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ABSTRACT 

We report the first measurements of the asymmetry in resonance 

region scattering of longitudinally polarized electrons by longitudinally 

polarized protons. Data have been obtained at Q2 = 0.5 and 1.5 (GeV/c)2 

in the missing mass range W = 1.1 to 1.9 GeV. Results are compatible with 

a multipole analysis of single pion electroproduction. The spin-dependent 

behavior is consistent with a duality mechanism as in'the unpolarized case. 
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We have previously reported measurements of the asymmetry in spin- 

dependent elastic and deep inelastic e-p scattering.lm3 We report here 

the first resonance region measurements4 of the asymmetry in the scattering 

of longitudinally polarized electrons from longitudinally polarized protons. 

Such data are of considerable interest to duality theory and to quark models 

of nucleon resonances, as well as to multipole analyses of electroproduction. 
- 

Furthermore, we can learn how the scaling behavior of the spin-dependent 

structure function, which we have observed in the deep inelastic region,2'3p5 

is approached at the rather small four-momentum transfers studied In this 

experiment. 

The basic quantity determined is the asymmetry A = (do(N) - do(++))/ 

(du(4+) + da(++)), in which do denotes the inclusive differential cross section 

d20(E,E',9)/dQdE' for electrons of incident (scattered) energy E(E') and 

laboratory scattering angle 0, and the arrows denote the antiparallel and 

parallel longitudinal spin configurations. The asymmetry A is obtained from 

the experimental asymmetry A = PePpFA, in which P, is the electron beam polari- 

zation, Pp is the proton target polarization, and F is the fraction of 

detected' electrons scattered from the free (polarizable) protons in the 

complex target. 

The experiment was performed at the Stanford Linear Accelerator Center 

using the 8-GeV/c spectrometer and an experimental method reported previously.1-3 

The magnitudes of Pe and(Pp) were 0.85 + 0.08 and 0.50 + 0.04, respectively, 

and F varied over the kinematic range from 0.08 to 0.21, 
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The kinematic points at which our measurements of A were made are 

listed in Table I. With E = 6.47 GeV and 8 = 7.0°, five different momentum 

settings of the spectrometer from E' = 4.92 to 5.83 GeV covered continu- 

ously the missing mass region W from 1.090 to 1.872 GeV for Q2 = 0.5- 

(GeV/c>2. With E = 9.71 GeV and 0 = 8.0°, two E' settings of 7.87 and 8.13 
- 

GeV continuously covered the region W = 1.360 to 1.840 GeV for Q2 = 1.5 

(GeV/c)2. 

Radiative corrections associated with elastic and inelastic scattering 

are calculated by the same methods as those employed for deeIj inelastic 

, asymmetry data.336 The effect of the elastic tail is removed by expressing 

. . . 
the inelastic asymmetry, Ale, in the form A = fieAie -F feAe, where Ae is the 

calculated elastic asymmetry' and f ie(fe) is the fraction of the events due to 

inelastic (elastic) scattering (Table I). The fractions f are deduced from 

a parametrization of unpolarized cross section data7 equivalently radiated8 

for our target thickness of 0.1 radiation lengths. The radiative corrections 

due to contaminations from.inelastic domains appear in Table II. Contributions 

from inside the W bin under consideration (fcuts) were treated as the true 

signal from.which the radiatively corrected asymmetries were formed.g The 

statistical errors in the asymmetries are 

because 0 to 60% of the events originated 

.The completely corrected results are 

* the same as those defined in Ref. 2. The 

the value of R = uL/oT taken to be O.l.l" 

increased by factors of 1 to 1.6 

outside the W cuts. 

given in Table-11 with variables 

depolarizing factor D depends on 

In addition to the electron 

asymmetry A, we show the resulting virtual photon - proton asymmetry 

A/D = A1 + n%, where % = (5112 - o3/2)/(9/2 + o3/2), with ol/2(o3/2) 
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the total absorption cross section for the net spin component of the 

virtual photon plus proton along the photon direction of motion equal to 

i/2 (3/z) - The quantity nA2 is an interference term bounded by IA, 1 < R1'2. 

The uncertainties shown are dominated by statistical errors. 

The radiatively corrected values of A/D = Al + nA2 from Table II are 

plotted versus W in Fig. l(a) with two previously published data-points 

also shown just outside the resonance region.3 Except in the region of the 

A(1232) resonance, the values of Al + "A, are predominantly 

throughout the entire range in W. Extraction of values for 

antes is complicated by the presence of a large nonresonant 

large and positive 

individual reson- 

background, 

3 
is easily seen from Fig. l(b) which shows all the contributions at QL = 

(GeV/c)'. The proportion of inelastic events not due to the resonances 

as 

0.5 

is 

given in the iast column of Table II. 

The contribution to the asymmetry Al I- nA2, which arises from the two 

channels ep -+ enr 
-i- 0 

and ep + epr , has been calculatedll for our kinematic 

points. This calculation is based on a multipole analysisl* of extensive 

electroproduction data in the resonance region and does not use our data. 

The results of these calculations are displayed in ,Fig. 2 for the cases of 

"a" Born term asymmetries alone, "b" Born term plus A(1232) asymmetries, 

and "c" Born term plus all resonance asymmetries. It is not surprising that 

case "a" shows asymmetries beginning near zero at low W instead of near +1 

(which an s-wave assumption would dictate) since the presence of the charged 

channels requires I3 the retention of the pion pole term (which contains all 

partial waves). Thus angular momentum barrier arguments are ruled out, even 

this close to threshold. Although single pion electroproduction accounts for 

only about one-half of the total inelastic cross section in our kinematic region, 

good agreement is obtained with our data. Thus the net asymmetry contributed 

by the other channels cannot be very different from our measured asymmetries. 



At the center of the A(l232), the dominant Al component of A/D is 

expected to be -0.5 for the P33 partial wave, which is known to be 

essentially pure Ml excitation and which contributes 74% to our data point 

at W = 1.240 GeV, The P33 partial wave is still very strong throughout 

the second and third resonance peaks, but the associated asymmetry changes 

- 
sign outside the central region of the first resonance, as shown by curve 

"b" in Fig. 2, 

Theoretical predictions about the asymmetry of the D13(1520) and 

F15(1688) resonances are more uncertain. Symmetric quark models,14 for example, 

predict a rapid change of the asymmetry from negative to positive as Q2 varies 

from 0.5 to 1.5 (GeV/c)2. As a consequence of the strong nonresonant 

background more precise asymmetry data are required for the isolation of 

these individual resonance asymmetries. 

The global effect of the spin-dependent behavior of all the s-channel 

resonances has been studied in the framework of a symmetrical quark model,15 

Somewhat surprisingly, the polarization asymmetry of the summed resonances 

duplicates the result of the naive quark model for the deep inelastic region 

(Al = 5[9)* The resonance region asymmetries-must be predominatitly nega.tive 

2 
in the.,pho.toproduction limit (Q'= 0), as can be .inferred. from, the Drell-Hearn- 

.- --.-- 
16 ; 

Gerasimov sum rule, -. and o&data show that the.asymmetry.has already changed ._ 

'sign at Q2 
2 

=.0.5(GeV/c) . .In the unpolarized case, -it is,well known that the 

structure function VW 
2 

scales throughout much of the resonance region and that 

at least ,a form of global,duality holds between the resonance region and the 

‘17 
deep inelastic region. In order to test whether such a correspondence exists 

in the polarized case.as well, we have plotted in Fig. 3 our reson,ance data 
, 
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against the scaling variable w = 2Mv/Q2. The curve shown (0.78~ 
-l/2 

> is a 

fit to our deep inelastic data.3 At the first resonance, a major oscillation 

away from the deep inelastic curve occurs, but otherwise scaling seems to 

apply for all resonance points. The situation does not change if we use 

slightly different scaling variables which have been suggested.17 We 

conclude that the spin dependent-behavior is also consistent with a duality 

mechanism, in analogy to the unpolarized case. 
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TABLE I: ELECTRON ASYMMETRY DATA AND ELASTIC TAIL SUBTRACTION 

A Aie 

(CL) 
Q2 

(GeV/c)* (d:g) 
(Measured 
electron 

Aefe 
fie (Electron asymmetry 

(Inelastic after elastic tail 
asymmetry) fraction) subtraction) 

1.168 0.57 6.47 7.0 0.127 + 0.148 
1.247 0.56 6.47 7.0 -0.078 + 0.079 
1.386 0.54 6.47 7.0 0.305 i: 0.083 
1.527 0.52 6.47 7.0 0.392 t 0.088 
1.623 0.51 6.47 7.0 0.233 5 0.156 
1.709 0.49 6.47 7.0 0.305 f. 0.086 
1.824 0.48 6.47 7.0 0.451 f: 0.122 
1.419 1.56 9.71 8.0 -0.165 0.256 t 
1.512 1.54 9.71 8.0 0.828 + 0.215 
1.613 1.51 9.71 8.0 0.724 t 0.146 
1.716 1.48 9.71 8.0 0.710 k 0.170 
1.794 1.45 9.71 8.0 0.070 + 0.365 

0.031 + 0.035 
-0.012 + 0.011 

0.052 + 0.017 
0.069 f. 0.017 
0.042 f 0.028 
0.045 + 0.014 
0.075 r 0.021 

-0.024 ?r 0.045 
0.130 t 0.037 
c.095 ?r 0.025 
0.095 2 0.026 
0.000 + 0.056 

0.049 i: 0.001 
0.023 i 0.001 
0.021 f 0.001 
0.015 f. 0.001 
0.015 _+ 0.002 
0.013 + 0.001 
0.014 f 0.001 
0.015 + 0.003 
0.010 f 0.002 
0,009 f 0.001 
0.007 + 0.002 
0.007 f 0.004 

0.46 -0.030 2 0.073 
0.75 -0.045 ?: 0.015 
0.76 0.041 I! 0.022 
0.83 0.065 f 0.021 
0.83 0.033 f. 0.033 
0.85 0.038 f 0.016 
0.83 0.074 f. 0.026 
0.89 -0.045 + 0.052 . 
0.92 0.130 2 0.040 
0.93 0.093 f 0.027 
0.95 0.093 + 0.027 
0.95 -0.907 + 0.059 

, 

r 



TABLE II: INELASTIC RADIATIVE CORRECTIONS AND COMPLETELY CORRECTED.ELECTRON AND PHOTON ASYMMETRY RESULTS 

A 

(CZV) 
Q2 

Al + rlA2 loA 
Range of W (Corrected 

D 
(for 

(Corrected 
Inelastic 
Radiative 

(Upper limit f 6) (cl 
(GeW (GeV/c) 2 . electron 

R = 0.1) 
photon 

C0rrection(a) 
for cuts fbkgd 

asymmetiy) asymmetry) R = 0.1) 

1.090-l .184 1.168 
1.184-i -312 1.247 
1.312-1 .472 1.386 
1.472-l -.584 
;:584-1.648 

1.527 
1.623 

1.648-1.776 1.709 
1.776-1.872 1.824 
1.360-1.472 1.419 
1.472-1.552 1.512 
1.552-1.664 1.613 
1.664-l-776 1.716 
1.776-1.840 1.794 

0.57 
0.56 
0.54 
0.52 
0.51 
0.49 
0.48 
1.56 
1.54 
1.51 
1.48 
1.45 

-0.030 ?r. 0.074 0.088 -0.34 ?r 0.83 
-0.045 _c 0.017 0.103 -0.44 2 0.16 

0.067 k 0.034 0.132 0.50 t 0.26 
0.082 f. 0.031 0.165 0.49 f 0.18 
0.042 T! 0.065 0.191 0.22 f. 0.34 
0.045 f 0.027 0.215 0.21 c 0.12 
0.094 + 0.053 0.250 0.38 + 0.21 

-0.017 A 0.077 0.152 -0.11 + 0.51 
0.151 f 0.057 0.166 0.91 ? 0.35 

.0.113, i 0.043 0.183 0.62 + 0.23 
0.103 2 0.041 0.201 0.51 ?: 0.21 

-0.035 + 0.148 0.216 -0.16 + 0.69 

(a) (A1 + qA2)corrected _ (Al + nA2)uncorrected 

0.00 0.38 
0.00 0.32 

+O.?O 0.24 
+0.10 0.19 
+O.o4 0.16 
iO.03 0.14 
+o.oa 0.12 
+o.la 0.24 
+O.12 0.22 
tC.11 0.19 
M.05 0.17 
-0.13 0.16 

1.00 0.35 
0.92 0.26. 
0.65 0.64 
0.68 0.58 
0.51 0.76 
0.61 0.70 
0.48 0.89 
0.67 0.76 
0.69 0.59 
0.63 0.81 
0.65 0.72 
0.40 0.87 

(b) fraction of events inside cuts, used for inelastic radiative corrections 

(c) fraction of nonresonant background present in corrected asymmetries 
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FIGURE CAPTIONS 

1. (a) Asymmetry versus mi.:.:;ing mass W. 

(b) Differential cross section versus W. Also shown is,a decompo- 

sition into individual resonances and the background. 

2. (a) Asymmetry data at Q* = 0.5 (GeV/c)2 compared with a multipole 
- 

analysis performed by Devenish and Gerhardt: "a" Born terms alone, 

'lb" Born terms plus A(1232), "c" Born terms plus all resonances. 

(b) Same for Q2 = 1.5 (GeV/c)2. 

3. Asymmetry versus scaling variable w. The curve 0.78~ 
-l/2 

is a fit 

to deep inelastic data (W > 2 GeV). The data points are the 

resonance region results (W 4 2 GeV) of this work. 
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