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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, PNAL, CERN have provided experimental 
information on elastic pp -scattering. For instance, 
this concerns the change in the slope of the peak 
at |t | - 0.15 (GeV/c)2 /s/, the growth of the ratio of 
the real to imaginary part of the forward scattering 
amplitude p(O) = ReT(s,t=0)/ImT(s;U0)up to energies E L -
-2000 G e V / 3 / , t h e decrease , with energy, of spin-
spin correlations at transfer momenta |t|^: 1 (GeV/c) • 
Measurements of total c ro s s sections o t o t ( s ) at 
cosmic energies (up to EL - Ю GeV) indicate, evi­
dently, the logarithmic growth of total c ross s e c -
tions a t o t - I n s ' * ' . 

Numerous present models - (for review s e e ref. ), 
a s 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 cons is ­
tent description of all experimental data ( f f

t o t , 
~ — , p (0) polarization !P,etc.). .An analysis of 
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 apply 
the hypothesis of the local smooth potential / 7 _ 1 0 ' 
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deve loped in the framework of the quas(potent ia l 
a p p r o a c h . T h e r ep re sen ta t i on of hadron a s a loose , 
" smeared out" object with a finite slowly inc reas ing 
with e n e r g y rad ius l e a d s natural ly to the exponential 
d e c r e a s e of differential c r o s s s ec t ions a s a func­
tion of t , when t is n e a r to zero , and a l s o , with an 
appropr i a t e choice of the interaction cons tan t , to 
the growth of total c r o s s s ec t i ons °-ll\ 

A s is shown in p a p e r s , non-spin-flip ampli tudes T n f , 
spin-flip (Tf ) and double-spin-f l ip ampli tudes (T r r ), 
obtained by solving the quasipotent ial equa t ions , 
a r e of the eikonal form in the limit of high ene rg i e s 
and t ransfer momenta fixed for the local smooth 
potential . 

In refs. ' 1 3 , 1 4 the parametr iza t ion of potential in 
the form of superpos i t ion of G a u s s potential was 
s u c c e s s f u l l y used for the descr ip t ion of я N - s c a t ­
tering. 

In the p resen t pape r , on the b a s i s of the a s y m p ­
totic solut ion of the quasipotent ia l equat ion for 
two sp in l /2 p a r t i c l e s * ' 1 6 , we a n a l y s e the elast ic 
P P - s ca t t e r i ng in the diffraction region a t E L i 
>. 10 GeV a n d | t | < 1.05 (GeV/cf with potent ials 
of the Graussian type . In this study, we c o n s i d e r 
only the s c a l a r and spin-orbi ta l interact ion in the 
potential for the c o n s i s t e n t descr ip t ion of a , 
!? , p(0) and da /d t . 

Experimental da ta on pp-sca t te r ing were studied 
by o ther methods, a s well. However, t h o s e s tud ies 
h a v e t rea ted the da ta only a t cer ta in e n e r g i e s or in 
a v e r y na r row range of momentum t r ans f e r s indivi­
dual cha r ac t e r i s t i c s of a p r o c e s s , and s o on. T h e 
data w e r e ana lysed on the b a s i s of the theory of 
complex moments (allowing for moving b r a n c h points) 
within the so-cal led quas i e ikona l m o d e l ' 1 7 ' . 

* T h e solution of equa t ion in the Poldy-Wouthuy-
s e n represen ta t ion was cons ide red a l s o in r e f . / 1 5 / . 
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Within the absorp t ive models , ithe most c o n s i s ­
tent de sc r ip t i on is g iven i n / 1 8 / T h e da ta on fftot , 
—— h a v e b e e n d e s c r i b e d within a somewhat diffe-
d t

 t , . /19-21/ 
rent a p p r o a c h in p a p e r s 

2. SOLUTION TO THE QUASIPOTENTIAL 
EQUATION. CHOICE O P THE LOCAL 
POTENTIAL 
T h e quasipotent ia l equat ion for two sp in l /2 

pa r t i c les p roposed in ref. e / i s of the form 

l E - f x H(-i V )-H(i V ) x l +V(?;E)!4' p (t)»= 0, (l) 

where 
H(i V ) = m.y +iaV 

E - V s = 2 v' m2 + P,2 = 2 v m 2 + P f

2 

is the total energy , p i a n d p f a r e initial a n d final 
momenta of one of the par t i c les in the c.m.s. , 
t = -(Pf — Pi) i m is the m a s s of colliding pa r t i c l e s , 1 
is the 4x4 unit matrix. 

T h e g e n e r a l form of the potential i nc ludes sp in-
spin, spin-orbi ta l and o ther interact ions 

V-V x +V 2 (1 x 2 L + 2 L x 1 ) + 

+ V . - S L x Z L + V - 2 x S + V . 2 r x 2 r 
d 4 5 

(2) 

where 

s 
it o> 

U 2, 
and a a r e the Pauli mat r ices , L = -*- [ г х 
у a r e the Dirac matr ices a n d 3 - V n ' У • 
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Solving eq. (l) 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, +V2 4- ( l x 2 L + i L x Г). (2') 

Also the scattering is considered to occur in(x-z)-
-plane. 

By the method developed in ref.' , we obtain 
the non-spin-flip and spin-flip amplitudes in the 
following form 

~ _ V n r (P) . 
T n r =-iPi><JpJ 0(p V ' -t «e - И 

0 
Y , (P) m f S ) ( 3) 

T f - ip fpdpj (pV-t)e уГ(о\\о\>)т:;; 
0 I .v У ' 

where 

fc** r —OB 

P dp v i ; ' 

In exp. (З) we neglect the correction terms decrea-
v's sing a s 1/p with growing p= — relative to the 

leading terms. The contribution from the double-
spin-flip amplitude T f f is also of an order of ~l/p 
a s compared to T f for potential (2*) and is considered 
to be negligible. 

The observables a r e expressed in terms of T n f 

and Tf a s follows 



i r—-5r«iT n f | я + в | т г ч в 1 dt p 

9 = 2 I m ( T n * r - ? r ) 
l T | 2 + 2 | T f ' | 2 

p(0 ) -ReT n f ( s ; t - 0 ) / I m T n f ( s ; t - 0 ) . (4) 

K e e p i n g the hypo thes i s of the local smooth 
potential, we r e p r e s e n t our quasipotent ia l a s a s u p e r ­
posit ion of the G a u s s i a n functions 

(1)1 -~r2/4a, 
a l 

£, - r < {/4a£ •(^g??8)^)'1 

VTT"v«-F-*rvi 
-r 2/ 4a 3 

s Q =. 1 GeV . 

P o r coefficients, we c h o o s e the following e n e r g y 
d e p e n d e n c e 

g (

1

1 ) - a + / 8 ( l n i L - - i a - ) + y _ - L _ 
8 ° 2 veTi: '0 

With this cho ice , a t sufficiently high e n e r g i e s , the 
p h a s e v n ( ( p « s ) t a k e s the form 

x n f < p : e ) - x n f ( P ' / » , W ) 
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in agreement with the hypothesis of geometrical 
scaling. In this case total cross sections grow 
logarithmically. 

The quantities g g

 ) , g., ) , g^' , g^ 1 in .general, 
cnn be complex. The other parameters firo put to be 
real. 

Then, amplitudos T„r a r»d Tf' with potentials (2') 
can be represented in the form 

T n f - -2 ia p 2 ±-Le 1 <• 
n i * n>l n. n! 

т р ( P 5

 n>5 sr' ^ ) t h i f - b T i » , ( 1 * ^ ' e 

( t ) 
u 

II ч П (5a) 

T'f--P(^'.±i 

x S t?\-L-\h >Ъ (J- + t ) l e ' 4 Ь « г ) (5b) 
п>0П1 ^[^h4{T&)+UU*)] 

"n n ^ n 

where 

x = i 
a l 

n 4 a / 4a 2 

h ( 8 ) * 1 

h,=2 v '^a 2 (g^>+2a 2 g a) ) ; 

hg-a.V^aJgJ" 
h 3 -8.y^- , (g(,2,

+ 2a 3 gf) 
h 4 - 2 . V 7 a 3 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 ,> 10 GeV. A joint description of 
"tot »~"~ • ^ i P(0) w 5 1 3 , carried out. Experimental 
data used in the description a r e collected in 
Table 1 . Parameters of the potential were deter­
mined by minimizing the function x through the 
standard program developed in the JINR .The func­
tion уs was taken in the form 

where Зр£р is the quantity measured in the i -th 
point of the k-th experiment, A®?̂  is the experi­
mental error of З^Р ; 3$°'' is the theoretical 
curve dependent on parameters of the potential. 
The quantity Mk is the norm of the k-th experiment 
that allows one to take into account a systematic 
error of the к -th experiment. Norms different from 
unity were used only in the descritpion of differen­
tial c ross sections. The norms obtained a re energy-
independent and more or l e s s uniformly distributed 
around unity. 

We neglected only the points exceeding three 
standard deviations. The best description was achie­
ved for the transfer momenta 11 I < 0.7 GeV a /c 2 

X =- 527, the number of degrees of freedom N=5 10 
( X 2 / N £• 1.03, the confidence level C.L.= 22%). 

With, increasing momenta up to |t | < 1.05 GeV^/c 2 

Xs' 753 for N = 633 (x a /N~l,19). 
It should be noted that the data on differential 

c ross sect ions at ET =200 GeV obtained by Akerloff 
/23/ 

et al. a r e not located on the universal curve in 
the coordinate system with —L-.—£_ plotted on the 

fftot d t 

ordinate axis and a -|t| on the abscissa . The 
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T a b l e 1 

Pitted Experimental Data 

E L 
G e V 

N u m b e r 
p o i n t s 

of 
R e f e r e n c e s 

" 1 1 ) 1 

И0) 
9.9* 14 80 
9 . 3 8 + 5 0 0 

6 7 
3 8 

2 4 , 2 5 
2 6 , 2 7 , 2 8 

Ч1 ' 10 . 1 8 2 9 
11 1 8 - " -
17 .5 15 - " -
21 9 3 0 
4П 12 3 1 

9.9 12 3 2 
10 1 1 _»_ 
10 .8 1 3 _n_ 
10.94 9 _!!_ 
12.0 1 1 _!!_ 
12.4 1 8 _ 1 l _ 

1 2 . 8 1 3 _ M _ 

14.2 7 _ l l _ 

14.8 12 _ l l _ 

1 4 . 9 3 7 —fl— 
1 5 . 1 2 0 w l l _ 

15.5 5 It 

16.7 1 2 _»_ 
18.4 1 5 _!!__ 
18.6 4 w M _ 

19.2 12 _ t : _ 

19.6 1 1 _n_ 
19 .86 7 _ l t _ 

20.0 1 9 _ l l _ 

21 .12 9 _ l l _ 

21 .4 4 _!!_ 
2 1 . 8 8 7 _ l l _ 

24.0 1 5 2 4 
2 4 . 6 3 6 3 2 
26 .2 3 —*'— 
29 .7 17 _ " e 



T a b l e 1 (cont.) 

bo 4 9 23 
100 5 1 23 
290 32 24 
500 18 24 
1070 13 24 
1480 9 24 

inclusion of t h e s e data into the total s e t of the 
fitted exp . d a t a wor sens the descr ip t ion . 

T h e v a l u e s of pa ramete r s found in the fit c h a n g e 
slightly, within the e r r o r s , with inc reas ing momentum 
range from 11 | < 0.7 (GeV/c) 2 to |t | < 1.05 (GeV /c ) 2 

(See T a b l e 2 ) . Pa ramete r s a. a r e connected with 
the nuc leon-nuc leon interact ion r a n g e which is found 
to be of a n o rde r of IF . 

F i g u re s 1-13 show some c u r v e s obtained in the 
a n a l y s i s . 

Let u s indicate some r e s u l t s of our desc r ip t ion . 
T h e model g i v e s growing total c r o s s s e c t i o n s 
( see Fig. 1 ) . 

One of the qualitative r e s u l t s is the predict ion 
of growing rat io p(0)=ReTnf(s;t*0)/lmTnf(s;t=.0) a t p o s i ­
t ive v a l u e s u p to e n e r g i e s E L < 2111 GeV that i s 
in good ag reemen t with r e c e n t da ta ( з е е Fig. 2 ) . 

F igure 7 s h o w s the d e p e n d e n c e of the p e a k 
s l o p e on | t | a t E L = 200 GeV. At | t | - 0.15 G e V a / c 2 

the s lope c h a n g e s strongly, i.e., in this region the 
differential c r o s s sec t ions h a v e a break . 

A t the e n e r g y E L = 45 GeV the polar izat ion i s 
no longer posi t ive throughout the whole momentum 
transfer r a n g e u p to | t | < 1 (GeV/c) a ( s e e F i g . 0) . 
Predic t ions of our model ?or the polarization at. 
E L = 150 GeV a r e in good ag reemen t with the r e ­
cent da ta / 3 3 / (fig. 9 ) . 
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T a b l e 2 
P a r a m e t e r s which a r e determined by fitting the 
experimental data , listed in T a b l e 1 

a1(s)=(6.4±0,4) + (0,42±0,05)(ln —-1Я-) (GeV/c)" 2 

1 s 0 2 

о 
s 0 2 '" x ' v s 

-2 (GeV/c) ~ 2 

g (

1Vs) = (-0,8±0.2) + (0,192+ 0,003) ( I n - | - - & - ) + ( -2 .04+0 .12) - / - ( 

a 2 -(5.84+ 0.18) (GeV/c) 

a =(4,2 ±0,4 ) ( G e v y c ) - 2 

О 

^ = 0,353 + 0,005 

£ s =0,14 +0,02 

g ( , 1 ) =(-4,6iO,S; . 0 ~ 3 + i(0,050 ± 0,002) (GeV/c) J 

g g 1 = ( - 5 , 0 ± 0 , 5 ) - 1 0 - 3 + i (7±0,75)-10~ 4 (GeV/c)3 

h 3 =( l , 33+ 0 , 2 ) . 1 0 _ 2 + i ( - 4 , 8 + 0 ,3 ) .10~ S (GeV/c) 

h 4 = (-6,7+ 1 , 3 ) - 1 0 - 4 +Ц-8Л ± 3 . 7 ) . 1 0 ~ 4 (GeV/c) 3 

S 0 - l (GeV)2 

In P i g . 1 3 t h e a m p l i t u d e s R u T a n d ** e T f 

= K Ini nf Im f 
a r e plotted a t E L = 100 GeV. 

4. CONCLUSIONS 
We h a v e obtained the s ta t is t ical ly sa t i s fac to ry 

descr ip t ion of the experimental data on e las t i c p p -
scat ter ing a t ene rg i e s Ei > 10 GeV and momenta 
transfer | t | < "1.0П (GeV/cp within the quas ipotent ia l 
app roach with a local smooth potential of the G a u s ­
s ian type. 
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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 (з). A s was indicated above, with increasing 
p - '̂— the contribution of corrections is of order 

2 
-1/p a s 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 A,N.Tavkhelidze 
for useful remarks and a lso to V.R^Abasova, S.B.Nu-
rushev, I.K.Potashnikova, A.N.Sissakian, L.A..Slep-
chenko and M.A,Smondyrev for discussions and 
help in preparing the work. 
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№ . 1 . Total c ross sections. 

f(0) 

0.1 

о _..__J ̂
 

-

-0.1 

-0.2 • b? 
i / 1 

-0.3 4 
Ю 2 TO5 Г?Е&ё1) 

Fig. 2 . Ratio p(0)-ReT n f ( s ;U0) / ImT n f ( s ;U0) . 
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$(EL=10GeV) dc °2(£L=15.1GeV) 

o~EL=10GeV 
• -Et=l5.1GeV 

101 

10°-

io-1-

0.2 04 0.6 0.8 
J i i i, i 1_ _i i ' 

ш(тг 

Pig. 3 . Differential cross sections at E = 10.0 and 
15.1 GeV. 
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$fo=50GeV) JJf(Ej>100GeV) 

o-EL-50GeV 
• -EL»100G«V 

Pig. 4 . Differential c r o s s sections at E L = 50 and 
100 GeV. 
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%(EL=500Ge\n 

o-EL°290Gd/ W0-
• -£L=500GeV 

02 0.4 0.6 0.8 1.0 mw 
Fig. 5. Differential с oss sections at E.^290 and 
500 GeV. 
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ш(^)г 

Fig. 6 . Differential c ross sections at E = 1070 and 
1480 GeV. 

.13 
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1 1? 
> 01 
О 11 
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40 

С У 

p-p 

4S 8 

A 7 

Б 
5 

EL-200 GeV 

0 Q1 0.2 03 0.4 0.5 0.6ltlGeV* 

Fig. 7 . Slope of the diffraction peak at E L - 200 GeV. 
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0.05 
0.041 
0.03 
0.02 
0.01 

0 
-001 

P 

003l 
0.02 
0.01 

0 
P 

0.02I 
0.01 

0 
-0.01 
-0.02) 
-0.03 
-0.04 

—I 1 1 1 1 Ц — - J A L 

01 0.3 0.5 lQ7T ' 09 

EL>24GeV 

lt№f 

мтг 

01 0.3 Q5KI 07 

Fig. 8. Polarization at E •= 17.5: 24 and 45 GeV. 
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EL=150GeV 

Pie. 9 . Polarization at E ,= 150 GeV. Solid curve is 
the prediction of cur model. 

P 

0.4 

0.3 

0.2 

0.1 

-0.1 

«0. 

д - BORGKW ET AL 
o-JHMRRY ET AL 
v-GAIDOT ET AL 
• - DIEB0LD ET AL 
a -D. RUST ETAL 

PUMPUN-KANE 
/PREDICTION 

S(GeV)2 

Pig. 10. Polarization at 111 - 0.3 (GeV/c) . The lower 
curve is the prediction of our model. 

20 



Pig. 11 . Predictions for differential cross sections 
at E «200, 500, 1000 and 1500 GeV. 

Li 
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Q05 
О 

-0.05 

-0.1 

EL*100GeV 

i * i _'—. J 1 U. 

с^2ЙГЧбТГ1о 

0.05 

0 

0.05 

P EL'2O0GeV 0.05 

0 

0.05 
\^y^2 ОГЧПВ Q8 1.0 

-0.1 \ v 

-0.15 \ . 

Et=500GeV 

Fig. 12. Predictions for polarization a t E = 100, 
200 and 500 GeV. 
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Fig. 13 . Real and imaginary parts of spin-non-flip 
and spin-flip amplitudes at E L= 100 GeV. 
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