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We review onr recent, desceription of high energy forward hadronic cross sections and in
particular of pion scattering data by means of Regge theory. We obtain a prediction
for the total pp cross section at LHC. In addition, and contrary to some suggestions in
the literature we show that standard Regge hehavior can acconnmuodate both ¢rossing
symmetry aud {actorization. Some consequences for low cuergy mr scattering ave
briefly discussed.

1 Introduction

A correct description of 7 scattering at high energies is erucial to achieve a very precise dis-
persive evalnation of 71 low encrgy observables. This is of particular intevest to test Chiral
Perturbation Theory (ChPT). and in particular the vahies of the chival parameters and of the
chiral condensate. Since o scattering ampliticdes are very constrained by analyticity, dispersive
approaches. using data in a larger energy range, can improve the information from low energy
data alone, which ave not, very reliable and are affected by large systematics.

AL high energies, the formalism able to deal with hadronice cross sections is Regge theory.
which is as nmeh part of QD as ChPPT. It deseribes amplitudes in terms of Regge poles. which
are complicated objects related to the 4 chanuel exchange of resonances, like the reggeized pin
the isospin L channel. or the Pomeron when no quantum numbers are exchanged. All Regge pole
contribitions decrease at large s, except. that of the Pomeron. so that all 77 total cross sections.
tend Lo a common value at sulficiently high energies (>~ 20 GeV). denoted o™, (Pomeranchuk
Theorem). In addition. Regge theory. relates different processes thanks to foctorization. i.e.:

I By oy (s 0) = a0 fra()(s/8) 0 &= (1GeV)?, )

Let us recall that tolal cross seclions are related to forward scattering amplitudes by: g =
D020 Foyg gges g (50 0) /A2 (s, m'j", m ), with Ma. b.¢) = a? + ¥ + 2 — 2ab — 20 - 2be. The
(.s-/,é-)"”‘” behavior depends on the Regge pole R whercas the fi(4) factors depend on the
particles in the initial state. It is then possible to obtain 77 Regge amplitudes from those of
N and NN, The (s.1) applicability range of the Regge formalisia will be discussed below, bt
QCD specifies that s >> A%, and 5 >> 1],

In the carly seventies, when only phase shift analysis up to 2 Ge\V'! were available for 7m0
scattering. and QCD was not fully developed. it was found thal cortain crossing svinnetry st
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rales were not. satislied together with factorization . which. at that time. implied @™ ~ [5h
from 7N and NN data. (In practice. o means ~ 20 GeVoosinee above that energy hadronic
cross sections grow, as we will see bhelow), Thus. it was snggested that factorization conld he
“hadly broken™. and that o™ = 6+5 wb. Still. the same authors® remarked Jater that @™ should
he radsed at least to 8.3 mb. and that recent high energy measurementst of Lotal 77 cross seclions
forme @@l = 135 £ 2.5wb at 32 GeVE In the late seventies other authors” used the correct
vadne in their analysis. but when several other experiments in the late seventies confinned this
result. the interest in Regge theory and pion scattering had already faded away.

In recent years, there is a renewed inferest due to the implications for Chiral Perturbation
"I'heory, through the precise determination of the meson-meson scattering lengths, which requires
the use of dispersive integrals, Unaware of the last experimentst, all these studies 7% have used
a reanalysid of the 7 Regge deseription with 0> = 5 £ 3mb.

2 Regge description of hadronic total cross sections including nm scattering

Fror the previous reasons we have recently prosented ? a Regge fit able to describe NN, 71N,
KEN and wr from Egpy, ~ 1GeVup toabout > 16GeV. We refer the readers to for details. Note
that, this new fit using 7@ data is compatible, but more precise than a similar parametrization'?,
obtained from factorization before we rediscovered the existing high energy data. In Fig.la, we
show owr fit to 75NV and (pp + pp)/2 and (Ktp + K p)/2 cross sections, (these combinations
basically only depend on the Pomeron and the p). Here we use a very siinple parametrization of
the Pomeron with e (0) = 1, although it is well known that hadronic cross sections grow at large
5. Nevertheless. as shown in Fig. 1b, with a slight modification of the Pomeron cliannel. to indude
a soft logarithm, the hadronic forward cross sections are described up to the mualti-TeV region.
We predict, for iustance, the total pp cross section at. LHC to be n["’;"(lAl)T('V = 108 £4 £ 4mb,
in ramarkable agreement. with the most recent Regge analysist': 111.5 & 12*“ Note also that.
at low energics, Fig.1h overlaps with Tfig. la.
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Figure 11 a) Ou the left panel we show the resnlts of onr Regge fit to different badronic cross sections. with a
sitnple Powmeron parinetrization ap (0) = 1 valid ap o E,,, = 16 GeV, and assuming [actorization. h) Adding
alogarithmic term o the Powmeron Che description can he easily extended ap o the vl TeV range.

However, the raise in hadronic forward cross sections is negligible wp to 20 GeV. and is
irrelevant, for the integrals nsed i meson-meson dispersive approaches. Henee, it is sufficient.
to use the simplest Pomeron parametrization of Fig la.  assuming that factorization is also
valid for am scattering to obtain the results in Figs.2, represented as solid lines, The thin gray
bands around themn correspond to our error hars. We find a remarkable agreement. with the
measured an cross sections above 2 GeV. Between L and 2 GeV diffevent sets of data are
in conllict.. note however that our result falls between the different sets and that they match
the points at 142 Gel' from phase shift analysis (the stars or the dotted lines), Finadlyv, we
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lind that all 77 amplitudes {latten around 20 GeVoand ] within 0.5 b of an average value
al®(20GeV) = 134 1 0.61mh. This value is totally dominated by the Pomeron and. assuming
factorization. is in very good agreement, with the Regge paranioterization ' that will appear in
the Review of Particle Properties 2004 . ~ 123 £ 0.3 1mb. For comparison we show. as dashed

lines. the vesults using the parameterizations in® with their nncertainties (lght. gray bands).
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Figime 2 7n . a % and ' 77 total cross sections and data “.The solid lines correspond to our Regge fit

assuming factorization. The dashed correspond lines to the parametrization © most frequentdy used in recent
dispersive studies of wr scattering. The gray bawds cover the wneertainties of cach parametrization. The PY

B points have been obtained Y from parmmncterizations of phase shift. apalysis.

3 nr scattering and crossing sum rules

We have also checked that onr Regge deseription of 77 is consistent. with erossing sum rules. In

particular. our parametrization withoot fitting ¥, satisfies the following two crossing sum rules:
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where /7 means OF /dcosd. O being the scattering angle.

For these calenlations we need the ¢ dependence of the Regge expressions, obtained from
fits to the slopes of differential eross sections (see? for detailed expressions). 'These fits are not
uniquie i the literature. but fortunately they agree unmerically for small values of . For the
low £ we are interested in. /Tt = 0.28 GeV. onr ¢ behavior lies on the safe side !,

Both sunm rules are well satisfied © with the vecent. and most precise Regpe parameters
obtained from the fits in the previous section. The first one is dominated by the Pomeron. and
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can be used to canstrain the poorly known [ = 2 Regge exchange. "The second one is dominated
al high enerey by the pand at low energy hy the 22 wave. the best known, In this way one can
Hix with even greater precision the Regge p parameters. used to obtain Fig.2,

The old mismatcehes in these sum rules were due to the ase of the CIORN-Muniely phase shift
anadysis ' from s = 142GeV up to 2 GeV. They have bee represeuted by a dotted line in
[fig.2. whoere we can see that they ave incompatible with measmements ol total cross sections,

These data are also in contlict with many other considerations 16,

4 Relevance fer 77 scattering at low energies

n a recent paper, we pointed out. that, the wz parameterizations given in . do not satisfy the
Olsson s rule by 2.5 standard deviations and the app and ap+ Froissart Gribov dispersive
representations by about 4 to § standard deviations. Other dispersive analysis ® do uot. have
these contlicts because their error bars are about a factor of three kwger than those in ™. In '™ it
was argued that this was due to a faulty Regge representation that violated crossing. As shown
here, onr recent results ? show that this is not the case, since our Regge formalism desceribes
data and satisties erossing siun rules. The discrepancy remains.
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