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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 t = 0 induces rather weak constraints on the parameters of
the Pomeron, and no sharp turnover of the proton spectrum near t = 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 (&&A) term. This

conclusion is supported by a recent experiment at
s =929.5 GeV'. ' 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~/v s=1."' On

the other hand, the new results, which are very
detailed in the diffractive re@on, 0.95' xa 1,
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Qv; ' =(v —v, )G~(t),
i

where v~M'-M&' —t, do;/dt is the cross section
for the production of N~, and P is the cut in the
FMSR. The quantity Gv(t) is related to the triple-
Pomeron coupling, g/, (t), ' by

(16~)"G,(t)
AP( (o )r/2 [(do/dt) j

I/2 (2)

where o„and do/dt are the asymptotic values of
the total and elastic differential PP cross sections,
and the equality is strictly true only for a~(0) = 1.

show the following features:

(i) An e' dependence at fixed missing mass, M,
for ~t~& 0.5 GeV', with the slope parameter a in-
dependent of M.

(ii) An approximate M ' dependence at fixed t,
for 10~M'~ 50 Gey'.

Property (I) is in agreement with the small slope
of the Pomeron. With o!&'(0)-0 and nz(0) -1, prop-
erty (ii) favors a triple-Pomeron term, which
behaves like I ', versus a PPR, which behaves
like M ' with ns(0) --,'.

In this note we describe the above results in
terms of a PPP term with no free parameters. At
the same time we check the duality rules for Pom-
eron-particle amplitudes based on perturbative
dual models. These rules state' that the reso-
nances in the s channel are dual to the Pomeron
in the t channel and that the PPR terms are small
since one cannot draw dual diagrams for such
terms —which thus can only appear as a nonleading
contribution. %'ith these duality rules, one can
deduce the triple-Pomeron coupling from the pro-
duction cross sections PP -PN*. The latter will
be our only input, and we shall use for their val-
ues the results of Ref. 5 at 24 GeV/c.

With o.'v(t)-1, the finite-mass sum rules
(FMSR) in the narrow-width approximation lead to
the relation'
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FIG, 1. The values of GI(t) in Table I plotted against
t and compared with the t dependence of the data of
Ref. 2 at several values of M2. The dashed curve is
obtained when the 1400 enhancement is not included. In
this figure the normalization of the data has been arbi-
trarily chosen.

The normalization of G~(t) is

(The symbol D stands for diffractive contribution. )

In the sum in Eq. (I) we include, besides the nu-
cleon itself, the 1400 enhancement, the N*(1520),
the N*(1690), and the N*(2190), and the cut is
taken at M = 2.4 GeV after the last broad bump at
M =2.2 GeV. The FMSR is saturated in an essen-
tially local way. ' The values of Gv(t) obtained
from Eq. (1) are given in Table I. The results,
when the 1400 enhancement is not included in Eq.
(1), are also given. For ~t~~ 0.25 GeV', where
ISR data exist, the results are the same in both
cases. The values of the triple-Pomeron coupling
are also given.

The values of GI(t) in Table I are plotted in Fig.
1 and compared with the t-dependence of the data

The values of G&(t) and the PPP coupling, g&(t), computed from Eqs. (I) and

(3).

—t (GeV2)

G~(t) (mb/GeV')

g~(t) (GeV )
c

0 005

2.3
(0 93

0.3
(o.1) b

0.10

1.65
(1.4) b

0.36
(o.31)"

0.25

0.9

0.35

0.55

0.33

0,55

0.19

0.26

0.80

0.058

0.23

1.05

0.019

0.22

For this value of t we have used the data of Bellettini et al . at 19.3 GeV/c as given in
Tab'Le VI of Ref. 5.

"Values obtained when the 1400 enhancement is not included.
We have used v& =40 mb and the values of (da/dt), ~

of Ref. 5.
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of Ref. 2.
The values of G2(t) are subject to uncertainties

due to error bars in dv;/dt. These are random
errors of the order of 6—10% and normalization
errors of 10-15%. Besides, another 10-15% nor-
malization error due to arbitrariness in the choice
of P is possible. To facilitate the comparison with
experiment, and in view of the uncertainty in normal-
ization, from now onfor both G2 (t) andg2 (t) we take
the values in Table I multiplied by a factor 0.75.

Using these values of Gr(t) in Eq. (3) we obtain
the dashed curves shown in Fig. 2; the t-depen-
dence of the data is well reproduced. Notice also
that with a small nr'(0) 40, the M' dependence
would be slightly flatter, especially at the largest
values of ~t~, resulting in an even better agreement
with the data.

We turn now to a discussion of the triple-Porn-
eron coupling. One can see from Table I that it
has some turnover near t = 0whenthe 1400 enhance-
ment is not included. This turnover is due to the
vanishing of the nucleon contribution at t=0 in Eq.
(1) (v& = —f for the nucleon). However, its value at
f=0 isnotzerounlessallotherdo, /dt vanishat t=0,
which does not appear to be the case. When the 1400
enhancement is included the turnover almost disap-
pears, and one gets a value for the triple-Pomeron
coupling which approximately coincides with the one
obtained by extrapolating exponentially to t = 0 the ISR
data in the diff ractive region-under the assumption
that these data are essentially due to a PPP term (see
Fig. 1). The value of the triple-Pomeron coupling at
t = 0 is related to the parameters of the Pomeron tra-
jectory as follows':

t)r(0) -=16 2, 0
g~'(0) & 1 —n~(0)=1 1

16m 2n~' 0 (4)

Our value g2,(0) -0.3 &0.75 GeV ' gives a rather
weak constraint on n2'(0) and o.2 (0):

10 3

1 —o.2(0),
( )

.

With 0.05& o. '(0)2& 0.5 GeV ', one can have 0.990
& o.2 (0)s 0.999. If the contribution of the 1400
enhancement is not included, the constraint is even
weaker. These values of o.2(0) are so close to
unity that no zero or sharp turnover of the triple-
Pomeron coupling at t=0 appears to be required
by Eg. (4}. Therefore, a sharp turnover near t=0
of the proton inclusive spectra in the diffractive
region is not required either. In fact, with our
dual triple-Pomeron coupling such a sharp turn-
over does not occur —one might observe at most
the flattening out or slight turnover of the curves
in Fig. 1.

A very recent theoretical value of the integrated
triple-Pomeron. coupling, with a maximum esti-

IOO
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t=-0.25 (GeV)2

t = -0.55

-~~ t=- I.05

mated error of a factor 2, is given in Ref. 9:

26
dt ebk /2 g (f) P (o )1/2P g2 T (5)

where b is the slope parameter of the PP elastic
differential cross section. With our values of
gI(t} (see Ref. 10) one gets a~'-0. 3 GeV ' (see Ref.
11).

As for the possible presence of a PPB, term, it
is clear from the uncertainties in absolute normal-
ization, together with the factor O. V5 discussed
above, that one cannot exclude the existence of
such a term with a residue of order 10-50% of the
triple-Pomeron term. This would, however, alter
very little both our general scheme and the quanti-
tative values discussed above. As far as the com-
parison with the ISR results is concerned, such a
PPR term, due to its extra M ' power as com-
pared to a PPP one, would affect our figures by
3-17% at M'= 10 GeV' (x-0.99) and 1.5-&% at
M'=50 GeV' (x-0.95).

Our results, relating experimental results at
ISB and CERN accelerator energies without any
free parameter, provide in our opinion a striking
confirmation of a (dominating) triple-Pomeron
term in the diffractive region. This term appears
to be dual to the diffractively produced resonances
in the s channel, in agreement with duality rules
for inclusive reactions. The model leads to a non-
vanishing triple-Pomeron coupling at t = 0, and

I I I I I I

0 t0 20 50 40 50 60
M2 (GeV2)

FIG. 2. Missing-mass spectra at s = 929.5 GeV2 from
Ref. . 2. The dashed line is obtained from the triple-Pom-
eron term, Eq. (3}. The full line is obtained by adding
to this PPP term the nondiffractive contribution of
Ref. 1 tfirst two terms in Eq. (22}].
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predicts no sharp turnover near t = 0 of the proton
inclusive spectrum in the diffractive region.

Another interesting point is that the integral overI' and t of our PPP term increases by about 2 mb
from s=50 to s =3000 GeV'. This gives rise to a
contribution to the proton-proton total cross
section which increases by about 4 mb in the same
range of energy. " The value of this contribution
at s = 50 GeV' is about 3 mb. From the dual con-
struction of the PPP term one might think that this
contribution includes most of the diffractive com-
ponent-including the elastic part. However, look-
ing at the zero-moment (wrong-signature) FMSR,
one finds that its left-hand side is larger than the
right-hand side by an amount almost equal to the
contribution of the proton. " Therefore, the elas-
tic cross section is not included in the 3 mb. "

As a final remark, it is instructive to add to our
PPP term, Eq. (3), a phenomenological para-
metrization of the proton spectrum outside the
diffractive peak, obtained from a fit of data at
CERN accelerator energies [see Ref. 1, first two
terms in Eq. (22)]. One obtains in this way a very
good description of the proton spectrum at CERN
energies in a large range of the variable x. At
s =930 GeV', one gets the full curves in Figs. 2

and 3; one can see from Fig. 2 that the new terms
are very small for x near 1, so that our previous
results are almost unchanged, and Fig. 3 shows
that they provide a reasonably good parametriza-
tion of the data at smaller values of x. This para-
metrization also describes' the ISR data at s = 1995
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FIG. 3. Inelastic proton spectra at s= 929.5 GeV2. The
full curves are obtained by adding the diffractive and
nondiffractive contributions, given by Eq. (3) and Ref. 1
[first two terms in Eq. (22)], respectively. The dashed
curve is the contribution to the triple-Pomeron term,
Eq. (3), at Pz ——0.525(GeV/c) .

GeV', ' since they scale with the ones in Fig. 3, and
the model has scaling built in —except for an ggR
term, which is very small at s =930 GeV'.
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