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-Experimental data on Jr -p and ~p scattering at the ener-

gies above 1 BeV in the labo system have been analysed consider

ing the nucleon as an optically uniform sphere with sharp edges. 

It is shown that the data presently available may be des-
- . . . ,' ., · -13 

cribed by means of the sphere o! the radius R :-..(1
1
08 ± o,O?)>clO cm 

which is independent either of the type of the coll:1.dirig particles· 

or of their energyo The optical characteristics of this sphere 

are evaluatedo The contributions from the imaginary and the real 

parts of the scattering amplitude are estimated. 

One may assume that for the l,J7 Bev pions and for the proton 

energies above - 5 BeV the contribution from the re·a1 part of' the 
' ,, ; 

scattering amplitude is SJT!all and the analysis of the soatter-

ing phenomena at high energies may be carried on using either 

the general scattering theory without taking tnto account the 

spin characteristics of the interaction as it was dorie in l~~BI 

or using the model o:f a purely absorbing sphere. 

The possible behaviour of Jt-p and p-p interaction cross 

sections with the increase of the energy of the colliding par

ticles is disoussedo 
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I n t r o d u c t i o n 

In 1949 Fernbach, Serber and Taylor Ill used the optical 

analogy in the analysis of the high energy neutron sca~tering 
f,l> 

from the nucleio 

The nuclear matter was regarded as a refracting and ab

sorbing medium. When the neutron passes through this medium 

its wave vector which is equal•to k
0 

outside the nucleus be

comes equal to the complex value /~ '.'.'.: k
0 

-t k, .,,.. i .k;' ~ 

where 

K - is the absorption coefficient, 

k1- is the change of the real part of the neutron wave vectoro 

Then by analogy to the optics the nuclear matter may be charac-
ko t- k, -,.. L h" 

terized by the compihex refractive index h ::.--·-,:--•··• .. ···-· 
"'o 

Such an optical model of the nucleus was 

widely used in the snalysis of the experimental data on the 
the 

scattering of fast particles from nuclei and gave a lot of 

valuable resultso 

The optical model formalism of the nucleus was further 

used in the analysis of pion and proton scattering from protons 

at 1 BeV and above.l 2- 4 t Such a consideration may be.called the 

optical nucleon modelo So, the analysis of JT-p scattering at 

loJ7 BevlJl shows that the experimental data may be described 

by the nucleon model as a uniform sphere of the radius R = 

= (l,18 ± O,l)olO-lJcmo This model is characterized by K = 0,67 x 

lJ -1 x 10 cm and kl= O, ioeo, it is a purely absorbing sphereo 

The data on p-p scattering for 0 9 8 Bev, 1,5 Bev and 2,75 Bevl 2
1 

have been analysed in the same wayo The authors of this paper a~

sumed the proton to. be a uniform, purely absorbing 



sphere (k1• .. = 0) with the radius R which is independent of 

energy, and considered the incoherent scattering to be insig

nif:l.carit o Under the·· above' mentioned assumptions this sphere is 

characterized by R = 0,9J •. 10-lJ cmo.and.K = 4,J x 1013cm-1 , 

J,7 x· 1013cm=l and 2,7:x 1013 ;cm-l at the proton energies of 

0,8 BeV, 15, BeV and 2~75 BeV respectivelyo It follows from 

these.results'of the analysis that the proton is m~re 11 trans-

parerit11 for a pion than for a proton and the region of Jf ;...p 

· interaction is larger than that of p=p interactiono. 

Recently.the data on' elastic p-p scattering at 2.24 BeV, 

4,40 BeV and 6,15 Bev1 4 1 have been published which were analys

ed from the standpoint of a rather Simple concept of the opti

cal model which regards the nucleon as a disk with different 

parameters. It appeared that ·a certain choice of the parameters 
r 

of such a disk has·led to the agreement with the experimento 

In this paper an attempt·to analyse all the available 

experimental data on p~p and1C- p scattering has been taken 

in the Bev- energy region on the basis of fhe~nucleon opti~al 
• 

modelo The analysis was performed under the assumption th~t~ 

a) the interaction region is determined by the optical 

uniform sphere with sharp edgeso 

b) the incoherent elastic scattering may me neglectedo 

In the light of the performed analysis some· items of using 

the general scatt~ring formalism for the soluti~n of the ~rob

lem under consideration have been examined by analogy tol 5- 8 1 o 

2o Experimental Data and Formalae used in the Analysis 
Thi data including.the magnitudes of the total cross sections 

( ot ), of elastic scattering cross sections ( 6~) and inelastic 
scattering cross sections ( C\ ) for p-p and 'l'f:....p 

j 
'.J 

t 

'' 'i 
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f 
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ir .. te"X'.act•icc·::ns at ,high, ~r .. e::rgies are_ gi~•~~ 1n Table 1 0 Tr..i.ce'. 11a.lu.e·s ~f 

the ,rav~ lerigth. icf tbt? ih~idellt p~tiol(tj in ih'!I c~?lt:r<t t:f Htll\!S.l!S= 

~y~t~ll'~: e.r_~ giW~Irl., il'.'l 'th,e. ~·~:c~nd. o~l\ll'lll'l. f6:f t:h~ Ta.bleo Th® wilw~1' 
' - <" ' 

tf . <:rl f t-r EP ~ 49~0 B5V and EP~ 6~11. Bev. ar~ nt:~. m,ea8tarf,d 

expt.rint:,f}f;:tu.1110: Th·c>Y .. , t:a>~ @bta.in.t·d .@r& thw basi~ (fJ;f the s:p®:oulati@aa 

s~t !@?'1th. i:r.r _ ,[ aJ,.;o} Tht1~e, m.agnitu•dti.5 Bt:~m t©. bs, qu~t® r®as~nabl@o . ~.:. . .. 

Meriete:W~l".ol. it 118 ,:Q~!"W'b·rthat~>ohemg~2il 8l@Wl1. w·itb. ettf)l"Qo. On<t may 
•' ' . ' ' ' ' . .,\:~ - •·' ' . ' 

judg@ ab~ut it ty. th® rurn.lts. of th.1t1 '18tim~t.@~ @! '&.!o!.:r. ~1-::@~ We;.ltl:rJ 

®f ~t.h?? i?:~la!§tio Or®S5 ;s~©tilr:tt :tltl. th1t .IDUJ.~1®®21).~.'1l©1tHol':l :11-1.rt~ractiqj:Ja 
r . 

at,; 50. B~V i
121 .. J4ttreeyflr9 • a~ th~ calculati@n :i;hrc:ws .th~ :results @J! 

th® ea.ly~is · axe d~pefndent upo>n the ©hwiilg~ ref e,: :t'athitlr w-eM11 il! 

the widl!: 'VeuUcer int@ffitl io~<>.9 , ~h,-ei oh~itit <t;_f th,, magnitude (Ci)f. the 

in.e'last-ic :crt~s $ 1~etit11l 1£; n©fu _ criti©a.lo 

. Besid~~ th~ wal~!:!i! ~f '. th~ chus:etti?risitic:s IC;f P'"'·P and JT - p 

scatit~ring- gi•:vera 12l. Tab-~1:::,l. thll di:f':ttrriflrtt,ial rerc:ss s~cti:ms tif 

piic':Z.: al'.id pr-o,'~;to:ri li1la:et1ti., stait-~rif.ig ~r. pT<o:tlbl?l~ :fer th~ fln~rgiere 

n;;e1z.ti~11t1d ill t~® .'Ial:l@. a.r~ awailabl~o Thi~ illf ~rmaJ:1@?l st!l"1~~8 a~ 

,r;1-..'!l :c>f tht: , ori~tei:t"ia that tlH, .chti,i,ti;e,, titf t:.he pare.rrirt1ttel':s_ rif i.w& 
i =--·· , ·. ,"• 

s;rst@m describing th.rt scattrring i~ C\(';'?'Te'Cto 

.As :1::s bl<t"fr;.'!; if ~·~ :n~glie1et th:li :il'JC.r..hre<re:r.i.t elastic s.tatt erittg snd 

a.SSUtr2,l' thrt: t'1lttstite 5'.t'ltr't.t-~l"ia.g t<c, l ·t- pUt't'lY diff:r-aoti~nal ( cr~ ":: ({,) 
th~~;; :~~h® ~~atit~t>i?lg · eri~~ • f~tJtife~s a:f'~J dflt~rm:l~··!!li b7 th~ :p,&l'·am~t.~rs . . 5. 

.<cf Ui,e, @p;-!ri~&l mt.,d~1/1n t.r.:e f~ll<b}Will'.g Vf8;f 1tb.e ~ucl<e:o:l1l ill g1T•~ as 

a. ~ph:er~ ~t i'.\.;l'J:il :r&tius· R1
2 th~ t@t&l C:t>@~g e:·lltrti©ra tf th® 1111111,;,;, 

l&t$l1t scatt~ring 

~ I · 1 ( 1 ...._ ~ i., ni",.., ·- { • } (J,. __ w ~/"."' 1 ~ -L:., , ".~Jf~ ;~1t~:.~1t1 . - ,g1.nn 
l - JI l,. - ·-2 l.,;'.'2 :1;.:;;--··"·--,.~.,.. ) 

[" \.-'l_'f<"' -

(I) 
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the Lctal cross section of the elastic scattering 

(5'- ::: JT R 2i 1 i- j -U t- 2 k R)8.~2K.~. 
d 2 ){2 p~ (?, ) 

- ~'- ~,
2

) t-e-~!?[ektR(~~l¼- ~;J+-(kl·~~~:.2 ~l?-ekR((fk~k~)+kR(¾l<~k,2tlO~;?. ~k,R 
., ( i. k ~ + k 2) 2 f? 2 •. . . . . . . . . . . 

. 4 I I 

lhe differential cross s6ction of the elastic scattering 

(J) 

whe.:re the scattering am:pl:itud:-e is det·e:rmined b'y· the ·expression 

(4) 
. I,~, 

in ··tih{ch :·:1:s .. th-e soatterinB 

_jp(~:c,p j1n i·) 
fun~btion. Rs-=t.i:ner. a clum'sy 
secttan of the eiastto·· d'iff:r-'~~t'i6n scatt~jing. It is._'l~~-~,vn:~ h'.ow

c~~r•s';onding. to Kf? ~- 2i3 . . opaque JI~ .. <!. 0 g · ; 
JTR2 - > 

the exp;_.~ssiori. for the di.ff;~otiori soa.tt·(;ri:··-.' . 

ever, tha.t·by 

-~ <f 
.J.< 

ing 01'0$S section may be reduced to the simpler form L~J ~ . 
and 

·-

(6) 

and This gives the result which is different from 
'" ~. '_.. '.) ,: , . ' ..., -

tnat obtatned in expre~s}on (2) not more than by 1% .. Since_the cx-
i .. .:.. ·, •· 

perimental data s lsfy the abovementioned requirements the usa of 
:· ~ ." '. J j ' 
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~xprest,ion (5) is completelyjNrntified •. The given express1:eins are· 

correct at the energies when in the· centje-of.:..ma.ss-syst;em of the 

colliding particles the condition ?i "- ~ R is0 fulfilled. 

J. 
0 

The Parameters of the NucieonOnticnl Model :for the .,.. __________________ ._..,..,....,__........,.... ___ -•I .... --~--~ - --WWW • 

~2!: !J2i!£!!.!?!_2.2~.t~.m?!B•· ai HiBh ~11fl!~~~:. 

Making use of the data giv·en .in: Table I a."'ld 1.udry.g. tbi:>_ 1:·s1 :s1"(-

~-. . 
ions (1) and (5), the s-ets of the": parameters of the: nuc~! ,-:in. n11t:i~ 

cal model have been obtained. with: the· he,lp· of' whtch one could 

describe the known results- of the meas.urements of the cross sect-

ions for htgh energy interactions of. pions and protons ·wtth Jiro

tons. Each set of the :parameters was determined both for th(➔ mean 

values o:f the cross sections and for the e:xtrcme1 ones in accor

dance with the accuracy of th~ir determining by the_ errors of 

experimental datao The radius of the interaction f~:phere was toJrnn 

as an original magni~ude for the set of the parameters. The rolat

ion between the cross sections of elastic und irtelast'ic .soatter-
t<td ~ 6';) 

inglfitnade it possible to determine ;,;-{,.,.._ immediately the lower limit 

of the interval of the considered radii ty the values frnmewha:n 

greater tha.n the radius for the "black" sphere. The minimum va.ltws. 
G" 

of R ware determined from the dependence of the opacity -~ 2 
6 (k' ~ - Jrf? 

upon KR .and upon d l ' -
0 ) , They are given. in Table II. 

JTR2 
However, the data about the elastic cross sections and lnelas-

tic cross section are not sufficient for choosing one or another set 

of the parameters of the optical model. Additional experimental data, 

for instance the results of the measurements of differential cross 
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sections of elastic scatte:r:-ing are necessary for this"' Calculat= 

ing the differential cross sections of elastic scattering for 
• , •• ' ' • , ' •• • •, r : •": \ '. 1 , . - . -

each set of the values R, Kand -i'.c:1 .accordi~~ _t? th,e formulae(?) 

and (4) one may prefer either one or another se~ by means of com

paring the calculated angular distriblltions_of elastic scattering 
u . - ' . 

with those measured experimentally., The n(me,rioal int~gration 

was p~rformed using Simpson 9 s formula., with >the. accuracy-1% ~or 

small angles and some percents for large scattering anglesG While 
. ' } 

. , .. ; 
making these calculations_ it became clear that ,the changes ~f Oi. 

_. 
by 20'){,; R and Gd being constant, l:ead to the changes in· the 

dcr magnitudes of within the accuracy of numerical integrationo 
Q(>) 

Thus, in these calculations the choice of the values of 61, is 

not 01•itical .. 

The value of the radius of the interaction s~ere R being 

fixed the angular distributions of elastic scattering have been 

calculated for the extreme values of Thus, the 

region of the possi.ble angular distributions for the intermedia~-

te values of 6d has been determined in aoco1°dance with the 

acou1.•aoy of experimental data concerning this magnitude o The . 
• ~ 1, 

resu.lts of the calcula.tions and their comparison with experimen

tal data are given below., 

a) p-p scattering at 1, 5.· 2, 24 and 2, 75 BeV J , , . . ' 

For 1, 5 and 2, 75 Bev the e1<:perimental :results have been 

obtained using the di.ffusion hydrogen chamber (.3) o These data 

have a poor statistjcal accuracy and because of this the experi.-~ 
• mental angular distributi.ons are dcscl'.':tbed equally satisfaotoril;r. 

by the nucleon optical mode1 ,,,;j th thr, parameters changing in wi.do 

limi.ts (see Figo la and b)o 
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HoweTer, the available counter data [4] for EP = 2, 24 BeV 

permit to determine the limits of the pissible values of the. sph@-· 
t,> . • . 

re radius for this energy region" It appears that the uniform sphe-

re may have the ;rilaximum -radius 1, 15 x 10-13 cm si~ce R.,:,: 1, 20 x 10""'1 ~ 

leads to the explicit ai~crepancy with the results of the experiments 

(~ee Fig. 2a)v It should be r.toted-}hat for R~l,15 x 1o=lJ~m the 

nucleon optical model agrees with the experiment only :t:or the an~ 

gles not more than JOo The minimum radius for Er ::: 29 24 B,~V dtHH! 

. .. . . =l '1 
not contradict to the value o, 9J x 10 .,.,cm which the authors of' 

the pape1· give for the energies of 1, 5 and 2, 75 BeV o The purely 

absorbing spher~ . (f1 ::: 0) may have only the J:•adius R less than 
-lJ 1,0 X 10 Cnlo 

It is neces~ary to note that some. suggestion.s by Ra:l'.'ita (lJ) 

on the application of the nucleon optical moc1el fo::r p~:p collistons 

at E ~ l BeV are correct to some extent also at the energies under p . . . 

oonsiderationo 

b) p-p scattering at 4,4 and 6,15 BeV 

Experimental data for Ep :a: 4 3 4 BeV [4] if 1'"~ Jo0 a.:re described. 

satisf~ctorily :by the uni.f orrn sphere with thE< raJJ:i.us from o, 95 x 
~J . . 4J . ~, 

x 10 cm up to 1 3 15 x 10 cm since the vaJ:i ... ies R ::: o, 92 x 10 ··,cm 

and R = 1,2 x 10-13cm lead to explicit discrepa:noy with exp&),ri .... 

mental results (see Figo 2b and Ja)o 

The purely absorbing sphere may have the radtu.s R not more 
. -lJ than 1, 10 x 10 cmo , 

The measured angular distribut;ion o.f tbP. elaBtlr: scatte:rin.g 

if E := 6, 15 BeV is described sati.sfactorily by the un:lfo1·m sphere p . 
. · -lJ -lJ with the radius R from 1,0 x 10 cm up l:o 1,15 x 1.0 cmo 



The discrepancy with the experimeats for R K 0;95 x 10=13cm and 

for R =,11 20 x 10~13omis,seen in Figo Jb and 200 .At all possible 

values of the, r_adius the, sphere may be purely absorbing at this 

energy. 

c) JT -p scattering at E JT = 1,.:37 BeV 

The available experimental data. on pion-proton scattering [31 
are in, good agreement with the representation of a nucleon ae a 

' ' ' 

uniform sphere the radius of which changes withi,n a wid~ intervalo 

We would remind that t~ese data. are obtained with the use of the 

diffusion chamber and have an insufficient statistical accuracy~ 

Due to this th~ restriction of the region of R values were made 

usi,ng .the d1spersi on relations which point out that the contribut

ion from thP- :rea] l)art of the scattering amplitude to the elastic 

scattering c~oss section at o0 at Er l,J7 BeV is of ~he order of 

7% (l~] " Applte.0 to i:he optical model of the uniform spherer 

it means that the :ra,:'lius of the sphe::i:•e R may have the values from 1 101 

~lJ t l 21::. 10-l'.3 x 10 Qm -U,P' c , ./ x , , Cillo 

• 
L~l!!L~f!~~ AJ?P1:!£~ll:liL.Qf_~!!~.Q!t_Q.E:ti.2il1~9de:L_,!,ilh~ l{L =,.~ 
Attemp~s _hav·e been recentlY made to analyse, the sca.~ter .... 

ing in.,the BeV .... , energy.-regio~ f;rom the standpoint of, the: ·gentiral 

scattering theoryo [5~] 0 These ,,w·orks were ba.sed u,pon th~ 1u1rnmpt~ 
. . . . . . . . . . 

ions that the imaginary :part of the scattering ~mpli-tude (see, 
for instance [l4J , )j 

j(lJ) -=-if[ (2~ +/)(f-Pe)<fJe(UY.)1J-) 
e~o (7) 
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is much greater than the real one; that the considered scatt7ring 

characteristics are independent of the spins of the interacting 

particles and the "charge-exchange n effect in Jr -p scatte·ring is 

small o. In formula\i) (7) 'Fi t is the orbital momentum,~ (cos 7J ) 

are the Lege'Dd:ee. polynomials, 
1
6~ = expo * 2 L ~ e 1 , where 11_ e 

' J 

is the phase shiftso The relations obtained under these assumpt-

ions are very simple and convenient for analysing the scattering 

at highenergieso This fact stimulatetl to draw our attention to 

the problem about the limits of the: application of these assert= 

ionso This was considered in this sectiono The parameters of the 

optical model which does not also take into account the dependence 

of thecon~:i.dered scatfering characteristics upon the spins are 

inter:relate(1 with the scatter1.ng phase in. the following way [l) 

1e =(~, T ~ t.k) 5e 
(8) 

Here 2.~8 is the range length of an inciden.t·partiole with 

th~ orbital momentum he in the nucleon matt4ro 

The case under consideration when -K1 is equal to zero indicates 

that the phase :~hift 11, e, must be purely imaginary and the magni tu-

de · · p 8 equal :to e,-k 1~ must be real and positive for any 

form +,.e ,,._...,·,nucleon matter distributiono That is, the case -k 1 = 0 

in the· nucleon optical model is equivalent to the a·ssurnptions made 

in the· abovementioned consideration of the s(?.§.tJering from the stanc= 

point('oi' the general sJ~i1t:~~~\J1 1\~ed~~\Q" i.Ji ~~~iii~lfe (1_:i )sfimple assumpl'.-
c~J 

ion when considering the limits of the applicability o:f the case 

K
1 

~- Oo Since it can be seen from the experimental data that: the 
d <5 differential cross section of the elastic interaction 
dw 

is a 
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monotonnus function, tending to zero one may 
.. 

is equal to zero for a certain angle V0 

it is equal to zero. 

assume that if j: 
then for all 'lJ- > lJ0 

Then f ( -0') will be a positive function !or all angles 
' 

and ~e is simply expressed through the measured differential 

cross section of elastic scattering: , 
'.i, ' .. JT ,. 

: J ~e(V)✓~~
1

6in1J-d1J 
~e = i - 0 

. r i" . 
I'. 

(9) 

We have calculated ~ 10 using formula (8) for all the discussed 
. . 

energies of the int~raction and mak~ng use of the analytic form 
do [ai from J • It was assumed that the angular f1istribut-
dw 

ion is known with the accuracy of± 15% for all angles. The results 

of the calculations are given·· in Table II Io 

Thus the performed consideration of p:..p scattering which does 

not concretize the form of the interaction region leads to the ne

gatiYe values of Po for the energies'·'beiow"" 5 Bev.· 

It means that the original suggestions of ·this consideration 

g,re not correct and the phase shift ·is not purely imaginary at 

the energies below 5 BeV i.,e.,, the nuc'ieon optical model with 

k,= O is not applicable in the frame of the made assumptions. 

For the·energy EP = 4,4 BeV the application of these assumpt

ions seems to be possible for the minimum values of G"d; 
In the terms of the uniform sphere model the purely absorb-.., 

-13 
ing sphere must have R -~- 1.0x iO · Cm. 

~, · 'It· fallows from the abovementioried consideration that for 
ff.. ~ - . - . 

E =,;ir(f, i5 1
irev"' t9tl Efs~u:nriYtFlori°f{ b-o'th about Kl = 0 and about the 

s!1n"~1hcr;~;1-a:~rJlJ~ '1Ji-~1i1~'; J1itle\'3iti c1id/lc?t1¥1ii1~i-~:r1ch-·'•the case of 

the maximum possible value of are not oorrecto Thus, 



-
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the radii below lf O i; tO-lJ cm in the purely nbsorbing sphere 
- • ~ l 

are forbiddeao 

An analogou! cmn!ideration of JT- -p scattering at EJr l,J7BeV 
. ' 

giv 1es ro -O t'!; tO, CB . It means that the assumption about the 

absence o:f the· p~tenti-a.i scattering (k1 = o) for pions at this 

energies does not contradict to the exper:tmental datao 

z~ ~~.l}.,!f?,2,~~si2n of_the Resu1£Lcrt.: 1lJ~A!}~ll.§.12 

At the energies Ep =: 1 9 5 f 2,75 BeV the comparison of the 

thec:retical calculations for the model of the purely absorb:1.ng . -~ .. :_; ~'; ,. .· " . ' . ~ "_ . -, ' . . 

sphe:r;~ .. w.ith the experimental a.ngul;ar distrib.utions does not give_ 
,. ; .: . . , ' : ,,. 

any __ e;v:1.d_e_nce _ that it is not applicable due to ill.sufficient accu= 
... ',0,I,. J.,; j • a •' • l '•. • • ,_: 

l/.8:9~_.,,q! t~-~ experimental datao However, this compariqon µ.lso, 
'W '•• R. ~ • •N •,~ •--• ,, "' • • •· • •• • •· ' 

shows that there· are no grounds to sugg_est that t~~ ~~g;ion of 

p:I:~n:-=p:rot,~.I?:. int,eracti.'?1'1 is, gr.eater than that _of proton-preton 
---: •• • : • __ , - •• i ~ ;\' ,:3 t} J . • 

in.tera.otiiono _ 
., • ., ('' ' "·· f\ : ,~ . ..,.. ;~ t. -~- .: ' .. 

... The ~~th·c:;s . o.f the . paper f 4J have showp. on the basis of the 

experimental data that, the "form-factor" is rather probably inde-:-r:; ,· '>.: ,.'. '', ..... '.,i ~-- .:~ -· ·-. .. ·, - :. ,. ' . , ' . .- *" .. , .• 

pendent or t_he energy. a.~ 2i, 24 9 .4,4 and 6~ 15 :I3eV :for th;e rJJ;rtical 
0 

mddel taken in thft 
.• 1 • 

most general formc When passing to the oon
. (: 

ere te f_orm of t-he op_t~ca:1 model of ~he _n1.icleon tll:_q_ +I?A~peD:dence 

of th~ '':f'cirm,,fa.ctor" upon _the energy makes it possible to speak 
,, < 

ab.:,ut; the CHmst:ancr: o·r a.bout the waak cha.n,~~ of the radius of 

t:he unito:rm ~-~-hs~r~ as the m_ost probable case o In view of this 
-lJ the oh-!:dce R ,! Oj) 9:3 x 10 om for the energies Ep ~ 1~ .5o 2, 75 BcV 

bsn~mes hardly p-r~obable since at E ~ 6)115 BeV the miniau.m radius 
' 'O ., 

describ1.ng the experimental data b;comes equal to 1,0 x 10-13cm# 

M.:i1:'e general consideration based on a smaller number of as-
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sumptions which follow :from th1:':I •-t'iPl~lltal ta.ta (Bee seetiel!. 

IV) is a convincing · argu.m~nJ; :against_ th• a11.Al7~1• o'fuP-"l' >~oat te:r~ 

inB in the frame of -thP purely absor'biag ,-e~•r•· •odel at , the .. tyf'otoa 

energy being below·...._ 5 BeV· in the la.b,o: s:,:gtem,,. :· ·: ·-

All the ex:peri,m~_nr al data on elas_tio<rr--J' aM :►J eoatterc:, 

j_ng available at high, energies may _;b• sa.tiF$;f&oto:ril7 i«eser!,ed 1,y 

the nucleon optical. m(v1el 1.:. ;tf. the interaction regioa, _W'.ill lte-' pre ..... 

sented i.n the form of- th,p; l1ri;rform s~e_:re, \Vith shari,-, edges·.,. Tile raq 

di.us of the sphere may he t.o.~ same fo~ a.11 -the coasidtretl eae:Pgies 

and for both modes of :1nteractio~ •. 'rh,e_: 11&.g!litud.e of'; th1•· ~acliu.1 1e 
:J..3 . 4'alJ within the limits from l,Ol x: 10- emup,tol,15 x-10, - O!lt 0 Tll• 

corresponding value.s t,f _-1 nr~ .::i'hsc,rbing:;coe;ffioie-nt K. ae well as 

of the cont1·ibution f:r,w 1.ti•· r 3aJ_ par_t of the. scattering alliPfitude 

to the elastic- cross sec'i:..:1.1:,,.:1 are given in Table IV, for 

-\3 
R = ( 1,oa t o,,07))( _10 cmo , .. 

It can be seen from :i'n.b1e IV that the uniform., sphere becomes · 

"lighter" with the energy increase·- and app+oxima.tes the purely ab«., 
' 

sorbing one.:i The satisfactory.agreement with the .experimental re= 

sults wh:tch .... e uniform s_phere model gives if k1 M O· for Ei,' i.; 6,15BeV 

an.d E .rr :?, 1; 37 Bev reafftrms _the suggeetioaa- a\out tke possib:11:i,ty 

of maktng the· au.a1ysi~-l assuming that at ta• Qntioned energies 
, . 

th(::i iimaelJ;J1aty pa.rt l"f +n,,, ,:;o.~tter:!.ng aplitu48 f (: Y- : ) is .oonsi~ 

de:r.0ahly. g-r;:ater than i l'•"-· i· •l:"e:l one and .. , th• tofJ.B:ioPred chara.cte:ris= 

tics cf tbe scattertng ar~ independent of th~ spina of the interact-
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use of the consideration like 1t was done in faJ o 

An analogous' statemcnt 1 ma.,y be made on JT -p scatterine stn:rt•

ing from a. certain pion energy bi1lovt 1, J7 Bef ~ This bounclury must 

be more specific by measuring Jf -'p scattering at smaller energieso 

Evidently ' (the knowledge of only the magnitudes <J:l <5: o.nddd2·docs not 
l B o) 

give the: possibility of getting t.he· complete data. about the· pro-

perties of the scattering amplitu<le., It is necessary to have t1, mn°-

re complete. set of the oxporimetlt'':i.l dn.ta." In particular t}w in-

vestigation of the polarization e-ffe'cts might essentialJy clear 

up the problem under discussion. 

The obtained value for the radius of the interaction region 

R · ~ (lj 08 :!: 0~ 07) x 10-lJ cm which can be assumed to be indopc:.'l·~ 

oo_nt neither of. th_e energies of the interactin.g particlos nor of 
·. : .·' :· :-. : 

·. their type corresponds to the model of the sp:!:u:irD with s'h.al"l) cdgcno 

It is kn.own, howev·er, that under the assumption of more "smearing" 

dtstrihut ions (for inst an co a Gaussian one} of tho nuclc on matt or 

the roo:f--mea.n-squaro radius of the interactior1. region will have 

the magnitude which 1·s le~s than the monti:mcd one o Its concrete 

value will be· certainly· dependent u_pon the form of the dintribut~ 

io-n accepted for tho oalcula.tionsQ Howover, the va'.rious speculation:> 

point out that the v·a.1ue of the root-mean-square radius of the in~ 

teraction region for p:...p ana JT~p·scatterings will be close to the 

maenitude of the eleotro~agnef.iq.flimrmsion of the nucleon, obtainea. 

from the measu.roaents of· the electron scattering from the proton::; [15L 
It is known that at high'ene:rgies the cross section of :pion 

and proton interactions with nucleons are tending to the constant 

limit because the nucleon dimensi0ns are finite (we neglect the 

11 , Ct)Ulomb interaction)~ Making use of tb.e dispersion re lat ions, 
:! 

11 
\\ 
I\ 

J 

1 
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Po Vo Va.Yilo-r [16] has calculated the limiting value for the to~ 

tal cross section of pion interaction with the nucleonso It was, 

found to be JO mb~ The total cross section is already equal 

to the limit one for the oonsider~d pion energ of 1,37 BeVo 

There are some grounds that the values of elastic and inelastic 

cross sections of Jf -p interaction will not change with the 

energy increase, As it became clear above the elastic cross sect= 

ion at these energies may be 
· · ~;tik~~(!~tt~-i 

inelastic oneo ~ 

CThe incre;:e or decrease 

considered as the consequence of the 

of the inelastic interaction will 

be resulted in the increase or in the decrease of the elastic 

sca.tteri.ng, respectively, that will lead to the change of 6't (see, 
.... ,'·,,,\, 

eGg.,, fonmulae (1) ancf')'(6))o 

If the aboYe mentioned considerations are correct then at 

t ~r.10 G"t: ~ 30mb Q;l ~ i4 rn~ 
J'[ • ) 

and 6"e,~(6~7)rn;_ 

It is known for the nucleon-nucleon interaction that 

It means that 

U.• ·· inelastic cross srrntion changes slowl;r with energro As the 

above perfo.rmHd consideration has shown the elastic cross sect= 

ion of p-p interacti.on ut Ep = 6) 15 Be.v may-· be interpreted as 

the consequence of the inelastic scatteringo I:f' the inelastic 
--. .'l)t;{J<\~ () 

cross section of the itfi'~raction changes slowly or remains cons= 

tant with the energy the increase of the elastic cross section will 

be also approximately constant. Then., startj.ng from the conside

rations set forth above one may expect that if E p --- oo G\::: 2 l/ rvi.g 

and 08 ~ ?mb at ot ~ (30+31)m&. 



1_,_::,~~)~ ' 

Th1rn, wt-. arrive ·.11: r:r:,1• ,. nr 11nd_nn t}1nt at hi~~ enf'!r~ies of the eol

lidins part!clPs the total 0l~stic ond,inel~stic cro~s sections 

nf pi<rn ancl nnclP-rHl 1ntPr~_,.'.i ';".11"1<"'. with nu<:l~<H,~ he:v~e identie.!l.l 

valUf?Se 

We 13re r;rnteful to If',acva Ls.Ae an<l Shuetrova LoAo, for thtil" - - . 
s-:::~315tance :i_n. the JJllfflPri cal (;1',leulatt(HlSo 
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Fig. 1 

Fig. 2 

'F~g·. J 

Solid curves show the region of possible angular 
distributions of elastic p-p scattering J~.the 
centre-of mass-system for the values of the raaius 
a) R = l,J x 10-lJcm and b) R = 1,2 x 10~13cm. 

0 The dashed curves show the angular distributions cal
culated for the purely absorbing sphere of the ra
dius R = 0,9J x lO=lJcm for· both energie~so The exJPe
rimental. angular distributions are presented in the• 
histogram[2J • 

The solid curves show the -region of the pos.s:i..ble a::1-

gular distributions of elastic p=p scatteri:g.g in the 
·--1·3 centre-of-mass-system for R = llll0 x 10 ~ t,mll the 

dashed curves determine the region of angular distri
butions for R = 1,20 x io-13cm. Experimental points 

.are taken from [4] • 

Solid curves show _the region of possible angular 
distribu_tions of elast~c p=p s_catterlng ln the centre
of-mass-system calculated with the help of the purely 
absorbing sphere model starting from the following 
data: 

a) ~l = 24,2rnb crd = (9,7 ± l,5)rnb R =(0~97 +l,05)x10=lJc1 

b)' · ~t-= .2J,8mb Gtl = (7»5 ±. 1 9 5Q,-r,L R =(lll0+1,1J)x10=-l2m 

The dashed curves show the angular distributions 
calculated for the case of a purely absorbing sphere 
with the minimum radius: 

a) R = 0,92 x 10-lJ cm. 
-lJ b) R = 0, 95 x 10 cm~ 
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