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On the ‘basig of model resembllncvtna repea%ed56hé;pion
,excaangﬂ and the' assumptlon that strong dammlng of large mgmentum
tra' sfer, ds @ charactnrlstlc of amplibua=s above a fcw Gev/c only,

auts hi. {(1)~tias made some predlct¢ons about the characterlstlcs

o < b
: y ./ I")

isobars and’ flreballs in hlgh energy hadron-hsdron oolllslons.
; ihe predlctlon abou* the productlon of fireballs is that, upto a

T. —v b

ooratory energy of 30 GeV, no flrvball is ]ikely to be createdot

LA Y

”rom 30, Gev onwards oae flreball may be prodiuced and thelr number,

mﬂy ‘t:° ‘sbout twoiat 104 GeV. Infact he £inds that their number
‘:;r“"'r N ‘JL .
' varleAraporox1mately as the logalluhm of the 1aboratory ene rgy.

Exuvrlmontally, the seneral fGaLHIeS of reballs dt various aner-

‘ s have been known from thn 1nt“ract10ns produced by cosnlc ray
,N -.:r

DAT 195 (5—7). ece tly somp quantitative studles have becn

--

ﬂrrLGd out,at a few acceLerator =nbrgles (8~10Y." Kltamura et
£1.(8) havf 'ound tha the muon COlllSlOnS at 5 GeV (ﬁvenbs

renorded 1n 1uc;ear @n@lSlons at Brook aven) are doa1natud by

Tt

comurlbutlon from 1sobars, Whe cas from 10 Gﬂv to 100 GeV (CJ;n~u,f-

s Y
A ETT

&y maon evencs in cloud: ‘chanb ”), there are«also some evenfs in

_ wh¢ch ‘one flreball is prodqud Slmtlnrly, ths results 01 the

, 60 GQV77*~nucleon 1nucrautlons 1“'umulslon by -sgnése 6t al (lO)
clzarly rbveal the. prOdaCtiOﬁ of onn fireball in 15% of the C&Ses.x
In the Oroscny work, we havc suud1~d some general characterlstlcs
ol llreballs 1n 400y GeV p~It COlllSlOHS and compargd them w1th the

3r;c1ctlcns of Frautschi (1) und fawvmgye models on thg §up;ect

— (2-4). ; n-.AH; gli ; A ”i» f‘ | fgia




A1)

Ly =2 - 8
A stack of 50 K5 pelllcle each of siZewIS ¢ 10 -'x 0.06%¢m®
| st éxposed to a flux of«:leO partlcles peT: en® of “the’ 400 Gev/e
protOn buam at FNAL. Thﬁ stack Jas area ‘scanned- under. 45X objective

and theylnteractions were picked up after 1.em from the léading }

"

edge but withln ’a max1mum dws,ance of 3-.cm.along the- ‘beam dPec-

~ '{I*

Llon. ﬁa the present uorh, ;,raqdom samole of 154" p-N vens wlth
ns)'6 has bpen analys d., To s*lect & hlghly enrlchcd sample “of

‘ FRrS

such @vbnts wp have foLl de the following crltbrla EVDntS hav1ng

. Pl
. : .‘_u A

Dy, = o ?HF ng1) O or 1 in the -orward.dlrectlon were considered.
rurthermore th@ cvents must not have any fager Dlectron or rccoil
' nucluus (<,4VJ) aqsoc1at d Wluh itself.; Thevdetection aff101ency‘
of such eveutv hds bb en estlmatcd to be 97% -FThe other: experi-’
ntal detalls havé bﬁen Vqun in an-esrlier- meport (11).
In.order‘to group the partlcles which night be thk decay N
products. of the fireballs, we have mads use of the Duller -Waker
plot (13) 1n congunctlon with the tqrq 't plot for' nach 1nteraction )
as d seribed in ref. (6). Howewor,l the particle’ whlch in thb p W
oolllsion could be. -t he 1ncon¢ng proton after scatterlng ie2a thb
1o ~ding . particle, qnd akso: thewpartlc“e rrhlch could’ b& thb targbt _
Droton in p=p,gollision; has-bden’ ulscardod In the flrst case, '
thc ‘ﬁytlclgiyq}ch,qakés tha-smaliest sngle with the prlmary dlrcc;;
tion;gas;peen,rggarded;as the lLeading particle, In’ the socond -

0“5'1 eithnr theqpﬂriicle making the largest angle with the o

pﬁwmgry direction or the grey itself, if prossnt in p-p intera ctioh,

* The p- rcenuagv of p—N gvents with ng>6 and n, = 0 in our sample is
10.5 which may be compared with the line scanfled data of B“beCKl
at al. at 200 G-V (;2) who giv= the value as 9.4 for such events,



has beon associated with thé tarpet protoil o

s

.i.

In p—N colllqloﬁs, ‘the in crmediate Stﬂu@g whlch arﬂ ofoduced

_.can be ynsonaﬁces as. well as firebells. A re sonance is exphctyd

1"
-|

_tp“dacay“ into twoor three particles. Tous, in i cluster of two

or three particles, thers will 1wdys ke an adnlyturg of resonancs
end fireballs., Therefore yin Gho prassnt work, we have picked‘up

probable candidatgsifovﬂfirtba;l‘which have at ledst four chargéd

\“>L A
¢ecay products., The plous uOr'J54 uvents show: that 't re ure &7

events ‘in, wh;ch on fil ball is presant and therd ars 9 events ‘hawing

-
x -y % 4

two ferbullﬁ as wbll thus.m&king a: otal or - 75 flr@balls

ot i

_-‘o*..

- gargerL(iA) haq sn g;st d that thn p“rt101°S\COﬂSt1tutln£ a

£ir ball must have st srong cprrqgﬁtlon aKOﬁgSt themselves .ﬁAssumlng
' T A A LTI 3
that a flrcball HKCQYS\lSOtTOPTC 11y 11 lus Test frame 3 thﬁ dlspaL-“

4

sion A shculd oe.§ O;Ql._ﬂhe’diSQerzio* paramster is defined as

where n, = numoer of cha;gsd parclc'\s into Vhlc g,firebéilbdecggs,
Y = average. rauldlty of ncln ticles, . 200
Yi = rapldltVOf ltb p 1_v :
Out of tng,;z__s, f}‘}f‘ebﬁii’. cmdjchtcs‘%?z 'd:f.d ngt fulfill Berger!s
critaion. Thees have begn‘EXCluddafroz. urtb~r cons ideration. -
7o doucrmlﬂu “bha flrcbﬂll 3¢Iumcte?8 we have iqllowed'the e
\wﬁ‘ : . ~ 3 AR

.l.

progcaure dgschhcdfvw'Agncs &t aLu-(lO¥ r1rst e, dete rmlnu thbﬁf.

centre of arav1ty (<§ ’?YQ) Of tnf sa lvct 2d. clusc v of - pa;tlcles,

;_-\::

pey
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xhu,re 66} ard ‘q corraes ,o.a tf\ d p aad pro,]er' ;x & .Jlglcs res pectlvc:ly
_Lc .. system (L.S.). -This allows us £o" calculat the Buler ungles

’ (o( R LIJ o‘) . of the firebvall- as»xollox S v | .

»».(2)*. coso< —.coséq cos 77(‘ e
' (3) \{/ = —2—_- fcc'n (s N 7‘6 /—ray\ 5(,) ey
I 9 ‘and gbj are I‘eSpL,CtJ_V ly thb en n and szutha]_ angles

of" ’th“e} J‘th‘ partlcle with o th to v‘h@ primary dJ»._rcc‘_,tl,on,_ the
L new em15310r1 angle @RJ with respect to the fireball direction is
given by‘the expression

(ay” COSQR) ¢0_§5_<s.-n@j sin(¥+P;) k05X cosf;

;,f‘rﬁ

.-\- LN -

.E._zf_olm;thy isotropy consideraticn cof flr"bdll dec:zj products An -

dits .resit.,_system,_ the integral angulav dlstrlbutlon is glvnn by (15),

S

‘ ' S - f‘ n*6
(5 F(9 :1‘—\/1*()/‘ l) = R
‘ ( R) - 1_ \_Y:'(_ f_aYI“QR

Tl eysfe oy - b ' S NN ‘_.
: where )}:f = Lorg,ntz :f' xetor of tm flr hall i1 L. S S
r

l

F’j» /Bo s Bs is t“") Avsrege. »’cloc:l*yof the' shower

partlglw .m the il;ub&l" rost syszzom.

Ohs (,xm,c*‘s a good 113 of F(@ ) against ta 6 for shower. padrticl s

actuc.lly bplonglng to a f’“vb 1l omylng the assum*)-’eIOnS of Agnase'ls
method . Thls tbst has hv;d anplﬁed for all thﬁ candidates and in«

2 cases the fit was not se tlSL«CtOI'j (wu h'ive accepted good fits

A

as thosé having P(?()) O.J)). We oxcluded “these candidates also
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for further-eonsideration, . So-ul tinately: ve hayb 53 syents, hav:Lng

e R I Y e Y o Y O s s -
orfl DAYl mndiFrwvonts having -_tw;_:x fireovalls. .

SREIN R ISR . - - |
)Usa-ng )jc and' T calculated:from eqa.(5) by least isquare £it,
end assuming that tha docay products are. plons, 0ag; can calculate -

Athcf\avq,uge momentum of ;ths. dacay prodyc ts in flrnbull rest systen

(po), the; ,flr“b«-’l mass.(up)y ond tmpqvcrsn mo'nen um of th\,

v e

£

Fote

72ball(pg) using the relations:

(6 bo =W/ S e
R " A A o Dy S Lt ‘,37 f] e 3;' -

a3

<. J PR

eba]_l 1f1 ths

o

N

L Y DoEge
g td

. AL P e sy e e T
(9 tan = - W o g
R .oy L COSK - ﬁe/@j- Ceme v

AP\ GE ‘ :

“whers™ V= LorentZvfactdroof Ciks srstam;. | - VEe e o e

i oF et Pt 4; v

AccorLlng i Tr3u>tqcnl's model - (l), the hasdor e Tireball
frosn [’T{Nr' s S ALY STy WL b e B - e

is ;xa&c 3 d te 1ie bbtw\, n Iand 5 Geviand averdgs ds€aymultiplicity

is about six 1rre~sr)\.7'c1,1ve of tRe 1 ncr\ﬂlﬁp particle efsrgy,” The rass
distribution for the firebidl is ‘obstrvdd” in our 1n*7::-§'tigé'1':ion is
dls-.l *n “in’ ng. Hay CRE hviagd “naSn is 2. l3+O 13 GeV with a

cpm ad from’ O 5 o 5 Gev.” “The - eh-rged deeay nultipliicity.:1s:shown

in Fig. 1b and its avirage valnge is 5,76+40.14, The observed charged



’-g_“"_“;ft) te -

-6 - S C ~/
accay multiplicity, 5.76, seems to bo in ruésonable agrecment with

the predictédes mul tiplicity (t)s These results are in agreensnt
with the predictions of the hybrid model of Rejaraman (2) whichis
baééd upon single Regge like exchange for the nroduction of clusters

ia the collision processas.

.Figufgs ga and 2b show pg and pt”distribﬁtions rsspectively.
tverage pg is found to "x 184+13 MuV/c which is in good agreement
with the value obtained by other investigators given in the table,
It ée@ms to be indepcndint of caergy. This constantancy was pradic-
t«d by Hagadorn (3) where Py Pawas regarded as the decay temperd-
ture of the firebsll (T=160 MeVec)., The average transverse momentusn
of fireball is 754485 MeV/c which is in ogreement with the value
obtained by fgnese et al.(10) at 60 GeV. Figure 3a gives the
frequency distribution of the firebll emission angle in L.S. with
resnect télprimary direction. The averags emission angle of fire-
balls is 1.8740.29 degree which is at variance with the assumptim
of zero cemission ahgle by FPrautschi (1). In Fig. 3b we have plotted
the enission angle of fireballs in ths C.iM. systzm, It is inbteres-
ting to.note that, the distribution is quitc symmétric (F/B=36/35).
This shows that, in the C.M. system fireballs are cmitted in both
the directions with equal probability. Howevzrthe distribution
‘is sharply anisotropic, This is beceuse fireballs are emitted with

2 small anglss with the collision axis.

Cur results clong with those¢ of previous investigators (9,10)

arz shown in the Table. The rusults given in the table show that,
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leaving asid- the averags angle of enmission, which has to be

| different bucnuse of py constroint, the rest of the craracterlstlcs

of the flrwbﬁll are the swme at Gt f\;ent “ns rglgsl

it iu01d9nt proton enSTEy of 400 GeV, we sue flreball production’

© oo et 4 et e s 0
e vt e .

,ﬂlq about.457 of | the ﬂventy, w1th ns> 6. ){owavb.,qu events--having

'7§31 <;10)+hj'n4rﬂqn+- ] 9@—flf°%f%l“is“21“‘ “This value may be

¢ ompared with the productlon fr.. ‘queacy; pf 15% at 60 GeV (10). Thus

{ ) ‘zf;f‘ \x-lC

there seems to be a logarlthmlﬂ rlse in the flreball productlon

érbss -ssetion as the incident . nrrey 1ncre 1SS from 60 GeV to 400

GeV At 400 GeV e, ound twq flrpballs in-9 ﬂvﬂnts<out*bfrlﬁ4”whila

.J‘.. _‘

wt160 G>V no such events was found Furthaer ana1y51s about thm

PP R O A

e oy e e . e, i e o8

) ranidlty-corrclatlon in th»so flTGb@llS and its 1nt4rpretat10n in

terms of somd-multip>r1phgral cluster models (16} is in progress.

The ﬂkparlment on 400 GeV/¢ p-nuclaus iqteractions in nuclear

cmu131on WaS undertaKJn 1nitiallv as a collaboraflva offort of the

1gh energy nhy51cs Groups of thc Unlvorsitlos of Delhi, Jaipur,
Jammu and Panjab. Our grataful thanks are dus to our efétwhilé
collaborators eSpecislly Prof, Y. Prakash, Dr, N.X. Rao, prof.
S. Lokénathan, Dr. K.B. Bhalla and Dr. J.M, Kohli. Thanks~are ’ '
dus to the University Grants Cormission, Qovt.'of india for finan-
cial sssistance. The tiring work of 21l the scanners is gratefully

acknowlzdged.
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