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EFFECTS OF THE REAL PART OF HIGH ENERGY ELASTIC
NUCLEON-NUCLEON SCATTERING

S.V.Goloskokov, O.V.Selyugin

The behaviour of the differential cross sections and polarization in
the range of the diffraction structure was obtained by the model analy-
sis of the high energy amplitude of proton-proton and proton-antipro-
ton scattering. A number of new effects, depending on the behaviour
of the real part of the scattering amplitude with t and s are predicted.

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR.

S pexTh! BelleCTBEHHOM YaCTH AMIUIUTY B
BBICOKO3HepreTHYECKOro Hy KJIOH-HY KIIOHHOT'O
yNpyroro pacCesaHHs

C.B.I'onockokoB, O.B.Cemorun

Ha oCHOBE MOAENBHOrO aHAH3a aMIUIMTY/IbI BBHICOKOIHEpreTHie-
CKOro TPOTOH-POTOHHOTO M IPOTOH-aHTHNPOTOHHOTO yHpyroro pac-
CesHMsA TONyuYeHO oOBACHEHHE NOBEMACHAA ¢ epeHIMANBHBIX CeYe-
HHiT ¥ TONApM3alMH B OGIacTH i paKIHOHHOA CTPYKTYphl. Ipen-
CKa3bIBaeTcs PA HOBBIX 3$EKTOB, 3ABACAIMX OT MOBEACHHA BeILleCT-
BEHHOI YaCTH aMIUTHTY/IbI PACCEAHHA TI0 t 1 S.

PaGoTa BhINONMHEHa B JIaBOPAaTOPHH TEOPETHIECKOH BHIMKH OHUAU.

A great amount of experimental and theoretical researches of high
energy elastic proton-proton and proton-antiproton scattering at small
angles/ !’/ provide a rich information on these processes, which allows
us to narrow the circle of examined models and at the same time to set
a number of difficult problems which are not yet solved concerning
mainly the energy dependence of number of characteristics of thesere-
actions.

So the dependence of the polarization on energies s at different
transfer momenta remains unclear. It is known that QCD predicts the
disappearance of the spin-flip amplitudes at sufficiently large energies.
However, experimentally, polarization turns out to be large’/?/ at least
in the range of the diffraction minimum at py, = 200 and 300 GeV and
it does not disappear probably with growing energy’?+ */. Some mo-
dels’® / lead to spin effects which do not disappear as s> . It has been
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shown in /¢/ that there is the possibility of obtaining such amplitudes
in the framework of QCD.

Whether the hypothesis of geometrical scaling’7’ is fulfilled or
violated is not yet established. In the energy range of ISR the experi-
ment shows the value of the correlations following from the hypothesis
but in the energy range of SPS there occurs its large violation.

In mainly aspects these questions are connected with the dependen-
ce of the spin-non-flip phase of hadron-hadron scattering on s and t.
Most of the models define the real part of the scattering amplitude
phenomenologically. Some models make use of the local dispersion re-
lations’®/ and the hypothesis of geometrical scaling. As is known,
with the use of some simplifying assumption, the information about
the phase of the scattering amplitude can be obtained from the expe-
rimental data at small momentum transfers where the interference of the
coulomb and hadron amplitudes takes place. On the whole, the obtained
information confirms the dispersion relations, with the exception of the
recent data at /s'= 900 GeV. On the base of these recent data in /%’
the conclusion is drawn that, if the data are correct, the large magni-
tude of the real part of the scattering amplitude can be explained in the
frame work of the hypothesis of the odderon’°/ .

More complicated is the question about the dependence of the pha-
se of the scattering amplitude on t. It is shown in /' !/ that a consistent
description of the experimental data in the range of ISR and SPS can be
obtained in the case of rapidly changing phase, when the real part
of the scattering amplitude grows quickly in the range of small t and
becomes dominating. In the conventional picture of the scattering of
hadrons the real part manifests itself in the range of the diffraction mini-
mum where it defines the magnetude of the differential cross sections.
The essentially different energy dependence of the differential cross sec-
tions of proton-proton and proton-antiproton scattering from pr, =
=50 GeV up to py = 1850 GeV was considered in /'2/ as the proof
of the hypothesis of odderon.

In this work we show that the existing experimental data, without
the point p(t=0)=0.24 at \/s= 900 GeV, can be understood in the
framework of the ordinary picture with the real part defined by the
local despersion relations. Then we consider a number of consequences
which can be verified in the future experiments.

In/'3=15/ the dynamic model of hadron-hadron interaction with a
small number of free parameters and of additional hypotheses was
developed. It permits us to quantitatively reproduce a wide set
of the experimental data and to predict a number of physical ef-
fects, for example, the position of the diffraction minimum of np-scat-
tering, confirmed experimentally. The model takes into account the
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contribution of surrounding hadron quark-antiquark pairs to the scatter-
ing amplitude. In the framework of this model we can carry out the cal-
culation of the asymptotic spin-flip amplitudes. They have the same
asymptotics as the spin-non-flip amplitudes. The efficiency of the model
was shown in’/'¢/ for the process of charge exchange n~p > m°n. The
calculated spin flip amplitudes of this process agree sufficiently well
with the amplitudes reconstructed by the model-independent appro-
ach’/!7/ form the experimental data.

It should be noted that the Born terms of the spin-flip and spin-
non-flip amplitudes have the zero relative phase, so the amplitudes calcu-
lated in the model of elastic scattering are purely imaginary. The real
part of these amplitudes appears only when the energy dependence of
the effective mass and interaction radius is considered, for which we
have used the local dispersion relations. The change of the phase appe-
ars between the spin-flip and spin-non-flip amplitudes when rescattering
is taken into account. As a result, polarization will arise in the hadron-
hadron scattering, especially significant in the range of the diffraction
minimum where it has a large negative magnitude up to superhigh
energirs in all hadron-hadron reactions we have investigated.

The leading and I/v/s terms of the spin-flip and spin-non-flip ampli-
tudes were taken into account for the description of the experimental
data. The asymptotic terms are s> u crossing-symmetric, which leads
to the equality of the physical value for particles and antiparticles at
sufficiently high energies. The difference of results in the preasymptotic
range is connected with the role of the I/y/s terms.

Tt should be noted that the contribution of the I/v/s terms is most
noticeable in the real part of the scattering amplitude because the real
part of the asymptotic term is small. In the following we regard a num-
ber of the physical effects defined by Re T (s, t).

In/1%/ is shown that in the framework of the model the change
of differential cross sections in the range of the diffraction minimum of
pp- and pp-scattering is defined entirely by the real part of the scattering
amplitude. Thus the magnitude of the real part at t = -1.5 GeV is con-
nected in the model with its magnitude at t= 0 GeV, then at p; =
=50 GeV the real part of the pp -scattering is near zero and we have
a sharp diffraction minimum. In the case of pp-scattering at this energy
the real part is essentially enlarged by the contribution of I/v/s terms
and in the differential cross sections we have a »shoulder”. At py, =
= 1850 GeV the real part of pp -scattering is larger than that of pp-
scattering, and accordingly the diffraction minimum is less seen. The sa-
me picture appears in experiments.

This explanation of the experimental picture shows that the I/\/s .
terms of the scattering amplitude give a noticeable contribution at ISR
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energies. Experimentally observed change of the ratio of particle and an-
tiparticle cross sections, especially large near the diffraction minimum, is
defined entirely by the I/\/s terms in this energy range. And, according-
ly, that effect is not connected with the contribution of the odderon.

From our view point an approximate fulfillment of the relation fol-
lowing from the hypothesis of geometrical scaling

B(0)/ 0., = const; do¢ /dt (2 — max)/ 07,; = const.

is due to the fact that these constants decrease for falling IA/s terms and
increase for the asymptotic amplitudes. If we have for the asymptotic
amplitudes the exact fulfillment of geometrical scattering, then these
relations must strongly break in the range of ISR; thus the I/A/s terms
give a sufficiently large contribution in this energy range. Naturally,
these relations must break when I/y/s terms disappear, which we can
see from the experimental data obtained at SPS.

Further information about the change of the real part of the spin-
non-flip scattering amplitude can be obtained from the research of the
energy dependence of the polarization in these reactions in the range of
the diffraction minimum.

ImT, (s, t) ReTy(s, t) — ReT, 4(s, t) Im Ty (s, t)

P=-2 . 1
T2, (s, 1) + 2T2 (s, t) 1

The asymptotic spin-flip amplitude calculated in the model is
crossing-symmetric and slowly changes with t. ImT,_ (s, t) changes in
sign in this range. ImTy(s, t) is a slowly changing function of s and
t, roughly equal for pp- and pp -scattering therefore it can be shown
from the comparison of the model results with the experimental data
that the contribution of the I/A/s terms becomes sufficiently small
when P, > 100 GeV. This result follows from the analysis of the expe-
rimental data carried out in/3/, Thus, the difference in the energy
dependence of the polarization of pp- and pp -scattering will mainly be
defined by the change of the real part of the spin-non-flip amplitude
of these reactions.

The calculated polarization of pPp- and pp -scattering at different
energies and the existing experimental data are shown in fig. 1(a,b,c,d).
As is seen from fig. 1, the curve quite well reproduces the experimental
data on proton-proton scattering. There are no avaiable experimental
data on the proton-antiproton scattering in this energy range.

The model predicts that at superhigh energies the polarization ef-
fects of particles and antiparticles are the same, whereas at smaller
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Fig.1. The polarization of the proton-proton (solid curves) and the proton-antiproton
(dashed currves) scattering a) 100 GeV, b) 150 GeV, c¢) 200 GeV, d) 500 GeV,

energies they are essectially different. The largest difference of the pola-
rization of pp- and pp-scattering is in the range of the diffraction mini-
mum at p;, =100 GeV. Here the polarization of proton- antiproton
scattering amounts to 60% at t=-1.45 GeV?. The polarization of pro-
ton-proton scattering is near zero and the experimental data at p; =
=150 GeV confirm this. The reason is that the real part of the spin-
non-flip amplitude of the proton-antiproton scattering changes in sign in
the range of the diffraction minimum and the second term of (1) increa-
ses essentially the magnitude of the polarization. The polarization of
proton-proton scattering is decreased behind the diffraction minimum by
the negative contribution of the second term of (1). This difference
gets smaller with growing energy. Thus the model predicts the same
behavior of the polarization of pp- and pp -scattering up to the diffrac-
tion minimum and the different behavior after it, where the polariza-
tion of pp-scattering increases, going to an asymptotic value from below,
whereas the polarization of pp-scattering is going to it from above.

‘The energy dependence of the polarization of pp- and pp-scatter-
ing is shown in figs. 2 and 3 at t = 0.2 GeV? and t =-2.0 GeV?. It can
be seen that the polarization in the range of small transfer momenta is
small though one can observe the difference in the polarization of pp-
and pp-scattering in the range p; =100+ 200 GeV. At t = 2.0 GeV?
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Fig. 2. The dependence of the polarization of the proton-proton (solid curves) and
the proton-antiproton (dashed currves) scattering with s at a) t = -0.2 GeV?2, b)t=
=-2.0 GeV?,
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Fig. 3. The dependence of the 'zeros” of the real and imagin part of the spin-
non-flip amplitude of the proton-proton (solid curves) and the proton-antiproton
(dashed currves) scattering with t and s.

the difference in the polarization of pp- and pp -scattering is sufficiently
large and it can be observed in a more wide energy interval.

The change of zeros’”, when the real and imaginary parts of pp-
and pp -scattering change in sign, is shown in fig. 3. Asis seen, ”zeros”
of the real and imaginary parts of pp-scattering coincide at Py,
= 400 GeV where the sharp diffraction minimum exists, but for pp-
scattering this picture is not observed. Thus, we see that the sharp form
of the diffraction minimum of pp-scattering in a wide energy region is
due to two reasons: — the decrease in the real part at t = 0 and the coin-
cidence of “’zeros” of the real and imaginary parts of spin-non-flip amp-
litude. In the range of superhigh energies, ’zeros” of the real and imagi-
nary parts draw together and at energy /s = 20 TeV again a pronounced
diffraction minimum must be seen for.pp- and pp -scattering experimen-
tally.
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Thus, many peculiarities of the differential cross sections and the
polarization of pp- and pp- elastic scattering can be understood from a
unique viewpoint. No additional hypotheses such as the hypothesis of
the odderon should be introduced. Our model predicts a number of new
effects, on the whole dependent on the change of the real part of the
scattering amplitude with s and t. It is shown that the information
about the energy dependence of the real part of the scattering ampli-
tude can be obtained from the experiments at superhigh energies in the
range t = 1.5 GeV? and also from the investigation of the polarization
at p;, = 100 < 200 GeV.

The authors express their gratitude to Prof. V.G.Kadyshevsky
and Prof. V.A Mescheryakov for their interest and support of the trend
of this work.

REFERENCES

1. Conosbanos B.JI. — B ¢6.: VII MexnyHapoaHslii CEMIIO3HYM MO
CIMHOBBIM ABJEHWAM B (DH3HMKe BHICOKHX 3Heprui, IIpoTrBmHO,
1986, c.26.

Goloskokov S.V. — In: Proc. of the 8th Int. Symp. on High Energy
Spin Phys., Minneapolis, 1988, p.131.

2. Fidecaro G., Fidegaro M., Lanceri M. — Phys. Lett., 1981, v.105B,
p.309.

3.Corcoran M., Ems S.C., Gray S.V. — Phys. Rev, 1980, v.D22,
p.2624.

4. Fidecaro G. et al. — Phys. Lett., 1982,v.121B, p.165.

5. Soloviev L.F., Shchelkachov A.V. — Particles and Nuclei, 1975,
v.6, p.716; Troshin SM,, Tyurin N.E. — Pisma Zh. Eksp. Theor. Fiz.,
1976,v.23, p.716.

6. Pumplin J., Kane G.L. —Phys. Rev,, 1975, v.D11, p.1183.

Bourrely C., Soffer J., Wu T.T. — Phys. Rev., 1979, D19, p.3249.

7. Goloskokov S.V. — Yad. Phyz., 1989, v.49, p.1427.

Goloskokov S.V. — Preprint BARI-TH/89-47, BARI, 1989.
Goloskokov S.V. — JINR Preprint E2-89-731, Dubna, 1989.
Goloskokov S.V. — JINR Preprint E2-89-736, Dubna, 1989.

8. Dias de Deus J. — Nucl. Phys., 1973, B59, p.213.

Duras A.J., Dias de Deus J. — Nucl. Phys., 1974, 71, p.481.

9. Bronzan J.B., Kane A. — Phys. Lett,, 1974, 49B, p.272.

10. Gerdt V.P., Inozemtzev V.1, Mescheryakov V.A. — Yad. Fiz., 1976,
v.24, p.176.

37



11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

38

Dryomin I.M. — UPhN, 1988, v.155, p.139.

Lukaszuk L., Nicolesku B, — Lett. Nuovo Cim., 1973, v.8, p.405.
Jonson D. et al. — Nuovo Cim., 1975,v.30, p.345.

Kundrat V., Lokajchek M., Krupa D. — Preprint CERN-TH.5065/88.
Dryomin IM., Nazirov M.G. — Preprint PhIAN USSR, No.151, Mos-
cow, 1987.

Nicolesku B. — Preprint IPNO/th, 87-59, 1987,

Goloskokov S.V., Kuleshov S.P., Selyugin O.V. — Yad. Fiz., 1982,
v.35, p.1530. ~
Goloskokov S.V., Kuleshov S.P., Selyugin O.V. — Particles and Nuc-
lei, 1987, v.18, p.39.

Goloskokov S.V., Kuleshov S.P., Selyugin O.V. — Yad. Fiz., 1987,
v.46, p.597.

Goloskokov S.V., Selyugin O.V., Teplyakov V.G. — JINR Rapid
Comm., No.7(33)-88, Dubna, 1988.

Kazarinov Yu.M. et al. — JINR Preprint R1-85-426, Dubna, 1985.
Apokin V.D. et al. — Yad. Fiz., 1983, v.38, p.956.

Goloskokov S.V., Kuleshov S.P., Selyugin O.V. — Yad. Fiz., 1987,
v.46, p.195.

Received on July 2, 1990.



