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G = FGR B- H 0K p L 0 E PD 0 C 0A 0B BJ 
l € R H K L E D F G €ABJ C 

(A-3) 

To work out the su3 part of G1 and the terms given below, the 

following identities are useful. 

ABC 
€ (A-4a) 

(A-4b) 

!ffiC € = 0 A 0 B 0 C . + 0 A 0 B 0 C 0A 0 B 0 C _ 0A 0B 0 C 
DFG D . FG FGD+GDF FDG 

(A-4c) 

Thus the su
3 

factor in G
1 

becomes 

H LDJABR H LDJR 
BR PL BDE EABJ=2BR PH PL BD oJ = 2<BPPB> 

(A-5) 

with the notation < > = Tr. In order to write the Dirac spin part 
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of G
1 

in the usual matrix multiplication form we must take the 

transpose of one of the nucleon factors to get the indices in the 

correct position. Working on the incoming nucleon we have 

= [-c -1-p ~a c-1 rs c (1 - c c) 
m b = -~1 + ~ ) y 5 c J : (A ... s) 

where we have used the properties of C given above.- Now we can write 

G1 as (using (l)~ . = (1)! ) 

G
1 

= 2 < BPPB > U(p') 1(1- :t F) r5 (l + ))'_• )(1 + ))'_) r
5 

(1 + :t F~ u(p) ll n . IJ. IJ. n 

= 2 < BPPB > u ( p' ) [c 1 - "j> t F)( l - ))'_ 
1 

) ( 1 - ))'_ )( 1 + p t F ~ u ( p) 
mn IJ. IJ. mn ~ 

(A-7) 

Let us proceed by evaluating the trace factor which we shall label 

2K(t). 



lll 

2 K (t) Tr [ ( 1 + f ) ( 1 + * ~ = Tr [1 + p ~ .pt + 9'] -
m 

4 ( 1 + p . p') (1 + 
2m2 - t ) t 

= = 4 
2m2 

= 2 (4 - 2) 2 
m m 

To simplify the rest of G
1 

we need to work out the form of 

u(p') g u(p) 
p 

for the various operators 9 which appear. 
p 

We 

(A-8) 

expect on general principles that the result can always be expressed 

as u(p') 9 u(p) = u (a+~ b) u where ~ = ~(i + i') . 
p 

In 

the following table we present the general results which can easily 

be verified by the reader ·(see e.g. ref. 51). Recall that 

s = (p + q_)2 = (p' + Cl' )2' t =(p- p')2 = (q'- q)2; pt = (p -p')= (q'-q), 

u = (p- q')2 = (p' - q_)2 



TABLE I 

0 
b 

g 
b 

g 
b _E._ a _E_ a __£_ a - - - -

1 1 0 i.'i. 
2 -2m i.'i.i! 0 -t s-m t 

i. i_pt 
2 2 

.P+i.'i..Pt 
2 

0 1 u-rn -11 2m t(u-m ) 2mt 

i.' 0 1 i'i! 
2 2 

2m fi:A ~(s-u) t--' -s+m +11 -m t--' t 1\) 

p m 0 .pt-pt t 0 ~p' ~(s-u) -m 

p' 0 p i'i. 0 t pp' 2 
0 m m -t t 

-pt 0 0 . p i.'.P 0 -t fi:Ap' m(s-u) 2 t-3m t t 

.Pti 
2 2 

-2m .Pti..Pt 0 -t s-m -11 

.Ptri 
2 2 

-2m -u+m +Jl 
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Using the table we find 

U (1 - pt F) (1 - i ) ( 1 - i ) (1 + pt F) u 
m ~ ~ m n n 

- -pt F + -pt F - i.'- i_ + ptq'F + ptq F + Pt1\ F + ti- i'i>t F 
m m ~ ~ m ~ m ~ 2 2 ~m n n n n m ~ n 

n 

' 2 2 2 2 t 2 2 2 
-u + m + ~ F + s - m - fl F + _ F + s - m +. s - m - !l F 

m ~ m fl m fl 2 ~ ·m n n n fl n 

+ ~ {- ~ - !m ~ F - ~ - !m ~. F - t 2 F - ~ ·. F - 2t F - 22m. - ~ . F}J u 
,... n II . n ID II m fl II m II ID ,... n,... n ,... n ,... n 

[ s 
2 2 

~(s t F 2 - - m - fl - u) -= u 2 + (u - m ) m .~ 2 2 
~ n j.l m 

n 

- si { 2 ~m + ~L 2 F 
(4 m ~ + t) + 

2t F (~ + m1 J u 2 + 2 2 2 
j.l m n fl ~ m n 

(A-9) 

2 Note that in our simplified treatment of the neutralizer F = F. 

Since we are interested in the large lsi , lui , fixed t limit 

( u- -s), we can further simplify G
1 

by defining the functions 
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g (s,t) ~~+4flF + :}J - 2 m 
~ n n 

(A-lOa) 

h (s,t) -2 
[em + fll (l + t F ) F 

(4m fl+t)J - 2 +-2 m 
~ m n n 

(A-lOb) 

So, using Eqs. A-7, A-8, and A-10 we have 

G l ( n, s, t) ~ 4 < BPPB > K ( t) u ( g + ~ h) u (A-ll) 

With the above calculation as practice ;we can proceed to 

evaluate the other eight terms in fairly short order. The ordering 

used in the following is to successively look at each term in W for 

a fixed term in ~. 

x [c r5 
i' r :f' pt k [ i.' J p, e (1 + ) u (p')(l-- F) r5(1 + ) (1) 

. m g mn h Jl k £ ~1{) r5J: 
a b -p c 

[c1 + ~ l r5 c J: X (1) (1) (1 + _!F) u (p) 
f mn d c g 

= [< B > < PPB > - <BPPB ~ ii { (1 + ~ ) r5 c c r5 

x (1 + E_') (1 - pt F) ')' 
5 

(1 + i_• ) (1 + i_) ')' 
5 

(1 + pt F)} u 
m mn Jl · Jl mn 

= [ < BPPB > - < B > < PPB > J ii { (1 + ~ ) (1 + ~I ) (1 - :: F) 

x (1- i') · (1- i_) (1 + pt F)} u 
~· ~ m 

. n 
(A-12) 
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(Recall that C C = -1) 

To evaluate this expression we note that 

= u (2 + ~- i + 2 P • p') = K(t) u(p') 
m m m (A-13) 

where we have used Eq. A-8. The remainder of the expression between 

u(p') and u(p) is just what we had in Eq. A-9, so that 

G2(n,s,t) = [ < BPPB > - < B > <PPB >] K(t)' ii (g + \lh) u (A-14) 

The next term is 

a b . pt c ~ . .J. J b 
X (1) (1) (1 '+ m F) L(l + ~) rs c uc(p) 

· f g n d a 

= [< B > <PPB > - < BPPB > J ii {< -1 )( 1 + ~) 'Y 5 c ( -1) c 'Y 5 

.P• Pt rlr rl Pt } 
x (1 +- )(l ---F) r5 (l + ~ )(1 + ~) r5 (1 +--F) u 

. l1l . mn J..1 J..1 mn 

= r< BPPB . > .... < B > < PPB >]. ii f (1 + i ) (1 + E_• )(1 - p t F) ·L L m m mn 

rlr . rl . Pt } 
x (1 ~ ! ) (1 - !) (1 + ~n F) U (A-15) 
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'vhere we have used E~. A-6 and the corresponding form for 

~ r5 (1 + ~)J: . Inspection shows that Eq. A-15 is identical to 

E~. A-12. 

G 3 = G 2 = < BPPB > - < B > < PPB > K ( t) u ( g + ~h) u 

Next we have 

G = FGR -B H 0K -p L 0E PD 0C 0A 0B BJ 
4 € R H K L E D F G e:.BCJ A 

[ 
-.1.. Jg Pt k [ l' ]£ e C r5 (l+mt:...') f uh(p') (1- ·-F) -y' (1+ ) (1) 

mn h 5 IJ. e £ 
- - -

(A-16) 

,./ Jd a b pt c ~ ..1. J c x [(1 + ti) -y5 (1) (1) (1 + -F) (1 + ~) -y5 C u (p) 
ll f m d m b a e g n . 

~ - - . - J -Jr pt ,./r ,./ 
= L< BPP> < B > - < BPPB > u t 1 - mn F) ·-y 5 ( 1 + ! ) ( 1 + ~) r 5 

x (1 + pt F) (-1) (1 ·+ t) r5 c (-1) c r5 (1 + i'>} u m . m m 
n 

= [< BPPB > - < BPP > < B > J U ~- =: F) (1 - f) (1 - ~) 

x (1 + pt F) (1 + t) (1 + t' )} u 
m m m 

n 

Similarly to E~. A-13 we find 

(A-17) · 

(1 +. ~) (1 + ~~) u(p) = (1 +~+!-'+if-') u(p) = K(t) u(p). (A-18) 
m 
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So again we have just Eq.A-9 and we find 

G 4 = [ < BPPB > - < BPP > < B > J K ( t) ii. ( g + ~h) u 

The fifth term has the form 

G
5 

= GHR -B F 0K p L 0E PD 0 C 0A 0B 
€ R H K LED F G 

= [< BB > < PP > - < BBPP >] -u u 

x (1 + i') (1 + i) 15 (l + tt F) (-l) (l + i) r
5 

c] 
1-L 1-L m m n 

[< BB > < PP > - <IiBPP > J G i· .p - Tr (1 + ) (1 - ~ F) = u u 
m m 

n 

!' . . ! pt 
(l + ~ ~ X (1 - ) (1 - ) (1 +-F) 

1-L 1-L m 
n 

(A-19) 

(A-20) 

Using the fact that (1 +~')acting to the right and (1 + ~) acting 
m m 

to the left are, for our purposes, just like u(p') u(p), i.e, 

(1 + i')~' = (1 + i')m and p(l + i) = m(l + i ), the trace 
m . m m m 

factor. is easily simplified to give Tr[(l + ~1 )(g + Q/h)(l + ~ )] 
s-u This is straightforward to evaluate using p • Q = p' • Q = ~ • 
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To leading order in s we obtain 

G6 

-u u (A-21) 

The last term which 1ve shall calculate explicitly is 

HFR B G OK p L 5E PD 5C 5A 5B BJ = € ~CJ R H K L E D F G A 

x [c r5 (l + li)r -pt k ~5 (l + i,_·)r e 
ug(p') (1 - -F) (1) 

m h mn h ' J..L k £ 

a b . -p c 

[<l + ~) r5J: [<l + !) r5 ci X .(l)f (1) (1 + __!F) u (p) 
mn d a 

g 

= [< BPPB > + < PP > < B > < B > + < BBPP > - < PP ><BB > 

-<BP'P><B> -<BPP><B>] 

c-1 -p c c-1 ~ c 
t ) -1 YJ. ) 

- m F c r5 c (1 - J..L 

n 

= [ < PP > < BB > + < BPP > < B > + < BPP > < B > - < BPPB > 

- < PP > < B > < B > - < BBPP· > J 
f/ .J. . p t rf A I p t .J. I } 

u tl + !) (1 + mn F) (1 - ! ) (1 - ! ) (1- ·mn F) (1 + ! ) u • 

(A-22) 
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We can simplify the Dirac portion of this expression by noticing that 

the quantity in the brackets is just like the expression appearing in 

the trace of Eq. A-20 except that we must interchange q ~q' , 

p ~p' , and pt ~ -pt • Of course these changes do not affect the 

variables s, t, and Q so that g + ~ h appears as before and we 

obtain 

G6 = [ < pP > <BB > + < Bi?P > < B > + < BPP > ,< B > - < BPPB > 

- < PP > < B > < B > - < ii"BPP >] 

x u {c1 + !l (g +. sl h) c1 + !' l } u 

= [< PP > < BE > + < BPP > < B > + < BPP > < B > - < BPPB > 

- < PP > < B > < B > - < BBPP >] 

x ii {g ( 4 - m~ ) + ~ (s-u) h - \l h ( 4 - m~ ) } u (A-23) 

Finally, to leading order in s, we have 

G6 - [< PP > < BB > + < BPP > < B > + < BPP > < B > - < BPPB > 

- < pp > < B > < B > - < BBPP >] 

.x ii { g K ( t) - )l h K ( t) + 
4 
m 

5 
h } u (A-24) 

To complete these calculations, the Teader can easily verify 
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that the following equations are true. 

G7 = G4 (A-25a) 

G8 = G6 (A-25b) 

G9 = G5 (A-25c) 

Adding up all of these contributions and noting that < B > = < B > = 0 

(see Eq. VI-6), we arrive at the result shown•in Eq. VI-10 (to get to 

that result we must also remove the inessential overall factor 

l 
2 2 ) • 

1..1. m 

22q 22-{- [ s J G ( n, s, t) = 1..1. m i:l = ( 1..1. m ) u < BPPB > ~ g K ( t) - 8 m_ ~ + 10 ~ K ( t) h -

+ ( < BE > < PP > - < BBPP >) [ 6 g K ( t) + 8 ; h - 2 ~ K( t )hJ} u 

= U {s t BPPB > {c1 + !J)(40 m
2 

+ 16 mj.l - 6 t) + ~ 
(16ci m

2
1-! + 16 mt - 24 1-(t)}t(< BBP'P>- < BE > < i?P > ) 

x t1 + !n~)(a m
2 

+ 32 mj.l + 6 t) + ~ (32 m
2

1-!+ 32mt + 241-!t~ 

r1. 2 [ t F F J 4 'It ( 4 m - t) ( m + 1..1.) ( 1 + mn 2) + mn ( 4 m 1..1. +. t) 

X (5 < BPPB > + < BBPP > - < BB > < pP >)} u • (VI-10) 

The other quark diagrams of Fig. VI-1 and the other kinematic 

limits are all calculated in similar fashion. 
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