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Making use of the extrema bounds for the soft pomeron intercept, recently determined byfitmtdpp data

(from both accelerator and cosmic-ray experiments), we investigate the total cross sections for pion-proton,
kaon-proton, gamma-proton and gamma-gamma scattering. We show that by mghtmbfits the extrema

bounds are in agreement with the bulk of experimental data presently available, and that extrapolations to higher
energies indicate different behaviors for the rise of the total cross sections. We also discuss factorization and
quark counting, showing that both bounds are in agreement with these properties.

1 Introduction the CDF Collaboration [3] and the E710 and E811 Collabo-
rations [4, 5]. The CDF datum is more thas higher than

Itis an experimental fact that all hadronic cross sections risethose from E710/E811 and, therefore, indicates a faster grow

asymptotically with the energy of the collision [1]. In Regge with energy of thepp total cross section. In the later case

Pole phenomenology [2], the amplitude for a two body scat- the estimations a5??, from cosmic-ray experiments/s =

tering at high energies is expressed as a sum of contributions - 40 TeV) are model dependent and different approaches

from all the exchanged trajectories allowed in the reaction. provide quite different values for the total cross section

By means of the optical theorem, (see [6] for a recent review, discussions and a complete list
1 of references). Recently, the effects of all these discrepan-
Tiot(s) = —Im F(s,t = 0), (1) cies have been investigated in Ref. [7]. Fitspioand pp
5 data taking into account all the experimental information al-
the total cross section is written as lowed the determination of extrema bounds das(t = 0),
Tror(s) = Z%(t _ O)Sm(t:o)_17 ) and _therefore for the raise of the corresponding total cross
- sections.

In this work we use these extrema bounds for the
where,/s is the c.m energy, is the four momentum transfer  pomeron intercept in order to extend the analysis to meson-
squaredg;(t) = ag + o't is the Regge trajectory related proton, gamma-proton and gamma-gamma scattering and
with the exchange of aeggeon carrying the appropriated also to perform tests concerning factorization and quark
quantum numbers for the reaction, amdis the reggeon  counting. The paper is organized as follows. In Sec. Il we
coupling. briefly recall the determination of the extrema bounds from

At high energies, the total cross section is dominated ), andpp scattering. In Sec. Il we present the extensions
by a trajectory with the quantum numbers of the vacuum, to the other reactions and the tests about factorization and
known as the pomeron. Therefore, in this context, the rise quark Counting_ The conclusions and some final remarks
of the hadronic total cross section is due to the pomeron ex-gre the content of Sec. IV.
change, and to understand the asymptotic behavior of the
cross section means to understand the pomeron’s properties
and parameters. Since there are no known particles relate(Q Extrema bounds from pp and op
with the pomeron trajectory, it is necessary to perform fits .
to the available data in order to establish the Pomeron's pa-  Scattering
rameters, namely, its intercep$ (¢ = 0) and coupling.

However, the experimental behavior of the hadronic to- The effects of the experimental discrepancies, referred to in
tal cross section at the highest energies is far from clear.the previous section, have been investigated through differ-
The data available at this extreme region congasrand ent selections of the experimental information available [7].
pp scattering. In the former case, it is well known the dis- First, theacceleratordata ornpp andpp scattering were split
crepancy at/s = 1.8 TeV between the published results by in two ensembles, where each ensemble displays one of the
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two possible scenarios for the tofal cross section behavior 0. Among the 16 fits performed through the CERN-minuit

with energy: program, the extrema bounds for the pomeron intercept were
obtained in the case of individual fits &g,,, the upper value
e Ensemble | - Fastest increase scenarig,, and  with ensemble | + NGSY and the lower value with ensemble
oty data (10 < /s < 900GeV) + CDF datum | The value of the fit parameters and statistical information
(Vs = 1800 GeV). are displayed in Table 1, and the corresponding behavior of

total the cross sections, as function of the energy, are shown

. . in Fig. 1, together with the experimental information.
e Ensemble Il - Slowest increase scenarigf’, and 9 9 P

ol data (0 < /5 < 900 GeV) + E710/E811 data
(v/s = 1800 GeV). TABLE 1. Parameters obtained from fits pp andpp total cross

section and corresponding to the highest and lowest values for the
In a second step, the highest and lowest estimationsPomeron intercept [7].
for o7, from cosmic-rayexperiments have been adequately
added to the above ensembles. These estimations corre-

spond, respectively, to the results by Nikolaev [8], together EnsFeI'tr:ane' L+ ,Lrgg\'? ual - oot i
with that by Gaisser, Sukhatme and Yodh [9] (NGSY) and . ' 0104.0.005 0.085.0.004
the results by Block, Halzen and Stanev (BHS) [10] (BHS) X (mb) T 16L1 o0L1
(see [6] for details). These two other ensembles were de- e 0.28+0.03 0.38-0.04
noted by Y, (mb) 51+4 6248
- 0.42+0.04 0.42:0.04
e Ensemble | + NGSY Y_ (mb) 1744 1744
K - -
e Ensemble Il + BHS No. DOE 94 89
2
In this way one may explore the contrasting data and the X /DOF 1.01 0.94
faster and slower increase scenarios for the rise of the to-
tal cross section, allowed by the experimental information
available. 200
The parametrizations used for the total cross section ‘é i 1
comes from an extended Regge Pole model. The corre- \g 8O A NGSY /
sponding forward scattering amplitudg(s,t = 0), is de- [ O CDF e
composed in three reggeon exchanges: 160 1~ - ]
S T ]
F(s) = Fp(s) + Fu, /1, (8) + TE,p(5), 3) "L 4 E710/E811 lA A1
where Fpp is the single Pomeron exchangg,, ;, is the 120 q A
Reggeon withC' = +1, F,/, is the Reggeon witlC' = I Vit
—1, andr = +1 (—1) for anti particle-particle (particle- 100 - T
particle). Here, the intercepts of the Pomeron andihe 6o | A :
+1 andC = —1 trajectories are expressed by: i ;
L o/,/'
ap(0) = 1+¢ : ]
ap(0) = 1—mny .
a_(0) = 1-—n_.
L L |
With the above amplitude, and through the optical theo- 0 " Js
remd, Eq. 1, the total cross sections fprandpp interactions Figure 1. Fastest and slowest increase scenarios for the rise of the
reads total cross section through parametrization (4) and allowed by the
. . —n experimental information available: fits to ensembles | + NGSY
Otot(s) = Xs + Yy 87" +7Y_ s, (4)  (solid) and Il (dashed). See Table 1.

whereX, Y, Y_, ¢, ny andn_ are parameters to be fixed )
by the fit to the data. The extremaoundsfor the Pomeron intercept are ob-

Besides the four ensembles defined above, the availabld@in€d by summing or subtracting the errors to the mean val-
data on the ratio of the real to the imaginary part of the am- U€S in Table 1:
plitude, p = Re F(s,t = 0)/Im F(s,t = 0), were also
used in global fits involving ando,,;. This has been done
by means of dispertion relations and either using the sub- €wprer 0.0104 +0.005 = 0.109, from |+ NGSY;
traction constank as a free fit parameter or assumikig= €lower = 0.085—0.004 = 0.081, fromII.
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3 Extension tor*p, K*p, vp and vy
scattering
Besidespp and pp, several other hadronic reactions have

been measured through the last decades [1]. Although non
of them has the energy range jgf andpp, some reactions

have been measured up to considerably high energy values.

For meson-proton, the total cross section datarfep, k*p
have been recorded up to aroup@ = 30 GeV, whereas
for vp and v there are measurements reach2ig GeV.
Therefore, these reactions provide a good ground for inves
tigating the affects of the extrema values obtained for the
soft pomeron intercept.

Among other possible procedures for the extensions, we
adopt here parametrization (4) agtbbal fits to o;,; data
from % p, K*p, vp andyy scattering. We fix the intercepts
€, N+ andn_, obtained frompp and pp scattering, in the
cases of the highest and lowestalues (Table 1). With this
procedure we have 10 free parameters: the strengths.
andY_ for 7*p, K*p, and X, Y, for yp and~~ scatter-
ing. The total number of data points are 134 and therefore
124 DOF. The fits have been performed through the CERN-
minuit routine in both cases of the extrema bounds, namely,
€ = 0.081 ande = 0.109. The fit results for the lower bound
were:

pEp 90 50081 4 9 4~ 0-38 - 17 4042

Otot =

alﬁ” = 13.325%081 4 9591 57038 1 3,75 57042
+

Tror ! 11.92 s%-081 4 10.75 s70-38 3 6.83 5~ 0-42

alf = 0.067 5% +0.096 5738

ot 0.00020 5”5 +0.00015 5~°-35.

with x2/DOF = 0.91. With the upper bound we obtained

+

p—p

16 30.109 451 570.28 ¥ 17370.42

Otot =
Uf;p — 10.125%109 4 94757028 3 3 847042
Ut[gtip 9.27 59109 1 13.8 57028 3 6.9 57042
oyh = 0.051%1% 40.105570-28
ol = 0.00015 519 4+ 0.0002 57028,

with x2/DOF = 0.99.
These parametrizations for the"p, K*p, vp and~~y
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g g,
pp "/p.

(6)

Ovp  Oyy

We check the above rules at the asymptotic region
/s — o0) and since the pomeron contribution is the only
hat increases with the energy, we neglect the other trajecto-

ries.

The results for the ratios from the obtained parameters
are shown in Table Il. For the quark counting rule, the ratio
of thepp to p cross sections agrees better with the expected
value 0f0.67 for the lowere value and both results matched

the expected ratio when the errors from the fit parameters
are taken into account. In the case of the kaon-proton the
ratio does not agree with 0.67 in both cases. However, it is
not clear if the pomeron coupling with strange quarks have
the same strength as to light quarks.

For the factorization relation, Eq. (6), the best agreement
comes from the values obtained for the higheHowever,
the value obtained for the loweris not that far from the
expected either, and both results agree when the errors are
taken into account.

We conclude that, in the context of the procedure used,
the extrema bounds are not in disagreement with both quark
counting and factorization rules.

TABLE 2. Results for the quark counting rule and factorization
using the pomeron amplitudes obtained from the fits.

Extremum: e=0.109 €=0.081
(aﬁip/o—pp)/o.G? 0.92+0.07 0.940.04
(aKip/app)/O.(S? 0.84+0.07 0.8740.04

(opp/0vp)/(G~yp/oyy) 0.96+0.17 0.90:0.12

4 Conclusions and final remarks

In this paper we have investigated some effects of the ex-
trema bounds for the soft pomeron intercept in the descrip-
tion of the total cross sections frontp, K*p, vp and~yy
scattering.

In the context of the global fits, explained in Sec. Ill, we
have shown that both extrems lead to good descriptions of
the experimental data, with the exception of the highest data
points fromn~—p, vp and~~ scattering. Although the ex-
trapolations predict different behaviors fer.:(s), neither

are displayed in Fig. 2 together with the experimental data. bound are able to describe the above points in a reasonable
We see that, with the exception of the highest energy dataway, specially in theyy scattering. This last case may sug-
points inw~p, vp and~~ scattering, the experimental data gest the necessity of an additional component, as the hard
are well described in both cases (upper and lower bounds)pomeron. We have also shown that, taking into account the
We note that the highest points have the largest errors barsrrors in the fit parameters, both bounds do not violate the
and, therefore, little influence in global fits. We shall return factorization rule or the quark counting rule (in the case of
to this point in Sec. IV. pp andzw*p scattering).

The results obtained allow also to check the values of the  Our main conclusion is that, with the procedure used, the
extrema bounds in terms of the quark counting and factor-data analyzed and the rules tested are not so sensitive to the
ization rules. From quark counting we expect that extrema bounds. We understand that this conclusion brings

novel information about the numerical interval that could be
(5) associated with a truthful value for the soft pomeron inter-
Opp cept. However, experimental data at higher energies may

Factorization is related with the strength of the Pomeron Select the best bound, as suggested by Fig. 2.
coupling with the photon and proton and states that

Ontp
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Figure 2. Results of the global fits to pion-proton, kaon-proton, gamma-proton and gamma-gamma total cross section dgia,-with
0.109 (solid) ande;ower = 0.081 (dashed).
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