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A. Experiment summary

This experiment will make high precision and high resolution measurements of the spin

structure of the proton and deuteron in the region of the nucleon resonances, at two values

of the four-momentum transfer Q2, � 1:3 GeV2 and � 5:5 GeV2. Fundamental properties

of the nucleon and QCD will be explored with adequate precision to obtain conclusive

information.

At Q2 � 1:3 GeV2 we will concentrate on the nucleon spin asymmetries A1(�; Q
2) and

A2(�; Q
2); � is the lepton energy loss. The neutron spin asymmetries will be extracted from

the measured proton and deuteron asymmetries. A1 and A2 describe the quarks contribution

to the nucleon spin, explore the e�ects of quark-gluon interactions which can be represented

by twist-3 matrix elements calculable in lattice QCD, and probe the extension of local duality

from the unpolarized scattering regime to spin degrees of freedom. The kinematic region to

be covered by the data connects very well with other polarized deep inelastic scattering (DIS)

experiments, for direct comparison of extrapolated DIS data with measured resonances data

to study local duality. This connection has the additional advantage that the spin structure

function g1= F1(A1+QA2=�)=(1+(Q
2=�2)) measured in our experiment (F1 is the transverse

�Updated list of collaboration membership at end of document.



structure function) can be used to test the extended Gerasimov-Drell-Hearn [1] sum rules

with a minimum of interpolations or use of �ts to the world data on g1.

We will measure the inclusive parallel and perpendicular asymmetries Ajj and A?, to

remove any model dependence when extracting the spin asymmetries A1 =
C

D

�
Ajj � dA?

�

and A2 = C
D

�
c0Ajj + d0A?

�
where C, c0, D, d and d0 are only functions of the kinematic

variables (D has an additional weak dependence on R = �L=�T ).

At Q2� 5:5 GeV2 the focus will be the transverse asymmetry ATT (' A1) which will

provide additional information on polarized local duality and its Q2 dependence, bridging

the low Q2 data with the 12 GeV upgrade. Higher twists will be studied by combining

our data with the numerous DIS results. ATT is also directly related to the resonances'

form factors and our measurement will test their Q2 evolution and the associated pQCD

predictions. For this kinematics the contribution of A2 will be minimized by aligning the

target �eld along the direction of the momentum transfer.

The experiment will use up to 150 nA polarized electron beams of 6 GeV energy incident

on 3 cm long ammonia and deuterated ammonia targets (NH3 and N2H3). The beam energy

should be as close as possible to 6 GeV consistent with possible polarized beam delivery to

three Halls. The scattered electrons will be detected in the Hall C HMS, aligned at � 12:5Æ

and 35Æ, corresponding to the two Q2 values. The Hall C M�ller polarimeter will be used to

measure the beam polarization. The existing Hall C beam raster system will be used. The

chicane used in E93-026 will be needed when taking A? and ATT data.

All the required experimental equipment has been already used during the 1998 partial

run of E93-026 (\Charge Form Factor of the Neutron"), and it will be available again in

the 2001 polarized target run period in Hall C. This period is an invaluable opportunity to

schedule E96-002 as part of an extended run period, thereby greatly optimizing the use of

all participating institutions' resources (JLab and the collaboration).

Experiments 93-026 and 96-002 passed a joint �rst technical readiness review on January

25, 2000. The review committee determined in their report that \both experiments are on

track". This update is submitted to reiterate our interest in preserving the status of E96-
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002, approved for 21 days of beam by PAC 11. In addition, the collaboration is convinced

that the scienti�c case for the experiment has been strengthened since its original approval,

meriting an improved rating.

B. Developments since 1997

Progress in the following areas has taken place since this experiment was approved:

� Data on the spin structure functions now exist in a very broad kinematic region,

0:003 � x � 0:9 and 1 GeV2 � Q2 �30 GeV2 (and for even greater Q2 at intermediate

x < 0:4) for DIS, and there are neutron resonances data at Q2< 1 GeV2. Fig. 1 illustrates

the coverage for the SLAC [2{5], and DESY (HERMES [6]) experiments for g1 in the range

of interest for TJNAF experiments (Q2� 10 GeV2, x � 0:01). Lines of constant beam energy

and central scattering angle are shown; however, the range of Q2 at every value of x extends

signi�cantly about this central value. The SLAC g1 data are available for both protons and

deuterons at all the kinematics shown in the �gures, and for neutrons at some values (48.8

GeV; the 22 GeV data [7] are not shown)1. The curve of constant invariant mass W = 2

GeV, which corresponds to the region of W above which the nucleon resonances cannot be

resolved, is displayed as well.

Data for g2 exist at similar kinematics as those for g1 (with additional energies of 38.8

and 32.3 GeV). The g2 data are limited to protons and deuterons.

1Not shown either are the earlier A1 + �A2 SLAC-Yale data [8,9], nor the high Q2 CERN data

(EMC [10] and SMC [11]).
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FIG. 1. Kinematic coverage of g1(Q
2 < 10 GeV2; x > :01). Symbols are only indicative.
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FIG. 2. Kinematic coverage of g1 by current or planned JLab proton and deuteron experiments.

Symbols are only indicative.

From �g. 1 it can also be seen that the region below invariant mass W= 2 GeV, corre-

sponding to the nucleon resonances, is still poorly covered above Q2=1 GeV2. Data below
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this value of the four-momentum transfer are limited to the neutron (Hall A E94-010 [12]).

Fig. 2 shows the additional coverage expected from current and planned JLab experiments

(eg1 in Hall B [13,14], and E96-002 in Hall C). The curve of constant invariant mass W =

1.232 GeV, which corresponds to the �(1232) resonances is also shown (short dashes).

OARA 1/00

A|| E96-002

A|| E143

1.00 1.20 1.40 1.60 1.80 2.00 2.20

W [GeV]

-0.15

-0.10

-0.05

0.00

0.05

0.10

A
|| d

eu
te

ro
n

-0.20

-0.15

-0.10

-0.05

0.00

0.05

A
|| p

ro
to

n
0.10

0.15

FIG. 3. Ak for protons and deuterons in the nucleon resonances region. Diamonds: SLAC

E143; hexagons: expected errors.

� SLAC experiment 143 has published its �nal results on the spin structure in the res-

onances region [2]. E143 measured Ak for protons and deuterons with a 9.7 GeV beam at

4.5Æ and 7Æ. From these data, the longitudinal spin structure g1 was extracted, under the

assumption A2 = 0. The E143 results for Ak at 7
Æ are shown along with our expected results

in �g. 3, based on 100 nA, �70% polarized beams and �80% proton (30% deuteron) target

polarization. The kinematics of the E143 7Æ data is very similar to our proposed low Q2

measurement. Factors of �3 improvements in both W resolution and statistical precision
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are expected for both targets in E96-002.

Q2
-DEPENDENCE OF A2

{ - { Stratman { { { WW

FIG. 4. PreliminaryA2 results from E155x (solid circles) along with the previous measurements

from SMC (�), E143 (open diamonds, proton) and E155 (open diamonds, deuteron). Results from

the three spectrometers are averaged together. The dashed curve is AWW
2 .

� The transverse asymmetry A2 has been measured in the deep inelastic scattering region

in three SLAC experiments [2,4,5]. The results, including preliminary results from E155x

are shown in �g. 4, and clearly show a positive A2� 0:1 for much of the x and Q2 ranges.

Therefore, the expectation that A2 may be zero or very small in the resonances is now quite

unlikely, since A2 shows also a clear tendency to increase with decreasing Q2, up to the

limit A2�
p
R. R is not yet well known in the resonances (the recent JLab E94-110 [15] is
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being analyzed), but existing data indicate R ' 0:2. This puts a very serious constraint on

extracting A1 from measurements of Ak only, under the assumption of a small or zero A2,

and highlights the unique advantage of E96-002 with its Ak plus A? technique.

� Substantial theoretical interest on the question of local duality for the polarized struc-

ture functions has developed after being �rst mentioned in the original proposal for this

experiment [16{20]. The white paper for the 12 GeV upgrade explicitly mentions dual-

ity in polarized and unpolarized structure functions among the scienti�c issues driving the

upgrade.

The observation of local duality for the structure functions F p;d
2 by Bloom and Gilman

[21] can be summarized as the averaging out of the magnitude of the structure functions

in the region of the resonances to the extrapolation of their DIS counterparts. The local

character of duality is re
ected in the fact that the averaging applies to individual resonances,

not just to the region as a whole. The question of whether the polarized structure functions

would exhibit local duality as well remains unresolved to date, as it can be seen from �g.

5 which shows the E143 9.7 GeV, 7Æ proton data plotted as a function of the Nachtmann

scaling variable

� =
2x

1 +
q
1 + 4x2M2=Q2

(1)

Although theW resolution of the data is poor, it is hard to see from the �gure any averaging

e�ect, either local or global. Since the data are at almost constant Q2 (points with the solid

X symbols near Q2 = 1 GeV2 in �g. 1,) it is valid to calculate directly the integral of the

measured structure function
R 0:6
015 d�g1(�)= 0.40�0.09, and compare it to that of the �t =

0.56, i.e. more than 30% larger than the data's.

The polarized local duality studies to be carried by E96-002 represent an important and

unique advance in answering this question, bridging the low Q2 results that will come out of

the current experiments with those of future ones at even higher momentum transfer than

that of our measurements at 1.3 and 5.5 GeV2.
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FIG. 5. g1 in the resonances from SLACs' E143 and extrapolation of E143's global �t to g1/F1.

C. Related TJNAF experiments and unique advantages of E96-002

Experiments 91-023 [13] (ammonia targets) and 94-010 [12] (3He target) recently carried

out in Hall B and Hall A have made initial measurements of these asymmetries at TJNAF.

The Hall B measurements are continuing at the time of this update's writing, with the

designation eg1 (E91-023 and E93-009 [14]).

E96-002 is the only experiment capable of measuring A2 for the proton and the deuteron

for the foreseeable future, and of extracting both A2 and A1 without assumptions, thanks

to our technique of measuring both Ak and A?. The extraction of A2(Q
2; �) from two

measurements of Ak is severely limited by the magni�cation of the uncertainties in Ak, which

e�ectively prevent any signi�cant measurement for most of the kinematic ranges accessible

at JLab.

Ak depends on the combination of A1 and A2

A1(Q
2; �) + �(E;E 0; �)A2(Q

2; �) =
Ak(E;E

0; �)

D(E;E 0; �; R)
(2)

so that two measurements of Ak(E;E
0; �) at the (Q2; �) intersection of two lines of constant

beam energy and scattering angle Ea; �a and Eb; �b in the Q2; � plane can in principle be
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used to separate A1 and A2. E
0 is the energy of the scattered electron, � = �

p
Q2=(E� �E 0),

��1 = 1+ 2[1+ (�2=Q2)] tan2(�=2) is the longitudinal polarization of the virtual photon and

D = (1� �E 0=E=)=(1 + �R) is the virtual photon depolarization. However, for

A2(Q
2; �) =

1

�(Ea; E 0
a; �a)� �(Eb; E

0
b ; �b)

� Ak(Ea; E
0

a; �a)

D(Ea; E 0
a; �a; R)

�
Ak(Eb; E

0

b; �b)

D(Eb; E
0
b ; �b; R)

�

=
1

�a � �b

�Ak(a)

Da

�
Ak(b)

Db

�
(3)

the uncertainties in Ak are magni�ed by the factors 1=((�a � �b)Da(b))

Æ2A2 =
1

D2
a(�a � �b)2

Æ2Ak(a) +
1

D2
b (�a � �b)2

Æ2Ak(b): (4)

Since both D < 1 and � < 1, the magni�cation factors are quite large at the beam energies

and angles of interest, as shown in Table 1, for the case of the P33(1232) resonance for two

realistic values of the energies and angles, the last one corresponding to our low Q2 settings.

The situation does not change signi�cantly for other values of W because as the � factors

increase, the D factors decrease.

Table 1.

W Q2 Ea �a Eb �b Magni�cation Magni�cation

GeV GeV2 GeV GeV for Ea; �a for Eb; �b

1.23 0.63 4 12.5Æ 1.2 60Æ 11 2.5

1.23 1.4 6 12.5Æ 3 28.55Æ 26 11

The value of A2 has been measured at higher Q2 values than those contemplated at

JLab, as pointed out earlier, and found to be on the order of 0:1. The precision of the ÆAk

measurement that is required to measure A2 � 0:1 can be easily estimated from the magni-

�cation factors. For the optimized condition in which both the Ea and Eb data contribute

equal uncertainties one has

ÆAk(Q
2 = 1:4GeV2;W = 1:232GeV) � 0:1=(

p
2 � 26) = 2:7� 10�3; (5)
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which requires a better than 3.3�10�4 statistical precision in the counts asymmetry, or

equivalently 9 million counts in a � 60 MeV bin at 6 GeV plus 1.6 million at 3 GeV.2

With a beam current of 10 nA in Hall B's CLAS and a favorable rate of 5 Hz at the bin

of interest, the time needed for the measurement of A2� 0:1 � 0:1 (which is the precision

considered in the E91-023 proposal extension [22]) is 500 h at 6 GeV plus 90 h at 3 GeV.

On the other hand, with the E96-002 method and for the same �W bin width, we get the

uncertainties shown in Table 2, in 30 hours A? plus 60 h Ak for the proton and 45 h plus 90

h for the deuteron, which clearly constitute a reasonable, albeit not optimum, measurement

of A2.

Table 2.

Resonance W Q2 ÆA2 ÆA2

GeV GeV2 proton deuteron

P33�(1232) 1.230 1.40 0.03 0.06

S11N(1535)�D13N(1520) 1.535 1.29 0.02 0.04

F15N(1680) 1.680 1.23 0.02 0.03

Our extraction of A1 has an even better level of precision (and 30 MeV resolution in W )

than that for A2, as shown in detail in the experiment's proposal.

Experiment 94-014 [23] has explored the �(1232) form factors up to 4 GeV2, and the

S11(1535) up to 3.6 GeV2, using unpolarized reactions. E97-101 [24] proposes to extend

these measurements up to 7.5 GeV2. The present experiment can extend our knowledge to

almost 6 GeV2 for all the resonances, using polarized scattering to measure the transverse

asymmetry ATT . A sample of the expected precision and resolution of those data is shown

in �g. 6, based on the same assumptions as the low Q2 data.

2A favorable dilution factor of 0.22 at W = 1:23 GeV, beam polarization of 0.7 and target

polarization of 0.8 have been assumed for this estimate.
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FIG. 6. Expected results for ATT vs invariant mass W

These data and the lower Q2 data will be used in combination with the abundant body of

DIS data to test polarized local duality. The good 30 to 45 MeV expected W resolution, and

Q2 constant to better than 15%, will play a decisive role in reaching de�nitive conclusions

regarding the level of locality of any observed duality. Only E96-002 is capable of this

resolution.

D. Proposal and beam request documents

The following documents are on �le at TJNAF:

Lab Resources Requirements List,

Hazard Identi�cation Checklist

Beam Time and Requirements List.

The cover sheet and Computing Requirements List have been submitted on-line.

In addition, an up-to-date Beam Request set of forms, with the concurrent signatures,

is on �le.

E96-002 passed its �rst Readiness Review, jointly with E93-026, on Jan. 25, 2000.

11



An updated list of collaborators who have explicitly expressed interest in participating is

attached to this update. This satis�es the requirement regarding \Miscellaneous Manpower"

mentioned in the Review Committee's Report.

E. Summary

The availability of close to 6 GeV beams with 75% polarization completes all the re-

quirements to carry out this experiment in optimum conditions. The experience gained

with the use of the systems involved in this type of measurements during the partial run

of E93-026 (Gn
E) will signi�cantly enhance the e�ective utilization of the approved 21 days

of beam time. The demand on the laboratory's resources represented by the installation of

the polarized target can be optimized by scheduling this experiment in conjunction with the

other scheduled experiment that use the polarized target (continuation of E93-026).
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