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ABSTRACT 

A sum rule is derived for the asymmetry in deep inelastic scatter- 

ing of polarized electrons from polarized protons: 

%i gep@ = 0. l5 gA 

The result follows from the quark light-cone algebra and the assump- 

tion that strange quarks do not contribute to the asymmetry. The 

latter is justified by conventional parton model arguments. 
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Measurements of the asymmetry in the inelastic scattering of polarized 

electrons from polarized protons will begin soon. 1 Several years ago Bjorken’ 

derived a sum rule for the difference in polarization asymmetry in deep inelastic 

scattering from protons and neutrons. The sum rule has been rederived re- 

cently using the parton model3 and the quark light-cone algebra ? Unfortunately, 

testing the Bjorken sum rule would require data on scattering from polarized 

deuterons which will be unavailable for some time. Here we derive a sum rule 

for the asymmetry in scattering from polarized protons alone. We use the 

standard quark light-cone algebra, the usual parton model assumptions that 

the only isosinglet (h-type) quarks in the proton are in the “sea1 (Pomeranchukon) 

and that the spins of partons in the llseall are paired. These are discussed fur- 

ther later. 

The structure functions for scattering polarized electrons from polarized 

protons are defined as follows: 

+ ie 
&Whg 

sl. (vn@- n.q p”) G2(v ,q2) 
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where v z pg q, nois the proton’s polarization vector (n2 = -M2, p*n=O) and 

1 
wpv (9, P) = 4n 

/ 
d4x eiqax <p,nl * 1 lp,n> 

It is expected that vG1 and v2G2 should scale in the Bjorken limit (v, q2 -* m, 

5 s -q2/2v fixed): 

Lim 3 G1(q2,v) =g,(E) 
Bj M 
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Lim v2 G (s2,v) =g2t0 
Bj M4 2 

Conventional quark light-cone algebra5 yields the following expression for 

816 1: 

(1) 

where the {(x-p) are defined from the bilocal operators: 

anI fi$xI 0) IP, n> /x2=o = n,Si(x- p) + . . . 

where Szo(x IO) is the axial vector bilocal which is symmetric under interchange 

of x and 0, and has the following form in free field theory: 

Bjorken’s sum rule follows from inverting the Fourier transform in Eq. (l), 

setting x-p to zero, taking the ep, en difference and noting that 

since the local limit of the bilocal is just the neutral isovector axial current. 

In trying to derive a sum rule for scattering off polarized protons it is 

necessary to know <p,nl Z&(OIO)Ip,n> and<p,nl$~(OlO)Ip,n>. Thefirstof 

these can be estimated using SU(3) for the baryon matrix elements of the axial 

charges. Hyperon decays are known to agree well with SU(3) and the Cabibbo 

theory, and the F/D ratio for axial charges is well determined. 6 However, 

nothing is known a priori about <p,nl Sio(O IO) Jp,n> . To evaluate it we argue 
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on the basis of the parton model that the matrix elements of the combination 

between nucleons are expected to be small. 

The combination (2) gets contributions only from h and x type quarks. Data 

from neutrino reactions7 already suggest that the nucleons’ wave functions have 

a small (A, x) components, and that it is reasonable to assume they only occur 

in the “sea*’ associated with the Pomeranchukon. The Pomeranchukon does 

not contribute to the spin-dependent structure functions G1 and G2: so one 

might suspect that the (A, X) contribution to them should be small. In fact 

<p,nl (~5 f&(0 10)-S,5c(0 IO$lp,n> = 
/ ( 0 

ld5 A+(t)+ X+(t) - y(5) - qe,) 

where h*(t) are the distributions of h quarks in the nucleon with helicities 

parallel (antiparallel) to the helicity of the nucleon itself, 3 and x*(<) are defined 

similarly. The usual spin and charge conjugation properties of the 

Pomeranchukon imply 

h+(O) = X+(O) = h-(O) = X-(O) 

Our assumption is that this remains at least approximately valid for 5 # 0 for 

the “sea” of qq pairs: 

A+(5) =h+(5) = A-(5) =q5) (3) 

Assuming that the “sea” has the property (3) it follows that’ 

<p,nl$o(xlO) Ip,n> N 1 <p,nl 
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and separate sum rules for the proton and neutron asymmetries follow 

immediately: 

1 
gA 

ge,pt&S = 12 (4) 

(5) 

The difference of Eqs. (4) and (5) is just B jorken’s sum rule. 2 In writing (4) 

and (5) we have used SU(3) to re-express the ratio 

<p,nlS5~(010) Ip,n> 

<ml $JOlo) Ip,n> 

in terms of the F/D ratio of the axial charges. Since the axial charges seem to 

form an excellent octet’ we regard this as a minor assumption. Using the cur- 

rently accepted value6 

F - = .581& .029 D 

we obtain 

gA g;pto = x (1.78) 

f 

1 gA 

0 
d5 ge,n(O = 12 t-0 l 22) 

where gA = 1.248 f .OlO. 

(6) 

We do not expect the sum rules Eqs. (6)) (7) to be exact because of SU(3) 

breaking, the uncertainty in the F/D ratio, and the parton model assumption 

about the (h, x) distributions. However, as long as the momentum of strange 

quarks extracted from neutrino experiments (see footnote 7) remains small, 
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we expect Eqs. (6) and (7) to be quite accurate estimates of polarization asyrn- 

metries in scattering off protons and neutrons separately. The proton sum 

rule (6) is particularly interesting because experiments using polarized proton 

targets will soon be performed, and because (following Bjorken”) it predicts 

that a large mean asymmetry of the order of 35% will be observed. 
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