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l The study of cos~ic (rays and. especially_ the research made rece~tly' 'with, 

a.~·celerators have' led to the discovery of a whole world 
1

of elementary particles, 

At present it has become clear that ·elementary particle~ themselves_ are·" 

complicated objects, which are likely no less complex than' atoms _ and molecules, 

'This is proved by the existence of a sys~em of baryons w~ich ~a~ b~ treated 

as sequence <;>f.excited nucleon states, The existence of resonances in the ba-_ 

ryoi:r-meson system is also proved, Th~_ concept of; the nucleon form-factor and

the polarizability of 
1
the nucleon has appeared 'as well, 

, Another important feature is the recent discovery of resonant states in the 

system of interacting. mesons, which suggests}"- c<;>mplex structure for -mesonic mat

ter. _ Different decay modes of baryons and nucleons also emphasize the great 
, ' 

·richness_ and variety of the micrc:iphe~omena, As we go further intc; this world, 

the · requirements on · accelerators and experimental apparatus_ are becoming_ ~igher,_ · 

One· may feel an apparent trend to construct accelerato_rs of the highest en_ergies _ 

and_ intensities possible. It is, a salient feature of the up- to-, date experiments to -

obtain pure beams of different· particl~s, to · build up big ch~nibers and· hodo~copic 

systems for detecting e~nts, _as ~eil as automatic 'machines and · electronic com- · 

puters meant for analyzing the information. 

Th~re are all grounds to believe that these trends will remain true in the 

future and will require ever· greater e~penditures and efforts of· -many people, 

So, it ;,,eems to b~ very importa~t to analyze what kind of the~retical inf or-· 

m,.tion may facilitate pr.ogress most effectively, __ 

This report is an attem))t at such an analysis, 

'. I 

I. Theory 

1\-bdern conceptions based on quantum field theory ·prove to be ~ffective 

when th~y describe_ the properties of free stable partjcles and unstable ones if -

· the. radioactive _decay occurs _:51owly enough. It appears possible to characterize 

particles by concepts, well- known in quanfum field theory ( particle mass, ~harge, 

spin, isot~pic spin, pari~, strangene~~ ), The. ade
0

quacy of this' de~cription :con :_ . . . . . I . - , . . . 

firms 'tJ-:ie effec_tiveness and , correctne_ss of the modern theory as- far as free par-

ticles are concerned,, 
I ' 

9-tite !'3.n opposite situation is met when we try to calculate particle interac

; tion~~ It
1
,seems that in a Ir]Ost general form such cC:.lculations may be made in 

two cases: 

a). when _one can make use •of perturbation theory, as is the case in the 

.theory of electrom~gnetic or. weak interactions; 
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the ·b) when one succeed~. in slicking_ to the_ most general 'principles;. of. 

.. m~~~rn theory as, ·, for instance, i~ u:i~ the'ary of dispersi~n relati6n;, a'.~d in 
;. 

"Re~i~tiC:~," ~ _ 
~ l . " ' 

Both these methods are limited in. their ,applications ,and are _very,' far fro~, 

be_ ing_ able .to predict theoretically the· properti~s of the existing particles and the 
. . . . . . 

. results of their interactions. 
. ' . . 

It. is essential that the basic principles of the modern theory still rest on 

quantum field theory which is a certain synthesis of quantum . theory and relati-
/ \'vity. 

. - ' . ' . ' ' 
This synthesis, which is, of coµrse, far from being ideal, was accomplished· 

u't the. thirties. Since then the f;llowing modifications. have been mO:d.;;·: ·, 

a). :.Re,lativistic invaria~t perturbatio~ theo~ a~d ~e1ahvistic invariant renorma,;; 

li~ation theory ( ~em~l of infinities ) ~ve been developed. , ' 
. ' ' .,. . \ . ~ . ' . . . ;' ' ...._ 

b) The fundamental ·significance· of causality has been understood, which 

led to the app~~rance · of dispersion relatio~s as ,;._,ell 
0

as '" Reggistics" (analytical· 
. ' . ' . 

properties of the scattering matrix). 

. However, one has to conceive clearly' that no ·esse~tial changes seem .to 
' . 

have taken place iri the ba_sic principles of the theory. 

ln spite of a good deal· of experimental results accumulated in the domain 

of high ene~gy physics, · none of the experimen~ so far have l~d to a contradic

tion of the main principles of modern theory, i.e. of ·the general principles of ,re,:_ 
,, ' ' 

lativity and quantum m_echanics. At present there is• no phenomenon which, would 

contradict. the modern theory where it is capable of predicting a reliable number. 
' I ~ •. ,, . \ / .• • . • • 

, One may expect that this consistency of . theory with experiment may pe violated 
I 

for small~r collision parameters. 

II. " Elementary" length 

. . . . -M 
At the present time experiment covers the range of baryon wavelengths 10 cm. 

, " \ • 1"""' 

:The advance· to the region of even smaller scales was· followed, .. as usual, by the 

appearance of prin~ipally ~ew ph~sical phenomen~ having ·their , own specilic pro -

perties. .This. allows one to believe, that in the small, space-- time inter(.als the 

·main conventional 'laws are to be violated.' This widely discussed idea may· come 

true. 

We shall ;speak about a certain elementary, length which , characterizes the . 

space- time int~rval ·where the supposed ~sential violation of th~ convent{~nal 

laws occurs. 

The purpose of physics · of the, near future is to investigate !horoughi.y the 
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. pheno~en~ 'described by: the· physics . of small length~, · These task·s. can be ac

complished either with accelerators•,in which extremely.high energies of the·•ao-. 

celerated-·partlcles are attai,;iabl~,- or with machines of lower energies but ,very 

high. intensities of, particle: beam:3, It would in principle .be possible, by ma~ing ,,. 

i 
I,• 

relatively rough me~s1..1rements, .. ,.with , the 

the inconsistency_ with· the theory. should 

ultrO..:. high energy accelerators to record. 

it , be come greater with. increasing energy. . . . 
Accelerotors with very intense particle beams could have led to the same. result, 

, , :'.if. precise measurements· are 'made already i~ the energy ranges · .where these' 

~ivergences are small, 

· Our· forecasts will essentially1 depend on what length is to be. chosen for the 

role· of the fundamental, length of· the microworld, It seems • there are three such• 

\ pretenders~ a
0 

.. 10- 13c~ ( the···electromagnetic nidius of the electron- e2/mc*.; 
. . - 13 . . , · . . -13 . 

• 2,8,10 · cm or the Compton wave length of the pion h /µc • 1.4, 10 . cm),. 

a. •. h/MC -2.10~ 14cm (-the.-,Compton wave length of the nucleon), a,,.'....;~ 
. M -17 . . , . . , he 

• 6,10 cm. ( a. characteristic wave length of weak interactions), 

The first· of these seems to be foo large. One can hardly expect that with 

the P,resent experimenta1·· facilities this length. would be considered critical, There· 
' . . · - . · -16 · .. 

,are .other umversal "lengths" shorter than 10 cm but. they are still.far'beyond 

,the up-to-date experimental possibilities, So, we will' not discu,ss them now, The· 
' most probable candidates for the role of an _elementary length remai n now a M 

and , a F. '. • 'l'his imposes certain re.qufremer:its on future accelerators, Let us 

consider .the case when the expected length will be of order of 10- 14cm, 

Here a study.,.of strong interactions will prove to be most 'important. At the 

same time one shoi'.ild hav~ the meson and_ nucleon momentum in the centre-- of-

mass system to be Such a_ magnitude ,of momentum is . now attainable 

with up- to- dbte accelerators ( at Dubna p= 2 Mc , at CERN, Brookhaven p • 3, 7 Mc, 

at Serpukhov p will· amount. to about 6 Mc),· 

Therefore,' if the critical elementary length is a M then the modern' accelera

tors may yield very important new information. 

The ·esti.inates show that for ,I- P.: - scattering at 180° accompanied by a 

great 'momentum transfer the accel~~ators presently available 
+ ' 

!C p -scattering it will 'be necessary to increase essentially 
. . . 2 . 

beams ( 10 times), 

1an •. be u;tilized. Fo!' 

the intensity of K±: 

· ~16 · 
When the· ele~entary length turns out to be a.,, = 10 cm the s_ituation will 
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be extremely unfayourable, smce fo.r -studying, so. small scales .a particle. energy 

of more than 100 Ge V , in . the c.m.s. will - be needed. 

What •departures frortl 'the general laws may b~ expected? First of all, we 

think . that no change irl the laws · of · energy and momentum conservation should 

take placex). These la.;,.s are connected . with the translational invariance in space-
, , ~ / 

-:time of .the whole interacting system,· and it seems that .there are no ree.sons for 

its violation. None the less, one may think of some theoretical sch~mes in which 

the translational. invariance is not fulfilled. So,. as far as this problem ls co,ncerneq, 

we ought to be attentive to the experimental results. 1 

Still it appears more lik~iy that we have ~o be ready . to face any surprises 

whatsoever c'onc erning relative particle motion ( i.e. just the in"otion in which par-
' - ticle interaction is' displayed). 

\ 

Let us now · turn . to elastic particle scattering, It is determined by the scatter,.. 

ing a!llplitude A which depends on the two i~variants t = q 2 q is the mo-' 

ment~ transfer) and '.s = ·;., 2 
( w is the total; energy): 

AmA(s,t) 

That A depends on s and 

at small distances. Nor the relativistic 

can be violated, since this property is 

can be altered by no "tricks" whatsoever 

invariance ( covariance) of the amplitude 

determined by large. asymptotic distance 
. . . . ' 

for which there are no grounds to doubt the. applicability of the Lorentz transfo.r-

rmtion. 'I't:lerefore, if the scattering arn"plitude A ( s,t) depends · on the elementary . 

length a as well: A• A( s, t: a) 
1 
then this dependence cari lead .neither to a violat ◄ 

io,1 of conservation laws, nor to a violation of the Lorentz. invariance. 

Ho~ever, the departure from the co~ntional geometry laws or <:=ausality at 

small distances may lead to .a ~hange in the analytical properties of the scattering 

amplitude and, therefor~, dispersion relations. When · causality is violated dispersion 

relations will not be. fulfilled at all, or will be modified. 

In particular, in case of. a sharply limited space-- time .region, inside which 
·,. . ,. • . 1 . 

causality is viole.ted, disp';'rsion relations will hold . true . for the. quantity 

A(s,t: a) • A(s, t:a ) eh/, where ,t, ":' ac/J_(s, t) rather . /• 

than for the scattering amplitude A ( s, t: ~) • The quanti~ ,f,_ me.y serve as a -. 

· ~j Such 0: possibility_ would b~ rath';'r met in the gener.:tl theory of relat~vity in the 

macroworld than in the microy.orld, 
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-measure is ,.to how far we depart from ~e usual: dispersion relations. , For the 

forward scattering - ,f, ;. a E0 • ~here, E0 ' is the meson energy .. in ·1a,b. sys, _' 
• I, .. -14, : , . 

, Hence• a_. a • 2,10, · cm 
1 
then ore should expect most serious violations of 

~ ,,. ; , /. . M· ~ • 

dispersion relations '. for mesons of· energy of 1 GeV, 

,, - For · / • a, • . 10- 16 cm the situation will be much ·more unfavour<3.ble ; \ 

in this •case at Eo • · 10 GeV, ,f, •_ 0.04; at E0 ~- 30 GeV, • "1, .; 0.10 and 

0.20. Irrespective of the character of a' possible violation 

,. of dispersion relations• their verification presents, _especially for ,, N scattering/a 

,fundamental problem )n s~udying strong. interactions ( in th~ -case of NN scatte;i~g 

, .dispersion 'relations have a large non- physical region. For this reason, nucleons , 

_turned_ out to b~ not so fortunate objects for' studying this proble~). 
I / , \ • 

As far as practical realizati_on of this verification is · _concerned, it should 

be noted that with accelerators presently available it i~ possible ~o-, measure ,RE;!A 

,with an accuracy of 51- 10% in the _e".lergy region up to -10 GeV for rrN -scatter- -

ing 'and up to 30_ GeV for NN, scattering in the forthcom_ing years. 

An accuracy of about 1 % ~ould require . an increase in the beam inhmsity 

, . not less than by two orders. To measure the total cross section- a,
0
,. which 

ente;s into dispersion relations it is necessary to 'make use of accelerators 

with' extremely high energie_s -of 50 .;.' 100 GeV. AL this energy, according . to _ the 

available data, one may expect _that the total cr~ss s_ection a tot-_ reaches its 

asymptotic value for rriost of the particles. The _ requ_irements to the i~fensity, of 

the accelerator for making, this measurement are the usual ones - of the order O~,' 

io particles per pulse. 

Anothe'r important examp_le of experim_ents in which emphasis is on a variety 

, of .beams and high -detection efficiency of events, rather than on particle energies 

is -~ivein' i; ,exp~riments on 'a check of CP'I' ,-invariance, A verificatioh 0~ the 
' ' 

CPT-theorem, is very essential for ili.e theory,. since its proof r_ests on a postu- · 

late of locality -( in its ··modern general formulatior( and does not contain, be

si~es the main axioms, any particular hypothesis ( like hypothesis cif the I--=:-~-
· rangian method etc). The CP'I' - theorem can, be .verified in experiments on , 

measurement . of the perpendicular, polarization comp_onents e + and e - in the 
+ + + 

cascades rr--_. ➔ "- ➔ e- in the ~ecays and K , 
- ' . 

in the experiments on the measur~ments of the pE;!rpendicular components of nuc

leon and anti~ucleC:,n polarizations in the cascades -· 
Y ➔ N +'rr, Y ➔ N + ,, 

To. perfotn;i these experiments the ~ost essential thing is to niake pr';_gress in the 

detection technique of the antinucleori _appearing in the decay 
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It seems that a complicated combination of electronics, spark and emulsion 
\ . ' 

chambers will be required. 

One may .assert. that the effective instrumentation will allow to det"irmine the 

· longitt.idinal components of nucleon polarization already with the presently, available 
I 

accelerators. 

III. , Electromagnetic Interactions 

Esse'ntial, progrei:;s in re.vealing possible contradictions of field . theory with 

experiment can be achieved by studying the electrodynamical effects, First and 

foremost, this is 'ctue to the fact that for particles which do not suffer strong in

teractions ·we have .a .consistent theory of electromagnetic interactions ( cjuanhmi 
> ' 

electrodynamics} which is well checked experimentally .\vith electrons. 

How:eWr, at· great momentum transfers, even for these 
I 
particl~s ( for instance, 

in, elastic electron scattering), we are· confronted with a little studied violation of 

. electrodynamk:s which 'is due .to a pure electromagnetic prpctuction of meson and 

nucleon pairs; 

sb far charged vector mesons ( p ,· k •) have been discovered, 'The inter-· 

mediate vector bosons responsible for weak interactions are supposed to exist,· 

However, there is yet no consistent theory of the electromagnetic interact

ion of vector particles, 

It is. likely that already in this case the electromagnetic' interaction is mixed 

up with the strong one, 

".l..lst at the p'oint where strong interactions, become e.ssential theory is faced 

with difficulties of principle, 

,· 

In particular, the electromagnetic interadion .of. strongly interacting particles, 
J - • ' ' ' 

for instance, nucleons may be calculated. in the region of low. electromagnetic 

frequences when particles may be characterized -by charges,· magnetic moments 

and polarizabilities (both magnetic .and electric),·, 

'The· study· of the link between the electromagnetic and strong interactions 

rmy become a subject of a· wide range research, Among them, we may_ point: to: 
• ., I . . . 

1. The study of the applicability of the basic principles· of modern theory 

to electromagnetic interactions of strongly interacting particles; So, for inskmce, 

one may conclude from the basic principles of th'+ theory that the form- fact~rs at 
' +' ' - .. + . 2 

f=t-q-++oo for the process · ,r-+ p ➔ e -i- p and p + p .. e + e 

must be identical, 'The verification of this conclusion would be a check on the 

locality of the theory, 

2, 'The study of_ the production of, strongly interacting particles. in the anni-

8 
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hilation of .. electromci.gnetic', int;ractir,ig partidet, ' for.' instance, the' proceSSL'~:' in,' . 

. collidi,.;g bE;ams: \ ""' ' . ;; 
~+I 
e + e -+ 

... 
NN 
etc 

and. the inverse ones, for exam'ple, N'+ N ➔ e 4 + e· _. ~-•. r 
\ • • I• • ,', ' :.•,, ' • ,:' i/: ~- ,_ • ,. ' 

'For studying the former. · processes · we . $hall • be · in . need of, accelerato~s with , ·, 

c9llidi~ )>.earn~. ( or ~torage .rings) wi~ the bfam particle ~!1~rgy fro~. 200 ~y, up' • 

to 1.5 GeV and higher and with the beam current, of more than 10 !\Ila, :A study of·:-. 
the inverse' ptocess is 'already! P?Ssible on rn'.odern accelerat~rs in pure a~tipr6- 'I :: ' 

3,: A sti.tdy of. electron s'cattering by nucleons 'c eN) and pions. l::iy' electrons 

( 11e ) will yieid .the mo~t valuible information' .on the charge and cur~ent ctf~ ' 
tribution in strongly i~teracti~' parti~les, In' these experhnentE;. ii; is desirable to~ 
study processes with a .momentum 'transfer ~C:r~ than 1 GeV/c~•· , , ·, . . 

. . ·, , • '.,·I ' . , ~ . ,-,.,, _. ' - ' '· ; ., •" I ' ,; 

' 4, Scatterir:i,g .of pions, by',electr:ons will allow a study of the el~ctromagnetic 
I 

s_tructure . of the pion,'. 
\'. 

To perform there experiments it· will be necessary fo construct accelerators 
, • .• I , • • • ,· 12- ,· . . · 

· with an.energy .. of.above-100 GeV and with,intensity.of·.10 particles per pulse!,,'-· 

;, . Photoproducti~n of r~~~nons. on· nuc{eons and prod~cticin · of vector pa;,_, 
f , ~ • • ;; ' • ' • • • - " • ' t 

'tlcles in' the Coulomb field. This ,kind of research may be.-performed"with ~odern 
\ . ' ' i ' 

electron acc!elerators. with an energy of 1· GeV, •:, 

', • 6. The Compton effect and photoproduction of meson'~ 6n 'nucleons hilve,• not 

been sutt'i~ie~~y studied eith~r. Here 'it. is .of interest. to st_u_dy precisely b6th thr~S:, 

tiold region arid high energy processe~ with moment~' transf:!rs . of more . than :· , . , , 

1 GeV, , 
. ' . . 
7, A special .place is occupied by /J. -.meson. 'rt would be extremely, impor:-.· 

. ' ' . . . ~ 

,tant to find the distlnctic:m of its elect.;,magnetic pr6pertie7 ~rom those of, a_n. eiec- .· 

. tron.. According to the gyromagnetic ratio ~easurements on•f may 
. . . ' . '.· .. ', ..:.1,4 • • ' 
distinction will be beyond 10 · cm, i.e, for. the momerih,!m. transfers 

• . . • _; ·... . I 
1 GeV/ c.' 

believe that .this . / 

greater than . ,·, . \ ~.·· -· 

·-. ~ · i~ ,. ~een fr?m thi~ brief 'sketch, , theory is capab!e\'. of ~utlinfr1g a· grea\ 

,_"'1riety o( investigations on the connection between the electromagnetic and strong 
• • ' , . . I • , 

interactions where the discovery of non-- trivial and unexpected events seems:; to be 
'very probabl~. · . , ' . • ' . 

,• The connection between the elec~romagnetic a'nd weal<: 'interactions .will· be 
. discussed in, the last' chapter of this report. ·. 
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... • '; 11 -~ ' , 
N, St~orig · i· eractions 

\'.:§;'', .. ' . . :, ' . ' ' ... , ' . 
. -,,:\ '.At high enqrgies, there may. occur a· much, greater variety. of processes and 

)_ 

t ,'' , : '~ t : \ . \ , 1 , '• ' , ' / •!I' f, , ' ,1"' I •• ; f '°'" 

effects than. _at low .. eri.et-gies •. _ we· outline , the·- main :. ones: 

- I. 1 .:,:er 1;'.,.rger i,t'.t~b~r of 'particles. ·is-, produced , per collision, It is' of greai".., 
• ' ~ ·~ ,· ' , ., ,' • \ 1 ' : f . '. . • . • . ' . • . :- • '.•. •. • • \ ' - ' . ' • '· . ! • '-. 

interest.. to analyze· thoroughly the·' character of multiple;p'ion.;production· in-·view· of,. 
.' • ., 1 , • ; '_,,, '-:, , • • ' 1 • ' , / I ' ' ' ' 

_'the.' existerlce of high excited' states which decay; into •pio,.;s.- In.µ .. :; rlight of ·;;•cerit 
' , •• ' ' • ' I \ • • 

tliscovl?ries 'rriade . with accelerators of new resonant . states, . on . tii'e one • hand,", and' 
, . • :,'. • •· ;' . . • . •. . .. • I• • ( . . . , ' ,, . , • 

of'the 'existence of the-effect,due to the so-called "fireballs.''. in high.energy cos-,_ : 

mic rays, 'on 'the' other, -~ne is naturally:; led t~. thi~>that thP;e is'a \~ii-lite ~umt5~'r.·. 
;f '.si)11ila; '._s_hor~- llve~ · states of m~tt~r, •d~c~yi~g into -"-' -mesons. _ · 

, 2/At high' energies -antinuclei with ever larger atomic number w·ill be creat-_ . .. .: . - ' - .. 
ed. ,. ·, 

_. 3~ 'I'h::,,: appearance of ne-w particles .:inc:!' resonanc1s is po's,;;ible. Of principle . 
•' ·• • ' .• -~ .•-• . • _. / • • •,. , ': . • • ,:,~ ' '•• ,I • ' ', • .~ ·• \, ,• • ~J .; • .• • ,•~ 

importance for the theory ·will ,be to_ inveshgat!=', whether _at high energies the con-,, . 

s'ervafr::,~ l~-W~. are f~lfilled ~r not ( ~oriservation ~f is6s~iri, str~nge;.ess, parity ·. 
~ •• ~ j ( • ' • i •• • ' - ' / f • > • :·•, '.'' • ' ' : :' -/ ' , '.' 

. conser-vat_ion,. conservation of G, -parity, andiof charge·:c·onjugaU~m): It.is ?).ISO ifri:. 

· ~ortant to :study' . som: posiible a"ppr~;imate' sy~inetries, ~f: ~trong {nte_r;c~ion. ( efght-=:. 

·fold-~~~. u~itarity symmetry;' y ::: invad~n~e et~). . • , · , - -
. , ·.- .· .. .- .· . . . .- .. ' s. . . ,'. . . . .. ; . ,, . , 

, '.' 'l;'he· recent development of theoretical.", concepts based on general ideas of,_ 
, - , ,· ' f . . , • , ~ • ' , ( .• ,, . • I ' • , • 

. , analyticity and unitarity has led to· a number of essential conclusions which'. should -
"/~'. . ·,:...... • .• • :_ ~ : .• - •• ' . ·~ .. _ ';, -. ~ ·.. • , • : . . ,· ,. ' ' 1' •· j 

::,~-'. experimentally-ve':ified .in the high energy regior:i- · Especially greatpr?gress was 
. , .. '•·· "I,' . J ~ •.• ' - • r , •. • - ' , - • •. ' • ' • • ',' • • '-

•.:made. recently in the theoretical investigation -of the asymptotic behaviour of strong 

cinteractio~'s when ph~sicists ~ucceeded_ in connecting ,the ge;.eral princ,ipl~s of ' 
.... :: '~ ; ~ ', • : ., • ._, ' • • ; • • • • • ' • < ' • • i • _.. . I • I 

';analyticity ·and, unitarity w_ith the 'complex 'angular momentum' technique. 

It -turns' out that ~~~n· the ene;g;·i~ es~ecially hlgh. the~e ~rise ~dse;tiaily 

·si~pler::'-phy;ical sih__;ations whicH <illow ,, . ' ., 
one to extract the ,dire2:tly •,~bse,ry-able con-

sequences: from the, general theoretical concepts~ 
• . ., I I, ', . '" / ·~ '., .' 

. · ·, -. We would first like to· draw attention to the conclusions following froni ,the 
~ • ' ' ,·_ . . i ' . . I; I . - • .. • . • . ·•. • • ' •• ~ ~. .- - ' . • ~ I : • I • • 

· most, g0.nt:;,t·etl :principles· of local field Jheory. Th~y mainly concern_ the asymptotic 
. -. ,' , ' ' ' - • . . ' •• - t 

rel~fions . bchveen cross. sectiOrl;S/ at . hlgl-) energies. We stress the: following I re tat.: . 
~ ! : 

.- ibns<w\--iich may be chocked 1 expe.rim~ntai..ty: ' . ,·' ' ; ' ' 

., .1, Equcllty of th;; total interaction cross. sections for partlcl~~- and ~ntipa:r-
. . ' , (. . ' . 

ti·c1es-. ·~t , high eri~r'gie~ 

,;:---·, 

,_ 
•I 

,-_j 

1' 

I 

otot (pp)= ,ototf P; ), 
.• . \ ~· 

. o '("iN)=o ··('"iN) tot - • tot_ , · . 
) \" . 

+•., . _- . - . I • 

0 tot ( ". p ) = 'fu~ ' (" ,,P) = 0 tot f "~ p _) 
I ~. 
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2 •. 'I'he ~~mptotic· ~quality of the I differential ·c~oss. sections at the fix~d '· mo-,· 
trans~e,;s. , • " -, . ,, /~:- - .:, , -, , -;~ .", 

/ 

~·-~ .+' , + ·+·:,du·'. _ .. ,-- +·; 
<it(" p -+K_'i(~cU,(Kp-.~·'iJ 

I 1, 

, .. 
d;,/(Np~N; )a'_!!!_ (Np~ Np 
.dt . . ·. . dt I• .. . 

3. ·A-relationship behveen the . total · cross sectio~s · and 'the ·forward •ctifferen-

. • tial cross section 

I 

du 

dt 

' 
. 4~ 'I'he asymptotic, 

'1 . 2 + 
-c- utot · (" P) 

I ;:1617•., · .. 
equali_ty of. the ·form-factors ·at ; 

, ,a. 
:~:c. ✓-~ "'✓ _.·~oo 

.,P'?ssible ~to :::~r::iect, the cross. sections for. the pr~cesses e+p-ie+p· 

,and p+ p-+ e+ ~ .. · {_see. chapter. Ill). 

inake.s it• 

·5; Disper~ior: relations·,may als? • be referred to' the consequences 'collow~g . 

from the ,mo.st g 7neral prin~iple~ of the, theory. :: 

''I'hey were. discussed 'in Chapter ri. The requirements to the accelerators.' < ' 

~ ' ' ' , ~' . ~-, \ ' ~ 
; imposed· by · the · experiments on the ,;check· of· the· above ' asymptotic- relations · are 

< ab~ut the' s:die as < those ~onsidered ~l'iilier in connectio~ ;it~ a verifica.'tion of' . 
. . ~ 

_'disper's.ion relations., _ , ./ . . ,· . , , . • \ 

Now we point .to some 'i~teresti~g .and; importani:".consequenc.;s ,'of the; theory - ! 
. ' . ' , . 

whic\'l, however, resulf from . more particular 'aclditi~na,1 'a~sumptions/ ~deed, .. if . ;,.e -

'..suppose 't~t the· Mandelstarn repre~entation . f~r the 'scattering ·amplitude i~ cor:.. 
, I • f , ', • , , • I ' " O ' ,: , '"'- ', , ': : \ • •, ~ ,' / _ ,: • \ \ •: •• ':._ ~ 
rect .and· that· the asymptotic behaviour .of. the·· amplitude •is determined -by the poles 

• ,·. ( • < / • • • - • ' •. 

in , the ai:gular momentum plane • ( Regge· poles), . we . can d;a)li · some. hnpor~nt c~n-: ' 
'clusion~: 

1:. Elementary. Particles and Bound States. One of the· most important pr~~ . 

lems in
1 

physic$ ~s1'whethe~· th~re is any 
1

principa,l cti7tinction b~twe:n. 'o~jects,: 

. l;'Qich we call ~lenienta'." 'pa~icles, 'and compound systems iik~ :at<;>ms an.ct molecu

les; The po!~s • in' the e!astic, scattering amplitude· ';=orrespond· b.oth to elE:mentary 

' 'particles and to bound states. In th.'a case of co~poun"ct. particles these .. p.oles are' 
; ' ( , , '. , i ' i / , ~ .', , ' ' • 

the ,moving on~s ,in ,the ·plane of complex mom~nta · ( i.e. their orbital.· momentum f_; 
depends. oh th~ 'energ~· ,/ t ! ) • .'1/ the poi~s co~re~p~ricting. to '~lem~nta~ particle~ 

'i haddisplc:i~ed ~e same behavi9uf; 'it would h:..ve ~eeJ ~- str~2~ -~rguni~nt ln 

•\, 
I 



' . '~ 

- 1!• • // ' ' .,, ,, 

- favour ;of th; absence of a principa' d,iffer;n~~ b~tween compound . and 

particles, ' 
\ '! • ' ' . : '.A' ~tudy of_ elastic 

I . ' . - - • • i 
-. nitude • ':U':'(P/-k;·, -( 

scattering of positive· pions: on· protons at_ the -given_ mag- ; 
' ' < ' , ' I ( ' ' " ' ' 

p; 'is _ the initial. 4- momentum of, the proton, · k 2 ·is. 
l , · • ,, . · , / 

4-momentum of the pio~J throws some .light on this problem,. At; the same, 
sh;,l.tld be §mall c·oin~a;ed~ with s. , i,e, the' scattering 'angles are . 

close_ to 180 °, ;° If '( .EL J . . , t '. tends to zero, when , s ➔ 00 then . the proton, pole 
· dr:2 u=. cons · , ' . · · ._ , __ , 

, is a nio~ing' on~~--Shnilar : experiments on K- meson scattering by' proton;, yield ·the 

. same i~ormation on A : i hype~ons; This ~e;· of experiments may be e~tend ed -

in, order to include P and ·.R :. me;;onic ipoles, , . - . 

the final 

'. tim~I u·1 :; 

I ~ - ; 

, 'J . - : + : - : , .:· .· 'o . ' . 
. In order to perform this· experiment_ on rr · · - scattering at 180 , a_t an energy, . · 

' ', ,. : ' "- , . 
or some GeV, the accelerators ~f: the/modern type are 1sufficient. If _.this,. experiment.-

", '' .• / ' , ' ' ~ 

ls do.:ie·at an energy of about 50 • GeV then in the, case ·ot,the fixed proton pole, 
- · · ' · .•_· '11· •' - · • , 

an intensity of _about 10 particles per pulse will be required, 

When ·the poie is a moving 
1
o~e, it is n~ces;,aryto. h~_;e 1015 particles per 

pulse,: 
/ ·.\ • , < ~ .' • - ' ' 

, · !<-meson.will.require an intensity by two-three orders more compared with 
, .. - . /' • • ~ ' t ' \ .' ' ' ' 

\ 0 , ', I 

the estimates for rr •.mesons; - ; ' . 
.2; States:, of Differ·e'nt Symmetry and· lsoi~pic Spin at High Energies, When 

differen't, ·isotopic s·tates ( for instance, elastic ~-- , s~attering. cin, protons), con-
• - • .'.' ,1 ;~ ' ♦ <' - I . ' ,, , , , • • 

tribute, to, the r'eaction, yet: at . s · ➔, ~ , • there must exist quite definite isotopic 

;e1a'ti6n$ of a spe~iai typ~-- -It .is .~har~cteristic · ~f th~m, that in the transiti~n. from 
• -- • - '¥ ' ', • • ' • • 

the t ' cha;.nel ) ( t ' is the. four- dimensional mome~tum tr_ansfer squared) tci . 

s : ~t :., ➔ ,,.' only ~ne'definite value of. the· isotopic spih is essentiaI.: · This · conclusion -. . ' 
• \ ~ I \. ', , ~ _ I i • . / 

is 'correct if the degeneracy in the_isotopic spin is assumed to be. absent in the . . ' . , 

· crossed. channel.; Sdch, inverse iiotopic relations may be exemplified. by the ratio 

•Of th~ idiff~rential reaction cross sections. at · 1 u I « s , i.e. at. th~ angles close 
'' 0: . ' ' 

~o 180,; + , +·, _ _ . _ 
0

. • 

. ! . 1) 1r + I;' ... 1r + pl' , 2) 11' + p -+ 11' + p .3) 11' + P -+ Tr + n 

'The ratio ( 1); \ 2) ( 3) may .'be e,qt.16.l to 1:9:2 or to 2:0:1. · The .,m.1i'.nber of su'ch/ 

examples may. be increa_sed. F'ec~Iiar relation~ hold' between. the. elastic scattering 

. dross ·sectioh~ ,and· the anriihilation ones,· When. the degeneracy of the symmetrical 
' . '", j \ • - . ' . • • ;. 

_· and aritisymmett'ical states' is absent, the differential elastk scatte;ing and 'apnihi-
• ' • • • • \ { • < ' \ 

·, lation cross - sections at the.,given values of t: or u , and with s :• ""' must 
- > • ~ , + + . .-

coincide, One -6f the examples is · • ;,. + P .. rr + P in the angle interval close to 

-_ 180 o~ ''The, other· ·. p + ; · .. rr + + rr-; . takes place when the. positive pion in . the, an, 

::· 
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nlhllation channel. tr~vels in a. dlre~tion close to that oC the proton ·(-both· the 

cross sections for their reactions are compared at, u , • const and • .. _.. ) • 

. 3. Universall!)r of Asymptotic Behaviour. of the Cross Sections for Different 
+ 

Systems. ' This problem may' be • exemplified by elastic scattering of It"'.' mesons 
+ • j ,, I '/ • ' 

K- mesons, protons : and antiprotons on protons. 'When the momentum transfer 

,J t m o this problem is connected with that of universality or non- universaHty 
I. ' ' . . \ 

of the asymptotic· behaviour, of the, total cross sections. It follows from the unita-
I , • 

,rity· relations that in all the systems which· have been in the _•t -channel all fa-

mllkir quantum numbers equal· to each other ( the example we have chosen be

i~ngs to that class), the total 'cross sections necessarily display a p·eculla~ uni

. versa! be~viour. All the total cross sections should satisfy the equality: , 

s'>u >s-(' ,>o, , .. o 
tot ·~ 

if, at least, in one of the , systems a • const. Thus, the asymptotic beha"1our· of 

all the total cross sections may differ in. only the functions dependent on energy 

weakly ( l~garithmk;ally )~ When the mome~tum transfer ,J t ./ .o t.11ere is• reason to 

believe that this important conclusion will hold true. In the channels with other 

quantum numbers, the situation is the same: for instance, the behaviour of the 

cross sections ,for and ' , must be { up to+ 

logarithmic functions) Identical. In tO,: day experiments on_ elastic scattering of 
+· - ' 

l(" P~nd-p on protons for each. reaction· its own behaviour · of the dif-

ferential cross • section's was found. The study of the behavio~r of· these . cross 

sections will• be ·continued on acceler('ltors with limiting energies and moderate in

tensities 1011 part!cles p~r pulse!_ If at high energies the latter phenomenon 0
1
0-

· 1 
curs, this result will be of great significance and may entail · important physical 

consequences. 

4. O§cillations in 'the Elastic Scattering of · " and K Mesons by Nucleons · 

at Angles Close to 180° at High Energies. , The theoretical treatment of this 

problem has shown that when there is no degeneracy in the partial waves 

with the . sam'e total angular momentum and different parities in the different!:.. 

al •cross sections of/ the above processes just as in different polarization experi--

ments, there must be peculiar oscillations in the b,ehaviour of the cross sections • . 
A study of these osc.\ilations impo~es the, same requfrements to the beams c,,s 

that of the backward scattering. 

5. Problem of the Constant Cross Section and Shapes of the Elastic Scat-

. tering Peaks, It was believed for a long tim,e that the obvious shape of the' 

elastic scattering amplitude · in the diffraction region I ~ I « s in the form sl(t) 

(the absorption 'and refraction coefficient independent ,of energy and determined 

13 



by the. iµtpact,parameter only)' c:anriot be consistent with unitarity and analyticity,. 

fri ~ , simple rr:anri~r. It 
1
req~4--es' on .existence ~f mo/ing br~nch po;nts, ,in the com

plex 'angular momentum plane which ha\re been so far 1itt1e studied. It should be . 
, • u ' . ' . 

. added that ,the proportionality of the amplitu~e to the first pow~r ,is.'a .limiting 

special case since in the physical region ~ .power higher than the first 'one is 
' , - , I \ 
inconsistent .vith dispersion relatio".s• This. limiting·, situation is likely' .to suggest 

a more complicated physical and mathematical picture of diffractional s·cattering 
\ , 

compared with that described by a leading single vacuum. Regge pole. A thoro--; 

ugh e~perimental investigation of all .these problems is thought to be very imp;~ 

: tant. These problems are as follows: 
+ 

, ·a) A study of the differential elastic scattering· cross sections of . ": , + - - ' J:,:J • == "II r,-,. pp, , n~ and AA , ~ and ~ on, protons ,at I ti« s 

b) A study of the behaviour of the real parts of the scattering amplitude ( for 

i;.stance, by interference with Coulomb. scattering) ·; c) A measurement of differ

ent , sp,in effects in such elastic scattering.· The· sp~cial, place oc~upied by the 
, , , 

~lasti~ diffraction scattering among other processes ( any inelastic process con-
- . ~ ... '. . 
tributes necessarily to the diffraction scattering) attaches · great importance ,to 

experiments to be performed in this· energy ~ange. 
/ 

6. ·· Vanishing of the Charge Exchange Cross Sections and Polarizations 

at High Energies. It I follows, from general considerations that if there is no 
, , \ 

degenera~y in isotopic spin in the t - channel, ,the 'charge exchange processe_s 

of the type: 

rr-+p .. rr0 +n·,· K-+p .. K°+n,·n+p.:.~/p 

,( ch~rge ·exchange scatt~ring of neutrons by protons ) should have. cross sec-

tions which· tend to zero. From 'the same reasons one is led to a conclusion 

that the p~larization in -ela~tic scattering processes, disappears asymptotically. 

, and l: - p etc. are Hence one may conclude that 

asymptotically equa,J. I This also 
. . . , 

;;;ections for the reactions 

, + 
PP and n p , · l: p _· 

holds for other similar· processes. The total cros~ 

K + p .. A+-rro ;,-+p .. A+K, I<~n .. A+rr"'." ,, 

etc sl'lould tend· to zero. Note that the measurement Of the charge exchange react-

ions ( for instance, rr p 
' , - , ) in the' range of some GeV requires an increase in 

the · intensity of the extracted beams by . the two_ orders. 

7. The Asymptoti~ Behaviour as• De;,;cribed by the HyPothesis of !Vbving 

Regge Poles. · 1f th·? .singularity having the.·Iargest vaiue· of the real part in the 
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complex· angul~~ momentum plane of · the . corresp~nding cros;,ed; charu{el' is an' 

isolated ~egge pole; a very simple picture• of the aiymptotic behaviour takes · 

place: 

a) · du du 
dt ( or du ) of all the processes with identical quantum nu~ 

bers in the crossed 'channel are determined by 

d '1 • 2 2 2f'(t) - u 
·..;!!a..=ly IIY1 11 

dt ·,- .. I Ir . 

b) the following relationships between the differential cross sections hold 
• I 

..3!!11-
dt 

c) .all these processes have the same spin structure 

_d) .all these processes have the same ratio of the real ,and imaginar,c •parts~ 

. Example: b9th . the reactions 

the same power of energy; 

and 

e) 'the presence .of oscillations in backward scattering of 

go with 

fT and K me-

sonsj \, 

f) simpie relations describing the manner as to how the cross section~ 

tend. to their asymptotic value; 

g) the connection be,tween the powers of energy governing the difference 

u tot of rr + P and rr + P with that entering the charge exchange. other 

examples of . similar ryature can' be found; . 

j) an increase of the• radius of nuclear forces with energy., One may think, 

therefore, ·that at high .energies the nuclear cross sections must not .. be . propor--
. 2/IJ 

tional to A , It sl:lould be noted that ·the presence of moving branch points in 

the plane of _complex a~gular momentum .may complicate· the picture ·of, elastic dif

fraction scattering ( .as has· b~en pointed out above).· However, in" other channels· 

( a change of the charge, of spin, backward scattering, .st~ange particlis) there 

are grounds to think' that this will · not happen. 

8. The Radi~s 'of · Nuclear Forces and Nu~iear Cross Sections;. There are . 

some reasons to suppose the exi~tence. of moving. singularities in the f - plane 

. - of the · crossed ~hannel of the two- particie reactions, Irrespective of whether ·they ·, . 

/ are leading ones or not, the very fact of their existence entails the appearance 
' . 

at high energies of a strong interaction . component with a radius growing · logarith-
1 • ' ' ' 

mically with energy. This effect beco111es even more important if the leac:ling singu-

larity is a moving one ( irrespective of: the character · of that singularity).· 1 f in the 

diffraction region of elastic scattering the asyriiptoic behaviour is ·determir;ied by 

a single vacuum Regge p
0

0Je or if we have sf (t) ( :5tanding pole) som~ relations · 

between the total 'cross sections take ·place which are in~onsistent with the •proper--
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tionaHty of the nuclear cross:' sections 
A 2/J l a_ . - • _ _ . . , ·. 

• · · 1n -- this case one may ·see' that the 

total, nuclear cross sections must be proportional' to 'A at- very ·high-. energies. 

, Precise exper:iments performed in this energy region are very important. High 
' . ' '. 2/J 

,'\accuracy is essential because. the energy •range of the transition from A· to A 

· nay, turn out to be, wide. 

9. Connection of the Mass Spectrum o( Particles and Resonances· w!l!:!_ 

Asymptotic· Behaviour of Strong lnteraciions • The Regge. poles govern the asym--
' pt~tic .beh~vi.Our of strong interactions at , t < 0 while for t > Q they give rise to 

particles or resonances when passing through integral numbers of the correct 

signature. 

' A thorough experimental' investigation of. the dependence a (t) a(u) in all 

the chinnel_s, where we are, faced with·.a purely pole ·type asymptotic .behaviour, 

~ill surely yield valuable physical information which allows a resonable classifi

cation and systematization of particles and resonances. On the other hand, the 

particle:3_ and r~sonances presently available permit one to derive theoretical for

mulae which describe the manner how the cross sections - tend to their constant 
.,__•· 

' values for the -energy dependence of the . differenti6;l and total charge exchange 

cross sections, for the energy dependence of the differential and total cross sec

tions for strange particle production etc. An experi!11ental investigation of the tra

jectories of., Regge poles in the . channels where they will _be· actually found is, un

'doubtedly, one of the most important tasks which experiment faces to- day. 

10. The~,6symptotic Behaviour of. Inelasfic Processes· Involving. Production 

of !Vhny__ F'_~rti_cles. __ Among the variety of_ fundamental problems encountered in 

this field which is still little studied because·' of theoretical difficulties, it is neces

s?-ry h:i single· out 9uestions pertaining to the asymptotic behaviour of the proces

__ se_s of small multiplicity of- the type 2 -+ 3, 2 ... , 4. n ·seems that these proces

ses must have a cross section falling. slowly : with increasing energy· s • - U is 

also interesting to clear up the energetic- behaviour_ of the processes in which 
• • ' J' • 

unstable particles of the type 77 -+· p ... n + 77°, 77 + p ~ n + "' , 'f + p ... N + 17, , 

etc are produced. There are_ grounds · to believe . that these processes fall in 1-·:> the 

-general scheme· of R',gge poles. 1n this' case quite a definite energy dependence 

is obtainecf for these reactions.· For instance, the cross section for the reaction 

77 + p ... N +- "' f!lay have the same power as - the charge exchange ,cross 

section of 11-+ p-+n"+n,. 

IV. Weak Interactions 

The modern _ theory -of particles has at. its 'disposal two esse~tially different 

mechanisms (o~ _describ~ weak interactions: 

16 
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a) The electrod,7;1arriical analogue:' point interaC::uor<s ~oi~ing intermediate .. _. 

,
1
real 01· virtual fi<~lds of. different "boson" 

'·. et~· ). 

. dimensionality ( vector, pseudovector 

b) The four- fermion interaction itself without the intermediate bC:,son field. 

That· is how weak.· interactions. are described. 

Such a duality. is so strongly opposed may be as a result of an instinct~-
- '. .. ' / 

ive striving for monism) _ that two tendencie~ have appeared which have, in fact,'' 

to be taken into consideration: 

a)· To reduce all the interactions to those 'of the, electrodynamic type. This 
means that for weak interactions the so- called intermediate boson is supposed to 

;, 
exist. '·· 

b) To reduce· the interactions of. the electrodynamic type · to the four- fermi-. 

on interactions ( bosons as compound particles e_tc). 

And, finally, ·the third possibility consists in preserving duality which is 

discussed here. 

In this situation it· is of prim'7ry practical importance for the research per

formed on· high energy· accelerators to look for intermediate mesons in all the· 

/_ene_rgy ranges starting ,from m,.= m" mk being the ~meson mass. Unfor-

tunately, there,.are yet no essential theoretical considerati';ms c~ncerning the mag

nitude of a probable 'mass for the inte_rmediate .. meson. One can merely assert 

that the search for the· intermediate meson. is meaningful I and is likely to be. unde~ 

' taken within the mass region 

lf physics is very "lucky''., i.e. the mass of the intermediate-meson turns' ., · 
' out to be close ,to the lower boundary of the inequality; 'then the p~~blem ·concer-

/ . ning the intermediate m~son with all the_ resulting consequences rriay be solved 

with Brookhaven and. CERN accelerators. If this mass turns out to be'·much· lar

ger and closer to the· upper limit of the inequality;· then this problem is likely to 

remain one of the fu_ndamental · problems in high energy\ physics for some decades. 
' ' ' . ' ' 

It may appear that in the search of the intermediate meson in the mass re--

gion beyond th<;1t ,of the masses ·a neutrino beam will fail to be more effective 
. ' \ . 

instance_, colliding electron- positron or· photon beams. Thus, the prob- ,. than, for 

' }em of the interm~diate meson may become that with which high energy accele-- \ 

raters of all the types· are 7onfronted. 

In the theory of· weak interactions one may conceive widely discussed 

interactions · of the type (ev )( ev) or (pv )(pv) . , (pn)(pn) , (p'n) (pA0
) etc which 

could be essential in nature, since the existence or absence of ·such interact -
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ions. _may substantially · modify . the basic principles of the theory· of weak interact

ions. At · pr~seht it has become practically Rossible to detect, with the. accelera

, tors .iik:e in Brookhaven Or at CERN, (pv)(pv) interaction if it is governed by the 

same constant as . the processes of the_. type v + p ➔ n + µ • 

It' should be noted that the process v + p ➔ v + p " could occur in the second 

order of the weak constant, according to the following diag~am 

✓~-·
./~"' 

p I 

n v 

p 

'Ihis diagram in modern theory leads to divergent expressions, and the estimates 
I • • 

· of the cross sections are strongly cut..: off depe1:dent. It may be recalled that the 

higher orders of weak interactions were intensively discussed in .connection with 

· • the so- called "unwanted processes" of the type . µ ➔ e + y µ-+ P ➔p+e etc,, 

that is the diagrams. o( the type '( 

fl- e 
r- e 

p 
p 

II III 

fut, in view o! discovery of two types of neutrinos, all the processes of types II 

· -~nd III tur,.; 6ut to be strictly forbidden. Indeect; at present. one may point to the 
:;·•-,·-~ .. ~.. --- . . . ' 

~1:,lY processes described by 'the diagram of type I _which is suitable for investi-

gating a possible role of _the higher approximations in weak interaction. theory. as 

well as the role of strong interactions in suppressing the intermediate states 
. ' . 

with large momenta.' 
,'· ' ' " 

The role of strong interactions in suppressing .large real momenta transfer-
.' ; ' . ; . ..._' I . , ' ' . ~ : 

red to the nucleon in fr)e process 1. v + rr ➔ .N' + µ presents also a very imp or--

tant . ~sk pertaining to. _an investigat~on. of the,, energy c;:lep~~d~.n~e c!:,r the cros~ 

in th~ .;,ner~y range E a 10 GeV; which will· sections v+N ➔ N'+µ. 

require the construction of accelerators with the proton energi_;;'s of 300 -
, , • • 12 ,' 13 I ' • ••.' 

-1000 GeV and with beam mtens1hes of 10 - ,10 proton/ sec. 

' 
1
At -~e initial stages of the search for the : (ev)(e~) . interaction it is 
' ' f 

re'7.sonable to make use of reactors yielding, intense fluxes of. low, energy neutri-

nos., l-Io
1
wever, in .fut·,.·e the problem of (ev)(ev): interaction (. eithe~ as a 
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~·:• .,• I ;/'.'•' •,. . •·\,· 

• ;~ A J ; 0 • '\ \ !• • :: J •: - • .:_• • 

direct ori~· or as a higher order prpcess). e~te!i • into> the·· tlomciiri ~f.'.r~sear~h _at . I. 
_ _ _ _ _ • , , • , , I "'. ~ ,i • ~ 

.accelerators·· of high energies 'and/ large intensities; The theory leaves room for 
- ,, .·.' ,. ' .... ,,!, _,,--~-·,,.\: • .... _ .. " ,.': ::, ... ,·< •. ·~-- .'·_·-·,'•,:....!: i :" , .. '. 

wealc. interaction~s .of' thE;' type" (pn)(pn) .~ _wh.~c~• fa: mixed, up .with ,?trong' inter~ct~on:; . J · 
' . :~~ _,,. ~· ~- I',, -·~· . " . . ,·. • "','. ,, ... ~ .. -

The exis:tence . of S~C!'1 'a weak: intera,<;:tion .which violate~. parity~ w<:>ul~ be. 
• • , - • ' • , ."'". .. - / ·, < . , _, -. • , •,, . ., : . . , . . ,,- . . ·I '·" -. . : . . , 
-very/essential for the. general theory of· weak interactions.a Here a purely ·experi-. 

~ '\' ~ ~· • I ·' ;_ • • '' : • ' .• • > ' ' - \' ,••I • , ... I . ,'-:_ 

' ':. me1;tp:l: prqbleizr ·arises· 1;1-s , to finding . we~k int~r~ctions, however _much · they 
• • ~ ' • ' • j • 

parity against the background of strong processes. ·"._ 
• (" • 1 • .. 

1 Thf~- extieniei./ diffi~uit. experirnentaJ.,"pr;blem, ne-.krthelkss, d~serves ~tten:.1/·,: 

:,~ i tlon •:an~ •~s for . pe~siste~t search for it~ \~o;sible :experimental soluti~ns:. it is .. : ;', .: : . 
' • - -~. • •. : ·: /_ ~ • ' • , . .. / : \ • 'I '.: • • 

'likely to be an honorable task •with .which accelerators of moderate, energy · · • 
, ' ... t • ' ' ·• ~ . • .. ' . ', . • "1. :· . ,. 15 . . ; '' ,' ' . 

. {. <· 1 ,_Gev)'.'.,but of extre!Ilely high int_erisilY. , ( -: 10. ) ,a,re faced\ · ··· , , 

. t It-should.also be of great importance to perform ~~perimerifs aimed atiarialy,-,.:·· .... :. 
:: : . ""' ·: ;,• . ~ '. . .. .. . ./- .... •. ~· ~-.,·,,, ·_ "':'' - ~,./• .. •.·,~---~ 

.. zing ,the participation of neutral· currents both ·sY.171!f1etrical (pp) (pp),.(ee)!(ee): et~ .·, ·,. · 

a~d ~on-: symmetrical:, _(,np)( A•p) in:.,olving the v!ola;io_Q .~f ~tra~g~~e~_s •. · :. • 
~. :t._ -

• Conclusiort . .,: · i ,. . . 
'I'he/j,-uthors are _!:tllY awl:l.r:' of. the ·ta~t, that_ in describing_ fu,!lda~~ntal pr~b- ~ 

, ... lems of• m~dern 'physi~s· a'. c'ertci.in subje~ti~it;y ·~oulci not be avoided,· though' during 
-~· , .. ,.'.•~, ... i' •• 1· .• · ~.,.•;· ..•• ·-.- ·.:·~-.-

the; preparation · of this · report, they·:, discussed all thes.e problems . with. many other 
• • " , • ' ~ • - '"· , '•' . .,. : r • • • c- • • • ·- , ·_, ·.~ l · · '. ,,._ • 
theoreticians and · exp'erimental workers, to whom they express their deep •gratitude;·. ,: .. _, . . . . : . . , . . ·- : ' ·• .. . -,. _. 

The authors are also -~onscious that their, forecasts and ;recom~endations 

. are based es~~nti:=111; or:::ihociern ide~s and r~c~nt devei~prr::nf~ 'in the theory. . , 

However,' there is no doubt. that 'further pr~gres~- in ~h;si~s :w{u ,so~ewh~t modify·:, 1:': .\· 

Cf th'e~~ b~ed·i~fi~~s, tt;e; sigriific~nce o{ which a,re ·: at the moment ,d;;{~u1i 'to ir;re.se~:. . 

'• We mer~ly hope that ·we succeeded' fo' a certain extent in i:i~Uining:, the 

. main ~~ds ;~ the. d~ve1o'~ment a el~menta'.ry' par;ide ~hysics for the years to · : 
~ , i: / ' ' , . " 4 • • ~ • •"./ 

. , c<;>me. Ho~ _long these tr~nds· ·will exist i:l.epe°nds on th~ vali,dity. of. th~ · basic pr.in- . 

. ; ciples ·und'erlying modern the9ry. 

'• \: The verification'. of these prm:ciples is OnEl. of the, most fundaine,'.ifu1 pro~ie~;-~: .••. .'· 

··'·-~~-;xperinien:~1 p~~ic~ of1eieme~ta~ ~articles is f~ce_d.wi~-:~ particular, the:,. '' 

pr;sent report.de;;~ribed tt{e .importanC::e ·~c. ,the ~r~icatio~ of 
t '• 1~ Loca:lity, 6au~aiity arid the '~ons~n:,~ti~;,_ ,lciws, 

' . . '. ' .· ( .. ·' . '\·. . 
2, ,The. existense of a'n ele~entary le~gth, . · ... 

3. <;:PT, - inv~,r~a~~e~ .. . , , , . 

4. ,Tt:ie problems of the struc:h.ire ·'of interactions ( • the r";iationship between.· 

electroma~n~tic an~ .sio~~-.'in~eractions') a·;~tud; of diffe~erit types of fou~- fe;171iori .. '. ·,'.:. 
' I ' ' •f , ,' 

., 
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,· 

\. 

,· ., 
·) / ' 

interaction,,;, the probie~ '. ~f an intermediate boson, 
; < •• • ' I '' _/ 

interactions, · 

; ',._' '!, 

different .symmetries. irt 
. I 

s: ' I . • 

Analytical properties of amplitudes .( involving RE?ggistics), 

6, ~;oblems concerni;;g elementary particles: , . , , . . 

energies, 

ry. 

7, 'Asymptotic behaviou~ of the _cross 'sections at high 

As one can see . from this· _report, . in, order ?o re.a.ch this. g~al, it is nec'e•ssa

to co;.,struct.:·both accelerators of, ultra-: high energies and those of. m.;dest eneV-:· 

gies_ but with. ·intense particle beams whie;h will provide m~asu7ements of high 

accuracy. 
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