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THE TWO~-FIREBALL PHENOMENON AND THE MULTIPERIPHERAIL, MODEL.
Carleton E. DeTar and Dale R. Snider
- Lawrence Radiation Laboratéry

University of California
. Berkeley, California

H_  May éO, 1976‘

ABSTRACT
In the context of the Chew-Snider vers1on of the ABFST

blon exchange model we' 1nvest1gate certaln multlperlpheral
mechanlsms that could account for those phenomena that have
Lhitheﬁto motiVatedithe two-fireball model. These mechanisme
are (1) double diffractive dissocieticn, (2) the presence cf

a sequence of neutral partlcles on the multlperlpheral chaln,
and (3) statlstlcal fluctuatlons in the log tan 0 spectrum.

At cosmlc ray energles they are of equal 1mportance. :

The two-fireball model was proposed by various authcrsl in the late
1950's to explain a remarkable property of cosmic ray events, observed in
photcgraphiccemulsions, that the epectrum of secondary particles for some
events,‘when presented in log tan Glab,.appeared to have large gaps, separa-
ting the seccndary particles into "forward" and "backward" clusters. Accord-
ing to the model, secondar& particles were thought to arise from two well-
defined ceﬁters, one moving in the projectile direction and one in the target

direction in the center of mass.
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In interpreting these data in the context of the multiperipheral

model,vwe shall stress what appears to us to'be the best established empirical

feature, namely the'freqnent presence of substantial gaps in the log tan glab'

spectrum. 'we'éall this the "fireball effect." The decay distribution of the

ffireballs,ﬁ‘i.e}; the forward and>backward clusters, is empirically less well

understood, and it is here that the multiperipheral model is at variance with

the two-fireball model. (In our model the flreball is not a well- deflned
entity, Its average mass increases w1thout bound as the overall energy
increases.) vi_ | -

At firstfsight the fireball effect would seem.toveontradict predlc-
tions of the multlperipheralrmodelQ. Consider a typicallmultiperipheral event
1J

and momentum transfers ti are'assumed to be small, compared with the overall

described by the diagram in Fig. 1. All the two—particle subenergies2 S.

energy.. The flnal partlcles all have small transverse momenta QL’ and their
longitudinal momenta in the laboratory frame pl‘ are:arranged in an approx-
imately'sequential order,'more or less uniformly spacea in the variable

~4n p“.B (Assumlng all partlcles have the same' nlé the un1form distribution
in /n Py transforms into a uniform dlstrlbutlon in log tan ©.)

However, when the model permits a broad distribution in thevSubenerr
gies so that a few can greatly exceed the average, individual events can
deviate markedly from the above description. A large two-particle'subenergy'
S5 3 will produee a "gap" in the P\ distribution between p; end pj,
dividing the momenta into two groups, thereby producing a "fireball-type
event.”" In the ABFST multiperipheral modelh the two-particle subenergy

distribution is proportional to the nn elastic cross sectlon, which is

dominated by resonances (chiefly the p), but also has a small "high energy
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tail" from Pomeranchuk exchange, extending to quite high energies. Thus ‘there
is a small probability that an abnormally large subenergy (hence a gap) w1ll
occur. ThlS 1s the multiperipheral mechanism for double diffractive d1ssoc1-
ation.5 A model employing this effect has been studled for other purposes by
Chew and Snider,6 we will use their model as a bas1s-for making quantitative
predictions;

If one ohserves only charged secondaries, avsequence of neutral par-
ticles on the multiperipheral chain can also produce a "gap" in the momentum
distribution. This is the second source of fireball—type events invthe
multiperipheral nodel. | | |

Finally; for experiments in which only angles are measured and not
momenta, there ex1sts yet a thlrd mechanism for producing gaps7 inblog tan ©.
Fluctuatlons 1n the transverse momentum pl_ can produce gaps in log tan 9,

even for a regular distribution in Zn jo) We will calculate the probability

e
for this effect from the experimental pl- distribution.

Before calculating ‘the probablllty for producing "fireball-type
events" from these three mechanisns, we must define our'terms.

We offer’ two definitions of a "two-fireball event." (1) The first
relies upon a knowledge of only the direction of the produced secondary,
which is usually the onlyvreliable datum in emulsion experiments. If the
particle spectrum for an event in the variable loglotan elab exhibits a

gap larger than 1.3, say, then we define it to be a two-fireball event.

(2) For experlments (mainly in the future) that measure the momenta of the
produced particle as well, we propose a second more specific definition of a

two-fireball event. If the laboratory momenta of an event can be divided

into twovgroups, fast and slow, so that the squared invariant mass of all
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pairs of perticles, one chosen'from the“fest.group and-one;from the‘siow
group,vis greater.then somelminimum, Say 3 GeV2,.thengme‘call the event a
tWO-firehall event with.a "gap in momentum space;"8 We will assume that,
whenever the subenergy of an adaacent palr of partlcles on the chaln exceeds
such a large value, a gap in the momentum spectrum practlcally always results
in accordance w1th our two-fireball crlterlon. Both deflnltlons can be
generalimed in an‘ohvious way fbr n-firebailievents.h
To obtain a quantitative prediction for the probebility’of fireball-

type events due to the flrst mechanlsm, Pomeranchuk (P) exchange, we shall
consider the model of the schizophrenic pomeron.6 In thls model the kernel
is approx1mated as a sum of two components, one w1th strength gRu.‘represen—
ting the low-subenergy resonances in the gx elastlc cross sectlon; and the
other with strength gP)+ representing the "high energy tail" of that cross
_section.g ‘The strength of the high-subenergy part was'determined in another

5 4

paper where the cross section, appearing in the kernel of the ABFST

integral equation, was arbitrarily split into the two contributions above the

g meson peak at S.. = 3 GeVg, hence the choice of 3 GeV2 in our definition

1J
of a two-fireball event.

The probablllty of slngle P exchange per event, when it is small, is
well approximated by the average number of P exchanges per event The latter
is readily calculated by differentiating the logarithm of the total cross
section with respect to iog gp% Jjust as the average number of pion pairs is
found by differentiating with respect to log(th + gph). We are excluding

the special class of single diffractive dissociation and elastic scattering
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events from the‘"fwo-firebali'erents." These evenfs are essociated with P
exchaﬁge at the'very ends of the ehain; .Tﬁis eiclusioh;ean be eccomplished
by hof differentiating with respect to the ng factor that corresponds to.
& .P exchange at the ends. After some algebra, using the parameters of Chew
and Snlder, we obtaln the result plotted in Flg 2 for the average number
Hf' of flreballs per event in a Tt collls1on.> Shown”also for comparison is
the'average:multiplicity n of pions,'i.e;,“the averege number'of-pions
produced per.inelastic collisioe.' It is poss1ble to extend this result to
np and pp collls1ons by means of-a crude scallng law. The plot nP vs n
in Fig. 3 is 1ndependent of this scale, however, and universal to all
reactions ih‘this model. For n > 7, the curve is fit roughly»by the
expression~-i | ‘ o
Hé = 0.10(n é 6) . S (1)
To estlmate the frequency of neutral-partlcle gaps, we first flnd
the average number -of sequential neutrals required to produce an apparent

"gap" with a,5 GeV2 "subenergy."” To do this, we shall use an approximate

expression derived by Chew and Pignotti,lo

s/sO ~ ‘! ' (s /c) . _ | - (2)

all subenergles

From the rate at which the average multiplicity of secondaries grows with

energy, it is possible to estimate the average value of the ratio /c.
’ Recent preliminary experlmental results for secondary multiplicities in - pp
( collisions are fit with the expression

n = afms+b - ' (3)
.11 . o |
for a = 1.13.7" Since from EQ~ (2)

.Znes/sb' ~ 1 zn(s /c) , (%)
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we estimate that |
z_n(%/c)- ~ 1l/a = 09 . o (5)
Comparison of the CKA'multiperipheral model with éxpérimental data indicates
‘that a tybicél vélug:of ﬁhe average Subehergy is' 0.5 GeV2. With this.
value for sij ﬁe 6btéin C =~ O.é GeVg.‘ v‘ | .
Correspdhding to Eé. (2) there is aﬁ éxpfessién reléting thévsﬁbenergy
of two nbnadjacént particles_ i'”and  4 to the intervening adjacent_particle

subenergiés: , B } ‘

syple = (syyfe)en(sgle) o @
Thus when'thé number‘of intérvéning pértiéieé is two,,thé accumulated sub-
energy s;, is already 3 GeV® on the average. Henée'only two s@céessive
‘neutral particles are required to produce thevaﬁpearancé of a large subenergy
betﬁeen adjacént.particles. If it is further assumed thﬁt tﬁé probabilitj
of a neutralfparticle is 1/5 pér parficlé aﬁd uncorrelated between adjacent
particles,'then we estiméte tﬁe average multiplicity"bf‘neutfal gaps to be
(1/5)2 times thé average multipiicity,vi;e.,

o= 0@-3) . - | ()

(At least der_produbed particles are required fq make two firéballs, each
containing at least two particles, in addition to”tﬁo neutrél-particles;
hence the 3;)7' |

These two mechanisms, P exchange and neutral gaps, constitute our

model for producing fireball events, according to our second definition in

terms of gaps in momentum space. Their combined probability is o

n, + 0 = 0.2m - 0.9 . | " . (8)

- When only the angles of the secondaries are measured, one must resort

to our first definition in terms of gaps in 1log tan ©. We show below that
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for partlclesvw1th average transverse momenta; the two deflnltlons are equlva—
lent We only need add to the above probablllty the probablllty that an
average subenergy and abnormal transverse momenta produce a gap in log tan e.

- The average spac1ng in log tan 6, i.e., the average value -of
k= log(p|.j/pL, le/p“1 is ea31ly estimated from the expression for the
average multip11c1ty. The total length of the log tan 9 plot is-

log s + const Therefore w1th pLJ ?Li’ H ® ~'log s + const. Hencelj

K log( |lJ7pll1) ~ (loglo e)/a = 0.38 . (9)
To estimate the spa01ng when 13 > 3 GeV2, we can elther use the rule of

thumb derlved in the dlscuss1on of. neutral-partlcle gaps, that three average

gaps equal a P gap, or we can calculate the spac1ng dlrectly, using the

expression for bs.; in terms of the momenta wvhen p,, . >p,. >Dp,. D .2
"84 ente, When P15 TP 1T s Ry
S o |
L. R . - 10
| Sla’ ||J/p|llwl ’. o _ o . (10)
where = (le +m )2 Then for pL'z m
ko= log(s /w Wy ). SR o (1)

If we use a typical experimental value pl? = 0.15, then when sij'>v5 GeVg,

K > 1.3,

For an average subenergy Sij ~ 0.5 .the gap exceeds‘l.j, only when
Wy W < 0.025. [cf.'EQx>(ll)].’ Assuming that the distribution in‘ pl? is
approximately.uncorrelated with- Sij‘ and given by» |
giﬂg = exp(-p/0.15), | @2
P_L : o
the probability of such an ocCurrence_is about 5% per particler However, this
result is highly sensitive.to the subenergy in this range. For _Sij = 0.8
(a valne less likely than 0.5 by a factor of about twolg) the probability is

20%. In order of magnitude the average number of gaps from this source is
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S

r < 0@ -1) . . T - (13)
The net probability for gaps in log tan © is then roughly 0.3n - 1.0 for

n > 5. T o e - o

Although the multlperlpheral model predlcts that for 1nd1v1dual events

tnere may be gaps 1n the dlstrlbutlons, the comblned dlstrlbutlon of many
events w1ll not have dlps. The gaps occur w1th equal frequency anywhere along
- the chain. We are encouraged by the observatlon reported by Dobrotin
'and Slavatlnsky that in cosmic ray events at energles in the range‘
100-1000 GeV a marked asymmetry is observed in the partlcle dlstrlbutlon in
the center of mass for some events.. Moreover, the multlperlpheral model
tends to agree with their observations that sonme of the secondaries in the
"decay" of the flreball have abnormally large energles in the fireball center
of mass. These. would correspond to the left- and rlght-most partlcles in the
flreball group on the multlperlpheral chaln.
Furthermore, our results are not necessarlly 1n dlsagreement with the |
detailed statlstlcal analys1s of Glerula et al. 5 for blmodallty in the
log tan @ spectrum from emulsion experiments. A positive D-test for bimodal-
ity is not,e”positive test for two separate peaks.. A trapenoidal distribution
giyes a positiye D-test for bimodality.
Beceuse of the attractiveness of the tuo-fireball idea, meny experi-
menters have'nitherto‘focused their attention on the structure of the fireball

clusters and on the separation of the centers of the clusters. From the -

‘standpoint of the multiperipheral model however, a frequency dlstrlbutlon of u

.gap sizes would be a useful analytical tool.

LN
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FIGURE CAPTIONS

1. Multiperipheral diagram for the pchess VA + B —=a +b + s + 2z,

2. Right scale: Average multiplicity of Pomeranchuk exchange per
inelastic event, Eé; left scale: average (produced) pion multipli--
city éer ineiastic event, H Vs energy for sx collisions, as
predicted by the schizophrenic pomeron model (see Ref. 6).

3. Average multiplicity of Pomeranchuk exchange per inelastic event vs

average (produced) pion mulﬁiplicity per inelastic event.
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