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1. INTRODUCTION 

A recent extension’ of the Bloom-Gilman threshold relations from 

inelastic electron scattering to inelastic neutrino scattering has given non- 

trivial results. The approach proposed by Bloom and Gilman to obtain infor- 

mation on inelastic form factors starting from the elastic form factors seems 

to be orthogonal to naive quark parton models3. For instance, the quark 

parton model (or the light cone commutators of Fritzsch and Cell-Mann4) 

imply the following relation5 between the scaling functions: 

- 12 - F,yn(w) = F;‘(o) - Fin(w) (1) 

while the threshold relations predict6 : 

4 
“A 

FA(O) 4 (pp-(In) 

2 mV Fyp(, =l) - 1 FTn(w = 1) \ = F;‘(w = 1) - Fin(w = 1) . (2) 

The coefficient in front of the left hand side bracket of Eq. (2) equals, experi- 

mentally, approximately - 3 which should be compared to the factor - 12 ap- 

pearing in (1). 

VP As a second example of discrepancy, the vector contributions to Fl 

does not equal the axial vector contribution, as one would expect from the quark 

parton model or from the Fritzsch-Gell-Mann light cone commutators. 

Finally, as a more dramatic consequence of the threshold relations, one 

has? 
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FjuP)(w = 1) 
1“ 

ZZ 0 for i = 1,2,3 - 
FI”p)(w = 1) 

while this ratio is very unlikely to be zero in any version of the parton model. 

The above mentioned three examples make it clear that it is of interest 

to look for further predictions of the Bloom-Gilman approach in order to find 

other tests of duality in inelastic lepton scattering and, possibly, to compare 

them with corresponding quark parton model predictions. To this end we will 

investigate here deep inelastic scattering of polarized leptons from polarized 

nucleons since experimental results are expected to come out on this process 

in the near future. 

The plan of this paper is as follows: in Section II we fix our notations, 

in Section III we derive the threshold relations and calculate the asymmetry, 

in Section IV we discuss our results. 

II. NOTATIONS 

We will only consider the spin dependent structure functions in detail. 

For the rest we will follow the notations, normalizations and metric already 

introduced in reference 1. 

The Lorentz invariant structure functions Gl (q2 ,v ) and G2 (q2, v ) are de 

fined in the following way: 

wpu (P, q, s) = 
d4x - eiqvx < ps I [Jp(x), JV (0)] I ps > = 4nm w PI + w[A3 

P I.lv P 

(3) 

(4) 
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JF(x) is the electromagnetic current, 

WLAl is antisymmetric . 
PV 

Only Wbl is 
PV 

wbl 
w is a symmetric tensor in p, v while 

of interest here: 

Wbl(p q s) = iePVhu qh S” G1(q2yv) 
pv ’ ’ 

“P 

+ ie pvho 2 (PSqsa - 
G2 (q2, v ) 

s.qPc) ‘4 . 

“P 

We have normalized the polarization vector sff to s2 = - m2. With the above 
P 

definition, Gl (q2, v ) and G2 (q2, v ) have the same dimension as Wl (q2, v ) and 

w,cs”, v). 

A useful, equivalent, way of rewriting (5) is: 

,[Al- 1 - --(p,s) 
” 4m2 

Gl(q2N(y$yv- r,dQ 
P 

+ G2tq2,.) 1 
mP 

2 4 (qpyv - q, y& +2iupvq2 u(p, s) * 

(5) 

(6) 

In terms of Gl(q2, v) and G2(q2, v ) the difference in cross sections for 

nucleons polarized in a direction parallel or anti-parallel to the incident, 

longitudinally polarized, lepton is: 

;:d;f)e d2u(tt, = d E’ 
dQdE’ 4 2 Emp G1 (q2,v) (E + E’ cos8) +G2(q2,V - q2 

mP 1 (7) 
Carlson and Wu-Ki Tung7 have pointed out that, in order to determine 

G2(q2, v), it is more interesting to consider also the difference of cross sections 
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where the target polarization vector is perpendicular to the momentum of the 

incident lepton: 

d2+) 
dQdE’ + G2(s2.,, g 1 sin0 . 

P 

In the next section we will derive threshold relations for the functions 

Gl (q2, v ) and G2 (q2, v ) in the scaling region. 

III. THRESHOLD RELATIONS 

By repeating the arguments leading to the scaling of mp Wl(q2, v) and 

uW2 (q2, v ), one obtains the following limits for Gl(q2, v ) and G2 (q2, v ) :S 

lim 
v -r*m 

2mpv 
w =-----fix&j 

-cl2 

lim 
v2G2(q2, v) 

mP 
= g26-4 

l,‘-b* 

-q2- 

2mPv w = - fixed 
-q2 

Since it appears, experimentally, that scaling sets in earlier in the 

variable2 w 1 , wewillassume, naturally, that the same phenomena will also be 

true for the functions vGl (q2, v ) and v 2 G2 (q2, v ). We are thus led to consider, 

(8) 

(10) 
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following the original analysis of Bloom and Gilman2, the following finite energy 

sum rules: 

cd’ 

f 

t 2m 

1 
d&g1 (w’) = + 

-cl 
/ dv pGFas tic &I21 v ) 

w’ 

s 

t 
dw’g2(U) = z2 

J- 
dv V2Gelastic 2 

2 <q, 3 lJ ) 
1 -q 

wherew’ = 1 +t and t I2 2 
-q2 

= (p + q)2; the index t means that we work close 

to threshold. The sum rules (11) and (12) can be written down both for proton 

and for neutron. 

Inserting the known elastic nucleon form factors in the right hand side of 

equations (11) and (12), we obtain: 

w’ t 
ddgl(q = $. 

(q2 + 4mE)G&(q2) - 8m~GM(~2)GE~~2) 

1 q2- 4rnz 

“i; 
f 

2 GE(q2)G,tq2) - 
dw’g2(W’) = $- 

G;(q2) 
1 q2- 4rnz 

(11) 

(12) 

(13) 

(14) 

As in references 1 and 2, we now take the derivative of equations (13) 

and (14) with respect to q2. We then take the limit -q2- ~3. This leads to the 

following set of threshold relations: 
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g;P=l) = -1 . 
g;@J =I) 

(15b) 

(15c) 

The subscripts p and n specify whether we consider the proton’s structure 

function or the neutron’s The following assumptions, concerning the asymptotic 

behavior of the elastic form factors, have been made in deriving the threshold 

relations (15): 

P 2 GE@ ) 
$,+q2) G,ts2) 1 

= N 
clP Pn cd 

and Gi(q2) was neglected compared to GL(q2). 

A quantity of interest is the asymmetry, defined as: 

d2W d20(tt, 
A= dQdE’ dQdE’ 

In terms of the structure functions Wl, W2, Gl and G2, the asymmetry has the 

following form: 

2 

q2 
Gl(q2,.)(E+E’cosO) + G2(q2,z’) 4 

A = 
mP 

2EE’m 28 p 2Wl(q2,v) sin z + W2(q2,v)cos 29 z 

(16) 

(17) 

(18) 
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In the scaling region we can rewrite the asymmetry as: 

AS(“,x) f lim A =-2 
81 P) x(2 - xl 

I/--c* F2W[2 -x (2 -x)1 
-q2-b.ccl 

w fixed 

where x = v/E. In (19) we have made use of the Callan-Gross relation’ 

uF2 (w) = 2Fl(4 . 

We thus obtain the result: 

AS(m=l, x=1) = -1 

(19) 

which means that, in this limit, we expect a maximal negative asymmetry. 

IV. DISCUSSION 

One way to remove the existing discrepancies, mentioned in the intro- 

duction, between the quark parton model and the threshold relations of Bloom 

and Gilman is to notice that at w = 1 the impulse approximation to the quark 

model breaks down. This would mean that predictions of the quark parton model 

are expected to be correct at values of w larger than one only. The correct 

answer can only be given by future experimental data on inelastic neutrino scat- 

tering. 
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