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1. Introduction: The behavior of total cross sections at ultra high energies,
above Ve ~ T TeV has been derived from analysis of air shower observation,l
The proton-air inelastic cross section must be related to the badic proton-
proton interaction to determine which of the different models for the asymp-
totic behavior of the scattering amplitude are consistent with cosmic ray data
which,may be ruled out, The adjective inelastic for proton-air cross section
(05-§1r) describes the fact that cosmic ray experiments do not measure all of
the absorptive cross section because cascade development is not sensitive to
processes that lead to quasi-elastic excitation of the air nucleus (oge) or to
diffractive excitation of one of the nucleons of the air nucleus (UDD?- The
method generally used to calculate p-air inelastic cross section from proton-
proton parameters is the Glauber multiple scattering technique,? Application
of this method Teads to the relation

inel _ tot el

Op_gir = Opoaip = © %e = °p " Ac(1ne1§st1c screening) )

P-air - “qe ,

The term ac(inelastic screening) accounts for screening due to multiple scat-

tering with excited nucleon intermediate states., To calculate terms on the

“right hand side 85 this relation it is necessary to know the values of cgot’
slope parameter B""(t=0), single and double diffractive cross sections

PP opg the shape of dZc/dtdM? at t
aﬁg thg n

for the diffractive process P+P+P+X
uclear density profile,3

min
2, Discussion of Models of ETementa}y Interactioﬁ; Many different models for
the high energy behavior of scattering amplitudes have been proposed, all of
which agree with PP and PP data up to SPS-PP collider energies but give dif-
ferent extrapolations at higher energies. They may be classified into three

types: (1) Geometric scaling models,* (2) Diffraction dominance models,3
(3) Chou-Yang type models,5

The “Geometrical Scaling" models are those in which the interaction
radius increases logarithmically with energy. The ratio o 1/°tot is assumed
to be energy independent, The rise in the total cross sec%1on comes from all
three components, diffractive and inelastic processes, '

The diffractive dominance models ascribe all the rise in total cross
sections to ggq, asp and gpps the "inelastic” cross section remaining con-
stant, The.ralio Y decreases with energy, g.1/0t becomes energy
. Ginel 0t?t . e N
independent, USD/0 slowly decreases with energy while cDD/otot will be

asymptoticaily congggnt.
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In Chou-Yang type models the restrictionof geometrical scaling that
ogl/ot = constant is released, However the detailed behavior of ggp OF opp
is not generally prescribed,

This it may seem at first glance that with so much freedom it would be
possible to fit the cosmic ray data with a large range of models. This is
not so, however, because the range of variation of the diffractive component
cross sections are limited by unitarity bounds. There is only one proviso
for this statement which is that Glauber techniques are valid at these energies.

3, _Unitarity Bounds and Limits on Diffraction: The unitarity bound on elas-
tic and diffractive cross section can be stated as®

%1 * Ipifs <% Tgot | (2)

One can write Ttot in terms of its parts

%ot - %1 * %piff * Onp (3)

where onp is the non-diffractive cross section, It follows from these re-
lations that

>

OND 2% Ogot (4)
which means that if o, . (E) increases with energy then oyp cannot be energy
; tot ND
independent,

Rssuming the general validity of the bounds we apply it to the specific
model of diffractive dominance proposed by Goulianos., The energy variation
of oe1» 205ps opp and otot for this model is shown in figure 1. The value of
% Oyqtal 15 also graphed., The unitarity bound given by equation (2) is vio-
Tated gy this model at /s ~ 200 GeV so is the inequality oD = 2 Tot

"GOUL'ANOS” DIFFRACTIVE
DOMIN. MODEL

X Figure 1: Predictions from a
- 1 diffractive dominance model

] (Goulianos 1983) and its re-
lation to unitarity bounds
which require (ce] + cd)/ct

to be less than or equal to
0.5

£ (GeV)

In fact any model which ascribes the increase in cross section entirely to dif-
fractive processes will violate conventional unitarity requirements,

As representative of other models let us consider the model proposed
by Block and Cahn, The model gives explicit fits for total and elastic cross
sections as well as the slope parameter, (B), as a function of energy. To
obtain o,_,i,. (inelastic)using equation (1) we must calculate the five terms
on the r?gﬁt hand side using Glauber methods, The total, elastic and quasi-
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elastic proton-air cross sections c?n be calculated in straight forward manner
using the model parameters: ofgt oSl, B and p. To estimate op and Ac(inel-
screening) a knowledge of the sing?g diffractive cross section is needed, which
is not given by the model, Of these two terms, Ac%ine]—screening) depends only
on the value of (do/dtdM2)ypin which varies as 1/M2,2 Most of the contribution
to this term comes from smaT] values of M2 and numerical evaluation gives a
value for this correction which varies from about 8 mb at ISR energies to
saturation at ~ 14 mb at ultra high energies, :

The correction for diffractive dissociation of the target nucleon is

given by PP PP 1
9 = (o5p/%ine1) Tpoaiy (5)
Here 0] ;v 1S the cross section for an absorptive -p-~nucleus interaction in-

vo1vin8—3lgct1y one elementary inelastic scattering encounter, It is easy to
show that 0]-air = 2/3 m <r2> which corresponds to 142 mb for a root mean
square rﬁsius of 2,6 _fermis, The correction depends on the energy dependence
of GEB/Oine1 where oipel = %ot ~ %1 - ONp Tt ZOSD * opp-

What does the unitarity bound tell us about the size of this ratio? From
the unitarity bound in equation (2) gives

2ogn *.Opp % 4ot " e (6)

The maximum value of ogp then is obtained by putting opp = 0. The ratio
oSD/0ine] 1S bounded by

9sp . %1/ %ot
<E -7
el’ “tot

%nel ~
The maximum valye of op is 36 mb if 0,1 = 0! In the Block-Cahn model corres-
ponding to a 2ns energy dependenceS the ratio of oe] o otot varies from
0.175 to 0.37 as energy is varied from vs ~ 20 GeV to Vs ~ 10 TeV, corresponding
upper limits to op are 28 mb and 15 mb respectively, At ISR, however, there
are direct measurements of ogp and ojpe] which give a 14 mb cross section for
op. A reasonable measure of the allowed range of op can be obtained by assum-
ing that the lower bound to ogp/oine1 1S the ISR value and the upper bound is
given by equation (8) -with ogy/oyot being taken from Block and Cahn's model.
The result is shown in figure (23. Also shown in the figure is the sum of the
Tast three terms in equation (1), i.e. Gge + Op + Bo(inel, screening). The

1< 0,25 (7)

T T Y
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!

Figure 2: The allowed
ranges for the correction

1 for diffractive dissocia~

] tion of the target nucleon,
- Also shown is the total
correction as a function
of energy.
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fractional uncertainty in the value of op-air(inelastic) is Tess than three
percent,

In figure (3) we compare the predictions of the gns and 2n2s models of
Block and Cahn with air shower cosmic ray cross sections.”»8+2 It is seen
that the data clearly favor the faster energy dependence,
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Figure 3: Comparison of pre-
dictions for o _ ir (inel-
astic) from twh 81fferent
models of Block and Cahn:
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which has a 2ns dependence
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4, Conclusion: We have shown that if unitarity bounds on diffractive cross
sections are valid at ultra high energies then (a) diffractive dominance mod-
els which ascribe the increase in total hadron-hadron cross sections to dif-
fractive processes only are ruled out and (2) that cosmic ray cross sections
derived from air shower experiments at ultra high energies clearly rule out
models for hadron-hadron cross sections with gns energy dependence and favor
those with 2nZs variation,
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