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THE 3-TO-3 AMPLITUDE AND THE TRIPLE~-REGGE VERTEX

Michael N. Misheloff
Lawfence Radiation Laboratory

University of California
Berkeley, California

March 13, 1969

ABSTRACT

- We develop a Reggeized model for the 3-to=-3 amplitude using
group theoretical variables. The triple-Begge vertex is'defihed by'the ,
asymptotic form of the amplitude. We ShOW'that the Veneziano model has

" the asymptotic form predidted by our model.
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I. INTRODUCTION

Since practical scattering experiménts génerally haﬁe only two

‘particles in the initial state, theoretical physicists have focused

most of their attention on such reactions. From a broad theoretical

.point of view, on the other hand, there is ho reason to exciude:p?ocesses
"with more than two particles in the initial state. 1Indeed, bofh érossing

and unitarity imply that an understanding of processes With:th.particles

in ﬁhe initial state is infimately related to more general érocesées.
The usefulness of Regge-~-pole expansions for the descriptién of
the asymptotic behavior of the 2-to-n amplitude is well known. E#pres-
sions for the amplitude in termsvof'group theoretical variables have
been particularly convenient for the.formulation of the Regge—pélé
hypothesis. Such variables were first introduced by'Tollérlvfbr fhe
2-to-2 amplitude, and were extendedvto the general 2-to-n aﬁplitude by
Bali, Chew; and Pignotti.gl The resulting expression'for the 2-to;n_
amplitude can be schematically represented bylavtree‘diagraﬁy The
diagram has n +2 external lines, n -'1 internal lines, 2 vertices

with two external lines and one internal line, and n - 2 vertices

 with one external line and two internal lines. In the asymptotid region,

each internal line corresponds to the exghangéiof a Regge pole, and a

_vertex function is associated with each vertex in the diagram.v

For the generdl m-to-n amplitude, mpre-complicated tfee-diagrams

" can be drawn, diagrams containing vertices with three interﬁdl lines

bécoming:possible. Recently, Tollér5 has stggested a. particular set of

variables for an arbitrary tree diagram, his objective being an aﬁplitude

free of kinematic singularities and constraints.
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in this paper,}wé extend the Reggéfpole hypothesis éo the
tree diagram with one three—internal;line—vertex for the 5-%6e3 aﬁpli— :
tude. This is ﬁhe simplest tree diagram ¢optaining a vérteX’withgthfée:
internal lines. 1In Sé¢ﬁion'II we define a set of vériablesffor t?g
3~to~3% ampiitude which are more similar to those used»by Bali,_Chéw,
and Pignotti2 than to-theznew,Toller vdriab_les.3 We believe that fhé
'.Regge analysis is more transparent in our‘variables. In Séctioh.iII
ﬁe relate our variaﬂies to.the invariants, and in Section IV'we défine
én asymptotic region of the variables and extend the Regge—ﬁolé hjpéth-  '
esis to the description of the gmplitude inﬁthis region. Tﬁe.triﬁle-
Regge vertex is defined by the asymptotic béhavior. InaS¢ction-V we
.study fhe 3-t0-3 amplitude iﬁ the narrow resonance (Veneziaﬁo) ap@roxi-

mation and find that it Reggeizes in the expected manner.
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II. . DEFINIEIbN OF VARIABLES Foﬁ THE 3-T70-3 AMPLITUDE
e . S B
Let us consider the proces§ Ai + Bi +,Ci —9Af + Bf}+,cf'
For this process there are two possible tree diagrams, which are shown
in Figs. .l and 2.

The analysis associated with Fig. 1 is very similar to fhé'

usual multi-Regge analysis for the 2-to¥4 amplitude and is not expected .

-~ to yield any essentially new information, whéreaé the analysié of

Fig. 2 is more complicated and.containsfthe COncept'ofla.triplée .

.- Regge vertex. Therefore, in the following we confine our attention to

the tree diagram of Fig. 2. ;

For simplicity we assume that all the particles are SPinlesé

" and that they all have the same mass, m. We adopt the convention that

incoming particles have positive energies whereas outgoing particles

"have negative energies.

We define Q by
Q'X = P, + pf ) : ' (X = A)B)C) . (2'1‘)
Energy-momentum conservation can be written és

Since Q, is a spacelike vector, there is a Lorentz frame in

which QA points in the positive z-direction. To specify this frame

~further, we require the three-vectofl P. tofpoint'in the ZVdiieétion.

."'1A .

" . Four-vectors in this frame
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<l
_ ) ‘ : - " g
" have a superscript 8- Equation (2.1) completely determines 12 P
p » and Q :
fA A
8 1 b, o
2 Az
: piA P m - E")z » 0,0, %(-tA)2]
, a ' S ¢ 1 | 1
sy 2 A \5 SRR »
PfA P -t - 7 )25 0,0 %(-tA)?J 3 (2.%a)
®p [ Y
Qy © = |0, 0, 0, (~t,)2]
We define frames vbp and c? in an analogous manner. Thus s
b, [ - % ;l : e W
2 UB« i
piB L (m = E“)z s Oy O, % -tB)Z]
b [ t : :
- 2. By 3
pf_B P |- (- )2, 0,0 %(-tB)Z‘] S (2_:.5b)~
X .
Q’B' = Q, 0, 0, (_tB)2 .
4 ' ‘
and _
) piC = (m = tc/_)*)g ’ O:. O) %('tc)z
! CP — 2 . 1 ' 1 e
,Pfc e (m T tc/h)a » 0, 0, 'é('tc)z (2~3c)
cp _7 [ ’ . 1
Qe © = 10,0, 0, (—tC')2 -
L . .
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Since Q, is spacelike, there is a frame in which QAﬂédnd

g ore of the form
. : .1
QA = [O, O’ ,Q’ ("‘ A)z]
o : , - "
% = [9’ Vs Oi'w] J

B

! where W - vo =t, +w and W= (PtA)?y(-QA . QB). Using (2.2), we

. can write .

1, y=1 . |
W= q(ety) Mt b ),

" where

"2
X

1t

aNx, v, z) + y2 + 22 - 2xy e'2xz -2yz . (2.h4)
B’

ty) and w2 - &2‘ have the same sign.
- v2‘> 0, there is a ffame,vdééignated’by..ar; in

I

" which vQA points in the positive z-direction and only the z sand t

components. of QB arefnonzeron If u-2 - v2 < 0, there is a frame,

_ designated by a;, in which QA' pointsvinvthe positive -z direction,

_only the x and z components of QB are nonzero, and the x

| distinguished by the sign of A(t,, t

‘component of G is greater than zero.

Therefore, we have two cases to consider. ' The two cases.are
t.).

choice of variables, e.g., the néw“variaﬁles of Tolier;

B’ We note that a differenﬁ '

5 would allow

us to unify the two céSeSW_ However, a‘judicious'parameterization of

_Toller's variables is a -nontrivial problem.
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case I: a(t,, t

N tC) >0

B’

. a a .
We have completely determined QA r, and QB r is determined

by (2.2) up to the sign of the t component. We have

ar 1 1
QA = [O: 0, O, ("tA)z] .
. a.r N Ll %2' :
‘ o1l 3 _ _
Q = 3( tA) {i A (tys tos tc), 0, 0, ty + by .tC] L
ar N _% - _%_ A : . . (2.53.)
Q = E(-tA) N (tA, tB,;tC), o? 0, ty + 1ty - tB] |
- ' J
By application of a z boost of magnitude 9p? where
-1 i
3 - - 2 .
sinh g, = +(tAtB) A (tA, g tC) , (2.6a)
to the frame a., we arrive at a frame, called br’ in which
b 1.y [+ 2 | T
QA = —2—(-tB) + N (tA’ t‘B’ tC)’ 0, O, tA + tB - tc]
b 1 :
Q= [o, 0, O, (-tB)Z] I - % . (2.5b)
QC = 5(-tB) 2 {i xz(tA, tB’ tC), 0, O, tB + tC - tAj
J

Similarly, by an application of a z boost of magnitude qbc’ where
- 42, ' '
R _ 1 5 .
sinh g = + 2(tBtc) A (tA, tp tc) s (276b)

to the frame br’ we arrive at a frame which we call frame Cp In

this frame
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¢ 1 1 : \
T _ L.t )72 2 - v
Cr ) 1 -1 - 2 ’ . :
Qg - = 3(-tg) 2'{*:*2<tA’ by to)s 0, 0, ty + tg - tA} ? . (2.§c)
Cr ' 1
Q/C = [O, O, O, ('tc)g] y
A z boost of magnitude qca’ where
_ L 11 ‘ , '
s1gh Qg = * §(tAtC) 2 x%(tA’;tB’ tC) s (2.6¢)

‘vapplied to frame . takes us back to frame a..

Frame X, is related to frame Xp by a Lorentz'trahsformation
X - X ‘

which preserves QX | QX

r’ i.e., an element of the three—_'

dimensional Lorentz group. We may parameterize by a rotation .

8

uy around the z axis; a boost of magnitude ty in '

’the.x difection, and a final rotation around the z axis through an

angle - v Therefore, we have

X
B = RO B R, (X=ape) (2.7)

The set {tA’ Vps Ca,vua, tB’ VB’ Cb;'ub’ tC’ Voo be'uc}' is

our set of Toller variables for the case in which x(tA, tB,'tC) > 0.

Of course, the amplitude'ean depend upon only eight independent Variables.

" We shOW'beloﬁ‘how*to eliminate four'of the above variables;fbut it Will

: be convenient in-Secfion-IV to express the amplitude as a function of

all twelVe variables. :
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.

Frame a_ has been specified only up to an arbitrary rotation
about the z axis. A redefinition of frame ap by an arbitrary aﬁgle:
P is equivalent to replécing_ g, by uéj+ §. Therefore the amplitude
must be left invariant by the transformation My =My + @, i.e.,:it
is independent of ey, ~(a kinematical dependence on g would appear
1f particle Ai or particle Af had'spin). Similarly, the amplitude
.-4canvnqt depend upon Hy OT Ha- v |
Frame a,. is also'speéified.only up to an arbitrary z
- rotation, and redefinition of this‘frame by an arbitrary angle ¢
is equivalent to the following change of variables: Va ;ava + @y

yb.-avb + ¢, and Ve =V, + ¢. This implies that the amplitude can
depend upon .Vaf Vb? and-_vc only in the.comblnatlons Wops  Wpao

"and w__, where
ca ,

Wy = Vg TV s etc.v ‘ - | (2.8)
Clearly, W * W + Wog = 0. :Therefore, the amplltudg depepds upon

' ~only eight independent variables. .

Case IT: x(tA, t

,B’,ﬁc) <0

_ S a’ a’ :
Equation (2.2) completely determines Qp r Qg = , and
a’ ’ : L _ B : ' v
Q0 ¥ . We have

. é} o s R ‘
Q = A[o, 0, 0, (-tA)Z] )
| Y= l('t')'% {0, [-n(t,, ty, t )3% 0.t o+t t'}, (e.0a)
Q’B _v—- e A 3 A A’ B} c ’ ,, A B C , . ' ..a,..
ax" 1 | ""ii .r | : | ; % | . . ‘ J
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A rotation about the y-axis through an angle eab’ where

sin eab

cos gab

carries us
through an
sin ebc

cos gbc

carries us

. through an

sin ©
ca

" cos ©
ca

‘carries us

In

D
2
v

1l

1
-+ 2 -
Z(tAtB) . f K(tA, tB’ tc)]‘

i
2

1
-1 -2 ' -
= 2(tAtB) | (tA +‘tB tC)

1

/

.  '(é.1oa)

from frame a! to frame b . A rotation about the y‘éxis

angle ebc’ where

- -%(tBtC)"%[-x(tA, tos o))

1 .
- X 2 :
- Z(tBtC ) (tB + t

C -

1
2

- tA)

&

, (2.10b)

from frame b to frame c;._'A*rotatibn about the y axis

angle eca,vwhere

T S
- ek 2 I- _ :
o 2(tAtC) ,'[ %(tAJ'tB{,tc)]
1 '%b '
= 3(6,8)7F (b, + b - b

f:om frame cé back to frame al.

frame D!
) r

-
%(-tB) 2 {O, ’[-x(tAé tB, tc)]

to,.é;jo) (_tB)%]

|

5

r

A
2

5y 0, t

S R D
- é(‘tB) . LO’ ['K(tA) th”tC)JL,QO,-tB,+ tc - tA}

f o (2.100)

At te T )

(2.90)
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In frame c;‘

L 1
QA = %(‘tc) 2 {O, ['}\.(tA, tB, tc)]e, O, tA + tC - tB} 3
c:;- ‘ : R ; N |
Qp T = EH-t)TZ (0, ~[-A(ty, ty )13, 0, by + - t,) .
' (2.9¢).
CI'_ ’ .. 1 . :
% = [0, 0, 0, (ftc)a] o ' -

Frame X% is related to frame Xb by an element of the three-

. dimensional Lorentz group, denoted'by gi:v
1 - t &l H - .
gX - RZ(VX) BX(QX) Rz(ux)’ (X - a"b’c) . . (2'11) i

The set (ty, vi, 65 Wy by vy Gy s boo v Gl HY) 1S
our set of variables -for x(tA, tB,'tC) { 0. As in Case I, the ahplitude
~can not depend upon ué, ug, .or pé. The rémoyal of the fourth |
‘dependent variable is moré complicated, hoﬁeVer. It arises from the
~fact that;frame a; is defingd ﬁpvtplan,arbitrary y ‘boost. A
;redefiniﬁién of frame 'aé by a boost of magnitude 17 amounts to ther

following transformation of variables:

i A s ) N . . ' . . , » 3
cosh gx — cosh CX = cosh (4 cpsh.n +_s1nh ¢y sinh 7 sin vio
o o n.o. s ' s " ' .
cos vy —cos vy = sinh 5 cosva/s1nh ;X . o o >..
in vl - sin v = ' ' e . &l ' ' o1 ) /ad "
sin vy - sin X = (cosh {g sinh n -+ sinh (. cosh N sin vx)/slnh CXJ

(X ;Ia,b,c) | B "_ | (2.;2)
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Therefore, the amplitude mugt be left invariant by the transformation
(2.12).
The inelegance of (2.12) arises from our parameterization of

gk.v A different parameteiization can lead to a simpler expressién of

the covariance condition. For example, the parameterization
— - U Ym (o ) . _ ’
gx . By(nx) BX(YX) RZ<GX) g (X - a"bic) 2 . (2'13)

replaces (2.12) by the statement that the amplitude depends u?on né,

'nb, and nc only in the ¢omb;natlons o) o) é’ and 8¢ = =-3

ab’ b a ab -,abc’
where
8., = M =N, . o | (2.1k)

However, the parameterization (2.11) is more suitable for the analysis

of Section IV than (2.13).
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ITI. EXPRESSION OF THE INVARIANTS IN TERMS OF OUR VARIABLES

Case It A(t,, g, >0

o)

. ‘ : '.é a
s s P - -1 r R
In frame ap, QB is given by QB = L(ga ) QB : Using
(2.7a), (2.5a), and (2.7), we can calculate (pi + QB)Q. The result
_ A " .

is

2 -

(piA + O = m + E(tB + tC - pA)
(& - wP/5,)F 3E(t,, b, b.) cosh BRRRCRY
£ (5 - mw /)7 23(8y, by, B) cosh . 3

_ We can express (pi + QC)2 and (pi + QA)2 by cyclic permﬁtations
of  (A,B,C) in Eq. (3.1).

In frame a_, pi is given by
. B .
S, R, B S : '
p, ¥ = L(g, " a,  g)Dp, . Using (2.3a), (2.3b), (2.6a), and
lB a ab ¢ iy -
(2.7), we can calculate (p, + p. )2. The result is
i i/ )
A B
2 21,

oL ocosn t (c6 )7 (- A 3 b, )
b cosh (% TT M te Y

+

1 3E 2 By 3
5 cosh Cb(—tB) _ (m - - H—) A (tAJ -tB’ tC)

4 a2 fad o2 tpd ,
+ (tAtB) 2 cosh {_ cosh ¢, (m - ) (m” - H—)Z‘(tA +tg -t

- £, 3 t,
- 2 sinh £ sinh { cos wab(m2 - Hé)2 (m2 - EE)

o=

' (3.2)

C)
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We can express (p, + D )2 by changing the sign of (mg - B) in
_ 1A v fB , ‘ _ I
T 2
(3.2); (p, +7p. )", by changing the sign of (m~ - H—)2; and
fA lB >

_ o I
(pf +fo.)2 by changing the signs of both '(m2 - tA/h)2 and

1 -
(m2 - tB/h)z. Expressions for the other two-particle invariants can

be obtained by eyclic permutations of (A, B, C). All the other :

. invariants can easiiy be expressed in terms of the two-particle

invariants.

We note that the invariants depénd.upon Vgr and Qc

b’

. only in the combinations Wep?  Wpe? and Wag? and that no 1nyar1ant

depends upon Hgs My OT H..

t

Case II: x(tA, p? tC) <0

The calculation of the invariants is similar to Case I. The

results are

2 2, 1p
(p; +Qg)” = m™ +35(ty + 5, - t,),

A

[

. . l ' o ) .
- sinh ) cos vI(F - m/t,)2 [-A(ty, tp 8T, (3:3)

and
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P d

. ., : Lo
+ 2(m” - tA/h)2 (m~ - tB/bf)2 (c?sh ¢, cosh &

-1 _
- sinh {) sinh { [cos v] cos vy %(tAtB) 2 (tA + oty - tC)

+ 3 1 ‘ s t
sin v, sin vb)]}

L, 3 I S
+ 5[-x(tA, tB,_tC)] [(—tB) (m” - ;)2 sinh by cos v

1
2

- (4072 (& - t,/0)% simn 6 cos v1] . (3.1)

Other invariants can be expressed by appropriate sign changes and
permutations of (A, B, C) in (2.3) and (3.L4).
We note that the invariants do not depend upon ué, pé, or

b, @nd that they are left unchanged by the transformation (2.12).
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' IV. ASYMPTOTIC BEHAVIOR OF THE AMPLITUDE AND |

&

DEFINITION OF THE TRIPLE REGGE VERTEX

Case I .x(tA, tB{ tC) >0

Let the amplitude be written as f(tA, 8,0 tB’ gb,.tc, gé); ‘
- We can expand its dependence on ga- in terms of its projeétionvonto
the unitary irreducible representations of the three-dimensional

Lorentz group. We write this projection as

£ : -imva
fmn (tA’ tB’ gb’ tcy g.C) = fdga e a

x f(tA; ga’ tB’ €y tC:' gc) ) : o (I)"“l)

-1 4 -inp el oo Y
Hiv d (¢) e M is a unitary irreducible representation

where e
ﬂ"of the three-dimensional Lorentz group. ‘The inverse formula for the

amplitude is given by

f(tA: 8,7 tB’ gb_’ tC’ gc)

o , ing .

<] . ; : a, .
_ elmvaffmn(tA’ ga: tB’ gb’ tC’ gc) € » ()"'-2)

m.,nz—oo.
where
‘ -—é—+i_oo .
_— o Y B ., 20 + 1 -8=1,
v fmn(tA’ Ca" tB) gb! tc’ gc) =1 . d,@ tan )Iﬂ a'mn (Ca)
S i E 1 s . :

' _ o - ' B |
X fmn,(tA’ tas &5 teo gc) o+ dlscrete.termsi o (bL3)
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: 4 : . , £ 1
The functions & cen eas1}y be related to dmn .

If we assume that fmnz is meromorphic in the ¢ plané, the

leading term in the asymptotic expansion of fmn is contfolled by the

position a(tA) and the residue bf the leading pole in fmnz'

assume that the residues are factorizable, we have

£ty £os by Bpr too g8.) ~~ o,(t,)[cosh ¢_]

e

X pm,(tA’ tB’ gb’ tC’ gc)_
The expression for the full amplitude is

, A
f(tA: ga; tB’ gb’ 'tC?,gq) S ¢('tA’ Ha) [cosh ca]

(o =

X ¢(tA’ Vyr tB’ gb’ tcr gc) s

“with

©

Plop 1) = Z <@ ealty)

N==-00

“and

00

If we

(k.ka)

(L.4p)

(4.52)

- ‘ imy
. a
¢(tA) Va’ tB: g_b.’ tc) gC) = -.>- € Dm(tA;v tB) gb, tC’ ‘gC)

m=wo0 .

(l:50)
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“Since the amplitude can not depend upon: k,s We have ‘pn(tA) = p(tA)Sno
. and

' _ j a(t,)
£(ty, 8,5 tps 8y tor 8,) ~_rp(t,) [cosh ¢ ]

-

X ¢(tA,IV (h.hc)

a’ tB’ &> tC’ gc)‘
We repeat the above analysis for the dependence of

‘¢(tA, ver tps Bps oo gc) on g and g, . The final result is

CaCb§0—9w

(t,) ofty) olty)

| . 0]
X [cosh ¢, [cosh:@b] ‘[cosh 6]

X' ¢(tA’ Vg tB’ Vo tb::Vc) . o v(u-6)‘

’ tB’ Vb’

tC) > 0 is defined by Eq. ( 4.6). Remembéring the

. t., v,), for the

The triple Regge vertex, ¢(tA; %
case x(QA, tys

dependence of thevamplitude on  v,, Vi and Vos We can write

.- o ¢(tA’ Vg tB’ Vb5.tcy Vc)» =. ¢(tA) tB’ tC’ wab;’“%é) . '(h.7)

In terms of invariants, Eq. (4.6) is of the form
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f(tA’ pr Bor Sgr Spr Sor Spps Spes Sca)18a|,|sb|,|sc|—am
Kab’Kbc’KCafixed
: a(t,) a(ty) a(t,)
_ A’ B C
~ a(ty) elty) e(tg) Is,| EN s, |
X V(t,, tB’ tC_’ Kab? "pe? Kéa) 3 " ) (h8)
© where ’
s, = (p, +4Q.)
a 1A B
S S C (5.9)
p = Py * Qg Yo, +9
B
: 2
s, = (p; +@Q)°
© e A
2 3
Sy, = (P, + Do)
ab i fB
*pe T <’Pi +Pf ) ) | : (4.10)
' B C . .
s, = (p;, +p,)
ca. 1C fA }
- and
] ) S5, }
ab - Sap -
8,8 i R _ : ' '
bc ' S _ S
Foe = % ' $ s ’ ' o (k1)
. be - o o
S S

s CcC a .
K . = .
ca s J
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Case II: x(t

A2 tB’ftd)4<.o,

N . ' . " ‘ v ' . . . .
The analysis of f(tA, ga, tar 8ps tC’ gc) proceeds in the
. same way -as in Case I. The final result for the asymptotic behavior

of the amplitude is

t . 1 .

B’ %2 st

X9 (5, vis tgr vy B vé) - B (k.12)
Equation (4.12) defines the triple Regge vertex,

‘¢J(tA’.Vé’ o 2% tc,'vé) for Case II.- EQHatioh*(h,IE)'mﬁsﬁ be left

invariant by transformation (2.12). Asymptotically, (2.12) becormes

' ' "o iy . . : '
cosh ¢ - cosh §X = - cosh gx(cosh,n.+ sinh 1 sin vX) 1
cos Vk
' "o : v
cos vx 7 oS VX T Cosh 7 + sinh 71 sin Vk Ty . v(h;lB)

sinh 71 4+ cosh 7% sin vk

sin Vk

. " — . .
=S vy = Cosh N + sink 1 sin Vy ' J

 This implies that the triplé—Regge'vertex‘mustvsatiéfy»the condition



f oo- UCRL-18809

al(t
@' (t 'y ot, v, t., v') = f(cosh n + sinh 7 sin v') ( A)
A’ Va’ “B? Vot gt Vel T _ a
ofty) - alty)
X (cosh n + sinh 71 sin vy, - (cosh n + sinh 1 sin yé)
X P(p, vy tp vy tos vy . (4.14)

for arbitrary 7.

The covariance condition (L.1lk) of the triple-Régge vertex
assumes a éimpler form when wé express our results in terms of the
parameterization (2.13). Férithis purpose we need the relation between

the two parametefizations:

.
cosh CX = cosh 10% cosh %

cos vy = sinh YX/sinh b ‘ S (k.15)
. 1 ! — 2 2 [

sin vy = .FOSh Ty sinh qX/s1nh by

In the asymptotic region (4.15) becomes
cosh §X ~ cosh e cqsh Ty

cos v% ~ ‘(coshlr]vx)-l _ . - (k26)

sin vy taéh nx'
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The asymptotic behavior of the ampliﬁude is given by

oy b o N

| afty) als) ()
X [cosh 1] [cosh 1, ] [cosh 1]

X ¢"(tA: tB’ tC’ na) hy» nc)‘ s (b.17)
where

Bty tgs too Tor M o) = F7(Ey, Bps tos Byps Byo)
, ' o (4.18)

In terms of invariants, Eq. (4.12) is also of the form (4.8)

except at the isolated‘points cos Vé = 0, cos Vg =0, or cos Vé = 0.
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V. THE ASYMPTOTIC FORM OF THE AMPLITUDE

IN THE NARROW RESONANCE APPROXIMATION

An explicit expfession for the six-line connected part in the

~ 4
narrow resonance approximation has been given by Chan. In our

- notation, this expression is

a o ~1-0(t. -1 : t ) C 210t
£ = du du, duy ) o A) . oty . -o(t,)
0 | _
. 1. o ool . S -
X () (s, ) Q- ) afsy,) o -y s, )
- (s £ Y-l
X - u- ue)Ja ap)10(t5)-0(s, )
| d(sbc)w(tB)-a(sc)

X 0wl o))
q(sa)m(éc)'-oz(sca)-ot(tB)

X\»[l - uluB(l - ﬁe)]

where - a(s) = a + bs..
The asymptOtic form of this eXpréssiQn is given by

Ca(ty)
~ (-sg) B

)'Ot(tB) q(t. )
g)

N c
f ' - _
CThs L lslsls, e s,)

Kab’nbc’nca flxed
_ XA CT(tA’ #B’ s Kapr Fpe? Kca-) ?

"where .

(5.1)

(5:2)

"
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-a(tA,)m(tB)ﬂ(tc)

G(tys bpr Bor Kops Bpor Feg) = P

(e L dlea(y)  cleof)  la(s)
X dv, v, av, v v, . v g
1 2 31 2 : 3 '
0 i
‘ , vV v,V VoV '
. o /12 2’3 371 ,
| X exp V] TVt Vg + b(n e + - > . ~(5-3)
_ ab be ca ) =

Comparing (5.2) with (4.8), we see that the asymptotic behavior

* of the amplitude in the narrow resonance approximation is correctly

_predicted by the group theoretical arguments of the preceding sections.
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V. CONCLUSION
We have extended the Reggg-poie hypothesis;to the 3-to-5

amplitude.' Froﬁhthe point of view discussed here, our hypéthesié is

as plausibie,aé previous Regge-pole hypotheses. The conce?t of a triple-
Reggé vertex arises naturally in oﬁr considerations. We have seén that
the narrow resonance aﬁproximation'of théVB-to;ﬁ amplitude_ReggeiZes
jin‘the predicted manneg lending credibility to our hypothesis, ,The‘
considerations discussed here'can.évidently be extended to an érbitrary

process.
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" FIGURE CAPTIONS

7Tréé‘diég?am1ﬁiﬁh nQ three=intefnal—line veftex.for-the‘B?toFB

amplitude.

*

Tree diagram'with one three-ihtérﬁaiFiine vertex for thé 3-t0-3 |

~amplitude.
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