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.'!'he r,esults of . the 'recent : Ccmferen.;e on Hgh Energy~ ~hysics · held . J.ri. Dubnq 
"· . . . . ., .. . . . . . \. . . . . ··. •. · ... ·, .·' .. 

. . mrve. ~hown tha.'t i~. the investigation .of such· phenomena as,elastic ·P·P :scatterin.g, 

· inel~st~~~ p·N . a~ct ,.N· ·/,int~racti~~s a:~ ~bout 2o GeV, the cto~hle charg~~-e~C:hC:.n~e 
. of pions on nuclei, positron asymmetry in "+ .. ,l .. e +- de'cays, muon polarizat-

+ ,. !. "" / '_ ......._"'., .~ --- • : • j 

ion in· .K, 3· decay etc., the emulsion, technique •.proved to be. successful to get ·· 

some experunental data which co.Uld not. be obtalriect by .~ther ~ethods 0~ .at lea~t~ ... 
. the d.;,_ta: which have the sam~ deg~e of a~c;_:.ia~. It shoUld

1 ~e e~~hasiz~d:fuat . 
·:-~. ·.·• ·-~.c! -··. __ , • -..• :,_. /. -~-). ----....... · •• · ·· .. -.: :\ 

·these experiments .yielded 1quantltative results •. In .the fuf!.tre. develop~ent of the 
/ '. . ·' · .. .._ .· ,-.f:, __ '. ' ---. ; ~ -~ ~·- .. , '' 

·.emulsion technique one 'has to· take· into •account :essentially the,'progress' ,of_, other· 

,· 

~ . types of-nt.iclear i~str~~ntatiorl; es~eciclly 'that ~f sp~k chainb~;s :in which ih~.; 
. : main·. propertle~ of tr~ck. detect9rs . ~~ct· 'eie~fronic . counter~ ar:;, comb~e'~.': I-bweve~~ 

' there is go~d reaso~ .t6 bell~~ that the e~~si~~. technlq~e· will. p~ove t6·_be 'su~ 
.· . ~~sful ·along' many linee: of. research havl~g ln '~i.rid: ~orne its :.well.-kno~n adva;_ : . 

. - / ' 

'tages: 1. high.a~U!a'r(< 1 ~~d j. res~luti6n and .goo~re;e~ .res"o~ut1on a(the . 
. . . .. .. ·. . .. \ ... · . . . . .·. . . ~ , 

·same. time;'2, possibility to measure ~r,',.au:lifeurries ('~ l0-.
16 ·sec), 3. portability, · 

' '4·. ~omparatlve inseniiti~ty: to, the baCkgraun'd,)5, ·~ossibllity to tJse diff~rent tar'-: · 
· ':get~ -whi~ are put' ir~~icte' the emulsion blo.;ks or ·ar~· in. co~tact . .wlth. them, :or -~e. 

'· •• "' ,· -·' .' .• ' • J'' .--· • . •• ": 'j ' . .• '+ 
.loeated".at . some ·distance, As an example, the exp,erimenf. on the :'£ :. magnetic' · · 

mo~entunl being j~st performed,'~( CERN ~ouid be mentioned; ' ··~ , · 1
1 

.·.· Irf the~foll'owi~g .J.~ ·shan discuss ~ree ii~es ·of rese~ch~ 1. the enric~e~t 
.: .. of; emul,;ions wlth, hydro~eri. . 2, the us~' of ~mul~ion sta~s with hy:ctr6gen targetS, 

. 3,_-so~e'!'ro~lem~ of appllcat~on. ';.incl';'ding .the combL"lation -'or' nuclear ernulsi~n\i· 
· with other. methods; 

·.· 

i. Hydr~gen targe,ts are a reliable means· in' investigating elementarY' partlcie ' · 
• \. ---~ > • - • • - ' ' • ' - - • ·~ .. • •• • ' - "~ __ •• :-- • - • -:. f ' . "· 

·interactions; Successful results. have. been· obtained with' llquid .. hyctrogen .chambers .· 
"'· _.- .. •· -->_r~_.:: __ . ...__._~---~- .· :· . .. ..-'-' ."··~-. --. ·-J- • 

and ~ means of ~~ectronlc counters•. I-bwever,',tl-le ciisc;imination of particles havi.Jng 

momenta: of m?re thal'11,5 ·: GeV/ c !~:very difficUlt in , bubble chambers; if. at . all p;!;oo . 

·., ,sible, 'The• counter technique .is less suitable .for investigating interactions In 
, , . . . . . . . . . . .. -. ,- . . . . . '• , I - . 

, , which many . particles \Nith dlfferent masses, energies, and lifetimes . a~ produced,' 

. -. it is'well 'known,' . ho'vi~ver, 'that 'rr; thi~ 'ti~ld iritere~ting r~~ults. ~~ , been, bbt.ained .. 
• • . . . -- . ..' . . - . ·-I . . • ' ' -- . . . ;_, ~ ,} 

:.:,.b)' means'o!nuclear ~mulsions, Nevertheless,/an:essentlal improvement.·ln the. 

:. . : 'exp~rimental 'facUlties •, f~r ~~tigaUng the m:teracti~~ in txYch-ogen with ~~Ul$1o~ .c. 

:;tech~que s;~ms nec~~~ry.and. possibl~. n:at ~ui allo~ us io g;.t exp~riment.J-' . 

'' daid whlch ar~ difficult to be obtau;ed ~ith; ~ther te~q~s. · · ·. · .:. .'_.. .. 
-~ . .• - '. . . '. ' . "' '. . ' 

The emuisi'on pellicles· ~re- enric_h~d iri hydrogen b~~ soaked with iithium ' 

a~etate, ethylenglicol. (CH20H .>2 or.wate~ what increases the,hydrogen .cc;>ntent 

!Worold.or even.more. A.n ihcrea'se.'in the amol:tnLotlight nuclei irlcr'aa.Ses the 

. , 
' .. ,. ' 
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' ) ·-· - - . ' , . .. . .'~ ' ·. . ... -/~t . ; ' . -.'' ·. t_ ' . • • -' .' 

miinber of· interactions ,on free and quasi-free protons in the emulsions up to•0.3L 'f~ dimensions is-the so called"stra.ngeness detector": the·ka.ons generated in·the 

This means that fn, this' respect:!he emulsions are ·p~a-ctically equivalent to 'propane •.. . i I( 'I primary collision preserve; fueir' stran~en~~ in stibsequecl 
1
c:;oillsions, and obs~r:. 

~hambers, '.I'h~ free;;ing of,so~ed e~tll~f~n stack/ 11 makes~O~~ible tO r~duce J. vation of:,the.de~a~ andinteractions,Of
1

Seco!ldary. particJ~~.giyes inf~nnatlori I, 

deforma:ti~n5 ·and- to: sun~lify .the handling of emulsion stacks in the c6ilrse pf the. 't:;: about _the ·gen~ration·of kao~ In fl:e' pr~ty collisions (:see red~/). 

- ~- I 
., 

·- . ' 

I· 

'exp~riment. . • _ • - . . . .. . . . · · . . • • J. It 'i~. of intere~t to .investigate ·the production of. strange particl~~. by p , , .,. 

. We ·have worked out -an 'effective. method of, ~rogen enri~en/.21. ·~ydrogen_ .. : I~ • I ·e_ :,and .Y· _quanta when the velocltles of the .~rrespondlng ;;entre-:or..:mass syste~,.. 
is intr;oduced in the.· emU!~ ion. with. ~ certain substance· which is wash~d out -in fue · . ·'. _j(, . . · are -close· to "each othef~. In' loaded. emUrsiods th.;' a.ve~~e. atomi~ _:"'(eight_ :is Cl,hout 

develop~ept. Tt-te;5~· me~od_s· permit ';15 .to ~xpose_ pem~es or a~out _1ooo I' • 'I~'.- 1:2,5, and. th~ proba. _bilitiy c~~ th-e kaon. s to undergo 
5 

a -~eco~~ 'c..:msi_o~ ·in the 

:while their shrinking· factor:. is .. 5; hence the observed pellicles have the. usual '~~ _nucleus .m which they ~e. produced is about. 0.3/ / • Hence;· the strange particle 

thickmi~s, what :·simplifl~s th~ ioniwtion and multipl~ scattering, measurements. -'Ihem , , . Vr productionin this case is r:ot very ciiffere~t rrorn.· tha~ whe? pure hydrogen -target . 
' ' ' '' • ' .... • • ' • : ' • ' • ... I.; I/ • . ' . . • ' - ' • . •• • . ~ • . -. . . ' 

the_ n~ber of, particle: is,lrlcreased ·by:·~ f~ctor:o~ · W •. ; whose mom~~ta c~~,be. t : . IS. ~;d. These. e.x:per~ents ~n _b; per{o_r_:rr!ed fast ~no~g~ 'and give info=tion 

._measured. :ThiS factori~;:q~~Kto_the followmg raho.of the correspond~ng solid ·!/.:.· 1 
1 Wlthin a_.:wide_range;~Lar;gles ~nd-~nergiespf st:ange,p~cl:s• .. , . 

angles: • . · Sm :-rc a . . }'! / _ •?• Hydrogen targets, ~uts1de · or on. the surface • of the· emulsion __ stack . can· 
arc Stn ( ) . ,' .- , ~ , . . . . . . . . , . . . . . . . .· . r . 

Sin . .p·_. __ .... - · ·J: ,also be· used. Such· experimflnts' combine on the one ·hand .the advantage$ 'of.· the· 

VI=· . . ' sin a . . .. ' J:l: . , hydrogen ~~t ~nd on'_ the ~ther- th~ p~ssibili~ .of using intensWe b~ ~arrying 
, arc Sin ( ) , 'li 1 • • • • • • : • • • • • v 1 · • .. - · · · · · 
. _· . Sin <P '.- ,· •. . ., . . . :.~·~ .. , . .; out accurate angulw and •range measurements, .and discriminating betwee~ particle'~ 

. ---
'1 

is the ahgle 'with the beam dlrecti6n, a' . is the maxiinum angle .of the -' . ·,!1'1': 1 '. in. '- · ' .. ·. · ·." ,. . · ' · · • ' . ·. · ' ·, · -· · - '· . 
. _. _ . ·: .. ... _ . ,. · .... ·. · _ , ... · .. . . . ·r':,·i' .. ·the nuclear emuls1o~,In.mve~tigatlng the small-angle elal?tic p.p and p~d ·scat-:-virhere- ¢ ._ 

tzi_ack/inclination· with re_ spect_ to the ·plane of normal emulsion· .. in Which the mul1_'ple . --· ''l):,,. te.rm' g· · ·g ·d · ·. ul. t. ha. · _•, b.·_· ·btai. ·d' .by. ·· lyin. · · ·'th· · •· ·( 
. . ' .• ·l ..•. -~ -:: 

1 
:'-' .. · · L · ._ •· · 1:' • \ .·~-· oo res s ve __ een o ne app g a_ 

1
mpolyethelene.fllm. CH)·_.··. 

sea_ tter_ing measurement is·possible,· Ko· and -~.K:··being the shrinking factors for-·~ _\-_.l ·_~as_an_ .. int,ernal' tar .. g_t ____ d by· ... d te tin th .· ·_.il - t---. f_ 3 . , .. · · 3 ........ ,. . , . . • . . • • . .. . • .. -. !'!>:; . . . .. . e an e c g e .reco pro ons o . 0 MeV c .momentwn, 
-·normal and impregnab~d.·emwsions -· . .I·. · ' . /• '{7/- · · · - · · . · · ·.. .- · , ' ·. ·. · : .... 

• · · .... ·/
3
{.. . . •. .' _ • '~. . . ,:·,, _ . . X:·'' In ':eh tJ;e effectiveness:of this methodis_proved even·f~r.very high ~l"fergy 

• . We hl:l,ve. found:: -.an appreciabl~ mcreas~c o! __ th~ ratio :between. ~eblob- ·. 1~ , primary particles •. / , . '· '. ·"'· ' _ · 

ctensiti_'es_. at th·e_.plateau·andat th.e:minimum.in"th_e.NIK_ FJ BR_ em_ulsions __ soaked w_ith. ·:,'r: · ··.... _ "'h·e.·m. eth.· d' '· .. ""d by·. 'th'' th claf_ .'.' '. _'t th-. rf·.· ;_ ,f . _- . . .. "' . · . . . .. , . . . ._ . " . .. . .. .. · . ·. . . . . '•,\· - .._ o propose · e au or perm1 s e pe ormance o several 
·, efuyiengl __ · yco __ l as CO_·mpared··with the ndrmal. emUlsions~ The discrim_J.na.ting pr_operties · • ;(,< p'recl'S!'on':.expe· rim' en·ts· ... ,.··l·th' a .h· d·~- .. j t ·ta·/ I_ t' ·'hi h' · .th:· / · .. b.-.,'' 

, , • · .. 1 . . · · ... - .. . . . . ~-·· . .- · • '>": . . . . . • _ . . . w y n .. gen· e , rge w c crosses. e. proton earn 
are __ improved in·thl_s case.'and_the m_omentum range in w.hich.,. , .K and. p are· _I{. :at the1 acc··-ele .. rat·o'r orbJ't. A'·hydr g· -jet.ha 1 th.·- d' 'ty ·f 1· 0·--.6. 0'-4_/· 2 , '· .. _ . . . .·· . , .. ;, , . .. \.,.; · , .. . · ·. o en vng- e ens1 . o - -1 .·.gr em· 
difficUlttobe.disti_nguished•trcim.each other b __ ecome~.smaller. If'not.very lar_g_ e t'lt . .:· '· · m_ay ·be.·used in. th .. e-exp. e~imen•· Fo · · · .1 .. ,; ·_.'t th .. 10· G. ·V . · hro, ·h· · .. -_-_-,·.in - • . . , · . .. _, -.. · __ . ., .. : . -. · ·• • : . . . · . 11 . .. · _ . . • '" r _exa!'l)P -• ... . e e sync p asotron. 
emulsion' stacks are used,: for example 10_ x 20 x· 30 ·cm3 ·--or-one uses stacks· of .•1 <- · · · · . : .. - . ·' · . · . • · ·· .. .• - · ': . . , · _ " -. .. · :. · .. . · .. : · ~ .. · · . , : . ' ~ . : . , .. . ·: ., il' . . Dubna the accelerated protons will pass through the Jet, for about 0.2 sec, more than 
smalle;.- thick,ness.;a certain part _of ~e volume being in a. ~gn~tic field c:f. about. ,, , \ :"_ l()5 times,' and most of' the~ inieract\.vith the target proto~_ •. ;'Ih~ 10-6;y/ Cm.2 

100 kgauss, it· is. possible. to-·measure the momentum and identify the mass of .the . <(. density is ;eached ·at th~ j.et diameter-~! 4~ ··'·. H, - th . · t. _. · .. ·in·llk· 

·,: 

: . ·. · ~ ~· >~ ,:;: · . · -~-- -;_:.~=-~ _.· _-\. _ ·_. ;~- ·.- -. · _:-- :'· \ 
1

,.-_ .... , ,.-· .-, _;. -•. _~-- , • •. --~- IL- .... _ ~e, ~ J7 1s·a po ·"":'" ~ 
maj~rity of. secondaries produced ·.in·· P·_P, and IT•p c_ollisions even _when __ the energy . ··. ·,' tar·. g. et V:,h_ich creates ·perfect ~ng.ular conditions· m' -, ·h t · ul. · · · .. · •~: ·""'- . · 
~- ;,

1 
-, -., ~·: - •• ,.,..,I •• _ .' -. /" _ ,· • ~- • • • . _ . • _p ooe:n ~1on expernnent,.O.·.J.ue 

of, the primary- ;particle exceeds that attained:with, ~odern hi~energy accelerat()r~· . , - af>plication of ·this.'method has' the'·rollowing advantages: 

(An_•·increas_e_ .in_-.th_ e.energy'of th;,·primary_particle leads-to.a·narrowingof the~cone '··' . a) m' .th, e·1·n-vestigation.·o·r e'lastic -··and .D catt .. ing·. ·.t·' 1 _ ·ibl t . . . . . . . , • .. . .. . . . _ . . . .. _ . _ . . , . · · p-p p· s er 1 s · poss e o 

of. the, secondary par~d(s . what ~.akes . easie~ :·to. measure the mUttlp!e. scattering, .th~;' . 1· .·• ._,; _ rneas~e Smaller scatt~ring angles than in ref.f6/ and to· rem~e ·c~mpletely, the . 

magnetic deflection and the ionization).;· ,• --, - ·,:'(: background of n~tclear· interacti;ns. . . 

T6 summailze: ·an :increase' in. the hydrog~n co;_.tent, in the thl~nesses·~of • · l· _ , , , _'b) .. the· kine~<;>-tic .conditions allow the investigat!bn of proton res.onanc~s ·in \ . ~ 

pellicles and in the sizes of the. ~tack, the groWth of th~ ratioJ ,, J . 
' ' _ __.. . .. , ~, , ·, , ' : .,_ . • · __ ~ . mfti ._ , ." ~ _ 

as the appllcatioh of magnetic' fields·. will -allow to · ob~-· with· much· less eff~ ·a 

3.S .well 

great number' of completely analysed eventS' of multiple" particle prqductioh in the . 
" - - ~ . . , . . - . -· I . . .,.. 

collisions of fast partrcles'with protons< Mor_;.over1 an emul~ion stack of. the_ given 
., 

' 
4 I·· 

" I ,. 

,· 

':---; 

: 

. ·-~ ;.P· -,collisions .llY ·defecitirig the- range ·and thE;> angle of the secondary protohs in 

the ph~toem~sion/ 91. . . · ' 
.. c)- it.is ·posslb;e to ,investigate. the. elastic· p-D · ,s.;attering with·: high rronentum 

tranS!~~ ( .,. 1- GeY/ c) to ,'th_; _·deuteron a~ w~n as t~ investigate the; ch~ge 
·exchange m· the· .p +:ll"!n .;2p 

'· reactio,n. · 

"- . ' .5 



-:.• 
'/ .: .'' .~ J ctr it' is.al~o possible to,lnWsUgate the spectra 'of seco~darypartlcle~;in·-

Cluding ~~ ~a~ina ray.proctu~ilon in direct p•p interaction ~teo ' ' . 
' - • - -. • f - -·-· ' • • ' • ' ' 

A liquid hydr:c?gen target be !rig near 'or in . contact with the emulsion block 

enables -~ t~ lnvestigatei thoroughly the spectra of secondary.: particle~ gh,en rise 

Jn-~-p •, 21~0 , ·y:.p.· ~nd other coll1sio~• Let· the fl~e~ of , strongly in~eractm,g 
. .. . .. : ' -: . 8 2 "' ·. . . . ' . '. . 

partiCles ,be equal to 10 em. • Denote- the beam radius by- r , ·the side of the 

sq~ target. by a • ; . an~ the. !Emgfu of the target by: . f. e >> r -. If th~ length. 

of the ~mulsio~ stack h,.· als~ equal to .. ·r • !he average number of se~ondruy. ~l'- -
. .. 2 . - ··.:-- . ._.- -:·"- ··•.·.· 

Ucles per 1 em of, emulsi~n. ls giVen :by: c 

:2--. -
n-~··,- rr.r pCr:s · \. 

.-:·.-. 

/ . • ,y -·· -~· 4a ~--~ , .. ·: ~ 3., .· ' - 11 1 • .... 

where_ p . is·. the bumber of hydrogen , atoms' in 1. em :. If r .. o~. a . .. 3 em 

s .io8 . a~da---~~o:.. 27cm2: th~ri. nc .. 3.1o3 • 'lh~ JnVe~tigat!~n of strange particl~· 
- ' ·, . •-.., .\.. - . I r " 10 -_, . '. .··. ' ,· • ' :.. ·., 

production by .gamma rays· and· electrons with· · S •.10 _ . !$ possible if the produo-- : 
• · . --· . , . . ·_' ·. · -·- • ·...:,30 ·2· · - I'· - '.· '- . . - . 

t!on· cross sections are.about :10 em •· c· ' .. 

i • ~e m.;,tho~ ~erm.!ts us e.l$0 to"·.lrlvestrgate _the momentum distri6ution of se-
• ~ • . • e ' • 

condary p~otons as a f~ctlon of the4" emission ~ngleo The soft p~ of. the proton 
• '- : .. -_,." --.~ ' . ".. _.. . •' ~ • ~ .- ··,, . I ' ,' : . '. . - ' . . I. ~ - • -

.spectrum c<;Lr1 be detected, if the emUlsion is submerged _into 'hydrogen.> It is shown·: 

Jr1 r:~d 101 : that • iilllforct cis : a~ci ·. speclal NIS:FI emUlsions . the g~,;,._J.ll. demsity, oi. X:e:;: 
l~vi~Uc' particle tra:cks ~lighUy decrea;,es '( abiout· 20%). when"thes~ emUrsions:_are-

cooled down to 0.16 K. ' • · . · - , ' ~.· 
Deformations in the ·emulsion ~ not to~ serious and allow to u:r~iate emulsion stacks·. 

• ~-_' ::- •• t ~ '. :_.·_~. _; •• ' ~ ·-J~ ~' .• J --.·· :. -' '·' •·l :. " _.. . ·_ .""-,,_ 

embedded ln liquid hydrogen and_ helium or in confac.t wlth:.a· solid hydrogen ·layer-. 

-~~~- ih~ emUlsion su"rracel.~~~. ln view of this, it ~e'ms reC:~ble 'to' do the 'inq)~r[ ... :-' .. --. ) ,_, .. -- .. ---'--~----~-~--- . ·' •. 
1

ments with polailzed . protons. '.01-e applic~tion of P<?larized pure hYd_rogen targets 

requires ~cylow i~mpe;aiure ( <. o,01°K). a~d· strong ~a~etic fl~Ids ,;ha'i,b 
• ' 1 • , • _. :. _ ' -- • - _ ~, • • • ~ ~ ., • ~ \ I · • · ·. ' . , , _ 

dlC!icult to rer:=tch in a· considerab!e. volume. Therefore, a polarized hydrogen• layer•--: 

.on the s~'c-e 6! .thEi emulsion haying 'a sd,ali voi~/i~ e.Xp~ctlent. espe~rally:·in:" ' 
• .-·~ ".: --~.' .• '. -~. ··,, ·_· . ' .- ·,. ·~ .•. ,.,>-. ~~ 

the :experiment with· ui'lstable partiCles, for example, _-hyperons~ ·• _ . - _ c - ,,. 

I • The ~e:· poi~lZI:iUon method d~scribed in. ref/ 12/ m~~~ posslbt~ to;·.:· 
~c~m~·prOton,po~liatton ~! a!Jo~t ,70% in th~·crystcil 02Mg;(~3r12~24~<;\ 
wh.e.r:e· about :t6% ~£ the tow intefaCtion cross , section bel~rigs- to ;fr~e p~t~~- ·. 

".thus. the .exper!mEmt_fo.r,~ d.eiemllnation ofthe.-I'~lati~e parity of ~- ~d K 1r;in 

-the~l;"eactfon&. tr;·+\ -+ ~+'+'K+ .;,hlch we ar;, nbw -p~ep~ingf 13f: bec~~es 
- ·• \. --. : . ' • ·-' . -' . ' ' _: - ·: ' ··.-- ' ,J . - ' 

po$$1ble.lt ls a very conven1~;mt' method to- observe the kaon decays ·in nuclear 
: . ' ,.- ' ' ,, ' .·., ·. ' : ' '+ ' ? •• - ._. • ' 

emu.Ieions <3.l'ld to-'detect the ilght-left asynunetry- of the. K emission in,.the react-

ion. We ~ould not& in this. ·c~nn~U.;n that 'a p~ssibl~ CP ~iol~tion reporle~ a~- ~e 
reeerit lnt~rriationai Canf~~~e on ,l-i_gh. ~nergy Physicd 14/ at llitbna., opens ~' . 

' '• I . :_ '- ' ' - . -,- ---'.,"" ~ • •' • { ' . . 

' ~w ~pter in these 1nve$tlgat1ons,. '·- · ' · 

·._, I -·-., , ·, .· ,: 

. 6 -, 
- ., 

.\ 

-~ 

1 ....... :_. 

. ~ 

·\ 

/ '. 

--: -"" -:._ 

Further on,· it' was shown in ref/ ~5/ · tha! it is possible to determine the spin 

and ·parity of baryon and kaon resonances with polarized protons', for eXainple, in 
' -: . \ ' '- -' ' . 

_ reactions· of the type: * · ~ ,-
IT+p->Y+K ·, * 

IT+p ;A+ K 
" - I 

It was ,also shown in our pap~j 16
/- that ilie p.ynartlic polarization method_. 

can. be used when ~mUJ.sion . pellicles are put into the cavity in an·. immedi~te .con-

. tact with the crYstal' il') · vyhich the pr~tons are polarized, - " . 

_ · , The · ell'!ulsion stacks together_ with _the Iiq'wd or. solid hydrogen -:targets cari 
, . .. ..-. . . . I.. ' 

be an effective means in investigatli,g the ·COSmiC ray interactions at energies • of 
I • 12". • • • • • ' '< ,• • • I • • ', • • 

· > 10 o:v •. The application of hydrogen targets is necessary· for_ the_. following. 

reasons:. the large multiplicitY of PCI,rticles .produce;d In the· primary collision with 

the m..icteu:=: leads to the te~.crthat ~ considerable n~b~r of them. undergo ~secondary 
interactiC:,ns 'in· the same riucteus, which distort the original.properties of the primacy. 

I . , - '. . . 

interaction. · · In the superhigh .- energy region a ·" tunnel• m'ech~tn1sm" ·. of •. the interac:... 

lion is possible, but it is ctifricult 'to 'detect this phenornen~n. if the. energy of the :. •,. 

prlm~iy particle _I~ .nbt1 known,' It is also intE~resting to investiga:te the interactioria' 
' • • ' - _', , - ~ I ' . -

,of. fast multiply charged_ particles with pr~tons at re~t. 
- . '' ' - ' -.. · --· -- : . . . ' , 

Successful experiments· carried out by:Powel et _ai~ with large emuls~on·· 
blocks flown ·in the stratosphere and similar investigations done. at the Physical . 

b-istitute of the. USSR Academy ,of ;,~i~nce~·~·with e~ulsio~;; In liquid hydr~gen/17/. . - / .... 
/ proyi.ded Jhe 'possibility .for making the. follow!Og ~xperiments.· A: cubic emulsion 

< I . ' . , I _~~ ~ _' 'r , 

block with an edge· of about 30 em·. is put inside a solid_ hydrogen sphere, 1 min 

, diam~ter. ·Sol;~ hydrogen· is more ·preferable. than liquid one since n~. containe~. ., 

and emul~ion ·supporting 'mat~rial ar~ 'required~ .The ·w~igh(~f emulsio~ is ~ :1~0 ,~tg· 
' ' > - · , - I ', I • . " .. '~· ~ '. ' , . • • ·, · • ~ 

· and· that of the hydrogen - about 65 kg. ·In~ winter, especially at high latitudes, the . 

Surl-iS absent for ~~r~ than-~16 hours, If the ~phere iS COVered ~ith a thin ~oat.ing 
having. a reflection ~actor K · • ~.p ( larger yalues. are aiso. possible), the he~t . -

. ,• . - < - ' ' . . . . 2 . 1 ' 
flux is· given by: Q~~r1;(1-K)t·. · , where c. 2 cal, em- min- , Iri 

10
' 

. . 6 ·. . . ,. ' -·. 
hours of . flight Q • 19 cal (the flux owing to ·the. air thermal conductivity will be 

~l~ss) and oni; 10 kg .;f hydrogen will eva~~rate. According to ref/ 181 the flux of. 
• · .: -· I 12 > -5 . -2 . .:.1 •. -1 • 

particles of. energy_ ?: ·10 eV is S _ •3,10. em : sec, ster , 'lhe average 
.. I . . -

_ _p~th length of pr~ary particles, · whose interaction products penetrate into the __ 

"~ : ~mulsion, is in -hydrogen .. <.f> ~ r --;...·= 35 em 

in hyd~ogen 'is giyen hi:· _N=4~t2 r2pa<f.> s t 
• The number of their interactions· 

. . -27 2 - . . ' . 
hours,· u, :•3q.10. em • :one obtains N •5700, The ·number of· showers 

23 
p • 0,5~10 ~ • If where •10 

'LlN'. which-'enter into.-the ·emulsion bloCk,. is less. than 
N . approximately 

, by' the · ratio . of . the, sUrface of the emulsion _cube to that of the 

··,7 . 
-',' 

' 
.• 
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'/ 

· .. ,.,·. 

.< 

'~ 

-~' 
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··.' 

I . ?_~ 
.·hydrogen -sphere,' from where· ~N •10 • 

· ·.. . · • /19/ · . i · 11 Is. _according tei ref, . , q•·L2(--) =, ~2 

The .a'verage multiplicity of the showers ·q . 
. .. .. . 12~ 

, and. the I average angle m' radia!'l~. 
· t \. . .... · '2 . , · .. me~ ? 

is.·· <O>=·f~ >" ; The·Iateral width 8 of the shower, if initiated· at ·a dis-
. . , E . . . , .·, . ' . 

tance <f>/2 from the emulsion,. is 8 •8 mm, A 

• I. 

knowledge of th.e· above values 

' allows' one' to_ calculate the coordinates : of. the origin ,of the shower. i.e., to prove. 

;.whether th~ show~r w~~ .ori~irlatea:irt hydrogen 'or not. (for ener~i~s of > 10
14

eV 
- . . . . . . . . . . , . ·. . . . . . ' -
·we have· ~N •10, · q •70, <o>· •15 ). Observation of the electrcimagnetic:cascades 

and ~nuclea~. fhteractl~ns in th~ ~mulslon block as ~ell as multiple sc~tte~ing .me~s-: 
Ure~ent- give' us a possibility .of studying the :primary interactions:.on protons. ' . . . .- . ·~ ~ . . . '. ,. ' 

. · . :3, N..tclear emulsions .were also applied together ·~with other method~,. In. 

. G~igorov' s · investiga~ons/ ~1( on cos~ic ~ays of 10
11 

'- 10
14 e:v ene~~ an ar-:: 

.ra:~em~nt was used which. in:wlved. ionizatia'n cham~ers, count~r~ . absorber' and 'll 

~ two 'pellicles ··of · e~UJ.sions with . an. effective area of: 0,6 ~ 2 ; : ' ; 

.. ·. -fuki_~;eJ 221 sugge~ted to use nuclear emulsion together with a cl~ud 
· 'ch.<iinber •. ·' · 

.. . . In ~pej ~3[, reported at the InstrumenW,.tion Section ~; the Int~rnational 
Confer:enc~ ·o~cllgh En'ergy Physics at Dubna a~·arrangeme~t;was ci~scribed which ... 

\ ' . ~ ,. . ' • . . . I . ·. . . ..._ ' . 

·consisted. of a 125 pellic:::le .emulsion . stack ( 400 microns thick, 3 em in diameter), 

a. ~park clWnqer: as- well as of ~ere~ov and scintillatio~· coi.mters. ~is arra.ng:.. 

~ent ~as irradiated~ in a. bOOm of positive particles with m~men~ of 3,2 GeV/c, 

.:The dontainirlatio,; ~f p~ton~ was ~5~ that ofpo~tive plo~s 34o/o, and thB.t of . 

kao~s 1'){,; It allow~ to. separate positive ~!9ns ·and to :de;ermi;,e .the pl~c~ .;f. 

. their~ entering the emul;,.io~ 'lhe· d!Iference between the track coordinates measured .. 

iri the-,~niUlsion a~d-that calculated by mean~ of,spark.chamber·tracks wa~.· on 

the ~ve~~ge, 0,8 ~ · . . . . 

' 
Succes~ul invesUgaU~ns were carried out recently on neutrino· Interactions 

wlth- photoemuJ11on ':nuclei' at CEru} 24
/ ., 

·, ·. In • GurevitCh's · works/
25

/ -~ puls'ect longitudinci.I • (parallel' to spi~) magnetic/' '. 
• "1 I ! '< ·• 

field of :1:40 kgauss was used' to eliminate the depolarization· of muons coming to 

rest 'ifl the emulsion.. Thi~ p~~itted to measure the ~s)iTilliletry or" th'e positron . 
. . : . . + + + " . . .. . " ' " 

.. decay .in .. the. reactions . " ... f' -> · e , 'I' he asymmetry coefficient "a 
, .. ·. . . d,;, . . '. . . . . . . ..- + · .. 
the . formula " -- = 1- a Cos e ' turned out to be: a • 0,32J-:. 0,009 . which 

· dm • • · · 
iS in good agreement 'with. the 

: ·, • --I 
-theory._ ., .. 

decay· at ,rest was. 'lnvestigate~(26/ by 

in 

"V-A" 
+ 

KfLs· ' The ~uon : polarizatiol') in the 

irradiating a ·1-lltre emulsion staCk with 
·. 5. . . . . . . . ,· ' 

5,10 kaons mc1dent p_e_rpendicular onto 

the. surface of the stack, . A 6 kgauss magnetic field. dlrec;tecC perpendicular to the 
-+ -.. - / I • \ 

· K beam. was -u5ed . to preserve the plori polarlzatl~ri. · .The ~value of the: positlw 
\' ' • ·., _ r • -t . ~.. . . \ . . •, I 

. muon pola~izatlon was -~ound to be , 'p ( K11 _ a·.·) ,. 0,68 _: 0,28, 

8 

,, 

The. emulsi~n~ techniq..te has particularly large ,advantage":· in · in~stigating 

hyperfragments, nuclear fragmen~tion _proc":'sse .. s, nuc~ear reactions when . th~ nurri

!. ber of secondaries 'is great or their: energies are low,' a's well·" as 'nuclear''react-
\ . . ,. ' , ' ... 

. ions occurring. via several channels. The looding of" nuclear, emulsions. 'with. sus-. 
. / 

--c penioions . of certain elemer1ts makes. possible . to stUdy reactions on light ·nuclei. - · 

·_with ~liffe~.;~t excitation level;) 27/.-

ties' 

The applicatioi1 of'fine- grain emulsio11s which improve "discriminating· proper-

!~ very prospe~tive. Usin~ ,.;uch emulsi~n Perfil~J2 B/. , studieq,. for E!xample, ". 

the angular' correlatio~ between fragm~nts in their multiple production •. 
. . ' . ;·/· -'" . 

rr- -meson abso;:ption processes and especially double .. charge · ex~hange . 

TT.±~(nu~leus') -+ rr+ + (nucleu;,r reactions en;,_ble ~s, ~cco~cti~g:t~ ret/ 291, to_' . 

p:oduce_-and investigate isotopes which cannot be. stuctie;ct ~therwise: i;;· p~perl3 ?' . 
-( ~ ' .-_ ' . ' ~ ' '' .+ .._ -_. ' . ...: -· ~ ·.. . . . ·. -. ' 

Investigation· of the double. c},:;u-ge. exct:-ang_e vi "". ·.an~ .. ,,. . on · photoemulsion-

nuclei ,is described. ·The invesHgation was carried out at the 'JIN<·synchrophasO:: 
• ' - - .. - \ > , • ·- " -- ' • -· • ' • ,. _ •• - • 

"tron. '.rhe.c~oss s~ction for' ir+ +(nucleus)-> ,.-+ (n~cleus) was fo·ur;d to be 
.- ... ·. "8 2 . . .. , . ' ',.' . " ' ; 
., (s,!1)10~~. em; Recently. at the ~aris Coruerenceit was emphasized that·we 

,/ 

• > • ': • ' / F'. > 

can obtain' further. new. informatio~; on nuclear struc~e from nuclear. reactions, 

.:: . It should be noted :· ·.that the study of the complete: ctislntegratio~ of nuclei in 

. collisions with fast particles is important. In o~ · work1_5 / · it wa~ fou~d. that 

,-~0 DeV/ c proton~ induce~ln (2.o.! 0~3)%- of even'tS th~ decay- of Ak . and Br 

nuclei. acco~panied. by" the emission . oi ~more· fuari 28 charged particles, The, e;,IS.:. 

. ·sion of .40 p'articles wa~ also ~bserved; ·I.e,,.· a 'compl~te- dec~y _:of a nucleus ·pre--

. domrantly into nucleqn;;;: The ex~itatlon e~e;gy was ~ 3 times above the bindiitg 
\ • 1 • ' ' , • ' • 1 ( • ~ 

energy ~f the· nucle';-ls• The detailed study_.of. such excitation processes sholfld be··. 

very ily.teresting, The main problems are. the' following~ -by which mechanlsm.and fo~ 

• 
1what time 'the nucleus acquires ,th_e excitation .et:lergy, how this ehergy :depends on 

the ·mass and energy of the~ prfma.rY · partl~le and what- i~ . the dynarn'lcs ·of· the· 

complete disintegration of the nucleus. 
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