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Summary. — The use of the correct variables in (pp), (ete~), and deep-
inelastic scattering (DIS) Processes allows universality features to be
established in these—so far considered—different ways of producing
multihadronie states,

PACS. 25.80. — Lepton-induced resctions and scattering.
PACS. 25.40. — Nuclear-induced reactions and scattering,

1. — Imtroduction.

Multihadronic final states can be produced. in purely hadronic interactions
such as (pp), in purely electromagnetic interactions such as (ete~), and in lepton-
hadron deep-inelastic-scattering (DIS) processes, which can be either weak
(such as vp) or electromagnetic (such as up).

The purpose of this paper is to review the main points needed in order to
establish a common basis for a comparison between these various ways of
producing multihadronic 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
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such a conclusion, it is imperative to use the correct variables in deseribing
the three processes: (pp), (ete”) and DIS. In fact, the use of the correct va-
riables allows universal features to be revealed in the multihadronic final
states produced in (pp), (ete”) and DIS.

ii) Once these—so far considered—-different ways of producing multi-
hadronic 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 commmon features.

We will see that (pp) interactions can be studied 4 la (e*e”) and a la DIS.
However, the DIS way turns out to be incorrect when comparing DIS data
with those obtained in (ete~). The equivalence found between (pp) and (ete~)
data allows the « differences » reported between DIS and (ete~) data to be
understood. These differences are reproduced if (pp) data are analysed é la DIS,
and disappear when the correct variables are used.

Tn sect. 2 we introduce the correct variables. In sect. 3 we report all results
obtained so far when comparing (pp), (ete”) and DIS. In sect. 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), (ete7),
and DIS.

2. — The identification of the correct variables.

The identification of the correct variables for describing hadron production.
in (pp) interactions, (ete~) annihilation and DIS processes is the bagic starting.
point for putting these three ways of producing mmnltiparticle hadronie systems
on an equal footing. In this section we show how this can be done.

21, — ete— amnihilation is illustrated in fig. 1, where ¢ and ¢;*° are the

four-momenta of the incident electron e~ and positron e™; ¢* is the four-mo-
mentum of a hadron produced in the final state, whose total energy is

(1) (V8 )ore = V(G + 05°)* = 2Hpoum

(when the colliding beams have the same energy).
As we will see later,

(@) @ =4, L=,
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Irig. 1. ~ Schematic diagram for the (ete-) annihilation.

where q‘l‘f‘; are the four-momenta available in a (pp) collision for the production
of a final state with total hadronic energy

(3) V(g + ¢ = V/(gh)E.

It is this quantity 4/(g2d)? which should be used in the comparison with (e+e-)
annihilation, and therefore with

(@) (V) oo
This means that
(5) (V8)gre- = V(gD

Moreover, the fractional energy of a hadron produced in the final state of an
(e*e~) annihilation is given by

Q" giad E*
6 L) gte~ =— 3 wd 2 =
@) (@) = L s

where the dots indicate the scalar product and B is the energy of the hadron
«h» measured in the (ete~) c.m. system, where that the four-momentum
¢i2! has no spacelike part:

(7) g3 =105 (1/5)sre-] -

2°2. — DIS processes are illustrated in fig. 2, where ¢ and ¢i**¥** are the four-

momenta of the initial- and final-state leptons, respectively; ¢i*° is the four-
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momentum of the target nucleon; ¢** is the four-momentum transferred from

the leptonic to the hadronic vertex, whose timelike component in the labo-
ratory reference system is coincident with the invariant quantity, usually
indicated as »:

(8) ha,d (,Lplieud, V= Ehad)
qinc teading
1 /
| \\ P
q:ﬁqd
\\\
SN
inc \\1‘h
9 N

Tig. 2. — Schematic diagram for the DIS processes.

Notice that, in order to easily identify the equivalent variablesin (pp) inter-
actions, we have introduced a notation in terms of E}*® and pp*.
A basic quantity in DIS is the total hadronic mass

(9) (W2)pes = (€5 + 657)*

and the fractional energy is

ine

{
(10) (o = L LE
G2

q1

where again the dots between the four-momenta indicate their scalar product.

2'3. — (pp) inderactions are illustrated in fig. 3, where q“‘“ are the four-mo-
menta of the two incident protons, ¢}°;"™ are the four-momenta of the two
leading protons, q“”‘ are the spacelike four-momenta emitted by the two proton
vertices, ¢* is the four-momentum of a hadron produced in the final state.

Now, attention! A (pp) collision can be analysed in such a way as to produce
the key quantities proper to (ete-) annihilation and DIS processes.

In fact, from fig. 3 we can work out the following quantities, which are
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Fig. 3. — Schematic diagram for the (pp) interactions.

needed if we want to compare (pp) physics with (ete-), i.e.

(11) (q::;i)pp — q;'nc + qiznc . qlleading . qlzeading — (qgud __|__ q:ad)pp;

and (see formula (5))

(12) V(gEDE, = (Vs)ate-
Moreover,
h, yhad
(13) (w)int = g Lt
qmt * q'tot

to be compared with

) 3 had
14 @ bad __ ‘«; : Q ) (qtot )e“'e"' .
( ) ( ) - (.q::tfi)e“"e" (qr:f:i)e"’e_

The subscripts (ete~) im formula (14) are there to make it clear that these
quantities are measured in {e*e~) collisions and are the quantifies equivalent to
those measured in (pp) interactions. '

The same (pp) diagram (fig. 3) can be used to work out the key quantities
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needed when we want to compare (pp) physics with IDIS. In this case we have

(18) (W)t = (&5 + ¢5)*
and
h, ninc
16 e 90
( ) (Z) qllmd ._qiznc

Note that in W2 the leading proton No. 2 is not subtracted. This is the reason
for the differences found in the comparison between DIS data and ete— (see
sect. 3 and ref. (¥¥)). In fact W2 is not the effective total energy available
for particle production, owing to the presence there of the leading proton.

3. — Experimental results.

A series of experimental results, where (pp) interactions have been analysed
a la ete~ and 4 lg 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 in which (pp) interactions are compared with
(ete™) are shown in fig. 4-18 and ref. (*-14),
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Fig. 4. — The inclusive single-particle fractional momentum distributions (1/N,,)

*(dN/dwy) in the interval 3 GeV < 2E™?< 4 GeV obtained from data at /5 = 30 GeV.
Algo shown are data from MARK I at SPEAR.
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Fig. 5. — The inclusive single-particle fractional momentum distributions (1/N,)-
«(dN/dxf) in the interval 4 GeV < 2E"4< 6 GeV obtained from data at +/ s = 30 GeV.,
Also shown are data from MARK I at SPEAR.
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<(dN/dxg) in the interval 6 GeV < 2Ed< 9 GeV obtained from data at 4/s = 30 GeV.
Also shown are data from MARK I at SPEAR.
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The experimental data in which (pp) interactions ave compared with DIS
are shown in fig. 19-22 and ref. (**-%7).

These comparisons show striking analogies with respect to the following
quantities:

i) the inclusive fractional energy distribution of the produced parti-
cles (1:2:%11) (gee fig. 4-9, 21, 22);

ii) the average charged-particle multiplicities (3%1%1516) (see fig. 10,
19, 20);
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iii) the ratio of the average energy associated with the charged particles
over the total energy available for particle production (%) (see fig. 11);

iv) the inclusive transverse-momentum distribution of the produced
particles (»19) (see fig. 12-17);

v) the correlation functions in rapidity (14) (see fig. 18).

Notice the power of the (pp) interaction. Onece this is analysed in the cor-
rect way, it produces results equivalent to (e*e~) and DIS.

This means that there is an impertant 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
6 be used if we want to compare purely hadronic interactions with (ete-)
and DIS;

ii) the old myth, baged on the belief that in order to compare (pp) with
(ete~) and DIS you need high-p, (pp) interactions, is over. In fact we have
proved that low-p, (pp) interactions produce results in excellent agreement with
(ete~) annihilation and DIS processes, the basie parameter in (pp) interactions
being 4/(gx)? for a comparison with (e*e~), and VW, for a comparison
with DIS.

()

The existence of high-p, events means that pointlike constituents exist
inside the nucleon. But low-p, events contain the same amount of basic in-
formation as high-p, events. The only difference is expected. in {p,>. In fact
our analysis of the inclusive transverse-momentum distribution, in terms of
the renormalized variable p,/{p,> (notice that p, indicates the transverse
momentum of the particles produced with respect to the jet axis, and p, with
respect to the colliding (pp) or (pp) axis), is suggestive of a very interesting
possibility : multiparticle systems produced at high p, could show, at equi-
valent 4/(gnaa)?, higher values of (p,>. This should be the only difference be-
tween multiparticle systems with the same 4/ (qrea)® preduced at low p, and
high p..

There are two ways of producing v/ W:

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

ii) the other is at high p,: we have not been able to compare, at constant
values of v/ (g24)?, the multiparticle systems produced in (pp) interactions at
high p, and low p,, the reason being the lack of CERN ISR time. However,
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as mentioned above, the agreement between our data and (ete~) data in the
variable (p,/{p,>), makes it possible to foresee what should change between
low-p, and high-p, multiparticle jets.

Now we come to the extrapolation: the ewtrapolation of our method to the
CERN pD collider (****) would allow a large energy jump and could produce
clear evidence for or against our prediction. For example, if two jets at the
pp collider are produced back-to-back with the same transverse energy E,,
then we have

V(ghd)? ~ 28, .
Suppose that we are at

2E, =100 GoV .

This system, according to our extrapolation, should be like a multiparticle
state produced by (Vs),:,- =100 GeV.

However, there is a very important check to make using collider data, without
the need for the (ete~) data.

The key point is to see if, at the CERN pp collider, a multiparticle system
produced at low p, but with

V(gia3)? = 100 GeV

looks like the one produced at high E,. The main difference we can expect
is the value of (p,>.

To check these points is another important contribution to understanding
hadron production at extreme energies.

5. — Conclusions.

The new method of studying (pp) and (pp) collisions—based on the sub-
traction of the «leading» effects and the use of correct variables—allows 1s
to put on equal footing the multiparticle systems that are produced in purely
hadronic interactions, in (e*e~) annihilation and in DIS processes.

The implications of this method for the physies to be studied in future
machines are of great interest.

Purely hadronic interactions means using machines such as the CERN
Intersecting Storage Ring (ISR), the CERN pp collider, the BNL-CBA ccl-
lider, and the FNAL pp collider.

(*¢) UA2 CorLLABORATION: Phys. Leti. B, 118, 203 (1982).
(**) TA1l CorLaBORATION: preprint CERN-EP/83-02 (1983).
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(ete™) annihilation means using machines such as LEP and its possible
developments.

DIS processes means using machines such as HERA.

The «leading » subtraction and the use of the correct variables allow wus
to show that universality features are present, in the production of multibody
final states in (pp), (ete™) and DIS.

® RIASSBUNTO

L'uso delle variabili corrette, nei processi (pp), (e*e~) e scattering inelastico pro-
fondo (DI8), permette di mettere in evidenza I’esistenza di caratteristiche universali in
tali interazioni, considerate sinora modi molto differenti di produrre stati multiadroniei.

Vausepcansubic ocoGennocry B (pp), (ete™) m mpoueccax rayGoko HEYHPYroro paccesinus,

Pesiome (*). — Vcnoms3oBabme mpaBWIBbHLIX NepeMeHHBX B (p, p), (ete™) u mpomeccax
FIIyOOKO HEYHPYIOro paccesHns MO3BOJAET YCTAHOBATH YHWBEPCANbHBIE OCOOCHHOCTH B
9TAX pPEAKLMAX.

(*) MHepesedeno pedaryueii.
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