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ABSTRACT

This paper discusses a relation between the high—energy
behaviour of the real part of the elastic scattering amplitude
and the high—energy behaviour of its imaginary part. Using the
Phragmén~Lindelsf theorem we derive the formulae which express
this relation., Under the assumption that the elastic amplitude
becomes purely imaginary in the limit of infinite energy, these
formulae suggest &a simple five —parameter description of the
high—energy behaviour of : i) the total cross—sections for the
collisions A+B, where B is an antiparticle of B, and ii)
the ratio X Dbetween the real and imaginary parts of the for-
ward scattering amplitude for the corresponding elastic reac—
tions. We proved that the existing data for nucleon-—nucleon
scattering can, in fact, be described in this way, e also
checked that our results are consistent with the calculation
based on the dispersion relations.

The asymptotic formulae also gshow that : a) from the
fact that the total cross ~sections are going down with energy,
it follows that the real part of the forward scattering ampli-
tude should be negative at high energies, and b) from the fact
that the total pp total cross—section changes with energy much
more than the total pp cross—section, it follows that the ab-
solute value of the ratio X should be smaller for pp scatter—
ing than for the pp scattering.

We also considered the more general case when the ratio
between the real and imaginary parts of the forward elastic am-—
plitude tends to a non-—vanishing limit at high energy. For
nucleon —nucleon scattering the present day data suggest that
the absolute value of the ratio X at infinite energy is smaller
than 0.2,
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where B ,.."
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are given in Pig., 6."
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line 10 should read: "were calculated by Stding
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1e Introduction

The purpose of this paper is a semi-phenomenological des-
cription of the high-energy behaviour of the elastic scattering ampli-
tude. e would like to discuss here the relation between the high-
energy behaviour of the real and imaginary parts of the elastic scatter-
ing anmplitude in nucleon-nucleon scattering, taking into account the

new experimental data:

a) ‘ the measurements of the real part of the pp elastic empli-

tude at high energy1>;

b) the recent measurements of the total cross-sections for the

pp and pp scattering in the region 6-25 GeV/cz)o

The relation between the rzal and imaginary parts of the
elastic amplitude follows from the analyticity properties as expressed,
e.g., by the dispersion relations. The investigation of the dispersion
relations in the high-energy region shows that, under some reasonable

conditions which we will specifly later on, the high-energy behaviour of

the real part of the scattering amplitude is cssentially determined by the

asymptotic behaviour of the imaginary part for the crossed rcaction 3‘6).

7

We rederive herc these asymptotic relations using as main tool the

Phragmén-Lindelsf theorem in a way proposed by Meimansv and applied to
similar problems by Logunov et al.g), Van Hove'°), Khuri and Kinoshita®’.
The argument we present applies to any pair of the crossed elastic re-
actions, provided one can neglect the spin dependence of the elastic

scattering at high energy.
The relations we obtained, tozcther with the optical theorem,
suggest a simple parametrization of the high-energy behaviour of the

following cxperimentally measurablc quantities:
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i) the ratios of the real to the imaginary parts of the forward

elastic amplitude for two (direct and crossed) reactions;
ii) the corresponding total cross-sections.

We discuss here in detaill thc case

Re T
— 1.
T 5o (1.1)

where T is the forward scattering amplitudc and s = (c.m. energy)?.

In this casc our description contains five free parameters. e applied

it to the nucleon-nucleon scattering and found that it is possiblc to
obtain a good fit to the experimental data1:2). The data on the total

pp and p5 oross-sections and the ratio kc T/Im T for pp elastic forward
scattering essentially fix four from our five parameters. This cnablcs

us to makc a prediction on the high-cnergy behaviour of the ratio ic T/Im T

for p§ forward elastic scattering.

Trom the asymtotic formulac and the assumption (1.1) onc can
also draw somc qualitativc conclusions which scem to be intcresting be-
cause of their generality. Onc can scc that therc cxists a corrclation
betwecen the fact that all total cross-scctions, as measurcd up to now,
arc going down with energy and the fact “hat the ratio Re T/Im T is ne-
gative at high encrgics. For the nuclcon-nucleon scéttering, from the
fact that the.total p§ Qroés-soction varics with cnergy much more than
the total pp cross=section, it Pollows that the absolute valuc of the
ratioRe T/Im T should bc smallcr for pi scettering than for pp scattering.
This rcsult shows clcarly that onc cannot consider separately the high-
enorgy behaviour of the pp and pﬁ scattering. They are closely connccted

with cach other.

Our argument can easily be gencralized to include the case

when Re T/Im T tends to a non-vanishing limit for infinitc cnergy. This
loads to an increasc of the number of paramcters by 1.  We performed
10057
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the correspondlnv anzlysis for nucleon-rmucleon scattering. The experi-
mental data ’2) favour slightly the value lRe T/Im ll between 0 and
0.1, However, one cannot exclude the possibility of hlghor valucs (up

to 0.2). Tt seems that the problen could be solved if precise data for

small-angle p§ elastic scattering woull be available.

2. The relation between the real and imcginary parts of the elastic

scattering amplitude at high encigics

We consider two crossed reactions

A+ B> A+ B (2.1)

and

A+B>L+B (2.2)

where the particles X and B are spinless and B denotes the antiparticles
of B. These two processes are described by the amplitudes Ty (s,t) and
T2 (s,t) [t = - (c.m. momentum transfer)”].

We will assume the following properties of the amplitudes
Ty (s,t) and T2(s,t) as functions of s, for fixed t:

i) Ty (s,t) and T2(s,t) arc analytic and bounded by a polynomial
in s, in the upper half s plane; apart from 2 finite inter-
val they are continuous along the real axis.

ii) Tor s-e along the rcal axis, the amplitudes Ti(s,t) and

T, (s,t) can be expanded in thc form:

Th (s,t) 5= s[ic(‘t S—\ <J)(t) +d’§t):‘+ (2.3)
e S

+ oo aJ(t)

t fixed
J =1

8- + oo
t flxed

N
T2 (s,8) —— s [}c*(t)-+2{: Siaigs) dzé#%]+ eee o (248)

j:1
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The functions ozj(t), j=1... N, are rcal. c(t), 41(t), d2 (%) and
bga)(t), ng)(t), 5 =1ee. N, can be complex. aj(t) satisfy the con-

dition
O<as(t)<az(t) ose <aN(t)<1. (2.5)

The assumption i) is a standard assumption on the analytic
properties of the scattering amplitude and we will not discuss it here.
The assumption ii) needs, perhaps, some comments. The form of the first
terms in the expansions (2.3) and 2.4) can be proved from the assumptions
thet (a) the amplitudes T4y and T. do not oscillate as s-ow along the real
axis, and (b) the total cross-sections and the differential elastic cross-

sections tend to constant, non-vanishing values as s—>m1°).

The reality
of’ aj(t) ensures that there are no oscillations in s also in the next
terms of the expansion. The form of these terms is not the most general
one which satisfies this condition. Tt was chosen because of its sim-
plicity and because it is sufficient for the description of the present

experimental data. More complicated terms as, for example,

1(t
su(tj(ln s)v(t)(ln 1n s)h(t,).° (2.6)

can, if needed, be introduced into the discussion. The condition (2.5)
restricts our analysis to: the terms in the cross-sections which do not
decrease faster than 1/s. As we are. interested in the high-energy region,

this restriction is (we believe) not very essential.
Let us now state the main result:

From the assumptions i) and ii) it follows
: o ' =Y e = 2 .
p{)(5) = pf3)7(g) o731 - oy ()] (2.7)

(1) = & () -ie() | 2(mf +m?) '{l (2.8)

where m, and mB denote the masses of particles A and B, respectively.
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Wpitten in full, the formulae (2.7) and (2.8) become

Re bgj)(t) _ o dm bgj)(t)-flyrng)(t) cos m[ 1=-a(%)]

sin a7 - o (0] (2.7")
(5), 0589 (4) 4 To b5 (4) cos w[ 1=0i()] o

Re b2 (t) = - sin w[1-—aj(t)] (2.7")
‘ _ \ . I— . 2’ 2 7 ’

Re dq (t) = Re d2 (%) + Im o(c)l:tw-Z(mA +mg ) (2.8")

Im 44 (t)+Im d2(t) = Re c(t) [t -2 (mj + mBz):\ . (2.8")

We sce from the formulae (2.7/) and (2.7) that Re bgj)(t) and Re bgj)(t)
J =1.e. N, are fully determined by In b1j)(t) and Im bgj)(t). There

is no such relation, however, for the functions di(t) and d2(t). This
isva consequence of the fact that the analyticity properties i) imply for

P, and T, dispersion relations with one subtraction.

We will now sketch the proof of the formulae (2.7) and (2.8).
The proof we give here 1is a direct application of the method used in

Refs. 8, 9 and 10.

Consider an auxiliary functicn

Ty (s,%t) =isc(t)
My (s,t)= , 2.9
1(s,t) s _yl-a1\t) (2.9)

From (2,3) we have

lim
5> +o Iy(s,t) = b1(1)(t) . (2.10)
t fixed
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Let us now calculate lim W (s,t) - Talking into account crossing symmetry

S5 = oo
t fixed
Ty (s,t) = T2"(u,t) (2.11)
we get
B ) = - _ 2 2
lim H(s,t) = 1im T2 (WE)-Ze(t)[-u-t+2 (mf + n)]
S =2 =w U= + o - 5 fn 2 2 . 1—-&1(1-‘)
t fixed t Pixed [-u t+-L(mA-+ mB)+ i] |

Tz*(u,t)+-ic(t)u-—ic(t)[2(m£ +-m§ ) = t]
= 1lim
2 - ) r -
U= + o [u+ t-ZQqE +-m§ y-1]' “1(t)elﬂL1 aq(t)]
t Pixed ._

= bt ) =il 1-as (£)] c. (2.12)

The function My (s,t) satisfies the analyticity properties listed in (i).

Therefore we can apply to it the Phragmén-Lindeldf theorem which says

Nim My (s,t) = lim My (s,t) - (2.1%)
S= + o S - o
t fixed t fixed

From the formulae(2.10), (2.12) and (2.13), we get

5l (1) 2 plt) (e i [1mai (] (2.11)
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In a similar way, one can prove the equality (2.7) for the

functions b1(2) (t) and bgz).(t), by considering the function

Ty (s,t) = isc(t) = b1(2(t_)_(s + 1)1 - a1 (t)

(s+ ;)1 - e (t)

Mz(s,t> = s (2°15)

taking into account the equality (2.14) and applying the Phragmén-Lindeldf

theorem. The generalization for all j = 3, L...N 1s obvious.

To prove the formula (2.8) let us consider the function

5 |
N(s,t) = T1(s,t)'-isc<t)'-L b D) (s )T%WE L (216
J=1

From (2.13) and (2.16) we have

lim N(s,t) = & (t) - (2.17)

t fixed

lim '
One should calculate now s= - « N(s,t). Taking into account (2.7) and

(2. 'H ) we get ,t, leed

) - lm,’{Té*(u,t)_io(t)[-u-t+2<mz+m§)]

S—=> = o U-> 4+ o
t fixed t fixed
. .
) N 1"'05,(13)
-L b1(J‘)(t)Eu-t+2<m‘§ +m§>+ﬂ J }
J=1
| N -
- 1im {Tg*(u,t)+ic(t)_u-> ng)elﬁ[1"aj(t>]
Uu-> + co —
t fixed J=1

x [u+t-2 <mz +mBz>—i:\ 1 -aj(t)-ic(t) [2611@;:%)-{‘} -
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N ol
; S j "
= lim {TZ*(u,t)+ ic(t)u-L pd) (t)
U=+ 0 U o ' ' .
t fixed J =

[u+ -2 <m§ +'m132>-i:‘1-aj(t) |  (2.18)
; ic(t>[2 <m§ +m§>'t]} y
=-d2*(t) = ic(t) [2‘ <mj +mBZ>—’c] .

From (2.17), (2.18) and the Phragmén-LindelSf theorem we have (2.8) Q.E.D,

3. Forward elastic scattering

The case of the forward scattering is especialIy interest-
ing because for t = 0 one can calculate the imaginary part of the elastic
amplitude in terms of the total cross-section from the optical theorem:

k Vs P . .
In T(s,0) = —===— o (s) (3.1)

2

T . - . . .
where 0 i1s the total cross-section and kc is the c.m. momentum of the

colliding particles. o
We will assume that, in the high-energy region, the total
cross-sections for the reactions (2.1) and_(2f2) are represented with a

good accuracy by the formulae:
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9.

T A Y
G1T = G T (3.2)
.
s
T o Ap . §
O2 = Joo + T (3.j>
S .
where Ge, 0, Ay and A are constants. The formulae (3.2) and (3.3) are

the simplest ones which agree with the expansions (2.3), (2.4). They
seem to approximate rather well the experimental values of total cross-
sections for all reactions measured up to now, in the energy range

> 5 GeV/c.

The values of the constants O‘oo,‘a, Ay and A, one can find from
the £it to the experimental values oif the cross-sections. Once we know
them we can calculate from (3.1) the imaginary part of the amplitudes
(2.3), (2.4) for t=0. The formulae (2.7) and (2.8) give us then the

asymptotic behaviour of the real };;e,r"c of the forward amplitude in terms

Sy 4@7A4rwiﬂhqq7 e »
of two parameters B= 16m an. D = 167" Im c(o). ~ After some simple
algebra we obtain ’ »
Re Ty (s,0 M+ A cos m(1=-a) (B (Ji BZ}] D
5 () = g = - L * T - G
1A=, S'oy(s) sin w(1-a) SOq

(oF]

_Re To(s,0) _ _ _M+Ae cos w(1=a) B D
Xa(s) = 5 Tzés,og B L (3.5)

sao_";T(s') sin 7(1=-a) s02

or
T _ T _ _ (B —2mi—rmiyp]
X1(S) - - (Uz 0‘00)% (61 O’oo)Cos 'ﬂ'(1 O()_ + AT _ ]% (5,6)
' oy sin 7(1-a) 8074 o7q
(ho - Ow) + (O‘;I‘ - 0w )cos (1 =0a) B D | ' |
XZ(S) = - > T 5 + T +'=",'I|' .. (307)
oy sin m(1-a) s0% os
10057
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10,

The formulae (3.L) and(3.5) or(3.6) and (3.7) can be applied
to any pair of crossed elastic reactions, provided we neglect the spin
dependence of the amplitudes. Together with the formulae (3.2), (3.3)
they represent a parameterization of the high-energy elastic and total
cross-sections which contains six paramelers. If one assumes that at
high energy the elastic amplitude becones purely imaginary, i.e. ’

{lim Xy _ lim X2 _ é} f__}'{D ) o} .» (3.8)

S~ S 2> oo

then one is left with five parameters.

Before we come:in the next Sectlon to thé qﬁaﬁfitative study
of the relations (3.4)= (3.7) we would like to discuss sbme general con-
clusions which can be drawn from them on the basis of the existing experi-
mental data. We will assume here the condition (3.8). We will also
neglect the term B/scI which at high energy represents (we believe) only

a small correction and does not disturb the general picture.

The total cross-sections for all reactions measured up to now
decrease with increasing energy of the incident particles. This means
that the constants Ay and Az are positive. It follows from this that if

11)

the values of a are restricted to the region

I/ i | X
cos m(1-a) >=-min <Klz=, E-) (3.9
then
X1 <0 X2 <0 | - (3.10)

i.e.,the real part of the forward scattering amplitude is negative at
high cnergies. Boch the conditions (3.9) and (3.10) are in agreement

with the experimental data for nucleon-nucleon and pion-nucleon collisions.
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1.

Consider now the special case of the nucleon-nucleon
"
. : - ; ro. Lo .
scattering. It is well-known that v, is almost constant in the region
P

of energy higher than 10 GeV,‘Whereas*Oﬁﬁ changes rather appreciably

in this region. This means that
A << A= . 3.1
PP PP (3.11)

The inequality (3.11) and the relations (3.4), (3.5) (with B =D = 0)
imply

T
X = o
iﬁE ~ u%g cos m(1-0a) < 1 . (3.12)
0‘.—
PP Pp

This result may be surprising at first sight‘a). It shows that one

cannot consider the asymptotic behaviour of the pp scattering separately

from the pp scattering, and that the pp scattering is not "more asymptotic'

in the region 10-25 GeV than the pﬁ scattering.

L. Nucleon-nucleon scattering: a study of the experimental data

In this Section we will consider in some detail the nucleon=-
nucleon scattering, taking into account the recent experimental data"z).
e parameterize the experimental values of the total pp and pE cross-

seotionsa in the region 6~ 26 Gev/bbin o way described in Section 3:

A
o = o, B ‘ (5o1)
PP S“NN
A -
NN PR
- = Oco . '2
o5 = O +.S“NN (ke 2)

10057
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12.

Unfortunately, the existing measurements of the total pp and~p§ cross-
sections at high energy are not sufficiently accurate to determine unigquely

the parameters aNN’ GgN, Ap and APE which appear in the expansions

(4e1) and (4.2).  The situztion is as follows: for a given value of

Oy the parameters GgN, App and A - can be determined with a reasonable accuracy
(generally the error is smaller than 10%).  The values of ag, however,

cannot be obtained from the fit - there exist fits corresponding to the
probebility higher than 5% (two standard deviations) for all o in the

range

0.4 S o € 0.9 . (L.3)

Therefore we will discuss the further results in terms of aNN’ which
we will treat as a free parameter, changing in the range (L.3). The
results of the analysis of the total cross-sections are sunmarized in
Table 1.

TABLE 1
NN 20 20
N Ow (mb) App Lmb(ueV) NN] A [mb(GeV) N'N:‘
0.l 35.5 1.2 71
0.6 36.7 18,5 ' 123
0.7 37.1 21,4 161
0.8 37k 25.6 213
0.9 37.6 3L 281
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In terms of the parameters a_..s Oow

; , & and A - , the ratios of the
NN PP bp
real to the igaginary part of the forwerd pp and pp elastic amplitude
Q-
become
. - -Ap§+App cos (1 -_al\m) +Y%ONN X N
PP aNn T - _ T T (bali)
S GbP sin 7 (1 QNN) ngp Ofp
s
A _+A=cosm(1-a P NN
X - - BB PP ( N}I)+¥—é&% , a0 (1.5)
PP NN, L s - T T ’
s Wg- sinm (1-a_) o3 o
pp NN pp pp

where Xo is the value of Xp§ at s-c. Y is a free parameter which
represents the influence of the low-energy scattering on the high-energy

behaviour of X _and X = . Cne can easily see that

pp pp
1lim lim
T 5w Xpﬁ s—MOpr = e (4-6)

For a few fixed values of % and Xo we tried to fit the for-
mula (4.L4) to the recent experimental data obtained by Belletini et alf)
The results are shown in Table 2. The table contains the values of Y
obtained from the best fit to the three points given by Belletini et al.
In parenthesis we also give the value of xz. The values of Y as given
in Table 2 should be understood to have an error % 0.9. The correspond-
ing uncertainty of.X?p is * 0.04 at 10 GeV/c and * 0.02 at 20 GeV/c.

For Xpﬁ‘the uncertainty due to the error of Y is slightly smaller.

10057
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14,

A
Xeo
. 0 Gut 0.2

0elr 2.5 (0.6) 5.6 (3.8) 8.6 (10.9)
0.5 2.2 (0.3) 5.2 (1.8) 8.3 (6.9)
0.6 2.7 (0.7) 5.7 (0.7) 8.7 (445)
0. Lo (1.5) 7.2 (0.3) | 10;2 (2.9)
0.8 8.8 (2.L) 11.8 (0.2) .9 (2.1)
0.9 26.0 (2.8) 23.0 (0.3) 32,1 (1.7)

From Table 2, one can see that

(a) if ¥wo = O (i.e., the diffraction picture holds for high-
energy nucleon-nucleon scattering) the small values of
aNN(aNNwOmB) give a better £it to the data. It is impossible,
however, to reject any of the values of aNN;

(b) +the values Xo> 0.2 seem %o be rather improbable. The

data favour slightly the values between 0 and 0.1;

¢c) an improvement of the experimental accuracy by 50% would
y

provide a lot of information. It would probably solve the

" question of whether X = 0 for nucleon-nucleonJSba%tcring.

Figures 1 and 2 show the plots of the functions pr and Xpﬁ’

respectively, for X» = 0. The different curves correspond to the different

values of R Other parameters are chosen according to the Tables 1

and 2.

10057
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One can see from fig. 1 that the measurencnts of pr for the lab. momentum
~ 7 GeV/c and ~ 35 GeV/c would provide a large amount of information

’

useful for further more detailed investigation.

To see -how the situation changes if X # 0, we plot in Fig. 3
the function pr for ¥ = 0.1 and 0.2, The corresponding values of
Qo T 0.8 and 0,9, These two curves represent the best rit to the
data of Belletini et alf) which one can gét with X = C.1 and 0.2,
respectively. Once more we see that the critical regions from which
one can expect most information are around 7 and 35 GeV/c. It would be

very useful to have precise measurements of Xbp at these points.

Figures 4 and 5 give the plots of the function XPE for
X0 = 0.1 and 0.2, respectively. We see that the values of Xpﬁ are very
sensitive to Xo and o .. Therefore the measurement of ng at high energy

NN
will provide an essential tool in further analysis of the situation.

5. The comparison with the dispersion relations

To get an idea as to whether our approach is consistent with
the dispersion relations, we compared our results with those obtained by

Sﬁding13>. S56ding used the values
a = 0,72 O = 39 mb . (5.1)

He does not quote, however, the values of App and Ap§ . Therefore we
determined the values of AP? and Ap§ by a fit to the experimenfal data used

in our paperz) with o and 0w given by (5.1). We found

A = ob(geV)*'-44 = 150 mb(GeV)' 44 (5.2)

A -
pp bp

10057
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16.

Taking into account the values (5.1), (5.2) and the condition
%o = 0 ' (5.3)
which was used by S8ding, we found the value of Y for which, at 10 GeV/c,

the function pr'is equal to 0.3,i.e., the value given by 36ding. This

is the case for
Y = 5.6 (GeV)2 . - (5.1.)

The formulae (5.1) to (5.4) fix all our parameters in a way

which is (we believe) as close as possible to that used by SSding’A).

The plots of the functions pr and Xp§ for the parameters
given by Egs. (5.1) to (5.4) are given in Fig. 5. In the same figure
we also plotted the corresponding curves from S6ding's paper. One can
see that our calculations reproduce the dispersion relation calculations
with a very good accuracy. This shows that the calculations of the high=
energy behaviour of the real part of the forward elastic amplitude by means
of the dispersion relations are essentially equivalent to the evaluation
of a single parameter Y. This parameter depends on the low-energy be-
haviour of the oross-sectioné and also (in the nucleon-nucleon case)‘on
the shape of fhe imaginary part of the amplitude in the unphysical regioh.
Its exact evaluation from the dispersion relations is impossible in the case
of nucleon-nucleon scattering, because of the existence of the large un-
physical region. Therefore our approach, in which we find the value of
Y from the high-energy data, seems to be useful for the phenomenological
study of thé problem. At the moment it contains less free parameters

than the calculations based on the dispersion relations.

10057
p/dmr



17.

6., Conclusions
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Qur conclusions can b2 summarized in the ‘ollowing points.

(1) We developed a method of parameterization of the
high-energy total cross-sectlons and forward elastic ampli-
tudes based on the asymptotic formulae which follow from the
analytioify of the scattering a.plitudes. This method is
much simpler than the calculations by means of the dispersion
relations: - the formulae are very compeut and do not contain

any complicated integrals.

(ii) We found that our method can reproduce the results
of the calculations of +the real part of the forward elastic
amplitude from dispersion relations (in the energy region
> 5 GeV) with a good accuracy. This provides, (in our

opinion), a good check for the validity of our approach.

(ii1) The behaviour of the nucleon-nucleon forward elastic
scattering for lsboratory momentum > 6 GeV/c can be described
by the asymptotic formulae derived from the analyticity pro-
perties of the scattering amplitudes. This suggests that

the region of energy > 6 GeV is really an "asymptotic region'.

(iv) The nucleon-nucleon data are consistent with the
assumption that the ferward clastic amplitude hecomes purely

imaginary =t high ensrgles:

. R
WmT 52 0 - (61)

The other possibility cannot be excluded, but our analysis
suggests trat for the pp elastic scattering, we have an in-
equality

Re T

—F < 0.2 . (6.2)

S =co
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(v) Our asymptotic formulae, together with the assumption
(5.1), show that a) there exists a relation between the fact
that a1l total cross-section are going down with the energy
in the high-energy region and the fact that the real part of
the forward elastic amplitude is negative, and b) the real
part of the forward elastic amplitude at high energy should
be bigger for pp scattering than for the pﬁ scattering.

The relation (b) follows from the fact that, in the energy
region considered, the total pE total cross-section changes

much more with the energy than the total pp cross-section.

(vi) ‘Precise measurements of the real part of the p§
forward scattering amplitude will probably he of great help
in proving or disproving the conditicn (6.1) for nucleon-
nucleon scattering.,

(vii) The most interesting energy regions for the measure-
ments of the recal part of the pp forward elastic amplitude

seem to be 7 and 35 GeV/c.
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Figure captions

Fig. 1.

Fig. L.

Fig.

Fig.
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The

The ratio X for Xeo=0 and diffcrent valucs of a__ ..
pp NN

experimental points arc taken from Ref. 1.
NN*
The ratio pr for Xo=0.1 and C.2. The experimecntal points

The ratio XPE for Xeo=0 and different values of «

are taken from Ref. 1.

The ratio Xp§ for Xew= 0.1 and different values of aNN'

The ratio X - for Xw=0.2 and different values of o .
PP NN

The comparison with dispersion rclations. The dotted curves

1)

were calculated by Sb’ding1 from dispersion relations.

The continuous curves rcsult from our calculations.
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