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Introduction 

A 1srse a~unt of iD~ormat1on on Mo_lona in Ilccumulated 

n owadays . SOllie data. bB.v_ eho...u IS o isn! t"h:ant 1eareuo8 or t.he. m.ean 

tree path ot Qultlcharged rra~nte (tJ) ot proJ~ct11e nuclei over 

th~ few first cent1m~tere atter emergini tro~ a nuclcar interuct1op. 

Det&11a of 8xperi~ento and theoretical npproBcbes hove been publi

abed , tor instance. i n papera/1 ,2/, in review'JI And in t he r afer@D

ceR therein . 

A.c fl'xperimantal otudy ot t.he lnelW trDB patb hay been carried out, 

in particular. by menno of' e 2m pr opB.nr bubbl e chamber exposed to a 

beam at carbon n~elei at 4.2 GaV/c per Ducleon/2/. A total of 50.000 

visua l l y obaervad primary iDt eract10na ot car bon in propane were 

treated . rn order to r educe methodi cal errora in vioual proce99~ng/2{ 
only lOw-l'lult .lplicity, peripherol in t eracti ons .,.ere se lect.ed . Accor

ding t u the char ge conservo t i on l aw, t he fragmen t chargee were limi

ted to Zf= 5 or {; by the topologies of the p'ricary i otor4ct; ionn. In 

all the topologies on e , and only one, MY emitted in t he beam d1rectl

on W68 requi red . Thi Bl loy,ed one t o pick out secondary 12C. l1c. 

10C, l 2s , llS Olld l OS nuole1. A detailed analysis ot the daLfi 

obtained was ~ade earlier by 008parisn and Grlgalashvlll/2/ . w. 
tbere!OI'e 8 uDlari%.B only a ehort descri ption ot tho t.OJlOIDp~.....iI t: 1i 

1s r elevant t o th1B study. 

1) Two-prong stars. Ona tracY. 1a an LlJ', and: A "_"lIud IlIlIt t •• 

proton-recoil. Secondary 120 Duclei, llC and 1°C 1"I,LOI'." (,tt " b_ 

produce d, and 2168 eVents Are seleoted in thlo r.ol'uh1t',Y, 

2) Two-proag slars. On@ track ie tin MY. Th" ,ulI::; II,,1 C' l ia Cllldd I " 

a Jt1' ....alflson. a proton n t h pp?; 0.7 n,.v/c . " 11 .. "l,.nlll ..Hb 

Pet:::t> 1 .5 GoV/c or a trHoT '!dtb ~~ ~ ' ••V/Q. In \ili. lop.loU 

110 , 1oC, 11B or 10» can be ftflcondar_v r._rJ.I,n ln. 11 1)7 even: " "" 

found i n th1n CBse. 

/It 

) 'hre.-pro~ 9tnrB ~ Except a .uli1cnarged frar.ment . there a re 

one relati.j otic I aingly-charged I POEt! t1 va partiole and & protoll-rl! 

coil. rhe l1a and 10b 1"otopeo aro preferenlially fOrGed ip thja 

topolo6Y . bnd ' 580 et&ra ~re do~eoted _ 

.. ) ThJ'ott-prong 8tars. !:XCApt B mulUcharEed fragmflnt I there ar" 

one posItive, oingly-char6ud particle .1th ani energy and. one n- -11:,,,

e on. In tn1n euae t.he produ~tloD or '1 c and 1oC iso t open 18 malnly 

expected iu 170 prlcary 1n tera~tlon8 8$lected. 

5) ' our-pronr: at-are, In addition to ID and JT -meBOD. there aNI 

two pooiliv., aingly-charged partic les. ltJ t hin topoloe,y 11C , 1°C . 

l1B and 1~ isolopes can be formed . A8 many no 616 events were ~ound . 

A total of 57)1 primary In1erPctlono .ere selected in all f j ye topolo

slea. 

~)rl~--~-r-.--~, 
Pig.' . Ue~~ndance or the mean tree 

«] 
path h tor 8ocondary fragr.entlf. of 

I-~--+---~----+-;
•• 

o8rboD Duclei wi th Zt  5 and 6 at 

t he d~8t.nce X frca the pr1~ry 
20 

Int~~actlona f or the ttret topolo

gy ( CLrel ea ) and the o t n~r t opolo

• .. .. JD 
XC,"') 

~1 eo cOIlbined. 

" II '. 1 1'1110",. t. he dependance o r t he 1IJtlan free path for )(JIa on 

tt,. 41h,~"nQ' I fro.. t.h. pr.1.lIWlr1 oLar ror t.he r1-rst topol og)" ( cirel..,:) 

.,..1 • h. ,,1.11111' l vpu lfl€ 1en 11011blned (lIqu.arell). The anoll8 l oua A dee

r.... I. ut,"'f~ ••1 (111'1 fur .eu..:h prl_"l"Y interactioDs of '.2c b.am 

.In hI" •• ,." n,,.lJ(II1 a CAn hll to......d lUI ft .,sQonder,. trepent. 'rho 

n ... I c au 1,CI o'III'"ld hy all sno_loub nucl ear excitation which deea,)le 

• hr' HnlMklHI&i uaUy Ly tb, ~ -ellU.,lon. In tb1.a caaa &n appron- ' 

~I.tl 1.utrupla .buree or 10. ene rgy photons would b. revealed over 

Jr 0 
'''_ 1o.tl~Kr"UJld or K -quanta trOG --eDQn c\ocaya In the to "1\ 

..,., ... 

:! 
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On the other hand, an eleatronic experiment/4! baa been undor

taken to ohock tbe bypoth~8~8 or enoaalon 1na;ab11ity La 56,& intor

Bcllone wi th 5n iron tar~et at ft kinetio energy of To - 940 v.v. 

The t!!xp4!JC":ted ~ -01118010n over en suer-ttY range of 100 <::. e.r 2000 

MeV in tho rest eystem of projectile tragmen~a .as not found. 

The oharaoterist1cs ot ~ -quanLb, accompany1Pg MJ production 

in the peripherel colllRlona of carboA nuclei in propane at 4.2 CoV/e 

per ouelooD, ~re studied In this paper. Some result s have bocn publi

shed provlouo l y in PAPOr'S/ . The inv8at1sat1on has been performed on 

t he e&mplo ot experi~enta l data aa f or the search for ano~lou8 carbon 

nuolel/2/ . 

Dl'l t a Obta ining and Sackp;round Oenerat1oll 

The e lectron-positr on pairs of K -eonveraion or1sillBtod \' i su

Bl l y both ill the ranee o f tbe pr1.ma.ry interaction and i n the trec,," o f 

tho Mr were de t ec ted. Kinematical and gaometr1cal par ameters of M7e 

and e+e - pa1ra were measured. 

It 1s nec6 BHsry to es t Ablish the c rI teria of ~ -q,Ua.v t WII be 

l ong1.nf; 1.0 the prllCuy intoraction or t o the ta. A eoheca tical view 

of the event selected 1e Bho~ Un t1g.2 tor tho CaDD when the point 

of ~ -emission B jo t~und beyond the range ot pri.ary 1nte~.c-

ion A. tbe d1rec~1on ot If -quan'Ut'l (ohaded linG ) 10 d.t.nn1ned 

by th~ e+o- pa1r parameters. nora d. DC is a .1ni~1 distance 

between the ~ -trajectol'y and lbe D track, t 18 t h. dietance 

rrom the prlGary star A to tbo ioteraet1on point B. The r •• triction 

of the val.uea ot d and t can b. used aD the criteria eousht. 

'lbe direot ~ - ray eUlia.ion ln tho iJ:I,e~tlc colliaioM of dGu

~eron and carbon nuclei witn carbon tanL.lu~ ,argata at 4.2 GaV/c per 

nucleon was 1nvesilgated/6/ to obt ain ~b.B. valueD . lpproxlmatel1 95~ 

of a.ll doteated. 0 lec.tron-poel trcm psl.rt! aatiet)" the re.tricUane 

4 

Pi,..? Outline af the event ee

ll"'ctee .Htlre l is the prilionry in

'tp.Tac lion pain", da[lC 1e 8 III1nl
r l~8:~Y 

J!.Al dletanco bCh,>OCW tl.e ~ -tra-A\ JV~ 
jectory (dos hed llnc) and tho wr 

,/e 
track: and e. iiAJj 19 t ho d1et.ance 

from the primary 1nl.olaot.1on to 

the inter-Becilon point B of th 

3' - !. rajec1.ory and th e M7 tl'eck . 

d~1.5 em IIndt~2 cm. Aft could he expec l ed, tbe rcotrictiollB are 

close to u:perll1orltol uncertlllnUtis of t.hCBe valuee. 

'rbo -Quant& with d ~ 1. ~ em wore ruled out Ln he fo1101l1 nt;~ 
analyeio. The va l uos o f t ..q III c OT'Teepond t.o 6 -(!lIllaai on trolD 

o 
the 're.ngr or the pricary 1nteraeUon (tor inotanc8. from JI- 2 ~ 
d&c ays ) . In tho Cllla8 of 2> 2 Ceq the primary interac t 10 i.e no t a 

Bouree of the ~ -Q,lJolJium, and i tB point of emi ssion be longe t o 

Lbe 10'. 

If tho if -quantum 19 etllittI!d , e.r., jn interac tion!!l undet eo

ted vl!!1uaUy (par-tiole 00111810n3 in the .-1113 of the chlllblr , n eu L

rui cbfinnole or noutrQn-oeutron interactione and no on) , a 01u8. 

intoraoeC1 0n (d..::::. 1 .5 clld can be a.cc identally obtained. To e!!lU.te 

the contributi.on ot Auch "'a ccidental- pnotoriB, the [""")!jiB without 

visually oboary.d interactjono were Beano.d. The eleetron-poB1t r on 

pe1re .boBe pointe of emiau10n betlong viSUAlly t o tbe bea~ tracks 

war. detected. Tho edmixture ot "accidental" photons ... approrima

t elJ' '~tor ~ -quanta elld tted frolD the TaIlge ot the pr.1-..ry 1.nter

action and about 15% tor ~ -quanta associated with "he ., ( ~>2 c",l 

Tho contrlbut10na to the rane~ ot emaIl energ1~8 are clo~. to thoe. 

tor tile total inictrval or ~ -tlD(l r gioo. 

5 
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10 

~ Ji9t ributiou over the distance t rro~ t he pT1~ry 

i1:tteractlon to th e tntltreectioll o~ t n" ~ -t r ajecto=,y and 

'be .10' t rack. The circ l es (. ) ahe." our data . the t. riangles 

( .. ) ere tor d i Ho t 'I -qua nta in CC c !!!ntrltl c <lll1alons, 

40 I 1" '5 10
nn'l 

r;uld t he hla t ograc ahowe the backv.round Ircm JT 0 - meson 

de c~y~ ( aee t uxt). 

fi gUre J present s th~ di stributions over the distance e 
(d L 1. 5 CII:l) botll f or t;.he t'vente aelecoted ( cil"c~ I!!J	 · . ) and f or t-ho 

) a~ 4. 2 GaV/o l 1 central coillsi ono of carbon nuclei ( tr1angles " 


par llue.ieoD w.ithout a.ny Clulticha rrtetd projacttle trG~entB. Tho back


ground il!l ahown OD .a hietogrs'1l. It 1e generated by l b!? Kont.~arlo 


rtldth04 l:lasflld 011 the characteriBtics of Jr -meaon~ proouced in the 


ea oentral collialona. The tollo~~g procedure 18 usod. CaDfiB-quan


to are flsBuliad to b. p,.oJ.ut:ed only in JT~ ~r rlec.aY8 t..nd tb. ~-

-0 -"" 
18~ aDd ~~antuo d1atrlbutiQuo at JI anet Jl to b~ apSlrox1.lD8hl,y 

_0 

id~ntlc&l/~/. The ~&entum and dlt"'1cUon ot' JI r.oaons are gene

rBte~ In aooordance with the ~orreepond1ng ex~erimaQt.l dle~rlbutlona-. or JI _ 1(,8.0"0 . Tben t he ob4.raot.erl.sU(lo or K -quant.a are generated. 

'Tho ID'xpel"iml!!lntal reuollJ\.lona and pCl ssible Compton ecaUorint ot 

t - ct1.\..'Ulta nro tue.u into ac(;ounL. 

b 

Th~ bacxeround 1d aloo Repe~ated using the cbaraetoriotice of 

:n -:mesone em.1.1.ted. in tho 1tlela.atic 1nter-sotions. ot carbon in pro

pane ""itt. the produ.;'i..on or ll"-lt1cbare;.eo:! ?roJflct11e t'rap;ment8 (Zf~ 2). 

!f:! signl!'lcu.nl devia.tions tor both ytl.rlrutts arc ObStH"'YOtL As e la.rger 

[il.Ulher or JT - lDesons are ilroduced to the CC eentrQl col liaioll8 t they 

we" o::l!)lared later on tor btlcit(!To·J.Dd f"0DurBtion. 'tho experlf1entfll 

r1!etrihutiDn .18 c(Jj'rechu for del-eetton e.ttlei!lDc,)/ \lJt.ieb depends on 

th", enerr;y 8lld direction or ~ -qu.antum . 

}. totul or 'J1S 6 -q unllta are i ncluded io the experi lllental d in 

I.rllluLlon (CIrcles) pruQented i.n rig . 3 (tb~ C' ()rrecte-d nuttbel' Ie 

2768 'If ) '. Thuy '1.('j re emi t tQd . D 501 pOMllhera1 ~ n t eract,lonn . 'rbo vu-t 

~ue9 of t 4- 2 clD.ere obtained for 31 ( 141) K' -quanta : 424( 2)6 1) 

~ -quBnta we r e 1.n the r-81l6e or tno p)'ic.nry iDtera ction ( - 2 Cm 4:.i~ 2ccn.), 
and the eaiOBion po ints or tio( 266) Ilhotone belonged t o the IdP 

( f > 201l J. 

Al l t b e d1.etribu.t..1ona v.-ere normal.ized t o the nUllber of ¥ - q U81'lt.o. 

ie t he exp!'I'"i 1ft ('J1ta l one i n t h e rBDg6 of t h e pri mary i.n tonation . bo 

e xpe r i ment Bursee wi th t'le ha ck gr ound , Ji 0 - de c a ys at t 4 2from em . 

So;IS eXCea6 o ver t he bacY.£ round i e Ot. 38rv'l!!Id at e-;? 2 CWo 

Experlrn.tl' lI t a l Ueta AtlRl)'ols 

As ID6n t lone<i abcve, a. to t al of 515 photono ~T'e oe l eoted in the 

~er1ph6rl!l1 0 0111010no of re lativlstic oa rbon nuclei i n propane. A1iIO!1g 

the", 91 ( 452 wi ...h reepect t. o dete c ! ion ef1'tc i enc.;;) ~ -quanta "M 

e=!tted in the tirst topology and 4)4 ( 2316 ) in the other topologies 

comb1.noG. 

The purpoo e o f th lo ~ r.per is to eludy t he charBcter i.atic.a or all 

ae16c "': ed photons ucc ompan)ing tbe n prQcluc tion Ilnd . Ln partlcular, 

t h o properti'~a of t -qu.6nto pr odul:&d 1 0 the t.opo l ogy 1 ) . in -..b leh 

http:btlcit(!To�J.Dd
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the anomaloue d~creaae of the ~ mean free patb haa been earl ier de

tected/2/. It i e conveniont t o s tudy t he expe.rlmuntal cbaracter.iEltlc 

of '5 -quunc.a j n the r eat syaUIi of t he tr&gIDents- , t.bat ie in the 

antilaborstory eyatem ( ALS). Dot h i n the laborator y Dyet •• (LS' and 

in the ALS the photon en ereY s pect ra. bAa a typical ~hape wi t h 8 m4

xlmu.Ol at €H' ~ 70 KeV. 

The experiment a l speotra will be compared wi t h the back,ground 

ooes trom J1 0 - decaya. An exces s over the buckground twOu ld. tes tify 

to the existence of nn add i t ional oource Qf photons. 

The spect rum of all X -quBnta aele oted 18 .bo~ in f1g .4 by 

circlEts (. ) i ll t he IS (8) and i n tho ALS (b) . The datil are c orrac

ted for detection ef f ic i ency . The background d18~r1~ution shown here 

and be low ae a hlatogram 10 no~11zed to the ~u.o.r ot pbOtOD6 i o 

the experi=entel spectr~m . The bsckground is in good agree ment ~~~h 

th~ corree pond. .1 ng spec trum 1n CC c e n t,r e l collia ionll!ll (tria.ne1ee • ). 

Some excess of scalI ene r gy ba ckground ~ -quanta over the e~ per l~ed 

is associated with thei r low detection efficiency at E{ ')O MeV 

in the propRne bubble chamber. On th e other hand , B significant e~8 

over the background is observed in the ALS ( ~1g.4b ) in tho first two 

biDS at e,<.ao )leV. 

The oVen cir c les j n (1&.4 B). b) sbow the ~ -quantum u~ct rum 

in t opo1ogy ,l. The energy dis t ribu t ion of r -qURnta in the rema i ttmg 

topologies 11 pres ented in rlE . 4c. It 18 obvloue tba\ the excess of 

lo."....eDsrgy r -quan t a over \he background t:,om ]i0 2[ <lecays 

ia caueed l to a grea t ex t ent, by the ~ -quantn produced in topolo

gy 1). 

Le t us consid er the k nown mechanis m of lOtrr-ener£,Y ~ -«luanta 

generat ion in ordor to eat1m.t ~ th.1r contribution to the experimen

tal Bpectr\lall~ 

BrecsBtrahlung. L<nr-energ)' K -quanta lro.. breh8trahlWlg in 

the ALS have beaD ob8e~ed in tbe Z. propane bubble chamber ex~erl-

8 

ulI~~of t 
1 

.. It,,,,,: "e.. .._.•11':t~ OOOo 0 Q,_O~ -4 

oJ 

:::~~~ •• # , l~O . ~ .~,~~---,~o:...::!0:>0 0 00.0 Q. 0o 
d 

~~. 
o 200 400 bOO 800 1000 

[;MeVI 

~ Spectra of ~ -quanta (circles.) accompanying the Kr 

prod uction in the 13 ( 8 ), in the ALS ( b) and 1n t be ALS for 

the topolog1 ~a 2- 5 comb1ned (c). The open circles oorre.pond 

to the data tox' the topclogy 1 ) and the triangl e. (" ) for 

CC central c ollis1 ons. 

mente in 1nel.. t l c coll1miooe or hadrOn9 and nucle1 with nUClei/51 • 
As in our n:pIT1l1.Out only 10. mul Upl1cl ty interaction. are .elected' 

Blld thll! charge of th. D doea not dUrer .1albly fTOII the chuse ot 

the proJect1le carbon, th& ~orau1a tor the energy 10 ••• 0 dl ot 

( cbarged part ic le. 1n the trequency int.rval d~ cauftld by .c. tte~ 

18 appl1cable/8( 

&Q'l.e ~ • 
d.E"" 3JrC <~ >If d.w 

9 



~ tlIJre • 10 the char~~ or the ~ amJ l....8 > 1A lho IIl.1eraEe 

vsll.le of Lh. J.!I' oc::atterlnf~ 	angle squared 1n prii;llOl'Y internctiCmR . 

~ --I 2
Itl our caac .: . 'lr - ~.4l , (9 >- ) .10 rad apd LoNnt.:. (actor 

IfA - ?1. 1. rG.. lnti 1111.(.1 uccuttul 1.1.a al.leraB" jater:l;i on prri cienc,)" 0'" 

3" ~UBnta , the energy lonoe ' 	 of all oe :eotod Us tlu.e l.Iremootrsh

l.un.g do Dot u:coed 900 IoOeV, J,et <.10 aaeume for e1TIJpl1oity t:t~U~ beeauee 

o f bremsstrahlung all the K ~uontf\ have R amall cnore,y ot f6
<fJO aleV. 

Thl!! total Clnart:,Y or the ~ -qURr,ta Hebet-ert OVI,." th .. :: ranee in aVI)t'O

xil['..Qtely ) 15)0 nov . Thus , the Upp~l' 11l':11t o r the brerlbutrD.hluog COrJ

tl'i,buUcl:1 to the 1'""an~a Er <.. >10 l,{eV 16 about )". 

A!w.s l B a t e.1./9 /lBVP ~ "nll:idtlred '0 -~~tler8\1on due to the giant 

r elJouD.nCeJ;l produced Ln rplati\'l ,Uc collisions of haliJ"OHfI ant! nuclei 

..,.UiI tJuelel. T"lIe cross aGctiona of 0 -eenera1.10n by the giant reoO' 

nanc-eu arc olx or ettvon t1.lIIae lart:or Lhu.n those for brst'loo t re.hluns:, 

'1'his 18' the ['eBB on why t ho contrlbuUcn of t h e Lolan1. rSfJOllDn Ces and 

b-rel!lontrablunt: combined to the range cr< 80 l!eV in the ALS does Dot 

exceod 20 %. 

1it.lcleeT Excitatj on . r he 0 -quauta Apee LrufIl due to ordinary nu


o lear 8xcit~tlon In tho ~o, uyo~e~ of ibe Duc16u~ i9 Cocc~Dtrated 


1n the range 1:,.<8 WeV/101 Woreover , the! lit'etilIlC or t he excit.ed 


nucleus ia sreator tn compario.ofl wi tll Lhe tiP tin tlip,lI t inside tha 


chslllb9r. Thereforo we can Of'r.erV6 ~ -quanta frot:l tLt! s,Xcltat1on ;) f 


llretioca1Dantly 1.IlrJitlt nucl~t . rho tot al ;>t1et"HY or tho Efelect ed 


~ -qUb~ta e~tted rrom th~ ~ge Qr the pr1~ry lnt~r~ctlon at 

el<8 MeV in t. he LS 18 about 1 10 WI5 V an.d does not e%C8t:d 1~ ao1 coo- 

pared t.o tbe ~ot.al enerd,)' 0 t 	 € r <. f~O r.teV . 

'rhu8, the eotal :ont.rlLu1 iol or brallll3otr.hlUllC;;, o.an<t: TeSQn!'lf. 

ceo 5nd excited nuc lei rlldiatlon to tno ranee £,.<80 IldV in the .o\W 

i s no lar~er than 25~. That io onout;.l. lo exploin ~he eXcess Ll f the 

1 -q':lRn'tUQI Bpectnw over the buc..:grow-·d it t €d"'"<' 60 MaV tor topo!o

10 

~lt!o (2 - 5) coa:b1..ned ( f1,....~c) . t·.a not f or 10.~ntH'~ ( -qUQJltll ot 

L-:>pology 1) . 

A nu~b.r or thRor~t 1c~1 ~oQ.l. ~~~e9t9 the n~ieoion of phOtO~8 

as tb, d~C6Y or ~oaaloue M7s. 1t the excl;ation of WYa 18 re lievpd 

by Cleana or Elu11 flnergy (a tB1t' l!teV) ~ ""G.:.14nU t)roduced !"otropi

cally 1n the reet oyote~ or the Mi , then photonn, which oro pr oducod 

i n I} n31'1'O. ( _ 1'0 J fQ~rd cons. ..,lth l'elpeC't to lobo d1l'ectton o"f 

tr.o MJ', :nu111. be otworv~d. The P"lIe-r(:.:J' o f t h IS- pbotOtL8 will not be llrger 

than a faw ocoreo of MeV . 

, ·1 

({63 

1:000, i' fig.5. An8'~lal' d1etMbution 	or 
N, 

all selected ~ -quanto (ciro lo••)d ~ 
1\ 

in tho LS (a) and ALS (~). The bill 

tObr3~ eho.u the ba ckground rrom 
10001 

JT 0 -UU!Bo n decayn. 

soo' 

o-1 

The angull!.T' d19tributiol:J3of &1.1 eelec t ed 6 -quant. a &.1'e vre 

.ontad I n !16.5 both In the LS (0) an4 Ie tho ~~ (b ) . Th. dl.trlbutl-

Qno do no t de=oDBtrat~ any vi alble r~a'~e . I~ order t o separate 

6 -quanta produced by kPo~OU6 MJe, ...xcl~e those ejec t ed at 

&nglo. or Qts:720o, The obtained spectrum in tbe ALS (airol•• > 1. 

9bown i n fig. b•• 1n co.~rt8on wtth cho lnltlal eDergy distrlbution 

of all •• lec\o4 ~ -quanta a relative exeeas ov.r the background at 

e,~ 40 ~v becomes gre&ter. t he latter ~~e. quali t atively wi th 

the szp.cted pioture o~ ~ -rld!.tloD by tbe anoT.loua 

The eorr••pondicg epectru. in the topolc&iea (2 - 5) 18 p~.en

ted in rlg .6b . The exeeSE over th. b~otgrOUDd at low energl•• Oeoomo. 

8ma~1.r, ~nd it can be .xp laln~d by the br.~o~l~lun8 contrJbution 

(~ae abov.) . 

1 I 

http:excit.ed


,so,--~·-----Nt 
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<1t oj 

SOf]
7 , 
J~~ 

bl 
tI 

+ISO 

'~"'l 
c zoo ~oo o zoo I,()Ol,,''<1 [{I'iNI 

i'1s . 6. Xn@rgy ellect r Ul:a ot K - quan- ~ ~-qUAntUIJ spectrum a t 

to. (clrclofJ.) ej e cted 6t 81l£l ee t >2 c ro i n the AL.S ( circlefJ • ) 

QLS.,.200 in all selec t ed t opo l o 1n al l oelected topologiea CQC

gi ~e combined ( a) ( o pen circ les ~ 1n~d (n ) (open circ les a re t or 

are f or the tOll01ogy 1 ) }and in tne to~olosy 1)and in the t o

the topoloc1ea (2 - S) conbl ned (b) . pologiea(2 - 5)combined ( b ) . 

I nterest haD be on arQused j " the eharacteriat let! of r -1J uant., 

accompanying the Kr in the range £> 2 cm where 80me exceao over t he 

baclt&l'OWJd .f!·OIl direct pbotons (Jj!.?3) \JrS8 obfJervl!!ld (t1.g.2 ,. The ener

gy epe ct r um of &11 oe lected ~ -qu¥nta is pr.Bented 1n tig.7. (Cir

c lee • ) in the ALS in the range t > 2 C~. '1gure 7b shows the cor

r esponding Bpectrum f or topalogies (2 - S). It Ie evident t hat 1be 

axeeee over the back.ground at £ a-< 40 WeV i !t etipulated by pho t on5 of 

t he topol ogy'). The ~ -quanta. anr;uJar d,letr1.butiorul in tb. LS (. ) 

and ALS are presented in fig .e. rhe d1strlbut1on 1n t he ALS i8 c l os e 

to the 16otropical one . 

Thus . t he hypotbea1s or ~ -quantu~ product10n by anomalou~ ~8 

12 

doeo not contradict the totality ot erper1aent4~ data . The runction 

of aDomalouB De producing photons at €ct<-40 b V oan be eat1.cated 
12ua1..llg the number ot ncondary Duc1e1 1n the evaoto se lected , 

the Dumber ot anomalouo tr&glDOnto aDd the associated 0 -quantum 

exeeae over tao bQckground. Withln the stat istical er1~ra l the port l 

OIl 18 (19 ± 5~. This Ie Lb. l ower 1111l1t. a1nca 8 signif1cant part 

or lo..-ene.l'Q 0 -qua.nh, it! not ob&erved 1n the propBnCl' bubble 

chMlber. 

,; ~ 't -quantum angular d i e-N~J m 

~~ tributlons at e> 2 ell 1.n the 

LS (a) and ALS ( b) • 

loot 
• • t It•. t+++.+J

°_1 0 ,., G 
[l)So) 

Concluf'lion 

The peripher a l interact l oD8 of ca r bon nuc lei i n pro~ane at 

4.2 OeV/c per Ducleon haYe be en investigated. A~ anomalous dac~ase 

or ~b. mean rree p~th of •• cond$rY 12C nuc~.l ~ obs erved there 

betoree 

The analyst. ot the ~ -quanta oharae.ter1et1oe occoapany1.D8 the 

produotion ot gult1charged fr.~nt B haa boen performed uB1ng tbe 

aa_ l!!I:J:p.r1laenta~ d.llta . An e:tceSR ot' 6 -quanta at e.. <. 40 lleY 

over tbe bac kground frOID known aouro'" baa b ••El d.etectc,1. '!!he 4f"teLt 

1" obOlrved, oaplo1al l y in the e?tDts with 8o~opdary 120 nuolei . 

n,. Lot&llty of our 'xPer~.sntal data ~oeD not contradict tbe 

by[tolhct.lo or tho Irt.toae. of • 10'W-1a.rgy lsotrop1cal 80uro. ot 

~ ~Iu.uh. 1n the rut 1)l1It.•• ot nuolear !'rag1UDta. This i.e probab

ly a.1.Ul,lt.U,\ .. Uh "bo K-re.<l lotiol'l of a.oOllaloua uru lt1charged tras'

mentlJ. 
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4CllnaKOB A. n. It AP. EI-85-861 

06pa'lQ~a"'H! Y-Ku3uTon u nepu tPep u4CCKHX FJ9 .3tiMOlJ,e fr cTBHRx 

p CnATJ1DHCTCltliX HACP yJ 'J1C P C)JW B "ponaliC H npo On CMa 

allOManOlton 

lIu AyOJl (!I!f" I\(,)H t:IIIIXi)(l~'::1 101'POl1e C TlOMODl,bJO 2 - HCTPOH OH npona uo 
non I\IlM('pt;.1 Ill-I. lIt'Jloll,tnu rlt IlI!JlucSJc:PHlfeCK'HC Bs anMOA,eA c't'DHR Pf".J1R1'U

n"l"'l'~UX HIWP VI "h·llOll. 1 1ft: c npOTOllo1MlI H ftA.paHH yrnepolUl rrpll 

lI"'mym.c" I,. J I "In/t' 11 1-1 "Y"'hJII . Ih)QCHoTpeIlO Okono 50000 !;fJOTOCHHH 

.... 011. II \Uh llt.W I1 'J lIllunol lll ol V ' "JIO tJI ,1t~ It :) lferWt!T H.'U!CJ(He xU prl KTCOPHCTlHCH 

... " 111 1I.Hl. i UflPUUt11flJ1" lIUUunc o(:Jvn 'lUIHnIlH~: Hlfor09apH,I..1, IIbf)( ~parMeJf-
10111 I " i '.ImHt '" 'l.r ',It h . IIU i\;i'l '..I J II O , 'ITO " CHC'reM~ nOKOR ¢lpal" 

Nl:U I , IIHI" 'r!" II 11 ".('I I., l tHI. )" tl;141 111'1'OiJ C 311CpJ'Heif E y< 40 M38 lIa,a, 11>0 

II"'" II I II H"'\ III'.... Il l" 1 I l~ 'I IIU"HI /P.'l ClltlAbl rl ' .. 2)" T OPM0 3BO(! 1t.:.~ .rIy-
'1I'lIlIt' H 1 J' I. 

1;.11"'11".1 In..uolllll'''.1 " 1I11( 'Ol)Oj'f'fJl1 11 11 I.J bICOr;H.X 'l Jlep l"I ni 0115111 . 

np.IIP""' OO,.tlJJ,IIII.",HOI'O H"CTtiTY"'. flAflPHWll KCC1Je,AOaaHHA . nyfSHa 1985 

nl('pLI~ nv A. P . c.t 0 1. £1 - 85-861 

PI m ll.J ction in Per iphe r al In t e rac. t i ons of 
Ih,I:Hiv i :ltic Carbon Nu c l e i i n Propan e a n d th e Anoma l on 
I'n tl .l t ill 

P,. ri pheral j ntct'ac t i ons of l~ nuc l e i wit h protons ilnd ca r - I 
blm nuc.lei have been investigate.d in a 2m propane bub bl e c ham

ber at 4. 2 CeV / c per nuc leon. El'lergetic a nd angulaT charac t e 
ri s t1 C6 of y-quanta a ccompanying the product ion o( mu 1ticho:r-I 
ged fragments with Zr = 5 and 6 hav e been a nalyzed . Tt i. shownl 
t hat in t he f r agment res t ~ y s tem there i s a n e XCe !lS of y - quan

a with Eo r < 40 MeV ove r t he backgr ountl [ r om known s ources 
(tt' " -~2y decays, b r e.llIDsL rab lung and s o on ) . 

The i nvestigation hafi been pe rformed a t t he Labor a tor y 

"I II lllh Ener gy. JINR. 
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