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AMPLITUDE ANALYSIS OF 5TN -SCATTE

IN IMPACT PARAMETER RSPRESEITTA^IO?

A complete amplitude г-rmlysis of experimentsL dat
1
^ on

5TN -scattering in (S, f ) ar.ri (S, b ) representation.^ in the

energy interval from 6 to 200 GeV is carried o-tt. It ir shoxv:'

that iii STN -scattering at superhigh energies e. n.or.-?ero po

Ifirizp.tion of final nucleon independent of the incident pion

energy and sign must exist. Profile function of STN' -scat-

tering resembles that of a scattering of e "grey ball" "'hoce %

trBnspp.rency e
v
:d radios first ir.crep.se EP the 'energy grows. :"

and then become constant. The RM3 radius at high-energy in- ;':

teraotion is almost constant and is erual to 0.75 f er:ni. A |i'

shell structure of 5TN -scpttering at (j GeV is found. W
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АШШШУДКЫЙ АНАЛИЗ STN -РАССЕЯНИЯ В

ПРЕДСТАВЛЕНИИ ПРИЦЕЛЬНОГО ПАРАМЕТРА

В работе проведен полный амплитудный анализ эксперименталь-

ных данных по 5\N - рассеянию в (s, tj -и (s, Ь) -представле-

ниях, в интервале энергий от 6 до 200 Г@в. Показано, что при

сверхвысоких энергиях должна существовать ненулевая поляриза-

ция S№ -рассеяния,не зависящая от энергии и знака налетающе-

го пиона. Полное сечение ЯГЫ - рассеяния в b - представления

имеет вид характерный для "серого шарика*, прозрачность и ради-

ус которого сначала растут с ростом энергии, а потек выходят

на константу. Среднеквадратичный радиус взаимодействия при вы-

соких энергиях почти постоянен и равен 0,75 ферми. Обнаружена

оболочечная структура STH -рассеяния при энергии б Гэв.
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Introduction

The SIN -scattering is one of best studied processes of

high-energy strong interactions. A numerous set of experimentf

al data available permits to carry out a complete amplitude

analysis of the elastic 9TN -scattering e.t the energies 6.

14, 40 and 100 GeV. A similar analysis in
 !

 t )-represent -

ation was carried out by many authors in Refs./1-i//. However

in most of these works the amplitudes were detenrn led only e,

one energy. In this work a complete amplitude analysis fit 6,

1^, AQ arid 100 GeV is carried out using the experimental date

from Refp./1 Ъ -32/. The analysis carried ovt iv
:
 s;.ch a wide

energy range permits to define the energy behaviour of 57N -

scattering amplitudes /33/. The obtained amplitudes are shown

in Pigs. 1-4.

In addition, an attempt is made to determine the 31N-

scattering amplitudes in the b impact parameter represent- •

ation. The amplitude analysis of isovector amplitudes in b -

representation at б GeV w&r done in Ref./34/, and the analy • '•

sis of an isofialar spin non-flip amplitude at 50, 70. 100.

140 and 175 G« I was done in Ref./35/. We have carried out ь

complete ampl ude analysis in b -representation at 6, I/
1
. d>

i



АО end 100 GeV and the spin non-flip isoscalpr amplitude ЛПР.

lysis at 8, 10, 16, 25, 50, 70, V O , 175 and 200 GeV. whicn

allowed to clear up-the amplitude energy dependence in the

interval from 6 to 200 GeV,

The first section of the work is devoted to a common

amplitude analysis in (S, -t )-representation at 6. 1/, <*G find

10C OeV. Г' §1 the definitions of the values observed ere

given and initial experimental data /15-32/ &*•« discussed. I.n

§2 are considered possible unambiguiti«?s of the solution /13/

arising due to the absence of sufficiently precise mep?ure-

ments of the spin correlation parameter R("t) . In 5 3 are

considered the obtained amplitudes given in F'ifSi "•--". The «"la-

lysis has shewn that the S -channel helicity conservation

exists, broken by no more tha;: 10^ *>t *\1 energies. Thir Ьге̂ -й

does not depend on the energy a
v
:d mist lesvlt in the fsot that

at s^iperhig?: erergier- the 5TN -scattering polarjzetion also

will not, depend on the energy, and the polarization. 51 P and

3i~p will have the same sign and shape. Therefore, polaris-

ation experiments at si;perhigh energies are of particular in-

terest .

The second section of the work depls vith theamplitvde

analysis оГЗГМ -scattering in impact parameter b-representnt

ion. In ?1 of the second ser-tion are given the Fourier trsns-

formations from ( S, t )-representation to ( S, b )- represent

atior.. Through the amplitudes in ( S> b ) -representation the

observable valuer-
1
 яге defined, ^ue to the 5 -mptriy die^o

nality in b -space, oue can couple el^?:tic aud i'lelr^tic



cross-sections. In §2 the technique of extraction of the

spin non-flip isoscalar Amplitude F« (S, b) from elastic

cross-sections is given, and possible errors committed are

evaluated. The 3fN -scattering total cross-section in b -

representation has a shape characteristic for a "grey bell",

whose transparency and radius first increase as the energy

grows, and then become constant. We investigate here also

inelastic overlap functions Gifiefc(s, b), elastic cross-sect-

ions 6 (S) , the Pumplin limit //0-4P/ for inelastic

diffraction 6
d l
^

x
( S , b) , the behaviour of effective ei -

konal /43/ and RMS radius of interaction. Apart from that,

high-freau*ncy oscillations of Si N -interaction differential

cross-sections are considered /44/. All these results are

given in Pigs.5-11.

In §4 are considered spin flip amplitudes a.;d isove«:tor

amplitudes at 6, 14., 40 and 100 GeV which are shown in

Pigs. 12-15. It is found that 3tN -scatterir g at low energies

has a shell structure (see Pig.16). To defirз the energy de

pendence of these structures more strictly, more precise po

larization experiments at high energies ere required.

I. AMPLITUDE ANALYSIS IM t -REPRESENTATION

51. Some notations snd initial dr>ta

The S -channel helicity amplitudes A (s,i) jf°
r
 elrr-

tic 5\N -scattering end charge exchange reaction can be

written in the form /9/:



• л..,» А;., ,
(1)

i (ST> -3r*r i )»

where the upper indices correspond to isospin state in i.

channel, and the bottom 0 or 1 indices denote spin non-flip

nnd spin-flip amplitudes, respectively.

The amplitudes can be defined from experimental data,

with a precision up to common phase, from the following ve

lues observed: differential cross sections d e / d i ,

polerization P {i) and spin-correlation parameters R(i)

and A (+) . The observed values are related to the amplitudes

(1)' as follows/9/:

^m.A
o
 (s,i - o),

p ( ) / ,
T (t) - 2ReA,A?/I.
S (i) « (|А.|г-|А,|г)/1,
R (t) * OS(t)coaep+T(t)suL © P ] / I ,

Aft) • [S(i)smep+T(i)cos0p]/I ,
h

Since the common phase is taken arbitrary, we shall be-



lieve the A # amplitude «?ivite imaginary and measure the

other amr1l|tudes phases relative to Jmn9 , which actually

ia the main amplitude in £ ^ -scattering. 3m At . Re Ai

will denote the components of amplitudes in complex plane

parallel and perpendicular to U m A „ , respectively.

Experimental data from Refs./5.13» 15-32/ were ixsed in

the amplitude analysis. A complete Amplitude analysis can be

carried out only at energies 6, 14 and 40 GeV and at

-t fi 0.6 GeT , since only at these E and t the meapure

merits of the spin-correlation parameter R(t) exist. At

-t > J.6 GeVc one car. define with a sufficient precision

only four amplitudes: D m A*. . 3 m Af
o » R e A \ end

R e A 1 which can be obtained from the following approximate

relations

dt

The attempts to deiermine the remained amplitudes Re A o ,

Зпх Ai
 R n d

 R e A
t
 ftt - t >• 0.6 CeV

2
 by extrapol*t

1ол of e3ther par»raeter R("t) or amplitudes, become irnambi-

giious. Tt is clear, that to determine the amplitudes *>t



— t 3B O.fo UeV
2
, a more precise measurement ft(i) is requir-

ed.The only meanr of n model-independent analysis ft these УЯ

lues of t is ths usage of the limit R*(i) & i~ Р
г
 ("tj.

The data on differential cross sections at 6.14 and 40

GeV were interpolat&a pll over -fc range by the function

e P
a
 (+) . where Pa (£) is the ft -power polynomial.

The values r5* (i) and R (i) were interpolated by polyno-

mials all over t t where the experimental date existed. At

- "t > 0«6 GeV the values R (t) were defined from the con-

dition R(t)* OWf-P*(t)'.

§2 The analysis unambigvitier

Since all the amplitudes enter the obrerved values i»--

the form of bilinear combinations, the unembigrities of the

solution arise connected with possibility of variation of

different si^s or permutation of the amplitudes Ao end At ,

At t =0 the solution is -iiî -e «"^ ReA9<0 Л г а А ^ О ,

but r̂ftdii.ftlly enlarging the valrep of f'tj , one CP.I define

rr. correct solution until the solutions cross over. i.e. ' ::ti'

Re Ao ** * 3m. A \ • This takes piece «-.t - t * 0.1 GeV
2

s d - t « О.л Ce"'
2
. I--- the .interval 0.05 » O.

c
> GeV

2
 the рг-э

*'?,?*>' се is giver to tie solution with a large positiveJmA1

>ind SJU4.11 Rz A e . Such « choice is more preferable since

it brings to к. nore smooth behaviour of amplitudes and seems

ноте frro.ndei theoretically. At large - t that solution wee

or:osen, v»v,inh provided P.- more smooth behaviour of the ampli-



tude. The problem of the solution unami;igyi»y is treated

in details in Ref./13/.

From a usual Regge-poles model follows « simple rein

tionship between a reel and an imaginary parts of the ampli-

tude. Since the amplitudes with isospin 1 ere mainly deter-

mined by tee P -pole contribution having a negative

ture, then

The amplitudes J m A
o
 and Re A

1
 ere determined

sufficiently reliably from the relations {л.2) end (4.3).

If assuming that the absorption corrections make a usual

contribution /9, 33/ to these amplitudes, then thebehav.io..rs

of a real mid ima^ir^ry parts' of the amplitude nust be «like

with an accuracy up to ?. signature factor shifted by some

value which depends on the regge-cuts oontributiori. This

condition nakes it possible to choose between possible sol >

tions.

?3- Resrlts of the amplitude analysis

in t -representation

Гhe results of the amplitude analysis in t -represent

ation at C. 1' a-id 40 GeV are given in Pigs.*, 2 and 3. The

results of c-.n incomplete amplitude analysis done by formulae



(4) at 100 GeV are given in Pig.4.

Consider, first, the isoscalar amplitudes corresponding

to vacuum exchages. As one can зее from the figurs, the am-

plitudes J m A<| and Re A, approximately conserve the

G -channel helicity, the deviation from the helicity con-

servation is of the order of 10%. Owing to the feet that

J m . A
1
» Re A 1

 Rn<
* JntA

1
 is practically independ-

ent of the energy, it follows th*»t the main contribution to

/\. makes the pomeron exchange, and f -contribution

is comparatively smell. If Jr -contribution had been large,

then, first, the p-mplitudes would have fallen г-ppidly with

the energy growth and, second, ReA-j ж- !7m. A
 1
 which does

not take place. One can observe en interesting dependence of

Re A
1

 o n
 the energy: it is positive at low energies

6 and 14 GeV, and it becomes negative at 40 &nd 100 GeV. One

can conclude from this phenomenon ohat the contribution of

to A
1
 is small and hat a negative sign, i.e. makes

a positive contribution to Re A^
 an<

* negative to^n^/^.

With the energy growth J? vanishes and f?eA., becomes

negative m d small, which results in a nearly pure pomeron

contribution to this amplitude. This effect cen be observed

especially well on the vector diagram which rotates clockwise

at energies higher than б GeV, and counter clockwise *»t ener-

gies higher than 1? GeV. just as it should be at such contri-

bution of the P -pole.

The polarization at superhigh energies has the form:

10



where J/ is the angle between A
t
 and A^ vectors. From the

analysis one сел see that A
e
 and n

1
 do not depend on the

energy end have sufficiently different phases The difference

of phases of these amplitudes is due to the contribution of the

pcmeron cuts which depend on the energy logarithmically. Thus

у is not ecual to zero and has я very we»k energy depend-

ence. That's why at superhigh energies the polpri?etion of

the 5ГЛг -scattering depends on the energy logarithmically

and Sf P and 51 ~P polarizations will have the same sign

and shape. Therefore possible polarization experiments at the

F1IAL energies ».nd on the current accelerators are of particu-

lar interest.

The isovector amplitudes well ».gree with those obtained

in Ref./9/. The amplitude 3tnA
9
 shown li, Figs. 1-4 has о

crossover zero p.t •t « 0,15 GeV . The amplitude Re А о
 n
*

s

iero et somewhat larger values of - t . Amplitudes of this

type are generally well described by the qv*»si -eikonal model

/33/. The vector diagram of this amplitude rotates clockwise

at all values of the transferred momentum, which fact Indi-

cates to a comparatively lprge contribution from absorption

corrections.

A *

The amplitude n< at the energy of 6 GeV hae ч. structure

characteristic of the residue of the J
5
 -pole with double

sero /9/ at a point -t « 0.7 G®V : as the energy grows, this

amplitude behaviour more pad more pppro^ches the one charecte

rlstic of the residue with one zero et this point. At ell

energies the vector diagram of this amplitude rotates counter

elockwf.se.



A speculative attempt was done et 6 GeV to define

By formula (4.1) was determined От. A
e
 which was fixed efter-

wards, end then a usual amplitude analysis withf?
e
A

o
 instead

of om. A
o
 was cr.rried out. The results ere shown in Pig.?.

The obtained Re A, changes its sign at - t«0.3 GeV
2
 and

the vector diagram n
e
 rotates couater clockwise. Of course,

the obtained Re A© is not of much confidence and most likely

indicates to a degree of an accuracy of the approximate for-

mula (4.1). To define R e A« some model assumptions ere re-

quired, as it WPS, for instance, in Ref./9/.

II. THE AMPLITUDE ANALYSIS Iff THE IMPACT

PARAMETER Ь -REPRESENTATION

§1. Some notations end the treriSformPtion

technioue in b -representation

The 5ГА/ -scattering amplitude analysis carried out in

the previous section allowed to define in (S»t) -representation

the amplitude moduli and their relative phases at 6, 14, 40

end 100 GeV, In this section we shall try to obtain these am-

plitudes representation in the impact parameter spe.ce (S, b ).

A similar analysis was carried out in Refs./34,35/.

In Ref./34/ was performed a complete analysis of ell am-

plitudes e.t 6 GeV, and in Ref./35/ only the amplitude 3ra A\

was considered at the energies from 50 to 175 GeV. In this

work a complete analysis is done e.t the energies f, 14, 40 end

>00 GeV and 3m. A°« is defined at 8, 10, 1c, 25, 50.vr>. ]AO..

12



175 end 200 GeV, which made it possible to bind the results

in the whol' energy range from 6 to 200 GeV. The amplitude i

the (S, b )-representation is bound by the Fourier trar-sfor

metion with the amplitude in the ( S,-£ )-representft.гол

b

(5)

д в

The transformation of the elastic amplitude A
0
 to the

impact parameter plwne pllovm one to obtain both total p.:id

inelastic cross-sectiois p.s functions of the impact prrp.-«:eter

using the fact that the S -me.trix i? di^goa&l in the Ь -snrc

The observed valvie:. т е connected xith V::e »5;nplit;.des by

the following relations

(

where G'i
>ae
p(s,b) is &

n
 overlap inelastic function. The -.'.'lite

rity condition in the b - representation binds it with the -J

amplitudes F(Sib) as follows: §J2 (7)
 f



where different terms are bound with the total, elastic and

inelastic cross-sections a? follows:

tot

dab

(8.2)

(8.3)

Let us define now the effective eikonal rs follows;

The values G\-nG£ (Si b) and Xe{{ (S. b) have wi important

physical meaning. The overlap inelastic function at a given

impact parameter b is the incoherent sum of all inelastic

channels С coupled with the ЛГ^ -scattering

G
iw
e (s.ь)•£&*„-*c (s.b),

and determines through (7) how the slnstic scattering influ-

ence the inelastic processes.

The effective eikonal Xefp(s,b) can be considered as th*

Fourier transform of the basic or elementary exchange potenti-

al for diffractive scattering. It is directly bound with the

amplitude of the probability decrease of the scattering pro-

cess S(b) of two hadrons, introduced in Ref./Зб/ and connect

ed with the hadron density distribution in each hadron

14



вИ (S.b).kS(b).&i|>eamF
e
 (S,b)] a

(10)

where oDi ( b ) is a two-dimensional hadronic density defined

by integrating the hadronic density along the direction of

the incoming particle.

Denoting the Fourier transform from A as < A >

Г ( 5 * ) < Х ( * Ь ) > (11)

where A (S/'fcj is the effective pole amplitude. If deter-

mining <«Z)^(b)> from pp -scattering, one can define

^j£) (b) ̂ * &s well, i.e. separate the pion and nucleon

structures and define their hadronic densities individually.

Another frequently used phenomenologic&l parameter is

the diffraction cone slope parameter at forward scattering

о о

which is bound with the RMS interaction distance for the total

and inelastic cross-sections defined by

15
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§2 Extraction of f. (£.b) from elastic

cross-sections

In order to have a distinct picture of the energy depend

er.ce of the obtained values we have isolated the amplitude

RB{S, b) 4t 6« a> 70' u-< 1f;» 25- A0- *°- 70- 100« 1Л0
-

1"5 e!id 200 GeV. At б, 14, 40 end 100 G«V we ised the res-.ats

obt*:-'ned in the previous section. Experimental d^t» or. dif-

ferential cross-sections *t other energies were tpke-. from

7*еГз./1
г
>, 37-40/. All differential cross-sections were norm*

Tired or. the optical point calculated from trte mea*-.;reme-"ts

of tot.-l cross-sections nnd v*>lue J* г Re A
o
f4mAo • -

 :
'
ftv
 *

v
ey

were interpolated by me^ns of the function

: .с i paranetrizatton well describes differential cross-sect- f"~

:' о '.'; -p to -«• "t »2 GeV . ?fe<»sureinents up to these values of

t exist only at £, S, 10. 16, 50. 100 and 200 GeV. The I

fj"tr -.t other energies were interpoleted up to -"fc «2 GeV

v/Lth re^"prd for already known "t -behaviour at these ener-

After defining d6/dt the amplitude |A«(S, t ) |

extracted by formuln (4.1).

Keaciiremeuts in the Coulomb interference region yield

P(o) £Ё 0.15 in the whole energy range, hence the contribution

R e A*
 t 0

 ! A
e
|
 e t

 small -t is less than 1%. The contri-

bution of я reRl part to ( A»J from the regions

16



0.15 S-t«"0»4 GeV2 and 0.4 s=-t « 0.75 GeV2 calculated at

a doubled value of P("t) given by linear extrapolation turns

out less then 2%. And finally, different regions £ make

different-sign contributions to \fo (3, b)] , which results in

a partial reduction of the repl pert. Therefore, if p.ssuming

then the error will not exceed У&. The thus extracted ampli-

tude JiuA.(Sii) w«».s substituted to (15) and integrated. The

obtained amplitude Jdi'» (S, b) is shown in Fig.5. One СРП see

that' ss the energy grows from 6 to 25 GeV, a rapid fell of

Hrrt̂ o (£» ®) takes place, which in an optical picture cor-

responds to the "greying of black cell" with a small increrrre

of its radius, but at energies from 25 to 200 GeV the "grey-

ing" and the radius increp.se *re broken off and Jm.Fe (S, a)

practicalljf becomes independent of the energy. This is well

seen in Fig.S, where the behaviour of Jrn. re (S, b-OJand

RMS interaction distance R(S) in terms of the energy are

shown. The errors mentioned involve in addition to uncertain-

ties from differential cross-sections the errors appearing

due to neglecting the repl part r o ^ b ) .It is seen that

Ут. F
o
 ( b

=
 0 ) rapidly falls down as the energy grows

and beginning from 25 GeV becomes constant and practically

remplns unaltered till 200 GeV. The interaction distance,

first, grows, then falls down slightly and beginning from

70 GeV becomes constant ar well.

17



§3 Кв. in characteristics of 5T/V -scattering

in b -representation

Using the unitarlty condition (7) one can calculate the

overlap i elastic function Сг£ле£ (*> Ь/ . Its values at b «0

together with a total error ere shown in Pig. 6. It also frills

dowrj at the beginning end then becomes cor.stent. In Pig.7 the

s«?.me value is shown ir terms of b #t 6, 50, 100 &\й 200 GeV.

Since С П щ £ (S> b* 0 ) represents the absorption probability

for a heed-on collision, the results show that the pion has

at 6 GeV no more than 29» of probability of head-on interaction

with the proton without absorption. As the energy grows,this

probability increases f-.id achieves 16# mi 200 GeV. On© cr.u

as.,/ that st high energies the pion is в sufficiently transp<

rent object. A RMS distpnce of pioi-:-]ucleor. interaction at

hifih energies is 2$ 0,72 ferni, i.e. the interaction on the

whole is of central character.

In the energy range from '30 to 100 GeV the totel cross-

sections of the SN' -interaction increase by 1.5%. However,

when this difference m cross-sections if spread rll over

Ь -plane, the rverage contribution to this difference is

pirip.1 ler f.-fl.
1
.. the error bars. But since both the rer.l prrt of

the prrmliv-ide prid the behaviour at large t do not change

more thar by 2^- in this energy range, the difference C P I

sibly be plotted including only the statistical еггогж. In

Pig. 8a is shown the difference



-•- Е^ =
г
п snd £

г
 .6 GeV: E

t
 .100 and E^-50 GeV-

£,, »iao P.ud с «-J00 GeV; £., «200 and E2«140 GeV.

/. i : *• e four pairs of E- and £p v/ere chosen so thr.t

д Е ?/
 r
" "eV and therefore the graphs for different, np.irs

c
c
 '-.(•: compe.red.

A rnpid fpll of cross section in the ? » 50 ^e? inter-

val takes plncc due to the increase of treraperency of the

central part by 13#. Ii
;
 the 50-140 GeV interval the increase

cf transpeirency by 1 • 5$ at a simultaneous rftdius increase

occurs. These effects p.re mutually compensated »»nd the cross-

section remains constant. In the 140-500 fieV intervp'! the

eross-raection grows owing to the decrease of tr^isp'-rency r.y

2?; end very weak growth of the redius.

In Pig.8Ъ are shown the analo.-'o:is ddffere'ices !~orGrin«£

at ihe sp-*a« pairs of values of E 1 <--(3 E e . Si :c* f- e dif-

ference between total and inelastic cross-section's LA ire

elastic cross-section, then comparing Sa and fib o.ie cr.; sny,

that the cross-section Tell iv.' the 6» 50 GeV interval is t'~o>

result of a rapid fall of elrstic cross -sectio1:. t!\e cross-

section stability in the 50*140 CeV interval occurr 'i;e to

the stability of elastic esA inelastic cross-sect ios. -.:d ;• ;•

growing from 1̂ !0 to 200 GeV - owing to the trrov;t.h c
t- ' .<•' ' *•

cross-section.

To check the self-consistency of the iuiti?! •• " -.-' :.-. :-

6"° (S) , (5e (&) and t> (S) were

1?



(6). The thus obtained 6 (S) is shown in Pig.9, anr: ц
е
а

a little higher (by 1,5-2%) than the experimental data. This

is the 7jp.y it must be because we beleive thatJn>Fi(S,b/«/Fo(S,b)J.

i.e. neglected the real part of the amplitude. Thus the sup-

posed error (3%) forJiuF* 1з even higher than required. &

and £ l are shown in Figs.9 and 10 and well agree with the

results of direct experiments, which fact testifies to reli-

ability of the initial assumptions.

In Fig.10 is shown also the diffraction cone slope &(s).

calculated by the formula (12). At energies lower than 40 GeV

it grows rapidly, then falls down; starting from 70 GeV a slovf

growing of the slope begins in a good agreement with the ex-

perimental data available.

A lot of theoretical works on close dependence between

elastic and inelastic diffractions /41 43/ were recently done

J.Pumplin /41/ has shown that if elastic and inelastic dif-

fractions ere shadow effects from inelastic particle product

ion, then the iS -channel "riitarity condition brings.to the

following upper bound on the cross-section of inelastic dif-

fraction:

l(5,b) (1f)

In Pig.7 is given a comparison of ̂
П9Ж
 (̂ ib) and fb («S< b)

at 6, 50, 100 and 200 n
e
V. An essential peculiarity of these

graphs is that the profile
 с >

т о л
 ft low energies is highly

peripheral, with the energy growing the central p*rt of this

profile grows and becomes coastrit, but the interaction re-

rnaiis peripheral. Since £> (it b »O is larger than the

?0



Pumgfl.i.n limit, it follows, that the inelastic diffraction

has a larger RMS radius than the elastic 5[N -scattering. In

Fig.о is shown the behaviour О '* fs.b'O} in terms of the

energy. One can see, that this value increases as the energy

grows. In Pig.Я is shown the same value integrated over b .

It has •• more complicated energy dependence: first, it grows,

then falls down and from 70 GeV begins increasing slowly.

In Pigs.6 and 7 is shown the behaviour of the effective

eilconal ̂ e(| (S, b) cl.-;-apted "
D
y formula (9) at b "° as func-

tions of the enrgy and at b 40 at 6. 50, 100, 200 GeV, respect

ively. Prom Pig.6 one сяп see, that at low energies

Xgrr (S,b*O) comes nearly close" to the unitarity limit,

but fplls rapidly es the enrgy grows *uid from 30 GeV becomes

constant. It is seen from Pig.7, that a RT.TS radius of Xeff

is much less than'the total RMS radius f$ . All these peculia-

rities of 'Х-п- indicate to the correctness of theoretical

representations on the two vacuum poles exchange: pomeron

pole with an intersept equal to 1 and ]P -pole with an inter-

sept ft; 0.5. At low enrgies *=. rapid vanishing of contribution

JP occurs, and at high energies only P remains. Besides,

it is clear, that the radius of the effective basic pole am-

plitude must be much less than that of the interaction. A rep-1

pole pmplitude instead of (9) must be defined from "quasi-

eikonal" e.mplitiide /44/.

bat since it is known /44/, that the shower factors Q,
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С* depend on S . the extraction of the present pole si.ко-
 ;

nal *X
e
 fS

r
b) is a sufficiently difficult problem or: whie--- vie j.

will not dwell here.

To obtain all these results we have done P precise fit of :

ell differential cross-sections of the SfN -scr>ttaring from

6 to 200 GeV by formula (14).

As it wes shown in /45/» the difference

'fit

has sharply pronounced oscillations. In Pig.11 this difference

is shown at 50, 100 and 200 GeV. It is seen that as both ener-

gy and transferred momentum grow, the relative value of the

oscillation increases, but their period if practically inde

pendent of the energy and approximately eoual to 0.2 GeV . The

oscillation, shape does not depend on the incident Ж -mesor.

sign, which shows their vacuum nature.

§4. Amplitudes with spin-flip and

isospin-flip

In the first section of the work were obtained the empli-

tudes Ai and /\
1
 in the (S,lj -representation et o, 1/, 40

and 100 GeV. These (amplitudes were interpolpted by hiph-power

polynomials over *fc , which then were integrated hy Гогэт;]»

(5). The obtained amplitudes in b -representation ere si-ov/r

in Pigs.12-15.

In Ficr, 12 are shown the amplitudes in b -representation

at f GeV. The. amplitudes „5."*-.. Л.. ^nd Ke N ar» p#riph«r««r

г



v/it--- t,;.e :r:ezirn"...m. bei'i;* at a distance of ft R'v'S interaction

leiftt'r. O.C: fern;!. Besides, e second maximum at 2 fermi ср.
7
: be ]

observed. The amplitude modulus г, has also ^ third maximum

et 3 fermi. This effect cen be seen especially well in Pig.16.;

The isovector spin non-flip amplitude r
e
 •<?.в с. maximum at

1 fermi, a second maximum at 3 ferroi and e third one p.fc 4 fer-'

mi. The iaovector spin-flip amplitude F, --ss *. broad slop-

ing; first maxiraam from 0.4 to 1.5 fermi r-:u », second one *\t

3 fermi. The ЖИ -scattering probability density is minimal at

2.5 fernd dis tanсе.

Prom Pig. I!' one cai; conclude that the probability dersity^

of the 5|N -interaction ftt 6 GeV has a srncture very sirailfr'

to the shell one. The interaction probability is mexitnal nt

a head-on collision i?..-d as b grows, fallB by the Ufr->.*ei«»n

la?; with e RLIS radius 0.68 fermi. This interaction h*a a vn-

cinjm nature end does not
 f
lip the spin. ?Ье ir-terftf.tion pi'obf-

bility vn th spin-flip is maximal «?t p pi.OP. -
m
!('.leoi tangent in-

teraction and h&s e. second гавхагаит et 3 ferni distance between

their centres.

The interaction probability with vsonpVi chr.^gi if has <?

resembling distribution. Her.ce, one c,<--..- coicVde, thnt t<;e

matter responsible for both spin and i ян spin '_•• a 3i.-r :s dis-

tributed similarly. At e 2.5 fermi distance rcrtteri :•[ thn in-

teraction probability is practically equal t.o zero, i.e. there

is "a hole" at this point of the matter di otri t;-;?tio...

Га Pigs. 13 and 14 are phow.o. the -•.••.pLf t--di?s: i •: b -repre -

sentation nt 14 and 40 GeV. .At there e errier the compljcpted

str'.xoture is absent. This may be cv.^ed I v i-^o re^wiRs •'"irst.
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the shell structure characteristic of the 6 GeV e ergy too

highly depends on the energy and as the energy grows, \', va-

nishes rapidly and cannot be seen at 14 GeV, and, second, the

experimental data on polarization and spin-correlation para-

meters at 14 and 40 GeV are much worse than at 6 GeV,end the

structures simply cannot be seen on the background of large

experimental errors.

In Pig. 15 are shown the amplitudes Re Гi , "mr©

and Re Ff in b -representation at 100 GeV. It is seen that

these amplitudes have become much more peripheral PS compared

with those et 40 GeV, their maxima are now e.t в distance of

the order of two RMS interaction distances.

For more reliable determirmtion of the ЖН -scattering

structure at high energies one needs precise polarization ex -

periments at these energies.

In conclusion the anthers express their deep crp.titude

to A.T3.Ame.tuni and S.G.Matinyan for directions, r
:J
d PISO to |.

5
A.?,Garyak4 and A.A.Grigoryr-;: for many useful din cessions.
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FIGURE CAPTION'S

1. A:r:plit-'d« PHsiysis r e s u l t s «t £ *6 GeV.

2. i>rycili.tb.ae analysis resul ts Hi E **4 GeV.

3. Amplitude analysis result a at E »40 GeV.

4. Amplitude analysis resul ts at E «1°0 GeV.

-'• dm. Fo (S, b) p t different e :erry vp.iuea.

6. rifeir cheracteriasics of she 5TN • scf..iteri-ig in b

se;:t«tion fit Ь вО.

7. I-'ft.i.n characterist ics of the 5ffv -scfittering in b -rsprt

sentRtion at 6, 50. 100 ыЛ 200 GeV,

b. я) д!ТггьРГ(Ь) for the 5ГМ -scFtceri:.fi;

Ь)Д& 1 а е е. (Ь) for the Sff-f -scatter!:.g.
iа

9. 6 i o t , b l r t e i and 6 m a l ( for the 5ГЫ -scatter irg CBI

cv.iated. by formulae (6) and (1f).

10. B ( S ) s--td 6 for the 3M -so--ttt-r_: g calculated by

form-ilae (b) ftnd (12),

11. Oscillations of differential cross-aectior.R of t.*je

scattering,

"i2. Amplitudes in b -representation -a;, ,, c«;V.

13* Amplitudes in fc> -represent At ion ar. Wi C-sV.

14 . Ampl. 1 i;jdes in b -representation nt -'0 G&V.

15. ArnplitM.des in b -representation bt 100 Ce7r

16. The shell structure of the 5IN -interaction «?.t б GeV.

37



REFERENCES

1. F.H*lzen, C.Michael. Phys.Lett., 2k
 B
- 367. 1971.

2. R.L.Kelly. Phys.Lett., 39 B, 635, 1972.

3. M.Griffon. PTuovo Cim., 7_A, 705, 1972.

4. G.Cozzika et a l . Phys .Let t . , 40_B, 281, 1972.

5. A. de Lesquen et a l . Phys .Let t . . 40_B, 277, 1972.

6. H.Hecht, P.Krol l . Ref. TH. 1722-CERN. 1973.

7. P.Johnson et e l . Phya.Rev.Lett., 30, 343, 1973.

8. C.B.Chiu, W.W.Weda. Nuovo Cim., 17 A, 355, 1973.

9. Sh.S.Eremyan, Ypd.Piz., 20, 1051, 1974.

10. T . B w w , R.-T.N.Phyllipe. Phys .Let t . . 53_?.. 195, 1974.

11. E.Argyr^s et P I . Ann.Phys., 85. 283. 1974.

12. J.Piernr.rd et *.l. Fucl .Phys . , В 221» 1 1 8 - 1 ^ 7 C -

13. J.Ambets et &1. Phys.Rev., D__9, 1179, 1974.

1Л. H.?tevalet, P.R.Stevens., Nucl.Phys.. E JM£, 47p. 1477.

15. '^El-pool et e l , Cornpil. of diff . cross sectio.-.s, ff -Induced

reac t ions . CBRN/HERA 75-2, •'975.

16. D.Hill et a l . Phys.Rev.Lett . , 30. 239, 1973.

17. P.Bonamy et a l . Kucl.Phys., В 52, 39?, 1973.

18.M,Borehin.t et a l . Phye. Lett.. 21 B' 4 ° 5 ' 1 9 7°*

19. D.D.Drobnis et a l . Phys.Rev.Lett., _20, 274 v ^9^8.

20. P.Bonamy et n l . Nucl.Phya., В 1б, 335, 1970.

21. А.У.St i r l ing et p i . Phys.Rev.Lett. , i£, 763. 1965.

22. Р.Г-onderegger et a l . Phys-Lett., 20, 75, 1966.

23. M.Borghini et s i , Phys .Let t . , 36 B, 493. 1971.

?4. K.G.Albrow et a l . Nucl.Phys.. Б £5 , 9, 1970: В J3j\ 594,1972

25. C.Bruneton et e l . Phys .Let t . , 44 3, 471- 1973.



26. A.Gairot et al. Phys.Lett., J57 B, 389; 61 B, 103, 1976.

27. J.Pierrerd et al. Phys.Lett., 57 B, 393, 1975;

§2 B, 107, 1976.

28. Yu.Antipov et al. I-Juel. Phys., В 57, 333, 1973.

29. A.A.Derevshikov et в1. Kucl.Phys., В j}0, 442, 1974.

30. V.N.Bolotov et в1. Nucl.Phys., В 73_. 365, 1974.

31. M.Fujieaki et al. DPh PE 78-14, 1978.

32. J.P.Auer et el. Phys.Rev.Lett., J39, 313, 1977.

33. Sh.S.Eremyen. Yad.Fis., 2J. 373, 1975.

34. H.Hb'gaesen, C.Mchael. Nucl.Fhys., В 44_, 214, 1972.

35. D.S.Ayres et el. Phys.Rev., D U_, 3092, 1976.

36. T.T.Chou and C.N.Jpng. Phys.Rev., Г7£, 1591, 1968.

37. J.S.Russ et al. Phys.Rev., D JJ_, 3139, 1977.

38. C.Baglin et al. Nucl.Phys., В 98, 365, 1975.

39. D.S.Ayres et al. Phys.Rev., D 1j>, 3105, 1977.

40. C.W.Akerlof et al. Phys.rev., D H, 2864, 1976.

41. J.Pumplin. Phys.Rev.. 2899, D 8 , 1973.

42. R.Blankenbeciler et PI. Phys.Rev., D % 736, 1974.

43. K.Pialkowski and H.I.Miettinen CBRN Rep No Th 75.

44. Sh.S.Eremyan. Yad.Fiz., 27, 259, 1978.

45. Yu.M.Antipov et «1. KEPI Preprint Eksp.Fiz. 76-95, 1976.

The manuscript was received on the 30 of July 1979

39



Ш.С.ЕРЕМЯК , Г.Н.ХАЧАТРЯН

АМШ1И1УДШЙ АНАЛИЗ T\ti -РАССЕЯНИЯ В

ПРЕДСТАВЛЕНИИ ПРИЦЕЛЬНОГО ПАРАМЕТРА

. (на английском языке)

Ереванский физический институт

Тех.редактор А.С.Абрамян

Заказ 380 ЗФ- 06083 Тираж 299

Препринт ЕФИ Формат издания 60x84/16

Подписано к печати 14/ХД-79г. 2,5 уч.изд.л.Ц. J8 к.

. Издано Отделом научно-технической информации

Ереванского физического института,Ереван~36,пер.Маркаряна 2


