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ABSTRACT

A world review is presented of the '"leading" particle effect im hadron phy-
sics: baryon-baryon, baryon-antibaryon, meson-baryon, and photon-baryon processes
are studied and compared with hadron production from an initial state which does

not contain any hadron. In this latter case the 'leading" effect is not present.

It is shown that the "leading' particle effect is fully present even in had-

ron interactions initiated by neutrinoes.

The importance of the "leading" effect in hadron physics is discussed.

(Submitted to Nuove Cimento)






INTRODUCTION

We have recently introduced a new method for studying hadronic reactions ).
This method is based on the determination of the effective energy available for
particle production. This allows firstly a comparison of the properties of mul-
tiparticle final states produced in purely hadronic interactions at different
nominal c.m. energies. For example, in a proton—proton interaction at 62 GeV c.m.
energy, the two protons can carry 40 GeV of the available energy. In this case
the multiparticle system produced should be labelled by an effective energy of
22 GeV, and all quantities such as fractional momentum distribution, average
charged multiplicity, transverse momentum distribution, etc., should be labelled
with 22 GeV, not 62 GeV. Moreover, in another proton-proton interaction at 32 GeV
c.m. energy, the two protons cam carry 30 GeV of the available energy. In this
case, again the multiparticle system produced should be labelled by the effective
energy of 22 GeV. Thus two primary (pp) interactions, at /s = 62 and /s = 52 GeV,
can produce identical final states, where the effective energy is 22 GeV. The key

point is to subtract the energy taken away by the "leading" particles.

Another important consequence of our method is the extemsion of the compari-
son to hadronic final states whiéh are not produced by the same hadrons. For
exarple, (pp) interactions can be compared with (wp), (Xp), and (np) processes.
Moreover the comparison can be extended further: even to photon-induced and
charged leptons plus neutrino-induced processes: (Yp), (etp), (uip), (vp), etc.
Finally, the comparison can obviously be extended to final states produced in
(e*e”) annihilation. The basic point is to take into account the effect of the
"leading" hadron which, from the initial to the final state, keeps a highly privi-
leged energy and momentum sharing. This "leading" four-momentum has to be cor-

rectly subtracted from the multiparticle fipal state produced.

This method has been applied extensivelyl_g) in the study of multiparticle
hadronic systems produced in 1ow—pT, high-energy, (pp) interactions. The "leading"

particle effect has also been applied to identify the presence of a high-energy
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proton, in order to search for mnew baryomic states '’ in (pp) interactioms. 1In



this study, without the "leading" particle effect, it would be impossible teo iden-

tify the high-energy proton.

The roots of this new approach to the study of hadronic interactions go back
a long time, to a proposal by the CERN~Bologna Group to study "leptonic-like'" (pp)

collisions (CERN/PHI/COM~69/35, 8 July 1969).

The lesson that has been learnt is that, in a given hadronic reaction, it is

in fact necessary to disentangle two phenomena,

i) the "leading" particle effect, and

ii) the multihadron production mechanism,
in order to understand the intrinsic features of both effects.
In this paper we present a review of the "leading" particle phenomenon.

In Section 2 we give a definition of the "leading" particle and of the vari-
ables used; in Section 3 we show that in e*e”™ + hadrons, no "leading” particle
effect is present. Section 4 reviews the experimental evidence of the "leading"
particle effect in hadron-hadron interactions; the experimental evidence for the
same phenomenon in lepton—hadrom interactions is given in Section 3. Conclusions

are finally given in Section 6.

DEFINITICN OF THE "LEADING" QUANTITY "L"

Consider the inclusive reaction
a+ b+ ¢+ anything . (1)

Particle ¢ is a "leading" particle in reaction (1) if, on the average, it carries
a sizeable fraction of the total energy available. The most convenient way of
studying the "leading" particle effect in reaction (1) is therefore to use frac-

tional energy or momentum variables, generally labelled by the symbol x.

Let Ec and E; be the energy and momentum of particle ¢ in the final state;
> - a
E and ; the kinematic bounds for E_ and p_ in reaction (1). The currently
max max [od c

used fractional variables are Xp and Xp The first variable has been introduced

by Feynman,



XF = PL/PL,maX ) -1« XF b 1, (2)

where p; is the momentum component of particle c along the projectile directiom in
the centre-of-mass system for reaction (1); xp ranges from -1 to +1, the negative
values corresponding to the so-called target x-region, the positive values to the

projectile x—region.
The radial variable X is the fractional energy defined according to

x. = E /E R 0<x

R ¢’ “max <l (3)

R

For the sake of clarity, the type of x variable used will be explicitly indi-

cated throughout the paper.

The inclusive single-particle cross-section integrated over Prs used in this

paper and referred to as F(x), is defined according to

2E
1 c d*c dp?

Pm (4)
Vs dxdp% T

where Vs is the total centre-of-mass emergy-.

In order to quantify the "leading" hadron effect, we have defined the follow-
ing quantity:

F(x)dx
s (5)

L(XO,XI,XZ) =

F(x)dx

ad
<

where F(x) is the experimental invariant cross-section defined in Eq. (4). The
ranges of Xp used are: xg = 0.2, x, = 0.4, x, = 0.8. They have been chosen in
order to minimize the effect of the diffractive production (xF > (0.8) and of the

central production (XF < 0.2).
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HADRON PRODUCTION IN (e*e™) ANNIHILATION:
NO "LEADING' HADRON EFFECT

The question we ask ourselves is: Given a certain amount of energy to be
transformed into hadrons, does the produced multiparticle final-state system have
a "leading" hadron? The answer comes from {e*e™) annihilation experiments:
according to the experimental results obtained up to the highest energies studied
so far, (e*e”) annihilation does not produce hadronic systems with a "leading"

hadron. This is shown in the data reported below.

Figure la shows the inclusive cross-section (S/B)(dG/de) versus xp = 2E/Vs
for Wi, Ki, and E measured at DORIS by the DASP'Collaborationls) at vs = 5 Gev,
The experimental points for T, K, and p have the same X distribution, peaked at
X = 0 and falling off steeply at a large value of Xp. No hadron shows a "leading"

effect.

Figure 1b shows a compilationls) of the inclusive cross-section s(dU/dxp)
versus xp = |;w/|pbeaml for charged particles with /s ranging from 5 to 30 GeV.
The scaled cross—sections (s/f8)(do/dx) versus x = 2E/W are shown for charged
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pions in Fig. lc, for charged and neutral kaons!’ !%) in Fig. 1d, and for

18,20) in Fig, le. The distributions in Figs. le, 1d, and

protons and antiprotons
le are similar to the one in Fig. la., They all clearly show a tremnd that is
opposite to the "leading™ particle effect. Thisg is quantitatively expressed by
the values of L which are always below 0.5. A summary of all L values is shown
in Table 1. The value of "L" has been calculated on the distributions of Fig. 1b
because here the distributions extend to the highest x-values. It has then been
assumed that these are the same for all particles. This assumption is justified

by the fact that in the low x-region, where separate distributions are available,

they all show a similar behaviour (Fig. la and Figs. le, d, e).

THE "LEADING" HADRON EFFECT IN PURELY HADRONIC INTERACTIONS

The following processes have been studied at ISR energies2?”2%),



F1] pp > p + anything )
F2] pp > m + anything
[3] pp + A + anything
[4] pp ~ I + anything L (4)
[51 pp > £ + anything
[6] pp > p + anything

[7] pp * A+ anything

In order to compare these data with those at lower energy, we have studied the
data taken on a fixed target (hydrogen) at incident proton momenta of 100 GeV/c.
Moreover we have extended our study to other incident particles and even lower ener-
gies. This comparison is important for two reasons: 1) it allows us to measure
the energy dependence of the quantity "Ly ii) it allows us to see whether AN
varies when different hadronms are used (7, K, p, p, etc.). The reactions investi-

gated at 100 GeV/c are2572%);

[8 j pp * p + anything T
[ 9] PP * 5 + anything
[10] PP 't + anything L
(B)
[11] pp + ™ + anything
[12] pp + X"+ anything
[13] PP > K + anything
Py
[14] pp >~ p + anything
ElS] PP+ T+ anything (C)

[16] pp > p + anything



17] T p > + anythin
(17] 8
[18] 7 p ~ 7" + anything (D)

[19] qu > p + anything

At 70 GeV/c of beam momentum the following reactions have been studiedsoial):

-+ + . . ..
[20] Kp~>c + anything (ct is a positively
charged particle)

[21] K+p T+ anything (E)
+ .
[22] Kp+p + anything
The following reactions
[23] Kp~+ ¢ + anything
(¥)
[24] n*p > ¢ + anything

have been studied at even lower energiesaz), i.e. at 10 and 16 GeV/c [reaction (23)]
and 16 GeV/e [reaction (24)] K and 7t momenta, respectively. Finally the follow-

ing reactions®3735);

[25] Yp * 0 + anything
(26] vp » w + anything (G)
[27] Yp > ¢ + anything

have been investigated at incident photon momenta of 9.2 GeV/c for p and w and

25.7 GeV/c for ¢.

Reactions A and B are of the baryon-baryon type. Reactions C are of the
antibaryon-baryon type. Reactions D, E, and F are of the meson-baryon type., In
this latter class we include the {(Yp) processes [reactions (G)] because the '"'pho-
ton" is in fact a virtual vector meson and it allows us to extend our meson-baryon

studies.
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4.1 The energy dependence of the "leading" quantity "L"

A study of the quantity L{xy,%;sXy) versus the total ¢.m. energy of the col-
liding protons has been made, using Intersecting Storage Rings (ISR) data from
/s = 22 GeV to vs = 53 GeV, for the inclusive neutron productionzl). No data are
available for other hadrons in a wide energy range. This study shows that the

guantity L, for the "heutron" case, scales. We have, however, pushed our study

below the ISR energies, using Fermilab results at Vs = 13.7 GeV c¢c.m. energy. Com—
paring protom data at Vs = 13.7 GCeV with those at Ys = 62 GeV, the maximum varia-
tion of the quantity L is found to be = 50%. However, this can be accounted for
by strong variation of the "central" production of "protons” from Fermilab to ISR
energies. This variation becomes very small in the ISR energy range. We will

therefore assume that in the ISR energy range the quantity L scales for all types

of hadrons.

4.2 Study of the quantity "L'" using different hadromns

As the main purpose of this sectiom is to study the "leading"” effect versus
different types of hadroms in the ipitial state, we will mot include herxe the ISR
results. The data obtained in (pp) collisions at ISR energies will be reported
in Section 4.4. The main point to emphasize here is that the values of L for
meson production at the ISR, i.e. in the highest energy (pp) collisions, compare

well with the values obtained at 100 GeV/c.

4.2.1 Baryon—baryon collistons

As mentioned above, the baryon-baryon class is studied via the investigation
of the multiparticle systems produced in proton-proton interactions at 100 GeV/c
incident proton momentumzs) and at fixed Pp = 0.3 GeV/c. The data are shown in
Fig. 2, where the invariant E(d30/dp?®) inclusive cross-section for the production
of p, ﬁi, Ki, and p as a function of Xp is reported. Notice that the nominal
centre—of-mass energy is Vs = 13.6 GeV. The Xp distributions for ﬂi, ¥*, and p

are peaked at = 0, and decrease with increasing values. The proton x_ dis—
*F Xy F

tribution is very different: it is depressed at xp = 0 and increases with
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increasing x The value of the "leading" quantity L is Lp = 5 for the proton;

.
for all the other particles, L is an order of magnitude lower, L £ 0.5, i.e. the
proton is a "leading" particle in the final system of hadrons. The values of L
are reported in Fig. 3. With increasing transverse momentum, the X distribution
is still very different from the produced particles' distributions, as can be seen
from Fig. 4 showing data from another spectrometer experiment?®). TIp Fig. 4 the
proton inclusive cross—section is plotted as a function of Xp for different values
of Pt from 0.25 to 1.5 GeV/ec. The experimental points at large Xp can be fitted

at alil Pr > 0.75 GeV/c by the unique form (l—xR)O'S, as shown by the full lines in

Fig. 4. The "leading" effect is clearly present alsoc in the large—pT domain.

4.5.2 Baryon—antibaryon collisions

Note that in (pp) interactions the baryonic number is B = 2 and it must be
conserved. In order to establish if the "leading" effect has something te do with
the value of B, we have studied at the same centre-of-mass energy, a reaction
where B = 0, i.e. (pp). Figure 5 shows data from a hydrogen bubble chamber experi-
ments using 100 GeV/c antiproton527). Here the invariant cross-sections F(x) are
plotted as a function of Xp for W+, p, and p; backward w- data have been averaged
with the forward 77 data. The antiproton Xp distribution has been determined, in
the Xp range 0.4 < Xp < 1.0, using the do/dplab cross—section from the same experi-
ment; it is, within errors, the reflection of the proton Xp distribution at nega-
tive Xp values. The produced pion . distribution is peaked at Xp = 0 and falls
off at large gy in about the same way as in (pp) interactions. As can be seen
from the data, both the protons in the xp < 0 region and the antiprotons in the

Xp > 0 region show a "leading" behaviour. The values of L are in fact again an

order of magnitude larger for 5 and p than those of the produced particles,

This shows that a hadronic system which starts with two baryons, behaves like
the system which starts with a baryon-antibaryon pair. The "leading" particle
effect is present in the same way in both cases. The data are reported in Fig. 6.

For the produced pions the value of L is, as expected Lo < 0.5.

L T T I BT T T A PR



4.2.3 Meson—baryon collisions

Let us now consider interactions where the incident hadron is a meson instead
of a baryon. Figure 7a shows, at 100 GeV/c T beam momentum, the ﬂ+, T , and pro-
ton inclusive invariant Xp disrributions integrated over Py in {mp) interactions.
The data are from the 30-inch hydrogen bubble chamber/wide-gap spark chamber hy-

25,29). Here, both the proton and the 7 show a "leading"

brid system at Fermilab
effect. The values of L for p and T are Lp > 3 and Lﬂ_ ~ 2,5, respectively.
These results are shown in Fig. 8. The only difference between the "leading"
baryon and the 'leading” meson is that the latter is alsc produced abundantly at
Xp = 0. Notice that the value of L for T is, as expected for a particle which is
produced without any "leading" effect: L 4 = 0.5 (see Fig. 8).

Figure 7b shows 7' and T Xg distributions for (v'p) interactions at 100 GeV/c.
It can be clearly seen that the T Xp distribution closely resembles the m~ Xp
distribution of Fig. 7a. Both sets of data come from the same experimentza) and
can be directly compared: they show the same "leading" effect for i and 7 . The

value of LW+ is in fact the same as the Lﬂ_ mentioned above.

In Fig. 7¢ the (X*p) data obtained at 70 GeV/c by the BEBC Collaboration3°’31)

are presented. Here the K" are not resolved from the mt.  The Xp distribution of
the positively charged particle ¢ must therefore be compared with that of the T
and of the target proton. Although not resolved from 7, the K* "leading" effect

for X > 0 is clear. Also the target proton 'leading" effect for Xp < 0 is equally

clear. The values of L , and of Lp are shown in Fig. 9.

Finally we turn to vector mesons. These are not available in hadron beams,

. PC . ‘
but —— because of their J quantum numbers —— they can be produced in photopro=
duction experiments. The reaction (yp) can therefore be regarded as a beam of
p, w, ¢, and other vector mesons interacting with the proton. Figure 10 shows the

x distribution of the vector mesons inclusively produced in the reaction

y+p>rV+X (6)
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The data are very limited; (P and ®) photoproduction were studied at 9.2 GeV,
while ¢ photoproduction was studied at 25.7 GeV energy of incident photon. The
data are from various photoproduction experimentsas_as). The '"leading" vector
meson effect is clearly visible in the almost flat x distribution in the beam x—
region Xp > 0. The values of 1L are shown in Fig. 11. Notice the anomalously

large leading behaviour of the w vector meson.

4.3 The "leading" effect when
the incident particle does not change its nature

From this review it is evident that the "leading" effect is present in all
hadron-hadron interactions. This effect should not be mistaken for the diffractive
= 1. The "leading" hadron effect shows up in a very important x-

peak at x_ (x

F R)

range, typically from 0.2 to 0.8. This range is far enough away from the "central”
production, x = 0, and from the "peripherality" region, x ® 1. The initial-state
hadron shows up in the final-state as a 'leading” particle, with a nearly flat
fractional energy or momentum distribution (xF, xR). Notice that the diffractive

peak disappears for Pr 2 0.7 GeV/c, but the "leading" effect remains.

The "leading” effect seems naturally comnnected to the ''quantum number flow"
from the initial state to the particle in the final state. These quéntum numbers --
flavour, JPC, and colour -- are carried by the constituents which make up the
initial-state hadron. The particle which carries.more constituents of the initial
state will have a sizeable fraction of the four-momentum of the initial state, and

will hence appear to be "leading".
There is, however, a difference between mesons and baryons. Mesons show a
"leading" effect and a sizeable central production. In fact the ratio

(do/dx)X=0
(dg/dx)xﬁo.ﬁ

tends, for mesons, to be bigger than 1, whereas for baryons it is of the order of
or smaller than 1. This can be naively explained by the simple fact that it is

easier to produce a meson—antimeson than a baryon-antibaryon pair. In fact it is
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casier to recombine a quark-antiquark pair in order to obtain a meson, than three
quarks {(antiquarks) to obtain a baryom (antibaryon). In Fig. 12a we show, for
comparison, the values of F(x) versus Xp of different hadron beams on a proton
target. The fits are superimposed on the same figure so as to compare the shape

in the Ep > 0 region. The curves are ocbtained from the data of Figs. 5, 7, and

10. For 7, 7t, and K* mesons the contributions from centrally produced mesons
have been subtracted. We have computed the value of the "leading" quantity "L"

for the different beam particles excluding, as usual, the region below Xp 0.20
(dominated by the central production) and above X = 0.80 (to eliminate diffractive

production). The results are given in the first five rows of Table 2.

Figure 12b shows a comparison of the "leading' proton in the target xF—region
in reactions initiated by different beam particles. The corresponding "L" wvalues,
computed in the same xF—region as discussed above, are reported in the last three
rows of Table 2. These data show that no matter the nature of the incident parti-

cle, the proton keeps its "leading" effect, as expected.
g

Finally, for the {pp) case, the ISR results {(which will be fully reported in

the next section) show a clear "leading" effect.

So far, the "leading" effect has been studied when the incident particle goes
from the initial state to the final state without changing its nature: a proton
remains a protomn, a mt remains a m*, etc. In the next subsection we will consider

the case where the incident particle changes its nature.

4.4 The "leading'" effect when
the incident particle changes its nature

What about the case of an incident hadron which transforms itself into another
type of hadron? for example, a proton which becomes a A'? There is definite evi-
dence of the following fact: the "leading” phenomenon follows the rule that the
"more similarity" there is (for example, in the sense of the quark content) between
the hadronic particle observed in the final-state and the initial-state hadrom,
the more the "leading" effect is present. As mentioned in Section 2, the quantity

"M gcales in the ISR energy range. Therefore the cleanest way of studying the
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"leading" effect when a hadron changes its nature, is to measure the quantity "L"
for the various baryons produced in (pp) interactions at the ISR21™2%) | g dis-

cussed at the beginning of this section, the reactions investigated were:

[1] pp +p + anything
[2] PP > n + anything
[3] pp * A + anything
[4] pp + R anything

[5] pp > I + anything

[6] PP * 5 + anything

L7] pp * A + anything J

Figure 13 shows the values of L for different hadrons produced in proton—
proton collisions in the ISR energy range from 25 to 62 GeV. The dotted line is

obtained using for L the functional form
F(x) = (1-x) 2771

where n is the number of quarks that need to be changed in order to give rise to
the final wanted hadron®®~3%), Thig allows a coﬁparison of our "leading" quantity L
with old parametrization methods where the F(X) was parametrized as given above.
The agreement is excellent. 1In Table 3 the values of L, shown in Fig. 13 are re-
ported, together with the number of "propagating" gquarks corresponding to the
final-state hadron studied. 1In Fig. 13 the final states have been grouped accord-
ing to the number of quarks Propagating from the initial to the final state. For
example, if we start with a protomn, whose quark composition is (udu}, and look at

the A% whose quark composition is (uds), the pPropagating quarks are two (ud).

B L L e R
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The results shown in Figs. 3, 6, 8 , and 9, 11, and 13, have a common trend,
characterized by the number of propagating quarks: the value of L is the same

when the number of propagating quarks is the same.

Recent studies on heavy—flavoured baryon productiom in (pp) collisions!®1%)

clearly show the leading effect to be present also in AZ and Ag production.

The presence of the "leading” effect, comnected to the number of propagating

quarks, is clearly shown also by the investigation of reactions (F):
[23] & p + ¢ + anything
[24] #'p > ¢ + anything

For reaction [23] the hadron in the final state, ¢(sS), contains one of the
quarks which make up the hadron in the initial state, K (sf). Only one quark pro-
pagates in this case. For reaction [24] there is mo quark propagation when going
from a 7" (ud) to a ¢~meson (ss). The data’?) of Fig. 14 clearly show a "leading”
effect for the ¢ produced in reaction [23]. The value of L is L¢ = 4.5, The
"leading" effect is not present in ¢ production from reaction [24], as expected.
The value of L is L¢ ~ 1. It should be noticed that the value of L increases with
decreasing energy of the incident hadron. This has a straightforward interpreta-
tion. At lower emergy the "central’ production is depressed. This produces a
smaller denominator in our definitiom of L. The purpose of the analysis of reac-
tions [23] and [24] was to see if even at this extreme low energy there was a

clear difference in the L values for different numbers of propagating quarks.

THE "LEADING' HADRON IN LEPTON-HADRON COLLISIONS

In lepton—hadron ractions, i.e. (ep), (up), and (vp) deep imelastic scatter-—
ing, the energy available for hadron production is not the total centre-of-mass
energy, but only the energy lost by the leptom. According te the standard forma-
lism, we call (E-E’) the energy lost by the leptom, Q2 the square of the four-
momentum transfer (changed in sign), and W the invariant mass of the final-state

hadronic system recoiling against the lepton.
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Experimental results om the production of hadrons from {(up) deep imelastic
scattering experiments and from high-energy (vp) interactions are at pPresent
available -~ although not always with good particle identification. For our study,
we have used data on hadron production in (vp) and (Vp) charged current eventsss’uo).
The data refer to exposures of the Fermilab 15 ft bubble chamber to broad-band
v and V beams. The Xp distributions of positive (h+) and negative (h™) hadrons
are measured both in the forward and in the backward hemispheres. 1In the h*
sample, protons can be identified, either by icnization or by kinematical fitting
to the final states, and their X distribution can be derived. The most signi-
ficant data refer to the reaction vp » pt + p + anything, at W ~ 5 GeV “0). These
are reported in Fig. 15. The h™ distribution, as a function of Xp, shows a flat
behaviour in the recoil hemisphere (xF < 0), which is not present in the h~ case.
Such an effect can be explained in terms of the presence of "leading" pretons.

In fact, for protons identified in the h* sample, the Xp distribution shows a
plateau in the xp < 0 region, thus providing direct evidence of the "leading"
proton effect in (yp) interactions. The value of L, derived from the data of
Fig. 15, is Lp = 3.2 + 0.5. Similar features are shown by (vp) charged-current

events, as described in Ref. 39.

The "leading' baryon effect is also present in the inclusive %p distribution
of the A° baryon produced both in electromagnetic and weak interactions. As we
have seen in subsection 4.4, the A is as "leading" as a baryon should be, when
there are two propagating quarks. Figure 16 is a compilation®!) of production
cross—sections of the A in (ep), (vp), and (Up) interactions: the xp distribu-
tions have been normalized so as to compare their shape. The A® exhibits a clear
"leading" effect in electromagnetic (ep) and weak (vp) and (vp) interactions.

The best data for measuring LAO are those for the reaction:
[28] ON + A0« anything ,

referring to Fermilab 15 ft bubble chamber data at W = 4.5 CeV. However, LA”
can also be determined from data taken in a streamer chamber experiment at Cornell

for the process:

B L L e e
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[29] ep + A® + anything ,

at the energy W = 3 GeV. The values of Lyo are reported in Fig. 17. As mentioned
above, the data show that the "leading" effect in A? production is also present

in electromagnetic and weak interactiomns, as first observed in purely hadronic
interactions. In fact, the A" production corresponds to a proton which transforms
into a A® via the propagationm of two quarks. The value of LAO is as expected

when the number of propagating quarks is two.

Tt is interesting to remark that also the energy dependence of LAQ follows
the trend already observed for the proton case {see gsubsection 4.1). At ISR
energies, the value of 1 scales. At Fermilab energies, down to the energy of
reaction [29], the behaviour of L can be summarized as follows: the lower is the

energy available, the higher is the value of L.

CONCLUSIONS

Thanks to the use of the "leading" effect it has been possible to comparel"g)
the production of multihadron systems in (pp) interactions and (e*e”) annihilation.
40 far, the main trend had been that only high transverse momentum hadronic inter-
actions could be a source of comparison with (e*e™) and deep inelastic scattering
(DIS) in lepton—hadron physics. The use of the "leading" hadron effect has brought
the vast amount of low—p. physics into the very interesting domain of comparison

with (ete™) and DIS.

The study reported in the present paper shows that when a hadron interacts
with another particle hadronically, electromagnetically, or weakly a very distinct
feature emerges: the hadron, which is present in the initial state, keep¢ a privi-
leged role in the energy sharing with the other hadrons produced. This distinctive
feature is measured by the "leading" quantity ", Tt is found that the value of
this quantity is L v 3, when the number of propagating quarks is 3. If the number
of propagating quarks is Z, the value of L is L = 1.5. If only one quark propa-

gates from the initial to the final state, the value of L is L = 0.5. When there
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is no quark propagation from the imitial to the final state, the particle produced
has a value of the leading quantity, L = 0.2. This value of L holds true, also,
when a hadron is produced in (e*e”) annihilation. Here no kadron has a privileged
energy-sharing, i.e. there is no "leading” hadron. In fact, in (e*e”) annihila-
tion, in the initial state, there is a certain amount of energy E, to be used for

the production of hadrons, but no hadron is present in the initial state.

For the "leading effect to show up, one needs an incoming hadron carrying
good quantum numbers: colour, flavour, JPC, ete. It is this quantum number "flow"
which generates the "leading"” phenomenon. FEven when the incident particle changes
its nature (for example, a proton becomes a neutron, or a AO, oY a Az), i.e. when
the initial-state quantum numbers are not fully carried by the final-state parti-

cle, the "leading" effect is still present.

The "leading" phenomenon therefore remains the cleanest effect, even in pro-
cesses where quantum numbers become mixed and interchanged. Here we have a field
of physics, the hadron constituents dynamics, which is far from being understood
and is therefore difficult to take into account. In spite of all this, the

"leading"” effect shows up as a clear signature of simplifying unity.

For example, in deep-inelastic lepton~hadron scattering, the target hadron
keeps a large fraction of the available energy. This is currently attributed to
the gluons, but it is simply a "leading" baryoﬁ effect, whose significance in
terms of gluons is a matter of thecretical speculation, as the quantum number

"flow" mentioned above.

The use of the "leading" effect shbuld be extended to the study of all had-
ronie phenomena. Its application to the analysis of multiparticle hadronic states
produced in high-energy interactions will draw a more clear and more uniform pic-
ture in the study of processes induced by different particles at different

energies.
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Table 1

Value of the "leading" quantity "L" measured for various types
of hadrons, i.e. 1%, 7, K*, K~, p, D, produced in e*e” interactioms

Reaction "L

ete” + 7t + any | 0.16 = 0.03
ete”™ » 7 + any | 0.16 £ 0.03
ete™ + K¥ + any | 0.16 * 0.03
ete™ + K~ + any | 0.16 * 0.03
ete” > p + any| 0.16 * 0.03

ete” > p + any| 0.16 = 0.03

Table 2

Value of the '"leading" quantity "L" measured for various types
of hadron beams, L.e. 75, T, k*, p, D

Reaction xp region L
mp =+ 't + any >0 2.5 £ 0.3
T p T + any >0 2.5 0.3
K'p + K"+ any >0 1.5+ 0.2
pp > p + any >0 5 % 0.5
Pp TP + any >0 4.5 * 0.5
PP *p + any <0 4 = 0.5
K'p > p + any <0 4 0.5
Tp > p + any <0 3 0.4




R S T

- 22

Table

3

ISR {(pp) processes

Initial state:

proton (udu)

Final state particle | Quark composition Propagating quarks L
(udu) (udu) 3.2 0.2
n (udd) (ud) 1.92 + 0,05
A® (uds) (ud) 1.02 * 0,10
ot (usu) {uu) 1.15 £ 0.17
L (dds) (d) 0.53 % 0.15
P (TdT) nothing 0.30 + 0.05
A? (4sd) nothing 0.10 * 0.02

L T T TR Y T R LT PR R T TR P PP
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Figure captions

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. ©

Tnclusive production of hadrons in (e*e”) annihilation.

a) The cross—-section (s/B)(dG/de) versus X, for (W+ + T, (K+ + K )
and twice the p yield for vs = 5 GeV (Ref. 15).

b) The cross—section s(dc/dxp) for inclusive charged particle pro-

duction measured at energies of 5 to 30 GeV (Ref. 16).

¢) The scaled cross—section (s/B)dc/dx for charged pioms (Refs. 17,18).

d) The scaled cross-section (s/B)dd/dx for neutral and charged
kaons (Refs. 17-19). The average pion cross—section is shown as
the solid curve.

e) The scaled cross-section (s/B8)do/dx for protons and antiprotons
(Refs. 18,20). The average charged pion cross-section is shown as

the solid curve.

Inclusive production of hadrons in (pp) interactions. The invariant
cross—section E(d°c/dp?) at 100 GeV/c as a function of Xp at fixed

+  _+ -
Pp = 0.3 CeV/c, for p, ™, K, and p (Ref. 25) .

L(0.2, 0.4, 0.8) for various final-state hadrons produced in pp col-

lisions at Plab = 100 GeV/c.

Inclusive production of hadroms in (pp) interactions. The invariant
cross—section E(dacfdpa) at 100 GeV/c as a function of *p at various Pr
from 0.25 to 1.5 GeV/c for protons (Ref. 26). Open triangles at
pr = 1.25 GeV/c are data at 400 GeV/c. The dotted lines on the figure
are hand-drawn to guide the eye through the data points; the full

line is the shape of (1—x)°'5 functional behaviour.

Inclusive production of hadroms in (pp) interactions. Imvariant

; . . +
cross—section integrated over Py as a function of Xp for m , p, and
p as measured in 100 GeV/c p interactions in a hydrogen bubble

chamber. (Data from Ref. 27.)

L(0.2, 0.4, 0.8) for final-state hadroms produced in p-p collisions

at Plab = 100 GeV/c.



Fig. 7
Fig. 8
Fig. 9
Fig. 10
Fig. 11
Fig, 12
Fig. 13
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Inclusive production of hadroms in {(mp) and (Kp) interactions.

a) Tnvariant cross—section integrated over Pp as a function of Xp
for ﬂ+, T, and p as measured in 100 GeV/c (7 p) interactions in
a hydrogen bubble chamber. (Data from Refs. 28 and 29.)

b} The same as for {a) using 100 GeV/c (W+p) interactions. (Data
from Ref. 28.)

c) Invariant cross-section at fixed Pp = 0.3 GeV/c as a function of
Xy for inclusive production in (K+p) interactions at 70 GeV/c in
BEBC. (Data from Refs. 30 and 31.) Shown is the xg distribution
of positively charged mesons c* (slow protons subtracted}, of 7",

and of the target protons.

L(0.2, 0.4, 0.8) for final-state hadrons produced in T p at

Plab = 100 GeV/c.

+
L(0.2, 0.4, 0.8) for final-state hadrons produced in K'p at

Plab = 100 GeV/c.

Inclusive Xp distribution of vector mesons in {(Yp) interactions:
P meson (Ref. 33) and w meson (Ref. 34) at v energy of 9.2 GeV. The

¢-meson distribution (plotted with arbitrary normalization from

Ref. 33) is for a Y energy of 25.70 GeV.

L(0.2, 0.4, 0.8) for final-state vector mesons produced in yp.

+ -
a) Xp distribution in the beam xF—region (xF > 0) for n7, K, and p
incident particles on the target protons.
b) o distribution for the target proton in the reactions (mp), (Kp),

(pp) -

The leading quantity L(0.2, 0.4, 0.8) for various final state hadrons
in pp collisions at ISR energies (25 - 62 GeV) is plotted versus the
number of propagating quarks from the incoming into the final-state
hadrons. The dotted line is obtained by using a parametrization of
the single particle inclusive cross—section, as described in the

text.

B T R R R T N P PP



Fig. 14

Fig. 15

_Fig. 16

Fig. 17

..25_

Centre-of-mass x, distribution for inclusive productiom of ¢-mesons

in Kp and 7'p interactions (Ref. 32).
p

Inclusive production of hadrons in (Vp) charged-current interactions.
The centre-of-mass Xg distributions for positive-charge particles
(h*), for negative-charge particles (h~), and for identified protons

(Ref. 40).

Inclusive production of the Al baryon in (vp), (Vp), and (ep) inter-

actions. Data from Ref. 4l are normalized to the same cross—section,

1.{0.2, 0.4, 0.8) for A° productions in (Gp) and (ep) reactions. The

dotted line is the same as described for Fig. 13.
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