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'rile experimental data on JIUltiplicities of charged 

aecondar1e. produced 1.n. pion-nUcleus interactiol1s in aD 

_:tsion a1; 200 Ge'Y/c and correla'tioDs bet••enthem are 

preaen'ted and discus.ed. Par8Jlletera otDlul"t:J.plleity dte- • 

tribU1;!ODS are compared with "the releTant 01:\88 a-t lo.....r 

en.rgies and with data from pA-1nteraciolon8 ai; 200 G.T/~· 

'ihe Jft1tipl1c11i7 of heaTily lOMing particles 1D ~A-iD­

1;erac't1om.8 weak17 depend ~n the incident energy. The DO 

ecaling is observed being the 8..e tor incident protOft8 

8l\d p1oll8. 

•
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DiTRO~IOH 

~.re 18 'the inoNa.t og 1J1tere.~ 111 'the s1iucq o~ 1;ael...1i1~ 

lladron-nucleue 1n:teract1oDa/ 1! TAt. interea-t 1s nok.d b;J 1m. 

hope that a study of hadron-nucleus col11810IO.11 can throw lip.1; 

• upon 'the mechan1aa o~ Jlult1pl& production, thai; SiV88 the domi­

nant; con1;~ibu1dol1 'to iDelatJ1;ic croaa-aec1;ions at' hiP. ...~••• 

W. report here 'th. .xp~ri.e.utal r ••ulta 011 aU1tipl1c1V 

of charged aeeondar,r particl.. in ~.1••t1c col11s10n8 o~ 200 

G.v/~ .97:".son8 nth eaula1.on nuclei. 

EXBRMHAL .IUBBUL 

'!he stacks of 600 IIka 187.rs 0'1 ClO8IIIIIlIlDOmPllOBK'f B-2 

auclear eaul810lls were expos.d to 200 GeY/e ~:"e.OD la_••" 

1me .e1'll11.b accelerator. B7 aloq 1;lle1;r.ck ae.»1-s '255 ....­

enta haTe been :t"8Coried. on the eneo~.,.. lugtih ot ,ria8X7 

track equal to 2314.6 a. la'he.e eY8Rta all ~. oh~ed partic­

lea were 018881t1ed acoording 1;0 their 1on1sa~10D. ead rarase 

uta lIhower ( 1< 1.41.,1. 1s 'the ionization at pnlUJ,j tracks), 

gray ( 'I~ 1.4Iu the kinetic energy of protona 'fp> 30 II....) _d 

black ( 'rp~ ~ Mev) prongs, IJld 1ihe emi.a10a augle.. of sho.er 

particles were measured. 

After the exclusion of the elastic aca1iteriDga (~9 eYeDt,), 

tbe coherent I'eact!one (~21 8Y8l1te) t aD SJ2a1181e of which will 

be pub l.t ahed elst'wbete ~nrl lnterticttoDs on t.he b;ydl'og6n auel.l 

•	 (p'''freewp jnlen~etions, 18';. e,t:nb,) our aalnpA.6 ot iuelaet1c 

p Jon-n.Uoc leL.l8co lllaiooa 4n&t~ ~ed in Lhi e paper ~Ot~81.t. ot _810 
I'I, 
i 
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;~ 

"1 

i 
q	 

.. '.'., 



-2­

eVeJl't8 w1th 'the a • ..-ured Ii>' Dg and n. and 'the ea1ss1on ans18• 

of Ihower aeeond.ar188. 

IItJLTD'LIOIft OJ' HEAVILY lOlfIZDfG -PARTICLES; 

In 'the :l'1g.1 We haTe plot'ted a"lt:1pllcit:1 distr1bu1tloD8 • 

of heml,. ioDiz1Dg b-,S- aDd h-part1cles ( !il= ~+ Rg> in 

inela8't1c 1D.terac1d.oDS o~ 200 Gev/c piona in emulsion, and the 

!able1. pre88J11is 'the meaD values of JlUl1ilpllcities ot dit1'erent 

k1Jlde of c:harged .ecoDdari.a 1n cOllpar1s1oD 'the available 

"1;/2 - 51. 

ODe Call 8ee t1'Oa Tabl. 1. that the aeen llul't1pl1c1ttea 

of h.a~ tracu praot1cal13 do Do1; depend OD the energ supor­

ting the 888\U1ptiOD thai; the enerftY 1ir8J18ferred b7 pro~ect11. 

to the target D\JC1~ua 18 1D4epuden1; (or TeQ "8Jd~ dep_de) 

on the iDc1den1i eD8rQ. fro. the cOIlpad.a1oD of ai-A and pI. 

data at 'the 8'" .Ileril we .e. alao1;hat the ••an lIU11:1pl1cl­

1:1•• o~ h.lI9'1' prongs are 878'eIlat1cal17 _aller in pi. interac­

tionl. In 'the olu81eal pic1iure of cou8Cni.... ~ranucl.ar 

coll18iona ot p1'O~eot11e (1'.,••8./ 121) the ••a aultipl101'tieD 

of nuclear :trapent8 are 'the aOlio1;011110817 growiDs ~t10D8 of 

the _.ber of lntr8Duclear 00111810118 )) • '!he Han values 

ot)) ,in 'hrn, are. c02l411;1oned 'b,- 'the 8115. of nucleus ad by 

u81ae1;lc hadron-nucleoD oro.. ..01;1011. Therefor. in 8uch a 

p:lc'frare 1't 1s ea87 ~ underiltaJld the d1fference between JIUl­

t1pllc11de& ot he..,. pi'oD88 ill ~-.a. md pA 1A1;erac'tlona if •• • 

'bake 1D._ accoun't 1:he fac1; tb.a-t 0 iDel(~I')<: ()in.l(pi). 
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. Iloreover. CODLpariq 'tile data of '1g.1. with the relevant 

dia"trlbu't1011S &tl0••1' enerst• .'J ,0. '01-8 OlD CG~lll4e 'that 

aul1iipllc1't1' distribution. of "an trM'k. ..8kl7 depen<1e on 

the 1Dcoming energy as .al1. hr 1:A8t..-oe, 'the ql1dt1V <n.f>,/6l> 
2( D =L n :> - <"n> a ) 1». 8j-.A 1tl1ierao'tloDa 1n _.-loa a1; 7.5; 

17; 60 and 200 Gev equals 1;0 1.0'1 to.Q4. 1.05 ~ 0.0211.0 ±o.03i 

• 0.95 :!: 0.02, and 'the 1ntepal ~.rrelat1GJ1 p.,r..1;e1O 

. . 2 
t 2 =<D(D~» - (n) 

tor 11-part1cles equals 1;0 '2.4 .j: 2.21 }9.0 :t 1.4; "'.1 t 2.4"J 
I . 

8114 46.64 ! 1.54, reapec'tive17. It should be noted,however, that 

due 1;0 coapoatte na'ture of JlIlulaion "the distinction of t 2(h ) 

fttolll 'the zero could not be considereel as all iD.41ca1iioD of two­

partiAl. cOrJ.-ela1;1oD8 between "the nuclear tragaeat;s. 

Such lialtingbehavJ.ourof aul1i1pl1c1t7 of, "the target; 

tragaentation product. contradicts obTioua17 tAe clu ,ica! 

1Dtiranuc1ear eascading/?1 and cODa1stent with the 1IOde1./8 , 11 . 121 

which 'take In'to account the details o~ the spue-the .truo­

'ture ot multiple produc-tion. 

IlUL!IPLIOITY OJ' SHOna PAR!ICLES. 

Fig.2a. pre••nts the available data OD 'the .etC lIlu1tlpl1­

c1Q ot relativistic p~lcle8 <,a.) 1D Vi. tn-teractl0n8 

/2.3,4.6/ in compar1s!oD with the eners7 dependenoe ot <nch > 

trom. gr-p-ueollis1ons/ 9/ ,. It i* 86en that t,!e enerQ depe1'utaa.c. 

/e of < n '> Is shlt1er' to tha\; in :1i' -p-1a:teraehion. and eOQ.)4 
8 

I 



h 1 + t R _. I - JJ ..... ! t h i!r l'· 
iE:pelldtUlc~ 0'( t e :popu;\.!: ·C'l1,L.:dJ '= .f: ~s>h .1 '\:.}i- I;' pt· M • 

13 -t;.be aeasuce of nuclear m.ulti:rU.ga-t1.on of produced paJ"t;ic:d. 4[1'" 

~1.'<8 :~loti;ed" We see ·tb.~i;tJ1e :ca"t10 H. tor ;:7tA-,,}Jl'l;oJ~fic.tl('p.llg. in~ 

1s!"$des 1n the range 17 .... 200 G&'Vle.. ~U'l:;hougJl the ~nerg:y ,ier.:€!:rt c 

'illneea of R a.:ce s.1milar in s»: and pA-inter~el~iol.\G (tho! eu-;-w~ • 

.':t. :i:!t tih$ Flg.2b" approx:1.mates the energy dependence v:f R i.:n 
je; -l!1 1
 

.~I!.-c()lllBi-OnG' .n ''''!t J;b-.; it1HJl~lo.te'1'alueB t:~tR q:·-a''S:i.''9 .aaJ.lsr
"I _ _ 

no't.!e-a -~bl:1 'than F'pA 61 This lj.ie'tinci..1.ou is 'the conseqnenee ~:t 

the :tac-; ·~t <u c.:1r A» <: (l'1 (pA» and <"n~h(9i-l»»~Ach(:}iP~"'"gs . . . _ ~1 4~. 

~i;th. s._ energr o~ pro;Jeci;11e ha<.\ron•.m model. of .type' ..• t. 

'!I.il$re t'.he l.ncoaing hadr9n 1.n-ii.ra.c't. r;.onsecll'£.iv.l:rltb tihe 

J..nt-:t'liUlu.clsa.t" nucleons, -the ~bsenod difforence in Mall llul1rl.-­

pllcit;btt of' abne:t" plU"tielee in pA- and 37~A-eollls1cn8~ 111 

·~..lX'ni eO'tud be eODllecrted VIi1;h the well kn()~ Us1iinct."ion b.e't... 

ween inela8tie pr~ton-nucleon and pion-nucleon ~~sa see~ion~~ 

It is intereet'1.ng ~o de:fiDet;he A-dependence o'L -th& ltfHln. 

rm.ltiplieit7 of lhowf!X' pa.r1i1elfuh ~. d~pendenee Q'b'nousl;r 

1s eondition.ed by t.he .pa.rna.e"triz#J;t1on 1i~e,.pte.o. tfJ'r < :n ~';' "J s 
-r:t ..'" . ... ',~ ',-'. ,. • ot,'. ... wt'! usum~ tha:t c, 11. ~f~A. :='., lleh'> :r p J!, z th911 the p!l..Nl­

'tJ16it"r c:{ t:~n b. de:f'1:nfld ~a9il,.bl ·iU1:l.ngth""'t(~ll lmt'tim -t"~l,,~.tJ ;"'-'fA 

,,;.{. 
·'t 

..,pA.~ ~ ..~ :t!lt:h·~ denc1.-f;;r {tf _~;1{tl~i t)~ :l·>~t·ht;-J·p1';'· -t .... ~w.'.ti~l,,.-'1. 

£l,~t.t. S" t5 I:;h~ .1.oEllaQ-tic {:;'!'1H;~ 1h".Tt;:bn\.t '5,,:!.IU>;-'.f!:\.~h~'.f'~1~<'1 • 
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R :;: 1.52 j: 0.02 tor ~ -A-1D:teract1ona at 200 Ga.../o ob1J&1Jled 

in lihe pre.eDt work, we h .....e 

_/ ' + 
~ =0.092 • 0.005 t 

•
 
1.e. Qr'1' weak dependence 011 the Biz. o-r 'target aucl_•••
 

pe1Jl't ou1i 'that 1ib1. TalU. 1e a.aller c...1d.el'ablW 1dlaa ot.. =0.15.
 

de:t1aed earlier ~G]!, pJ,.1Jl1ierac1i1ou e:t the .... eaeru'" ~
 

I1g.,. allows 1me aul1iipU-c1't7 Uatributioll or abower 

particles ad in J1S.~ this U.tr1bu:t1eJl 18 plo1i1;~d 1B. the 

acal1rtg Ta.r1ablo•.• = n./ -c D.. > • OUrT•• 1JI. ftg.l. I"eJ"."1s 

_eoretical diatributiona. colliDg trea the GotVried·.'11/ 

('the cune 2) and J1l1hban...~ret1l/12/ (the CurTO 1) Mel.la, 

wb1ch haTe beeD. calculated:b7 a .87 descrihed 1n c1e'ta11s 1&/5( 

J.a 1t 1••ell leu,..., 1ihe•• aodel. predict. 'that ill hacJ.na-aul. 

us lD:teract10ne 

< D.(hl) >. (. a + b < 'V> ). <lleh (hW»s , ( , ) 

where a =b = 0.5 1:A tho 'two-phase _dol ot haclroJl1c aa".rl121 

ad 'the on0l'S1' flux caacacW .0401/11/ predict. a. 213• 

.. =1/3• • e B.e froa the 1'15.3•• tha't 'the curYe 1 give. *. 
IIOre preferable description ot exper1aen1ial cla1ia. It; ahoul4 .... 

• 1;;re••ed. however, 'that 1D. general the par...t;8N a aad 1t 1& 

eq. ( 3 ) may bpend on the aasa nUILber ot Aucleou aIld 1.Dcld_t 
... 

energy. Sucb results haa boea pred1ci;ed. tor instance. 1& the 

• framework otthe Pal"toll mode1/8/ ... 
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tunction 

yJ (z) a (3.0z +26z3 + 4.6 z5 +"0.18 z?) exp(-4.0 a) ~ ( 4 ) 

th~t .hd. been det:tned in the reterence/ 51 b7 fit1iing experi-' 

• entia! data OD. pA-1nteract"ioDa. ltis 8een~ thai; the multip11­ •
c1q ot shower partieles in m-A-interac1iloD.8 at 200 GeT/o 1s 

cena1aten't With 'the Klf() scaling lqpothea18 8I1d the DO function 

in 1me firs" .,pproxiution does DQt depend on the projec"t11e 

(proton or pions). 

~ere are 1me well kDOWJ1 regular.l:t1es for multiplicity 
+ 

1II01IeD1ia in pp- and 0i-p-1D:terae1;ions a1; high energies. ll1ihougb 

the reliable data en IlUJ:t1pl101i:1' 1Jl $"-l-in1ieractioJUI are not 

.. r1ch as 111 gj -p-u1ierac1;iona, we C a11 no1;e, 'thai; 'the ratio 

.(DjID. "hat equal. to 1.73 ! 0.o, for our data. coneide. w11m 

the 'Yal:ue 1.78 1 0.0'7 ob1ia1Ded in /61~or ~A.-in1ieraet1oD.8 &1; 

60 Gev/c. Ro..eTer -the DOraal1zed aO••D1i. of n.-d1S1iribu1i1on· 

02~ C3~Ck == « n:> /<n,?k) (1.33:!: 0.03 and 8.22 :.t 0.09, 

r8spec-tively) ill 200 GeY/c ~1.-1nt.rac1i1on8 eonelde with 'the 

values a.18~otlc ~or hadron-nucleon cOll1s1ons/13/ • 

OORRllLi~IOllS BE1"WJS&d IIUIlI.'IPLICITlES OJ' ClURGED SEOONDARms. 

w. pre.aD:t our rellU11;e 811 correla171on dependence. of "th. 

we < ~ (D j ) ;:' (~. 11;1 =: D , n • ~t n,b,) in 9j-A-i.J'li;erae't1onsa g

in fig.5. .A8 :tollows ~rom this Figure all. these dependences •
could b. :%1'tted sa1i1ef'ac1iorily by the linear funCtiODs Yith 
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poaittve elop•• 

< At > III Btjllj + b1~ (.U>O) ( 5 ) 

1a 1;he whole raD8e of 11~ 'Yu-J-a1i1oJl (ea:cept 'lib. dQ...deac.a 

OS .,, \JhiCl1 r.ach .. plat;eau at; as ~. - 10 ). a. Ur!4pt 

•
 11a.•• )1.1;1;ed h fiS.:S n,n8.-t .. fiu 1;.......riNatal 4a:ta
 
. :	 . ,.' .'. .. . 

.ad paJ:'...t;en lit;!, .13 an u..-ted i.a ~4Ibl~ 2. .. d.........
 

<: D,s (as» 1.8 tAe ..a' -boDS 0", 31181: .. ia 1'1~.ract1."f 

•••S18 ......t _c.pt~l.....UN .'1 *' ".r .f ~..ucl. 

ar cop.1.1... • t 1;M »n~eo't11. (or 1.a41q ola1;.1'). 

hell ae aeapsri.loD. fit ob.__1;.1" ~ al'ipl1011;J' o.~ 

~lati..u 1a $:4- aJl4 pA/"-b. raoti1_ .. 200 hY/o 1. 1e 

'''7 to OD"ry. taa1J: 1) con-e1ct1... b.....loW' ~ ."oad.&l'l.. . 

do .., cl.peacl .. 1dI.e .~ture 0'1 pro~ec1;1i. (idl•••tm'ti o:t S ..4 

'b-part;1cl•• 1D Uuth• ..,. coapeao." ~. th. • •• be~h 1a pl _d 

1a ~-e.1111d."8), a> 1;_ aeen auJ:t1pl1011;J' .~. aU".r panic­

1•• at~%'4 ~or -S i. larser tor pA.-iat.rac.V1.... 3) tlLere 1, 

'the 1a41cation that th. "sa'hra't1oa" ot <.a.'a ).> -elepeadeaceS
18 reached earlier 1Jl Sfl-1D1;erac't1eu, 

JJ.1 th••• feature. CD lte quaU1iati'Yal7 reproduced b1 

aodo1. of ha4roA- .UC1.U811lt.rao~~, whe" 1d:ae prod\1Ct;1.~ 

renlt. 1a couecuti•• Qo111aloria 0'1 Iea4iDS pani·cl. (or l~"" 

4b6 clust.r ) 1d.1Ih 1aitreauclear llucle_. 

-COBCLUDDfG _AmrS. 

•	 Ifhe exper1aantal data aho. 'that, 

.1.lIultipUclt,. of bearill le.ls.1.q particle. 1.a gl-~ter_.1eU 
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(all ...11 d in pA-eoll181one) w.ak17dependl on the 1ncident 

energy. 

2. Paraetere char~c1;eriz1Dg m.ul:t1pl1cl-t7 of shower partiele8 

.re a1JI11ar 1;0 ~a't in ,gj-1f-1ni;er-acti.oDs. The DO 8ca1iDg 1. 
~ 

ob••1"ftd. and JOIIO ~'t1on, dependiDg on A, 1s the s._ ~or 

iD.cldem:b protODS and pions. 

3. Ii: ia probabl.,- that JIlUlt1pl1c11i7 of all charged 8.o~nda- • 

ri•• in m-i (and ga.rally 1n hadroJa- aucleue) in-terac1JioJl.8 

is eo:ad1~oned b7 1;he UD1qu. "nucl.ar" par.et.r V - the 

JI.l1JIber ot col111110.. ot the incident particle wi-th u'tranuelear 

nuel.... «v:> =.i.e,-yl 6"'h.l ). 

In 00.11181•• we are 81ad W 1;bet 'the -D88....1; .t mAL 

tor.:x;pea11i1oft et _ul.to. ch_bere.fte help ot Pr.ofs. L.VQ7­

"f'Od1e md I.V~Cb»~lO i. greatly acknowledged. 

•
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f'JL'I 1. !he &Terase JIU11dpUc11i1e••-r ·chug.-do ~art1~1.8 

1Jl sr" lJl1ierac't1oD8. 

--- -t 
~-J. S1'l. 9i~A. 9'-1. 1 pA I 

17 kf/e, SO Gn'/c 60 Gn/c 200 Ge"'!c 2''0 Grr/c I, 

thi._/2.3/'• 1ft /2.'1.• ..rt /5/ I 
, .. + '. + .

6.' - 0.4-. ? ..J .. 0.' I 
+6.98io.10 7.54 ~ 0.20 . ~ +

'1.2'1~.04 7.0210.05
 
.
 

.' 

t 

~. 5.0 :!: 0.4 
* 

4~?·t 0.2 4.sat 0.0'1 4.97 ~ 0.13 

- . ­
-. + +1".' t 0.2 a.2Oio.2 .2.6 - 0.2 2.42;:0.05 2.57.;.0.08~a> • 

... 
+ ' + ' 

'.3 - 0.3 8.6 - 0.2 
fJ.W> ... 7.& +- 0.4- 12.2,to.1 14-.0 :t 0.2 

' 

. '.24 -o.oq. , ·9.2~.O7 

• De :tim 'Yalu cennpoacla 1;0 iih. 4.1;. 1'roa /2/. 

•
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TABLE 2. RelUlta o~ the n.. of aperia.__&l dda .... 

aul'tipl1c1b cornla't:l0.a b7 the l1Ilear 
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