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I. INTRODUCTION 

Koba and Nie1sen1 have shown that the N-point dual amplitude 

can be represented in a projectively invariant manner by associating with 

each external particle one Koba-Nielsen variable xi' i==1,2···N 

(Fig. 1)'. The N-point 'amplitude takes the form2 

R_(p ,p , .•. p ) 
-N 1 2 N = JTfI= dxi ref (x.l_ 

~ a 1 ~ 
b ~ra 

a-2 
c 

x. 2) 
~+ 

where 

u .. 
~J 

x = 00, a ~ = 0, x = 1, and c 

(x. - x.){x. 1 - x. 1) 
~ J ~- , J+ .' 

(x; x'+l)(x. 1 - x.) ... J 1-: J 

, 

(1) 

(2) 

The usual multiperipheral parameterization of the n-point function 

is then in the particular projective "frame" Xl == 00, x2 == 1, ~== 

Another useful form can be obtained2 by choosing Xl == 00, ~ == 0, 

x c = 1, thus the N-point function has the form 

O. 
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; N 111 dx i U(Xi 

b 
c 

(x. 
l - xi+2 

2 
a+bp. 1 

) 
l+ 
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(4) 

For later convenience, we denote the integrand of Eqo (4) by 

-2bp. 0 p ':rrN 
-1 (. 

_ x.) l J. g(x. 
J . l 

2<i 

- x ) 0 

i+1 

- X. 2 l+ 

2 
a+bp. 1 

) 
l+ 
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II. SINGLE FACTORIZATION 

To do the single factorization of the N-point function, we 

divide the Koba-Nielsen variables xi' i:=1,2,'·"N into two sets, 

i:=1,2,'" ,M, and z., 
J 

j:=M+l,M+2,,'" ,N, (Fig, 2). We explicitly 

choose three projective "frames" X, Y, a.nd Z. TheY,are defined by 

X 

Y 

z 

00 , x2 -- 1, :x.._:= 0 " :x.._ == x , 
IIJ IHi i 

0; zN . -
+1. zM 1 ., - +J 

, i:=l, 2, . . . ,N, 

i:=1,2,···,M, (6) 

j:=1,2,' .. ,N-M+l. 

The Y frame specifies the left-hand M+l-point amplitude, the Z frame 

specifies the right-hand N-M+l-point amplitude, and the X frame 

specifies the N point amplitude as a whole. The following equations 

relate th'e X frame to the Y, Z frames, 

Y2 i:=1,2,···,M, x. 
l Yi 

x. y2tzj, j ==M+l, ' .• ,N, (7) 
J 

t ~+l . == , 
~ 

t is the variable associated with the propagator of the factorization 

channel. The Y2 is equal to the product of all the usual inultiperipheral 

parameterization variables belonging to the Y frame, L e., 
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~(Pl'·· . ,PN) . = J 11 dyi 

·itM+l 
M 

·1 

1 .. -2bp.·p. . MIT· 
t)a- M(l _ y tz.) 1. J 

. 'I I i J , 
i=l j=M+l 

2 2 
where sl == (Pl + p.2 + . •..• +p) = (p . +... + P ) and 

M M+l N ' 

2 a + bPi == 0, i=l,~,··.,N. From now' on, we will drop the 2b 

factor in p. • p . • To factori ze Eq. (8), we .. expand 
~J 

.~~ -p.'p. . 3 
I J . I· I (1 - y.tz.) ~ J as the exponent of a logarithm and 
1=1 j==M+l ~ J . 

4 introduce the harmonic oscillator operators 

_ (Olexp [ ~ 

Substituting (9) into (8) and defining 

+ a ,a . 
n .n 

Hence 

1o) . 

, 
(8) 

. . 
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vle then find the single factorization result (Fig. 3), 

"1 

L
" -o(sl)-l 

= " dt t (1 

o 

UCRL-19714 

I Aa) , 

(10.1) 

(10.2) 

To record the order"ing of the particles on the side which has been 

removed, we keep a dot on each factorized reggeon in such a way that 

the dot lies between ~ and ~+1 . 

. " 
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III. SECOND FACTORIZATION 

A. Planar Case 

We start from Eq. (10.1), let M = 0, and divide zi' 

i=1,2,···,N into wi' ~, Vj so that 

and so, 

w2 z. , 
l w. i=1,2,'" ,L, 

l 

z. w2 ~v., J - J 
j=L+l, ... ,N, (11) 

T) ::: 

SubstitutingEq. (11) into Eq. (10.1), we find 

(12) 
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To introduce the operator + an' we observe, from Eq. (12), that 

-po .p. 
) 

1. J w. Tjv. 
1. J 

(olexp {~ j[~ PiG~Y + j'k P/W2~Vj)i}-IAa) 

= (olexp[~ jet Pj (Vj),l ~Ra . fxp[~ 

(~ PiWi)] . w2Ra . exp[rj ~ PiC~ )n]}Aa> 

Therefore, if we define, from Eqs. (12) and (13), 

we find the second factorization result (Fig. 4) 

I A ) , a 

+ a 
n 

"-T 
n2 

, 

R a 

(14 ) 
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where w
L

+l = 00, w
L 

= 1, wI::::: O. The expression Eg. (14) is identical 

to the formula of Fubini et alo,4 since, in terms of Chan variables, 
L-l 

wi =uli uli+l ·• .uIL- l ' and w2 = ff2 uliO 
1= 

By employing a technique similar to that used in Eq. (13), we can also 

introduce b -operator m . instead of + a , and we find the second 
n 

factorizat,ion expression 

00 

where 

and 

(1) . 
(0 I G (z) (a) I "'a) 

a b , nn 

B.Nonplanar Case 

From Eg. (10.1), with M = 0, we change to the projective 

frame (Fig. 5), 

z' = CX), 
. L. 

and relabel z! 's so·that 
1 

(1 < L· < N - 1) 

Z " z' z" z' 1 z" - z' = 0 1 = L = 00, 2:::::' L+l = , N - L-l 

". 

\,..-/ 



-9-

or 

zi := zN+i := z~+l-L+i 

Then Eq. (10.1) becomes 

G' zN+2-L -
h 

zN+1-L -
. . 

N-L+3. . N+1-L i z" jna" . -z,)n 
z" z" - ziT 
N+3-LN+2-L i 

N 

2: 
i=l 
(ifN-L+2) 

I" ) . a 

p. 
l 
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(16) 

Carrying out·· the factorization as before ,we find the second-f'actori zed 

M + 1-point tree (Fig. ~) 

(

WL _1) 
B -_ .• 
nm w

L
· . 

+ 
a 

2:.~ 
n 

where 

B (x) 
nm 

m .e (-) m x , (18) 

and 



-10- UCRL-19714 

As a consistency check, we may remove all bottom legs in Eq. (17) by 

setting L = 1 in Eq. (17); we find 

Hence Eq. (17) does reduce to the planar case, Eq.(15). However, we can 

equally well remove all "top" legs in Eq. (17) by setting L= M 

in Eq. (17), we then find an expression with both dots on the other 

sides of the two excited legs . (Fig. 7); as compared with (Fig. 4), 

m 
p.w. 

1 1. 
+ 2: 

n, 

a 
n 

-r 
n? 

M+l 

L p. 
1 

i=l 
(i;iM) (19) 

where w .. 
1 

O.We can verify that Eq. (19) is 

related to Eq. (15) simply by a projective transformation w. = 1 -w: 
1. 1. 

in Eq. (19) plus two "twisting" operations on both of the excited legs. 

To see this, we first changE: frame inEq. (19) from w = 00, M+l 

w 0 to w' 00 w' - 1 w' - O· i e w = 1 - w:. We then 1 = M+l = , 1 - , M - , . ., i 1 . 

use the following identities5 ,6 



00 

L 
n=O 

~ 
Dm 

B (i-x) nm 

(~ )(~ )( _ )n+f, 

a b 
n m 1 B (1 

(nm)2 nm. 
- x) 

-
a 

n 

-a 
n 

== 

-
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2:(~)(~) f, 
f, x , 

f, 

~\f, , 

L abx n 
n D , 

n 

00 1 

(-l)DI am (~X; )2 

m==D 

n(n) - expC~ nnta~} T , 

, 
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f, 
(1 - x) 

(20.1) 

(20.2) 

(20.4) 

(20.6) 

T == {ftexp [.L: 0 f( 0 a; ai ] 
~==1 J>~ 

<0 I , 

(20.8) 
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Then, clearly, Eq. (19) becomes 

(0 I G( 2)( a, b) I II a) 
(W) /lob 

R a w
M

_l · exp 
[ 

M+l 

Ij~ 
n l=l 

. (ifM) 

which is analogous to Eq. (15), except that the states lA.a ), I~) 

(21) 

are twisted. This is the expected result, since excited-particle lines 

with the dots on opposite sides are related tei each other by the 

twisting operator. 
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IV. THIRD FACTORIZATION' 

We start from the'secorld-factorized tree, Eq ~ (14), and change 

from the frame w = 1, 
M 

w = 0 
1 , 

to the new frame, 

wi = 1, w~ = 0 (Fig. 8) . From Eq. (14), we get 

We then divide 

'," 

and 

("alexp[~j 

exp[ ~ j % Pi G -:0"] 
w~ 

1 
into r i , Sj' and 

00, :t;'L 

s~ = 00, 8 L+1 
1, sM 

,. 

, ' w' w' 1, wM+1 - = 00, 
'. 0, 1 

r
1 wi = 'T':""' i=1,2,··· ,L , 
1 

= 

w'. r
1

Tjs., j 
. J. 

L+1. 0 oM, 
J 

.: 1) !.= 

as before: 

o , 

0 , 

w' 
M - 0 

Therefore, in terms of r i ,Sj' and 1), Eq 0 (14') becomes 

(14' ) 
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X exp [~anbn G -:~)" 

x exp{~ 

X exp{r~~ -:~)"(%PiE -:~}n + t{-~) (-)£ £ 

(23 ) 

< • 

where, again, r L+1 == 00, r L - 1, rO O. 

It is' in teresting to see how Eq. (23) can reduce to Sciu to I s7 

three-reggeon ':;'ertex.Since we are unable to factorize the cf., leg without 

as surning the factor '(1 -:1) to be in the R frame (opposite the S 
. 2 

'frame), w~ therefore consider the caseL= 2 (Fig. 10). Substituting 

r3 = 00, r 2 = 1, rO = 0 . in Eq.(23), we get 

• I 
I 
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In I A) r 1 
-0: -1· -0:-1 \'Gm(a,b,C) ~~. C Jo . dr1 r 1 01 (1 - r 1 ) 12 

X exp{~ j[ ~3 -m 

+ P2(1 - r l ),+ L(~) (-)££ 

£=1 

X exp [~ ) (1 - r1 )n [P3 ~J} 
(24) 

Irt order to remove the external scalar leg (i.e., r 2 ) in Fig. 10, 

we then go to the pole position of the 0:
01 

variable and look at the 

residue given by Eq. (24). We can rewrite Eq. (24) in the following 

form: 
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t [f dr1 

2 2 
-0: -1 -a-b(p +P' )-1 R R -2bPIOP1 
r l

Ol (1 _ r ) 1 2 r
l 

c(l a - r l ) (1 - r l ) 
1 

'/ exp{ I c£ b+ 

- rl)mJ (+ +) L ~ [P3 + P2(1 
+ 

--:r Pl + a ,b 0+ -I- (b ,c) 
Jl,2 m2 , , £ m 

+ 

We observe that the, last factor [} in.Eqo (25). is a three-reggeon vertex 

if P2 ~ 00 To get the three-reggeon vertex, w(3)(a,b;c) from Eqo 

(~~5), we thus take the limit P2 ~ 0, and write 

lim~'.~1 G(3) (a +, b+ ,c) 19~), 
P2~ 0 r.. , c c 

(26) 

But under this limit the discussion of the factorization must then be 

modified, since the mass of leg 2 is no longer equal to that of the 

other legs. The relevant modification is given in the appendix. As 

P2 ~ 0, the ordinary vertex function V(P2) becomes th~ unit operator 

and so D1 w(3)(a+,b+,c) becomes a well-defined quantity. From Eq. 

(25) and Eq. (26), we obtain the cJl,-leg propagator 

~ 



, 
i 
i 
I .. 

. " 

i 
i 
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r 

and Sciuto's three-reggeon vertex (Fig. 11) 

~ Iw(3) (a,b ,c) I~) 

~leXP[P1C + (a,b)O "P2b + (b,c) + p;,a + (a,c»)I~) (28) 

where P2::: P
3

· 

Another interesing thrice-factorized tree (Fig. 12) can also be 

obtained~asily by directly factorizing Eq. (15) in a general projective 

frame, similarly to what we did in Eq. (l~) and Eq. (17). It takes the 

following f6rm (Fig. 12): 

=J1.Jdri (l1<+l);;'lexp[I~ t Pi 
itR+l \\ £ i~l 

R 
1 

+ 

(29) 

( cant.) 
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(cont.) 

(29) 

where 

m 

B (x) nm 

The reason why we are interested in Eq. (29) will be clear in the next 

section. As a consistency check, we let R:= L - 2 in Eq. (29). We 

get 

r .) L+l 
r. 

1 

, 

therefore Eq •. (29) does reduce to Eq. (23), as it should. 

J.. 
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V. FOURTH FACTORIZATION 

Beginning with Eq. (23) (Fig. 9b), we change to the new frame 

i' r' = 0, r' - 1 1 = 00, 2 0 -

r. 
1 

(Ns L+1) , 

Substituting this in Eq. (23), and factorizing as before, we then obtain 

the fout-times-factorized tree (Fig. 13) 

+ 

wt ]} . exp {~ j 

[% PiG~ ~ :~J C~)m +0 c ::J ~ C-~)(_)k kw2
k ~ 

(i!=2) 

~
" )n a W

2 -~ 1 - W 
n 2 3 

L(~)(-)~ w2
k ~ 

k 
(31) 
(cant.) 
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(cont. ) 

+ 

where w = 1, 
M 

w = 0. 
1· 

We can simplify Eq. (31) by 

changing to the projective frame wi = 0, w2 = 00, 

(1 - w
M
' 1·· )w: 
+ l 

(w: - WI ) 
l· M+l 

w' .= 1 , i.e., 
M 

Then Eq. (31) becomes the following expression (Fig. 13) 

+ (w~~l)mf (~) (_)~ (1 _ 
,- 3 k=l 

(32 ) 
(cont.) 



-23- UCRL-19714 

(cont. ) 

'-, 
1,." ~ -:~YJ exp{ ~j(~) + 

X [~ Pi(:~)n + ~;l)-n f 
i="'2 3 ~ 3 k=l 

~ -:Di] + '. 
00 

Since the minimum number of legs for the fourth factorization to be 

feasible is five, i.eo, M = 4 in Eq. (31), to get the 'four-

reggeon vertex, we consider the case M = 4 in Eq. (31) (Fig. 14). 

Set M = 4 in Eq. (31); we get 

-ex -1 
v (w w'2) 23 I' 3-

[ ~ k k L 
b 

m 
+ ,-(P4 + P3w3 + P2w2 ) + -,. 

k2 m2 
k m 

~3 e )m(2 - W J ~ - ::) ] X ~ (33) + P4 - 1 + P
5 w3 w2 (cont.) 
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. (~) C-)~ 

Notice, in terms of Chan variables, We are 

interested in the poles of a
13 

variables. Analogously to the three

reggeon case, we therefore take the limit P4 -7 0 in Eq. (33) and 

write 
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We find 

and the four-reggeon vertex function 

==1
' 01" ' -a -1 ' -a-l 

12 23 
dU12 u12 (1 - u12 ) 

+ P3(1 - U12 )n] + I jh + pi,(l - U12 )m] 
m 

+ 

,~ 

bm<1c m (-m) )k k 
+ L (mky:t (1 - u12 ) 'k, (- k u12 

mk 

} A ~ 
c£~a 

+ J Bik (U12 ) ~) , (36) 

£k (£k)2 ~c 
d 
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where We can then re-introduce Koba-Nielsen 

variables W3 = 1, into Eq. (36) (Fig. IS). 

Equation (36) looks all right, but we have to keep in mind the fa'ctor 

G 
Rc-a(p~) 

1 - u13 ) - in the propagator corresponding to the fourth 
1, - u12u13 

leg (dk leg). 

Another interesting four-reggeon vertex (Fig. 16b) can be 

derived d.irectly from Eq. (29). Directly factorizing Eq. (29) again, 

we obtain the four-times-factorized tree (Figo 16a) 

b 
8+1 

L m L (::+2 -+ ~ Pi 
m2 wL+2 

m i=l 
(ifL+l) 

S 

L c.e [ .e L + -,- p .. w. + 
.e2 l l 

.e i=l k 

x exp.{(a'b)O + L 
. n.e 

I 
(n.e)2 

a 
n 

----r 
n? 

_WL+1) m ~WL -_Wi~ 
wL wL+l wi 

d
k 

'-':-

k2 

S+l 

Pi(:~J} L 
i=2 

wL +10n 

- W 
L 

8 

L 
i=l 

(itL ) 

p. 
l 

(37) 
(cont.) 

... 
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I 

an~ 
'I: 

(nk)2 

where wS+l = 00, Ws = 1, wI = O. By procedures similar to those used 

in Eqs. '(33), (34), (35), and (36), we obtain the four-reggeon vertex 

(Fig. 16a), 

m 

+ 

-a -1 -a -1 
W0

12 (1 - w) 23 
L 2 

(38) 
(cont.) 



(cant.) 

. n 
a bv-J'-;J + n n L 

a d 
n \ B (w) 

(nk)2 nk 2 
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Again, we must keep in mind the factor 

UCRL-197l4 -

where u
12 

= w
2

' in the propagator corresponding to the fourth leg 

(c£ leg). The c£-leg propagator is 

(1 -
cx(p )-~ 

u
12

u
13

) 3 . 

(39) 

It is interesting to observe that if we directly twist
6 

c£and ~ legs 

in Eq. (36) without worrying about the asymmetrical fourth leg (~ leg 

in Fig. 15), we get, from Eq. (36), 
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+ 

m£ 

[P4 + P3(1 - w2 )n J + ~ 

n 
- w) + 2 

a c 
n £1 B (1 ) n -,w2 (n£)2 -n.& 

b c 
m ir B (1 - w ) + 

(m£ f' m£ 2 

m 

r C£d£(l - w2 )e 

.e 

L 
mk 

_ w )kl) 
2' 

(40) 

Comparing Eq. (40) with Eq. (38), we see that they are identical expressions, 

and w2 , respectively; as required for different labeling of 

Eq. (38). The reason why we can ignore the factor 

Gl -u
13 

)Rc -a(P3) 
in passing the twisting operator 1 u12u

13 

w. f S in 
l 

to 
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the left side of Eq. (36) is the same as in Caneschi and Schwimmer' s8 

treatment on the three-reggeon vertex case, since their derivation 

doesn't depend on the form of the z variable. In our case, 

U13 (1 - u
l2

) 

z == 1 - u
l2

u
l3 

Finally, vie apply the twisting operators ~+(-P3)' 

to the bm and ~ legs in Eq. (38), then we end up with the completely 

symmetrical expression of the four- reggeon vertex function (Fig. 17), 

+ 

L c£'\ (~) (-)££ + .r w
2 

Uk)2 
£k 

£ 
+ 

m 

b 
~[p + P (1 - w )ml 
m;5- 2 1 2-' 

L ~\- C) (-)~(l - w )k} 
(kn)2 k 2 

nk -

X exp{ L anc£ n +L bm~i B -(1 - w
2

) (1 - W2t} ~>-- ..t B_n £(w2 ) w
2 (n£)2 (mk)2 -km 

n£ mk A.d 

(41) 

i 

i, 
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To conclude, we see that the four-reggeon vertex function has a rather 

simple form. However, the fourth-leg propagator has an asymmetrical 

expression relative to the other three legs., Similar to the three-

reggeon vertex case, this asymmetrical fourth leg again indicates the 

problem of linear dependence. 3 Unless we can find an N-point dual 

amplitude which automatically takes care of the problem of linear 

dependence, we will not be able to get a completely factorizable fbur-

reggeon vertex function. On the other hand, the vertex composed of 

a t least one external scalar particle together with an arbitrary number of 

factorized reggeons is an exact expression. This might give another 

view of the problem of linear dependence. 

The generalization to N-reggeon amplitude has been carried out, 

but is still to be published. After completion of this work, we 

understand Carbone and Sciuto have also obtained the four-reggeon 

amplitude independently. 

With an exactly similar technique, we obtain the completely 

symmetrical N-reggeon amplitude. It takes the following form: 

W(N) ~ (i) =In dWi (WN) 

i/N 
N-l 
1 

Xexp f 
N [ a (i) (N-2 L L n~ . L 

. 1 n . 1 1= n J= 

(cont. ) 
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(cont. ) 

+ 

+ 

N 

I 
i=l 

[ 

(i+1) (i) 
a a n m 

.1 
(nm)2 

N [(i+l) (i-:l) 

~ 
a a _ 
, n T p

n
(i-1,i,i+2,i+1)B [P(i-l,i,i+l,i+2) ] 

(~)2 ~ 
i=l 

.)( pm(i-1,i,i-2,i+1)] 

, \ an am 
N [, (i+1) (i-2) 

+ L-J: '(nm)~ pn(i-2,i,i+2,i+l) B [P(i-2,i-1,i+l,i+2)J nm 

i=l 

+ 

+ 

N [(i+l) (i-k) 
',an a_~, L ~---.:;:.:. -- pn(i_k, i,i+2,i+l) B [P(i-k, i-k+l, i+1, i+2) ] 
i='l (nm) 2 nm 

)( P"'( i-k, i-k+ 1, i-k-1, i+ 1)] 

+ 

+ 

N [' (i+l) a (i ~11) 
I an 2(nm~~ 
1.=1 

pn(i ~ +1,i,i+2,i+l) Bnm[P(i-~ +l,i-~ +2,i+1,i+2)J 

X pm(i ~ +l,i ~ +2,i ~'i+l)]} 
where wN = 00, w

N
_
1 

= 1, w
1 

= 0, 
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p(x,y,z,w) 

and N is assumed to be even. The superscript index of' the operator 

an coincides with the Koba-Nielsen labeling. 
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APPENDIX 

When the four-momentum goes to zero, say PM -7 0 ~ the bootstrap 

condition 
2 

a + bPM == 0 is no longer satisfied, and the factor 

2 

(x. 
l xi +2 ) 

a+bp. 1 
l+ 

in Eq. (4) gives an extra contribution9 

of 
a+bp 2 

(1 _ y t) M 
M-l to Eq. (8). This extra factor will make the 

factorization of and t unfeasible. '1'0 insure that this factor is 

absent from Eq. (8), we have to modify the spectrum of the trajectories 

in Eq. (i3). We therefore go back to Eq. (4) and concentrate on the 

troublesome factor (~-l - ~+l)' which is raised to the power 

DM-l,M -DM-l,M+l +aM,M+l' If we assume the trajectories ~-l,M' 

~-l,M+l' and ~,M+l have the intercepts aM- 1 ,M' aM-l,M+l' and 

a respectively, then 
M,M+l 

~-l,M - aM-l,M+l + ~~M+l 

(A) 

It is the extra power 
. 2 

aM-l,M + aM,M+l - aM-l,M+l + bPM which complicates 

the factorization. Therefore, we can demand 

2 
aM-l,M + aM,M+l - aM-l,M+l + bPM o (B) 

for all values of In particular, we are interested in the case 

2 
P =0. Thus, we obtain the condition 

M 

a + a - a 
M-l,M M,M+l M-l,M+l 

o . (c) 
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Further conditions in Eq. (C) can be obtained by requiring the 

propagators associated with the factorized channels and 

to have the ordinary form 
P-

PM ~ O. This leads to the requirement 

a 
M-l,M 

a 
M,M+l 

a 
M-l,M+l 

o (D) 

Once we assign the intercept o to the trajectory DM,M+l' the next 

factor whose power contains the trajectory 
DM,M+l' 

cx· -cx -+a. _ 
(x.. ) M,M+l M,M+2 M+l,M+2 

IV] - ~+2 . (E) 

will have an extra power -3, in Eq. (4). 
M,M+2 We can eliminate this 

~xtra power by assigning an intercept o to the trajectory cx M,M+2 

while keeping the value a for the intercept of the trajectory 

cxM+l ,M+2 in Eq. (E). Then the next factor which contains the trajectory 

~,M+2 is 

( )~,M+2-~,M+3~+1,M+2~+1,M+3 ~ - ~+3 (F) 

We therefore again require cxM,M+3 to have zero intercept. Continuing 

such reasoning, we conclude that the trajectories (assuming ~:= 0, 

Xl == (0) 

cx. . , 
l,J i:=2,3," 'M, j:=M,M+l,'" ,N-l ( G) 

(ifj ) 

must have the intercept zero, while all other trajectories have the 

intercept a. The requirement of Eq. (G) does not affect the final 

result. Then our procedure of letting PM ~ 0 is justified. 
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FIGURE CAPTIONS 

Fig. L The N-point amplitude. 

Fig. 2. The Y,Z frames. 

Fig. 3· The first factorization~ 

Fig. 4. The second factorization (planar) • 

Fig. ). The second factorization (nonplanar) • 

Fig. 6. The second factorization (nonplanar) . 

Fig. 7· Removing top legs. 

Fig. 8. The third factorization (planar) . 

Fig. 9a. The third factorization (planar). 

Fig. 9b. The third factorization (planar) • 

Fig. 10. Removing the r 2 leg. 

Fig. 11- Sciuto's three-reggeon vertex. 

Fig. 12. The third factorization (nonplanar) . 

Fig. 13· The fourth factorization (planar) • 

Fig. 14. Removing the w4 leg. 

Fig. 15· The four-reggeon amplitude. 

Fig. 16a. The fourth factorization (nonplanar). 

Fig. 16b. The four-reggeon amplitude. 

Fig. 17· The symmetrical four-reggeon amplitude. 
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