SLAC-PUB-1198
(T-E)
March 1973

EVIDENCE FOR A DUAL TRIPLE POMERON COUPLING
FROM INCLUSIVE ISR DATA™

A. CapellaT
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305

ABSTRACT

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 reactions, are related to the triple Pomeron
coupling via finite mass sum rules. The extrapolated value of this coupling to
t = 0 induces rather weak constraints on the parameters of the Pomeron, and

thus no sharp turnover of the proton spectrum near t = 0 is expected.
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In a recent phenomenological analysis of p + p — p + X inclusive reaction
it has been shown1 that most of the 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 PPR term. This conclusion is supported by a

recent experiment at s = 929.5 GeVz. 2 On the one hand, from the comparison

with the results obtained at s = 1995 GeVZ, 3

"one observes quantitative agree-
ment between the two spectra all the way out to x = 2pL/J_s =1, n? On the
other hand, the new results, which are very detailed in the diffractive region,
0.95 < x < 1, show the following features:

i) An et dependence at fixed missing mass, M, for [ tl < 0.5 GeV2,

with the slope parameter a independent of M.

ii) An approximate M2 dependence at fixed t, for 10 < M < 50 Gev?.
Property i) is in agreement with the small slope of the Pomeron. With oei)(O) ~ 0
and aP(O) ~ 1, property ii) favors a triple Pomeron term, which behaves like
M*z, versus a PPR, which behaves like M™°  with agp(0) ~ 1/2.

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 Pomeron-
particle amplitudes based on perturbative dual models. These rules state4 that
the resonances 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 non-leading contribution of a PPP
term. With these duality rules, one can deduce the triple Pomeron coupling

from the production cross sections pp —~ pN*. The latter will be our only input,

and we shall use for their values the results of reference 5 at 24 GeV/c.



With ozP(t) ~ 1, the finite mass sum rules (FMSR) in the narrow width

approximation lead to the following relation6
dO'i _
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where V= M2 - MZP - t, dcri/dt is the cross section for the production of Nik and v
is the cut in the FMSR. The quantity GP(t) is related to the triple Pomeron

coupling, gp(t), T by
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where T and do/dt are the asymptotic values of the total and elastic differential
pp cross sections, and the equality is strictly true only for aP(O) =1. 'The
normalization of GP(t) is:
E “p_1 G (t) =5 3)
d3p T P M2 ’

[ The symbol D stands for diffractive contribution.] In the sum in Eq. (1) we
include, besides the nucleon itself, the 1400 enhancement, the N*(1520), the
N*(1690), and 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 essentially local way. 8
The values of GP(t) obtained frorh Eq. (1) are given in Table 1. The results,
when the 1400 enhancement is not included in Eq. (1), are also given. For
[t] > 0.25 GeVz, 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 GP(t) in Table 1 are plotted in Figure 1 and compared with

the t—-dependence of the data of reference 2.



The values of GP(t) are subject to uncertainties due to error bars in
dcri/dt. These are random errors of the order of 6-10% and normalization
errors of 10-15%. Besides, another 10-15% normalization error due bo arbi-
trariness in the choice of ¥ is possible. To facilitate the comparison with
experiment, and in view of the uncertainty in the normalization, from now on
for both GP(t) and gP(t) we take the values in Table 1 multiplied by a factor 0.75.

Using these values of GP(t) in Eq. (3) we obtain the dashed curves shown
in Figure 2.

To be able to compare with the experimental results at smaller values of
x and to have an estimation of the possible modifications in our results due to
the contribution of the non-diffractive terms, we use the parametrization of these
terms obtained in reference 1 from a fit of the proton spectrum at CERN accelera-

tor energies:

3 .
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with
y(t) = 79 e0'13t+250 e11.9t:
B(t) = 13e6.'7t+2.8t2
C1 = 7.5 02 = (.28,

and the invariant cross section in Eq. (4) is in units of mb/ GeVz. The first
term reduces to an RRP term for s/Mz—-» < and t ~ 0; a possible interpretation
of this term is given in reference 9. The second term is an RRR term; its con-
tribution at s = 929.5 (GeV)z is negligibly small.

Adding the diffractive and non-diffractive contributions, Egs. (3) and (4),

we obtain the full curves in Figures 2 and 3.



Our parametrization also describes the ISR results at s = 1995 (GeV)2
since these results scale with the ones considered here and our model has
scaling built in — except for the RRR term which is only a few percent 6f the
cross section at s = 929.5 GeVz. It also describes the existing results at lower
energies; the parametrization (4) was indeed obtained from a fit of the data at
CERN accelerator energies outside the resonance region, and the extrapolation
at smaller M 11 satisfies the FMSR in the way described above.

We turn now to a discussion of the triple Pomeron coupling. One can see
from Table 1 that it has some turnover near t = 0 when the 1400 enhance-
ment is not inciuded. This turnover is due to the vanishing of the nucleon con~
tribution at t = 0 in Eq. (1) (Vi= -t for the nucleon). However, its value at
t = 0 is not zero unless all other dcri/dt vanish at t = 0, which does not appear
to be the case. When the 1400 enhancement is included the turnover almost
disappears, and one gets a value for the triple Pomeron coupling which approxi-
mately coincides with the one obtained by extrapolating exponentially to t = 0
the ISR data in the diffractive region — under the assumption that these da-ta are
essentially due to a PPP term (see Figure 1). The value of the triple Pomeron

coupling at t = 0 is related to the parameters of the Pomeron trajectory as follovvs7

1p(0) = o= 20!;(0) £5(0) 5 1-ap(0). (5)

Our value gP(O) ~ (0.3 X 0.75) GreV—1 gives a rather weak constraint on a'P(O) and

aP(O): "
10
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With 0.05 < ozi)(O) < 0.5 GeV -, one can have 0.990 < ap(0) < 0.999. If the



contribution of the 1400 enhancement is not included, the constraint is even
weaker. These values of ap (0) are so close to one, that no zero or sharp turn-
over of the triple Pomeron coupling at t = 0 appears to be required by Eq. (5).
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 turnover does not occur — one might observe at most
the flattening out or slight turnover of the curves in Figure 1.

A very recent theoretical value of the integrated triple Pomeron coupling,

with a maximum estimated error of a factor 2, is given in reference 10:

0 —ht 20!
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where b is the slope parameter of the pp elastic differential cross section. With
our values of gP(t) 12 one gets ozi? ~ 0.3. 13

As for the possible presence of a PPR term, it is clear from the uncer-
tanties in absolute normalization, together with the factor 0.75 discussed above,
that one cannot exclude the existence of such a term with a residue of the order
to 10-50% of the triple Pomeron one. This would, however, alter very little
both our general scheme and the quantitative values discussed above. As far as
the comparison with the ISR results is concerned, such a PPR term, due to its
extra M_1 power as compared to a PPP one, would affect our figures by 3-17%
at M2= 10 (x ~ 0.99) and 1.5-7% at M2= 50 (x ~ 0.95) GeVz.

Our results, relating experimental results at ISR and CERN accelerator

energies without any free parameter, provide in our opinion, a striking confirma- .

tion 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 predicts no sharp turnover

near t = 0 of the proton inclusive spectrum in the diffractive region.
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Figure Captions

The values of GP(t) in Table 1 are plotted against t and compared
with the t dependence of the data of reference 2 at several values of
Mz. 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.

Missing mass spectra at s = 929.5 GeV2 from reference 2. The
dashed line is obtained from the triple Pomeron term, Eq. (3). The
full line is obtained by adding to this PPP term the non-diffractive

contribution, Eq. (4).

Inelastic proton spectra at s = 929.5 GeVz. The full curves are
obtained by adding the diffractive and non-diffractive contributions,
Egs. (3) and (4). The dashed curve is the contribution of the triple

Pomeron terms, Eq. (3), at pZT = 0.525 GeVz.
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TABLE 1
2
-t GeV 0.005%  0.10 0.25 0.35 0.55 0.80 1.05
Gp(t) mb/GfeV2 2.3 1.65 0.9 0.55 0.19 0.058 0.019
(0.9)b (1.4)b
gp(t) Gev : T 0.3 0.36 0.36 0.33 0.26 0.23 0.22

0.1 (0.31)°

a For this value of t we have used the data of Belletini et al. at 19.3 GeV/c as

given in Table VI of reference 5.

b Values obtained when the 1400 enhancement is not included.

7 We have used O = 40 mb and the values of do/dtel of reference 5.
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