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ABSTRACT

Recent experimental data on maltiplicities
in large transverse momentum reactions are analyzed
in a two-jet picture whose features are previously
fixed by data on inclusive cross-sections and core-
relations. Special attention has been devoted to
the Prp and ,/8 behaviour of the particle multi-
plicities at the ISR energy range. A particular
result is that changes in the behaviour of the asso-
cisted multiplicity may be a sharp signal of a
fundamental transition in the dynamics of particle
production.
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INTRCDUCTION

A large number of different experimental groupsl-7) have considered the reac-=
tions pp + hX for different hadrons h Withllarge transverse momentum p,.. They
have obtained data on inclusive cross-sections, correlations, and associated
charged particle multiplicities. Although most of these data have not been ana-

.._Q)

. ; : 8 .
lysed in detail, it has been shown that the most outstanding features are well

described by a two~jet picture. This two—jet picture could be considered as a

1)

general description of the hard collision without referring to specific models' '’ .

The Pisa-Stony Brooklz) (PSB) data of charged ﬁarficle multiplicities in both
hemispheres associated with a large transverse momentum 7° at 90°, for five dif-
ferent ISR energiés,_have been studied by this experimental group. They deduceT)
the charged multiplicity in a supposed jet on the away side. The jet multiplicity
they found for 0.75 GeV/c £ pgo £ 4,25 GeV/e is inperesting for two reasons:

i) They find the associated average multiplicity growing almost limearly with pgo.
This fact is compatible with the decay of a jetla). ii) The average multiplicity,
even after allowance for neutrals, means that the average Pp in the compensating
mechanism is of v 1 GeV/e per particle. The ACHM datal) for ¥s = 53 GeV are in
agreement with this estimate. This could imply the presence of hard processes in

0
the pg regions analysed by the PSE Collaborationm.

In the present work we study the PSB data on both hemispheres in a two-jet
picture, whose features are previously fixed by data on inclusive cross—sections
and correlations, taking into account trigger—bias. To‘be more specific, we as-
sume that at small pgo (0 GeV/c < pgn £ 0.5 GeV/é) the production is dominantly
"soft"ll), while for large pgo (pTIT,0 > 1 GeV/e) it is dominantly hard and we can

N 8=10)

therefore use any of the quoted two—jet pictures to analyse the multiplieity

data.

As we shall explain in Section 2, we will take the specific two-jet picture
of Refs. 8 and 13. In that section we will introduce an expression for the multi-
plicity associated with both jets and shall extend the necessary results of
Refs. 8 and 13 to 1 GeV/c < p;o < 2.5 GeV/e. In Section 3 we will discuss the
multiplicity associated with the soft productién and with the background (the
residual set of particles not involved in the assumed jets). .We will also analyse
qualitatively the behaviour of the PSB data. This analysis is very important in
order to support our assumption that at pga % 1 GeV/c we have already the hard
dynamics as the dominant one. In Section 4 we present the results of the fit to
the PSB data of the multipliecities given by the chosen two~jet picture, whose
essential features have been previously fixed. Section 5 contains a discussion

of our results, and the conclusions.
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TWO~JET PICTURE AND EXPRESSION FOR THE JET MULTIPLICITIES

In general, the associated mean charged multiplicity in each hemisphere
[towards (t) and away (a) the trigger ] for p(py) + p(pz) > h(ps) + X, ﬁt’a(pg),
will receive contributions from pure hard and soft collision and from the inter-
ference of both. In this paper we shall consider only the cases in which one of

them is assumed dominant.

We shall write ﬁz’a(pa) [ﬁ;’a(pg)] for the average charged multiplicity in

the towards or in the away hemisphere associated with the soft (hard) collision.

Before evaluating ﬁ;’a(pg) we shall describe the two-jet picture we are going
to use for the hard scattering. In the analysis of the cross-section and correla-
ticn data of Refs. 8 and 13, much attention has been devoted to the trigger bias.
As the trigger bias is an important ingredient in our picture, “our jets" will be

those of these references.

Although some strong assumptions and simplifications have been made in these
. . . . . * s
papers in order to obtain analytical expressioms to compare with data ), their
description is good enough to think that the information that is so far available

does not allow a much more refined analysis.

They parametrize the cross—section for the production of a pair of jets of

almost equal and opposite transverse momenta Px in the form

el
Ls §l. ) =l

x
70 1
Now, in the range 2.5 GeV/c < p; < 6 GeV/c, data from ACHM

)

(for example) fit
quite well, for each energy, to an inverse power of Prs (A'/p¥Eff—1), with A' and
Mg essentially independent of Pr (we write n-1, neff~1 to leave n, Noer for the
invariant cross—section). It is easy to show, assuming scaling for F (y), that

a sufficient condition for the above-mentioned constancy of A’ and Noeg is that

A and n should be constant for each energy when PX > 2.5 GeV/c, and this will be

assumed in this paper.

8,13 . .
It has been shown °’ ), that a good fit to present data on correlations can
be obtained by supposing that both jets are described by the following fragmenta-

tion function

*) Scaling hypothesis for the fragmentation function of the jet Fh(y); average
over the jet masses and their possible different guantum numbers of the P
dependence of the jets' cross—section and Fhi(y).



with coefficients

which are approximately independent of the pion charge

From Eqs. (1) and (2), the cross-section for the inclusive production of a

large Pr pion is
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Also from Eqs. (1) and (2) the
average jet momentum (Px), expected when one observes a large p_ pion is given by
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The r values given by formula (6) for different values of n, together with
the energy at which each n is the approximately constant noce for Py > 2.5 GeV/c,
are given in Table 1. When 1 GeV/c < pz < 2.5 GeV/c, the hypothesis of the con-
stancy of noer does not work and therefore formula (6) is not walid. In fact,
both the BS Collaboration dataz) for wi and those of the ACHMl) Collaboration for

0

: m . .
» glve n .. close to 5 when P, v 1 GeV/c. As the value of r is one of the ingre~
dients in our work, we are going to discuss our estimate of r for

1 GeV/e g pz $ 2.5 GeV/e.
We have considered two possibilities:

i) To begin with, we have taken, for each energy, the r value of Table 1 even
for 1 GeV/e g pz £ 2.5 GeV/c. To explain this choice, we are going to assume that
r is a smooth functiom of p

T
gion*). In fact, naively, we would expect that at /s fixed (pT > 1 GeV/ec) the

and that its values are not too big in this pr re~

changes of r with P would be comparable to its changes with vs (or n) at

Py > 2.5 GeV/c (see Table 1), because the changes of N cp are similar in both
cases. Besides, as we shall see in Section 3, we would expect, for pi close to

1 GeV/c, that the behaviour of ﬁ;’a with pz would be dominated by the need of a
threshold energy to produce the jets. Then, small changes of r would affect this
threshold energ§ oniy a little, and nmot the general Pr behaviour of the data. It
is only when we are far enough in Py that the energy dependence of r will play,
as we shall show, an interesting role. Briefly, we do mot think that this choice

will sensitively affect our results,

ii) One way to take into account the dependence on Pp of A and n is to write

/]__. 2 E/F .
fi I/J— < _ZD 5 Vs 7 (7)

)

. . . 14 .
.This expression is suggested by the CIM . Then a method of extrapolating the r

values of Ref, 13 to pz < 2.5 GeV/c will be the following: If we assume scaling
for Fﬂ(y)'for pi > 1 GeV/e, using formulae (2) and (7) we can fit (3) to the

ACHM cross—section data for piu > 1 GeV/c and determine the parameters of (7).

As in this work we are not interested in testing any model for the ¢ distributionm,
but our wish is to take into account the A and n dependence with Pp» we have fitted

each energy independently. However, as we have many parameters, in order to have

*) We can give the following well-known argument (see, for instance, Refs. 8 and
9): we know that the dynamics are such that transverse momentum is hard to
produce and therefore it is "uneconomical" to produce "parents' with much more
transverse momentum than is actually needed by the trigger.
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with coefficients

B" > 0.6, L =K = 0.01

which are approximately independent of the pion charge.

From Eqs. (1) and (2), the cross-section for the inclusive production of a

large Py pion is
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and for P, > 2.5 GeV/c
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where P, is the tramnsverse momentum of the pion. Also from Egs. (1) and (2) the

average jet momentum (Px), expected when one observes a large Py pion is given by

a9 i
B> [ 7% #02.5) Fkp)

bR B ) F )

)L
and for p > 2.5 GeV/c )
r "
» /mi/i-z)/m-v F e A
Z 87 . _é‘L . krr

(6)




The r values given by formula (6) for different values of n, together with
the energy at which each n is the approximately constant LI for Py > 2,5 GeV/e,
are given in Table 1. When 1 GeV/c < pz < 2.5 GeV/c, the hypothesis of the con-
stancy of nogs does not work and therefore formula (6) is not valid. In fact,
both the BS Collaboration dataz) for Wi and those of the ACHMl) Collaboration for
8, give D ¢s close to 5 when pz ~ 1 GeV/ic. As the value of r is one of the ingre-
dients in our work, we are going to discuss our estimate of r for

1 GeV/c g pl £ 2.5 GeV/c.
We have considered two possibilities:

i} To begin with, we have taken, for each energy, the r value of Table 1 even
for 1 GeV/c g pz $ 2.5 GeV/c. To explain this choice, we are going to assume that
r is a smooth function of Pp and that its wvalues are not too big in this Py re-
gion*). In fact, naively, we would expect that at vs fixed (pT > 1 GeV/c) the
changes of r with Pr would be comparable to its changes with vs (or n) at
Pp > 2.5 GeV/c (see Table 1), because the changes of N er 8TC similar in both
cases. Besides, as we shall see in Section 3, we would expect, for pl close to
1 GeV/e, that the behaviour of ﬁﬁ’a with pz would be dominated by the need of a
threshold energy to produce the jets. Then, small changes of r would affect this
threshold energy only a little, and not the general Pp behaviour of the data. It
is only when we are far enough in Pr that the energy dependence of r will play,
as we shall show, an interesting role, Briefly, we do not think that this choice

will sensitively affect our results.

ii} One way to take into account the dependence on Py of A and n is to write

(2]
£ Vs =
ﬁ/ J / < ]: /é—z . Ma/ﬂ

This expression is suggested by the ciM'*?. Then a method of extrapolating the r

(M

values of Ref. 13 to p; < 2.5 GeV/c will be the following: If we assume scaling
for Fﬂ(y) for pz > 1 GeV/c, using formulae (2) and (7) we can fit (3) to the

ACHM cross-section data for pla > 1 GeV/¢ and determine the parameters of (7).

As in this work we are not interested in testing any model for the $ distribution,
but our wish is to take intc account the A and n dependence with Pps we have fitted

each energy independently. However, as we have many parameters, in order to have

*) We can give the following well-known argument (see, for instance, Refs. 8 and
9): we know that the dynamics are such that transverse momentum is hard to
produce and therefore it is "uneconomical™ to produce "parents" with much more
transverse momentum than is actually needed by the trigger.
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a feeling of a "physical" parametrization for ¢ ) we have chosen fits with
3¢ N<4.5and MV 1 GeV. The x* of our fits are less than one per point.
Table 2 sums up our result. Once we know the N, F, and M parameters, Eq. (%)

0
gives Table 3 for pi > 1 GeV/e.

As we see, our assumption (i) about r is confirmed by this second method.
However, at the lowest ISR energies (23 and 31 GeV) the r_values change suddenly
between pzo = 1.75 and p = 1,25, This effect could bg caused by our extrapola~-
ticn method. In fact, the assumption of scaling for P, 7 1 GeV/c is probably
wrong. Also, the multiplicities predicted by these r values show a "bad" behaviour
at these values of pzo (see Figs. 1, 2, and 3). One could think of this second
method ag a rough proof of possibility (<).

. =t,a ‘ .
We can now return to the computation of nh’ (p3). To derive an expression
for the multiplicity associated with a hard process, we refer to Fig. 4. The

15)

hard process multiplicity is supposed to be given by the sum of the multipli-

cities from the jets and the remaining multiplicity ﬁ;’a:
//5] //'5)""’” /f.‘;) (8)

. . . -t,a . . .
In the next section we will discuss nR’ (p3) and we will now give an expression

t,a
for njet(p3).
1)

It has been shown1 . that when a jet of transverse momentum Px'fragments~
without bias, the number of charged hadroms having transverse momentum greater

than 500 MeV/c is approximately a linear fumnction of P (at least for P_% 6 GeV/ce),
with a slope of about 0.5 GeVHI-c. As, when we trigger over a P, the average -of

8) *)

Px is TP, and the spread of (Px) is not big °, we shall take

/ajzﬂf /}g/] = a < JZ: > = au)-/g{ | (9

leaving a as a free parameter,

For the towards jet, the trigger bias makes the average charged multiplicity

very small, and a naive parametrization as

/f}/:—_ ﬂ«/r—f/é 9 o

*) The linearity of @2 with p, for the highest ISR energy (Fig. 2) could be taken
as an empirical support of Eq. (9) because of the expected near-independence
of nﬁ on pll  when Vs is big enough. As a possible intercept'different from
zero in Eq {9) will be added to the -intercept of ﬁR, this possibility will be
taken inte account later (Section 3).




where (r-l)px is the average remaining momentum on the trigger jet, is in good

agreement with the estimate of Ref. 13.

SOFT AND BACKGROUND MULTIPLICITIES AND
QUALITATIVE UNDERSTANDTNG OF THE PSB DATA

2 . . . .
The PSB data1 ) (Figs, 1, 2, and 3) have been normalized tc the associated
10
charged multiplicity for 0 < pl £ 0.5 GeV/c. If we assume, as is normal, that
in this p. region the collision is dominantly soft, the multiperipheral model
)

i 0
suggests that the multiplicity associated with pl should depend only on the

missing mass MX. The M? dependence in the multiperipheral meodel is approximately

X
. . . PR R - - .
logarithmic (b + ¢ 1n Mé) with ¢ close to unity ). I'his parametrization has been
18 . . . .
shown ) to give a rather good description of the charged multiplicity associated

with the inclusive production of a smali hadron.

Pr

Therefore, to evaluate the soft charged multiplicity in each hemisphere
=t
a

S’a(pa) we shall write,

— - 2
/V:'r//é/?:: é+f'£4/z( (11)
L M

A= e £ 4, o

(M; in GeV?) both with the same ¢ (to impose the asymptotic equality of both
multiplicities) but possibly different ba and bt; this because of the presumably
different correlations between the trigger and other charged particles in each
hemisphere. As we do not know any reason for putting ba = bt’ we leave both
parameters free, principally to emphasize this '"theoretical" situation: the PSB
data are nct really sensitive to this difference. However, we know that ¢ must
be & 1.3, which is (for instance) the value found by the CHIM Collaberatiom in

Ref. 18. To be consistent we fix ¢ to this value.

Let us turn now to the hard ceollisicn and give an estimate of the background

multiplicity,

. . 19 . . P . .
It 1s generally believed ) that the asymptotic multiplicity in a given
system of particles (preoduced coherently) is determined principally by the avail-
able energy, so we assume that the remaining particles should have a multiplicity

depending on the missing mass of rhe background M

on Mi:

B in the same way as ﬁs depends

- / 2
ﬂ%:gf‘cﬁ/\g. (13)

Of course there is no reason to have h' = b,

Rl L T R TR R TN



The value of MB depends on the energy taken by the jets. As we shall see
at the end of this section, the PSB data could suggest that the threshold energy

o
for the production of jets is perceptibly larger than the naive evaluation 2p .

But this fact is more evident in the CERN—SFM data s) (see Fig. 5 )*), they study
the distribution of the absolute value of the rapidity for fast charged particles
(1.1 < Sp, 8 1.7) in the hemisphere opposite to the m° at Vs = 53 GeV. They find
a rather flat distribution, incompatible with a threshold energy equal to 2p:0
(which corresponds to rapidity zeroj; the centre of mass of the jets coinciding
with the over-all cen;re of mass). Although the details of this data are dif-
ok

ficult to interpret , in order to obtain some 1nformat10n from them about MB

1

we are going to assume any constituent or parton model . S0 we have
y P
2 .
Mp = (1 - x1)(1 - x2)8 ,

where x; and x» (see Fig. 4) are the fractions of the proton momenta taken by the
. . . . 21 22
constituents. After some straightforward calculations we obtain ’ )

2

M % r-2 jf/cwiz rz)/l/f——'ji/; (14

B

where we have taken 7m; (rapidity of the trigger—jet) equal to zero, neglecting
differences between the rapidity of the trigger and the toward jet. The ny is
the rapidity of an individual jet on the away hemisphere with transverse momentum

equal to Px [we take n = -1In(tg %9)].

But, in fact, in the two—jet picture we are using, the jets are averaged over
possible different masses and quantum numbers, and over the motion of the centre
of mass of the jets in the over-all system (the lab. system). Then, in order to
calculate the energy taken by the away side jet, we are going to compute the
average Ty rapidity from the distribution of Fig. 5. Other possibilities go be-
yond the scope of this work (see, for example, the last note) and will require
a better approximation than formula (14), which 1s not a good one for §; close to
0° or 180°.

To evaluate the P dependence of {n;) we are flrst g01ng to a931gn the aver-
70
age ny's, correspondlng to 2.0 £ px € 2,4 and 2.7 £ p £ 4.1, to the average
0 ;
pz values in these two ranges. Then we will fit a straight line to these two:

values.

*) We thank P.V. Landshoff for having called our attention to this figure.

#%) XIs the rapidity distribution of the individual jets in the away hemisphere
close to the distribution of charged particles? Do we have the same indi-
vidual jets when n * 3 as when n ® 0?7 These and other related questions must
be analysed in the future!'®»2°)
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The average (pzo) in the first range turns out to be about 2.2 and in the
second range about 3.0. These values are found weighting each Py with the f%nction
1/p§. To give an estimate of the bias introduced by the trigger and the opposite
fast charged particlesia), we will multiply these numbers by 1.2 to obtain (Px>.
The average 72's are about 1.3 for (Px) % 2,6 and about 1.0 for (Px) % 3.6. Then
any straight line, ny = I - SPx’ reproducing approximately these values (we have
tried with 2.0 < I £ 2.2, 0.30 € S < 0.37) can be used to evaluate M; using
formula (14). 1In Figs. 1, 2, and 3 we have used the central values of these
ranges (I = 2.1, S = 0.335), but any other value in these ranges will give almost

no difference.

Now we can write,

= 0

—_ £
m’ = b + <
£ £ Z

Py
o
&ln

y
jy[ /7 . (16)

We leave b; # b; because of several effects. To begin with, in Eq. (9) we
have neglected an intercept which will be added to the ﬁ; intercept in writing
ﬁ; [see Eg; (8)]. But there are also other causes. As has been pointed out by
Combridge °, the trigger favours events in which the constituents participating
- in the hard scattering have their initial small transverse momenta, relative to
the parent protons, in the direction of the trigger, because in these events the
transverse momentum is less than the trigger P~ Thus the residual hadronic re-
action has on the average a met transverse momentum away from the trigger and ome
would expect b; larger than bé. However, the possible slow particles in the away
jet could be seen in the toward hemisphere because of the same causes {or not

detected at all if is too small). It would be difficult to know which are

7l
lab
the more important effects., More details of this kind of trigger bias can be
found in Ref. 22, but, in any case, it is clear, as happened in Eqs. (11) and
(12), that there is no "theoretical" reason to impose b; = b;. Therefore we shall

leave both parameters free, but, here also, the PSB data do not require it.

Summarizing we can write:

a_ 2
m = Lor 04E b M 7
Ny a X
- 2
ZZh = g + 065 L, Vasi (18)
J zL X

R R T



-9 -

T / ﬂ“c
7= G bl e f

/ f . w

7t s P
MA = éz‘ 7‘-0.,{5‘4,,/‘%“-{ a/r-—f/é” (20)

Now we must decide where the hard multiplicities (19) and (20} are dominant. To
do this we look at Fig. 3. We can see that at p;o = 0,75 GeV/c there is a sharp
change in the normalized multiplicity at Vs = 23 GeV which tends to disappear with
increasing energy. This sharp change could suggest a threshold energy for the
creation of jets whose effect becomes smaller with increasing energy. If so, we
could understandrthe energy behaviour of Fig. 3 for pzo ~ 1 GeV/e,

This kind of sharp change in the multiplicity could well be one of the effects

24}

when going from soft to hard dynamics If this would be true, it will be a use-
ful piece of information to know where is the transition from one dynamics to the
other. In comtrast, it is intrinsically difficult to differentiate between an
exponential and a power law for the incluéi@e cross—section in a small Py range.

(It could be dangerous to infer where such transition is, only from inclusive
cross—section data.) Imn any case, the almost exact coincidence of the piu value
for which the sharp change of multiplicity happens, with the Pp value (v 0.85 GeV/c)
for which the British-Scandinavian Collaborationz) finds a hard ﬁarametrizatioﬁ
already working [for E(dog/dp) (pp > ﬂtK], supports our assumption that in pp =+ %

at pio = 0.75 GeV/c the hard dynamics is already dominant.

Therefore we will write,

_ 0 0 '

20°% (pl ¥ 0.25 Gev/c) = ﬁ;’a (py * 0.25 GeV/c)
_ 0 _ g

nt»2 (pi > 0.75 GeV/e) = t,a (pi > 0.75 GeVic)

0 .
neglecting possible soft contributions for pl > 0.75 GeV/c.

Then Fig. 3 is very well understood. At ¥s = 23 GeV, after the sharp change
0 : , ;
at pz = 1 GeV/c, the shape is dominated by the behaviour of 1m M; [see Eq. (20)]
o _ - : .
because, as r-1 is very small (v 0.03 when pi is far from pz = 1), the last

term of Eq. (19) is negligible.

As Vs increases, the effect of the threshold energy becomes smaller, and
simultaneously the term a(r—l)pi0 begins to compensate for the decrease due to
In M%. When vs = 62 GeV the threshold effect has almost faded away and, as
r-1 ~ 0.15, the linear term of Eq. (20) begins to cancel (or even dominate) the

decrease due to In M;.
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Also (see Fig. 2) we can arrive at the conclusion that the near equality of
the normalized slopes can be very easily understood as a combined effect of the
increase of r with ¥s and the diminished influence of the threshold energy when

¥s increases.

The quantitative study of these data will be done in the next section which,
incidentally, will allow us to determine a value of a that is possibly more

realistic than the one obtained by a more naive study of the PSB data.

COMPARISON OF OUR ANALYSIS WITH THE PSB DATA

To compare our picture with the PSB data, we have fitted to these data the
unknown parameters. We consider ¢ (v 1.3) and r (given by Table 1 or 3) known,
and MB [see formula (14)] obtained as explained in Section 3. Similarly, we could
have fixed a at about 0.5 GeV  +c and the description of these data would alsc
have been adequate, but we consider it more interesting to profit from our picture
to evaluate this parameter.

)

. : *
The parameter values obtained from the fits are ':

i) for r given by Table 1,

b, =0.05, b, =0.25 b'=0, b'=0.17, la-=0.5 GeV '-c
a t a t
ii} for r given by Table 3,
b =0.13, b_=0.41, bl =0, b’ =024 a = 0.5 GeV @ -c
a t a t

The curves in Figs. 1, 2, and 3 correspond to these parameters,

In these fits the value of a is fairly tightly constrained by data, but this
is not the case for the b's (see the discussion about the b parameters in
Section 3). Note that the number of charged particles per GeV of the trigger in

the away jet is a-r.

DISCUSSION AND CONCLUSION

In the present work, we have investigated the possibility that the concept of
hard scattering, which has been applied to high—pT cross—section and correlation
data by many authors, may have interesting and observable consequences for the
associated multiplicity. We have studied whether the P and Vs behaviour of the

PSB multiplicity data in both hemispheres can be attributed to the omset of hard

scattering, and have found that such an interpretation is consistent with experiment.

*) If our estimate of ¢ (v 1.3) would be changed by a factor, this same factor
would affect the b parameters and the parameter a (recall that we are working
with normalized data).

W R R e b e e
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It must be noted that our two-jet picture fits the correlations and cross-section

data as well, which is an important constraint on our approach.

At the present stage, our parametrization gives a particular description of
our picture without specifying all the details. For instance, the motion of the
centre of mass of our jets in the over-all system is averaged, and we have neglec-
ted the possible soft contributions for Pr n 1 GeV/e and the surely small hard

contributions for py < 0.5 GeV/e.

A test of our model would be the observation in pp + TX at Py v 1 GeV/c of
all the hard production features and an inerease with P of the asscciated multi-
plicity in the toward hemisphere for values of the rapidity close to the trigger
rapidity. For enmergies big enough, our expressiom (20) would predict an increase

with P of the multiplicity of the toward hemisphere.

According to our picture, changes in the invariant cross—section occur in the
transition from soft to hard scattering (the changes from exponential to power-law
behaviour). On the other hand, changes in the behaviour of the associated multi-
plicity may be one of the sharpest signals of a fundamental tramsition in the dy-

namics of particle production.
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Table 1 (r values) Table 2
Vs 1n r Vs N F M X2 per
(Ge) (Gev) point
23 12 [ 1.033 23 4.5 J11.411.70 ] 0.5
31 11§ 1.046 31 3.03116.0(1.20( 1.3
45 10 | 1.067 45 3.10 | 10.6 | 0.5 0.7
53 911.100 53 3.10 | 11.4 [ 0.04{ 0.7
63 811.158 63 3.07 114.8]0.62 | 0.3
Table 3 [r values*)]
Vs
pgo (GeV) 23 31 45 53 63
(GeV/e)
1.25 1.25 1.29_| 1.28 1.24 1.32
1.75 1.11 L.15 1.20 1.20 1.23
2.25 1.06 1.09 1.16 1.16 1.18
2.75 1.03 1.06 1.13 L.14 1.14
3.25 1.02 1.04 1.10 1.11 1.12
3.75 1.02 1.03 1.09 1.10 1.10
4.25 1.01 1.02 1.07 1.08 1.08
*)  As pgo = 0.75 GeV/c¢ is below the py, value for which

we have assumed scaling |and below the pr values of
the data used to fit formula 3)], we shall take for
it the same r value as for pg = 1.25 GeV/¢. Discus-
sions (i) and (ii) of Section 2 support this choice.
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Figure captions

Fig.

Fig.

Fig.
Fig.

Fig.

s

Normalized average total multiplicity of charged particles at Vs =
= 23, 31, 45, 53, and 63 GeV as a function of p; of % at Om = 90°.
The dashed lines are our computation with r taken from Table 1, and

the solid lines are the results from Table 3.

Normalized partial multiplicities of charged particles in the hemis-
phere away from the detected n?, plotted as in Fig. 1. Seolid and

dashed lines as in Fig. 1.
As Fig. 2 but in the toward hemisphere from the detected mo.
Momentum diagram of a hard scattering collision.

Distribution of the absolute value of the rapidity for charged part-—
icles in the hemisphere opposit% the m° at vs = 53 GeV. The data
(Ref. 5) are broken intec two pi intervals and summed over charged
particles for 1.1 < Py < 1.7 GeV/c. The dashed-dotted line indicates
the mean particle demsity from minimum bias events, and the solid
lines the assumed n distribution used to calculate the average N2

value.
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