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A®stract

Experimental data‘ll on élas£i§ soattering of 77 mee
sons o8 protons with energy E = 1,3 B&V have beeu annljsedavlt
16 shows that from the analysis of their angular distributiom
1t 1s pessible to determine the rootemean=square radius and $o
gét tht data»abéut-thé distribﬁtioﬁ‘of matter inSidelthnnnﬂlleeno |

Reot-mean-square "pion radius" is found te be equal to

2 - ;‘ig/ A
Je =(0,82+£0,06)10 c¢m,

S

In conclusion,a'p0351b1e experimental criterion ef the exis~

tence of elementary length is considered,



I. INTRODUCTION

" particle structurs is determined by studing the elastic 7
- scattering of some rays by this particle. When obser?ihg éuch
scattering inipartiCle ensemble we get the "mean optlcal image¥
of particlevfrom which ope moy obtain the space-time picture of
the.ihtrinSic structure of.particle with respect to the sel@ctéﬂ
iays. We shuntei waves, if we intend to obtain mors detailed in-
formation about particle structure. “ |

Tn § 4 we shall discuss the principle limits for the
~ construction of such particle optical Image and the limits off
the applicability of the space structure of'eiemeﬁtary pax{icléo

Experiménts on elastie scattering of fast electrons on a nuce
lebn carried outwby Hofstadter's group which, allowed to déter¢ "
mine the form-factors of the electric charge and nucleon magne-
tic momentlzllBI t11ll present are the only examplé of the struc-
ture~measurement of.aiementary particles. Howevery; the study of i
the elastic scattering of fast particles of other kinds alsc gi~
ves the possibilities for obtaining the information about the
nucleon and nucleus structure. This information contxibutés to
the data obtained from the electron scattering éxperiments‘which,
vstrictly speaking, in their turn give the.informatiﬁn only about
the distribution of the electric charges and currents inside the
pérticles under investigation, i.e., about the "electrioc particle
‘structure. -

'Further, a detailed analysis 6f 1,3 BeV Ji=meson scatter-

ing on protons is givenlllu'This analysis, as it will be shown,



makes 1t possible to get the informa*ion both about the "nuclearﬁ‘"~

structure of a nucleon and about its "nucleax" or "pi@m" radiuse o
II. PHASE=SHIFT ANALYSIS

As is knovn, the differential cross—section of the- elasti=ij

cally scattered partlcles may be presented in the form°l/ 5f?f :

'dGQE ka
d2 4

L (2£+1)(1—ﬁg)Jg(005t9)}
Here usual noﬁatinns.are used, im partiﬁﬁlar,‘ﬁe::efgﬁte,;$
 where N is the complex scattered wave phase. e
On the basis of theoretical considerationsl4l and f%6h>£Hé.
direct comparison of calsulations with experimental datal5[ l9|
follow, that in the sufficiently high energy region E- 7' E*(E =.;'
- 1 BeV for Ifd=mesons and 5 BeV for nucleons, the real part -
of the phass may be put to be szqual to zero with th@ sufficient s
ageuracyo In this case the quantity ﬁe Will be rea19 due t@
this fact the phase shift analysis is consid@rably Biﬂpﬁﬁfgﬁﬂsﬁt
The values of- thn function _ |
[e)=2Imhg=-Cnpg

is given in Figo l‘in the fdrm of a hystogramm.

uw;ffi {<é>?

L/E@g simplicity we do not take inte account spin dependen&{;,
ce of the interaction and neglect the "charge=exehange“ proecaso'g
(compazre §5{). | : E



To caloulate these valuer batwmssn the exirems cxpsrimental wae

lues of the different

}..-4*

ial

i
| pe

eeesz=gpecticn of the diffractics seat-
‘tering dﬁé(e)/(jQE ﬁﬁ@mui"th@ curves with the Rarg@sé
and the smallest curvatwwr€s were plotted. (Cof. fige 3)o The
‘elaati@"@attering croge=gzeilcn at zero anglé in this gase was
normalized to the total srosa=sevtlon 6&2(%5#%§n:33,2i13n~&

A ~éc@&‘d1{ng’tol the opiisal LHEET 4B t=ol

| In a,sordanﬁe with s@ pla&t&d curves two hystogramms ars
'»gi?@n in Figa lo So0ldd curves are drawn %through the rectangu=
lay centrew of ths hystogramso-

The‘@fGSSwgeeti@n ef the nondifframti@n eléétis scattere
ing d()'nd/d§3=d6' p'/dSE-d,G'd/dQ _ak ths.energy E = 1,3 BeV in
{ D )= collisions is only S0 per @an @f«ﬂ§£/d§2 Coinm
gngie region G % 40% and wi*h gOud aoourady ons may assulje
that the funstions I(€) in Fig. 1 concern only the’pmr&ly dif=
fractisn ssattering. |

- The error might appear dus ig anglss regiowg whare
"d(‘i'nd/d.@?. b4 dﬁd/dQ, . Hewever, the approximation as (@‘)/d@
,iﬁ thie “gﬁgﬁyﬁf “ap*i*y"alli;gffanztiaa axzludes the iso-
tr@piﬁ n;zilffwa?t*ﬂﬁ ﬂﬂattsringﬁ/ (zze alse ﬂ)o“

L. aczordancs wi"'h the values I(%) Qsze Fig. 1) the orpee=

_sections wers ualcula#edg

_ 0 v 10 ;
'G‘tzbmfﬁd) i = )_ Gn\e), 6d Y 6 (e) RN &)
“/The ncndiffrac+1oq cross—gaction b is’ -~ 15% of

!Q

-G, due to great anglesa

n



=S@
which are 1n gbod3agree-;nt with thc.&xperiléatn; §a1ﬁ§S8¥f1 rfii”
o ep
6h=42%6—a&0hn636ﬁ,=26w%
Gy =(T,7+7,9)mb ; O“d..,P: T5thamb

R _exp .
G, =(32,3v*36,3)m5 ) 6_t '_=33:2-'t3"'_"'5}'

The calculated values

Aip(@)=6,,(21/6;  ead ay(@)=Gyt)fdy  (am pes oent)
are given in Figo 29' ‘ ‘ o ‘., SR

Iﬁ is seen from this figure that with. E} 6=7 partﬂai
‘ @fuss»seetions rapidly decrease with the increas& of . e

_ The angular distribution of elastically scattered partimégu»

les reaonstructed in consistence with (1) vy the first *@m vaw“
lugs are in gcod agreement with the initial curveso An insignia' 
- ficant contribution of terms with great values ‘Qv4  whiﬂh wer@ Tl

not taken into account is due to the fact that pion nuclanm imaf_~'

teraetion is a shortvrange one,

III. QUASI-CLASSICAL APPROXIMATION AND PROToNistUcfuasjgt,_gw”

At high energlies of the scattering part101@5 wh@m %h@ waw
ve 1ength X becomes considerably smaller in @@W@&@&@@@ wﬁ@& _
the dimensions of the scattering eystem and the r@&&@ﬁ@@ @ﬁm@g@ 
of the absorption coefficient im the nuclear matier in %h@ iﬂavi
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terval X AK/K << | the Quasi-classical approximatiom 4s ap--
plicable with good accuracye 12 @ﬁy caee 3 . 0,28 o 19=13@m
anﬁ gome times less than-tha eusleon d%&%aeiﬁﬁsa Using the vae

1cas I{g) according to the well=krown scxmmlagt 11 and assume

SRRV

iag that the nucleon is Purely aboorbizg asd T= x\rﬂ(€+l)~ Te
" €he cross~sections 6, ‘(&55*!5”n5 6l47”*0”m6‘@32 ealculatede
The angular distribaticn of elasticalls &@atte?ed pa“tiel@
15 represented, in Fige 3 Ly the d@ttcﬁ_lim@s caleulated 4n
’adcordance withllllg Soldd surves degigmate the extrems valusg
"ef experimental anguiar dietrituticn f?omllt with“the lapgest
“and the smallest cur¥atures, o

| Godd agreement cf/the calculated magnitudes with the cor-
responding'qnes_ealcﬁla&édiin the previous $eetion and‘with
their ekperimentai values may be censidered as one of juStifi%
cations of the further application of the guasi=e1assiCal ap=
proximation. Using this approximation from the integral equate

ion determining the imaginary part of the phase
I e
Lpr=] k(lp2est)ds , p= N@(ﬁu;‘:,\e W
> {here lgf:@rggx»)-we can calculate the pion absorption toef-
- ficient in nucleon as a function of the‘distancezirom the-nuc—
leon centre using the known values of](é) Fer this purpose we

rewrite equation (4} in thu forms | |

. Iqﬂ J K(T)Q(z prdn - e
‘Where o i Z/J{gwﬁpu N ior T .
| (Q(’Z,})) = o

\

/Y
b ~Q

| (6)
.0  fer T |
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For the numerical selution (3) 1s suitab;e;tof@resent_ingsuchﬁf@.

e form: n SR e ey
Ijijé‘KlP” O
where

Ki = KT, ’LJ‘Q(TL)J’J) = IJ I[@‘f’JJ J=(J'l/3)£n T

?'-the ‘mean point of the J vinterval.

This 1inear equation system has "triaagular torm" in vir- “f
tue of (6) and the solutiOn may be easily found by the succesv g
sive substitutions, The function K(r) thus calculated 13 rep:cn

sented in Figure 4., This function determines the “pion structw- e"

re" of a proton averaged ovar the spate interVal AT “’3\:,~

For the root—mean-square "pion radius" of a proton

<t?y= [ Pend/ ), e de -(55,

the.following_values were obtalned - -
=13
J<t?y =(0,82006) 10" "cm

that coincides withrthe-"electromagnetic.radius"‘of a'proton
obtained from Hofstadter's group experimentsl21 lBl As As. seen
from Fig. 4, the absorption coefficient essentially Ancreases 18

central region .of the proton. However, the values in thio.region

are determined not.guite precisely, as they are dependeht on the'_*f

approximation of dﬁd(e)/ dQ in the large angle interval. .

. This inaccuracy in the separation of the diffraction scat—:*

tering decreases rapidly with the- energy increase, as the fract—yr"

ion of" the nondiffraction elastic processes becomes negligible.,if

S0 with E=5BRev g = OoeGmWith

E=7Bev Gy =0,014G,,
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(Caleulafioniaccording o The statistical theery'1’1),
| ' If i1 the peripheral regiems of the proton JT ~-mesons
are meinly present one @Ay assuma that , N
" K(U)= K- p() ' S (10)
ghere K is the eneréy ﬁependent coefficient of the meson ab-
aorptidﬁ by the périphéral -un&aan field, aﬂd{P(’Z) is
the mean density of the ’,ﬂ'-meamm cloud near the point T
Within the accuracy of the expezimental data the a@alytic form
of f)tz) may be approximateﬁ by different curwes of ﬁype des-
| crabed inlzl o |
| In the central regions of the nucleoa K(r) is vexry likeﬁy
to be determined by’the other kiﬁds of the particlas (nucleons,
~ hyperons, lk;mééonsj and the forﬁﬁla (9§ is hoi appliméble§

IVe A POSSIBLE EXPERIMENTAL CRITERION OF ELEMENTARY
' LENGTH EXISTENCE

Duringhthevlasf»years‘the idea that there may really exist
the.limit of the ‘applicability of the sonventicnal space=timed),
discription of the particle ‘structure connected with the exisg=
tence of a certain ‘"elementary length" has been frequently suge -
gested. Thislidea'Was expressed in differentﬁyersiOnS/6f’th8”
thepryvof'ﬂnonlocal field" or "nonlocal interastion", (seegieaga.
: Il%L)v;Such*theOretical schemes lead to thevform=factors which
ﬁeaken"theuinteraction'for'the‘shcrt waves. In this way ore might
hope ‘to-elkminate the divergences from the modern quéntum theory

arising Jjust due to the ultrashort waves..



It is possible, however, that this point is the weakest
one_in the "nonlocal" theoriesj/@ GQVP,Vataghin and EeFermi
were the first to notice in their statistical theory of mulé
tiple production|16l that at high energles the,interaction be-
- come¢ not weak, but, on the contrary, a strong one. The calculat-
lons show that the weak (iﬁ‘the sense of the~gensrslly acceptéy
ed clsssifiﬂation) interaction of Fermi type'(‘v e, ) also
becomes £rong at high energies (the cross seotion 7 R )'17l

- Now we should like to put a question. under what condit—'
dons from the purely empirical standpoint would it be possible
to speak about the nonlocality? Evidently, these conditions
will occur when it would become impossible to use the elastic‘
scattering of partioles as a mesons of studying their structureo;
Thus, the matter depends upon the assymptotic behaviour of the
cross—settions at high energies, _

1f with A ——~ 0 all the elastic'soattering for a certain -
internal region R will tend to the diffraction scsttering‘on}

‘Wbla k sphere’ of the radius R the elastic scattering will
- give notinformation about the iﬁtrinsio structure of this rsgion
any longer and the maximum information will be_limitedsoyzthe
data sbout the outer dimensions of the "pphere"

The scattering GrOSS°SGGtion which is due to the process

in this region will be emual to TR (»J”Xa and equals the

‘corrssponding inelastic scatteringo

3/‘I‘his circumstance was alse noted by Mqu MarkOVol;5l
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 in'this cass instead of ths discription of the space~lixs
structure'the probles abeyt pessible ways @frparticle transs
: formation will bezome igperiamf? | | |
_ The magnitude of R from %hie peikt of view 48 the S&mE
‘length swéle%whiwh determines the r&aﬂ'nsnlﬂeéli&yé 1.60g the 1i=
mit of the applicabllity of - spucg=%&m® ﬁa‘mr¢p¢*©m sf ¢he @&éu‘“=
le:strunturea o / ‘ |
| 1% can be seen fr om the analysie s€ the pi@m sta&%@@i@g en
the proton that there is a tend of the appsaring of the "Dleack=
ness" in the contral nucleon regione
From the point of view given hepd® the further study ef the
energetis depéndence of elastiz plum esatterinrg may da of p&aua
cipal importépcéo‘A |
| - It pén te said that the dimepsi@n ef thé ronleocality 2B
musf not be a universal 1engﬁh So 1%t may deperd upem the kind
of the interaction. The minimum a@ale of the spaﬂavtim@ dlaspipt=
ion R determined by the dimemnsiéns off the "blask spheze” z=ay te
introduced into the theory im a relativistic invariant Y370 In=
deed, the’ saatteredeave’phase e 1s an invariant. We ﬂﬁ%@m&

to consider'i as a function of two *nuawian*"‘Lgh

¥

L o

| r,‘r‘“ wo(Pu PR .

D=—t—~  and F- P.LP LA N ,
@ P .gng . (11

. m _ . . ) . . ‘
Here ﬂﬁﬁ is the four-dimensicnal energy-mgmentum vector of all

. O | v L
the system oz the whole, whersas i 1s the same for the relati-

ve motion of the incident pav*ﬂc*e and the par icle ¢f the asatte-
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rer, and fipallyﬂ .

ru Ewo«PMocﬁPv
o o BT (13)
Here E}lvotp - 13 the fully antisymmetinal unit tensor of the
forth ran&, Pﬂdé is the momentun antisymmetrical tenso-g.Using
there invariants the "black sphere' may: be determined as- follows.

Qg:_ 0 1f _]4)\,/;-‘, >R® and No=+Lloe , 1f DFeR? (13)

for F % Py, - where Po is a
certain great momentum which points out that the opacity eccurs.

The quantity‘,D/F‘ is the operator, therefore, the #ine-"

qualities (13) are. determined fcr'its elgenvalues, H'l,a_
= ‘ M=
It can be easlily seen that in the c.m.s. (53:(} IVF'; 4-7:
hae(8+1) = Po® V
v ;:a y where M is the three-dgmensional angular momen==

tum, while P, 1s the three-dimensional momentum of the rela» -
tive.motion.‘D/F' determines the collision parameter in a relati=
vistic - invariant waya _
Note in conglusioﬁ'that in the perturbation theory thefe aré.

knoWﬁ "propagation functions" which lead to the divergeﬁces in
the :egion;of‘greatlffequencies. These functions are oonstruéted
with the help of the'plann wvaves which were used és a’zero.appro_
ximation. - ' | | o

- Meanwhile at great f#equencies of the fiéld iﬁ the pIESence‘
of particles the plane wawe wlll be quite a bad approximation due
to the diffraction scatteringo Instead of the plane wave one ought

te take the expansion in a series which takes into account the
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. the sharp change of the wave fleld at great relative momenta -

0of the interacting partiéles. This'gives rise - to the relati-
vistic invariant cut-off formwfactorsa-Howerer, these form-fac—
tors are due not be the weakining'of thevinteraction'at great
frequencies as 1t is assumed 1n the conventional nonlooal theo«
ries ‘but, on thc contrary, due to its strengthening. As a whole,

' uphenomenologically, this factor takes into account the intensi-

 ve inelastic processes'of any origin which occur at high energies,
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Fige 1o

Fige 2o

Figo 3.

) Figo 4o
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FIGURES

The histogram of the values of the function 1(9)‘21n4ﬁe
calculated for the extreme experimental values ‘of thel

differential diffrqction scattering cross-sectiono

V'Solid curves are drawn through the centres of the histcei

’gram rectangleso

kRelative contributions of the ~ partial absorbticn

cross—sections A,n(ﬁ)-ﬁn(eﬂ : V’and‘ofkthe partlal difé
fraction cross—sections Adwd(%(eﬁﬁf  (in per centYe
The indices " + " apd % = 0 distinguish respectively the

curves drawn for the cases of the differential diffract=
- ion scattering_cross—section,withrthe 1argest,and the

smallest curvatures. (See Fig. 3).

Solid curves show the extreme experinental‘&alues of
the'differential'diffractiOn scattering crossésecticu‘
(with the largest or the smallest curratures)o”Dashe&
curves show the angular distribution of the7diffraetion~
scattering which was calculatee according tc the optical
model formulae,l 114 Two curves correspond to the two curw_

ves for I(€) (see, Pigo l)

The absorpticn ccefficient K =K (r) as the function
of a distance from the nucleon centxmo Two curves cor—-

respond to the two extreme experlmental values of the angu=

lar distribution of the dlffraction scattering (with the

largest or the smallest curvatures)
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