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The size and nature of absorptive corrections in the triple-Regge region of inclusive re-
actions arc discussed. A triple-Regge model using =, B, o and A, exchanges, both with and
without absorption, is presented and compared with the data for pp - A**X. Predictions
for the x and pf dependence of the invariant cross section and the A*Y density matrix
elements arc given. The effects of absorption in other = exchange dominated reactions are
briefly discussed.

1. Introduction

For some time now it has been recognized that Regge pole exchange is able to pro-
vide a qualitative description of the systematics of two-body reactions [1]. However,
in order to provide a quantitative description of such reactions it is necessary to al-
low for the presence of Regge cuts [2]). Virtually all of the phenomenological anal-
yses to date have used some variation of the absorption model to generate these terms
[3].

The need for Regge cuts in two-body reactions is made apparent through two types
of effects seen in the data. The first of these is structure in differential cross sections.
Regge cuts can be uscd to generate forward peaks in reactions such as yN = #*N,
np = pn, and pp — nn where factorizing poles would lead to ferward dips. Regge cuts
have also been invoked to fill dips attributed to nonscnse wrong signature zeros
(NWSZ) in, for example, n"p - 7%n or iN > wN. Alternatively, absorption has
been used to generate dips in models which start with pole terms which do not pos-
sess NWSZ’s [3].

The second effect of absorption is to alter the phases of the various helicity am-
plitudes. This can give rise to polarization effects which would be absent otherwisc.
Such phase modifications can also give rise to line-reversal breaking between reactions
such asK*n— K%p and K~ p > K%n.
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In the last few years much work has been done using the triple-Regge model for
inclusive reactions {4]. It is clear by now that this model is capable of giving a quali-
tative description of the data in the triple-Regge region. Given the role played by ab-
sorptive corrections in two-body reactions, it is of interest to determine whether or
not comparable effects are necessary to describe the triple-Regge region in the in-
clusive data. However, to date only the invariant cross section has been used for
testing models. The smooth and relatively featurcless structure of the data does not,
as yet, indicate clearly the need for absorption. Furthermore, most analyses have been
performed with reactions to which the triple-pomeron term can contribute. This
greatly increases the number of terms in the models and simplifying assumptions are
often made wh  makes it difficult to compare the results of different analyses [5,
6].

It is the purpose of this paper to point out that the reaction pp = A™ ¥ X offers an
indication that absorption may indeed be important in the triple-Regge region. This
reaction is dominated by pion exchange and, due to the proximity of the pion pole to
the physical region, it is possible to give a good estimate of the relevant triple-Regge
coupling. The resulting prediction for the cross section is approximately a factor of
two too large. This discrepancy may be removed by modifying the simple pole model
by absorption.

The plan of the paper is as follows. In sect. 2 a formalism for generating absorptive
corrections is presented and compared with the results of other authors [7-10]. In
sect. 3 a model for the reaction pp = A*" X is developed and compared with the data.
In sect. 4 some features of absorbed 7 exchange are discussed while sect. 5 is reserved
for a summary and conclusions. Some remarks concerning the effects of absorption
in other reactions are also given in sect. 4. Certain technical aspects of the absorp-
tion calculation are discussed in an appendix.

2. Absorption in the triple-Regge model
We begin this section with a brief summary of the variables used to describe in-
clusive reactions and some of the relations between them. Consider the reaction

atb-c+X. (1)

In terms of the 4-vectors of particles a, b, and ¢ the usual Mandelstam variables are
defined as

s=(P,+P,)?, t=(P, - P)?, u=(P, - P, (2)
and the square of the missing mass is given by

M= (P +P, - P). (3)
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These four variables are related by
stttu=miemirmle M2, 4)

so that only three, usually chosen as s, ¢ and M2, are independent.

It is also useful to work with the transverse and longitudinal momentum compo-
nents, p, and p, of particle ¢. The dependence on the longitudinal momentum (in
the c.m. frame) is usually parametrized in terms of x where

X :pll/pllmzlx . (5)

and p,_. = (s, m2, M2 )"2/2+/s. Here M2 . is the minimum physically allowed
Lhmax (4 min min

value of M? and the Kibble function A(S,, Sy, S¢) is given by
(24242,
(S, Sy, Sc) = [55 + 8y, +55 - 28,8, - 28,5, — 25,5 ] .

It is often necessary to relate values of x and pf to the corresponding values of
M? and t. In the region of x >> 0 and pf small some useful relations are

M*~s(1 -x)— 2pf/x+M;inx +mz(l+x-- 2/x). 6)
t=(1 —x)(m,f - mg/x) --pf/x . (7)

Also, another variable, ¢, is often encountered where ¢ = ¢ — Loin = —pf/x.

Reaction (1) is described in terms of amplitudes which are obtained by taking the
discontinuity with respect to M2 of an appropriate forward scattering amplitude for
abC — abc. This discontinuity will be denoted by Dg . . Where the subscripts de-
note the final (primed) and initial (unprimed) particle helicities. This amplitude de-
pends on only three variables which can be chosen, for example. as (s, £, M?) or
(s, P}, %).

As in two-body reactions, the absorptive cor.=ctions are attributed to rescattering
effects. The effects of absorption on the input pole term, denoted by Dg?,,/c',abc,
are most casily seen by first transforming the pole term into impact parameter space.
The net effect of the absorption is to reduce the amplitude at small-impact parameter.
For the inclusive reaction, this transformation into impact parameter space is some-
what more complicated than for two-body reactions since the inclusive cross section
may be thought of as being constructed from a sum of squares of amplitudes
for *“‘quasi two-body” reactions. Thus, two impact parameter transformations are re-
quired for the discontinuity Dgt’f'blc" abe-

The impact parameter representation can be written down simply by first defin-
ing the two-dimensjonal impact parameter, b, to be the variable conjugate to the
two-dimensional transverse momentum, p;, of particle c. This definition has proved
to be useful both for studying large p, phenomena in two-body reactions [11] and
for relating inclusive and exclusive p | distributions [12].

In order to generate the absorptive corrections the impact parameter transforma-
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tion for the non-forward discontinuity must be specified. Using the above definition
of impact parameter, this is easily written as

d*b [d2d’ -
Dgabc abc(pl’pl) f 27( 'b 2L € ib' pngabc abc(b b) (8)

The inverse of this expression yields

PL PL —ib'p, ib '
Dgabc abc(b b) f f PP png?’b'c',abc(pl'pl)' 9)

For notational convenience only the p, or & dependence is shown in the above ex-
pressions.

The absorption model is now obtained from eq. (8) by inserting the absorption
profiles S ¢(b) and S¥(b") where S,((b) is the impact parameter transform of the
effective S-matrix element. The absorbed amplitude for the inclusive process is then
evaluated at p, = p/, yielding

d b ib-
Dgabc abc(pl) f e' P1

X e 0 PLS (b)DERy: 1po(b, B)ST(D) . (10

Eq. (10) is not the most general expression for the absorbed triple-Regge model.
In particular, it has been assumed that the absorption does not alter the helicities of
the input pole term, i.e. the rescattering is dominantly non-flip. This assumption is
reasonable to the extent that the pomeron helicity flip coupling is small.

Next, inserting eq. (9) into eq. (10) yields

&b &2 (Eh PR k) b,k
Dgabc abc(pl) f 271' —271'_ 277 "
XSeff(b)Dgabc abc(kj’kl)seff(b')' (“)

The b and b’ integrations are easily done yielding

Dgy e, apeP1) = f_'“'f 27, eff(pl l)Dg(fz{'b'c', aveFy, k'l)S:fr(Pl_ K)),
(12)
where

d%b b - k
Serelpy — k) =f—2'7,_ 01 kD Sere(b) - (13)

Eq. (12) is the general result which will be used for the following discussion. Fur-
ther insight into the nature of the absorptive corrections can be gained by specifying
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a form for S¢¢(b). A simple Gaussian parametrization is chosen so that the integration
in eq. (13) can be performed analytically. Let

See(b)=1—Ce=P7/%a (14)

The integration in eq. (13) can be pe:formed using the expressions

2w
_d_(}é ibqcosd —
[ 5oe Jo(by) .

0

[ dbJy(bg)e 2’14 = 2g¢™ %
0

db
2

where d2b = bdb d¢. The result is

9 =275%(q),

_ _ 2
Suelpy — k) =2m8%(p, — k) — 2aCe™ “PL7RD" (15)

Therefore, eq. (12) takes the form

d kL ’
Dga b'c, abc(pi) f f Dgtr}b'c', abc(ki’ kl) (16)

- k32
X (208%(p, — k,) — 2aCe =" @1 K1Y or82(p, — k}) - 2a*C*e” TPLTKDy

Eq. (16) for the absorbed amplitude involves four distinct terms. In the first term
the product of the § functions simply reproduces the pole term. For each of the
cross terms only one integration is necessary, the other one being performed trivially
using the single § function. These two terms give rise to destructive interference with
the pole term. Note that for the case @’ =a, b = b’, ¢’ = ¢ the sum of the cross terms
is real, as is required, since Dg,,,. ,,. contributes to the cross section. Finally, the
fourth term involves a double integration. This term gives a pcsitive contribution to
the cross section as is necessary in order to preserve the positivity of Dg,,. gp,.- If
this term were absent, then strong absorption could yield a negative result for the
cross section as a result of pole-cut interference.

The form of eq. (16) can be understood in another fashion, by analogy with two-
body reactions. Denote the reggeon and reggeon-pomeron contributions to a typical
two-body amplitude by R and R X P. Then the absorbed amplitude is just

f~R+RXP.

The cross section contains | f1? which is just

IfI2~ R[> +R*R X P) +R(R X P)* + (R X P)(R X P)* .
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These four terms are analogous to the four terms appearing in eq. (16).

Other authors have presented expressions for absorptive corrections in inclusive
reactions [7—10] and it is useful to compare the various results. Craigie and Kramer
[7] arrived at a form similar to eq. (16) by first performing a partial wave decomposi-
tion of the inclusive amplitude and then converting the result into an impact param-
eter representation. However, the impact parameter utilized in that analysis was not
defined as being the variable conjugate to the transverse momentum of particle c.
Therefore, the integration variable used in [7] differs from that in eq. (16). Specifi-
cally, their integration variable is t =p | /x. This results in a slight modification of the
x dependence of the absorbed amplitude. However, following the discussion in refs.
[11,12] it seems preferable to adopt the definition of impact parameter used here.
From a phenomenological viewpoint this difference is not likely to be noticeable.

In ref. [8] a form similar to eq. (12) is derived using the AGK [13] cutting rules
for reggeon diagrams. The effective rescattering term is expressed in an eikonal form
which is then parametrized to include the effects of inelastic intermediate states. This
amounts to selecting a specific form for S ¢¢(h) in eq. (12). However, in the analysis
in ref. [8] the relation ¢ = — p? is employed instead of £' = —p?/x. Since the analysis
is restricted to values of x near 1 this does not alter their conclusions.

In ref. [9] another derivation of the absorption model is presented utilizing essen-
tially the same arguments presented here. However, the effective scattering term
S.ee(b) is attributed to rescattering of the outgoing particle ¢ on the target particle b.
Therefore, the rescattering is parametrized in terms of s' = (P, + P, )? ~ xs. Since the
energy dependence of § ¢ is weak this should have a negligible effect on the result.

In ref. [10] the absorption model is developed by studying the structure of cer-
tain hybrid diagrarns in the context of the reggeon calculus. The Regge cuts which
appear contain the residues of certain fixed poles in the reggeon-particle scattering
amplitudes. These residues are identical to those appearing in two-body reactions.
Replacing the fixed pole residue by an on mass shell intermediate state then yields
the absorption model.

All of the models discussed above can be cast in a form similar to eq. (12).
Furthermore, each model predicts that the absorption will be comparable to that
in two-body reactions. There exists one model, however, which does differ formally
from eq. (12). In ref. [14] Craigie et al. derive an expression using the funtional
derivative technique of Abarbanel and Itzykson [15] to sum the set of all possible
pomeron mediated rescatterings of particles a and b and particles ¢ and b. This re-
sults in an eight-dimensional integral represcntation of the fully absorbed ampli-
tude. The effects due to the more complicated structure of this model are currently
being investigated [33].

In the next section a triple-Regge pole model is developed for the reaction pp >
A**X and compared with the data. Then, absorptive corrections are calculated using
eq. (16) and their effects are investigated.
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3.pp~>AattX

Before developing the model for pp > A X it is first necessary to give the cx-
pressions for the relevant observables in terms of the inclusive amplitudes. In each
of the observables to be used in this analysis the target proton helicity is averaged
over. Therefore, it is convenient to define a target helicity averaged amplitude by

-1
Dga', cha e EIDga',l/Lc';a. 1/2,¢ + Dga',— 1/2,¢:a,— l/2,cl : (17)
Then, the invariant cross section, averaged over the azimuthal angle, is given by

. 2
_.13__ i_.o = _1_ E s (18)
Pimax dedp? 167%s
where

=085 342,32 Y P& 12,302 -172, 32 T D812 222 Y D811 25— 12,102

The A density matrix elements are given by
Pimm' = Z’} D24 bm'ca bum /Zb> Dgypciabe
a aqoc

for the case of an unpolarized beam and target [16]. In this case the density matrix
elements p 53, Repy,, and Rep;_, can be deduced from the decay angular distribution.
The following expressions can be obtained for these density matrix elements in terms
of the amplitudes in eq. (17):

P33 = [Dg1/2,3/2:1/2,3/2 tDg_ 1/2,3/2:-1/2,3/2] 2%,
Rep; = Re [Dgl/2.3/2:1/2,l/2 tDg_ 13 1/2,1/2] 2%,
Repy.  =Re [Dgl/2,3/2:l/2,—|/2 +Dg_ 115 37— 1/2,—1/21/2“3 - (19)

It is expected that at least four exchanges will contribute to pp = AY*X: 7, B, p
and A, *. Of these, the m exchange term dominates at small £. The form expected
from elementary m exchange is well known [18]. The reggeized 7 exchange term is
then written in such a way that it reduces to the elementary = result at the 7 pole.

* The effects due to the exchange of either the A or its exchange degencrate partner (Z with
JPC =27~ [17]) will not be considercd here.
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The 7 exchange contribution to the invariant cross section then takes the form

2 %)
E d%¢  Gana % (s )20‘"(0_1 )
- e N(-a (1) 3+
Pimax dedp? 4T 47 \pp2 (-, ()" 1(1 + cosa, (1))
2
X Oyoq (™ p)K(1) e *n ") (20)

where K(¢) = [(m + ml_\‘)2 - 113 [(m - mA)2 — 1] /6m‘23. The 7 trajectory is given by
a, (1) = o) (t — m2) with o], = 0.7 (GeV/c) 2. The coupling constant appearing in
(20) may be related to the A width by

Giva K3
[ > Nmy=—= G llm* ma)? —m,, 1)

where k = \(m3, m?, m2)'*/2m . A width of 110 MeV yields G2, /47 = 17.4 GeV ™2,
The factor o, (77 p) is the total cross section for (virtual) 77 p scattering. Due to

the proximity of the 7 pole to the physical region, only a small extrapolation is required.

Therefore, using the physical 77 p total cross section should be a good approximation.

A good description of the 77 p total cross-section data [19], in the energy region we

will consider, is given by

Oiot(mp) = (21 +26/4/5) mb . (22)

Thus, the only unspecified parameter is 4, which is used to parametrize the pion
form factor. A, is well determined by the data for do/dp?.

Having specified the 7 exchange contribution, it is possible to estimate the con-
tribution for B exchange. Exchange degeneracy suggests that, apart from the signature
factor, the B and = exchange terms should be equal. Furthermore, with ag =, there
are no 7-B interference terms since the two exchanges are then ninety degrees out of
phase. However, several analyses for 7N = VN [17] and #N —~ VA [20] have shown
that the B exchange contribution is approximately a factor of two larger than the ex-
change degeneracy estimate. On the other hand, the data for pp = A" X are not sen-
sitive to the precise amount of B exchange, since the net B contribution includes a
factor of (1 — cosmag(#)) which is near zero for small p?. Therefore, in the follow-
ing analysis the exchange degeneracy estimate for B exchange will be used. The re-
sulting expression for the invariant cross section, including both 7 and B exchange,
is

2 G? o2 _ 2
e T (T e ) ot K
Pimax dxdp? 47 47 \M (23)

In order to calculate the density matrix elements (19), as well as to calculate the
absorptive corrections, it is necessary to determine the helicity amplitude structure
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Table 1

The vertex factors V"AAN for m, B, p and A, exchange

)\A )\N n, B Py A2

7 3 —(mp/x +m) [N2x mp + mx)[2\/2x
3 4 ~1/xV/2x 12V 2%

I (- +(mA+mX)(m2x —mA/x—t)/mAJ/\/ ~1/26x

P - (- (mA/x+m)+(m x - mA/X— t)/mA]/\/— (mp +mx)/2/6x

for the m and B exchange terms. The result is *

' 2a,(1)
Dy nyingng = Oanat () T 0,00 M0, )

2 ,
X e/“w(f mg) V)\AAN )\A)\N(pl)lmlﬂml , (24)
where m = Ay — X5, m' =Xy — X}, and the vertex functions, ¥ , ay. are given in
table 1.

From table 1 it can be seen that the vertex factors ¥y, , and V,,_,,, are ¢ de-
pendent and that they possess zeros in the physical region. In analyses of both
YN~ 7A [21] and 7%p = (0°, w)A** [22] this additional ¢ dependence was found
to have little effect on the observables. Furthermore, the amplitude analyses in [20]
found no indication of this extra structure. In all of the preceding analyses, it was
found that a satisfactory description of the data could be obtained with the factors
V121 1y evaluated at the 7 pole, i.e. ¢ =m?% ~ t.;n- This procedure will be employed
in the present analysis as well.

Next, it is necessary to specify the structure of the p and A, exchange contribu-
tions. The helicity dependence of the pNA vertex is specified by using the Stodolsky-
Sakurai model [23]. Exchange degeneracy can then be used to estimate the A, con-
tribution. However, it is known that o, =, ™ 0.1 [24] and, furthermore, the A,
term is somewhat smaller than p—A, exchange degeneracy would suggest [17,20]. The
trajectory splitting means that the p and A, exchanges are no longer ninety degrees
out of phase and that, therefore, p—A, interference terms should be included in the
calculation. However, such terms correspond, in the triple-Regge model, to off shell
o p = A,p scattering which is mediated by odd G parity exchange (w and A,). Such
contributions are suppressed by a factor of approximately 1/M relative to the pp and
A, A, terms. Thus, the data are not sensitive to small amounts of trajectory splitting
or exchange degeneracy breaking. This conclusion is further strengthened by the ob-
servation that the p and A, terms contribute only at moderate p? values, as will be

* For additional discussions concerning the vertex functions V’\A}‘N’ see refs. [20,21).
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discussed shortly. Therefore, the exchange degeneracy relation for p and A, exchange
will be used in the following analysis.

The general form for the p + A, contribution to a specific helicity amplitude will
contain a sum of triple-Regge couplings 1nc,ludmg Goppr Gppr and G, The f-coupled
pomeron hypothesis predicts that G, » = G, ¢ [25]. Furthermore, exchange degen-
eracy predicts that Gpp,-/Gppp = BfNN/BpNN where Sy and B,y are the non-flip
reggeon-nucleon-nucleon couplings. This ratio is known to be about 4 from SU(3)
(d/f),, ratios [26]. Therefore we take

Gppp = Gppf =46 50, - (25)

This result implies that the p + A, contribution is proportional to M2 +125M,a
result which is consistent with the parametrization for ¢, (7™ p) given previously.
Therefore, we write the p + A, contribution as

_ Apt ) , 2
Dexy Nyingng =Gp € VA'AA'NVAAAN(Mz) PEII(L - oy (1))

X M2a,,,(n"p) (p )11 (26)

where n = m for m # 0 and = 2 for m = 0 and similarly for #" in terms of m’. The
p—Aj trajectory is chosen to be a, (1) = 0.5 + 0.9 . The p + A, contribution thus in-
volves two parameters, G, and 4. Eqgs. (24) and (26) may be used to compare the
model with data. There are at tlus point, four parameters: G"NA/4n A, G, and
A, In principle, the aNA coupling constant can be fixed at the value given carlier.

The data to be used in this analysis are at 205 GcV/c [27] and are presented in
the form of do/dx for pJ < 0.1 (GeV/c)? and do/dp * In cach case tpal <1
(GeV/c)?. Therefore, the expressions given above must be integrated over the ap-
propriate kinematic region in order to compare with the data. Furthermore, the data
correspond to a selection 1.12 < m,,. < 1.32 GeV/c? and the model must be cor-
rected for this. Inserting the appropriate p-wave Breit—Wigner into the theoretical
expressions and integrating over the restricted pn* mass range given above yields a
correction factor of 0.65 which must be applied to the model. Finally, the distribu-
tions given in ref. [27] have not been corrected for the background under the A.
The distributions as presented correspond to a cross section of 2 mb whereas the
background subtracted cross section (for the pr* mass region quoted above and for
ltpal <1 (GeV/c)?) is 1.3 £ 0.14 mb. Therefore. the distributions must be scaled
down by a factor of 0.65 in order to achieve the correct normalization. Notice that
both of the correction factors cancel so that our conclusions are not sensitive to
their precise values.

* Note that the data are presented in the region x < 0 corresponding to a slow prr* system in the
lab frame. Of course, from the standpoint of the model, there is no difference between the
x < 0 and x > 0 regions.
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Fig. 1. The pole model (dashed line) and absorption model (solid line) fits to da/dpf.

The simple.pole model is compared with the data in figs. 1 and 2 where the fit is
shown by the dashed line. The parameter values are given in table 2. The model
provides an excellent description of the data, but this is done by reducing the value
of the 7NA coupling constant substantially. This observation was made in ref. [27]
as well. This is somewhat disturbing since the 7 exchange Born term is known to give

Table 2
The parameter values for the two models (the underlined parameter were fixed prior to the fit)

Parameters Poles only Absorption model
G2\ pldm 9.0 GevV—2 17.4 Gev—12

Ay 1.5 (GeV/c)~2 1.1(GeV/c)~?
G, 19.3 Gev~6 62.8 GevV ™6

A, -4.0 (GeV/c)™? -4.0 (GeV/c)~?
c 1.02

a 5.94
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Fig. 2. The fits to dg/dx. The curves are as in fig. 1.

a good description of the cross section for YN -~ n* A (see for example ref. [28]). In
ref. [27] agreement with the data in fig. 2 was obtained by using a value ofd, =6
GeV ™2, This effectively reduces the 7 exchange contribution allowing the known
value of the nNA coupling constant to be used. However, this procedure does not
allow the p? distribution to be described simultaneously.

A second method of obtaining a good description of the data, while keeping the
mNA coupling constant fixed, is to allow for the presence of absorptive corrections.
The absorption has been calculated using the simple Gaussian parametrization given
in eq. (16). The details of the relevant expressions are presented in the appendix.
The absorption model results are shown in figs. 1 and 2 by the solid lines and the
parameter values are given in table 2. Again, an excellent description of the data is
obtained, this time with the 7NA coupling fixed. The value for the absorption param-
eter @ was estimated from the slope of elastic pp scattering. The parameter C was
then varied while holding the 7NA coupling constant fixed. The result in table 2
shows that the S wave (b = 0) is completely absorbed, similar to what is found in
two-body reactions.

In fig. 3 the invariant cross section is shown, for both models, as a function of
pf for fixed x. The absorption model result is also shown separately in fig. 4 to
emphasize the x dependence. Clearly, the absorption model introduces no new struc-
ture, but rather simply reduces the cross section by an overall scale factor. This
feature will be discussed in more detail in the next section. Several characteristic
features of both models are evident in figs. 3 and 4. At x = 0.95 the 7 exchange peak
is clearly evident — this comes from the non-flip, non-evasive amplitude Dg,j; ;15,152 12
As x decreases, M?, and hence #,;,,, increases thereby reducing the effect of the 7
pole. Furthermore, the characteristic effect of Regge shrinkage can be seen with the
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Fig. 3. Predictions of the two models for (l:‘/p”max) (dzo/dx dpf).

slope decreasing as x decreases. At the smaller x values for pf > 0.3 (GeV/c)? the p
and A, terms clearly dominate giving a very shallow pf dependence. However, the
precise shape of the cross section in this region is difficult to determine from the
datain figs. 1 and 2 due to the kinematic cut-off |1, <1 (GeV/c)? *.In fig. 1, for
example, only the two data points at p{ = 0.45 and 0.60 (GeV/c)? are sensitive to
the p and A, contributions. Therefore, the parameter values given in table 2 for the
p and A, are only approximate. In addition, the Stodolsky-Sakurai coupling causes
the p + A, terms to vanish at p? = 0, thereby making it even harder to determine
the precise form of these terms.

In figs. 5—7 the predictions for p,3, Repy,, and Re p5_, are given in the s chan-
nel helicity frame for both models as functions of p? at fixed x. Again it can be
seen that no significant structure is introduced by the absorptive corrections. The
structure of the density matrix elements is easy to understand. For small pfn ex-

* This cut off means that p? < 1 (GeV/c)? at x = 1 and p? = 0 at x ~ 0.52. Thus, only the data
near x = 1 have pf values in the region where the p and A, terms dominate.
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Fig. 4. The absorption model curves for (H/Vnmax) (d%ofdx dpﬁ).

change dominates with Dgyy yp.yp.1p being the largest amplitude. This suppresses
P33 and enhances Re p5, and Re py_,. At larger p? values the density matrix cle-
ments tend to the usual Stodolsky-Sakurai values of P33 =%, Re Py = 0, and

Re P3_y =\/:S It is interesting to note that £33 1s not required to vanish in the for-
ward direction, as may easily be seen using the results obtained in ref. [16]. Indeed,
the absorptive corrections also yield a non-zero result atpf =0, but it is so small that

it cannot be seen in fig. 5. This result will be discussed in somewhat greater detail in
sect. 4.

4. Characteristics of absorption

In fig. 8 the absorption model results for Dg,; 3.1/ 3/, are shown for x = 0.95
and 0.75. The 7 pole term is required to vanish at p{ = 0 as this amplitude has one
unit of helicity flip at each 7NA vertex. However, this amplitude is not required to
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vanish at pf =0 by angular momentum conservation. It is thus the analogue of the
familiar evasive m exchange amplitude encountered in yN = "N for example. One
might expect therefore, by analogy with two-body reactions, that absorption would
yield a forward peak rather than a dip [29]. Fig. 8 shows that this is not the case,
however. At p{ = 0 the absorption is nowhere near strong enough to remove the dip.
This effect may easily be understood in the following way [9]. The missing mass,
M, produced in the inclusive reaction corresponds to a sum over all allowed helici-
ties. Therefore, the inclusive amplitude is equivalent to a sum over the squares of
quasi two-body helicity amplitudes with all valucs of the net helicity flip n. Now,
only the #n = 0 component of this sum is allowed to survive at pf = 0 and this is
only a small part of the entire sum. The n=1, 2, ... components add to this, thereby
washing out the effect when p? > 0.

This result is actually familiar from experience with separate two-body channels.
Recall that in YN - 7* N the 7 exchange contributes to only # = 0 and 2 amplitudes.
Absorption is then capable of producing a forward pecak. However, in YN » 7n* A
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there is an 7 = 1 term as well which rises rapidly from O at £ =1¢_, to a maximum
near t = —m2, Thus, in A photoproduction a forward dip is observed [21]. These
two channels form part of the inclusive reaction YN = 7*X and it is easy to see that
the absorption model then predicts a forward dip. Indeed, the amplitude in fig. 8
has the same structure as that occurring in YN = #* X apart from a different x de-
pendence near p? = 0 which is due to the smaller 7, effects.

The above discussion indicates that the major effect of absorption in the triple-
Regge region will be to reduce the cross section without introducing any significant
structure. This makes it rather difficult to find reactions which can provide adequate
tests of the absorption model. However, it is possible that this very lack of structure
can be used to provide such a test. Consider the reaction 7~ p - 7°X. The only ex-
change coupling at the 7~ 7% vertex is p exchange so this is a very clean reaction to
work with. Now, suppose that a structureless pole term (i.e. one possessing no
NWSZ’s) is used as input to the absorption model. Then, the absorbed model will
again have no significant dip structure [30]. However, a dual B6 model calculation
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[31] indicates that the p triple-Regge term will indeed possess NWSZ’s. The ab-
sorptive corrections will then convert the usual zero into a dip asin 7~ p > n%n
{32]. The important point is that the two models now predict strikingly different
cross sections which is not the case in two-body reactions. This difference then al-
lows a test of the absorption formalism. This is not a decisive test however, since a
structureless cross section need not indicate absorptive effects. Also, a dip, if pres-
ent, may be due to a p NWSZ plus a small background contribution which need not
necessarily be due to absorption.

A more sensitive test of the absorption mode! would be one based on the phases
of the amplitudes. For example, polarization cffects in reactions where a simple
Regge pole model would predict zero polarization could signal the presence of ab-
sorption. Also the analogue of line reversal breaking can be studied. For example,
exchange degenerate p and A, Regge poles would predict that K*p -~ K°X and
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K~ p ~ K°X should be equal in the triple-Regge region. An analysis of these reactions
is currently in progress [32].

5. Conclusions
A comparison of the various approaches to absorptive corrections in the triple-

Regge region has been given. The formalism has been applied to the reaction
pp = A" X and an excellent description of the existing data has thereby been ob-
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tained. In particular, the inclusion of absorption allows the 7NA coupling constant
to be fixed at its known value.

The absorptive corrections as calculated here do not add any significant structure
not already present in the input pole terms. The major effect of the absorption is
simply to reduce the magnitude of the resulting cross section. This makes it some-
what difficult to design decisive tests for the absorption model. However, effccts
which depend on the phases of the amplitudes can provide such tests. Thus, polar-
ized target asymmetries in the triple-Regge region could be useful for such tests.
Also, the analogue of line reversal breaking can be used to study the effects of ab-
sorption.

It is clear from the above discussion that inclusive reactions in the triple-Regge
region can be used to study the effects of absorption at very high energies. The ab-
sorption model presented here is based on two-body phenomenology and, there-
fore, such a study is complementary to the usual two-body analyses. This is of par-
ticular interest since at Fermilab and ISR energies the inclusive cross sections are
large enough for high statistics data to be obtained, whereas the various two-body
reaction cross sections have fallen precipitously. The synthesis of the two types of
analyses should therefore lead to a better understanding of the modifications to
basic Regge pole exchange which must be made in order to describe the data.

One of the authors (JFO) wishes to thank Professor J. Pumplin for several inter-
esting conversations.
Appendix

In this section the various expressions for the absorption model calculation pre-

sented in sect. 3 are presented. The starting point is the expression for the absorbed

att At

P P
Fig. 9. The triple-Regge diagram and notation used in this analysis.
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amplitude given in eq. (16) together with the input pole term expressions in egs.
(24) and (26). The first step is to write expressions for the non-forward triple-
Regge pole terms. The notation is illustrated in fig. 9.

The transverse momenta are two-dimensional vectors defined as

k, =k (cos¢,sing) , k| =k (cos¢, sing’). (A1)
The upper vertices give rise to ¢ and ¢' dependences of the form
exp{i(Ay — Aa)8} exp{—i(Ay — Ax)9'} .

Furthermore, the imaginary part of the reggeon-proton scattering amplitude must
now be evaluated at a momentum transfer (k, — k}). This momentum transfer de-
pendence is parametrized as

o(n”p) = Bp(0) (M*)*P O exp [ By(k, - k})*} + By (O)(M?)* M@
X exp{~By(k, — k\)*}. (A.2)
Here the subscript M denotes the sum of the p and f terms so that

Bp(0)=21 mb, Bm(0) =26 mb . (A3)
The parameter By, can be estimated from elastic 77 p scattering with the result

By =031InM*+35. (A4)
The f-coupled pomeron analysis in {25] suggests that
By =09InM*+15. (A.5)

The absorption profile has been parametrized as in eq. (14) withe=0.3 Ins +
4.15 by comparison with the pp elastic scattering slope. Actually, @ should contain
Ins — 4in. However, this small imaginary part will have a negligible effect on the re-
sults of this analysis and it has therefore been ignored. Similarly, the parameter C
has been taken to be real. For analyses such as those discussed in sect. 4, where am-
plitude phases are important, a more sophisticated absorption profile must be used.

The above equations specify the necessary non-forward behavior of the pole
terms so that the integrations in eq. (16) can now be performed numerically. How-
ever, it is possible to make some simple numerical approximations so that all of
the integrations may be done analytically. Specifically, we use

6
P(—ay(f) =~ 2o A8

i=1
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with
A, =16.6411, B, =89.4551,
A, =16.1474 B, =46.6987 .
A,=14.1941, B;=125.2316,
A, =11.2353, B,=123311,
A= 151176, By = 454897,
Ag=2.09123, Bg= 0.539168, (A.6)

and I'(1 — a,()) ~ "% with 4 = 1.145.
The absorbed @ + B helicity amplitudes can now be written in the general form

2

D, = S \2o (tpin) A (2. —-mz)
C oy AN A T, BT 2} i min? o “atimin T
EAnAa’ "N ﬁA:ANﬁMxN Y2

X Z 5k(0) (M2 )ak(o) {(pl)lm ""'""I’(—aﬂ(t))z e—z Re 13,,;;12
k=P,M

6
St . _R*p2 .o 2
— (- a"(t))zz A, ch 'min [Ca(pl)"" |1i2k (m)e Bapy C"‘a"(pl)lm'lfk(m )e an’l]
i=

6 6
+ICIPlal? 25 25 A4, B PP min 14, on' )y (A.7)

i=1i=1

The various functions appearing in eq. (A.7) are given by

Al (p)" (B, +a)™! 2

i;m)y= ——-— - + +B,+a)},

ik ) (B"'+Bk+a)|'"|+lexp{ pani(Bk a)/(B"i B, a)}
{

13(m) = I3 (m)*

13,00,0) = ¢k Piimyyp
I(1,1) = 13,(0,0) [By + PNy N3 /D 11D 4

];}k(z’ 2)= [1'4;'/:(0’ 0)[2312( + 4Bk1’f /VikA//"I‘c/Dijk +p1‘(]viklviz)2/Di§k] /Dii'k >

13,((0, ~-n= [3'k (0,0) PLka/Di/k )

I5(0,-2) =15, (0, 1) p N3 /Dy
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I3 1, ~1) = 13,(0,0) pY N, N3/D}

I3 (=1,-2) = 12,(0.0) p, N} 2B, +plekN*;</D1/k]/Dr/k , (A8)
where

B, = (o, Ins/M*+34, +B]/x

R = 2Reﬂ[(B1r,~+B:/)Bk+BniB’:;’] * |alz(B"x'+B:/') ’

Dijk= (Bni+ a+ Bk)(an+ a +Bk)* . B2 ’

Ny = a"‘(B,,I_ ta+B,)taB, ,

7 =G gl V
Aadn - OaNa Va iy

ap(0)=1, ay(0)=0.5. (A9)
The absorbed p + A, terms can be written in a similar form.

s )mp(zmm) e Aptmin (2%(Imin)h

Dg,: =pP .. RBP
EANAA AN AA Bxya Brang M2

X k_ZP)“ gk(o) (MZ)O‘k(O) {(pl)lmlﬂm'l e—zReBpp}_ _ [Ca(pl)lm'|1,3(m)
+C*a*(p )™ 1)) +1C1P1al? Li(m', m)} (A.10)
(p)"™(By + )™ [ B,(By + a)}}
2 = —— | ————
[k(m)—(Bk+a+Bp)‘ml+\ -pi|Bg B +B ta m#0.
. BB ta)
2 exp{ m[Bp E;TB—k—*‘TJ [ | B+ ]
Ik(o)' (Bk+a+1_3;0~)2 1R +a+Bp ,
Im) =12 (m)* . (A.11)

Let H, = [exp{~piR,/D}) /D, Then

130 0)=51_" 1 +3§€ +fi_ [W“‘z ~lal'D, ,«43"“\/"12]w«p‘lw"l4
KEETD N T Dy Dy B, D, D3 |’

k
I#1,n B [ plw"]z]
D=5 B 5
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H, 4pBIN|2 plNl4
1;3(2,_)——— [2B§ T Lt }

D; Dy D2.
H, [Nl *Ni
1;}(0,—1)=1~)~ipl [zN,:(Bp+a+3k)—aDk+pf D } ;
H, p? [N, |“
130, z)--* N3N (B, +a+B )-—2110,(1+pl —-1,
Dk
L= = H, ptIN, /D
T{(=1,-2) = Hy p, (2B, + DY LN P [D I NI
In the above expressions
= o, (Ins/M? +h) +34,]/x , D, =\B,+a+B,)* - B,
R,=2Rea[] B, +2ReB,B,] + 2ReB, lal*,
Ny =a*B,+a+B,)+aB, , B} Ay \/—VA (A.12)

The expressions appearing above have been written in such a way that the absorp-
tion and Regge-pole terms could be complex even though they are all real in this
analysis. Thus, the expressions contained in this appendix are sufficiently general
that more sophisticated absorption mechanisms could be chosen or exchange degen-
eracy breaking effects could be studied.

Note added in proof

After the completion of this work we received notice of an absorption model cal-
culation for the reactions (7%, K™ )p > A™ + X [34]. This paper also stresses the
need for including absorptive corrections in the triple-Regge region.
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