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The elastic hadron.:..hadron scattering playsanimportant 

role in the investigation of strong interaction'. For the 

description of the interaction at small distances we have the 

exact theory QCD, but for .the .interaction• . at·. large 

distances,· which is the basis. for the .~iastic. scattering at 

small, angles;the· calculation.· in the framework '. of.. QCD is 

impossible for the present. That., is ·,why ,the experimental 

' definition. of the • parameters of the , elastic scattering is 

very important ·for·· the· development of the modern.· strong 

interaction theory. Moreover the imaginary part of.·the 

·amplitude · of .the elastic· scattering . is connected with the 
.... ·. ·, . 

. 'total cross. section. 

uiot(s) = 4rr:Im T(~. t=O) 
which is the basis characteristic '.of any theory. or model· of. 

strong interactions .. The differential cross.sections measured 

iri the. experiment . are described, by; the· .. square of the 

scattering amplitude 

du/dt = rr I T(s,t) 1
2

, (1), 

which in the range of small angles 'can be represented. in , 

the eikonal form 

T(s,t) = t. 

where,the eikonal 

00 

Jp J (pA) (1 
. 0 . . 0 ' .. 

phase x(s,p) 

of/the hadJ'.on.interaction 
00 

' :- . . ,-·: 

- exp(-•x(s,p)) dp, (2) 

is, definedby the potential 

x(s, p) = · J dz V(s,p,z) · (3) 

The·potential of.the charge hadron:is the·sum of coulomb 

and•nuclear interactions. After:the eikonal summing the·terms 

with .the coulomb and•· nuclear interactions appear. The 

diagrams, with intersecting lines 'giving a sufficiently large 
contribution/if, cancel· each other/2/ ... 'As ~.:result· the total 

interaction amplitude has a complicated structure arid depends 
,·, 

on .·the spin parameters. However, at sufficiently high 



energies and small scattering angles the contribution of the 

spin exchange amplitudes can be neglecte~. _ In the case of 

gaussian potentials of the hadron interaction the total 

amplitude can be represented as a sum of coulomb and hadron 

amplitudes with the correction of the coulomb- hadron phase 
shift/3/ 

F = F + F , exp( ta~). 
tot N - C . 

( 4) 

For the coulqmb amplitude we have the ordinary representation: 

F = + 2 a G
2 

/ It I ; 
C 

(5) 

_ a is · the fine-structure constant and G2 (t) is the proton 

electromagnetic form,factor squared. 

The 

_calculated 
·form151 

~(s,t) 

phase of. the coulomb-hadron interaction 

and discussed by many authors·/3- 6/_and 

has been 

hair-the 

= + [ '1 + ln (Bltl/2) + ln (1 + 8/(BA2
)) .+ 

+ (41tl/A
2

) * ln (41tl/A
2

) + 2ltl/A
2
], (6) 

here A i_s the constant entering :into the dipole form-factor. 

One should pay attention that .the phase·depends on the slope 

of the hadron amplitude, B(s,t), which in its turn depends. on 

the energy scattering .s and transfer. momentum t. __ The 

calculations of the phase are carried out. for trie case _of. 

gaussian potentials; and_ as the real hadron potential has a.· 

more complicated form with the transfer momentum, the phase 

has to differ from the form ( 6) too. In . analyzing the 

experimental data th~ situation becomes somewhat easier due 
' - -

to the fact that the phase ~(s,t) changes its sign in the 

region of the , coulomb-hadron _- interference and therefore; it 

is sma11161 . That is why the us_e of different forms of the 

phase leads to nearly ,the same results. The pure hadron 

amplitude is represented in the exponential form in the range 

of _the diffraction peak and small _interval of t: 

FN(~,t) = h *,(i + p) * exp(- B(s,t)/2 *'ltl), (7) 

his the effective interaction constant and the fact that the 

hadron ".amplitude has the - -rea-L ... and im<:1ginary .. parts •is 

_.represented by_,the coefficient: . -

__ p(s,t) = Re F(s,t) I Im F(s;t),., · ( E!) 

2 

I 

in various models it depends on· s and t in a different way 

and maybe very sharp17 /. In _the experim~nt. the coeffici«:nt 

p( s, t) is obtained from the analysis of the differential 

cross sections in the region of the coulomb-hadron 

interference where_ the coulomb and hadron amplitudes are 

nearly equal to one another and their interference term has 

the maximum relative contribution. 
At the present time, it is considered that the basic 

characteristics of the hadron amplitude are known rather 

exactly both from·experimental and theoretical viewpoints/Bl, 

within the inclusion of the second order diagrams of the 

electromagnetic interactions. And at t = 0 we have 

B - ln s · o- - ln
2 s. 

' tot _ 
Some problems appeared after the experimental 

measurement of p(s,t) at .rs= 540 GeV giving p(O) = 0.-24' /
9

/ 

which is more than the expectable value 0.15. And the recent 
- -

measurement of o- -at .rs = 1. 8 Tev gave at first the value 
/10/ tot - /11/ - ' 

78.3 mb which confirms the.1n2 s physics , but later on 

it changed the value to 72.1 mb/12{ which is near to the ln' s 

behavior of the total cross sections113( 
· In this work, we carry out a careful analysis of the 

available experimental data trying to ~scape any model 

assumptions. Such an analysis shows · that the supposition 

about the - slope of the diff~rential cross sections in - the 

coulomb range being equal to 'the slope at the transfer 

monientu!ll, where we can neglect the coulomb interact.ion, - is 

wrong. As a result, we obtain somewhat different values of 

the total'/ cross · section, slope· and p; Deriving formula ( 1) 

for _dif_ferential cross sections we have 

do-/dt = rr (F2 (t)+ Re F2 (s;t) + Im F2 (s,t) 
c N N 

·+ 2 (Re F * F * cos(o:~) + Im F * F * sin(o:~))) (9) 
- N C N C 

or consequently 

,do-idt = rr (F2 (t)+ (1 + p 2 (s,t)) * Im F
2
(s,t) 

c . N 

+ 2 ( p(s,t) + a~)) * Im F * F ) (10) 
- . - N C ' 

Just this formula is used for the fit of experimental data 

defining the coulomb and hadron amplitudes and the ~oul~mb-

3 



hadron phase to obtain the value of p(s,t). Solving (10) with 

respect to the imaginary part of the hadron amplitude 

Im FK(s,t) = [ 

. ( p+a<p) 2 
. . F+ 

( 1 + p2 ) C ( 1 + p2 )2 

(p+a<p) 2 

F + 
C 

(11) 

+ 1 (d u(s,t)( 
1 

+ a 2 <p2 ) 

(1+p) 2 dt J 
1/2 

F . 
C • 

Here, the one-to-one correspondence of the imaginary part of 

the hadron amplitude and p(s,t) is seen. At each point of 

transfer momentum, using p(s;t) we can obtain Im FK(s,t) from 

the experimental data of the differential cross sections. 

However, it ·is to be noted that ~ome indeterminacy appears 

·because .. of. the presence of the slope parameter in the phase 

<p(s,t). This indeterminacy can be removed by the iteration 

but only in the .·whole set of values of du/dt
1 

of the 

experiment at s. Assuming. that in this interval of t 
. J . l 

Im F (s,t) can be reproduced by the exponential form with.the K .. 

slope B
1 
(s) we can describe the set of the obtained points 

and determine the value of the slope with the minimization.of 

:l. Then, this value of the slope is substituted into the 

- phase <p(s,t) and .all procedure is repeated. Thus, we obtain 

the .form of the· imagi"nary part of the scattering amplitude 

with the parameters one-to-one corresponding to formula (11). 

Note that by this we propose. that p( s, t). changes slowly in 

the considered range of transfer_ momenta. We .discuss this 

question briefly at the end of this paper.· 

Now let us consider the• data of the. 
elastic scattering/141. · In the case when. 

proton...:proton 

we. use the 

parameters obtained or used in• this. work , the form of the 

imaginary part of the scattering amplitude.is reproduced in 

fig. 1a. One can see that the value of the slope in the range 

of very small t differs from its value· at larger t. · If we 

divide the interval•. of the relevant t in two approximately 

equal parts, then the value of .. the sl_ope in the range:?. of 

small t will be more than two times: .larger .than the value in 

4 

{. 

~ 

I 
the other part of t. In this case, the value of the slope. ·in 

this second part will be much larger than the value of the 

slope used 

value _of p, 

in processing experimental data to obtain the 

and taken from the range of transfer momenta 

where we can neglect the contribution of the coulomb force. 

One can see a similar picture at other energies (fig. 2) 

and for another reaction, proton-anti proton elastic 

scatterini151 (fig.3), but as if with an opposite sign .. such 

a sharp change of the behavior of the scattering amplitude is 

unlikely as one cannot imagine any physical mechani'sm. leadi~g 

to such a behavior. 
It is more reasonable to assume that the values of 

h ~ u ; p; B we used are wrong. We will' not suppose 
lot · 

beforehand these values but determine them only from fitting 

the experimental data. If the number of experimental points 

permits us, we can do the fit for two intervals of t·so that 

the values of the slope in these intervals would be equal. In 

this way we will obtain new values (tables I, II, III) ... for 
. . , - ' 

the experiments where any values have been fixed. In these 

tables variant I refers to'.calculations with the parameters 

taken from the experimental works; these parameters are shown 

in them. Variant II is related to the definition of all 

values from the experimental data, the variant assumes them 

as free parameters either imposing the condition on the 

of t (B
1 

= B) or· 

lead to ·almost' the 
behavior of the , slop~ in two intervals 

simply minimizing :l. · Both these cases 

same results for the values of p; B H ·u lot 

However, a ·contradiction appears here ·for· the 

experiments which used for their normalization the value :of 

. u from the extrapolation of the experim~nts. The case is 
lot 

complicated by that the determination of the values of u lot 

in any'. of the three methods for their measurement we have 

used the extrapolation of the hadron amplitude in t = 0 cev
2 

assuming the concrete value of the slope. If the value·of the 

slope at very small t differs from Bat !ti = 0.1 cev
2

, the 

value of the u 
lot 

will be different too. 
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Ta6nHua I 
Ta6nHua I I I· 

.;rs 
ltl •in p = Re FN / Im FN 

B = d/dt (1n (dcr/dt)) GeV- 2 

2 .;rs ltl · GeV I GeV BapHaHT I BapHaHT II BapHaHT III . m 1 n 
- 2 . BapHaHT I BapHaHT III 9.97 6.3)0- 4 

- 0.153 
GeV ·GeV Bap11ae_T II 

-0.13 -0.146 . . . ..• 

12.3 6;6.10..: 4 
- 0.096 - 0.075 - 0.075 9.97 6.3 10- 4 :10.83 · 12: 4 ·12.03 

:..4 _.lie 

6. 6 10-4 19.4 6. 6 .10 - 0.034 - 0.027 - 0.002 

t 
12.3 11.06 12.33 12.33 

. 5.0 10:..4 
.. 

6.6 10-4 ·13.38 22.2 -,0.009 0.006 0.006 19.4 11.56 · 12. 87 

23.5 3. 7 io-4 
0.022 0.022 0.022 22.2 ·. 5.0 10-4 11.7 12.95 12.95 

23.9 · 6.6 10:..4 - 0. 011 0.012 0.019. 23.5 3.710-4 11. 8 11.93 11.93 
., 27.4 4. 7 10-4 

0.012 0.035 0.022 i, 23.9 6. 6 10-4 ·11. 83 13.7 13.8 

30.6 5.0 10-4 0.042 .. · i 27.4 
. ' . -4 

11. 8 14.15 13.8 0.034 0.022 4. 7 .10 · 

44.7. 9. 9 10-4 .o. 062 0.063 0.070 

t 
30.6 5.0·10-4 

12,0 12:04 .. 11. 5 

52.8 10.7 10-4 9.9 10_-4 ' . '. 
0.077 0.081 .. 0.069 44.7 12.8 13.53 13.'5 

62.3 54. 3 10-4 0.095, 0.095 0.095 1 52.8 10.7 10-4 12.87 12.86 12.'77 

62.3 54. 3 10-4 13.02 13.11 ,13.17 
Ta6nHua II l 

Ta6nHua IV 
.;rs I ltlmln er . - h ( b) I 

tot. ' rn ! 

2 
·, .;rs ltlmln BapHaHT I BapHaHT II 1 BapHaHT III . I 

GeV I GeV BapHaHT I BapHaHT II BapHaHT III 
::i:2 N I . ::i:2 2 2 

GeV GeV ·x 
9.97 6,3 10- 4 38.3 39;2 39.21 I 

6. 6 10~4 l 9.97· 6.3 ·10- 4 48.7 38. 1.015 I 37.6 12.3 38.31 39.0 i 39.0 I 
6.6 10-4 i 12;3 6. 6 ·10- 4 27.6 .19.4 • 38. 97 39.44 

24.1, 1. · 24.1 
39.15 I 

22.2 5.0 10-4 19.4 6.6 10-4 . 44. 6 38.5 .97 36.5 
39.3 39.86. 39.86 i I 

23.5 3.7 10-4 
39.65 39.72 

22.2 5. 0 10-4 36.6 27.9 1.. . 27.9 
39.7 

\ I 
23.9 6.6 10-4 23.5 3. 7 10-4 12.8 12.5 1. 12.5 

39.57 40.34 40.22 
.99 I . 27.4 4. 7 10-4 

39.6 40.9 1 23.9 6. 6. 10-4 44.9 -37.7 37.5 
41.14 

· 1.02 I 
30.6 5.0 10-.4 ,.. 27.4 4. 7 10-4 36.1 26. 75 · 26.2 

40.16 · 40.12 40.04 ! 

44.7, ·.9.9·10-4 30:6 5.0 10-4 82.21 82.19 1:01 I 74.2 
41.7 41.98 41.57 I 

52.8, 10. 7 10-4 44.7 '9.9 10-4 '41.86 23;9 :98 21. 4 
42.38 42.46 42.5 I 

62.3 54. 3 10-4 52.8 10.7 10-4 42.38 39.2 1.01 36.6 
43.55 43.5 43.5 I 62.3 54. 3 10-4 14.7 14.7 1. 14.7 

6 
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Ta6nHua V (APP - APP) 

-,1rs 

GeV 

It I - · -·1 p = Re F / Im F · ml n -------,- H . H ______ _ 

Gev~ BapHaHT I~ BapHaHT II~ BapHaHT III 

30;4 6.7 10 -4 0.055 

0.106 

0.12 

0.106 

- 0.01 

0.13 

0.16 

0.19 

52.6 9.7 10 -4 

-4 62.3 .63.2 10 0.104 I 0.104 

0.23 . I 0i23 
VI (APP - APP) 

' -4, 546. ._ I 22 .. 5 10 
Ta6nHua 

,//s .. 

GeV 

30.4 

52.6 

62.3 

546. 

',//s 

GeV 

30.4 

52.6 

62.3 

546. 

ltlmln 
2 

GeV 

6.7 10-4 

9._7 10-4 

63. 2 10-4 

22. 5 10-4 

<Ttot - h (mb) 

BapHaHT I~ BapliaHT II 1 BapHaHT III 

42.13 

43.32 

44.12 

60.3 

39.65 

43.32 

44.12 

60.23 

40.22 

43.87 

42.8 

57.8 

Ta6nHua VII .. ( AP ... P - AP. P ) , 

ltlmln 
2 

GeV 

6. 7 10-4 

·9.7 10-4 

63.2 10-4 

22.5 10-4 

B· = d/dt.' (Zn (d<T/dt)). GeV'. 2 

BapHaHT I~ BapHaHT II~ BapHaHT III 

12.7 

13.03 

13.47 

15.6 

4,1 

13.05 

13.47 

15.58 

11.75 

12.80 

12.75 

15.76 

Ta6nHua VIII (APP - APP) 

,//s I ltlm,~ I .BapHaHT .I ~ BapHaHT II j BapHaHT III 

2 2 I. 2 ____ I 2 
-:-:-~-4-4--:-~-:-1-o-_-4 +--2-:.21 __ 1_4_x_2n . 0~9 I 11~8 

-4 I 52.6 9.7 10 9.8 9.78 1.04 8.9 
-4 I 63.3 63.2 10 10.3 10.24 0.97 9.97 

~46. 22.5 10-4 50.7 46.2 o.9 I 45.88 

8 
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The importance of th~·. extrapolati~n contribution is· seen from 

pap~r1161 w~ere the contributi~n. to <1 of the <1 , .the 
·. tot obs 

directly measured value, and of Mr and /J.<1 , the 
. · . el l,i 

extrapolating contributions of the elastic and inelastic 

cross sections, are _shown at ener9:ie.s vs = _30. 6 Gev, 52. 8 Gev 

H 62. 7 GeV. One can· see that the_ growth of the total cross 

sections is due to b.<1 by. 50% for the proton-proton and 
. .. .. . el . __ . · . 

nearly by 100% for the proton-antiproton scattering: 

Thus, a closed circle arises. For the measurement of one· 

of the· values of <1 , B , p we should · know the other two, 
. tot 

but · for their measurements we have • to know the first value. 

Earlier, the assumption ~f a possible extrapol~tion of .the 

slope from the range where the coulomb interactions can be 

.neglected to the coulomb range. gave the. exit from this 

circle. ·u this cissumption is wrong, and it has some b~sis, 

the theoretical indeterminacy appears· in .. the definition of 

this value. 

In order to go out from this circle we propose. 

meas·urements at very small t whi.ch is. the essential - coulomb 

range. _ It permits us to introduce the correctioi-t coefficient 

to, the normalization of the differenti.al cross sections on 

. the basis of ttie knowledge of the coulomb interactions at 

ieast with~th~ accuracy - a.2. The idea is based on different. 

dependence of the terms of (11) -on t. 
d, <1 

1 1 / . 2) 2 F/2 + - ( p + a rp ) F F + ( 1 + p. F : . 
d t . t2 c t c H . H 

It is .clear that if we differentiate with· respect tot, the 

term connected - wi t.h . the pure,. ha_dron . amplitudes disappears 
• • , . -4 2 • . almost compl~tely. The interference term at t - 1 O Gev 1s 

small in comparison with the coulomb term due to the differ­

jmce 'in th~ degree~ t and s~all values of p. and o:rp • 'I'hus, if 

we take "the difference of the differential cross sections 

measured at two points t and t and divi.de by its theore-
' _. _ ·. . .. 1 _ ·. 2 , : . ; · _: _ .- -

tical difference, we obtain the correction coefficient to the 

norm~liii:ttion'of 'the me~~~red differeriti~l eras~ ~ection~ 

9 .. 



AF c + A(Interf) .+ AF K 
k - ------------------- (13) 

(d<T/dt) - (d<T/dt) ·· 
tl . t2 

The correct differential cross sections will be 

d<1/dt = k * (d<T/dt) ( 14) 
. _ • · · . exp . .• .. . . 

Thus, the .. next scheme arises. One sets t
1 

.and approximately· 

expected values of B , p , h . Then, we. calculate F (t ) , 
·- . · · · . . - · · - . c · l 

FK(t
1
). and rp(t

1
), take the experimental. data, define :t,he 

coefficient k and recalculate the experimental data. Then, we 

calculate · the imaginary part of the hadron amplitude and 

define B, p, h - <T using the free fit. 
· - tot 

procedure of calculating the coefficient k does 
2 - . -· : ·- - ' - • - . 

h and practically on Band 1Neakly depends, on 

_Thus,, as this 

not depend, _ on 

.h and p, . . 1:,he 

· definition of. these parameters . is maxima_l,ly correct from 

theoretical viewpoint. For more exactness we .. can use the 

iterative. loop. Thus, we use the obtained values of B , p .. ' \ .,_, ' ' ' 

and h for getting the value of the coefficient k and then we. 
' ' C • 

repeat all procedure again .. The coefficients _.k thus .obtained 
-·. . . . . . 2 .· . - . . . 

and the. relevant x are shc:>wn in ,Tables IV and. VIII for_the 

experiments considered. It is .. clear . that_ the introduction of 

~he coefficient k allow~ one to imp;ove .and x2
• The. obtain~d 

--' '' '. ,. . 

new values B., p and. <T . are represented in variant III, and 
· - · • . _ tot . , .· · - · · · ·· · . 

the new .. form of - the imaginary part of . the . scattering 

amplitude is shown in Figs. 1c, 2c_,_an_d 3c. 

The most essential changes arise at · small~r energies 

where the experiment gives the' value . of the differential 

cross sections at the smallest transfer momenta.·- Just at 

these energies 

Certainly, the 

the 

errors 

total cross sections _ and p grow.­

increase with the free fitting of .all 

·parameters and 

total cross 

~nth~ average they an1ount to 0.25 mb for the 

sections. The largest differ~nce from the 

previous value'is for the slope ·e. Especially it_can be seen 

at the energies·rs· = 23.5 H 23.9 GeV. For the proton...:proton 

elastic scatteri.ng the valu~s 'of the ;iope a~e es'sentially 

large which testify t~ incorrectness of- the-previ~usly used 

suppositi~n ~bout the possibility of extrapolati~n B ft"omthe 

IO 
0 

J 

j
l 

I 
·, 

• I 

' 

clear hadron range into the coulomb range. In t~i_s _case, the 

values of the slope of the proton~antiproton scattering are 

smaller. than the. previous ones · and are either smaller or . 

equal to the values of the slope of the proton-proton 

scattering: It is a pity that we haven• t ,more experimental 

results of the proton-antiproton elastic scattering/l7 /, -

which have been publisll~d "o~ly gr-~phic~lly .-

The obtained results can be verified by measuring the 

slope of the proton:.-iieutrori elastic 'scattering. In. this case, 

for the differential cross section we have. 

d <T a-E = 

7l (X2 

m2 
n 

k2 * 
n 

1 

t 
+ h 2 exp( -BI t I ) 

(15) 

Here k 2 is an anomalous magnetic moment of the neutron, and 
n 

m is its mass. 
n · · /18/ · 

In-the work , the results of the proton-neutron scat-

tering at the energies from p~ = _ 100 to. 400 _ cev. ~nd in the 
· · -6 ·' . ·.- ·-1 2· · • 

· range of transfer momenta 6 10 < ltl < 5 10 cev are ,given .. 

However, the data_ of the differential cross sections.with 
· '; - • . . · -''-3 2 
the energy interval 100 - cev start with -t = 1. 1 1 O cev , 

and for all energy interval from 100 to 400 cev with -t = 
-4 2 • - · . 

O. 23 10 cev . It is necessary. to note that ~he .values of the 

slo:i:>e obtained in that_ work belong io the ·whole measured 

interval_ of t; Taking the afore-said into account let tis 

compare the .values of the slope of the prqton-neutron scat­

tering - B(np) with one another at different intervals of t. 

I I -2 2 • ( ) - -2 For _ t < 1. 2 10 Gev __ . obtain B np = 13 .. 4 ± 1. 2 Gev, for 

ltl < 1.6 10 cev-
2 we have B(np) ,; 12.63' ± 0.78 ·and for all 

interval oft (ltl < o._82 10-1cev
2) B(np) = 11.64 ± 0.08. 

pur analysis gives for _the value of the slope at the coulomb 

· range . :B(pp) = 12. 33 '± o. 5 at p,,,; 100 cev up 13. 8 ± o. 65 at 
.· . . L . -· -

pL = 400 cev. The errors are sufficiently large to· made · a 

final conclusion._ However, it is clear that in the neutron­

proton elasti•c scattering·· there is an indication : of a 

possible change of · the value of tlie · slope'• in the coulomb 

interaction range~ 

11 
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X.2=36.1 · 

PP - PP A.Kuznctzov 3qrt(::i)-27.4 OeV 
,o=0.012 B= 11.9~ Utat=40.06!) N= 1 

O.Otll! O.OlD 

Fig. 1 a Ill CaVC 

x2-26.8 

PP - PP A.Kuznetzov 3qrt(:3)-27.4 OeV. 
A=O.o;:;5 B= 14. 1 ~ !7tat=40.9 N= 1 

/=26.2 

PP ;,_ PP A.Kuznetzov. 3qrt(o)-27.4 · OeV 
p=0.021 B= 13.8 Uw=41.34 N= 1.02 

O~l:Jl:i_ 

0.0:Z~ 

Fig.· 1 c· 
Fig. 1. • The imagine part 

amplitude at 'vs = 27 .. 4 G~V: , 

of the proton-proton.scattering 

straight line -·the fit by the 

exponent with slope :B, curve line -- the. fit by the sixth 

power polynomial; ; . a) ._version I with the parameters_ taken 

from experimental ;works;· b) vet:'sion II wi.th the parameters. 

·obtained by free fit; c) version III wi_th :the .. parameters 

obtained by free fit and taken into acco~t the correcti.on 

coefficient k. 12 
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PP - PP A.Kuznelzov 1,;1qd(<J)=O.O CeV 
p=-0:146 8==12 .. Utat=.19.2 N=1 , 

Fig. 2b , 

>C=37.8 

PP - PP A.Kuzn.:.bov ,.,,p-Ua)=D.O · C,N 
p=~0.135 B= 12 . .3 Utot=.39.;3 N= 1.015 

2c 

:-"' 

·, 

Fig.2. The same thing that are in fig.1 at the /i -
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0.0:,2 

9.9 GeV. 
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Fig.3. The same thing that.fig.1. for the proton-antiproton 

scattering at ✓s = 30.4 Gev. 

14 

;\] 

Note that a similar behavior of the slope appears in 

the models taking into account. the interaction at large 

distances
119

- 221 . In these models, as a result of the 

consideration of the diagrams with the triangle peculiarities 

int- channel, the eikonal phase is described in the form 

· 2 2 x(s,p) = h exp(µ sqrt( b + p ))~ (16) 

which corresponds to the interaction potentia1120/ 

V(r.) = 2 µ h / rr * K (µ sqrt(b2 + r 2)), - (17) .· 0 

where µ and b are the: effective mass and radius of 

interaction and his the normalization constant which change 

~ith energy. The amplitude of the hadron-hadron interaction 
in this case is 

00 

T(s,t) = :-i [ 
(-h) n. . µ 

----
(n - 1)! (n2µ2 + A2)3/2 · n= 1 

2 2 2 · 2 2 · 2· ✓ ... ✓ ~ * ( 1+b ~n µ + A ••). * exp( - bn µ + A ) 

In work/20/ 
' 

,• 

the value of the parameters were 
determined from the description of the experimental data from 

,/s'= 23:5,GeV up to •ls'= 62.2 GeV at !ti.> o·.'1 r:n 2. The 

en'ergy d~pendence of the . param'eters was calculated on the 

basi~ . of the hypothesi's of the geom~trical scaHng1231 and 

the loca,l dispersion relations124 •,251 . The prediction~ of the 

model for the value of the slope in the ~cm.lamb .. range are 

somewhat'larger than the experimental data (~ee Table.IX) but 

they have the s~me behavior. A little change o; the effective 

mass, whi'ch doesn't innti~nce ;essentially t.he,beh~vior of the 

differential cro~s sections at. large tr~nsfer mo~enta, allows 

one to make., the predict.!ons of the model more .close to the 

~ata obtained.from the previous analysis dable X) 

Ta6n11ua IX 

,;rs I B( t ) = d/dt ( ln ( do}dt)) GeV ~ 2 
(µ0 = 0. 66 GeV) _. _._. 0 ~·= 0.1,., 

2 
= 0.01GeV 2 ~ . 2 I 2 = 0.001GeV = 0.0001 GeV 

12.3 14.2 I 14.4 I 14.5. 
13.8 16.2 16.5 16.6 
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Ta6JIH[la X 

,;q ! B(t) = d/dt (ln (du/dt)) Gev- 2 (µ0 = 0.68 GeV) 
. 0 

GeV 
. 2 

1tl
0
= 0,1G~v = 0,01GeV 2 = 0,001G~V 2 = 0,0001 GeV 2 

13.7 11.7 13.4 13.6 13.7 

52.8 13.1 15.3 15.6 15.7 

The change of p(s,t) depending on t requires separate 

investigation. In work171, the possibility of the fast growth 

of the real part of the scattering amplitude is_ shown which 

in its turn .should influence the behavior of the imaginary 

part of the scattering amplitude at small transfer momenta in 

the precoulomb range. However, as has been noted, in the 

coulomb range the parameter p can be considered as 

independent of t as we don't suppose any essential 

peculiarities in the interaction potential at large 

distances. 

Thus, we can make the next conclusion. The available 

theoretical and experimental· information is insufficient for 

c·onstructing on .its basis rigorous theoretical models. The 

available experimental data indicate the continuous change of 

the slope B (a growth for the proton-proton scattering) in 

th~ coulomb range of the -transfer momenta. There are 

experimental indications that B s B already at 
. . PAP PP 

sufficientlY: low energies in the.range of smallest t. It is 

possible that all these phenomena are the consequence of the 

oscillation of the hadron amplitude with the period depe~ding_ 

on the transfer momenta and scattering energy In the range of 

ltl - 0.1GeV 2 such o~cillations wei:e pr~dictE:!d1261 with a 

· sufficiently large pe~iod with respect to t~ Oscillations 

like .those were not discovered. The explanation- of the 

results of the work/271 was .. given in1281 . However, the 

comparison of the . experimental data. ·with the model 

pr'edictions . made · in -1281 .(on fi
1

g. 2) can· be regarded as a 

16 

possible indication of the existence of oscillations with a 
short period changing with t. 

Thus, the necessity to carry out new, mo_re precise 

experiments arises in the range of very small transfer 

momenta. There is a supposition that to improve the accuracy 

of tpe normalization of the differential cross sections in 

the coulomb range one _should use the differential procedure 

of obtaining the corrective coefficient. 

The author expresses his deep gratitude to S.V.Goloskokov; 

A.A. Kuznetzov, V.A. Meshcheryakov; V.A. Nikitin for fruitful 

discussions of the problems considered in this article. 

References 

1. Solovyov L. D., Shchelkachev A. V., JINR ~2-4571, 
Dubna, 1969. 

2. Aridreev I. V., Yad. Fiz., 1970, v. 12, p. 634. 
. . . . ' 

·3, Bethe H. Arin. Phys., 1958, v.3, p.190. 

4. West G.B., Yennie D.R., Phys. Rev., 1968, v. 172, p.1414. 

5. Cahn R., Z.Phys. C, Particles and Fuelds, 1982, 15, p.253. 

6. Buttimore N.H., Gotsman E., Leader E., Phys.Rev., 1978, 
D18, p.694 . 

7. Kundrat v., Lokajicek M., Phys. Rev., 1990, D41, p.1687 . 

8 Leader E. , WC1E 7HX, Birbeck College, London, 1989. . , 

9. Bernard D. et al., Phys. Let., 1987, 198 B, p. 583. 

. 10. Amos N.A. et al., Fermilab-Pub:..89/176-E, Fermilab, 1989. 

11. Bloch M. et al., Phys. Rev., 1990, D41, p.978. 

12. Amos N.A. et al., CLNS 981, Cornel Univ., 1990. 

13. Jenkovszky L.L., Martynov E.s., Struminsky B.V., 

preprint ITP-90-29E, KHeB, 1990. 
14. Kuznetsov A.A., Pl-80-376, Dubna, 1980. 
15. Amos N.,et al., Nucl. Phys., 

16. Carboni G. et a1.,· Nucl. Phys., 

17. Fajardo L.A. et al, Phys. Rev., 

17 

1985, B262, p. 689. 

1985, B254, p; 697. 

1981, D24, p.46. 



18. Are'riev .A. et al., Nuclear Physics, 1984, B232, p. 365. 
19. Pumplin J:, Kane G.L., 1975, Phys.Rev., v.D11, p.1183·. 
20. _Goloskokov S. V., Kuleshov S. P;·, Selyugin o. V. ,_ Yad. Fiz, 

1980, v. 31, p. 741. 

21. Goloskokov S. V., Kuleshov S. P., Selyugin 0. V., Yad. Fiz, 
1980, v.35, p. 1530. 

22. · Goloskokov S. V., Kuleshov S. P., Selyugin 0. V., 

Particles and Nuclears, 1987, v.18, p.39; 
Particls and. Fields, Phys. C, v.50, p.455. (1991), No.3. 

23. Dias de Deus J. Nucl.Phys., 1973, B59, p.213; 
Duras A.J., Dias de Deus J., Nucl.Phys., 1974, 71, p.481. 

24. Bronzan J.B., Kane A. Phys.Lett., 1974, 49B, p.272. 
25. Gerd V.P., Inozemtzev V.I., Meshcheryakov V.A., Yad.Fiz., 

1976,v.24, p.176. 

26. Starkov N. I., Tzarev V.A., Piz.GETF, 1976, T. 23, c. 403. 

27. Antipov Yu.M. et al., H¢B3 Il3¢ 76-95, Serpuchov, 1976. 

28. Goloskokov S.V., ~uleshov S.P., Selyugin O.V., 

P2-82-356, Dubna 1982; in "Problems phys. high energies"; 

p.189, V - international smposium, Protvino, 1982. 

Received by Publishing Department 

on July 26, 1991. 

18 


