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On the 'basis of model res91~:OliJ:lg the revGf'tec- One-Dion. ~ 

.";-. 

,exchange. an.u ,the'\ as~umption,tl:1at strong damping of large mPfI\-er.t:tun 
.- '1.' e " r- ~. ,:;. ~.'" _:-~\..... .

t!·cms.~~1r)(isa· characteristic ofamplitudos above a fe\V' GeV!c pnly, 
.' . .:... ~~; ....;, -::;. .' 

Fr2~t,schi (:L}~:has made 'some predictions about the char-ac terLs.t tcs 
>:.~. ........ ' . ." , - r· '. . ..' '. ,.:,'-- ..
 

of' isobars "and':f'ire1)ails in higq,energy hadron-hadron eollisj.on;s.
, .. ,. ;. " ,),1. " 

The predictiOil~ abOut the produc t l.on of,fh'eballs is that" upto a 
.. : .:~-~}~; .: 

labor~,~or.Y energy of 30 GeV, no I,:i;reba.ll is likely to be created; 
i ,,' - " , .... \;' .r ,.; ".," ,.' .' 

from 30."Qe:V;" onwards 0:1e firepall may be. produced and theiI'.nUI~l.ber 
'.. '.1,': " ',. '''. 

me,y;'~be about tWO";ai/'io4 a~·v. ,~nf,a,c~ he; finds that their number 
• ~ ,> • !': ',\'II_IL~,i.' .\~.:~. 

0. : 

varies approximately as the logari -:hmof' the laboratory energy.,
.'" ;' . -. ." 

Expsrim"mta.l;ly,. thE-~ goner-al, featt~es, of tj_reb~iils at'vari'Ous ener> 

l?;ie~~aye,"ooenknoWn'fro~the :L.fltprac;tion:s produced by cosmic ray 
.. ;" ( . 1 --" .i .:t -' • t '. 

, . 

r» ::;T'ri(~d out a t 'a·fe\'1' acceLer-a't orv aner-g ies (8,.,.lOr:r Kitamura et 
"):~~<:.-~-.,"1" '.~"-~ : ~ \ ~ •. ' • . .: ',~, '.' " " '- ." 

c,l. (8) have>fburid .that> the muon collisions 9t 5 GeV (events 
", . ',: \'\',~ - ". . ' ~. 

:-' ec ord€'d~ .nucf.ear em ul.sLons at Brookhaven) are dorili-t;~t:G(iby 
.'\;';-', , _ . :'''1' " ' 

contribution f'r om. isobars, whereas from 10 GeVto 100 GeV (ta)~, ...... ; .-.,,s'. .," . ,,"'") i. ,

r:.y r~~6h everit s in cloud', ,che.r;lbor), there arE?-also some events in 
.. ! ~~ ')." '. ;... .:;

'.;_ r·',. 
which one fireba:Ll is pr'oduceo.• Simi18rly, th::' re s ut ts of the 

i
60 GeV 7T-mic'iegn interactioi~S Ln emulsion by p.gnese 'et al (Lo) _ 

··t ".!. 

cl'::':arlyrev~al :th.e pr:odnctiartJ of one fir~ball, inlS% of the c as cs ~ 
.~ .. - , 

In th') prc son t.'ljork,.'>J18 h'av6 st"udi8d s omegeneral cber ac ter-Ls t tcs 

0;: fir~b~lls";:~~ ~~~1jG(''V p~N~d:O£li';ion~ ,and compf;lr8ft~them with the 
:: "; ~ :i,' i ~... . : _ .. . .~ 

',Jrsdic ticrAs of Frautschi" '(1')
'~~i '1',·

and a f~vT .more 
, ~~~ 

models' on the'su):2J.ect 
_._._ 

., 

(2-4) • .; .( 
.~. ," '. 
J - , v-: : 

..' .-1" 

.' J ' 
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. :':;: 
.A. stack of; 50 K5 pe).ltcles -each of siie:iS x '10 'x 0.06-:·ciri3 

.' . . . 

VT;~~ r~X~,~~~~ to a 'fl~ ~f,",", 5x,~04 parti~le.s per cm2ofthE~' 400 Gev/c 

p;o~on: b-am at FNAL •.TIle; s t ack 'T,'fsS ar.ea"scanned OOd01<45X:- objective 
. ", ~ " ;;f·.: .~. '... ,"': "'; :.~ ".~ ... j."'. :-' . ~~ ' . 

. '" •• t 

ami th~ interactions v/ere pi~k:,:;d, up'u:ft'2r 1: em fram 'the leading 

8dg~' h;U~~'~i'~~in',:a"ma~~~tm.l,dt~tffi?Ce..p;f 3,cm',along the' beam'df-ec- " 
{ r-. _:;-1;. '. .... "'; .,,';. . - _,1. • .•.. " ,,' • 

tion" .. In tho presen t work , a, r-andom sample 'ofl54"p~N everts 'with 
.,' , 

U :> .6 has h:~e?- ;~alysGd. To .seLec t -a !h~ghly enriched sample of s
~'....... \ ·.~·;!d I"{.". ",:' L" ll} , 

such 8vents~ we qave followed t;ne fe>llowing criteria. Eve'nts having' 
"~:_-/'.! ~"'~~~::". 'rl. ,..-:'~.~' -. f 

nb = 0 and, n "~l q...?:r 1 in the for,vlarq., direction1>Jer'e 'considered. 
- ••; ".>("{" (",!:". \~t,.J: :", " ',; 

Furth'~r!~~re tho events must not have any. Mg:er '3lectton or' recoil 
-. r: 

nuc l.eus '( <,10r ).,:a~ so~~a t\? yl~:th, i.tself~';'1h~"~1 detection affic Leney
," ." ,.. " ' . '* . , ,',": .'
 

of such events has been ~~timCltcd to ~97%,~,,<,The other exper L- , 
·.i .j 

mental details have ooen.,givenin a.-q·s?rlier·\report Cil)~' 
. .-::- : .....~ ~ ' .; 

" 

I 

In order to gr-oupv the particles,which' 'might 00 the decay 
. , 

pr oduc t s. qf,tl~(3:, fireba1l:~, we have made use of t.ho DuJ.13r4taL.!{~r 

plot (:L3) ill,:conjUl':l.~tion w'i th thJ targ·::~t· plot for each iKt~r~ction 
~ ....' -. " 

.: 

as d~rcrpJed in ref. (6) • HOllrev~:::",the particlG' \vhich in t~ 'p-N' 
-,' I"; E:. -; 

collision: cqI+lo.,bE·t h8:tnc9rr-tlng ;~~()ton' afte'i' :scatterfug i.e.' the 

lJ. ~ding: ~article, enck fll,so'lthe f:pa!'ticle ~;hrch "could' be: th~:"target 
, - .' :".. r e, 

proton in p-:p';p'ol.l~Si,2Ui 'has'ib-Jen::(J'iscardca~:l n the first case, .~' 
, --

the p~,rticle ,11qich makes tbq,r~s.'malies.tcllgle with ,·the 
, 

primary'direc
.~.' . ", ." 

tion has, .beon r2garded as th(~ reading.iparticle. In th~' s~c:'6n'd ' 
.... . . ...' '. 

c aSG, eithc rthe, pur,ticle m~king the 1arges't ang'ie wittl 'th~":); '\''
."t '...... ' : . -~: ' . v . . .' • 

primD.ry direction or the grcy itself, if pr ... -son t in p-p intaract'ion, 

* 'Ibe pcr-cen tage of p-N ev-snt.s 'i?ith n >6 and n == 0 in our sa'Ilple iss
10.5 which may 00 compared with the line scantL:d data of Ba.beckl 
a.t ale at 200 G·,~V (12) whogivr.. tiho value 3.5 9.4 for such evorrts , 
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.......:_1 .hus beon assoc Iatcd with the tax-co t IJ:i"'oto':i~':' 

In p-N, co~\~,i9~i,Oi1p, tho in t;~rmrJd.ic.td .sti'"teg whi~h'-,a,~ pf9ducad 
r '. : .... 

can, 'l;:e l'Gson.ances ,?s,"t,roll as fil't,:bells.

.' :",.J ,- -v i
 -, ': .;'" .' 

'''~''C (} ". 
tp ,Y.~c(jY"'1nto twoor three', ·partiCles. Thus, .In ,the' cluster of two

.', ." 
or thte0 particles, thl?r8 \'lil~, ;~li"ays be en adm.Iz tjrre of resonances 

and 'fJ.· -",:> 1-·....11s '1lht:>r"-/"or'~ ~ ~ ~'h" r s nt ork we> hav . ck d U~h~, .I. .i.'". uu • J,. .~'J \.:'.-'- I:.. ,J..l..!. \..<~'j P ,;: ,,) lJr .. ,' '''' c;!, e pJ. e 'J:' 

. .V 

probable c andIdabes for".f,;i.!'cba::'l whlc h have at Leas t '·,:rour cli~ge.1i 
I ... (.~ '," .'..' ••~~.. \ ...... 

. \) ,- . "' 

cocny prOducts., Th~ plots.ilq,(~ J.54 Gve~t~ S.hOW>thllt'th~~~<1r.(3 67 

E..'ventsinrw,b;licli' one fil'·J1Y-111 is r,r'.Js,:mt and t'her0'·:"are' 9 2.vents··hnv:L.'12'; 
g::i:~~~\": ).~.- .t".", ' .. : .:•. -......'..... . \-.;... .- .!" 

bra f,ir~_~~)~"}q-as w211, tl}tIs .mD:k':U'1g a total of· 75 fire balls. 
. • • '. " t" r -ri :·-,1. \' '.~, ., ,.' L.... ... "._:' . 

.)3Gt~gBr\:(14)· has s uggc s tc d that the par.~~c~e~)_c6hs't'i.tuting a 
"'I i' :-"'-' - .. ' ~ . ,. . . .....\ I~' \ -", •. 

~.) ~ , , !. \ r: :. .. ._ -". 

fireb=lll must have s t.r ong cpl'r6)1n-tioh amongst tnemseLvcsv Asspining'. , ".\' . ' .. ,,' 

.', ('))\ \. '. \ n',,; . 

that a fire ba++- :~-o.€c'''iiJs- lsotropic:: lly in Lts . rest :tram~, th0. disper~.:-
',---~ '. ':.\' ,-,' , ' 

sion b. shoutd 00 ~ O.?l.: ,f.[hedis:;~rs;i;)r: 12D.:t:'am:...~ter is defined as: 

, ",)",,~, ,.-,\ .: .;' " " - -. ~' " 

b t'r;:,: f~~~_,'---CL'{ .y '~'{,') 2 1, ,
(1) ... -,,') -t71 -1 -.: ' J 

" 

,, .... t, ..t., ",:, ;,. :~ ~> " ~, ' .. 
.i' ._,' -".-' , .'"'i . 

= num'oer of cbDrgkjd'p2~rtici~~s into wh ich a fi.r0bclii decays , 
'" .', ., s > :.\ ';;,: "{ 

y aver-age Tn cidi ty of n ,p~rt LcLes , .-, ,.... 1-'"= 
" ' . (', ,0, , :-. 

.I Yi = ·rapidityof itb· 'part:i..clZ? 
,,'...-, 

Out of th~..7Q fi.re-b~t]:.r c[L.ldJ.d,l:G("S\ 2 cli.n not fulfill Berger:'s 
I,' " -, 

er i t8.lion • 'lho 80 havo be en" :;Jxcl uc1.2di rOl~':f ur7.i~r consLde r-a t Lon , . 
.. I , ' .., " • - • _' ~ 

.: ..... 

To d,:Jtermin:p \t:h@' trr8 ball p:::.r·,.unt;;·ter's ~ld ha:...,; f<~llo\Vt.;d 'the , 
~ •• ,." j -. ". ; y ', .. ~ I 

r -~-~ ~.. : , ' .L, ':,' ':'. " . 

procGdure\iescri~d ~J'JY :'Agne's8 .:',~ Q~:. ,(10). First, ve date rmine the.-' 
. : ', _.,' ';"." ~,:: .: 

.;., 

,..., 
"'. \-, ,-; '".' 



.r� 

,(2) , COSO< =.COSbC;'COS'l'·4· ': "';: 
. .' , . .' . 

r, .-.' r'.('\· 

(3) 
("r" ." 

~ = ~. .". to..'; I ( s i)'j )14 / f 0. '1 b4 )' I ! 

ef' :.:. .: 

.If,I'9j :and<pj are respoctiv'~,lY tho emj.ssio~. and eZimu;tl:lul, angLes 

of the' ',j->th-;'partlcle "Iith r~;s poet to th\:l primary dir€c,tiop., the

" new emis,sfon angle GRJ with rr.spcct to the fireball d~J!ection is 

given by:the expros s Lon 
;' ," 

(4(;,Ci~?deRj ::: (,050( S I'~ 8j 5;11,( 't+<PJ. ).:;17y (, 0 5 0{ c.o; Bj 
.~;.~.t rn:" .'. :..:~ -.. . ... ",-r-' 

. . . ~ ',"'"',. .. 

.Frorq·, the, isotropy' consideration of firoball decay products ,in,,:, 

;its ,reSi:t~system" the ir.tegrnl angular d:Cst~·ibution is g Lven by (15), 

.\ 
, ~ 

(5) 

~.' . . .... 
. r

" .:' ' 1 t • 

whe're Lorentz f'ac t.oi- of the fireball hi L.3. 

" , 

.~ 1 '1'. • 

Oha GXP~~ ~s a ga.~,~fi t o~ F ( $R..) ,agains t tene R. .ror ·sh(j~;;cr. pa:t't'icl.,'s 

actually" beLong Ing to a f~L.r~ bc:'.11 oboy.Lng th(~ as sumptrions of llgn,~se fS 
:, '. ~ 

P.l8thod~;· This' test ha.s ~:>:'ll.o.PPliod for al:lth:~ ca."1dida,tes and in":" 

2 ca:5es':~t:hefit w~'s not sc'tis.f:lctory (WG ,h0vP acce pbedvgood fits>' 
.... "rb;. [:.~. . .: .. ~:'."" ~ -\ -~' .'- .: - .....1 . 

as thoke' bavL"lg F'(~» 0.90). 1:18 oxcLuded t.he se candIdatc s also 



5 
: ",."':~~~. :::.J- f '.~';:O';.r: '··C·:· 

~"':"·b:i."f,u.1"th~r';bon'Bid~r,ation. So .,ul t.~D:~e.;t>~t:t.;Ti' .1~rf:l:hA:V~. ~3 ~.V8ptS. having, 
, J -,'.' -, ~ •. ; •.L,.J ...!..j,.}.; •. • .: .:~:..:. . ';.• " .: ':;'" • _:' 

ori'tJ·il."~'~i1:"~"bCil)j !In.d~:9.rreiV·:m t$ h,:":'.Vi'1.g tT,l? fiXe ballS• ',. ' 
" : :.? !;~i' 1 :. ~ .," .~. 

;",:' . .:7;:.; .[:U~:1.ng1('~; 'arid!' cnicu:l5.tod:from. 

Dnd as suming that th':. decay products 
' . 

. tl'K{.aval':::.gEt ~orn'.;>n..tum'of_;th,~ ddc~~' prod~19.i:;I~ il).. fir~O:;.ll rf::st system 
;: ': - . "." \.", ' : .j _':; . . '. !.l _ . 

.- ;- ,; Ie 
(6) 'Wi~~1 J' ,'3D

2 
...- i' ",', .'; 

.- " ,'.:, 
. "1 . . ,d~· (.) 

:~ " : 

(7) 
,

.i : 

. ..,

.5' 'I JYlo((8) 

e-.Jt.'jSYS:{Fim.·u;s in.g·· the, tr.apsf ormq:c.ion ~ c. . . .. .". .' , ~' .. -, : 

... ; ..;;~ 

".: ; 

{'~... : ,:' ·'fj:""'f,~r:-~.t!~' : ~;~. ~ '\:, ';;.i,~,:: "j;, j .: ~!..£ r:,. " :-~. 
is oJX}:-;c'>'d to IJ.€ wbI8,;::n 1 '·.J.LJ.d 

t 

5 (rc'v'und' average d0'cay:-multiplicity 

~~. abou~·i.six i~r5;~b:;~i.,i~J ci iRr} iricomi~g pD.rt"icie 'tiLirgy;'-'Tnerrass 

dist?'ibution for the firebali~C.o~b~;~r:~(~d'in ~;Ur !ibtLs-cigation is 

di'sSl;~~G~(iri:!Fig~·tla.'- ThJ"~bW'iYi'iJg~';;-rias's: l'S 2.13-+0 ~13GeV uith D. 
. ... -

spr~)[J\f rfom[6.·!5 t:(j; s"GeV." ~h:·d:i~rgi:;d d,ccoy r1liltiplicity:';I.s'~hovm 

in Fig. Ib and its nvcruge vnluQ is 5.76±O.14. 

.I 
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ci.ccay multiplicity, 5.76, se oms to bo in r(;:csonablc ag recmerrt with 

17...1.-_ ti 1° -4-t' (l)~ Th~s(::, r;:>sul-·\.'-;s are In. agreemarrtthe prl;---dict~~ oUl P J.C,J" J':' '. - - 

v:i th th;J predictions of the hybr Ld mode I of Hnj3.raman (2) whichis 

for the ryroduction of clustersbas0d upon single Rogge like . 
in the collision procass2s. 

Figurss 2a and 2b show Po and ptdistributions respectively. 

Avarage Po is found to -'X~ 184,:13 HuV/c which is in good agreement 

with the v8lue obtained ~T othsr invGstigators given in the table. 

It seoms to be indepc:nd.mt of encr'gy , This c ons tarrtancy was predic

b..::d b".f HaK:idorn (3) !..,her·", Po p·C1.liT:JS rf.:;garded QS the decay tt:mpera

ture of t.hc fireb6.11 (T=160 HeVc). The average transverse monerrtun 

of fire ball is 754;t85 NeV/c which is in ;:>greement with the val.uo 

obtained by l~nGse et al.(10) at 60 nev. Figure 3a giv~s the 

fr8quency distribution of the fireball emission angle in.L.S. with 

r-es r cc t to pz-Lmany dirc.'.ction. Tb:1 ,'J.vej,,~agG emission angle of fire

'balls is 1.87:tO .29 d ...-g reo whicb is at variance 1,>1i th the assumptim 

of zero omt s s:,-on angle by Fr8,1J. tschi (1). L'1 Fig. 3b we have plotted. 

the errts s Lon anglo of fireballs in thci 0.11. sys t sm, It is inter.es

ting to note: that, tt;s distribution is quito s ymme brLc (F/B=36/35). 

~h1s stows that, ia the C.M. systom fireballs are omitted in both 

the diractions with ,}qual probability. Howovar the distribution 

is sharplY anisotropic. This is because fireoolls are emitted '>lith 

~ s~~ll angles with tho collision axis. 

Our results along with those of previoQs invGstigators (9,10) 

o.X"j s hown in the Table. Th3 r0sults given in the table show that, 

\ 
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leaving' asid· the everr!?8 ang l,e of em i s s t on , which has to be� 

idif'ferentb~cr>us8 of Pt c on s t ra In t , the r s s t of th2 characteristics 

of t ho fireball pre thE-' 52-me E.t, 'G. 4.f :' ·,' r en t ,::·nergiesl 

At incident proton 2nergy of 400 G2V, we s,:;e fir8b311 production' 
__~ ._ • ._.__, ~ .. __w. __ • _""' -•• ,._ •._ •.•< _._ •.__ ••••__•• .._--.----' • . .:~- __ __ •• --_ _ '_•• _.~ ~ , ~ 

; ~P a.b~;:~5;b 0: ~tt:;~~. events ,:)wi th ns) t"r:rovr-:."v2r/-foJ.) ~vc:nts."-h{lv::ing 

3 0i5:·'bo~.:r...h;/ 'P~::'\~-c4--·f-H,~>-t-a±i---is-cl-;-· -ThIsv5Tue·-· may"fu" '.__ ._--. -'\: ~ 

compa.~8d,w:~th".~J:le~.RFoducti9nf:T qu.(~~c-1.r:9~: l5~ at £0 GeV (10). Tlfus 
, ((',;1) :..:~~~~:f.).l.' ._.>~::~.±.(" ...r: r.•'--.:: .. '� 

th}re S8ems to be a Log ar-L thmfc rise in the fireball production�
:", r:· 

6rbss -s~c~tion rrsth<:' inc id'en"t- ,..:nc:r~(~·{;~r:~-", SdS fr-o~ 60 Gev"" to 400 
Gt"V. At 490 Ge'y" we.),fo~?- tW9.· fi rupall.§;. ;i.n:::.9 €(V,?rLcs.: 91;1 t ~Of',: r54~'whi10 

-: -: '1"' ~.~...!. ...~.r\; -~.,~~,.,-., T·,. -_- ~ .. _. _ ..... "

}1t')OOG~'V no such events was found. Further analysis about the 

---'~apidity~'or~~lat-ion-ir:th:~'~-fir~~lls~a~~-~~~~~~rp~~t:~-iO:-"~~
 
r: t'="rms of s oms mul tip·~riph~Nll c Lus ter modeLs (16) is in prog r es s , 

The 2xper iment on 400 GdV/ci p-nucl eus in terac tio::ls in nucLoar 

emulsion:wasundertak~~ninitially as Cl colla bora t Ive 8ffort of the 

High energy nhysics Groups of the TJniversi ties of Delhi, .raipur, 

Jnmmu and panjab. Our grat~ful ttanks are du~ to our erstwhi12 

collaborators Gspcciolly Frof. Y. prakash, Dr. N.K .. Rao, Prof. 

S. Lokanathan, Dr. K.B. Bhalla cnd Dr. J.M. Kohli. Thanks are 

due to the University GrDnts Cormission, Govt. of India for fln~n
, 

c i.ql ..:ssist~mc,? '!h.a tiring work of all th-cl scanners is gratdfullv 
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