
.. 

'JOiff IISTITUTE FOR • NUCLEAR RESEARCH 

P - .. 101 

Laboratory of Theoretical Pble1oe 

v.s. Baz,ashenkoY 

THE MUL~IPLE PRODUCTION 01 STRANGE PARTICLES 

. (Report on the international Conference in Pa4oYa-Venes1a; 

22-28 September 1957) 

1 9 , 7 • 

-



JOIN'!' INSTITUTE' FOR NUCLEAR RESEARCH 

P - 101 

Laboratory of Theoretical Physics 

VoSo Barashenkov 

THE MULTIPLE PRODUCTION OF STRANGE PARTICLES 

(Report on the International Conference in Padova-Venezia; 

22-28 September 1957) 

061,emme1m1,1H ttllCTIIT} 1 • 

HJI.Cpnux l.lCCJlC]l(Jfla11uil 

6J,J6Jlk!UTEHA 



I am going to make a short report about theoretical works con

ducted at the Joint Institute for Nucleqr Research in studying mul

tiple· production: of strange. partfcles- in.collision': of-/ eiem~·ri't'a.ry 

particles:with 1 the high energy BeYrange and about some,results 

obtainedo 

Nowadays the statistio~l.Jheory of multiple production affords 

quantative.results,.whioh,are, in 'full· accordance· ,vith · experiments :' . 
; ' •~ i' • "; C •,• O '> / f ~ 

0 
' : - .i. ' 

in the region 'of .·this high _energy_ BeV. r~nge o 
, ,, .. "" ' ,,- ,·, ,,_... . . ,. . 

The· predictions of this theory help, to choose necessary __ method 

of the experiment a.t the big ac9elerators like ours, at Dubhai 

We think, that statistical .·tlleory of multiple production will 

beaof great,importance in future; even:if fjdd theory of particle.· 

interaction at high energes will be. creat.ed, like the importance of 
1 

gas statistical theory though,ve knC>\V e:xactly now the law of gas 

particle.s,J .. nteraetiono 
' . , ·,- ·~ ~~ ~- ' 

' 
Since the first works of Fermi this theory was c onside.r~b+Y. 

improved in the_ direoti_on of effective calc"'~ation of statistical 

weights a.s well as ih tphysical content of model .. As it has been 

shown dn professor 0 s,:Belenky and· his 'co-workers ·articles I l I 12 !.. ·talc-
.,. 

ing into account::resonanoe nuoleon:t1nteraction ·,with· pions .in: 1t'he 

state. of P: '? = :J/2 ,,. ,the relative rriult~ple· of: different nhmb:er: of 
.,I 

pions and, nucleons .. predicted, b,y' statistical' theory and their impulse 

. and· charge _distribution 1n (NM): -- and; (' : fr: 11)1•.;...,,colll{sions are in· · ... 

agreeme11.t:>,~ithi:the. experiment'o: Separate· a.nomalouses' in angeiJ dis.;..;· 
j •. , l; 

tr_ibut:ion\:o:f't·, prod,uced -particles) 1nl particular' narrow;ime·sb~
1
- shbwer·,< 

observed in many expe:rementsl 3 .L, canibe; explained•:_by ·.·peripheral'' co:.::.'

collisions14! ;:\But:it is quite:.difi'erent position-,ifor"strange'-'par
ticles pr.oduced in these collisionso Th'3. theory prediottf that·"the 

,\ ) 1:·.:}'-~\.::1 (,:,,· ;,\.,~' 
magnitude ratio 9f probable production of strange particles to 

t . ' ,. . ,,. .. '. ' ' 

the iirobabl~ :product:l~Jl. of piori \ind'nuoleon ·t~t// 5:' 6oh.11#.er4bly . 
greater than experimental dates obtained by American physicists. 
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,, .. Table., Ic, gives,, theoretical. and. e:x:perimental nambers of,, this ra-
%:i .J,....~ ~' ,,.' 1, .... .... ;- ii ·~ ..... • -1· _; ., ,;,, ,I,,.,· •. ···: ,. , ,. , . . . ' , 

tic for .. GllP),,-~ collisions,,fable1,.II-:= for.(NN);= collisionso 
~. ,./ - .~. :c ... ) ~- , . ,. '•. ·"' ,<\. • -·· , - , < • ·~. • ' - •• • • 
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~q~fl~1 p qA~er;va~ipn ,~:t sJr.~~ngeness: _l:3.nd•: baryon .. number. if taken in~ 

to account.r,in these~·calculations·o;'.Recentl7: profe:ssor Blokhintsev 
• • • ·•- ._• l J " • • '" .... \ ·•• .\a•,; ,. ' •• ·•• -• .. ;.. ., 

showed:, .that·i- in.th_e, region .of- high· ,energies· colliding particle :forms 
• •~• _ ._. ·~· • •. "1 •• •·• •• , -· " -. - l " ii,, ,_, , " , 

first .of alL one: r•:c.ompo.und:-:-partiole" ,.· wher_e'. all . .the energy is cone en-..:"~ .: . . .. ' ~ , .,_ .• ...... ~ '· "" ,, .... "·"' '. ·-, ' " . ';. 

tra_\~.'=1~> 1:~'i;t,r.e 1lpt.~~-~,9,:~_1ori:'. ,energy : .. b1_1t::.not .• 1n· th,· proper; energy,; of:' the 

par.ticles I,~! :or,,The.-,demensions: .of:the_;:regions,· of energy:' localization·.: t .. < ,., ~~.,,/,, ~. , • .# h,.,,._• i._. •-, •~• ~.:: '<\," ,~. ,~ • .. • ,I 

I .. 

is,., specific 1 f.or e•ery:, concrete_; type of· interection·o 
'.' • ,._, • ,,;, ' °" ,-<' ._ ., '.: •'~ ,L: - "~ ';~ 1 , ' ~ ' ·- . . ,, 

. t 2. i 
_ . ..,.rSo, .. the ... termi "particle" looses:: its'..ph;ysioal: oontanto · ',: 

.A .. ~•->l--,! ,.~.' ,:._,: ;.._,,.,.- ,· _,,. ,_. ,-,. ,_.. ,. - .. ~-- ,. '~ _._ • 

....... _________________________ ~ ~ ,,'f 
,, 
·.• 

,1 

,:;;''J ;_;,.} ... ,,~;:,,,. ··' .. '"(~6)' 
x/, (pp) "'.'". collision .. ,.. .·, . -. 

XX/ c~{;ul~;~d::for one nuo~~o11:fr.0JP, .. exp,erim·~~~J7L;~~hrheavy f:·,,riiici~~g~: ,;\ ·; :::-:,·,._ · !. ,,; <s(:., · 

,..., ,f ~ :'; ;r :., ,r~,~ 
.. _). ,- , I ·; ; .. , 

'" 



With space expansion "compot:t~d-p,arti~le" decays in elementary 
: ·, ., ·- . ' , ~ - ' . 

particle of their usual'ineaningo'When radious of the regions of 

_interaot_ion. energy locali~at~on ~q11a.;ts:,Compton·_·-wave_lengh o,f·n·ucleon, 
y • ~ { C • "• • 0 •• •• • ~ • ~ a • 

it. is. necessary .to expeot,.~•crystaJ.l:.1~1D;g"·, and -spparaticn ·of.:~frec 1 nuc-
, : ~:- . ' { ' . . . 

le ors o t3ut
1 

w~- _hare n_o suc_h. t!iing,, ,iSe~9aµse.: of. str.ong'"1nt~ract1on· ;·_ 

with pion field: pour prodt1;oti~n • a:,;id.Ldifferent;r,exchange · effects o'; 

°Crystallizing0 of free ,nucleons begins at .the·- same;time with 
~ • ,:) .. ;. ~- - :: •. • J' •• ,_, ~ ,, ' ' . ·' , , • ' \ • -

pions. from the volume. with rad1ous. equal . .to Compton wa.v.elegth of t~,,,:· .. ~ - ' ',' ' ~-1~:.- ,,._, '. • ·•" " --•·· -,.., 

pi9no This 1~ct expla1;,ns, :Why atatistic~l the9ry~· .of,·.Ferm1 has:·, only 
.. '... . ,. . . . ·~ 

one parameter - volume of !1crystallizing11 . field o This, fact finds .. :,:. t.1 ..:.~''., :. ~,. ' ' \ / ·. ,. ' '·~ .,.,<, ~., ..... ~ • ,_ .. . ~ 

its reflection in anomalous dimensions. ot opre~ But:itrisnquite~L .: ~ '(' .,:., _, ,; ,' .'. ' :;. ., ·, \ ~- ___ .,.., ,,- .... , 

another position ~or st:r,ang~;:.Pft;~!oJes.~c \'('3 ~h9uil.d think th~t pion 

u\teraotion with K-meson is weaker than with nucleons (or ratio 

will be larger experimental date, as it was shown 
• ,..:, ~- - -•.s, _.: ' • ._; .... 

above)o Consequently, the separation of free K-meson begins earlier 

from the re'gicm equal to. Co~pton "wa;e·iength ~f ·•K_:~;~~~~ '.ii this 
. ~- "·- ,_,., 

case in formUla for statistio_a.i weight space !actor Fermi, 

must be .. sut?~titute,l .;by. 

if A-; l= > ~ 

part1cleo 

Here ·x 

\< - I 

¼=(k+e~)~ .2CE)·· 
.. , - ry G ,·. , . . . 

~ ~ ': . -, 

-particle is produced in the same volume as,K-. 

ber of conventional particleo 

- 1 '::(n,fl /11~)3: = 0,02)20 

. ,, This cia.se would take place if pion interaction With /\ -



'[-, 
1101 

r--, 
t..::..J 

or 

· · I q I -·particle comparatively weakly than with nuctleon:tcs · , 

\../\ substi,tuted by 
' 

\.:">: ~~ }·,:· . ·, .·, i: ~l ... ,.'(Jlie.~•)~·i,.\," 
V :: :. . . ··:- 52 (E,) 

r: :::) r: -.~·.:• :·, :;J_1.r,: 

,.-.,-
.. -:, · ... {'; .!:i:~ ·· :'tC:.rttIG".:tl'l r tr/~,:":·.:·r ~ r2.;,.:;·;, 
. \ '-"' ' ~ , .· 

.r·if ·:•,A-·:r.,·· ·\E:\::·.·,·~:}"'.:,:Jr~parti1cle'~1::r·:pr""oduced.'·1ti ~tlir{ sarrfe· v·o1ume with 
j. •• ? ·- .~ ~- -'. •. ·~ \ '-:r.~--·· ~- ·.''':""~:':' .... , '4,~, • _,. 

-,~;rr,. ordinary :particles;, ;fle:re'1j,.,,.numb'e:r;?c,f::K~me·son";·1 j = n•.;; "Jo This ca= 
I , l .. . • ',, ~ •'- ~~ ~ ~ '" . '. , 'i, ~ I' .,,, ):- ~ <'t -£'-, ~ '!' .", • ,. :·•. '' :! ,: •· :. . . • l. ("' 1 ·•~ •, i 

se -corresponds ,to: ·Gellr=Mann 11 s :,and :Schwinger Os~ hypothesis about 
- ;,, ( {', "'.' •, .. ,., :•._ •,~· "f14 M~ ~- :•t 1' !•"'•, 

"global7:1nteracti'on'c.p:tons-cwfth-oaryonso··" .. ·• -·· ., , .... -

Near ;thr~shold · of::" st:rang'e::- pa.rt'tole ·p1,-·6duclion s, _i: ;h~n. with pro= 
... - '..., .. · .. ~~•. ,t .... , ,•~>r~ft"',,,",,".,i•;,:~."",.1 ,~·.'t• 

duction· ofcK~pa:rticles: oons·ervatfon::of energy' ·and· strangenessis 

·,:connected:, prOduotion:''of l A: L ,;,,:J orl~ :r: ·;,;;i part:i.bi~r'.but·' tlii2{ p~ti.rile • 
~ . "'c~ ·.·· ... ·· .. , ... "'' - . i- ,,, '. t' ·.''. '.,.,.,.., ..... ,,,. ;: ~:/ ,. -~--:~Ir\-~•,'"·, ··~ .r'!-.:• ,{•.·,:~:c:, :: :.· . __ ····-~----

shourd be ~produced-L 1n:. the'. 0same' v·o1um·tr'as·1 K=particle p - ind'epende:rit=-
.. • • . ,,_~ ,,'' .. -·'• ...... __ .,_~.- ,. ,,..,.,,')":.·. ·-r~ f,.., ,,.,,_ ..... .,, .• :•; :.;,•.:·;,,("~rt:;_-~)•·-

ly,JOf01interaotion pi6ns and .. nuc1e·ons'o Calculation with ✓ weight iJc:-
tor\ '¼·(TT ~:p} '~; t .... c ollislons :£:re·1 c:foseri1to the ';xper1m~nt ~ ·:: 

!.~.~-:'/.·:- ··.-.":_~ \ ~ ~' -. •"> \ { , : ~ ' • ' 
., ~ "' . :''" . 

? -~ 

:_! :_-:: ,~~ ~::, ~4 ~ ::r F, -. ~} i' T1;a. 1 1>''.;~1\Je'.:, ':1:r~L' ·· c>i.·.: 

, ' ~ . 
' ~ ~ ~ 
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Results of t:he same calculation for (NN) =' collisions are given 

in Table rf.: 1 ' 
,: 

Table !Vo 
,:, ( 

•'> :::: 1 •"'; :,~·7/q: -~ ·l:; f:~•;.·.l!t~ ::.~ 

•==••=•=••=====••===•==•=••===•===•==•=======•=•==•=••=•=••·••= 
E EeV 0 

0 

l :,..:6'{,\•;tr •: (''' ,·:·:,•.•·t;_;')f'; .•·.• '\. '-• 

5t 'm 
c:,:.c=,;=c:::;=e,:,,:,~c.==--.,__,c::,,~=-~--=-«d:lllnl c•-----• •C. 

"1 "".'.'°\ 7,,; . r - , ... ,: ; . • • 

-----~===-~--~·---------~~~~~J.!m)~~~~~~~~=~~=---~------~-(~nl_~= 
t t';'·. ""•i<• r:.-:~'t "}.tv'":;:'"~/···"'; -·v,--1: t:2":';y '}i"<~i' ·.~/v·~. 

2 J 2 J 
J 0 p27% ~ 5 P 7% g O s,.'.329'1 g 6,, 7% 

. ~ ·-------=••-----------=---=-==~------------=---=-=--------=~ 



And in this case ca~culation with _fa~~o~ ~.3 ;~_.ne~~~;\to -~ht __ e:x,:;:-, •'P 
l'I:>_.,:,. ',:- ::~t :/ :"•., :_~;.-t:·J ; __ ;~:):.: -~-: ;~ ·· ::~,.;:. .. :_'.~,_ ,. 1 :_i -. 1 •• ·: .,;.,:._..,' ,,.i}~i. ', ... !~.t.!~~' .... , ._ .... ,,,.-~.• 

perimento A small number of strange particle are produced near 
.... ~ t ({ (,~ .r '.") .:: ) -~ ~;: ~~J ~J ~-:·, t: \~/":~ : ~-~\ ;: ")[in ' . .) :, \ : ~··; ,1: Cf.. ) ") r"" <I (L7 t:; ; ~ f ·.~ . '. 

threshold and we shouldn°t expect full agreement with statistical 
!'"' , ,¥ -~ ~- .,. ~-· ~ •f,., . : ; ., ·. ~ \ ·.,, __ . r- .L:q .1.. :·~ _r_.i!t7 ---:(f ~>-~ -~·":~. -~- ;,l .... : _;_ r ti ".~.!:·/.~, 

· theory a'.nd ~·~xperirnent ~, 
I ,. • ~!~.~~--~ .. :,,\.!~.•·.J:~~i~L''J .. ")·,':·.-· i_ 

i ~ ~'., :;1 i _:; ·:·:, ~ . ~ . . ' . ~ i '') ~·· -· ~ -- -· ' . <> • ~ 

. . ~~:~:.~rt~ ~ini~~m r~~io ~sr/ ~i~ ··. ':~- ~h~ ;r~~;~~::;;-,; .11 ~-~~ ;~;l i1; 1 ,::, '.[ 

which has only statistical character, is proved by experiment.\ve 
-·~·.:C:·:J:)' :--:: '""j· • (":\·' ':·~ r::.::-,r~;:; -r;•r:_(i ·;,\~"~·~)J}/.,.:~.otJc_!. ~1uc ~~it ,~iu:) ';)_f.1}i'1·0-:,.r ~ 

should expec~e_tter ,_agr,e,em~r:t wit·~ .. exi:~r~'!l:nt, in the region of, , , 
_ , \·:_;!~_;J;:"1"~-.(J.L ·":.,~·,\1'Ji)t.t: ~~ :!.:,,1,_:,t_~ -.~Jr;_ J-~-::,~.- ;~1.t/"s::.: .::.C\.: .. ~:-::,?J·!~) .t.:..f: ....... -~ 

higher energieso 
:.,.-( 

·\ 

Table V gives ratios of the average number of produced. in 
•"·."<'•Cc•')J"I'' ;;, 

( TT N) - collisions of strange part'icles & ¼ antin~~-i·;·_~;~ ·;, 0/0 
and an;tihyp,e~~~s ·:~ 0/~ to t~e :ve;!ge ;:;:r of 1.P;~:~~~~~,; ;~~n: J~nd _ 

f.~ -~.~{ .:. :. ,; ?J ·;~/11 ·.,·_"'_:_;~:;1·-~ J !J z-:.J ?;?.l•t1Jr.f:-:j 'i\-~-il·) £-:"'•::: .. :,:/:_-.; '.:~·~\' \'-..':,~'. 

nucleons. 

Table VI gives the same results for (NN)_ = collisionsa 
~: .. •-.;~ ~_:. ;.;-., r E:Jr-:·-~--' ''"!~(~r;:.-:~ ;:~-":1r1J ,-. ~~\G'.!" ·s::~,r1::~ t·y/: .. ,, re~:'.- r::· \;i"~~-~ 

,. ' 
"t.7"•' !_,:./' -.r 
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Tab 1 e VI. 
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~,;'7,,!) :: :, c:.t.d:t rr.t 
These calculations were made taking into account the conservation 

, -. ~ _ ~ ,,_, _ ,,. ' r •. ~ , -·. ~--,I:~·· ... :> ~\- --~ ~,-; :·::;.r I:' :"" f ;:~:_;t~: /~~ ~ 5Ef f) :·~(! ""~ ')_ \[ 

of energy, isotopic spin, strangeness, baryon number., Partiqle sp~~ 
. ., . <---~- __ ·"...-, ~ ::·~~ r··,'?,::r 7 ~ -11"' t\1":,:.._, r,Ir ... J,:-.:r➔ r1:i.:Y 

was calculated by multiplier fii (2St ~·f) ~ En~i~i: ';:ight;Ej~ ~- -· J • 

(NN) -collisions for J and 5 BeV is calculated by Maksimenko's and 
;d.~ L' __ rit ~ "!D SY/O}i 

Rosental•s formulas; in the rest cases we used improved method, 
· ·· : : r' -~ :3 :- I~ f10 -3,G1{ .C{ 

worked· out in our ·1aboratory" 1.rhe case of two and three particles 
. . , ,_ , / -> ..;"f'i_!-:.-;·:·.i: -~~~ =t.:) .j·~1-cI:tn~H1~:r~ . .b.f~:~}G-.:·!~! 

in all cases was calculated by precise Blockvs formula¢se 
n ~ ~:, J Z1 ~J: :·t a0 

In all cases we took into account resonance interaction pions 
-~ \ t ~:~. (; :~ ~~, ::,,.t :-~ ~-\ ~-: I cf 1.1 j 1 

with nucleonso 
'· 

'· ~ _,,. ,, - ' ," ,- ' -- . -~}. "-- ~.... ! : _} 

To our sorrow, at present in:fhe field of energies more than 
, . . " :;,. _:,. - ~~ r~ "t "1.~/:; 

J BEV. we possess only experiments on the heavy nucleons, what ma}.:es 
~ ,Jt:.00 t :J,,; tt 

difficult to compare it with theor~o 
... ,. ~ ~., _ .· "" - ~ ,_ 1 - : ,· f) ft ~t .:·~ }, \l t:' ~. 0 ~rj f? 

Now we can say, that results of these experiments to 7 BeV do 

not contradict both variants of the t.heor,Y.'~.,, but variant VJ is probab-
:.:-, •i 

ly closer to the experimento 
.:·;, ::-~ ::: .:.,:; ·:: """ - -·~ "',~ ,_,. ~,.,.,,.. .. ,. ·-· 

This problem·,is being ·studied closely~ An interesting c,on~equen-
~ ,.I- ,_ ,. . ~-

• ~ • .... C ~ ~•• .,.,,_~ ' ..., 

' 
ce of the assu111ption, . that strange partic,~les .are. prciduc.ed~. in smaller 

volume than pion and nucleon is maximum in the rat.fo the number of 
• • •(,VJ/).) •' • . !' ,,., ,,,:,,~",·«.••=•••h .. H• ••••~••.__,. 

produced in t·-=collisions strange particles in reppect-to, the numbe~ 
. ~ . - . ::1 • '; -~ ' '-'. '.' " ~ 

.of pions. and nucleons with E - 7 BeVo · The reason is that probabili• 
~t'"' -~-~ 

" 

ty of the reaction (NN)--(N/\k 0 n <jif )' and (NN)--(N L K on Tr) 

with trensition from E ~ 5 ~ 7-BeV to E~l~BeV decreases and the 
.. , l. .: , .. :;; =:::a::, • c:·. ... cc " ., ' .,·. "- -·~ :;;, 

probability cf the reaction with greater number of K-meson for,,ins".'7 
' ·• ,, • ' > P •," -<. • '• -~ •"• -• ,.,_,, •> •• "" _, '•• .,• "' "'•' •s "., :• ~..::• •,:,-,. 

0 2K .. •o Il··* .. ) etch' th~tlgh it incre-
r . ,· · f. ":/ :-

tance '(NN)~.(NN kk · n<i!.);. (2/\ 

ase s with energy,, however,. cannot considerably:::.change· the-·summary probab1;:. 
::,- of ,.,S. t:E,~t) ~ ;_:. 

li ty, because K-mesons are produced in the. smoeler. volun:ie.-.and the 
. . - -t~ ~ 

probability. of their production is Etrongly suppressed iii r.ct>rilpari~on 

~1th pions and nuclion~~ 
{ 

r·~ "' 
I.• ,,. 

.. , ,;-:: ,-..:: ~= :: :--.~ .::: 

From the statisticnl point of view the ground ot decrease of 

comparative number of strange particles with EN 7 BeV the same 

.......,, __ 



~ minimum·-'in Cii--'p);.;.collisions;with'l'E' ~:£:i_ B~V~:~: :,::'.;% ' ~-,:.:;::.·>[· .··.: 
. . . 

• • ,~" • ", ,-. •· -· ,, ' Y'. ,.,,, ,_,..••-, "', •• ~ ~ -;. ' , .. ,r:;;:,._,-1~-t ;,·rr ..; ·:[ -,",·, ,. -~ ": ·:•,-;.· , ...... ·-· 
,rn::variant .of"calcula.tion"·w1th'•V3 at. higher· en'ergies ·rea.c.io!l 1"' 

with baryons may':be 1 of·;great importance, C like·~(r-IN)~(NN ::i{;/:'rili)' c .• ' 

etc O and '.we -should' expect; tha f>;th~:;sha.re1;;of;strange p~ft:tbl~ will 
~, t,, •;f·<•-<--~-.-, ... .-,.\.t· ;·::ti,__,; .. ,,.: Cr --~,n ::-_ ;, 5·'f '""·: :-~; 

inc~easeo On the contrary 1.n variant with factor v2 · tlie snare 6~ 
.. ,., •. ~,:-.,_ ~v' ~ - :·r :~\ -~---, 'f-,r'\;·f:•.',~--·{•i•r1~"",-.. ,¥")~•:•1.~t~,:·'!; 

strange particles -'Will '·be 'decreasing· fU1"ther··w1th' i'ncreffising ~energy, 
,.~ ' - ' '. - ,r,--~· ,.. .,.; ,' .~«f-c! .. , ._ •_:· t:•rr::.\ ::-~f .. ,,.,~--, ":~\_"II·,::...; "".'!,,; 

and would Lbe :rnr:·corit'radicti'on -with ·~the ··cosmic· ray'"experimerit~f o • .. 

~ : - -'~ •· ~ ..... ~ ... .., •• •f ,_._;,.. ,,..,., '; -,', ... -~~"''i."";" "''-

the cheise of variant of v6lumes·:yiiace ;and ;ir{ (NN) coll1s1'6ns· ·eq·ua1 
;, ' •' "-<s•,.._•- 'j' \ 

approximati,ly :c·one antfriuc le6n1 :p'er 2-.:3 thousant -pions for -- the -··e·ne'rg;y 
--- -··_ -. -!','",~· ~)- ~ ; .. ~ . ~ \._r- ,, ~ 

of 7 BeV and one' -'antiriucleon per 1=2 hundred pions at the energy 10 

Bev O This'· resul't :'can: b'elC-put>"irito !a;greemci-Ltl:'v?:ith' exper:imerit'k.il 'a~t1l'. :: ' 
(one antinucleon for 6 · 10., - 5 · !Os of the negative pions, obtained 

when bombarding copper target by the protons with energy about 6 BeV 
by the magnitude, if we take into account small antinucleon range 

in nuclear matter in respect to the annihilation: 

e, O.h ;:;:; 1/ (ja.n n -"fl/rn C 
11 

Due to this fact antinucleons, produced on orie•of the nucleons 

in the nucleus of Cu. pziactically annihilates on the following nuc-

leon and from the nucleus Cu. only antinucleons, produced on the 

nucleons surface, may energeo 
. ,,,.,.~ ..... ~· '• , .... "J; ··•'""•• ;:;.~, .. , ... ,.. ,._, < ·.,~ 

Taking into account that the incident nucleon intract in the 

nucleons''. ~ur: ~ith.[jth~:· itttib~"::,~onta.inin~-- ~n the ev~;a~~ a\: ~::n~~-
~ r ...... , "~ { ~- r~:f·: r-·, 1 1.: -~", i·F.i 1. ~ ~. ~-~ t:;: .·~::<·":~ "/:1,,~"iDflD j:~t1~_t()i;I L~;~,~:.. .""\i~::::~; :.__~-- ·,•~.) 

leons arid the-it ··e;e1, / rr;;~ ~o. 25 obtain the probabilit~ fo3: th: ,-i~c ed~~~ 
.":-.:•fn?- r~',. ··:·~:~·T~-:rr._"; ~/;-::\··~, ···1 r\., ·:".:·.:~3:.-:.;-:-.~.i: ;_ '~~:j~:.t,f;:J:'S :.::{S -:··:. .t ,.:,t ·· ,,,:.•.; 

nucleon ·of re·a:cliing the last nucleon in the tube with small energy loss 
. • ~-- ( 1'· • ;_:,_. r~_}:-.- ·.·.·:_ !_ ... ; • _1_·_ •_: -. ;, .. -~ 

.-•, I"\ ·, •• \ •· '• )"f",',_, _ _!lf'jtf('i ,~, Js<).. (,,.. •- ,._/ 1,.:.:. , ~- •• v• - -· v.r ;.:_ s .- i o ~. ·- · · -
';; •l't '-\' 

It is these nucleons that give the basic contribution to the 

. production of antinucleons on the nucleus of Cu. because the cross-

section of the antinucleon production quckly decreases with the ener-



"'8 -

gy decreases o (See Table VI) o ,.The •. given; consideration decreases. 
' ' ,.,,. . . _., ·, ·,.. ,.; ~. , , "-, . ' 

the ratio of t~e number. of;sthe produced ;antinµcleons_;to-the · number 

of pions up to the magnitudes e~perimentally-:observed~(o: 
. ~· 

. An analogous phenomenon is we1;~1cnown in the ... atomic.· reactor 

theory. It is called "block-effect". 

In our case the nuclei of, ·Cu, play the roll c,:f' ,'."block'!,o; ,·· •· 

We have made analysis of :the chapge of strang~-p~rticles•- • ' 
. , .... . '. . 

In all cases the ratio. of_.a.verage n,um1?er. o.f produced K± and 

K= par.ticles is in agreement .with experiment: 
•• •• ,; " , <- - ., "' ~. ~ 

K+/K ...._, 150 for \,, .'(NN) ::-c,.~l~Jsions'. 

i('/ K_- · r:,-. I - 2 . for . (11N) · <: .. -ctollisions 

At present.more exact comparis1on with.experiment. is being conducted.-
. ; ' . : ' ,. • '., . ' ' ~.l ~- ' ., ., 

-------------------------
x/ We should take i~~~ account, . that n~cleon ,in. the nucleus_ 

- "'" < ·,: ·, ,;, 

L :.1 

of Cu. possesses Fermi energy equal E ::::.. 25 MeV_j due to this the .col~,· 
;_~ '•\:'·: ,'. ' ','_"j~ " [ . _;,,~; ~. ' 

liding nucleon in the experiments possessed the same energy in the 
•• , '. ' . . • ' . . ' : .• J \!.·.' 

center of mass system as in free nucleon collision with the !Jnergy 
; . ., f 

E = 7 BeV. 

"--~ .. 
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