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AB iTRACT

The scaling of the diffraction peak in antiproton-proton scattering has been investi-
gated from near threshold up to 3 GeV/c laboratory momenta. It was shown that the
scaling of the differential cross sections are evidentiated with a surprising accuracy not
only at high energies, but also at very low ones (e.g. piAB = 0-1 -0.5 GcV/c), beyond the
resonance and exotic resonance regions. This precocious scaling strongly suggests that
the s-channel helicity conservation (SCHC) can be a peculiar property that should be
tested in antiproton-proton interaction not only at high energies but also at low energy
even below pLAB = 1 GeV/c.
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1 Introduction

The description of the elementary particles scattering in terms of optimal state (minimum
norm principle) was recently presented in refs [1-5] .Then two important physical laws
for the hadron-hadron scattering (the scaling of the angular distribution and s-channel
helicity conservation (SCHC)) were derived, using Reproducing Kernel Hilbert Space
(RKHS) methods.

Starting with the assumption that each of the two bodies helicity scattering amplitude
is an element of RKHS.it was shown that (see refs.[2-5]):

i) The RKHS has many special properties that make it an adequate space for the
description of the scattering in terms of a minimum norm principle;

ii) The notion of optimal scattering state[l,3,6,7] and reproducing Kernel(RK) of the
RKHS - associated to the helicity amplHu<ie,are the same;

iii) The expansion of the scattering amplitudes in terms of optimal states can be
important alternative to the phase shift analysis;

iv) The dual diffractive scattering (DDS) [8,9] and the dual diffractive resonance phe-
nomena (DDR) [6,7,8] are described in an unified manner using RKHS methods.

v) The scaling of the angular distributions ,as well as the s-channel helicity conservation
(SCHC) in hadron-hadron scattering,are tv o important properties of the optimal states.

In this paper we present an optimal state analysis (OSA) on the pp scattering at low
energies(laboratory momenta between 181 MeV/c and 3000 MeV/c) from the point of
view of the scaling property for differential cross sections.We have chosen this energy
range for the interest since it contains the energy region for production of the resonances
or exotic resonances (multiquarc states) in pp scattering .A great experimental efforts
(Chrystal Barrel,Obelix,E760 Fermilab,GAMS,JETSET, BIS-2 ,DAFNE)and theoretical
ones are done for search of exotic multiquark resonances. For some reviews see references
[10-14].

The possibility to find criteria to identify resonance signals , via violation of the
scaling property, is also one of the motivations of this paper.

2 Optimal State Analysis in hadron-hadron scatter-
ing

Let us consider the two body elastic scattering :

a + b —> a 4- b (1)

where particle a and b have spins sa and st.
In describing system (1) the helicity formalism of Jacob and Wick [15] was used.
Therefore, let:

be the helicity amplitudes of the system (l);where /ia and fit are the initial helicities and
/it and jib the final ones ; s and t are the usual Mandelstam variable ,while x = co&6,6

being the cm. scattering angle.The normalization was chosen in such a way that the
differential and elastic cross section for the channel [p] = (fia, W>; Ha-, Hb) are given by :

Is *e[-l,+i] (3)



+1

(4)

Since we will work at fixed energy the dependence of / '" '(i) ;̂ jfj {x)\ °ei \<?ct and aT

of this variable is suppressed.
Let 4^(x); <rei and or be the unpolarized (differential ,elastic and total) cross sections:

dv, 1
(5)

(6)

(7)

where [fio] = (^a,^&; Ma,/<s) denote helicity conserving channels.
A step tow&rdjthe description of the scattering in terms of an optimum principle (min-

imum norm principle) is to consider each amplitude /'"H1) ^ a n element of a functional
RKHS [4,5],/f'"' defined on S = [—l,+l],with inner product and norm given by :

+1

/ (8)

If KM is the reproducing kernel of i/M, /<"' e //M then for each y € [-1.+1] for
which / '*%) ^ 0,A'M(!/,j/) ^ 0 the functional (3) and (4) obey the inequality :

dil ~

The equality holds in (10) if and only if :

(SO)

(11)

The scattering state of the system (1) described by the helicity amplitude (11) is called
optimal state (OS) of the channel [/J]. Writing the scattering amplitude /'"' in terms of the
partial amplitudes /j ,using the rotation functions dj,,(i) as the orthonormal sequence
of RKHS //I"' ,we obtain:

(12)

= l*a -

Now,one can prove that [2-5]:
a)the helicity amplitude fM is an element of a RKHS

only if j u < oo
b)HM possesses the following reproducing kernel:

.defined on [-1, +l],if and

Mf . _ [ Q , + I ) 2 ^ I)2 -

where

(13)

(14)

y)}

(15)

Next,let us assume that each helicity ampli'ude,/^,is an element of a RKHS H^\which
possesses the RK given by equations (13-15). Then, the following important results are
obtained (see ref.[4,5]):

i) If <TCI and ^ (1 ) are given, any cut-off jp on the total angular momentum must obey
the bound :

AIT Art

U1 (16)

ii} the equality is obtained in (16) if and only if fl^(x) is the optimal amplitude :

(17)

x-\
(18)

where

U = integer (half - integer) {[~^r(l) +
cr dil

- 1} (19)

iii) the logaritmic slope of the forward diffractive peak is independent of [/i] and is
given by :

with k = \jpcm a nd Pcm are the momenta in cm system.
iv) The forward diffraction peak of the optimal phenomena,described by equations

(16-20),possesses the scaling property (function R,h(r))

with the scaling variable

(21)

(22)



T = {A. « | t | l±Lg(l )_l ]}V* (23)

where JI(T) is the Bessel,first order,function.
We remark that the results from relations (22) and (23) include in a more general and

exact form the scaling variables \t\a\H*<7ti and \t\aT introduced by Sing and Roy [16],
Cornille and Martin [17],Dias de Deus [18] and Buras and Dias de Deus [19] .

3 Numerical results on pp elastic scattering at low
energies(precocious scaling)

In a recent paper [20] high energy data on pp elastic scattering were analysed,via a single
optimal state analysis (SOSA) and it was shown that,at high energies pLAB > 3 GeVjc
the optimal predictions are satisfied experimentally to a good accuracy.

Also a detailed comparison of the optimal state predictions with the experimental data
for the elastic slope was performed [1,20].

Now,we piesent some results for pp elastic scattering data analysis at low energies
obtained via SOSA, which have been described briefly in Section 2. The laboratory
momenta of antiprotons range between 180 MeV/c and 3000 MeV/c .including the region
of resonances and exotic resonances.We chose this interesting energy range in order to
find possible ways of identifying signals given by resonances, which can manifest in SOSA
analysis by scaling (and SCHC) violations.

Therefore,using the optimal state predictions (see equations 21-23) we have computed
the following quantities:

a) The scaling variable r given by equation (23) (The experimental data was taken
from reference [21],[22],[33-36])

b) The experimental scaling function

c) The theoretical scaling function iJn(r) given by equation (21).
The numerical results obtained in this way are given in figures l[a-d];2[a-f];3[a-d];4[a-

d];5[a-d]. Analysing these figures we can see that the scaling of the differential cross
section is a property evidentiated with a "surprising accuracy ",outside the resonance
region.(See figures l[a-d],2[a-f],3[a-d] and 4[a-d]. A violation of this scaling ( even at
lowest values of r is appearing clearly in the resonances and exotic resonances region (see
figures 5[a-d]).

The discrepancy,at higher values of scaling variable (r > 2.5) (see figures 4[a-d])
could be avoided, especialy for the second peak region ,if two or more optimal state
wili be included in the theoretical calculations. However.in the resonance region the
discrepancy between theoretical SOSA prediction and experimental data is very large.
In order to check some possibilities to identify specific properties of resonances we per-
formed a more detailed analysis for the incident momenta between 180 MeV/c up to 3000
MeV/c(experimental data taken from references [21-36].So,a statistical analysis of chi
squared distributions (xi/NDF) in a 3-dimensaonat plot for all values of scaling variable
T (see figure 6) and for scaling variable r < 3 (Figure 7) are presented.

Also ,bidimensional plots for all values of scaling variables (Figure 8) and for values
of T < 3 (Figure 9) are done. We note that no selection in the data was chosen. Some
characteristic signals for particular values of scaling variable are clearly seen in these
figures ,but more refined analysis are required ,in order to derive some definite conclusions.

4 Conclusions
From the analysts presented in this paper (see Section 3) we see that a good agreement
between SOSA-predictions and the experimental data is obtained only in the range be-
yond the resonance region.The discrepancy between SOSA predictions and experimental
scaling function appear only in the resonance n^ion(see figures 5[a-d]and figures 6-9).It
is important to note that the presented results are only preliminary OSA analysis in this
energy domain .The hint is that refining our analysis on large sample of data,will be able
to derive some criteria to evidentiate the resonance signals and part of their properties.

Finally,we note that we intend to perform also an analysis with two { or more) optimal
states .This is required not only by the discrepancies observed (see Figures 4[a-d] ,but
also for taking into account the spin polarisation phenomena inhadron-hadron scattering
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FIGURE CAPTIONS

Figure 1: Optimal state predictions are compared with experimental data from reference
[22]

Figure 2; Optimal state predictions are compared with experimental data from reference
[25]

Figure 3: Optimal state predictions are i >mpared with experimental data from reference
[23]

Figure 4: Optimal state predictions are compared with experimental data from reference
[27]

Figure 5: Optimal state predictions are compared with experimental data from reference
[29]

Figure 6: 3-dimensional plot for all va'nes of scaling variable r.Experimental data are
from references [22-36]

Figure 7: 3-dimensional plot for scaling variable T < 3. Experimental data are from
references [22-36]

Figure 8: bi-dimensional plot for all values of scaling variable T.Experimental data are
from references [22-36]

Figure 9: bi-dimensional plot for scalin ; variable r < 3. Experimental data are from
references [22-36]
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