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Description of High Energy PP -Scattering
in the Quasipotential Approach

y do F - ReT(s:t=0)
In the paper the datalo, , 37— > ? L p(® T TeT=0y

on the elastic pp-scattering at energies E; > 10 &eV
and 0.0551tI$ 1,05 (GeV/e)® momentum transfers are comp-
letely described within the quasipotential approach.
The experimental quantities are predicted. The quasi-
potential parameters are found, which allow to describe
these data satisfactorily.

The investigation has been performad at the
Laboratory of Theoretical Physics, JIRNR.
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1. INTRODUCTION

This paper is devoted to a joint description of
elastic pp-scattering data within the Logunov-Tavkhe-
lidze quasipotential approach/”

Recent experiments performed at accelerators
of IHEP, FNAL, CERN have provided experimenial
information on elastic pp -scattering, For instance,
this concerns the change in the slope of the peak
at |t|~ 0,15 (GeV/c)® 2/ the growth of the ratio of
the real to imaginary part of the forward scattering
amplitude 0(0) ReT(s.t=0)/ImT(s;t=0)up to energies EL~
~2000 GeV’? the decrease, with energy, of spin-
spin correlations at transfer momenta t|<1 (GeV/c)
Measurements of total cross sectlons o (8) at
cosmic energies (up to Ey, ~108 GeV) indicate, evi-
dently, the logarithmic growth of total cross sec-
tions &,,, ~Ins’4’.

Numerous present models (for review see ref.
as a rule, consider an incomplete set of data and
cannot pretend to the consistent interpretation of
the whole set of experimental regularities, Therefore, .
it is interesting to find a phenomenological consis-
tent description of all experimental data (¢7tm

:+- , p (0) polarization ? etc.). .An analysis of

/584
)

this kind allows one to understand the structure
(spin, isospin, and so on) of hadron-hadron inter-
action and to make predictions on observables,

To this end, it appears to be helpful to appl;r
the hypothesis of the local smooth potential



developed in the framework of the quasipotential
approach. The representation of hadron as a loose,
"smeared out" object with a finite slowly increasing
with energy radius leads naturally to the exponential
decrease of differential cross sections as a func-
tion of t, when t is near to zero, and also, with an
appropriate choice of the interaction constant, to
the growth of total cross sections 1011

As is shown in papers | non-spin-flip amplitudes T;.
spin-flip (T; yand double-spin-flip amplitudes (T, ),
obtained by solving the quasipotential equations,
are of the eikonal form in the limit of high onergies
and transfer momenta fixed for the local smooth
potential.

In refs. the parametrization of potential in
the form of superposition of Gauss potential was
successfully used for the description of » N -gcat-
tering,.

In the present paper, on the basis of the asymp-
totic solution”2/cf the quasipotential equation for
two spin 1/2 particles * 716- we analyse the elastic
PP -scattering in the diffraction region at E =
2 10 GeV and |t| £ 1.05 (GeV/cf with potentials
of the Gaussian type. In this study, we consider
only the scalar and spin-orbital interaction in the
potential for the consistent description of ¢
g ,p(O) and dg/dt,

E xperimental data on pp-scattering \ere studied
by other methods, as well, However, those stuwdies
have treated the data only at certain energies or in
a very narrow range of momentum transfers indivi-
dual characteristics of a process, and so on, The
data were analysed on the basis of the theory of
complex moments (allowing for moving branch points)
within the so-called quasieikonal model "177,

713,14/

tot !

* The solution of equation in the Foldy-Wouthuy-
sen representation was considered also in ref, /1%,



Within the absorptive models, the most consis-
tent description is given in/18/The data on Tiot
dg
dat
rent approach in papers

have been described within a somewhat diffe-
/19=21/

2, SOLUTION TO THE QUASIPOTENTIAL
EQUATION, CHOICE OF THE LOCAL
POTENTIAL

The quasipotential equation for two spin 1/2
particles proposed in ref,’18/is of the form

IE—1 x H(=1V )-H{AV )1 +V(HE)IY (F)= 0, (1)

where
H(i V )=m-y0 +ia6 .

is the total energy, i;i and Br are initial and final
momenta of one of the particles in the c.m.s,,

t=--(!3} —51)2 ,M is the mass of colliding particles, i
is the 4x4 unit matrix.

The general form of the potential includes spin-
spin, spin-orbital and other interactions

xIL +3L x1 )+
. > o - > - - 2
+Va-2L x ZL +V .2 x32 +V.3r x3r @)

where -
N o 0
3 =

and ¢ are the Pauli matrices, L= L[ x ¢ |
Y, are the Dirac matrices and g = lyo-;/’..



Solving eq. (1) we will keep in the potential
(2) only the terms corresponding to the scalar and
spin-orbital interactions, i.e., make the following
substitution

~

V=V, +V, —-(1 x 31+

[T

_]: Xf) (2')

Also the scattering is considered to occur in (%-z)-
-plane,

By the method developed in ret’ .we obtain
the non-spin-flip and spin-flip amplitudes in the
following form

Xqr (P)

an =—ipd[() dp .]O(p\/—t fe -11
oo — ®) (3)
N nf (l) (2) ’ .
Tf = ip ‘{)'pdle (py-t)e Xr;(cy ay )Tr i
where
an="?!T_L 2V, (Vo 2,28 1E)
A mi 2@, Py, [dze (LY. -
X, 2i([:7*><p]z+[04_><p]z) _{qdz (2iV2
d
—-p"ﬁvl)

In exp. (3) we neglect the correciion terms decrea-
/s

sing-as 1/p with growing p= lé- relative to the
leading terms. The contribution from the double-
spin-flip amplitude Ty is also of an order of ~1/p
as compared o Ty for potential (2') and is considered
to be negligible,

The observables are expressed in terms of T,
and T; as follows

_4n .
tot _T‘ Ianf (sit=0)



d m 2 ’ 2
—(T;—’-—=F2-”TM| +2lTr| }

p _ 2Im(TH -Tf )
IT (|Z+2 )T 2

p(0)=ReT (5;t=0)/Im T (8:t=0). (4)

Keeping the hypothesis of the local smooth
potential, we represent our quasipotential as a super-
position of the Gaussian functions
()  =t¥aa,

17378 °
a3

Vl ¢2i-g

&

— T2
29, VS ~T Wdag
+ @D gD
p

For coefficients, we choose the followiﬁg energy
deperdence

@

in
a,(s)=a, " +a (ln_s._.____.)
1 1
1 sq 2

1
8] =a+gn_dry,, L

Vs/s8y

With this choice, at sufficiently high energies, the
phase xm(p:s) takes the form

Xo (Pi®)=x,y (p%/2, (8))



in agreement with the hypothesis of geometrical
sciling. In this case lolal cross sections grow
logarithmically,

The quantities g( ) ' t..(;“ , ;.,(12) , g(’g’ in general,
can be complex, ’I‘he other purametcrhs, are pitt to be
real,

Then, amplitudes T,; and T/ with potentials (29
can bhe represented in the form

. (—x)" n
T . =-2ia i A |
nf lpngl nent e t
(1)
Vi1 =% 1 hy t Yy
+_—p( (5 ——— [h }—-—-(l(,.._. Ie .
REYE)) (-f) '
n> 0 m b( hlg“ 4by 5a)
5q & T
T/ w—p(¥20y2, VT
¢ =—B( p“) T
n (2)
t 4b
XEE—- [h |-h ( ~—)le " (5b)
n>o 0! bn b(2) 4b(c‘)2 !
where
ayr ,g(i)
X = -——-—-_
2y
b(:l)= 13_+ ——__1 : (:)= U 1 :
1 432 431 33

h1=2V’ﬁg (gél)+2u2 ggl));
o=2eynag g(2)
hy=2. \/na (g(212a g(g))

hy =2.v7d, g
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3. COMPARISON WITH EXPERIMENT
AND DISCUSSION

Expressions (5a,b) were used to fit the experi-
mental data on elastic pp-scattering in the diffrac-
tion region at E, 3 10 GeV. A joint description of

d
9ot l#
data used in the description are collected in
Table 1. Parameters of the potential were deter-
mined by minimizing the function x 2 throu_g,h the
standard program developed in the JINR*% The func-
tion y 2 was taken in the form
ex theor. _ 2
3k (5°XP e i;kp - My - 5

, 7 ,p(0) was carried out, Experimental

w1

where FP is the quantity measured in the i -th
point of the k-th experiment, AS$¥P is the experi-
mental error of F5kP  ; FIBET g’ the theoretical
curve dependent on parameters of the potential,
The quantity M) is the norm of the k-th experiment
that allows one to take into account a systematic
error of the k-th experiment, Norms cdifferent from
unity were used only in the descritpion of clifferen~
tial cross sections, The norms obtained are energy-
independent and more or less uniformly distributed
around unity.

We neglected only the points exceeding three
standard deviations., The best description was achie-
ved for the transfer momenta [t| < 0,7 G'eV2/C2
x2 = 527, the number of degrees of freedom N=5 10
(x 8/N z 1.03, the confidence level C,L.= 22%), _

With. increasing momenta up to |t | 1,05 Ge\/.‘/c2
x 2= 753 for N= 633 (x?%/N~1,19).

It should be noted that the data on differential
cross sections at B, =200 GeV obtained by Akerloff
et al.’*¥’are not located on the universal curve in

the coordinate system with ——12—% plotted on the
. . TioL
ordinate axis and ¢, +|t| on the abscissa. The



Table 1
Fitted Experimental Data

Ey Number of
GeV points References
Tt 9,9+1480 67 24,25
p (0) 0,38+ 500 38 26,27,28
i ) 10. 18 29
14 i8 -
17.5 15 ="
21 9 30
a5 12 31
do,dt 9.9 12 32
10 11 ==
10.8 13 L,
10,94 9 ==
12,0 11 ="
12.4 18 ="-
12,8 13 =
11.2 7 ="
11.8 12 =
11,93 7 ="
15.1 20 ==
15.5 5 L
1G.7 12 -
18.4 15 ="
18,6 4 U
19.2 12 =t
19.6 11 ="
19.86 7 ="
20.0 19 =M=
21,12 9 =t
21.4 4 "o
21,88 7 e
24,0 15 24
24,G3 6 32
26,2 3 -
29,7 17 "

10 T



Table 1 jc ont.)

5u 49 23
100 51 23
290 32 24
500 18 24
1070 13 24
1480 9 24

inclusion of these data into the total set of the
fitted exp., data worsens the description,

The wvalues of parameters found in the fit change
slightly, within the errors, with increasing momentum
range from |t| < 0,7 (GeV/c)’to It| ¢ 1,05 (GeV [c)®
(See Table 2). Parameters a; are connected with
the nucleon-nucleon interaction range which is found
to be of an order of 1F.

Figures 1-13 show some curves obtained in the
analysis,

Let us indicate some results of our description,
The model gives growing total cross sections
(see Fig, 1).

One of the qualitative results is the prediction
of growing ratio p(0)=Re Ty (5;t=0)/ ImT,¢(Sit=0) at posi-
tive values up to energies E; £ 2111 GeV that is
in good agreement with recent data (see Fig, 2),

Figure 7 shows the dependence of the peak
slope on |t] at E = 200 GeV, At |t|~ 0.15 GeVc?
the slope changes strongly, i.e., in this region the
differential cross sections have a break.

At the energy E L = 45 GeV the polarization is
no longer positive throughout the whole momentum
transfer range up to |t| < 1 (GeV/c)? (see Fig, 8)
Predictions of our model for the polarization at

E; = 150 GeV are in good adreement with the re-
cent data 33/ (fig. 9).

n



Table 2

Parameters which are determined by fitting the
experimental data, listed in Table 1

8(s)=(5.4£0.4) +(0,42 & 0,05)(1:1:__ 123- (GeV/c)™2
0

/50

g{{s)=(-0.84 02)+ (0,182 + 0,003) (In & £-4 doy,(—2.mx0, 12), -

a,=(5,84¢ 0,18)  (GeV/c)™> (GeV/c) 2
a,=(42 +04) (GeV)/c)"2

£,=0353 * 0,005

£,=0.14 £ 0,02

(” L(~4.6+ 0,8 .07%,(0,050 + 0,002) (Gev/ec)’

“’( 5.0+05)-10° +i(7 +0.75)-10""  (GeV/e)

< (1,33t 02).10 24 i(-1.8+ 03)-10"% (GeV/e)

h,=(-6.7+ 12)-10 7 +i(-81+ 3.7).107*  (Gev/e)®

§o=1 (GeV)®

In Fig, 13 the amplitudes FI“’T and Rep
m

——or o uf Im

are plotted at E,= 100 GeV,

4, CONCLUSIONS

We have obtained the statistically satisfactory
description of the experimental data on elastic pp-
scatltering at energnes E s 10 GeV and momenta
transfer |t | ¢ 1,05 }“ within the quasipotential
approach with a local smooth potential of the Gaus-
sian type,

12



The predictions obtained can be used in experi~
ments at accelerators in IHEP, FNAL, CERN.

Besides, the potentials describing the elastic
hadron-hadron scattering can be used for the descrip-
tion of the hadron-nuclear and other scattering,

Let us discuss separately the problem of the
consideration of corrections to the asymptotic expan-
sion (3). As was indicated above, with increasing

p~ X2 the contribution of corrections is of order
2

~1/p as compared to the main terms, however, at
relatively low energies they can contribute to the
observables, We have taken into account the cor-
rections effectively in fitting the experimental data
by renormalizing the coefficients in junior asymptotic
terms of the potential,

It is not difficult to extend the scheme obtained
to' the description of NN-scattering allowing for the
isotopic structure.

The authors are thankful to AN, Tavkhelidze
for useful remarks and also to V.R.Abasova, S,.B.Nu-
rushev, LK.Potashnikova, AN,Sissakian, L.A,Slep-
chenko and M,A,.Smondyrev for discussions and
help in preparing the work,
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