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Evidence for eikonal zeros in the momentum transfer space

P. A. S. Carvalho and M. J. Menon
Instituto de Fisica “Gleb Wataghin,” Universidade Estadual de Campinas, Unicamp 13083-970 Campinas, SP, Brazil
(Received 7 July 1997

We present the results of fitting elastip differential cross section data at 2&5s<62.5 GeV with a
novel analytic parametrization for the scattering amplitude. Making use of a fitting method, the errors from the
free parameters are propagated to the imaginary part of the eikonal in the momentum transfer space. A novel
systematic study of the effects coming from data at large momentum transfer is also performed. We find
statistical evidence for the existence of eikonal zeros in the interval of momentum transfer 5-9 GeV
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Several authors have investigated elaptirscattering at —p(s) <
high energies in the context of the impact parameter formal- n=— E aj,
ism and/or eikonal approximation. Model-independent 1T 2=
analyses, performed through fits to differential cross sectiof) here a;.B;, j=1,2,...n are real free parameters and

data, play an important role as a source of empirical mfor-p(s) is the experimentap value at each energig]. With

mation for theoretical developments. this amplitude, we analyze the differential cross section
Inspired by some of these model-independent approaches

[1-6] and based on experimental information presently

o
available[7,8] we retake two crucial aspects of the empirical at 7|F(q,5)]% —t=0? 2
analyses(a) a systematic study of the effect of experimental
information at large momentum transféb) development of Fits to experimental data from ensemblesand B were

a statistical procedure in order to estimate the eikonal Uncelerformed through the CERMIUIT routine, which gives

tainties in the momentum transfer space. In this work We|so the errord | A in the free parametefd2]. In this

briefly report some results that can contribu_te vyith a bett?brocedure all thé parémeters were completely free, taking

understanding of the above aspects, and bring important ingitterent values at each energy. With this, no assumption at

sights for the development of theoretical approaches. all was made on the dependences of the free parameters with
We shall analyze experimental data on elagitdiffer-  energy or momentum transfer, allowing a good statistical

ential cross section and theparametefratio of the forward  oq - 1.6< y2/Npp=2.1 for a number ofNps between 116

real to imaginary part of the scattering amplitidetween a4 226, in all casefl4]. Propagation of the errors to the

\s=23.5 GeV and/s=62.5 GeV. Our basic set corresponds gifferential cross sectiofil3] takes account of extrapolated

to the data compiled and normalized by Amaldi and Schubergryves, which, as stressed by Lombdd], cannot be ex-

at the energies's=23.5, 30.7, 44.7, 52.8, and 62.5 GeV and cluded on statistical grounds. The complete fit results for

momentum  transfer in  the interval  0.01 ensemblesA andB are displayed in Fig. 114] (numerical

GeV?=0°<9.8 GeV* [7,8]. However, based on the evi- values of the free parameters are available from the authors

dence that these differential cross section data do not depend The complex eikonal in the momentum transfer space

on the energy for momentum transfer ab@fe-3.0 GeV*  y(q,s), is connected with the scattering amplitude, ED),

[9,10] we shall also take account of the data available athrough the well-known formulas

Js=27.5 GeV, in the interval 55q°<14.2 Ge\? [7].

Our strategy in performing a systematic study of this ex- ) i
perimental ir?f)é)rmgtion is t% co>|/15ider two di%:‘erent en- F(q,s)=|f bdb %(q,b)I'(b,s)=i(I'(b,s)), (3
sembles of data, characterized and denoted by the following.
EnsembleA. Five original sets of experimental data as ['(b,s)=1—¢e'x(®3) (4)
compiled by Amaldi and Schubert afs=23.5, 30.7, 44.7,
52.8, and 62.5 GeV7,8]. x(q,s)=(x(b,s)), (5
EnsembleB. Five sets of ensembla including at each
energy the data afs=27.5 GeV[7]. where J, is the Bessel functionazimuthal symmetry as-

We want to investigate the effects in the eikoftsansfer ~ sumed, I'(b,s) is the profile function and the angular brack-
momentum spagecoming from the fits to both ensembles. €ts denote a symmetrical two-dimensional Fourier transform.
We make use of the following analytical parametrization ~Here we are only interested in the imaginary part of the

for the scattering amplitudgl 1]: eikonal, y,, which from Eq.(4) (impact parameter space
reads
n 2 1
—i e Bja%_ o~ B9 xi(b,s)=In . (6)
Flas)=i2, ae T -p2 aef®, ) JT7(b,5) +[1-Tr(b,5)]?
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from ensembleA: (a) \/s=30.7 GeV;(b) s=52.8 GeV.

FIG. 1. Fits topp differential cross section data through E(fs.
and (2) between 23.5 GeVWupped and 62.5 GeM(down): (a) en-
sembleA; (b) ensembleB. Curves and data were multiplied by

factors of 1074 [14].

The complex profilel'g(b,s)+iI",(b,s) is analytically de-

termined through Eqggq1) and (3), together with the corre-
sponding errors by propagation. Since we found that, even
taking account of the errors,

xi(b,s)~I

T'?(b,s)
e
[1-Tr(b,9)]?

the eikonal may be expressed by

1
M —Tgxb,s)

Y

()
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From Eqgs.(1) and (3), this quantity may be evaluated in N ) ) _
terms of the fit parameters and also the corresponding errors, FIG. 4. Position of the zeros in the eikonal as function of the
Ay, , by propagation. energy from ensemblA (a) and ensembl® (b).
At last we should evaluate the eikonal in the momentum )
transfer space, Eq5), and the errord\ x,(q,s). However, In qrder to evaluate th.e errofsy,(q,s) we mtrodupe the
due to the structure of our parametrizatidy, the transform ~ following method. Generically we can expand E8). in the
(5) cannot be analytically performed and so the errors cannd®rm
be estimated as done in the previous steps. We recall that this

is a typical problem in current empirical analysis. x,(b,s)=I'r(b,s)+D(b,s), 9
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where D(b,s) corresponds to the remainder of the seriesFig. 3, the data at largeq®> (ensemble B, with

Performing the Fourier transform we obtain tmax=14.2 GeV, lead to statistical evidendgvith the uncer-
taintieg for the existence of zero. This effect of the data at
x1(9,8)=F(q,8)+D(q,s). (10 |arge momentum transfer is also evident\&="52.8 GeV

(Figs. 2 and Bsince in ensembl@ experimental data at this
fenergy are available up tg,,=9.75 Ge\~.
We conclude that data at large momentum transfer allow
D(q,s)=(D(h,s)), (11  the identification of eikonal zeroghange of sigh Quanti-
tatively the position of the zero and its uncertainties may be
with the corresponding errordD(q,s), and this is the cen- extracted from the plots as shown in Figs. 2 and 3. The

Since the amplitudd-,(q,s) and errorsAF,(q,s) are di-
rectly given by the fits, our task concerns the evaluation o

tral point of the method. results from ensembles andB are displayed in Fig. 4. Due
First, from Eqgs.(8) and(9), the quantityD(b,s) may be to the uncertainties and, meanly, its asymmetry around some
evaluated points, the dependence of the position of the zero with the
1 energy is difficult to be inferred on statistical grounds.
_ _ However, if we disregard the asymmetries and take the
D(b.s) In( 1 FR(b,s)) Ir(b.s), (12 uncertainty at larger momentum transfer symmetrically

around each point, we are lead to the following quantitative

and also the errorsAD(b,s), through error propagation estimates. Parametrizing the results from enserBo[€ig.
from I'g(b,s). Next, making use of the CERMWUIT rou- 4(b)] by

tine this set of points with errord)(b,s) = AD(b,s), was

fitted by a sum of Gaussians: q(2,=A+ Blns (14
6 , gives A=10.66-3.75 Ge\?, B=—0.99170.993 GeV
Di(b,s)= >, Ae B, (13 with x?/Npg=1.27. Although this indicates some decreasing
=1

with the energy, the slope is nearly compatible with zero.
Assuming zero slope we obtaiq%=6.9to.7 GeV? with
X*INpe=2.07.

By the other hand, taking account of all the uncertainties
displayed in Fig. &), we could roughly estimate the posi-
the error propagation furnishesy, (q,). tion of the zero at 7.82.0 Ge\? in the interval 23.5 GeV

This method was used by Furget in order to determine th& \/§g 62'_5 GeV. )
eikonal y,(q,s) [15]. A novel aspect of our approach is its . EXtensions of our analysis "’@: 13.8 and 19.4 GeV are
use in the estimation of errors. in course and this will be crucial for extracting the depen-

Two typical results, at/s=30.7 and\/s=52.8 GeV, are dence of the zero with the energy. Also, detailed discussions
displayed in Figs. 2 eind 3 for énsemblésand B res’pec- on physical interpretations, connections with nonperturbative
tively. We plotted the quantity,(q,s) muItipIietij by g°, QCD, phenomenologipal approaches and comparisons with
2= —t [5]. In the case of ensembl, experimental data at Cther analyses are being concluded.

\s=30.7 GeV are available up tg,,=5.75 Ge\? and from We thank the Fund@o de Amparo @Pesquisa do Estado
Fig. 2 we see that no zero can be inferred. However, frontde S@ Paulo - FAPESP for financial support.

With this parametrizationD(q,s) in Eq. (11) may be ana-
Iytically evaluated and also the errorAD(q,s), may be
estimated through the propagation of the errora;inB;, as
given by the routine. At last, Eq10) leads toy,(q,s) and
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