 GeV incident photon energy. The reaction amplitude results from 
the absorption of the incoming photon by a nucleon, follwed by a meson exchange 
to the second nucleon and final state interactions. The necessary channels to be 
coupled with the struck nucleon include the A resonance and the n N  and y N  
channels at the lower energies. At higher energies, more reaction channels are 
open, and Lee included in addition the D13( 1520) and F15( 1680) resonances and 
the TA and nlrN systems. Final-state N N  interactions and the deuteron wave 
function are generated from the Paris potential. The reaction model is sufficient 
to fit the 7N total cross section data well up to E, = 2 GeV, without any of 
the several other nucleon resonances that exist in this energy region. Thus, all 
parameters are determined for calculating the d ( y ,  p ) n  reaction. Lee calculates 
a 90' excitation function (see Figure 28) in agreement with data near the A 
resonance, and within a factor of two of the experimental cross sections up to 
1.6 GeV y energy. The calculation is consistently large above 1 GeV. It appears 
that, in this model, it will be difficult to improve the agreement with d(7 ,p )n  
cross sections by adjusting parameters without destroying the agreement with 
the other fitted data. Lee finds that the most significant change in the cross 
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section can be achieved by changing the deuteron wave function at distances 
shorter than 0.5 fm. Pfeilg3 has, however, argued that the inclusion of the other 
nucleon resonances in this energy region improves the agreement of theory with 
data, and that polarization data will be a better test of his calculations. 

5.2 Physics Motivation - Asymptotic Scaling 

Recently, it has been suggested 73’84 that dimensional scaling has been ob- 
served in the d ( 7 , p ) n  reaction at photon energies above 1.4 GeV, which might 
indicate that the reaction is sensitive to the quark substructure of the nucleons. 
Holt85 has pointed out that the momentum transfer to the nucleon in this re- 
action is much greater than that in, e.g., elastic electron scattering at the same 
incident energy, because of the absorption of the photon. Thus, scaling in the 
d ( y , p ) n  reaction at such low incident energy might not be such a great surprise. 
The confirmation of dimensional scaling might indicate that the reaction is more 
economically understood in terms of the quark degrees of freedom, rather than 
nucleon and meson degrees of freedom. 

The dimensional scaling prediction for the differential cross section for an 
exclusive reaction is well known.86 For an exclusive reaction at constant center- 
of-mass angle and large momentum transfer, one can show that &/& scales as 
s -(TI - 2), where s and t are the usual Mandelstam variables, and n is the num- 
ber of fundamental constituents (quarks, leptons, photons) in the initial plus final 
states of the reaction. Studies in the 1970s showed that this scaling accurately 
describes, e.g., proton-proton scattering and meson production, and it was ac- 
cepted as evidence of partons, which are now known as quarks. We note that the 
scaling implies that angular-distribution shapes become independent of energy. 

Figure 28 suggests that the d ( y , p ) n  cross sections exhibit scaling for incident 
photon energies greater than 1.4 GeV, but this is not conclusive proof that quarks 
are needed in an explanation. First, the data cover a liniited energy and aagular 
range. Second, simple arguments can demonstrate that conventional nuclear 
theories, under some stringent assumptions, can scale asymptotically as s -11. 

The proposed polarization experiment would also provide a sensitive check 
on the possible scaling behavior. In order to get proton polarization, multiple re- 
action amplitudes must interfere. In the scaling limit suggested by Brodsky and 
others, the reaction involves a single hard quark scattering amplitude and results 
in an unpolarized proton. Sivers has indicated that scaling may be derived 
from other models with hard and soft quark scatterings, and in these niodels the 
polarization may be nonzero, but no calculations have been perfornled. How- 
ever, there is nothing in these models to give a rapid energy dependence to the 
polarization. 

a7 
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5.3  Summary of proposed measurements 

We propose to continue earlier investigations into the CEBAF kinematic 
regime with an exploratory survey of outgoing-proton-polarization angular dis- 
tributions for incident photon energies from 0.5 to 1.8 GeV. The angles will be 
t?c.m. = 30°, 60°, 90°, 120°, and 150'. The lowest energies will overlap with exist- 
ing data and provide a calibration check for the experiment. The higher energies 
are not feasible anywhere but CEBAF. The data obtained will provide a test 
of the capabilities of conventional nuclear physics theories, will help distinguish 
between extensions of currently existing models, and will provide a constraint on 
the existence of various exotica, such as dibaryons and the onset of dimensional 
scaling. 

5.4 Experimental Technique 

The basic experimental technique is straightfoward. Since the d(7 ,  p ) n  reac- 
tion has only two bodies in either the initial or final state, the measurement of 
one final-state particle completely determines the energy and momentum vector 
of the other, and the incident photon energy. The latter fact is very important, 
as it allows the experiment to be run with a large bremsstrahlung photon flux 
from a radiator in an incident electron beam. The experiment exploits three ca- 
pabilities of CEBAF. The large duty factor keeps accidental rates low. The high 
current allows the measurement of polarization for a small cross section. The 
high energy allows a consistent measurement of the polarization across a large 
range of incident energies. The experiment is also appropriate for for early run- 
ning at CEBAF. Only a 1.8-GeV electron beam is required, and the experiment 
does not require the fully developed design momentum and angular resolution 
capabilities of the spectrometers, which will probably require much study to be 
realized. 

Except for the addition of a focal plane polarimeter (FPP), the experimental 
technique and energy range are similar to that of Experiment NE8 at SLAC (in 
which much of the current collaboration was involved), which measured diffential 
cross sections for d(7 ,p)n  from 0.8 to 1.8 GeV photon energy. The experimental 
setup is depicted ina8 Figure 88. The electron beam strikes a radiator, produc- 
ing a 0' bremsstrahlung photon beam with maximum energy essentially equal 
to the electron kinetic energy. The target, located downstream of the radiator, 
is irradiated by both the photons and residual electrons. Thus, radiator-out 
measurements need to be performed to subtract the electrodisintegration con- 
tributions. Full-target and empty-target yields will also be measured so that 
target-cell background may be subtracted. 
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The experiment as designed can be run at CEBAF in either Hall A with the 
HRS hadron arm or Hall C with the SOS spectrometer. We note in advance that 
we expect similar qualit.y experimental results with either system for the same 
amount of beam time. Some of the details leading to this conclusion follow. 

We expect to use a conventional liquid deuterium target, operating at 20' K. 
For the time estimates in this proposal, we limit the power loss in the target to 
be 200 watts, about the same as existing designs at SLAC. Using a target cell of 
length 10 cm, the limit of the acceptance of either the hadron arm in Hall A or 
the SOS in Hall C, limits the beam to 60 microamps. 

The spectrometer requirements are modest. The angular range to be cov- 
ered is from 16 to 136 degrees in the lab. Because of the slow variation of the 
bremsstrahlung photon spectrum and reaction cross sections over a range of about 
100 MeV, a loa3 momentuni resolution is certainly adequate. The polarizations 
vary slowly in the center of mass, so angular resolution is not crucial. 

Based on our experience at SLAC and various background calculations, we 
conclude that particle identification is not a problem. The background deuterons 
and pions from the target are at much lower momentum than the d(7,  p ) n  protons 
in our measurement range, and will generally be outside the momentum accep- 
tence of the spectrometer. Outgoing momenta for positively charged particles 
from some reactions on deuterium are shown in Figure 30. The first contamina- 
tion reaction that appears in the proton spectrum is d(y ,p )nno .  The endpoint 
of this reaction and the experimental resolution of the spectrometer and elec- 
tron beam will restrict the usable portion of the bremsstrahlung spectrum for 
extraction of d ( y , p ) n  polarizations to the top ~ 1 3 0  MeV. 

Deuterons and pions from the aluminum target cell will have momenta up 
to and above those of the d ( y , p ) n  reaction protons, and rates for these particles 
will be about equal to the d(7, p ) n  proton rate, depending on details of the target 
cell construction and spectrometer acceptance. The background data from SLAC 
follow estimates from a quasideuteron model. The deuterons and pions can be 
almost completely removed from our spectra by particle identification cuts. For 
example, at our highest proposed energy, with a 2-meter flight path, the time-of- 
flight separation is 1.0 (2.7) ns for T - p  ( p - d ) .  With 300 ps resolution, this allows 
rejection of over 95% of all pions with only a few percent loss for the protons, and 
rejection of essentially all deuterons. The proton losses are not important, since 
we are not measuring absolute cross sections. Additional particle identification 
can be performed with energy loss in scintillators and, for example, an Aerogel 
Cerenkov detector, but the latter is not required for this experiment. 

Protons from the target cell must also be rejected, along with pions and 
deuterons not removed by particle identification cuts. Some of these particles may 
be removed by target-position cuts, depending on the target-position resolution. 
All remaining target-cell background will be removed by the subtraction of empty 
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target background runs. The measurement of momenta above the maximum 
allowed proton momentum from d ( 7 , p ) n  provides a check on the background 
suppression procedures. 

In Table 11, we present the momentum of the outgoing protons from the 
d ( y , p ) n  reaction as a function of the y energy, and the difference in momentum 
for protons at the same angle from the d(7, p)nlro reaction. At the higher energies, 
one spectrometer setting will he sufficient to cover the region from T O  production 
through the endpoint of the d ( y , p ) n  reaction and a sdc ien t  region above this 
to check that the background subtractions give 0 above the maximum gamma 
energy. At the lowest energies, a second spectrometer setting is required with 
HRS, but not with SOS. 

The major requirement different from the SLAC experiment is a FPP in the 
spectrometer to measure the proton polarization. There is extensive experience 
measuring proton polarizatioii with a carbon FPP up to Tp = 800 MeV at Los 
Alamos. For the present experiment, the detected proton kinetic energy goes up 
to 870 MeV at the highest beam energy, making the extrapolation uncertainties 
small. We note that this proposal is an excellent commissioning experiment for 
a FPP because it does not require optimum performance of other parts of the 
spectrometer detection or calibration systems. 

For d ( y , p ) n  the proton polarization will be normal to the reaction plane. 
The longitudinal and sideways components, pl and p s ,  are zero. As the proton is 
transported through the spectrometer, the spin will precess about the magnetic 
field into the longitudinal direction, with the net precession resulting mostly 
from the dipole magnets. The precession angle, =, is given by E = 1 . 7 9 ~ 7 ,  where 
1.79 is the numerical value of g p / 2  - 1, w is the bend angle of the spectrometer, 
and y = E/" is the Lorentz factor. For the 1 8 O  (45') bend of the SOS (HRS) 
spectrometer, the proton precession angle in the proposed experiment at 6c.m. = 
90' ranges froni 42 to 62' (104 to 156'). 

Thus, the proton polarization in the detector stack will have both normal 
and longitudinal components. Only the transverse polarization components are 
measured in the FPP. With p ,  = 0, the proton scatters in the carbon block of the 
FPP with an angular distribution shape 1,,(0)[1+ pnA,-(@)cos(&-), where Io(@) 
is the unpolarized angular distribution, A, is the analyzing power of carbon, and 
4 is the azimuthal angle. The useful range in scattering angle 0 is typically 5' to 
20°, for which A, x 0.2. At smaller angles, multiple Coulomb scattering creates 
background problems. At larger angles, the analyzing power and cross sections 
decrease. The efficiency of the polarimeter is about 1%. 

CI 

For the proposed experiment, we desire precession angles near 0 or 180'. At 
Z = 90°, the polarization is rotated to be purely longitudinal, and a measurement 
cannot be made. Thus, the SOS spectrometer is preferred at the lower energies, 
but the HRS spectrometer is preferred at higher energies. For the planned set of 
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measurements, the two systems are roughly equal. 

Commissioning the polarimeter will involve a set of calibration runs to ex- 
amine the detector alignment and response. Experimental asymnietries from the 
device can be checked with unpolarized e-p elastic scattering, which should yield 
0 polarization. An excellent calibration reaction is p ( y ,  p)?ro. For photon energies 
from 600 to 700 MeV, p ,  ranges from about -0.5 to -1.0 for 6c.m. = 105f15'. 

The collaboration could either use the planned hadron arm in Hall A (several 
members of the collaboration are active participants of the Hall A collaboration, 
working on the FPP), or the SOS spectrometer planned for Hall C (several mem- 
bers of the collaboration are involved in the design of the SOS). In this case, 
the collaboration would build an FPP for the SOS. The polarimeter required 
for the SOS is much smaller in size than that for the HRS, with wire chamber 
active areas only ~ 5 0  cm by 60 cm. Because of the similarities in spectrometer 
acceptances, count rates in the two spectrometer systems are roughly equal. For 
protons at these momenta, the bend angle in HRS in Hall A results in precession 
being more of a problem at the lower momenta, where the count rates are much 
higher. For SOS, the precession requires higher statistics at the higher energies. 
In the times requested below, a similar quality experiment could be run with 
either spectrometer. 

5.5 Time Estimates 

The cross sections for the d ( 7 , p ) n  reaction at @c.m. = 90' are known. In the 
following estimates, we simply employ the suggested dimensional-scaling cross 
sections, which underestimates the cross sections at lower energies. We plan to 
measure at angles of = 30°, 60°, 90°, 120°, and 150' at all but the highest 
incident energy. At 1.8 GeV, we will only measure at 90' because of the low cross 
section. We assume all angles at each energy will require about the same amount 
of time. We assume the target is 10 cm long (1.7 g/cm2) and the beam current 
is 60 pamps, giving a power loss in the target of 2 MeV-cm2/g * 1.7 g/cm2 * 60 
pamps = 204 watts. The photon flux is calculated for a 6% radiator. The HRS 
spectrometer is assumed to have a solid angle of 7.8 msr and to be 100% efficient 
at detecting particles. The resulting count-rate estimates are shown in Table 11. 
The counts needed in Table llassume the polarizations will be deternlined to 
fO.l, similar to the precision of existing data. 

To obtain a time estimate for the experiment, we also assume that elec- 
trodisintegration and empty-target background measurements will require about 
the same amount of time as the photodisintegration measurements, and about 6 
hours overhead will be required at each incident beam energy for energy changes, 
target changes, angle changes, etc. The lowest three energies will require addi- 
tional time with HRS for a second momentum setting. For the HRS times listed 
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in Table 12, five-point angular distributions are measured at all energies except 
1.8 GeV, at which only = 90' is measured. The total time for data taking 
and overlapping existing data, as shown in Table 12, is then 492 hours beam 
time. For the measurement with SOS, the total time requested is the same, but 
the distribution of time between energies will be different, and the error bars will 
increase to f0.12. We also request 108 additional hours for checkout, calibration, 
and commissioning time. Additional time without beam may be required for the 
installation of the FPP and cryogenic target. The total time request is for 600 
hours of beam time. 

5.6 The Collaboration 

P. Bosted 
American University 

K. Coulter, S. J. Freedman, D. F. Geesaman, 
R. J. Holt (Spokesperson), H. E. Jackson, E. Kinney, 

D. Krakauer, D. Potterveld, B. Zeidman 
Argonne National Labomtory 

E. Beise, B. Filippone, R. D. McKeown 
California Institute of Technology 

J. Napolitano 
CEBAF/College of William and Mary 

R. Milner 
Massachusetts Institute of Technology 

R. E. Segel 
Northwestern University 

D. Beatty, R. Gilman (Spokesperson), C. Glashausser 
G. Kumbartzki, R. Ransome 

Rutgers University 
Z.-E. Meziani (Spokesperson) 

Stanfod University 

D. Beck 
University of Illinois 

The collaboration combines all the necessary experience to carry this ex- 
periment successfully. Almost all participants are currently active in either the 
Hall A or C collaborations at CEBAF. Many of the individuals were involved in 
the deuteron photodisintegration experiment NE8 at SLAC / NPAS, which was 
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similar to the present experimental design except for the focal plane polarimetry 
requirement. Several members of the collaboration are experienced in the design, 
constuction, and use of focal plane polarimeters. 

The experiment as currently designed requires only hardware that is already 
being developed by its participants for this and other experiments as part of the 
Hall A and Hall C collaborations, or that is expected to be supplied by CEBAF 
(e.g., the cryogenic target). 
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6. Electron Beam Polarimeter in Hall A at CEBAF 

The range of energy and current needed in the experiments to be performed 
in Hall A using a longitudinally polarized electron beam, varies respectively froin 
0.5 GeV to 4 GeV and from 0.5pA to 100bA. The longitudinal polarization of 
the beam is to be known with an accuracy that varies from 1 % to 5 %. The 
most common requirements in these experiments are in one case a high energy 
and high cumnt, in the other case a low energy and low current. Given these 
requirements, it is mandatory to consider two methods for the determination of 
the electron beam polarization. 

0 The first method is the elastic back-scattering of photons from continuous laser 
beam off the electron beam. The measurement of the electron beam polarization 
is performed by measuring the assymetry resulting from scattering with parallel 
or antiparallel spin orientation of the two beams. The size of the assymetry at 
high electron beam energies and the currents available make this method suitable 
for a high accuracy measurement of the electron beam polarization. In principle 
one can achieve a 1% accuracy in this measurement. 

0 The second method is the Moller scattering of the electron beam off electrons 
from a thin magnetized iron target. The assymetry measured in this process 
is large enough at low energy that the intrinsic precision around (3%) of this 
method can in principle be achieved. 

6.1 The Compton Polarimeter 

We will denote E ,  E', k and k' respectively as the incident eletron energy, 
scattered electron energy, incident photon energy and scattered photon energy. 
All angles are defined with respect to the direction of the incident beam such 
that the scattered photon emission angle is defined as 6, = t~ - 00 where 60 is 
the emission angle defined as usual with respect to the direction of the incident 
photon. The emission angle 6 k  and the energy of the scattered photon k' 

k' = kh,,[1+ 77 ( $k)2]-1 

the parameter 77 is defined as 

k,,, is the maximum energy of the back scattered photon and can be expressed 
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in terms of the parameter 77 as 

We also define the parameter = k'/kAax which is the fraction of maximal 
energy carried by the back scattered photon. This parameter varies from zero at 
large emission angles to unity at zero emission angle. For a continuous photon 
beam from an Argon Laser operating in the green wavelength (A  = 514.5 n m  
) k = 2.41 eV and interacting with an electron beam of E = 4 GeV incident 
energy, the maximum energy of the back-scattered photon is kAaz = 514.6MeV 
The angular range where the energy would drop by a factor of two (c = 0.5) is 
given by & = m / E a .  In our example this angle is 81, = 1.36810-4~udiuns. 
The scattered beam is mainly in a very narrow cone allowing an easy integration 
over the azimuthal angle of the cross section with a small size photon detector. 
Regardless of other constraints (for exaniple a small assymetry) if one set a limit 
for the detectable back scattered photon with the same detector of k' = 50 MeV 
with a 20 MeV energy bin this method can be used down to an incident electron 
beam of E = 1.3 GeV The longitudinal assymetry in Compton scattering is 
defined as the following quantity: 

P, and PT are respectively the longitudinal polarization of the electron beam and 
the polarization of the photon beam. where & is the unpolarized differential 
Compton cross section per radians and unit < given by the following expression: 

1 - [(I + 77) 2 1 3  d2a 2 r 2 ( 1  - 7 7 ) 2  

ow4 -- - To% - ( ( 1  - q )  + l + [ 1  -((l-q) 

TO is the classical electron radius TO = 2.810-13 cm. 

In Fig. 31 we show the value of the assymetry A1 for the case where the 
incident energy of the beam is 4 GeV,  1.3 GcV, and 0.5 GeV. We have assumed 
a 50 % longitudinal polarization of the electron beam and a 100 % of circular 
polarization of the photon beam these parameters are realistic with our expecta- 
tions of the polarized beam at CEBAF. If we average the energy region between 
( = 0.8 and < = 1 which corresponds to a bin of 20% in photon energy the cross 
section weigthed assymetry obtained is 6% at E = 4 GeV ,Z% at E = 1.3 GeV 
and 0.8% at E = 0.5 GeV. 

46 



, 

I Because of the forward peaked angular distribution of photons a small size 
detector allows to cover 27r azimuthal angle 4. 

Figure 32 shows the unpolarized cross section integrated over the azimut.ha1 
angle q5 as a function of ( and for several incident electron beam energies. We 
still consider only the range of z between 0.8 and 1. where the cross section is 
almost maximum for the detection of the scattered photons. 

In order to evaluate the time required to perform the measurement of the 
longitudinal polarization of the beam. It is first useful to evaluate the total 
number of counts necessary to obtain a given uncertainty in the measurement 
of the assymetry. The relative uncertainty of the assyinetry Ai is given by the 
following expression: 

where Nt is the total number (parallel and antiparallel orientations of spins) of 
counts to be detected. We can now evaluate the total number of counts needed for 
the energies listed before. For example the longitudinal assymetry of the beam at 
E = 4GeV is 6% therefore the total number of counts needed to achieve = 1% 
is obtained directly from the above formula and is equal to Nt = 2767777 

We want to evaluate the time to reach a precision between 1% and 5% for different 
conditions of the beam parameters. The rate of back scattered photons is given 
the formula 

Ne N,al 
SC 

N y  = 

where Ne in the number of incident electrons per second, N, is the number of 
incident photons per second, a the cross section integrated over the energy region 
( = 0.8 to = l., I in the length of the interaction region, c the speed of light and 
S the area of the largest beam ( in this case it is the photon beam ). The relevant 
parameters in the evaluation of the rate are therefore the beam percentage of 
longitudinal polarization , the average current needed for the nuclear physics 
experiment being performed at the time of the measurement, the duty cycle of 
the machine, the length of interaction for the Compton scattering and the area 
of the largest beam between the photon beam and the electron beani. 

As we said before the range of the incident electron beam parameters vary 
over a wide range, however one can optimize the area of the largest beam and set 
up the largest possible interaction region to enhance the rate. As an example, we 
assunie 2 m for the intraction region length, 2 rnm2 for the area of the photon 
beam, 10pA for the average electron beam current with a 50% polarization and a 
lOWatt laser beam power, the resulting rate is 80Hr. It will take in this specific 
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case almost 10 hrs for the measurement at the 1% level. Nevertheless a relative 
uncertainty of 3% can be reached in 1 hr. This example is realistic and do not 
assume a very large current and 100% polarization beam. In Table 13we give 
the time for different configurations of the beam. It is clear that this polarimeter 
is best for very high current and high energies where the Moller polarimeter is 
less adequate since the target for Moller polarimetery can not stand a beam of 
high average electron beam current. 

In Table 13, the energy of the incident photon beam correspond to a 10 Watts 
power Argon laser with a wavelength X = 514.5 nm (green) and an Area of 
2 mm2. The assymetry A! is cross section weight-averaged between t = 0.8 and 
t = 1. The time is computed for a determination of the polarization at the 1% 
relative uncertainty level. 

We plan to set up the interaction region after the eight dipoles that guide 
the beam in Hall A in the straight section before the entrance of the Hall A. It is 
crucial that the interaction region is as long as possible. Four dipoles are needed 
to perform this task. The inteaction region will be parallel to the beam line 
after the electron beam has been bent up and back horizontally. Two identical 
dipoles will return the beam along its initial direction. The proposal to set up 
the detection system for the backscattered photons will be done separately with 
specific agreement with the CEBAF management. The high power laser will 
be included at that level. We are asking for the minimal amount of expenses 
to support the R& D of the optical beam line using half a watt power laser in 
the green frequency, optical lenaes and polariaers to test to what extent we can 
transport the laser beam line’frorn outside the tunnel along the Hall A beam line 
at CEBAF. 
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7. Budget 

7.1 Personnel 

In order to carry on the proposed reseach successfully and to fulfill our com- 
mitments in the SLAC experiment and the CEBAF project we are asking funds 
to support two students and one research assistant. The research and educational 
strength in the field of Nuclear Physics at Stanford University has been weakened 
by the recent retirement of Professor Stan Hanna. Stanford University has no 
longer an NSF grant in nuclear physics. Our project will be in the future years 
the only nuclear physics program at Stanford University. We strongly believe 
that the education of young students in nuclear physics is crucial for the health 
of this field. We are strongly committed to do the best nuclear physics and be 
in a position to provide the necessary education to some outstanding students at 
Stanford University. 

Up to now the personnel has been the principal investigator and one graduate 
student. Although we had over the period of the last t hee  years significant help 
from some outstanding undergraduate students who worked with us for their 
honors thesis and received special university awards, we think it is not enough 
for the,present size of the project. 

We would like to emphasize that if we stay at this level of personel it will be 
extremely difficult if not realistically impossible to fullfil our commitments to the 
experiments described in this proposal. Our request of additional personel at 
the present stage is not overstated. We expect the research assistant to share 
his time between the design and developement of the polarimeter for the Hall A 
at CEBAF and working on the building of the Cerenkov counters for E142 at 
SLAC. 
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7.2 Travel 

We describe the travel expenses over the first year period expecting realisti- 
cally that the total amount of expenses to remain roughly at the same level over 
the period of three years. A different balance between the domestic and foreign 
travel is expected in the last two years. 

Domestic Travel The travel expenses in the US. are mainly for trips to CE- 
BAF in Virginia. As we mentioned before our responsibility at CEBAF is to 
build the compton polarimeter for the polarized electron beam and to perforin 
the proposed experiments. The listed trips are used for collaboration meetings 
and on site work with the CEBAF engineers regarding the building of the po- 
larimeter. These trips are shared between the research assistant and the principal 
investigator. 

6 trips to CEBAF Newport News Virginia $6 000.00 

. 
- Forekn . - ___ Travel __ As we stated in the proposal the availability of the spherical 
mold and the oven to build the 4mm spherical glass mirrors for the Cerenkov 
counters of E142 lead us to consider building the eight mirrors of the four 
Cerenkov counters at CERN. We shall travel to CERN to monitor the proper 
building and testing of the glass mirrors before bringing them to the US. where 
further tests will be performed 

2 trips to CERN Geneva $3 000.00 

Total $ 9 000.00. 
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7.3 Capital Equipment 

The list of capital equipment describes the needed equipment for the research 
and development of the E142 Cerenkov Counters at SLAC and the beam po- 
larimeter at CEBAF. I would like to remind the reader that most of the Cerenkov 
counters used in end station A at SLAC give after the complete chain of detection 
a number of photoelectrons that is a quarter from that evaluated using a realistic 
calculation as discussed in the proposal. In the E142 experiment it is crucial that 
the number of photoelectrons anticipated is around 7 or 8 given the constraint on 
the lentgh of the boxes to 2m and 4m. Therefore part of the capital equipment is 
needed to build a prototype of Cerenkov counter and fully test it before starting 
the building of the four Cerenkov counters. 

For the beam polarimeter at CEBAF we would like to study the various com- 
ponents of the laser beam optical line and its polarization. We are listing the 
components of a prototype setup necessary to study the transport of the laser 
beam to the interaction region. The beam migth need to travel a long distance 
before the interaction region with the electron beam. 

1 1 m3 aluminum box with a Kevlar window for preliminary testing $1 500.00 

1 Hamamatsu R1584-01 photomultipliers $2 000.00 

2 50cm*50cm spherical mirrors of 1.2m radius $1 000.00 

1 Winston Cone $1 000.00 

1 sets of PMT and mirror mount, and gas valves $ 500.00 

1 Penwalt Series 66-100 pressure gauges 

1 Melles Griot 07 OTC 011 Optical Table 

1 Melles Griot 07 OTI 005 Isolators 

1 Melles Griot 07 OTA 001 Laser Mounting post 

1 Melles Griot 05 LLP 851 Red HeNe laser (0.5mW) 

1 Melles Griot 09 LBM 17 Laser beam expander 

1 Melles Griot 09 LAM 003 Adjustable Accessory Adapter 

2 Melles Griot 01 PRP 035 Precision right-angle prisms 

1 Melles Griot 09 LSL 003 Focusing optics 

$1 600.00 

$4 100.00 

$1 550.00 

$ 195.00 

$ 702.00 

$ 990.00 

$ 296.00 

$ 380.00 

$ 195.00 

Total $ 16 008.00. 
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TABLE CAPTIONS 

1. Summary of the beam parameters needed for the experinient 

2. Projected achievable parameters of the target 

3. Kinematic variables and cross sections for the 7' data 

4. Kinematic variables and cross sections for the 4' data 

5. List of contributing systematic uncertainties 

6 .  Break down of the running time for the experiment 

7. Uncertainty contributions to the test of the Bjorken sum rule 

8. Ratios for the spectrometers 

9. Gas Properties (13.0 Gev/c pion threshold , 4.0m Tank 

10. Couting rate parameters 

11. Kinematics and count rate estimates at QcSm. = 90' for the d ( 7 , p ) n  polar- 
ization measurements with the HRS spectrometer in Hall A. The electron 
beam energy is 50 MeV greater than the listed y energy. The counts are 
the average number in each of two 50-MeV energy bins. The column la- 
belled Pp(n') indicates the percentage difference between the momenta of 
protons from the d ( y , p ) n  reaction and those from the d(7,p)nr'  reaction 
at the same lab angle. The rate is the raw count rate in the focal plane. The 
counts needed are good-polarimeter events needed to get an error of fO.l 
in the polarization. The time listed is sufficient to get the counts needed in 
each of two 50-MeV bins. 

12. Time estimates for the HRS in Hall A 
13. Time for a one percent measurement for different beam parameters assump- 

t ions 
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Table 1 = Beam parameters 

Polarization 

Intensity 

Pulse rate 

Pulse length 

22.66 GeV 

40 % 

5 x e- / pulse 

120 Hz 

1.5 psec 

cell volume 

N2 density 

Rb density 

Glass window thickness 

Glass side walls 

Temperature 

Table 2 = SLAC 3He Target Cell 

3He density I 3 x 1020 /cc 

30 cc 

8 x lo'* /cc 

6 x 1014 /cc 

2 x 0.10 mm 

0.5 mm 

180 O C  

Polarization I 50 % 

Polarization direction I longitudinal 

cell length I 30cm 
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Table 3 = Kinematics and cross-sections for E=22.66 GeV and 8=7O 



Table 4 = Kinematics and cross-sections for E=22.66 GeV and 8=4.5' 

I I 1 

7.0 I 15.66 I .978 I 5.41 I ,7243 I .0333 I .2890 I .8893 I 
7.5 I 15.16 I 1.05 15.32 1 .6990 1 .0368 1 .2913 I .9448 I 
8.0 I 14.66 I 1.12 15.22 1 .6735 I .0406 I .2938 I 1.006 I 

11.5 11.16 1.61 4.50 ,4924 .0767 .3176 1.659 

12.0 10.66 1.68 4.38 .4669 ,0838 .3223 1.802 

12.5 1 10.16 I 1.75 14.27 I .4416 I .0916 I .3275 I 1.964 I 
I & 

13.0 I 9.66 I 1.82 14.15 I .4165 I .lo02 I .3330 I 2.149 I 
13.5 I 9.16 I 1.89 14.02 I .3917 I ,1098 I .3334 1 2.320 I 
14.0 I 8.66 I 1.96 13.89 I .3672 I .1204 I .3338 12.514 I 
14.5 I 8.16 I 2.03 I 3.76 1 .3430 I .1323 I .3343 1 2.733 I 
15.0 1 7.66 12.10 13.63 I .3192 I .1458 I .3348 12.983 I 

18.0 I 4.66 12.51 12.67 1 .1839 1.2877 I .2967 14.981 I 
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Table 6 = Proposed running time 

~ 

7 O  

I Experimental conditions 

~ 

10 GeV .09 to .4 30 

Spectrometer angle 

4.5 O 

7 O  

An 

An 

A n .  

An 

An 

15 GeV 

15 GeV .15 to .6 

statistical 

systematic 

experimental 

theoretical 

total 

4.5 O 

experimental 

10 GeV 1.04 to ,161 30 

f .021 

Table 7 = Test of the Bjorken sum rule 
~ ~~ 

Quantity Type of uncertainty 1 Value 

f .004 

f .011 

f .012 

f .016 

f* .020 

AP 

Ap-An1 total I f .03 

Table 8 = Ratios 
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Table 9 = Gas performances for a fixed pion momentum threshold 

Hydrogen 

Helium 

Nitrogen 

Neon 

arbon dioxi 

Oxygen 

Isobut ane 

Ethylene 

Air 

6.491 

25.97: 

3.030 

13.561 

2.218 

3.417 

0.716 

1.227 

3.103 - 

0.0370 

0.2941 

0.2401 

0.7745 

0.2761 

0.3093 

0.1177 

0.0974 

0.2546 

Scint. 

per T 

0.00066 

2.3378 

0.2046 

2.1034 

0.01164 

0.001881 

0.00011 

0.00001 

0.038 79 

Knock-ons 

per T 

0.0000459 

0.000 1835 

0.000 1498 

0.0004793 

0.0001 724 

0.0001932 

0.0000860 

0.0000693 

0.0000795 

Full Con€ 

Angle (" ) 

1.23 

1.23 

1.23 

1.23 

1.23 

1.23 

1.23 

1.23 

1.23 

Spot Diam 

(cm) 

8.59 

8.58 

8.59 

8.59 

8.59 

8.59 

8.59 

8.59 

8.59 

Table 10 = Parameters for the Hall A set-up at CEBAF 

I I  Beam 

properties Average current 10 p A  

elec. spec. Solid angle 8 ~ 1 0 - ~  sr 

properties Momentum acceptance, -4% +4% 

2eren ko\ 

Photons 

90.16 

90.16 

90.16 

90.16 

90.16 

90.16 

90.16 

90.16 

90.16 
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Table 11 

(ct /sec) 

2221.5 

647.0 

212.0 

76.9 

30.4 

13.0 

d ( y , p ) n  kinematics and HRS count rates 

(deg) needed 

104.1 84421. 

112.7 33631. 

121.2 18552. 

, 129.8 12166. 

138.p 8922. 

147.0 7096. 

r I I I 

-- I 

rate I epPecess I counts time- 

% (nb/sr) 

-13.9 291.3 

-10.0 114.6 

-7.8 47.3 

-6.4 20.7 

-5.4 9.6 

-4.7 4.7 

(hours) 

1.06 

1.44 

2.43 

4.39 

8.14 
~ 

15.19 

-4.2 1 2.4 1 5.9 1 155.6 1 6020. 28.38 

Table 12 
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Table 13 = Different configurations of beam parameters and corresponding rates 

polarization 

of the beam 

(%) 

2. 50. 

4. 50. 

2. 100. 

4. 100. 

Average Maximum beam Scattered photons Time 

Assymetry Energy Rate needed 

(%) ( M e V )  tw (hrs) 

50. 

50. 

80. 

3.2 

6.0 

5.7 

137.5 

514.6 

137.5 

431. 

403. 

863. 

6*3 I 
1.9 

1.0 

80. 9.9 514.5 807. 0.95 I 
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FIGURE CAPTIONS 

1. Major elements of the SLAC target system 

2. Multi-chamber target cell 

3. Sketch illustrating a simple geometry for the use of two cells 

4. Layout of the apparatus on the floor of end station A at SLAC 

5. Acceptance of the 7' spectrometer 

6. pion over electron ratio versus the momentum setting of the spectrometer 

7. Event rates per pulse as a function of x 

8. Total event rate for the experiment 

9. Statistical uncertainty on the assymetry measurement 

10. Comparison of the proton spin dependent structure function measurements 
from the EMC collaboration and the old SLAC experiments, E80 and E130, 
with the measurement of the neutron spin dependent structure function 
proposed in this report 

11. The partial wave channels of the three nucleon wave function within the 
Derrick-Blatt scheme 

12. Results of the calculations of partial waves of the Derrick- Blatt model 
a) Asymmetry A1 from scattering from polarized 3He calculated in model 
I (solid curve) versus x .  The short-dashed curve shows the neutron contri- 
bution and the long-dashed curve the proton contribution. 
b) The structure function glfor 3He versus x calculated in model I(so1id 
curve). Also shown are the separate neutron (short-dashed curve) and pro- 
ton (long-dashed curve)cont ributions . 
c) Asymmetry A1 for scattering from polarized 3He at Q2 = 10 (GeV /c)' 
using model I(1ong dashed curve) versus 2. The short dashed curve shows 
the neutron contribution and the long-dashed curve the proton contribu- 
tion. 
d) Comparison of 3He asymmetry at Q2 = 10 (GeV / c ) ~  using model I 
(long dashed curve) and Model I1 (solid curve). Also shown is the result 
from Model 11 if sea quark polarization iz omitted (dash-dotted curve). 
e) Asymmetry A1 from scattering from 3He versus z showing the effect of 
different choices of energy of (3.3). The solid curve is calculated using (3.4) 
and the dashed curve using (3.5) of Ref.31 . 
f )  Asymmetry A1 for scattering from polarized 3He  versus z showing the 
effect of the relativistic normalization factor in equation (3.2). The solid 
curve is calculated using eq. (3.2) and the dashed curve is calculated omit- 
ting the relativistic normalization factor. 
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13. The reflectivity of X/2 MgF2 coated mirrors is plotted for X e ( 170 nm, 
280 nm). 

14. The quantum efficiency of the Hamamatsu R1584-01 phototube with bial- 
kali photocathode and synthetic silica window is plotted for X E ( 150 nm, 
650 nm). 

15. The absorption cross section of COz is plotted in barns for X E ( 185 nm, 
220 nm) , 

16. The spectrum of Cerenkov photons produced in the radiator is shown as 
a function of wavelength. For comparison, we also plot the spectrum we 
expect in the phototube after the raw spectrum is folded with the losses 
due to absorption, imperfect mirror reflection and PMT inefficiencies. 

17. The trajectories of the Cerenkov photons in the xz plane of the 7.0' detector 

18. The trajectories of the Cerenkov photons in the yz plane of the 7.0' detector 

19. A schematic (not to scale) is shown of the tank design. 

up to the PMT are shown. 

up to the PMT are shown. 

20. (a) Longitudinal and (b) transverse response functions for 56Fe at an effec- 
tive three momentum transfer qef f  = 1.14 GeV/c (circles), where the use of 
the effective momentum transfer is an approximate method to include the 
Coulonib distort.ion effect. Only statistical errors are shown. The dashed 
curves are from a Fermi gas model calculation by Van Orden8' , and solid 
curves are from an PWBA quasifree scat.tering calculation with a realistic 
momentum distribution. The dotted curves are from an RPA calculation 
by Jiw . 

21. Longitudinal response functions of 3He, 12C and 40Ca at constant three 
momentum transfer. The curves are from Refs. 57 and 58. For the 3He the 
figure shows the calculation by Laget, where the dotted (dashed) line is 
the two- and three-body contribution. The solid line is the total. For the 
heavier nuclei the curves are the calculation by Horikawa et al. as explained 
in the text. The data are from Refs. 48,49 and 51. 

22. Coulomb sum rule for 3He, 12C, 40Ca, 48Ca and 56Fe. The data are from 
Refs. 48, 49 and 51. Experimental uncertainties are larger than the data 
points but are not shown. The solid line is a calculation by de Forest" for 
W. 

23. Coulomb sum for 56Fe. The circle is the data of Ref.41 at seff = 
1.14 GeV/c. The total error is shown. The squares are the Saclay4' and 
Bates45 
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24. Longitudinal response function for 12C and 56Fe calculated by Celenza e t  
compared to the data of Refs. 48and 49. The dashed line (solid) al.. 

line is the calculation using the free (modified) electromagnetic forni factors 
of the nucleon. 

25. Scaling function extracted from longitudinal (square and star) and trans- 
verse (diamond and plus) response functions for 3He, 12C and &Ca using 
the free nucleon mass. The data are from Refs. 6, 7 and 9. The three mo- 
meiitum transfers used for 12C and 40Ca are 400 MeV/c and 500 MeV/c. 
For 3He data at constant four momentum transfer of Q2=0.2 (GeV/c)' 

26. Region of the (Q2,w) plane which should be covered by the measurements 
proposed, Each line is for a single incident electron energy and scattering 
angle. The 40' angle is not shown for clarity. The elastic limit is calculated 
for 12C. 

54,65 

27. Uncertainty on the transverse and the longitudinal extracted cross section 
as a function of the ratio R at the top of the quasielastic peak and Q2 = 
1. ( GeV/c)2 

28. Cross sections for d(-y,p)n at f?c.m. = 90'. The top panel shows raw data. 
The middle panel shows S l ldaldt  to exhibit scaling. In the bottom panel, 
the reduced nuclear amplitude is plotted. This removes a factor of S 11 
modified by threshold factors. In either case, scaling would cause an energy 
independent behavior in the plot, as demonstrated by the dashed lines. 
The solid line is a calculation by Harry Lee.74 The NE8 data are from 
Reference 73; other data are from Reference 75. 

29. Outgoing proton polarization measurements in the d(7, p ) n  reaction at Oc.m. 
= 90'. The data is from References 79 and 76 A conventional calculation 
(solid curve) and conventional + dibaryon calculations (dashed curves) in 
two different models for the dibaryon are taken from Reference 76. The 
dotted curves are from Laget77 , and show the sensitivity of his reaction 
mechanism model to the choice of wave function. The most positive curve 
was calculated with Reid soft core, the intermediate curve with HM2, and 
the most negative curve with a phenomenological wave function. 

30. Outgoing momenta plotted versus electron/photon incident energy for sev- 
eral reactions. Top solid curve is for d ( 7 , p ) n .  Middle solid curve is for 
d(y ,p )n  with y energy 100 MeV lower than the value on the x-axis. Bot- 
tom solid curve is for d(y,p)n.rr". Dashed curve is for d(r,.rr+)nn reaction. 
Dotted curve is for d(e- ,  d)e-  reaction. For the top ~ 1 3 0  MeV of the proton 
spectrum, there are no contaminants in the proton momentum spectrum 
from other single-step reactions on deuterium. 

31. Longitudinal assymetry for three different incident energies of the electron 
beam respectively E = 4 GeV, E = 1.3 GeV and E = 0.5 GeV . We 
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assume the photon beam to be 100% polarized and the electron beam to 
be 50% polarized. The energy of the incident photon beam is IC = 2.41eV 

32. The unpolarized cross section plotted for the same three different incident 
energies of the electron beam as for Fig. 31. Notice that the cross section 
does not change rapidly with the incident beam but it changes by alniost 
a factor of 2 in the range x = 0.8 to x = 1. 
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