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A model is presented for calculating Reggeon-Pomeranchukon cuts, making use explicitly of the Mandelstam
diagram. External spins are treated in a natural way. Calculation for the general case is outlined and it is
shown that in practical application the cut can be calculated in a standard way. Cuts associated with the
exchanges of m, p, B, and A, are considered, and characteristics of the RP cuts, as well as the structure
functions, are extracted and discussed. It is found that the model differs considerably from the absorption
model. Two suppression schemes are operative which control the magnitudes of cut contributions to
amplitudes with “naturality” opposite to the Reggeon. The 7 P cut is found to be a unique case because of the
smallness of the pion mass. In general, the RP cuts are self-conspiratorial. At very high energies, all cuts,

except 7 P cut, exhibit quasifactorization.

I. INTRODUCTION

It has been known for quite some time that cuts
in the complex j plane, Regge cuts, are necessary
for the description of hadronic scattering process-
es. The most obvious example is the sharp for-
ward spike observed in the processes np —pn and
vp —m'n, which are dominated by 7 exchange near
the forward direction. The 7 Reggeon, being eva-
sive, cannot explain the forward spike. The con-
spirator model,'* which explains the forward spike
by assuming conspiracy between the 7 Reggeon and
its conspirator 7, is not compatible with factor-
ization.*® Regge cut is therefore the only natural
explanation.

Unfortunately, there is as yet no agreed way of
calculating Regge cuts. The absorption model,®
which generates Reggeon-Pomeranchukon cuts
through absorptive corrections, has some success
but is unable to explain the fine details of the 7N
charge-exchange (CEX) reaction. The failure is
generally attributed to the lack of structure of the
Pomeranchukon used. Several remedies to the
conventional absorption model have since been
suggested, such as the Pomeranchukon model of
Hartley and Kane” and the phase-modified cuts,®
but they are unattractive.

In this paper we present an alternative method
of calculating Reggeon-Pomeranchukon (RP) cuts.
The cuts are generated explicitly from the Man-
delstam diagram,® with spins explicitly treated in
a natural way. The model (herein referred to as
the diagram model) was first used to generate the
7P cut and was successful in explaining many fea-
tures of m-exchange reactions.'®™'" A preliminary
fit to the 7N charge-exchange data also shows rea-
sonable agreement.'?

The purpose of this paper is to present the mod-
el and to extract from it some common character-
istics of the RP cuts. To do this, we have investi-
gated cuts associated with four different ex-

changes, m, p, B, and A,, together with a large
class of reactions controlled by such exchanges.
A reaction is identified by its two vertices, e.g.
mN - pN is identified by the vertices mp and NN.
When the exchange is intended to be explicitly
mentioned, we shall use the notations (m)rp and
(r)NN, where it is understood that the symbol in-
side the brackets denotes the exchange. To be
general, we have considered the following repre-
sentative list of vertices: NN, NA, wm, 71, 7p,
mB, nf, and 1A ,.

II. THE MODEL

In formulating the model we are guided by the
general requirement that the input ansatz for the
RP cut in a particular reaction must be the same
Reggeon exchange to the same reaction. The sim-
plest way to realize this requirement over a large
class of reactions is to assume that, in the Man-
delstam diagram, the exchange Pomeranchukon is
linked to the external hadrons via isoscalar-scalar
“0” particles.'® We therefore depict the following
physical picture for the RP cut as shown in Fig. 1.
The incoming hadrons, on passing by each other,
each emit a o particle. The o particles then scat-
ter via Pomeranchukon exchange, while the virtual
hadrons interact via Reggeon exchange. The o
particles are subsequently absorbed by the out-
going hadrons.

Since the Pomeranchukon exchange enters via the
scattering of spinless o particles, it takes on the
simple form

F(P)(S,T)=—’}/PzeXp(—APT)(—iS)OP(T), (2'1)

with the trajectory function given by ¢ (1) =1

~ ¢ 7. Hereinafter, the variable 7=~{ will be
used instead of the conventional ¢£. It will be seen
that with a Pomeranchukon exchange as simple as
(2.1) we are able to obtain structure in the result-
ing RP cut. The structure comes from the cross-
es.
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FIG. 1. Physical picture of the Mandelstam diagram,
showing emission and reabsorption of the o particles by
the hadrons. Virtual hadrons interact via Reggeon ex-
change, while o particles scatter via Pomeranchukon
exchange.

The Reggeon exchange in the process p, +p,=p,
+p, 1s assumed to be

F{E(s,T)=B,,mg%+7) " exp[—A y(m 2 +7)]
% (_ is)oR(T)-jR’ (2_2)

where ¢ 5(T) =j 5 — ¢ R(m %+ 7) is the trajectory func-
tion and my and j, are, respectively, the mass and
spin of the lowest-lying recurrence on the trajec-
tory. The propagator-like denominator, (mz°
+7)7!, comes from the long-range force of the
Reggeon exchange. The helicity structure is con-
tained in the vesidue functions B,, which are ex-
pressed as products of the vertex functions
B(xl=V{‘37¢1' V{sza 2.3)

where the dot represents symbolically the product
Vi VE=VLVE for j,=0,
= (VE)P,, (@) (VF®) for jr=1, and

= (VEPE o (@) (VEY? for jp=2, (2.4)
where
P,@)=-g.,+49.4,/mg", (2.5)
Z00(@) = 2P, (@) P, (@) + 2P (0) P, (@)
— 4P (@)Pola) (2.6)

are, respectively, the spin sums for jo=1 and jp
=2. At large s, (2.4) reduce to

VL . VR___ VLVR for jR':O,
== 3(VE), (VR). for jp=1, and
=5(VE), (VR)__ for jo=2. @2.7)

A list of vertex functions is given in Table I. A
symbolic coupling constant g is put in front of the
vertex functions. When more than one coupling is
considered, the symbols », 7/, and »'’ are used to
denote the ratios of these other couplings to g.
For example, at the (p)NN vertex, g=G7 and 7
=GY/GT. The couplings used are not meant to be
the most general, but sufficient generality is en-
sured. In general, the various coupling constants
can be functions of ¢°=— 7. Hereafter, unless
otherwise stated, we shall set mesonic vertices on
the left and baryonic vertices on the right.

In order to extract the Regge-cut behavior of
Fig. 1, two assumptions are made. The first con-
cerns the off-shell behavior of the Reggeon ex-
change. In particular, we require that this off-
shell behavior must be sufficient to overcome the
divergence introduced by spin complication. This
is accomplished by assuming that the on-shell am-
plitudes of (2.2) are continued off-shell through a
multiplicative softening factor G of the form

m -2—A-2 n;
| (Y 2
s 1 <pi2_Ai2+1'€> ’ ( 8)

where A; are some cutoff masses. The powers #;
are determined by the degree of divergence caused
by spin complication. They are listed in Table I
against the corresponding vertex functions. The
second assumption is the Gribov finite~-mass hy-
pothesis,’® which states that the internal Regge
amplitudes are small if the invariant mass of any
of the internal lines becomes large. The finite-
mass hypothesis is equivalent to demanding that

(i) no internal line is allowed to have both its plus
and minus components of momentum large, and (ii)
all transverse momenta must not be large. In this
context, a momentum component is large if it is
of order Vs .

The Regge amplitudes as given in Egs. (2.1) and
(2.2) display explicitly the Regge behavior, and are
therefore valid only when the respective energy
variables are large. But when we write down the
Feynman amplitude for the RP cut corresponding
to Fig. 1, the integration variables will undoubted-
ly run through regions for which the energy vari-
ables for the internal Regge exchanges are not
large. In order to overcome this, we find it nec-
essary in practice to make a third assumption,
which will be elaborated in Sec. III.
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TABLE I. List of vertex functions.

Vertex ny ng Vertex function

(p)rm 0 0 VE=g(p+p !

@A) 0 0 VHY =g(p i+ (B1+Dy)Y

(mymp 1 1 V =g(en)* (P +4)q

(p)Tw 0 0 V, =ig€, oy p(€)%q"p $

B)w 1 1 Vy =8(e)* [ Zay +7 (D1 +d)o (D1 + P 3)y)

Ay)mp 0 0 VHY =ige, gy 5 (€180 +p )" +8"8 (01 +p )¥ 1] 2

A)mB 1 1 Vi =8()% (380 (P14 9)y + 38y (P10 ) +7 (D1 +@)q (B1 +P 9y (1 +23))

mnf 2 3 V=gt ap®1+a) (b1 +9)?

(p)TA, 1 1 Vi =ig€yy s (tasl8 (01 +a) P +2% (0, +9)*1p]q®

B)4, 2 3 VE =g(t3)asl ¥ (b1 +0) 2 +gB (0, +9)* +7 (D, +p " (b1 +@)* (b1 +)P)

Aa)rf 1 1 Viy =186y sur (t Dol 8" 01+ )" +8Y7 (01 +0 )M (8250, +) B +250 (01 +)*1pY (P53 @)
(TNN 1 1 V =g yysu

(p)NN 1 1 Vy =gity(ry, +i0,,9"/2my)u,

(B)NN 1 1 Vi =8UgYs(Bo+P ke 2

A NN 1 1 Viy =8, [ (B2 )Yy + (P2 +P )y Yyt (B 2D )y (P2 +P )/ mylu

(MNA 2 3 V=gAfqu,

(P)NA 2 3 Vy =800 Y5Eap +7D 20y *7 Panb )%

(B)NA 2 3 V=805 Gap +7P o0 Vy +7' D oD o)t

ANA 2 3 Viw =8BV 8ap Yy *+8aw Yy +7 Bapl 2w *+ Borl o +7 Do (P 2 Yy TP V) +7" Dol oy Pyl

III. THE RP CUT

In extracting the large-s behavior of Fig. 1, we
follow Gribov’s approach,’® treating the diagram
as a Feynman graph. The Sudakov variables for
the momentum k& are defined as

a=s%_, B=sk, k=(k,k,). (3.1)

There are 12 integration variables corresponding
to the three loop momenta k,, k, and k,. The fi-
nite-mass hypothesis confines these variables to
the following region of dominant contribution:

ﬂn (12—_—0(1),
a,, Bz;a’B=O(W’2/S), (3.2)
K, k,,k,=0(m).

In this region, the energy variables of the Reggeon
and the Pomeranchukon exchanges are, respec-
tively,

J

S =88, s,=(1-ay)(1-8)s, (3.3)

and the respective submomentum transfer squares
are

71=E2: 72=(6—E)2- (3.4)

From (3.2) it follows that B<< B, at the left-hand
cross and o << &, at the right-hand cross, thus
enabling us to factorize the two crosses within an
integral over E,

d*k e AR(MEP+T1)e-ApT2

F((;?U(S,T)=—%f(2”)2

G)OR (T1)+0 p(To)-jp=IN7L . NR
X (=is)®R (TV+0 p(T2)=iR Nkah Nhlz’

2
me“+T,

(3.5)

where NT and N® are cross structure functions for
the left- and right-hand crosses. The dot product
has the same meaning as (2.7). In the following we
shall concentrate on the left-hand cross, bearing
in mind that N® can be similarly treated. The ex-
plicit expression for N*® is

xR, . D 2_ A 2\n 2 _ A 2\n
NfB’u:Szf‘—l—ﬂ}&f dﬁlffdal %BTR(”)-JR(I_61)¢P(72)3ﬁ7?7<m1 A ) 1(7}’13 | > 3’ (3.6)

2mi 2mi

7’ r
d] dg

1737173
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where d;= @, B,s —k;?—=m?+i€, i=1,3, come from
the hadron propagators, and

d=(a,s -m?2) @, -1) =K z2=mp?+ic,

dy= (s =m2=1)(B, = 1) = (K, +3)% = m,? +i€
are due to the o propagators. The remaining de-
nominators d{’ and d}’ are the same as d, and d,
with m . replaced by A, 2 We have used the vari-
ables @ =@, — @ and k, =Kk, k. Dy, are the nu-
mevatoy functions in wh1ch are lumped all factors
appearing in the numerator. Rules for writing
down D,{‘a,Ll corresponding to a particular V& W, are
given in Appendix A.

The @, and «, integrations are easily performed
by contour integration,' picking up poles due to the
o propagators, which are at

(1-8)"H(k,2+m,?),
a,s=m+7 - (1= [31)"[(E3 +8Q)2+m,?.

- 2
@S =M= 3.7

It turns out that both these integrals vanish unless
0<B,<1, so that (3.6) can be rewritten as

1
N){Ia)’l=’/o‘ dBIBfR(H)-fR(l_BI)OP(‘rz)ml):BM' (3.8)

The rveduced structure functions 9 are given, af-
ter combining the remaining denominators,'! by

— |
L (n,+n,+1)! e
Aghy 2mm,* (nl—l Ve, - 1)!
1 (1-u)y, (1+u)yg . E/2 -(ny+ng+2)
x [ [ oneas, [ ewras, [ dzk{D{}xl{;ql—z’rTl(Aﬁ‘l’ﬁﬁbs)] , (3.9)
- o 3

where the integration variable EI has been replaced
by ki,

K=K, - 31 +0)(& - B,d). (3.10)
The other quantities appearing in (3.9) are
=[(1 =B)*m 2+ B,m,2]/m,?, (8.11)
A =1+ -u?)x+(1-u)z, (3.12)
- 1 s -\2
x—m(k—ﬁlq) y (3.13)
Z=—1—(1—B )2(my® —m,?) (3.14)
zmSZT’ 1 3 179 .
ViT o n(l -B)AF-mP), i=1,3. (3.15)

The integrations in (3.9) can be performed ana-
lytically once the numerator function D% is ex-
plicitly written down. The process is as follows.
D%, as given by the rules of Appendix A, are ex-
pressed in terms of the Sudakov variables B,, a,,
a, kl, and k. The other variable B is neglected in
compamson with 8,. The powers of @, and @, are
then counted in order to determine the powers #n,,
n, appearing in the softening factor G,, and the
following assignments are made:

=highest power of «,, (3.16)
n,=highest power of a,.

Next, the values of a, and ¢, from (3.7) are sub-
stituted into the expression, and the variable 17{l is
replaced by K/ according to (3.10), thus introducing
the variable # into the expression. The final ex-
pression for D can be written as

D*=H +H (3.17)

EIZ klz n
1_12"" c+H, ’
n, m3
where n <n, +n,, and H; are polynomials in # to
some degree m, which depends on# and ,
H:tc-.u".

i L
1=0

(3.18)

The coefficients c;; are finite polynomials in k and
4q. Examples of the explicit expressions for the
numerator functions can be found in Appendix B.
With D* given by (3.17) and (3.18), we arrive at the
final expression for *:

1
L _ (ny, nq)
N = omy 4 s ¢ Wijr s,
3 1= =

The functions W{7r"s’ are given in Appendix C. It
is noted that the W{7"s) functions at a particular
vertex do not depend on the spins of the external
particles or the type of exchanged Reggeon. The
external spins and the Reggeon coupling serve only
to determine the values of n, and #n,.

The calculation of the right-hand cross is iden-
tical to that of the left-hand cross. In going from
the N to N®, we merely have to make the substitu-
tion

(3.19)

-~ - .
(mu"la;ﬁu a,k;ak; a)

- (mza m4; az, Bz, - Ez; - B’E7 ﬁ) (320)

Equation (3.8), for example, will be replaced by a
similar expression with an integral over the vari-
able a,.

In practical evaluation of the 8, and «, integra-
tions, we require a third assumption in the model.
The assumption is that when a hadron emits a o
particle, its large component of momentum (p,, on



294 SWEE-PING CHIA 15

the left and p,_ on the right) must be shaved equally
by the emitted o and the virtual hadron. Since by
definition k,,=8,p,,, and k,_=a,p,_, this assump-
tion is equivalent to setting 8, = az=%. The purpose
of the assumption is to avoid the unwanted and ar-
tificial divergences in the 8, and @, integrations,
which arise from the singularities at the end points
B,, @,=0,1. The singularities are artificial be-
cause at these end-point regions one of the two en-
ergy variables s, and s, is not large enough to
justify use of the Regge form (2.1) or (2.2) for the
internal exchange. To be exact, we must modify
the internal exchanges appropriately at low ener-
gies. But since we are concerned only with ex-
tracting the Regge-cut behavior from the Mandel-
stam diagram, we shall avoid these end-point re-
gions. This is most effectively taken care of by
the third assumption. With the help of the last
assumption, we can rewrite (3.5) as

2T, "AR(mR3+T)) ,-ApTy
(cut) - _1 ak e e
F()(] (S,T)—— 8

2r)? M2+ T, (b
(3.21)
where
S .
AR,P=AR,P+¢;2,P<1nZ—Zg>9 (3.22)
K(H :mﬁgn'mixz- (3.23)

It is understood that in (3.23) the variables B, and
@, have been set equal to 3.

We reiterate here the main steps involved in the
calculation of the RP cut in a particular reaction
from the diagram model:

1. Write down the vertex functions for the Reg-
geon exchange.

2. Write down the corresponding cross numera-
tor functions according to Appendix A.

3. Express the numerator functions in terms of
Sudakov variables, assign values ton,, n,, n,;, and
n,, and bring the numerator functions into the
forms (3.17) and (3.18).

4. Compute the W;; functions according to Ap-
pendix C.

5. Obtain the cut amplitudes from (3.19) and
(3.21).

IV. SOME GENERAL FEATURES OF THE STRUCTURE
FUNCTIONS

The most prominent characteristic of the dia-
gram model lies in the factor K(,; which appears
in the final expression (3.21) for the cut. In com-
parison, if we were to generate the RP cut via ab-
sorptive corrections,® using the same Regge ex-
changes (2.1) and (2.2) as inputs, we would obtain
an expression similar to (3.21), but with

A;e%b;)zAR,P"'(P;z,P(lns-ig‘) (4.1)
and
K3 =yp"B,, cosnb, (4.2)

where 8 is the angle between the vectors q and E,
n is the net helicity flip, and the residue function
By,, is to be evaluated with 7—7,. It is obvious
from (4.2) that, besides the factor cosn8, the
structure of the cut comes entirely from the Reg-
geon couplings. If a more complex structure were
desired of the cut, one would have to employ a
Pomeranchukon with complicated structure. The
diagram model, on the other hand, generates the
cut with a structure given by the factor K,, which,
in this model, is the product of two structure func-
tions corresponding to the two crosses. Each
cross structure function contains the detailed in-
formation about the cross, including the helicity
structure. As given by (3.19), two factors come
into the structure function, (i) W;; which are due
to the inherent cross structure, and (ii) ¢;; which
describes the helicity structure of the cross.

The W;; functions come from the four propagator
denominators at the cross and, as such, they are
an inherent feature of the cross. They do not de-
pend on external spins or on Reggeon coupling, ex-
cept for assigning values to », and n,. Calculation
of such functions is outlined in Appendix C. In
general, they are given by logarithmic functions of
complicated afguments. The dependence of W;; on
the momenta k and q is simple, and it is through
the variable

7=k =132 (4.3)

It is interesting to note that, with the third as-
sumption of the model, the W;; on the left and
those on the right are functions of this same vari-
able 7’. This is a reflection of the left-right sym-
metry inherent in the model. In fact, if the two
crosses are identical, a relation between the
structure functions exists. For example, when
both crosses are NN crosses, we have the relation
Nfuz nR N-Rk-u
where 7, is the naturality of the Reggeon (ng=+1
for a Reggeon with natural parity, ngx=-1 for a
Reggeon with unnatural parity). The 7’ dependence
of W;; is illustrated in Fig. 2. It is observed that
the dependence is typical of all W,;; it is monoton-
ically and gently decreasing. The W,; also depend
on the o mass m, and the two cutoff masses A, and
A,;. The dependence on m, A, and A, is best
illustrated in the ease of the mp cross, i.e., the
cross at the 7p vertex. The behavior of W*' at
7/=0 is such that for m?, m,><m 2 < A% A%,
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This is illustrated in Figs. 3 and 4. We find that
in general W,; are decreasing functions of m,?, but
are increasing functions of A2,

The c;; functions come from the numerator func-
tions and, therefore, depend strongly on the ex-
ternal spins as well as the Reggeon coupling. The
helicity structure of the cross structure function
is reflected in c;; via the following pattern:

1. For x;-2x,=0,

cij=al+a2k“’q"’+a3k"’q‘”
+aq(k(é)q(-))2+a5(k(-)q(+))2+, SR

where the a; are, in general, polynomials in k? and

qs.
2. For x;—x,=1,
C“=a;k(-)+aéq(-)+aék(-)k(-)q(+)
+a;q(-)q(-)k(¢)+_ .« .
3. For x;-2,=2,
cij=a{/k(-)k(-)+aé/q(-)k(-)+a§1q(-)q(-)+, .

In the above, the symbol £’ is used to denote k.
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+ik,. We have, of course, ¢*'=q=q,=-VT,
since q,=0. The pattern can be understood if we
identify £ and ¢’ as objects which raise the he-
licity by one unit at the left-hand cross, and &’
and ¢’ as objects which lower the helicity by one
unit. Then for x; -, =0 the structure of ¢;; is such
that there are equal numbers of (+) and (=) objects
in each term. For x,;-A,=1 there is an excess of
one () object in each term, and for A, -, =2 there
are two excessive (-) objects in each term. The
roles of (+) and (-) objects are interchanged at the
right-hand cross.

The quantum numbers of the RP cut are essen-
tially the same as those of the Reggeon except for
parity. We can, nevertheless, form combinations
of the cross structure functions which project out
definite parity. Referring to the left-hand cross,
the combination with naturality 7 is

N =Ny (= DN (4.4)

where 7, and 71, are naturalities of particles 1 and
3, respectively. In a similar way, when particles
1 and 3 are identical, combinations can be formed
that have definite C parity; the combination with
C naturality n¢ is

(TIC)NA NABAL*‘WCN-M-;S- (4.5)

3t
Of the vertices considered, only the NN vertex is
relevant to C conjugation. Combinations with de-
finite 7 and n€ are shown in Table II. It is noticed
that only the combinationN,,, ,,, =N_,,,.,/, has un-
natural C parity, and it receives no contribution
from our RP cuts. This is obvious because, since
we do not consider A -type Regge poles, the con-
tributions of RP cut to unnatural C parity must
necessarily be absent.

One useful property of the structure functions is
the relation

NX3A1:7]R771773(_ 1N (4.8)

=Ag=1;?

where 7y is the naturality of the Reggeon. This

TABLE II. Combinations of the NN cross structure
functions exhibiting definite naturality n and C naturality

.

Structure

function n nc
Nipy1ptNogp-1p + +
Nip,1p=N-ip-1p - -
Nip-1ptN-ip, 12 - +
Nip-1p=N-yip, 1 + +

relation is important because, together with (4.4),
it implies that the real part of a structure function
always has naturality n=7,, whereas the imagi-
nary part has naturality 7=-17,. It is found that
the structure functions are such that Im N is pro-
portional to %, and is an odd function of &, where-
as ReN is an even function of ;. This implies that
the cut contributes to amplitudes of naturality n=
-1y with a factor £, in K{,;, but the contributions
to amplitudes of naturality n=7, need not contain
any factor of 2,. Cut contributions with a factor of
k., from one cross and no factor of &, from the
other cross are zero because they are of mixed
naturalities, and are strictly forbidden by parity
conservation; parity must be conserved from one
cross to another, although the cut itself has no
definite parity.

At a mesonic vertex, the structure function N,
is constrained by (4.6) to be either real or imagi-
nary. It is purely imaginary when 7,=-n7,. In
this case, it is suppressed by the factor ¢,%,. One
should note that N, since it is helicity nonflip,
need not contain any factor of q,. The presence of
the suppressing factor is due entirely to N, having
naturality opposite to that of the Reggeon. This
suppression is observed at the following vertices:
(p)rw, A)rp, (p)1A,, and (A,)rf. On the other
hand, when n,=n,n,, N, is real and is enhanced.
There is a similar suppression in the structure
function N, ,,, at a baryonic vertex. For the NN
vertex, either ReN,,, ,,, or ImN ,, ,,, has un-
naturality C parity. ReN,,, ,,, will be of unnatural
C parity when n,=-, in which case ImN,,, ,,, is
suppressed by the same factor ¢q,k,. It therefore
follows that the contributions of 7P and BP cuts
are unimportant in N,,, ,,, at the NN vertex. On
the other hand, when 7=+, ImN,,, ,,, is of un-
natural C parity and ReN,,, ,,, is enhanced. For
the NA vertex, ImN,,, ,,, is similarly suppressed,
while ReN,,, ,,, is always enhanced. The above
suppression scheme leads to strong suppression
in the cut contributions to amplitudes of naturality
opposite to the Reggeon and which do not partake in
the M =1 conspiracy.

There is a second suppression scheme which is
operative only at very high energies!*'® This sup-
pression is particularly important in structure
functions where there is a change of helicity by one
unit. Structure functions with naturality opposite
to Ny are suppressed in comparison with struc-
ture functions with naturality — n;. The suppres-
sion is directly related to the quantity ni,*Ins, and
therefore grows logarithmically as s increases.
However, the 7P cut, owing to the smallness of the
pion mass, is little affected by this suppression
scheme. This has important consequences on con-
spiracy.
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V. CHARACTERISTICS OF THE RP CUTS

The RP cuts from this model, besides being
richer in structure, are also capable of contrib-
uting to all amplitudes, except those which have
unnatural C parity. We therefore find the cut to
populate in more amplitudes than does an absorp-
tive cut. For example, our 7P cut contributes to
four of the five amplitudes in np CEX, whereas the
absorptive cut contributes only to two of them,
namely F, ;1o 1721725 F1/001/2-1/2,1/2- The extra
amplitudes receiving contributions from our 7P cut
areF o /072072t F1/21/2172-1/230d Fy /5 172517201720
In p production, our 7P cut has an extra contribu-
tionin F\ /0 0172+ F_1,1/20,1/2- In w production, the
extra contribution of the pP cut goes to F ;5 0.,/2-
It is observed that all these extra amplitudes which
receive cut contributions only in this model have
naturality opposite to the Reggeon. They are all
suppressed to some degree because of the first
suppression scheme mentioned in Sec. IV. It
therefore appears that although the cut has extra
contributions, these extra contributions are sup-
pressed. They are, nevertheless, of importance.
For example, because of its extra contribution in
Fg1/250-1/2> the pP cut has a small contribution to
the density matrix element p in w production.

All RP cuts are found to be self-conspiratorial
with respect to the M =1 conspiracy relation. We
recall that the M =1 conspiracy relation is a con-
sequence of angular momentum conservation; it
relates amplitudes of both naturalities which have
a unit helicity flip at each vertex. For example,
the conspiracy relation for vector-meson produc-
tion is

(Fl.l/2;0-1/2+F-1,1/2;0-1/2)

- (Fl,l/2;0-1/2—F-1,1/2;0-1/2):07
(5.1)

at 7=0. In order to have a conspiratorial solution,
this relation must be satisfied nontrivially. The
criterion is F, /5 4.,,,(T=0)#0. This is satisfied
by all RP cuts in this model. Self-conspiracy is
an important feature of Regge cuts. In m-exchange
processes, for example, it is the conspiratorial
7P cut interfering with an evasive 7 pole that ac-
counts for the sharp forward spikes observed in
np CEX, 7* photoproduction, and p” do/dt of p°
production.!® '’ For other RP cuts, this conspira-
torial feature of the cut is masked by the second
suppression scheme discussed in Sec. IV. Con-
tribution to the amplitude F, /. 4.1/

—-NgF .\, 1/50-1/2» Which has naturality —ng, is sup-
pressed at large s, resulting in the suppression
also of the contribution to F, | ,,.4.,/,

+MrF .} 1/20-172 @t T=0. The cut therefore appears

to be evasive, with a small residual conspiratorial
effect because the contribution to F| ..,/ at 7
=0 is not strictly vanishing. The degree of eva-
siveness increases logarithmically as s increases.
But at lower energies, particularly at s <30 GeV?,
the suppression is weak, and we expect that the
conspiratorial effect of the RP cuts be visible, for
example, in B° production.

At very high energies, the last integration over
K in the expression (3.21) for the cut amplitudes
can be evaluated approximately. This is achieved
by expanding K,, into a Taylor series in E,

Km=z a;;kiki, (5.2)
ij

and evaluating the following integrals:

d%k e-).R(mRznl)e-xp‘rz .y
I”-f(er)z M2 +T, kiky: (6.3

With the help of I,;, (3.21) becomes

ijr

F(‘S“(Syf)=—%zanlu- (5.4)
ij
The integral I, is given by
1 . 2 ey G(2,%)
I00:4_1;—e ARmRZg-ARApT /(M g+A p) z’ , (5.5)
where
zZ2=(\g+Ap)mg’, (5.6)
Ap V¥ T
= — 5.7
X <AR+XP> m g (6.7

and G(z,x) is a descending series in z,

m(_l)nl d",,d"x"

s LTS (a) (@) e 6o
In arriving at the expression (5.5) for I, and the
series expansion for G, we have already assumed
that z>>1 and |x|<1. The condition z> 1 is real-
ized by most RP cuts, except the 7P cut, at s > 30
GeV2. For the P cut, z> 1 can be fulfilled only
at s > 10%® GeV?. It therefore appears that (5.5) is
not good for the 7P cut. We shall return to this
point shortly. Assuming that (5.5) and (5.8) are
valid expressions, we can express the other I;;
in terms of I,, for example,

1 8G
110:_7”)%‘/? (14—%5)100, (5.9)

2 1 2x 3G 1 3G x* 3%
Lo =mp"\¥ 457+ 7G ox T22°G ox * 22G ox%) o
(5.10)

1 1 oG
Ioz=sz2<l +E-37>100. (5.11)

In the limit z > 1, we can approximate G by
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Glz,x)=(1+x)"" (5.12)
In this limit,
Ap k
Iijz )\R+)\qu 6joloo’ (513)

so that (5.4) becomes, after resumming the Taylor
series,

- A -
FE1(, 1)~ =Ky (R 2 q)- (5.14)

Ar+Ap
We recall that K,, is the product of the two struc-
ture functions. From the exact formula (3.21), the
cut has factorization within the k integration. But
Eq. (5.14) tells us that in the limit 2 =, cut am-
plitudes factorize completely. This quasifactoriza-
tion of the cut is accompanied by the second sup-
pression scheme of Sec. IV. It is important to note
that this quasifactorization is not valid for the 7P
cut.

To see how the second suppression scheme of
Sec. IV operates, we recall that the opposite-nat-
urality contribution of the cut, i.e., the contribu-
tion to amplitudes with naturality opposite to 7g,
has an extra factor of k.7 in K(,,. In amplitudes
with a unit helicity flip at both sides, which are the
relevant amplitudes for M =1 conspiracy, the ratio
of the opposite-naturality contribution to the like-
naturality contribution is roughly given by the ratio
of I, to I,,, which, whenz>1, is

, 1 -4y —x?
102/120 ~ ]/{ZXZ +——(iT\_)2—].

Therefore, the opposite-naturality contributions
are suppressed when z > 1; the suppression in-
creases logarithmically as s increases, and al-
most linearly as 7 increases. At 7=0 the unsup-
pressed like-naturality contribution of the cut is
forced by the conspiracy relation (5.1) to suppress
itself, giving rise to a forward dip structure to the
like-naturality contribution. The stronger the sup-
pression, the more profound is the forward dip,
thus rendering the cut to appear evasive.

The 7P cut is an exception by itself. Because of
the smallness of the pion mass, the quantity z is
not large at energies which are within reach. We,
therefore, cannot express I, by (5.5). It can,
nevertheless, be demonstrated that I, is well ap-
proximated, at least for T<10m,?, by the formula

(5.15)

I, =Qe™. (5.16)

From (5.16) we can derive expressions for other

I;; in terms of I, similar to Egs. (5.9) to (5.11).

It is found that there is little suppression of oppo-

site-naturality contributions. As a result, the con-

spiratorial effect of the 7P cut is very prominent.
Another important characteristic of the RP cuts

generated in this model concerns pole-cut inter-
ference. Contrary to the absorption model, we find
that the pole-cut interference is not necessarily
destructive. Examples of constructive interference
are found in (i) the 7P cut with 7 pole in the am-
plitude F,,,,.,,, for p° production, and (ii) the
pP cut with p pole in w° production. In some cases
the interference depends on the parameter m,>. A
detailed analysis of the pole-cut interference will
be presented elsewhere.

VI. CONCLUSION

We have presented an alternative model for cal-
culating Reggeon-Pomeranchukon cuts. The model
is simple and easily applicable. Spin complication
is treated in a natural way. In practical applica-
tion, the calculation of the cut involves essentially
two steps: (i) calculation of the numerator func-
tions D and D¥, and (ii) evaluation of the appro-
priate W;; functions. One can actually evaluate all
the W, functions for all types of RP cuts and list
them as known functions. Only the numerator func-
tions need then to be calculated in any particular
case.

The diagram model is found to give structures
to the cut even with a simple Pomeranchukon. In
addition, the cut contributes to more s-channel
helicity amplitudes than does the absorptive cut.
All the contributions from a cut are characterized
by one stvength, which is the product of two cross
coupling constants as defined by (A6). The relative
strengths of the various contributions are inherent
in the model. It is found that cut contributions to
amplitudes with naturality opposite to the Reggeon
are somewhat suppressed. Those opposite-natu-
rality contributions which do not take part in the
M =1 conspiracy are strongly suppressed. Those
which partake in the M =1 conspiracy are sup-
pressed at very high energies, except for the case
of the 7P cut.

All RP cuts are found to be self-conspiratorial.
This self-conspiracy is particularly prominent in
the 7P cut, which results in the sharp forward
spikes observed in 7 exchange processes. For the
other RP cuts, the conspiratorial effect is masked
by the suppression of the opposite-naturality con-
tribution at high energies. However, the effect
may be visible in B° production at s <30 GeV?. At
very high energies, the RP cut (except the 7P cut)
exhibits quasifactorization, a property not ob-
served at lower energies.
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4. NN vertex:
APPENDIX A
In this appendix we give the rules for writing V4= git,T4(p,, p s,

(A4)
down the cross numerator function. In Table I, DA=g i, (k. +m )Tk, k)
= N am
the vertex functions fall into five classes, i.e., gcttlbarmy) Dk, ko) #y 4y,
7P (P=m,n), 7V (V=p,w,B), 7T (T =f,A,), NN, 5. NA vertex:
and NA. The rules are written separately for each A T ara
of the classes. Lorentz indices on the vertex func- VE=g AT, (Poy b

tions and the numerator functions are abbreviated DA=g A P(= gop+5kyokan/M N2 45k, v,/ M)
by the letter A: X (f+ mA)I"A”‘(kz, k) s +m ety
1. 7P vertex: VA=gT*(p,,p,), (A1) (A5)
DA =g T ks, ko), In the expressions for D4, we have lumped all the
2. 7V vertex: coupling constants into one single quantity g,

which we shall call the cross coupling constant,
VA=g(€) T4, (p,, p5)
8l€&; b1y P3), (A2)

DA =g o(€h), (= g7 + kSRS /m T4, (b, ), go=vpgf fo/ (167°), (48)
3. 7T vertex: VA=g(t}),,T4*(p,,p,),

(A3) where f, and f; are coupling constants of the o par-
DA=g ()L s R)T A% (R k), ticle to particles 1 and 3, respectively.
~
APPENDIX B

We give here the explicit expressions for some of the numerator functions:

1. (m)mp cross: D§ = —%1;;5{4&“ +(m2 = m 2+ 6m,? + duk’? ~ K>k
+[Em 2 emZ - m 2+ R~ 5 (10K 2| [3m 2 = 2m 2~ (1 - )K"},
D, =7——2?1m—32{[2ui{2 +3@+m 2  em2q ) + 31— w)zm 2= m P+ K = (1 +u)K PR ),
where k’ =k - 3§, and the symbol £*’ denotes k, *ik,.
2. (p)rw cross: (DL), =§}—715;\/_s—(1 —w)gWR g™,
(DE), == V5",
T2

3. (mNN cross: D¥,, ,,,==3(@" 'k =g k),

1 2 2\ 47, <) (+ 7(+ 2 (+
DE sy a2, = Ty s L= 2 N~ 20 )
N

2
4. (p)NN cross: pR Vs (=, - -~
(p) Dy, 1/2=;’—I—{Vk§2+:;1’1’[97)7,v2 -(1-u?k"?] - ik k'},
N
R \/? 3 3y 25,7(+) | 9 2 (+) 1 A\ (r2 122y, (+) 17,2 (+)
01/2—1/2:-F{E(V*ﬂ‘”.\"k +2m % ~ 5(1 =[R2 - $P)R ) = 3k T
¥

APPENDIX €

The W;; functions are defined by

1
W;?l,"3)=fl duujngnl,ng)’ (Cl)
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where

it +n,—-1)!
=D = D1

L'f”v"a’ -
for n,,n,>1, and
1, .
Léo,o) =_T_7Al L
The L, functions satisfy the following relation:
1 d )

L(ﬂ1,n3
mn , T

(nyyng)
Lm-ll 3=—

) (1-u)y; (1+u)yg X
. ¢?*"d¢1f0 $57dD, (A + b+ by) MY, (c2)
0

(C3)

(C49)

so that once L,:’l'};,;%’ is known, all the other L; can be calculated. We give here the functions L{":"3 for the

two important cases (i) #,=n;=1 and (ii) n,=2, n,=3:

LV =2n(A,InA,-AInA,~A,InA,+A InA)),

ny+ng

(C5)

L#»=-5n*{[(AjInA,-AiInA,-AjInA,+AiInA )- (3 +3+1)AI- Al -A3+AD)]
-45,[(A3InA,-A3InA,) - (3 +3)A3-A))]
-45[(A3InA,-A%InA,) - (3 +3)(A3-AY)]

+66,7[(A%InA, - AZInA,) - 3(A2-A

+126,6,(A21nA, - 3A%) - 125,6,24,1nA },

where

8,,5=(1Fu)y, 4 (o))
A, is given by (3.12), and

A,=A +5,,

A=A +8,, (C8)

A=A +56,+0,

The computation of W;; from L, is straightforward
but tedious, and will not be given here. We give
here only the simplest of all W, i.e., W3 for
the case m =m,:

ijs

(C9)

1 (1+x)24Vx
Wég””:n 72 ln[ ],

[x(1+x)] 1+x)V2 /%
where 77 and x are as given by (3.11) and (3.13),

(C6)

respectively. The general W,; have more com-
plicated structure than(C9). But they all have one
feature in common, namely the dependence on the
logarithmic function

1l+a
l-a

1
L3, ... 2n=-1
—2(a+3a+ +2n_1a >],

(C10)

Z (a)=a" @D [ln

where a is some algebraic function of x, z, y,, and
9. It should be noted that when particles 1 and 3
are identical, m,=m,, vy,=y,, and L; are even
functions of #. This implies that W;;=0 unless j

is even.
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