PHYSICAL REVIEW D, VOLUME 61, 077507

Zeros, dips, and signs inpp and pﬁelastic amplitudes
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The dips observed in the differential cross sections of elagiiand pascattering are studied in terms of the
locations of the zeros of the real and imaginary parts of the amplitude and of the sign of real part gt .large
It is confirmed that the differences in shapes of the dips irpuhandpasystems are determined by a change
of sign of the real tail, which seems to be determined by perturbative QCD contributions.
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. INTRODUCTION [4,5] are limited to|t| <10 Ge\#, while large angle data are
available only at/s=27.4 GeV[6], presenting 4t| depen-
In a previous work 1], a description of the high energy dence approximately of the forft| = [7], the magnitude of
pp scattering was made using a parametrization inspired iglo®'/dt at a given largét| being nearly energy independent
the model of the stochastic vacuuUMSV) [2] to obtain the  [8]. The differential cross section ats=19.4 GeV[6] for
scattering amplitude directly from the data. The existence ofalues of|t| in the range 5-12 Ge\/approach that oﬁ/g
a zero in the imaginary part of the amplitude is a common=27.4 GeV. In order to maintain the universality of the tail
feature of both the MSV calculation and data, and the meawe have adopted in our parametrization for all energies be-
sured differential cross section requires that this zero béween 19 and 63 GeV the same 27.4 GeV values for Igfge
filled by the contribution of the real part. The profile func- In Sec. Il the behavior of the dips of the differential cross
tions obtained by a parametrization based on the MSV origisection are described in terms of the locations of the zeros of
nal form that describe in all details the experimental datdhe real and imaginary amplitudes, and the Idtgéehavior
serve as a reference pattern to help studies in hadron-hadron the differential cross section gip and pp systems is
scattering. In the present work we improve the parametrizaeiscussed.
tion [1] in order to describe accurately the shapes of the dips The imaginary and real parts of the amplitude are respec-
and the zeros of the real and imaginary amplitudes, using thiively parametrized1] in the forms
smoothness of the parametric representation as a strong con-
straint. T(t)=ae Pl apePelln2pe7A ) (1)
In a somewhat detailed dynamical scheme, Donnachie
and Landshoff 3] described the structure of the dip in high an
energy scattering through the interference of single-

d

=gl Bty '
Pomeron, double-Pomeron, and three-gluon exchanges, pre- R(D)=a e P+ N"2peP” A,(1), (2
dicting that the dip inpp would be less pronounced than in \ynere
pp scattering, and our present work exhibits the same struc-
ture, namely, that the differences betwesm and pp scat- e vVpt+allt] e vVap?+allt .
tering are represented by the change of sign of a term in the A, (t)= —e’ , 3
g P y g 9 NPT JapZ+adt]

real part of the amplitude. We give particular attention to the

locations of the amplitude zeros, showing the connection be\ivith —3/8, and we have grouped the factorse2”A (1)
tween the proximity of real and imaginary zeros and thein orger to ha’We 2e°7A_(0)=1 Y
) y .

de%hs of ﬂ:ﬁ délpst' total i | Bet The dimensionless scattering amplitude and the elastic
€ u_se_ € data on total cross s_ec |o_n, SIOp€ pararbeler yitterential cross section are given, respectively, by

and ratiop of the forward real to imaginary parts of the

amplitudes inpp andpp scattering shown in Table | of our T(s,t)=4\/;s[iI(t)+R(t)] (4)

previous work[1], adding these quantities at 19.4 GeV,

namely, B=11.74-0.04 GeV 2, ¢'=38.97-0.06 mb, and

and p=0.019+0.016, together with the differential cross

el
section at the same enerf#{a)]. Mostdo®'/dt measurements do _ IT(s,1)[2 (5)
dt 16752
*Email address: flavio@on.br The simple exponential term;exp(—B;lt|) was included
"Email address: erasmo@if.ufrj.br in the real part specifically to describe the largie(5
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TABLE I. Values of parameters for Eq&3) and (4). a;,81,a5,82,\, and\’ are in GeV 2, andy, vy’
are dimensionlessy; =0.0031 GeV 2 andB;=0.41 GeV 2 are the same for all ISR energies and 19.4 GeV.

Vs a B a; Ba A A Y Y X

194 1.7400 1.3398 2.8771 2.2098 9.4000 0.2632 3.7019 3.67 3.53
235 1.7298 1.4390 3.1091 2.2949 9.1850 0.2774 3.8625 5.00 1.18
30.7 1.8224 1.4502 3.1649 2.3299 9.5467 0.6073 3.9015 6.70 1.33
44,7 1.6699 1.5025 3.0000 2.1086 10.3650 0.9354 4.0306 6.65 4.36
52.8 1.8500 1.5287 2.9600 2.1753 10.4630 1.1913 4.0529 6.80 3.29
62.5 1.9272 1.5529 2.8081 2.1337 10.8201 1.4747 4.0921 7.35 1.76
546 2.6174 2.1539 3.9061 2.1813 15.7463 3.0270 4.8190 7.97 1.23

1800 3.1036 2.4526 4.4246 2.4253 18.3315 3.6204 5.3450 8.60 2.00

<|t|]<15 Ge\?) data[6] at 27.4 GeV. This term is consid- «;<0 (dashed lines which applies topp scattering, is
ered as universal for afjp andpp data, and a change of its discussed later.

sign leads from pp to th@p system. The exponential is
numerically equivalent tdt| 8 in the |t| range of interest, Il. ZEROS AND SIGNS OF THE AMPLITUDES
and was used to avoid the singularity at the origin. This tail

is not used in the description of the 546 and 1800 GeV data, The characteristic shape of the dip region of the differen-
where largdt| values have not been measured. tial cross sections has been described by Donnachie and

The new values of the parameters are given in Table |Landshoff[3] in terms of various mechanisms of Pomeron

which is an update of our previous determinatidd, and ~and gluon exchanges. The Idw region is described by the
now includes theys=19.4 GeV data. The smoothness of s!ngle-Pom_eron exchang®), which is dominant in this re-
the energy dependence of all parameters must be remarke{on @nd gives the value to the sloeln order to describe

In comparison to the previous values, the paramefeand ~ t'¢ data, the double-Pomeron exchang®) was intro-

y' have been slightly modified to improve the description ofduced with the magnitude of its imaginary part chosen so as

the data in the dip region of thgp differential cross sections to tcatr)lcefl that dOfIth%?fCh?n'fhm In thetr_ebglft)_n Wr}de]re a.d't'?]
as shown in Fig. 1 fora;>0 (solid lines. The case IS to be formed. In addition to these contributions there 1S the

g9 (p,w,f,A;) exchange which also is important only at
small |t|. To yield a dip, the real part of the P term is par-
tially cancelled by the three-gluon exchangg@), which is
dominant for largelt|, has opposite signs fqop and pp
dash: &0, predictions for pp systems, and led to the prediction that at high energies the
dips would be less pronounced jop scattering . The other
terms contributing at larggt| are the two-gluon-one-
Pomeron exchangeg@P) and the three pomeron exchange

100 . ‘ ‘ ‘ T

10 | solid: «’>0. pp

B (PPP), but they have very little effect, the dominant term at
% large t| beingAgqq(s,t). This term has the forri7]

£ 3

3 A (st)z—Ei Aray|t])——= (6)

s R s B SO R

wherem?(|t|) is an effective gluon massi(t|) is the run-
ning coupling constantt=t/9, A=200 MeV, and mq
=340 MeV, which fort>1 yields the|t| ¢ dependence of
: the largelt| differential cross section. The normalization fac-
1012 L ; : : : ' : : : . tor N is negative and determined by the proton wave func-
! 18 2 tion. We remark that our parametrization incorporates all in-
[t] (Gev) _ _ _ .
formation about the dynamical mechanisms@f scattering
FIG. 1. Fittings of elastic differential cross sections through Eqs.and corresponds to the sum of all terms discussed by Don-
(1) and (2) at 19.4 GeV and ISR energies, shown in an extendedhachie and Landshoff.
scale only in the region of the dips @fp scattering witha;>0 According to phenomenological descriptions, the struc-
(solid line9 and the predictions fopp scattering witha;<0  ture of forwardpp scattering is determined mainly by the
(dashed lines Curves and data at different energies are conveimaginary part of the amplitude which decreases exponen-
niently separated through multiplication by powers of 10. tially from |t|=0 and vanishes with a zero located in the

10-10 ;
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FIG. 3. Energy dependence of the values of the elastic differen-
FIG. 2. Locations of the zeros of the imaginary and real parts of tial cross section at the bottom of the dips.
the scattering amplitudéwhite squaregsand the positions of the

dips ofdo®/dt (black squaresas functions of energy. of all parameters and only invert the sign @f .

As shown in Fig. 11 of our previous work], the real
part of the amplitude with a positive taik¢>0) presents
two zeros, the zero near the origin having no influence in the

e)((ﬁp region. The second zero, which is close to the zero of the
imaginary part is responsible for the pronounced form of the
This description is valid for all energies pfp scattering d'p'. Changing the sign af, , the second zer_o_does not exist
from 19 to 63 GeV. The zeros of the real and imaginary partéOr '_t WO_UId Pe located very far awaa,y_so thatitis t_he change
of the pp amplitude as a function of the energy are displaye@f SIgn ina; that causes the flattening of the dips. .
in Fig. 2, where the zeros at 546, 630, and 1800 GeV are also We thus see the relation between the behavior of the dips
shown. The values of the zeros of Tgs,t) and of the first  Of the elastic differential cross section ind the locations of
zeros of R (s,t) decrease monotonically with the energy, the zeros of the amplitudes ipp and pp scattering, and
while that of the second zero of R¢s,t) oscillates, being exhibit the role of the sign of the large| tail for these
lowest at about 30 GeV. The location of the dips in thesystems, in the ranggs=19-63 GeV. Thepp amplitude
differential cross sections are always situated between thgresents one zero in the imaginary part and two zeros in the
zeros of ImT(s,t) and the second zeros of Rés,t). The  yeg| part. The depth of the dips is determined by the proxim-
dips are close to the zeros of s, t), but the shapes in the iy petween the zeros of the imaginary part and the second
dip region are strongly influenced by the distance betweenq qs of the real part, so that the dips become deeper when

the zeros of InT(s,t) and Re€T(s,t). At about 30 GeV they h | ¢ h othem fscattering th |
are closest, and correspondingly the dips are remarkably pr(.I)- €se zeros are closer 1o each otheip nscattering the rea
amplitude has only the first zero, which occurs far away from

nounced, as shown in Fig. 1. A )
A similar behavior is also shown by the magnitudes of theth® dip region. _ _ o
differential cross sections at the dip. Figure 3 shows the The large|t] tail of the differential cross section is de-
minimum values ofda®'/dt as a function ofys, the lowest scribed b_y an exponential term ir_mluded in the real part of
dip occurring at 30 GeV. The values at 546 and 1800 Ge\the amplitude. This term, which is the sartexcept for a
(which refer topp) must be understood only as estimates,sign for pp andpp at all energies from 19 to 63 GeV, is
while at 630 GeMalso forpE) the dip is clearly seen in the responsible for the cha_nge of shape of the dip region when
data. we change fronpp to pp systems. The sigtwhich is posi-
The sign of the termxjexp(—gilt)) in Eq. (2) determines tive for pp scattering determines flatter dips ipp scatter-
the behavior ofdo®'/dt in the dip region. The effect of this ing. The mechanism pointed out by Donnachie and Land-
sign is shown by the dashed lines in Fig. 1, where we disreshoff [3], is here consistently confirmed by the detailed
gard the differences in the experimental valuesrbf B and  parametrization, which is remarkably smooth, allowing inter-
p for pp andpp, keep for both systems the numerical valuespolations for predictions.

interval [t|=1.3—1.5 Ge\f. This zero is partially filled by
the real part of the amplitude which is positive|it=0 and,

according to our parametrization, also decreases nearly
ponentially, becoming negative agt| reaches 0.2
—0.3 Ge\,.
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