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ABSTRACT

. . + - . .
The use of the correct variables in (pp), (e e ), and deep-inelastic scat-
tering (DIS) processes allows universality features to be established in these --

so far considered —— different ways of producing multihadronic states.
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INTRODUCTION

Multihadronic final states can be produced in purely hadronic interactions
. . . . + - .
such as (pp), in purely electromagnetic interactions such as (e e ), and in lepton-
hadron deep-inelastic scattering (DIS) processes, which can be either "weak" (such

as Vp) or electromagnetic {such as Lp).

The purpose of this paper is to review the main points needed in order to esta-
blish a common basis for a comparison between these various ways of producing multi-

hadronic states. The interest in this study is twofold:

i) So far, these three ways of producing multiparticle systems have been considered
to be basically different. Our study shows that, before reaching such a conclu-
sion, it is imperative to use the correct variables in describing the three
processes: (pp), (e+e_), and DIS, 1Im fact, the use of the correct variables
allows universal features to be revealed in the multihadronic final states pro-

duced in {pp), (e+e_), and DIS.

ii) Once these —- so far considered —— different ways of producing multihadronic
final states are brought within the correct framework, the comparison can be
made at a deeper level, and basic differences can thus be studied, if they
exist. These differences must be at a level which is below our present one,

where we have established striking common features,

We will see that (pp) interactions can be studied & la (e'e”) and & la DIS.
However, the DIS way turns out to be incorrect when comparing DIS data with those
obtained in (e'e”). The equivalence found between (pp) and (e'e™) data allows the
"differences" reported between DIS and (e*e”) data to be understood. These dif-
ferences are reproduced if {pp) data are analysed & la DIS, and disappear when the

correct variables are used.

In Section 2 we introduce the correct variables. 1In Section 3 we report all
. . + - .
results obtained so far when comparing (pp), (e e ), and DIS. In Section 4 we extra-
polate our findings to the multihadronic systems to be studied at collider energies,

such as at the CERN (pp) machine. Section 5 gives the conclusions.



Notice that the universality features discovered are a zero-parameter fit to
. . . . . + -
the various properties of the multihadronic systems produced in (pp), (e'e ), and

Dis.

THE IDENTIFICATION OF THE CORRECT VARIABLES

The identification of the correct variables for describing hadron production
. . . + - vy s . . . .
in (pp) interactions, (e e ) annihilation, and DIS processes is the basic starting
point for putting these three ways of producing multiparticle hadronic systems on

an equal footing. In this section we show how this can be done.

+ - - . .. sk i i
2.1 e e annihilation is illustrated in Fig. 1, where q}nc and q%nc are the four-

— - . + h . :
momenta of the incident electron e and positron e ;3 q is the four-momentum of

a hadron produced in the final state, whose total energy is

beam

(/8) o = laine + qjne)? = 28 (1)

(when the colliding beams have the same energy).

As we will see later,

inc _ _had
q; = 495 s
(2)
inc _ _had
2 = 9, »

where q??g are the four-momenta available in a (pp) collision for the production

of a final state with total hadromic energy

had had 2 \/ had,
Jighad ("2 ()
. . . had,2- . . . . + -
It is this quantity +/(q,..) which should be used in the comparison with (e'e )

tot

annihilation, and therefore with

(Vs) (4)

-



This means that

M had. 2
(V) 0 = DT (5)

tot

. : . + -
Moreover, the fractional energy of a hadron produced in the final state of an (e e )

annihilation is given by

h had

. g h
(x) e =2 tot _ 2 B , (6)
eTe had | had (/3)
eot Yot $la+e-

where the dots indicate the scalar product, and EY is the energy of the hadronm "h"
. + - . had
measured in the {e e ) c.m, system. Notice that the four-momentum qp e Das 90 space-

like part:

had _ | .=
q.2¢ = [10; (VE)e+e_] . (7

tot

2.2 DIS processes are illustrated in Fig. 2, where q}nc and q}eadlng are the four-

- . . inc .
momenta of the initial- and final-state leptoms, respectively; q2 is the four-
had ,
momentum of the target nucleon; q1 is the four-momentum transferred from the
leptonic to the hadronic vertex, whose time-like component is usually indicated
as Vi

had +had

g1 = (ip1 3 VvV Z E1T ) . (8)

Notice that in order to easily identify the equivalent variables in (pp)

. . . . . had “had
interactions, we have introduced a ncotation in terms of E) and p1 .

A basic quantity in DIS is the total hadronic mass

2 _ ¢ had inc,?
(w )DIS (q1" +q2 ) , (3
and the fractional energy is
h , inc
(z) =4 32 , €10)

DIS had inc
q1 qz

where again the dots between the four-momenta indicate their scalar product,
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2.3 f{pp) interactions are illustrated in Fig. 3, where q%?% are the four-momenta

.. leadin .
of the twe incident protons; qi,2 M8 are the four-momenta of the two leading

had . . .
protons; qi,2 are the space-like four-momenta emitted by the two proton vertices;

h . . .
g4 is the four-mementum of a hadron produced in the final state,

Now, attention! A (pp) collision can be analysed in such a way as to produce
y P

L. + -~ . .
the key quantities proper to (e e ) annihilation and DIS processes.

In fact, from Fig. 3 we can work out the following quantities, which are

needed if we want to compare (pp) physics with (e+e—), i.e,

d had h
(q02) = (qi* v *H (11)
ot pp PP
and [see formula (5)]
2
h
\/(-q ady™ (e . (12)
tot PP eve
Moreover, qh . qhad
had _ tot
(x)pp =2 had , had *’ (13)
Yot  Ytot
to be compared with
qh . (qhad)
had Lot’ 4 —
(x)e+e‘ 2 ( had) ¢ had) : (14)
tot + tot 4 -
e e

. - s had . ..
The subscripts (e*e™) in Gpeop 2T there to make it clear that these quantities
. + - . . .. . had
are measured in (e e ) collisions and are the quantities equivalent to Yot measured

in {pp) interactioms.

The same (pp) diagram (Fig. 3) can be used to work out the key quantities

needed when we want to compare (pp) physics with DIS. In this case we have

h i 2
(wz);:d - (qlad . q%nc)

(15)

and
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had b, inc
()73 = 4 " d2 (16)

had i :
PP q]a q%nc

*

Note that in W? the leading proton No. 2 is not subtracted. This is the reason
for the differences found in the comparison between DIS data and e'e” (see
Section 3 and Ref. 15), In fact (W?) is not the effective total energy available

for particle production, owing to the presence there of the leading proton.

EXPERIMENTAL RESULTS

A series of experimental results, where (pp) interactions have been analysed
s + - s . . . . . . .
d la e e and & Ig DIS, have given impressive analogies in the multiparticle
systems produced in these -- so far considered —-- basically different processes:

{pp), (e+e_), Dis.

. . . . + -
The experimental data where (pp) interactions are compared with (e e ) are

shown in Figs. 4-11 and Refs. [ 1-14].

The experimental data whexe (pp) interactions are compared with DIS are

shown in Figs. 12-14 and Refs. [15-17].

These comparisons show striking analogies with respect to the following

quantities:

1) the inclusive fractional energy distribution of the produced particles [l, 2,

9, 11] (see Figs. 4, 5, 14);

ii) the average charged-particle multiplicities [3, 8, 12, 15, 16] (see Figs. 6,

12, 13);

iii) the ratio of the average energy associated with the charged particles over

the total energy available for particle production [5] (see Fig. 7);

iv) the inclusive transverse momentum distribution of the produced particles [7,

10] (see Figs. 8-10);

v) the correlation functions in rapidity [14] (see Fig. 11).
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Notice the power of the (pp) interaction. Once this is analysed in the correct

way it produces results equivalent to (e*e™) and DIS.

This means that there is an important universality in these ways of producing

multihadronic systems.

4, EXTRAPOLATIONS TO COLLIDER PHYSICS

From the above analysis we can conclude that

i) the leading effects must be subtracted and the correct variables have to be

used if we want to compare purely hadromic interactions with (e*e™) and DIS;

ii) the old myth, based on the belief that im order to compare (pp) with (e'e)
and DIS you need high—pT (pp) interactions, is dead. 1In fact we have proved
that low-p, (pp) interactions produce results in excellent analogy with (eTeD

annihilation and DIS processes, the basic parameter in (pp) interactions being
had,?
(q.2)

. + - . N
for a comparison with (e e ), and w2 for a comparison with DIS,.
tot (pp)

The existence of high-p. events means that point-like constituents exist in-

Py

side the nucleon. But low- events contain the same amount of basic information

Pt
as high—pT events. The only difference is expected in (pt). In fact our analysis
of the inclusive transverse momentum distribution, in terms of the renormalized
variable pt/(pt} [notice that P, indicates the transverse momentum of the particles
produced with respect to the jet axis, and Pr with respect to the colliding (pp)

or (pp) axis], is suggestive of a very interesting possibility: multiparticle

had, 2

systems produced at high Pp could show, at equivalent ‘J(qtot) , higher values of

(pt). This should be the only difference between multiparticle systems with the

2
same \f(qzzi) produced at lowhpT and high—pT.

There are two ways of producing Wf(ngi) .

i) one is at low Prs and we have seen what happens;

ii) the other is at high pp:  we have not been able to compare, at constant values

had, ?

of (qtot) , the multiparticle systems produced in (pp) interactions at

high p., and low p., the reason being the lack of CERN ISR time. However, as
T T 2
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mentioned above, the agreement between our data and (e*e”™) data in the variable
(pt/(pt)), makes it possible to foresee what should change between low—pT and

high-pT multiparticle jets.

Now we come to the extrapolation: The extrapolation of our method to the CERN

pp _Collider [18,19] would allow a large energy jump and could produce clear evidence
for or against our prediction. Let us give an example. If two jets at the (pp)
Collider are produced back—-to—tack with the same transverse energy ET’ then we have

had.?® .
Viggay) = 2B .

ot T
Suppose that we are at

ZET = 100 GeV ,

This system, according to our extrapolation, should be like a multiparticle state

produced by (Vg)e+e_ = 100 GeV.

However, there is a very important check to make using collider data, without

the need for the (e*e™) data.

The key point is to see if, at the CERN pp Collider, a multiparticle system

produced at low P but with

had, ?

(qtot) = 100 GeV

looks like the one produced at high Ep. The main difference we can expect is the

value of (pt).

To check these points is another important contribution to understanding

hadron production at extreme energies.

CONCLUSTONS
The new method of studying (pp) and (pp) collisions —- based on the subtrac-
tion of the "leading" effects and the use of correct variables — allows us to

put on equal footing the multiparticle systems that are produced in purely hadronic

. . . + = ap . .
interactions, in (e e ) annihilation, and in DIS processes.
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- Purely hadronic interactions means using machines such as the CERN Intersecting
Storage Ring (ISR), the CERN pp Collider, the BNL-CBA Collider, and the FNAL pp

Collider.

+ - _ Ny . . . .
- (e'e ) awmihilation means using machines such as LEP and its possible develop-

ments.
- DIS processes means using machines such as HERA.

The "leading" subtraction and the use of the correct variables allow us to
show that a universal feature is at work, in the production of multibody final

states in (pp), (e*e™), and DIS.
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Schematic diagram for the (e e ) annihilation.
Schematic diagram for the DIS processes.
Schematic diagram for the (pp) interactions.

The inclusive single-particle fractional momentum distributions
3
(1/N__)(dN /dx.) for data taken at (¥s) _ = 30 GeV amd for
ev track R PP

three intervals of 2Ehad. Also shown are data from SPEAR,

The inclusive single-particle fractional momentum distributions
* . had . .
(1/N__)(dn /dx_) in the same 2E interval, but different
ev track’ R

(VE)PP. Algso shown are data from TASSO at PETRA.

Mean charged-particle multiplicity [averaged over different (/E)pp]
had . + - . . .

versus Z2E , compared with (e e ) data. The continuous line is

the best fit to our data according to the formula (nch} =a+h

exp [c/ 1n (s/A2)]. The dotted line is the best fit using PLUTO

data. The dashed-dotted line is the standard (pp) total charged-

particle multiplicity with, superimposed, our data as open tri-

angular points.

The charged-to-total energy ratio obtained in (pp) collisions app’
plotted versus 26724 ong compared with (e'e”) obtained at SPEAR

and PETRA,

The inclusive single-particle transverse momentum distribution
2
= Vv
(I/Nev)(dNtrack/de) for data taken at (Vs)pp 30 GeV and for

had

three intervals of 2E Also shown is the fit to the SPEAR

data (continuous line).

The inclusive simgle-particle transverse momentum distributions
2 had
(1/N_){(dN /dpZ) for two E range. Also shown are data
ev track T

from TASSO at PETRA.
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Fig. 10a,b : The differential cross-section (1/0)[dc/d(pt/(pt})] versus the
"yreduced" variable pt/(pt). These distributions allow a comparison
of the multiparticle systems produced in (e'e”) annihilation and
in (pp) interactioms in terms of the renormalized transverse momentum
properties.

Fig. 11 : Two-particle correlation in rapidity space: R(y,y'), for different

y' intervals, as measured in the present experiment after the leading

proton subtraction in the,f(qtit) range 25 to 36 GeV {black points),

compared with the results by the TASSO Collaboration at (/;)e+e”

between 27 and 35 GeV (open squares).

Fig. 12 : The average charged-particle multiplicities (nch) measured in {pp)
at (/E)pp = 30 GeV, using a DIS-like analysis, are plotted versus
Ww? (black points). The open points are the (vp) data and the con-

tinuous line is their best fit.

Fig. 13 : The mean charged-particle multiplicities (nch>F,B in the forward
and backward hemispheres versus W?, in (vp), (Vp), and (pp) inter-
actions.

Fig. l4a,b : The inclusive distribution of the fractional emergy z for (pp)
reactions: a) in the energy interval (81 S W? S 225) GeV® compared
with the data from (Up) reactions at (W?) = 140 GeV; b) in the
energy interval (225 < W? < 529) Gev?, compared with the data from

(up) reactions at (W?) = 350 Gev?,
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