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The study of the resonant contribution to the finite-mass sum rules for the forward Pom-
eran-proton scattering amplitude obtained from the pp —p X spectra for 0.1<|¢]|<0.5 (GeV)?
suggests that: (a) Local duality works nicely for a missing mass larger than 1450 MeV; the
nucleon and the 1410 MeV enhancement cooperate in order to saturate the first-moment sum
rule. (b) There is evidence for a wrong-signature fixed pole at J= 1 whose residue is ex~
ponential in the mass of the Pomeron. (c) The PPR (P = Pomeron; R=Regge) triple-Regge
term obtained from the finite-mass sum rules turns out to be much too small to account
for the diffractive part of the proton spectrum at the ISR (CERN Intersecting Storage Rings)
energies. Reciprocally, if one fits this part of the spectrum with a PPR term, the contribu-
tion of such a term at accelerator energies is much larger than the experimental data.
These results tend to indicate that most of the diffraction observed at ISR is due to a PPP

term.

I. INTRODUCTION

The purpose of this paper is to present a simple
model which describes the missing-mass spectra
of the p(p,) +p(p,)~ p(p.) +X inclusive reaction at
small momentum transfer, |t|<1 (GeV):. [We de-
fine s =(p, +p,)%, t=(pa—p.), and M?=(p, +p,
—p,.] The model is essentially a triple-Regge
model with PPP, PPR, RRP, and RRR terms.
(P=Pomeron; R=Regge.) We proceed in the fol-
lowing way: First, we determine the arbitrary
quantities in the model from a fit of the proton
spectrum at 15 GeV/c<p, <30 GeV/c. More
precisely:

(1) The PPR term is obtained from the data in
the resonance region (M <2.5 GeV), using the fi-
nite mass sum rules (FMSR) and the Harari-
Freund two-component duality hypothesis for the
Pomeron-proton scattering amplitude. Two im-
portant results of this analysis are: (a) the sepa-
rate contribution of the nucleon pole and the
1410(Roper) enhancement to the PPR residue, via
the FMSR (in the narrow-width approximation),
are functions of ¢ very rapidly varying, but the
sum of these two contributions is a smooth func-
tion of #; (b) the FMSR is roughly independent of
the mass cut M, provided the cut is done after the
1410 enhancement.

(2) The RRP and RRR terms are determined
from a fit to the above data outside the resonance
region (M >2.5 GeV).! We furthermore constrain
the RRP and RRR residues in such a way that the

sum of these two terms approximately reproduces
(at least in an average way) the background under
the resonances. This ensures that the complete
FMSR is satisfied and, as a consequence, that the
fit above extrapolates well into the resonance re-
gion. Apart from achieving this goal, an important
result of our analysis, already obtained in Ref. 2,
is the following: The RRP term has to be replaced
by the simple empirical expression:

2
S<“%> - B ger-esttts, (1)

where c, and ¢, are constants. The physical inter-
pretation of Eq. (1) is yet obscure, but it is a fact
of life that such a term is required by the experi-
mental data for s/M?<5-10 (where the validity of
the triple-Regge approach is, of course, rather
dubious). Since for =0, in the expansion of S in
powers of M?/s, the first term is a constant, one
can consider that S represents approximately the
sum of the contributions of the RRP term and its
daughters. The fact that they pile up in a simple
form is a mystery, together with the observation
that nonleading contributions do not seem to be im-
portant for the RRR or PPR terms. It is likely
that terms similar to S appear in other inclusive
reactions as well,® and that their presence is re-
lated to the quantum numbers of the BC channel
alone. Thus if the BC channel is exotic (as in the
pm~ - 7" + X reaction), the S term does not seem to
be present.

We would like to point out that if high-energy
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data (NAL region) for resonance production could
be available, we could confine ourselves to the
large x region (x>0.9), and use instead of (1) the
usual RRP term to represent the nonresonant
background.

(3) The PPP is assumed to be unimportant at the
energies under consideration.

(4) Interference terms such as RPP are not con-
sidered although they might be important especial-
ly at high energies. However, much more detailed
data than those presently available would be neces-
sary in order to find evidence for these terms.

In a second step, we proceed to compare the re-
sults of our model with the ISR (CERN Intersecting
Storage Rings) data at s =440 and 1995 GeV®. We
find that the agreement is good in the region s/M?
<10(x~1-M?/s<0.9). In this region, the most
important term is, by far, the term S(t,M?2/s).
This indicates that the parametrization in Eq. (1)
is essentially correct. However, in the diffraction
region (0.9<x<1), our model gives much too low a
value for the invariant cross section. Moreover,
the energy dependence of the data in this region is
such that a PPP term has to be introduced. It
turns out that this term accounts for most of the
diffraction observed at the ISR.

Let us now describe the model in a more quanti-
tative way. We assume that the differential cross
section has the following structure:

d3o M?
B, G2 =TGs, M) +s(1, ), @
where S is given in Eq. (1), and T can be ex-
pressed in terms of the leading contributions of

a triple-Regge expansion:

1 s o, (8)+ o (£)
2y . —
T(s, t,M?)= P mE y Gm(t)G,,(t)< So>

X EnERA pult, M?). (3)

A, is the absorptive part of the forward ampli-
tude for Reggeon proton-Reggeon proton scatter-
ing, corresponding to maximum helicity flip in
the crossed channel, and &, and £, are the signa-
ture factors. For large values of M2, we have

. v\ % (0 o) = oy (1)
Am=;gm(t)<s—o) , @)

where v=v(M)=M?~-M,%~t (M, is the proton
mass).

For simplicity, we assume that the trajectories
have the standard form ap(t)=~1, agx(t)=0.5+t,
s,=1 GeV2. [ap(t) and a g(t) represent the Pom-
eron and the normal trajectories.] [We have not
considered the pion trajectory [« (f)~t] since we
deal with momentum transfers larger than 0.1
GeV? and most of the data considered have p,,

>20 GeV/c; in this kinematical region we expect
the pion trajectory not to be important. ]

We thus write (neglecting mixed terms in which
antay,)

T= %[ SApp(t, M*)G g (t) +5°* A ppt, MG 2 (1)]
(5)

where Gpi(t)=~(do/dt)y. [(do/dt)y is the differential
cross section for pp elastic scattering. ]

For large values of M?, we can use the expan-
sion (4):

Arr=8 mr(tV™0"7%, (6)
App=8hpW " +g Fptv™2. (7)

In (6), we have considered only the RRR term,
since the RRP contribution was already included
in S(¢,M?).

At this stage, we are left with the unknown func-
tions, B(t), gRx(t), g5p(t), g5p(t), and constants
¢, and c,.

In order to determine the function g%,(¢), in Sec.
II we study the finite-mass sum rules (FMSR) and
saturate them with diffractively produced reso-
nances. We discuss how duality works for Pomer-
on-proton scattering, as well as the possible ex-
istence of fixed poles.

In Sec. III, we use the high-missing-mass (out-
side the resonance region) data at 14.2, 19.2, and
24 GeV/c of Ref. 4 in order to determine the re-
maining unknown quantities with the exception of
g ppt).!

In Sec. IV, we use the ISR data of s =440 and
1995 GeV?, where the eventual contribution of a
PPP term ought to appear. We conclude that such
a term is indeed present, and it is responsible for
most of the diffraction observed at the ISR.

Our model gives a simple and quantitative de-
scription of all available high-energy (p,, >14
GeV/c) and low-momentum-transfer data.

II. LOW-MISSING-MASS SPECTRUM AT p,,, =24 GeV/c

The differential cross section E,d% /d3p, has
the following features: In the small-|¢| (|¢]|<1
GeV?), small-M (M <2.5 GeV), and incident ener-
gy range (14.2<p, <30 GeV/c)**

(1) A bump structure in which the N(940) and the
N*(1410, 1500, 1690, and 2190) enhancements are
observed which, when separated from the back-
ground, have a cross section which is roughly en-
ergy-independent. When comparison with other
reactions is possible [as for the N*(1690) produced
in p-p, m-p, k~-p, and p-p scattering], there is
agreement with factorization suggesting that these
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enhancements are produced through a factorized
Pomeron exchange. Thus

(¢ =940, 1410, 1500, 1690, 2190). (8)

If the differential cross sections are fitted to the
exponential form

(%), = asem, ©)

where |£]/<0.2 GeV? for N*(1410) and |#|<0.9 for
the other enhancements, we get by, =9 GeV ™2,
014107 15, D1500% 16907 D190~ 5. Thus the slope
first increases with the mass M and afterward
decreases.

The single exponential fit to the data does not
describe properly the very small |¢| region (||
<0.1), where (do/dt),,, has a higher slope,” (do/
dt),s00 and (do /dt), ¢, may level off.

(2) At fixed ¢, the nonresonant background in the
mass spectra decreases with the incoming energy.
In this section, we study in detail the problem
of enhancements produced by diffraction dissocia-

tion, using finite-mass sum rules (FMSR) and
duality®® in order to determine the unknown resi-
due function g £.(¢). We use the notation

gEp(t)=g(t). (10)

“ A. First Moment FMSR

The first-moment FMSR is?®
N
f dv V[ A pplt, M?) = g(t)=3/2] =0. 11)
(o]

We assume that the resonances build the a, (0)
=itrajectory. This corresponds to the usual
Harari-Freund' hypothesis. We will also assume
that the extrapolation of the Regge term at low
values of M? has either one of the following two
expressions'?;

v~ TR (12a)
M2 >0

v ~ (vM)7L. (12b)
M2 -0

Using the zero-width approximation from Eqs. (11)
and (12), we get

1 2/ _
2[(1/(1\7))”2 — (V(M,,))”z] Mizzﬁ v;G2(t) —gl(M, t),
(13a)
1 200 _
z(M - MP) MIZZE ViGi (t) '"gz(M’ t) ’ (13b)

where G;(t) is defined by Eq. (8), M is the cutoff
mass, and

lim &M, t)=g,(t), (14a)
M —> o
lim g,(M, 1) =g,(t). (14b)

We have saturated the FMSR(13) using the 24-
GeV/c data of Ref. 5 for N(940) and N*(1400, 1520,
1690). We have left out the 2190-MeV bump be-
cause we think that the way the background was
extracted gives too small a cross section (see
Sec. III). We have chosen M =1350, 1450, 1550,
and 2000 MeV, each enhancement sharing a rea-
sonable range of the M scale.

The two functions g,(M, t) and g,(M, t) as func-
tions of M at different fixed ¢ values (0.1< |¢|
<0.5) are practically independent of i for M
>1450 MeV, although they slightly differ between
themselves (see Fig. 1).

B. Comments on Local Duality as Applied
to Pomeron-Proton Scattering

In order to check how local duality works, we
have built the function g(#) from each resonance
separately using

0.9

08 |-

04 |- _ -
® 03 |/ / 9, (9,) -
A + (+) 940+1400

02 -/ \ a(a)1520

/\ \ = (») 1690

O 17/ g,(940) B

0 | [ 1 1 !
O 0l 02 03 04 05 06

It (GeV?)

FIG. 1. The residue function gy(f) computed from the
FMSR [Eq. (13a)]. The contribution gi(¢) of the various
resonances computed from local duality Eq. (15a): the
nucleon contribution (dashed line), the 1410 enhancement
contribution (dashed-dotted line), the sum of the nucleon
and the 1910 contributions (+), the 1520 resonance con-
tribution (A) and the 1690 one (W). The function g,(t)
[Eq. (13b)] as well as g%(t) |Eq. (15b)] are also shown:
the sum g%+ g}410(®), g1520 (circled A) and g}t%
(circled m).




8 MODEL FOR pp -~ pX INCLUSIVE REACTION AT SMALL... 2043

i ViGiz(t)
£ G - Tv(T, )17

(15a)

[Here M; (M;_,) denotes the value of i immediate-
ly above (below) M;.] As one sees from Fig. 1, the
data for the 1520- and 1690-MeV resonances are
very close to g,(¢), showing that local duality
works nicely. The picture is entirely different

for the 1400 enhancement in which case the func-
tion g1 is different from g, and accidentally co-
incides with it for [¢|~0.14 GeV?; that is why in
some pictures of Ref. 8, where values of ||
around 0.1 have been considered, the 1400 en-
hancement seemed to be averaged by the Regge
curve. In the case of the nucleon, the function

2 3%(¢) obtained from (15a) differs from g,(t) ob-
tained from (13a) in the small-|#| (|#]<0.14) re-
gion (where the 1400 enhancement is present) go-
ing too fast to zero as [¢|—~ 0. This seems to be
again a qualitative less than a quantitative feature
of the data.

However summing up the contributions of the
940 and 1400, one gets a good approximation of
g,(t) (see Fig. 1).

We have repeated the same procedure with the
function g,(¢), using instead of (15a)

ViGiz(_t)

20, - M) g:(t). (15b)

The results are shown again in Fig. 1; the func-
tions g,(f) obtained from the sum of 940 and 1400
and from 1520 and 1690 cluster around the g,(t)
function obtained from Eq. (13b).

In order to deal with the unusual behavior of the
1400 enhancement there are, in our opinion, two
ways:

(1) The 1400 should not be introduced at all in
the FMSR(15) attributing the whole interval up to
M =1450 MeV to the nucleon alone. In this case
however since Vg, Gou*(¢) = |£] Ggyo’(t), one should
expect g,(t) and g,(¢) to vanish at small |¢| at the
same rate if local duality works at least qualita-
tively. Similarly G,;,2(¢) and G,e,7(£) should also
vanish at [¢#|=0 at the same rate. This does not
seem to be experimentally the case, but more
careful measurements at |#|<0.1 may give such a
picture.

(2) If £,(0)#0 [ g,(0)#0] or g,(¢) [ g,()] tends to
zero in a way different from |#|G,,2(¢), local du-
ality is not verified by the nucleon, its contribution
being too small at small |¢|. However adding the
contribution of the 1400, which is large at small
|t], the FMSR(11) is saturated but only after i/
=1450 MeV. At larger |¢| (|¢]|>0.15) the contribu-
tion of the nucleon is large enough so that the 1400
has to disappear. Thus, the 1400 is in some sense
the partner of the nucleon helping it to satisfy the

FMSR at |#|<0.15. The fact that the nucleon plays
a special role in the first moment sum rule should
not be surprising since, as we shall see, it has an
unusual behavior in the zeroth-order FMSR as
well. One can argue that our conclusions are just
a result of taking the first-moment FMSR and of
the importance of the external masses (M,? and ¢)
in the definition of v. This may be true, but we
have, however, to keep in mind that the 1400 en-
hancement appears only in the |#|<0.2 GeV? region
and thus its understanding should be sensitive to
the values of the external masses.

C. Zeroth-Order Finite-Mass Sum Rule

We now consider the zeroth-order FMSR in or-
der to compute the R, (f) of the J =1 wrong-signa-
ture fixed pole using the Schwartz sum rule® for
the diffractively produced resonances:

[ AL pat, ) = g0V =R, 0. (16)

Using again the zero-width approximation and
the low-M? extrapolations of the Regge term,
(12a) and (12b), we get, respectively,

2 _GP()=R, ()
M; <M

+22,W{LvM )] = [w(iD)] 77,

(17a)
Zoro=r o] (19)(5) )
(17p)

where £=(1+¢/M,?)"?, x=M/M,. Since the func-
tions g,(t) and g,(¢) are now known functions, from
Eq. (17) we can compute R, (¢). Taking i =1450,
1550, and 2000 MeV, we have checked that the i1
dependence of the left-hand side of Eq. (17) is
nicely described by the right-hand side of the
same equations and got

R, (t)=5.4¢%% mbY2 GeV~' (0.1<[¢]<0.5),

(18)
R,(t)=T7.0¢%2.

A more precise determination of R, (¢) is beyond
our means.'* A very interesting feature of the
residue function is its exponential behavior in ¢.

Since we have not considered the nonresonant
contribution to the FMSR(16), the actual residue
of the J =1 fixed pole

R(t) =R, (£) + R,(t) (19)

remains unknown [ R,(¢) is the contribution of the
background which may be negative]. In Ref. 9
however it was pointed out that R(¢) =0 seems very
unlikely. The function R(¢) can be related to the
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Pomeron-Pomeron cut contribution in p-p scatter-
ing,' hence the relevance of our results.

D. The Residue Function g&,(¢)

The above calculations have been repeated using
the experimental results of Ref. 6 at p, =20 GeV/
c; all the qualitative features of our analysis are
unchanged and the functions g, and g, are roughly
the same. From now on, we are going to use the
parametrization (12a), and therefore we take the
residue function g E(¢) =g,(¢).*® For practical cal-
culations we note that

)~ 0.75]¢]|Go%()
& T(1.78) 72 — [ (940)]'72

(|t]>0.2 GeV?),

(20)

From a best fit to the data we get!”
y(#) =179 €° 13 + 250 €19
B(t) =13 g8 *2-8¢ (23)
¢, =75, ¢,=0.28.

Equation (22) reproduces the data very well.'® In
order to give a feeling of the quality of the fit, we
present in Fig. 2 the 37mrad data at 24 GeV/c to-

with
Gpi(t) =825, (21)

III. HIGH-MISSING-MASS SPECTRUM
AT py,, =14.2,19.2, AND 24 GeV/c

A. The High-Missing-Mass Spectrum

In order to determine the yet unknown residue
functions y(t) =g F.(t)G*(t), B(t), and the constants
¢, and c,, we have considered the experimental
data of Ref. 4 at 14.2, 19.2, and 24 GeV/c for M
values outside the resonance region.

Using (1), (4)-(7), (20), and (21) we have

1 1/2 1+2t
e (o) [R5 e e et | s e s | 22)
¢ - »

T

2190-MeV enhancement, although the two back-
grounds are close to each other, using the theoret-
ical background to separate the enhancement would
yield a substantially higher cross section due to the
smallness of the resonance contribution (see Sec.
1I).

gether with the theoretical curve. The experimen- ‘

tal points have a 3% error. Notice that at p,, ~12
GeV/c, one has |t|=1 GeV?, which is the limit
where our parametrization is valid. For smaller
angles corresponding to smaller values of |f|, the
fit is even better.

B. A Model For The Nonresonant Background
at Small Missing Masses

Since we know that the last term in (22) gives an
averaged description of the diffractively produced
resonances, we have checked if the two first terms
in Eq. (22) may describe the nonresonant back-
ground in the low-missing-mass region. In Figs.
3(a) and 3(b) we show the experimental data of
Ref. 5 for 6, =15mrad and 27mrad at p,, =24 GeV/
¢ together with the predictions of Eq. (22). The
“experimental” background which was used to sep-
arate the resonances is also shown; the cross sec-
tions for these resonances have been used in Sec.
1I.

As one observes, the “theoretical” background
[i.e., the sum of the first and second term in Eq.
(22)] and the “experimental” background are very
close to each other. However, in the region of the

M (GeV)
475 435 390 338 277 1.97 0938
T T - T T
80 f B pg=37 mrad
> 60 b S
o s
5 —__///
Q 40 + e N _
£, T PPR
b % Q(O):IO X
(\‘f:j% 20 Q(O)=O7 \\,\
2(0)=0.45 g \J
0 L | I I L L
12 14 16 18 20 22
P oyt (Gevre)

FIG. 2. The proton spectrum at 24 GeV/c and 6,
=37mrad, against the momentum of the outgoing proton.
The data points are from Ref. 4. The curve is computed
from Eqs. (22) and (23). The contribution of the PPR
term is shown. The dashed line is the result obtained
with the triple-Regge model of Ref. 19, and the line
labeled «(0)=0.45 is the contribution of the PPR term
of the same reference. The line labeled «(0)=0.7 is
the contribution of the same term multiplied by (s’/
100)%-25, [This amounts to changing the intercept from
a (0)=0.45 to «(0)=0.7, keeping the normalization at
$=2000 GeV? and x =0.95 unchanged.] Finally the line
@ (0) =1 is the contribution of the PPP term of Eq. (24).
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b)% 1.0 I \ 4
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FIG. 3. The cross section d’0/dt dM computed from
Eqgs. (22) and (23) (dotted line) and from the parametriz-
ation in Ref. 17 (solid line) as compared with the experi-
mental data of Ref. 5: (a) at 6, =15 mrad, and (b) 6
=27mrad. The dashed-dotted line is the experimental
background and the dashed line is the theoretical one
[sum of the first two terms in Eq. (22) with the param-
etrization in Ref. 17). The theoretical curves as
determined by the high-M fit of the data of Ref. 3 have
been multiplied by 0.9 to match the data of Refs. 4 and 5.

As a final check of the consistency of our model
and of the zero-width approximation used in Sec.
II, we have verified that the complete FMSR are
nicely satisfied, i.e., the difference of the theoret-
ical and experimental curves (solid curves) in
Figs. 3(a) and 3(b) multiplied by vdv and integrated
from M= M, to M=2 GeV, approximately vanishes.
This was to be expected from the way the PPR
term was determined, along with the approximate
equality of the theoretical and experimental back-
grounds.

IV. THE ISR DATA AND THE PPP COUPLING

We turn now to the ISR data of Ref. 19. The
cross section derived from our model [Eqs. (22)
and (23)], which does not contain any PPP term,
is shown in Fig. 4 and Fig. 5 at p,=0.9. The
agreement in the nondiffractive region (x<0.9) is
quite good, indicating that the scaling parametriz-
ation of the term S(t,M?/s), which is dominant in
this region, is essentially correct. However, in

100 =171
. ——s
< [ e
> ———0D
&} L e
~
0
E ok
b a E
M M
| © I~
w L

I s=440
™ 6=55mrad
| 1 1 (

0 0.2 04 0.6 0.8 1.0

FIG. 4. The ISR results of Ref. 19 compared with the
theoretical curve obtained from Egqs. (22) and (23)
(curve B) and with the one obtained from adding to
curve B the contribution of the PPP term of Eq. (24).
Curve D is the contribution of the second term of
Eq. (22), and curve C is the sum of the first two terms
in Eq. (22) [with the parameters of Eq. (23)]. Curve E
is the result obtained with the triple-Regge model of
Ref. 22.

the diffractive region 0.9<x<1, where the PPR
(and PPP if it exists) are dominant, we obtain too
small a cross section. It can be seen from those
figures that in order to approximately reproduce
the experimental results at s =2000, one should
multiply the PPR term by a factor of 8. With such
a factor the duality picture described in Sec. II
would be completely destroyed. Worse than that,
the PPR contribution alone would be much larger
than the p,,;, <30 GeV/c data for M = 2.5 GeV.>°

The above results lead us to the conclusion that
a sizable PPP contribution has to be present. To
support this view, we have added to Eq. (22) the
following term:

1 arn S
0.823 — |t|Gp ()72 (24)

and compared the model with the experimental
data. From Figs. 4 and 5 one sees that the agree-
ment is good.?! The data are only for [¢[>0.3
GeV?, and therefore there is no support for the
factor of |¢| in Eq. (24).

The contribution of such a PPP term to the
small-M region of the 24 GeV/c data is not negli-
gible as one can see from Fig. 2. This seems to
contradict the usually assumed duality between the
PPP term and the background, since the first is
peaked at threshold, whereas the second goes to
zero. It may, of course, happen that Eq. (24) is
not valid in the resonance region (M <2.5 GeV).
Another possibility, suggested in Ref. 22, is that
the PPP term is dual to the resonances, whereas
the PPR term vanishes. The residue functions
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10! F T T T =
[ INELASTIC PROTON SPECTRA ]
C AT 51995 (GeV)? i
[ |
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- C 4 7
o - I ]
[ L -
&)
o L d
o
e L i
b‘ Q L 7
23R L2
©
W . ® p=0.7 GeV/i
10 = -
- o P;=0.8 GeV/c 3
C A Pr=0.9 Gev/c R
C A ]
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| e C i
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0.2 0.4 0.6 0.8 |.0

X

FIG. 5. The ISR results of Ref. 19 at p ,=0.7, 0.8,
and 0.9 GeV/c compared with the theoretical curve (B)
obtained from Eqgs. (22) and (23), and with the one
obtained by adding to curve B the contribution of the
PPP term in Eq. (24) (curve A). Curve D is the con-
tribution of the second term in Eq. (22) and C is the
sum of the first"two terms in Eq. (22) [with the param-
eters of Eq. (23)].

g 5o(t) and g £,(¢) in our model being very similar
(especially in the region of |¢|>0.3 GeV? where
the ISR data exist), such a possibility is not ex-
cluded by our analysis and will be considered in a
forthcoming paper.?®

Finally we should like to point out that the neces-
sity of a substantial PPP term has also been ar-
rived at in Ref. 24, where a measurement of the
inclusive reaction p +p— p +X from 15 to 200 GeV/
¢, with both ¢ and M?/s kept fixed is presented.

|

V. CONCLUSION

We have presented a model for pp— pX inclusive
reaction, summarized by Eq. (22)-Eq. (24). Our
model is essentially a triple-Regge description
containing the PPP, PPR, and RRR terms. How-
ever, following Refs. 2 and 3, an exponential term
in M?/s is introduced instead of an RRP term. It
is possible that confining ourselves to the region
s/M?>5-10, we could have had a normal RRP
term; however such an exponential form, while
reducing to a normal RRP term for s/M? -~ and
t- 0, allows a complete description of the data.
We find that the duality sum rules relating the
PPR term and the diffractively produced reso-
nances work quite well and allow us to determine
the g £p(¢) coupling. However the scheme proposed
in Ref. 22, with the resonances dual to the PPP
term and a vanishing PPR term, is not excluded
by the data. We conclude that a PPP term has to
be present which accounts for most of the ISR pro-
ton spectrum in the diffractive region. Due to a
lack of ISR data for |#|<0.3 GeV?, it is not possi-
ble to obtain the value of the triple-Pomeron cou-
pling at £=0.

Although a different description of the proton in-
clusive spectrum cannot be excluded, we consider
that our model gives a simple and quantitative de-
scription of the available high-energy (p,, > 14
GeV/c) and low-momentum-transfer data, ||
<1 GeVZ.
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The proton inclusive spectrum in the diffractive region is described by a triple-Pomeron
term with no free parameters. Our input is the cross sections for the production of N*’s at
CERN accelerator energies, which, according to duality rules for Pomeron-particle reac-
tions, are related to the triple-Pomeron coupling via finite-mass sum rules. The extrap-
olated value of this coupling to ¢ = 0 induces rather weak constraints on the parameters of
the Pomeron, and no sharp turnover of the proton spectrum near £ = 0 is expected.

In a recent phenomenological analysis of p +p—p
+X inclusive reactions it has been shown' that
most of the CERN Intersecting Storage Rings (ISR)
proton spectrum in the diffractive region has to be
due to a triple-Pomeron term—in contrast with
previous works that attempted to describe it with
a Pomeron-Pomeron-Reggeon (PPR) term. This

conclusion is supported by a recent experiment at
$=929.5 GeV2.?> On the one hand, from the com-
parison with the results obtained at s=1995 GeV?,
“ one observes quantitative agreement between the
two spectra all the way out to x=2p,/Vs=1."2 On
the other hand, the new results, which are very
detailed in the diffractive region, 0.95sx=s 1,

3



