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Summary. — A world review is presented of the «leading »-particle
effect in hadron physics: 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 s-particle effect is fully present even in hadron
interactions initiated by neutrinos. The importance of the «leading »
effect in hadron physics is discussed.

1. — Introduction.

We have recently introduced a new method for studying hadronie reae-
tions (*). This method is based on the determination of the effective energy

(*) A. ZicuicH1: Bvidence for a close link between (pp) and (e*e~) physics, in Proceedings
of the « Ettore Majorana » International School of Subnuclear Physics, XVIII Course:
The high-energy limit (in press).
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available for particle production. This allows, firstly, a comparison of the prop-
erties of multiparticle 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 distribu-
tion, ete., should be labelled with 22 GeV, not 62 GeV. Moreover, in another
proton-proton interaction at 52 GeV e.m. energy, the two protons can 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 v/s = 62 and v/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 extension of the com-
parison to hadronic final states which are not produced by the same hadrons.
For example, (pp) interactions can be compared with {np), (Kp) and (np) pro-
cesses. Moreover, the comparison can be extended further: even to photon-
induced and charged leptons plus neuntrino-induced processes: (yp), (e*p),
(w*p), (vp), ete. Finally, the comparison can obviously be extended to final
states produced in (eTe”) 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 privileged energy and momentum sharing. This «leading »
four-momentum hag to be correctly subtracted from the multiparticle final
state produced.

This method has been applied extensively (*9) in the study of multiparticle

(?) M. Basme, G. CarA Romeo, L. CrrarerLr, A. ConTIN, G. D’ALf, P. D1 CESARE,
B. Esrosito, P. Giusti, T. MassaMm, F. PATLMONARI, G. SARTORELLI, G. VALENTI and
A. ZicmicHi: Phys. Leit. B, 92, 367 (1980).

(®) M. Bagiie, G. Cara Romro, L. Cirarernl, A. CoNtiN, G. D’ALrf, P. D1 CESARE,
B. Esposiro, P. Grusti, T. Massan, R. Nawnia, F. PArmMoNARI, G. SARTORELLI,
6. Varexti and A, Zicuicui: Phys. Lett. B, 95, 311 (1980).

() M. Basie, G. Cara Romeo, L. CrrarELLI, A. CONTIN, G. D’ALf, P. D1 CESARE,
B. Espositro, P. Giusti, T. Massam, R. Nawxia, F. PacMoNari, G. SARTORELLI,
¢. Varent: and A. Zicuicai: Nuove Oimento A, 58, 193 (1980).

(®) M. Basite, G. Cara Romeo, L. CrrarniLi, A. ContiN, G. D’ALf, P. D1 CESARE,
B. Esposito, P. Grusti, T. Massam, R. Naxta, F. PaLmMoNaARI, G. SARTORELLI,
G. Varenti and A. Zicmicui: Leff. Nuovo Cimento, 29, 491 (1980).

(°) M. Basiug, G. Cara RomEeo, L. Cirarnrrr, A. CoNTIN, G. D’ALf, P. DI CESARE.
B. Esposito, P. Grustr, T. Massam, R. Nawnia, F. Parmonari, G. SARTORELLI,
M. SeineTtI, G, SUSINNO, G. VALENTI and A. ZicHicHI: Phys. Lett. B, 99, 247 (1981),
() M. BasiLe, G. Cara RoMEo, L. CirareLLi, A. CoNTIN, G. D’AL{, P. D1 CESARE,
B. Esposiro, P. Grustr, T. Massam, R, Nanxia, F. PALMONARI, G. SARTORELLI,
M. SPINETTI, G. SUSINNO, G. VALENTI and A. ZicuicuI: Lett. Nuovo Cimento, 30,
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hadronic systems produced in low-p,, high-energy, (pp) interactions. The
«leading »-particle effect has also been applied to identify the presence of a high-
energy proton, in order to search for new baryonic states (1*14) in (pp) interac-
tions. In this study, without the «leading »-particle effect, it would be impos-
sible to identify 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 hadronie reaction, it is
in fact necessary to disentangle two phenomena,

i) the «leading »-particle effect and
ii) the multihadron produection mechanism,

in order to understand the intrinsic features of both effects.

In this paper we present a review of the «leading »-particle phenomenon.

In sect. 2 we give a definition of the «leading » particle and of the variables
used; in seect. 3 we show that in ete~ — 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-hadron interactions is given in sect. 5. Con-
clusions are finally given in sect. 6.

389 (1981).
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2. — Definition of the «leading » quantity « L ».

Congider the inclusive reaction
1) a-+b — ¢-|-anything .

Particle ¢ is a «leading » particle in reaction (1) if, on the average, it carries
a sizable 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 z.

Let E_and p, be the energy and momentum of particle ¢ in the final -state;
B__and p_, the kinematic bounds for F_and p, in reaction (1). The currently
used fractional variables are @, and &, ’l‘he first variable has been introduced
by FEYNMAN,

(2) wF = pL/pL,,max Y —1 < a?F< 1’

where p, is the momentum component of particle ¢ along the projectile direc-
tion in the centre-of-mass system for reaction (1); @, ranges from —1 to + 1,
the negative values corresponding to the so-called target x-region, the positive
values to the projectile wz-region.

The radial variable @, is the fractional energy defined according to

(3) .. wR = Ec/Emag ’ R 7 ) 0 <wR<1 .

For the sake of clarity, the type of # variable used will be explicitly indi-
cated throughout the paper.

The inclusive single-particle cross-section integrated over p,, used.in this
paper and referred to as F(x), is defined according to

28, &30 4
4/3 dw dpd P s
where /s is the total centre-of-mass energy.

In order to quantify the «leading »-hadron effect, we have defined the fol-
lowing quantity:

@ R =

() daw
(5) L@y, ®1, @) = %1——‘,
{ B () dw

where F(z) is the experimental invariant eross-section defined in eq. (4). "The
ranges of w, used are: @, = 0.2, #; = 0.4, ¥, = 0.8. They have been chosen
in order to minimize the effect of the diffractive production (z, > 0.8) and of
the central production (z, <'0.2).
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Fig. 1. — Inclusive production of hadrons in (ete~) annihilation. @) The cross-section
(s/p)(do/dmg) ws. @y for (nt+w), (K¥4+K7) and twice the P yleld for 4/5s=5 GeV
(vef. (*5)). b) The cross-section s(do/dw,) for inclusive charged-particle production
measured at energies of 5 to 30 GeV (ref. (1%)).

(*3) DASP CorraBorATION (R. BRANDELIK ef al.): Phys. Lett. B, 67, 358 (1977).

(1%) G. Worr: DESY 807/13°(1980). Quoted data are taken from i) DASP COLLABORA-
110N (R. BRANDELIK et al.): Nucl. Phys. B, 148, 189 (1979); ii) G. J. FELDMAN and
M. L. PErL: Phys. Rep., 33, 285 (1977); iii) TASSO CorrAaBORATION (R. BRANDELIK
et al.): Phys. Lett. B, 89, 418 (1980).



134 M. BASILE, G. CARA ROMEO, L, CIFARELLI, A. CONTIN, G. D’ALf, ETC.

3. — Hadron production in (ete~) 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 (ete™) annihilation exper-
iments: according to the experimental results obtained up to the highest
energies studied so far, (¢"e”) annihilation does not produce hadronic systems
with a «leading » hadron. This is shown in the data reported below.

Tigure 1la) shows the inclusive cross-section (s/f)(do/dwy) vs. @, = 2ENs

100 ¢ B A
X DASP5,2GeV| - =

o TASS012 Gey {#*T

e TASSO 30 GeV -]

m JADE 30 GeV |prelim-

%
o OF ﬁ E
@ - *$ .
(&) ~ b -
..g- - -
= = X e
o F s% % -
E(::" (= % * -
0,1 ! | : | ! | ! |
0,0 0,10 0,20 0,30 0,40
x=2E/ W

Fig. 1. — Inclusive production of hadrons in {ete~) annihilation. ¢) The scaled cross-
section (s/B)do/dw for charged pions (ref. (1718)).

(") D. PanpouLAs: Proceedings of the XX International Conference on High-Eunergy
Physics, Madison, Wis., 1980 (New York, N.Y., 1981), p. 596.
(*®) TASSO CorraBoraTION (R. BRANDELIK et al.): Phys. Leit. B, 94, 444 (1980).
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for =%, K+ and P measured at DORIS by the DASP Collaboration (1) at
Vs = 5 GeV. The experimental points for 7, K and § have the same @y, distri-
bution, peaked at #, = 0 and falling off steeply at a large value of x,. No
hadron shows a «leading » effect.

Figure 1b) shows a compilation (*) of the inclusive cross-section s(do/dz,)
vS. @, = |p|/|Pyom| for charged particles with 4/s ranging from 5 to 30 GeV.
The secaled cross-sections (s/f)(do/dx) vs. x = 2E/W are shown for charged
piong (¥*8) in fig. 1¢), for charged and neutral kaons (1) in fig. 1d) and for

173
: \ x K+K° S LBL W=68-76 GeV]
- ’ Kjﬁ,} TASSO -
B \ & K+K W=30 GeV A
- §\a k% K°  PLUTO _
| \
& 0] % \ ~
> - + 3
[ H] - -
o N \\ i
£ = + N -
3. n -
A
o =

:l—%_, 1 % Q% <+ T >
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041 ] | I 1 | | ]
0,0 0,10 0,20 0,30 0,40

x= 2B/ W

Fig. 1. — Inclusive production of hadrons in (ete-) annihilation. d) The scaled. cross-
section (s/B)de/dx for neutral and charged kaons (ref. (1719)). The average pion cross-
section is shown as the solid curve.

(¥*) V. LttH, F. M. PierrE, G. S. ABrams, M. 8. Aram, A. M. Bovarski, M. Brer-
DENBACH, W. CHINOWSKY, J. DorFAN, G. J. FELDMAN, G. GOLDHABER, G. HaNsON,
J. A, Jaros, J. A, Kapyg, R. R, LarseEN, A, Litke, D. Loke, H. L., LyxcH, R. J.
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protons and antiprotons (120) in fig. 1¢). The distributions in fig. 1¢), d) and ¢)
are similar to the one in fig. 1¢). They all clearly show a trend that is opposite
to the «leading »-particle effect. This is quantitatively expressed by the values

100 ——— N
—~ 10 , .
o~ = .
> o +P 112 GeV| + .
- - PP m3OEﬁV}TASSO .
> -H, :
= | -
s | ~ -
g | \\\\\\ <Tm >
— 1k \\ / 3
: <\ E
0,1 ! I ! I ! 1 |
0,0 0,10 0,20 0,30 0,40

x=2E/W
Tig. 1. — Inclusive production of hadrons in (e*e”) annihilation. e) The scaled cross-

section (s/f) do/dx for protons and antiprotons (ref. (1%20)). The average charged-pion
cross-section is shown as the solid curve.

of I which are always below 0.5. A summary of all L values is shown in table I.
The value of « L » has been calculated on the distributions of fig. 1a¢ and 1le).

Maparas, H. K. NeuyeN, J. M. Parerson, M. L. Peri, 1. Prruzzi, CE. PEYROU,
M. Piccoro, T. P. Pux, P. Raripis, B. Ricarrr, B, Sabpovrer, R. H. SCHINDLER,
R. H. ScawitTERS, J. SiEcrisT, W. TanEnBaUuM, G. H. TriiriNGg, F. Vannuvccer, J. S.
WaiTAKER and J. E. Wiss: Phys. Lett. B, 70, 120. (1977).

(2°) TASSO CorraBorRATION (R. BrRANDELIX ef al.): Phys. Lett. B, 89, 418 (1980).



THE ¢ LEADING »-PARTICLE EFFECT IN HADRON PHYSICS 137

TaBLe I. - Value of the «leading » quantity « L » measured for various types of hadrons,
i.e. nt, n-, KT, K7, p, D, produced in ete~ interactions.

Reaction «L»

ete~— mt(w~) +any 0.3 4 0.1
ete~— KH(K7){-any 0.3 4- 0.1
ete~—p(p) -+any 0.3+ 0.2

4. — The «leading »-hadron effect in purely hadronic interactions.
The following processes have been studied at ISR energies (?1%¢):

(1] pp — p+anything,
[2] pp — n+-anything,
[3] pp — A+anything,
(4) [4]  pp — X -anything,
[5] pp — X +anything,

[6] pp —P +anything,

7 pp.—> A-+anything.

In order to compare those data with lower energy, we have studied the data
taken on a fixed target (hydrogen) at incident-proton momenta of 100 GeV/e.
Moreover, we have extended our study to other incident particles- and even
lower energies. This comparison is important for two reasons: i) it allows us

(21) J. EwGLER, B. GIBBARD, W. ISENBECK, F. MonNIvG, J. Morirz, K. Pack, K. H.
Scamipr, D. WEGENER, W. BarTEL, W. FLAUGER and H. ScaoPPER: Nucl. Phys. B,
84, 70 (1975).

(*2) P. CaprLupPl, G. GIACOMELLI, A, M. Ross1, 6. VaxNinI and A. BUSSIERE: Nuel.
Phys. B, 70, 1 (1974).

(33) M. G. Arsrow, A. Baccmus, D. P. BARBER, A. BoGAErTS, B. B0OSNJAKOVIC,
J. R. Brooks, A. B. CLEag, F. C. Erxg, C. N..P. Ger, D. H: Locks, F. K. LOEBINGER,
P. ¢. MurpHY, A. RUpGE and J. C. 8ENs: Nucl. Phys. B, 73, 40 (1973).

(2 8. EruaN, W. LOCKMAN, T. MEYER, J. RanpEr, P. ScmLEIN, R. WesBe and
J. ZseEMBERY: Phys. Leit. B, 85, 447 (1979).
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to measure the energy dependence of the quantity « Ly; ii) it allows us to see
whether « L » varies when different hadrons are used (=, K, p, D, ete.). The
reactions investigated at 100 GeV/c are (*%%):

{8l pp — p-+anything,
(9] pp —> Ptanything,
[10] pp — w-t-anything,
B [11] pp — n~--anything,
[12] pp — K*-}-anything,
[13] pp — K~ +tanything,
[14]  Dp — p+anything,
(0) [15]  Dp —m*-|-anything,
[16] Pp — p--anything,
[17] ©p — ©~--anything,
(D) [18] 7—p — wt-f-anything,
[19] 7p —> p-anything.

(%) A. E. BRENNER: Proceedings of the Seoul Symposium on Elementary Particles,
Seoul, Korea, 1978 (Seoul, 1979), p. 709.

(26) J. R. Jounsoxn, R. KammervD, T. OHSUGI, D. J. Rircuie, R. SHAFER, D. THERIOT,
J. K. Warker and F. E. TavyrLor: Phys. Rev. D, 17, 1292 (1978).

(?) C.P. Warp, D. R. Warp, R. E. ANSORGE, J. R. CarTER, W. W. NEALE, J. G.
RUSHBROOKE, B. Y. Om, M. Prarap, G. A. Smiry, J. WHITMORE, R. Raja and
L. Voyvopic: Nucl. Phys. B, 153, 299 (1979).

(28) J. WmrTMoRE, B. Y. Om, M. PraTAP, G. SIONAKIDES, . A. SmrtH, V. E. BARNES,
D. D. Carmony, R. 8. CurisTIAN, A. F. GARFINKEL, W. M. MORSE, L. K. RaNGAN,
L. Voyvopic, R. WarLker, E. W. AxpErsoN, H. B. Crawrey, A. Firesrone, W. J.
KEeRNAN, D. L. PARKER, R. G. Grasser, D. G. Hir, M. KazoNo, G. McCLELLAN,
H. L. Price, B. SEcHI-ZORN, G. A. Svow, F. SviRECK, A. R. ErwIN, E. H. HARVEY,
R. J. Loveress and M. A. ToupsoN: Phys. Rev. D, 16, 3137 (1977).

(#*) P. D. Hiceins, N. N. Brswas, J. M. Biswor, R. L. Borpuc, N. M. Cason, V. P.
KeNNEY, R. C. Rucati, W. D, SmEpHARD, W. D. WALKER, J. S. Loos, L. R. ForTNEY,
A.T. Gosmaw, W. J. Roeertson, E. W. AxpersoN, H. B. CRAWLEY, A. FIRESTONE,
R. Froyp, W. J. KErNAN, J. W. Lausa, D. L. PsrkEr, G. A. SNow, B. Y. Oxn,
M. PRATAP, -G S10NAKIDES, G. A, SmitH, J. WHITMORE, V. SREEDHAR, G. LEVMAN,
B. M. Scawarzscuirp, T. 8. YooN, G. HartNER, P. M. PaTEL, L. VOYVODIC and
R. J. WaLkER: Phys. Eev. D, 19, 731 (1979).
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At 70 GeV/c of beam momentum the following reactions have been studied (30-31):

[20]  K*p—>c*+tanything (¢ is a positively
() [21] K*p ->nfanything, Crareed rarticle)
[22] K*p — p-+anything.

The following reactions:

[23] K™p — ¢+4-anything,
F
(F) [24] 7tp — @J-anything

have been studied at even lower energies (32), 4.e. at 10 and 16 GeV/c (reac-
tion [23]) for K~ momenta and 16 GeV/c (reaction [24]) =" momentum.
Finally the following reactions (3%-45):

[25]  yp — p-+-anything,
(@) [26] vp — o-+anything,

[27]  yp — ¢+anything

(3°) M. BarrH, C. DE CLERCQ, A. E. D Worr, J. J. Dumoxnt, D. P. Jonxson, J. LE-
MONNE, P. PEETERS, R. ConTRI, H. DREVERMANN, L. GERDYUKOV, Y. GOLDSCHMIDT-
CLERMONT, G. HARIGEL, C. MILSTENE, J. P. PorTE, R. T. Ross, P. THEOCHAROPOULOS,
C. Caso, F. FonrtanerLr, R. Monge, S. SQuarcia, U. Trevisan, J. F. Bavaxp,
J. BEAUFAYS, J. KESTEMAN, F. GRARD, P. A, VAN DER PoEL, L. GatiaNoN, W. K1TTEL,
W. J. MerzGER, D. J. ScHoranus, A. StErciou, R. T. Vax pE Warre, Y. BEro-
KOoPITOV, P. V. CuHLIAPNIAKOV, A. FENUYK, V. KUBIC, 8. LugovskKy, 8. G. NIKITIN,
V. NIKOLAENKO, Y. PETROVIKH, V. RONJIN, O, TcHIRILEV and V. YarBA: Z. Phys. C,
7, 183 (1981).
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have been investigated at incident-photon momenta of 9.2 GeV/e for ¢ and o
and 25.7 GeV/e for ¢.

‘Reactions (4) and (B) are of the baryon-baryon type. Reactions (€) are
of the antibaryon-baryon type. Reactions (D), (£) and (F) are of the meson-
baryon type. In this latter class we include the (yp) processes (reactions (@)
because the « photon » is-in faet a virtual vector meson and it allows us to
extend our meson-baryon studies.

4'1. The energy dependence of the «leading» quantity « L». — A gtudy of
the quantity L wvs. the total c.m. energy of the colliding protons has
been made, using Intersecting Storage Rings (ISR) data from /s = 22 GeV
to 4/s = b3 GeV, for the inclusive neutron production (2!). No data are avail-
able for other hadrons in a wide energy range. This study shows that the quan-
tity L, for the «neutron » case, scales. We have, however, pushed our study
Dbelow the ISR energies, using Fermilab results at vs = 13.7 GeV c.m. energy.
Comparing proton data at v/s = 13.7 GeV with those at /s = 62 GeV, the
maximum variation of the quantity L is found to be ~ 509,. However, this
can be accounted for by strong variation of the « central » production of « pro-
tons » 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 hadrons. ~ As the main purpose
‘of this section is to study the «leading » effect vs. different types of hadrons
in the initial state, we will not include here the ISR results. The data obtained
in. (pp) collisions at ISR energies will be reported in subsect. 4'4. The main
point to emphasize here is that the values of L for meson production at the ISR,
i.¢. in the highest-energy (pp) collisions, compare well with the values obtained
at 100 GeV/e.
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4'21. Baryon-baryon collisions. As mentioned above, the baryon-
baryon class is studied via the investigation of the multiparticle systems pro-
duced in proton-proton interactions at 100 GeV/e incident-proton momentum (25)

—F’P-‘JC*»X ! ! ! ]
- 100 Gevie G)Df=0.BGeV/cE
- ho¥]
10 3 \+ ’+.._.+... L E
C o TNy ]
T N ? .
| 1"}} i
% 1:~K+ + 7 *\+ -
SENG D \ G
5 iK‘+ ‘}\ L
A SN )
Ll _ﬁ \\\L + i
0.1 A\ \‘{ K\\ __
g T\\ \% . + é

0.0 1 I | \ | T
0. 02 04 06 08 X

Fig. 2. — Inclusive production of hadrons in (pp) interactions. The invariant cross-
section A(d%s/dp®) at 100 GeV/ec as a function of =y at fixed pyp= 0.3 GeV/e, for
p, =%, K& and P (ref. (29)).
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and at fixed p, = 0.3 GeV/c. The data are shown in fig. 2, where the inva-
riant H(d3o/dp3) inclusive cross-section for the production of p, n*, K+ and P
ag a function of «, is reported. Notice that the nominal centre-of-mass energy
is /s = 13.6 GeV. The x, distributions for =+, K+ and P are peaked at z, = 0,
and decrease with increasing x, values. The proton «, distribution is very dif-
ferent: it is depressed at @, = 0 and increases with increasing #;,. The value of
the «leading » quantity L is L ~ B for the proton; for all the other particles,
L ig 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

Reactions 8-13 p-p p . =100 GeVk
Np lab
(n° of 3r -
prepagating P
quarks )
5 | @ baryon
® meson
. k'
11 G@%
0 Ee :
p
0 1 2 3 A 5
L(2 4,.8)

Fig. 3. — 1,(0.2, 0.4, 0.8) for various final-state hadrons produced in pp collisions at
P, = 100 GeV/e.

increasing transverse momentum, the 2, distribution is still very different from
the produced particles’ distributions, as can be seen from fig. 4 showing data
from another speectrometer experiment (26¢). In fig. 4 the proton inclusive cross-
section is plotted as & function of x, for different values of p,: from 0.25 to
1.5 GeV/e. The experimental points at large «,, can be fitted at all p, >0.75 GeV/e
by the unique form (1 —x,)*% as shown by the full lines in fig. 4. The «lead-
ing » effect iy clearly present also in the large-p, domain,
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Fig. 4. — Inclusive production of hadrons in (pp) interactions. The invariant cross-
section E(d%¢/dp?) at 100 GeV/c as a function of @y at various p, from 0.25 to 1.5 GeV/e
for protons (ref. (26)). Open triangles at p,= 1.25 GeV/c are data at 400 GeV/e. The
dashed lines on the figure are hand-drawn to guide the eye through the data points;
the full line is the shape of the (1 —x)%% functional behaviour.

4'2.2. Baryon-antibaryon collisions. Note that in (pp) interac-
tions the baryonic number is B = 2 and it must be conserved. In order to
establish if the «leading » effect has something to do with the value of B, we
have studied, at the same centre-of-mass energy, a reaction where B =0, ..
(pp). Figure b shows data from a hydrogen bubble chamber experiment using
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100 GeV/c antiprotons (*"). Here the invariant cross-sections F(x) are plotted
as a function of w, for =+, p and P; backward =~ data have been averaged with
the forward =+ data. The antiproton , distribution has been determined, in
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Fig. 5. — Inclusive production of hadrons in (pP) interactions. Invariant cross-section
integrated over p, as a function of xy for =+, p and P as measured in 100 GeV/c P inter-
actions in a hydrogen bubble chamber. (Data from ref. (27).)
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the », range 0.4 <2, <1.0, nsing the do/dp,, cross-section from the same exper-
iment; it is, within errors, the reflection of the proton «, distribution at nega-
tive @, values. The produced pion &, distribution is peaked at o, = 0 and falls
off at large w, in about the same way as in (pp) interactions. As can be seen
from the data, both the protons in the x, <C 0 region and the antiprotons in
the #, > 0 region show a «leading» behaviour. The values of L are in fact

again an order of magnitude larger for P and p than those of the produced parti-
cles. ’

Reactions 14-15-16 P-p p =100 GeV/c
N tab
P
(n° of 3r p ——*—%p
propagafing
quarks )
2 =
-
tr i
® X=>0
0r | X X<,
0 1 2 3 L 5

L{.2,4,.8)

Tig. 6. — L(0.2, 0.4, 0.8) for final-state hadrons produced in P-p collisions at
Py = 100 GeV/o.

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 pregent 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, L <0.5.

42.3. Meson-baryon colligions. Let us now consider inferactions
where the incident hadron is a meson instead of & baryon. Figure 7a) shows,
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Fig. 7. — Inclusive production of hadrons in (wp) and (Kp) interactions. a) Invariant
cross-section integrated over p, as a function of xy for =+, =~ and p as measured in
100 GeV/e (n-p) interactions in a hydrogen bubble chamber. (Data from vef. (%%).)
b) The same as for (@)) using 100 GeV/e (x*p) interactions. (Data from ref. (%).)
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at 100 GeV/c m~ beam momentum, the 7+, =~ and proton inclusive invariant
distributions integrated over p, in (=p) interactions. The data are from the
30 inch hydrogen bubble chamber/wide-gap spark chamber hybrid system at
Termilab (2%2?), Here, both the proton and the n~ show a «leading» eifect.
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Fig. 7. — Inclusive production of hadrons in (mp) and (Kp) interactions. ¢) Invariant
cross-section at fixed pp= 0.3 GeV/c as a function of m, for inclusive production in
(K*p) interactions at 70 GeV/e in BEBC. (Data from ref. (331).) Shown is the zg
distribution of positively charged mesons e* (slow protons gubtracted) of =~ and of
the. target protons.
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The values of L for p and =~ are L >3 and L . ~ 2.5, respectively. Thege
results are shown in fig. 8. The only difference between the « leading» baryon
and the «léading» meson is that the latter is also produced abundantly at
;= 0. Notice that the value of L for =+ is much smaller than the n~ value,
as expected for a particle which is produced without any ¢ leading » effect.

Reactions 1741849 »p pldb=1OOGeV/c
N
P
(n° of 3r P %
propagating
quarks)
2r -6~ 1
1 -
® XF>9.
O L -O-f X X <O»
0 1 2 3 A 5

L(.2,4,.8)

Fig, 8. — L(0.2, 0.4, 0.8) for final-state hadrons produced in m-p at P,,, = 100 GeV/e.

Figure 7b) shows =+ and =- 2, distributions in (n*p) interactions at
100 GeV/c. It can be clearly seen that the m+ %, distribution closely resembles
the 7~ @, distribution of fig. 7a). Both sets of data come from the same experi-
ment (*) and can be directly compared: they show the same « leading » effect
for =+ and ®~. The value of L. is in fact the same as the L, _-mentioned above.

In fig. 76) the (K*p)-data obtained at 70 GeV/e by the BEBC Cellabora-
tion (*2!) are presented. Here the K+ are not resolved from the nwt. The o,
distribution of the positively charged particle ¢+ must, therefore, be compared
with that of the =~ and of the target proton. Although not resolved from =+,
the K* «leading » effect for @, > 0 is clear. Also the target proton «leading»
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effect for o, <0 is equally clear. The values of L, and of L are shown in fig. 9.

Finally we turn to vector mesons. These are not available in hadron beams,
but—because of their J*° quantum numbers—they-can be produced in photo-
production experiments. The reaction (yp) ean, therefore, be regarded as a bearm

Reactions 20-21-22  k*- =
N Reactions 20-21-22 k*-p Pab 100 GeV/c
P _
(n® of 3k —_——
propagating P
quarks )
2 3 "Q’—(‘-g.
1 F X - ® XF>0,
X XF<0‘
0 @-
0 1 2 3 L 5
L(.2,.4,.8)

Fig. 9. — (0.2, 0.4, 0.8) for final-state hadrons produced in X*p at P, = 100 GeV/c.

of p, w, ¢ and other vector mesons interacting with the proton. Figure 10
shows the « distribution of the vector mesons inclusively produced in the
reaction

(6) v+p - VLX,

The data are very limited; (p and «) photoproductions were studied at 9.2 GeV,
while ¢ photoproduction was studied at 25.7 GeV energy of incident photon.
The data are from various photoproduction experiments (33-%5).. The «leading »-
vector-meson effect is clearly visible in the almost flat « distribution in the
beam a-region #, > 0. The values of L are shown-in fig. 11. Notice the anom-
alously large leading behaviour of the w vector meson.
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Fig. 10. — Inclusive xy distribution of vector mesons in (yp) interactions: p meson
(ref. (*)) and « meson (ref. (®)) at y energy of 9.2 GeV. The o-meson distribution
(plotted with arbitrary normalization from ref. (%)) is for a y energy of 25.70 GeV,

4'3. The «leading » effect when the incident particle does not change its nature. —
From this review it iy evident that the «leading » effect is present in all hadron-
hadron interactions. This effect should not be mistaken for the diffractive peak
at ¥, (4,) =~ 1. The «leading »-hadron effect shows up in a very important -
range, typically from 0.2 to 0.8. This range is enough far away from the «cen-
tral» production, # ~ 0, and from the « peripherality » region, # ~ 1. The
initial-state hadron shows up in the final state as a «leading » particle, with
a nearly flat fractional energy or momentum distribubion (#,, #,). Notice
that the diffractive peak disappears for P2 0.7 GeV/e, but the «leading»
effect remains.
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Fig. 11. — I(0.2, 0.4, 0.8) for final-state vector mesons produced in yp.

The «leading » effect seems naturally connected with the « quantum number
flow » from the initial state to the particle in the final state. These quantum
numbers—flavour, J*° 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 sizable 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 sizable central production. In fact the ratio

(dofdz), o
(do/dx),~0.6

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 easier to recombine a quark-antiquark pair in order to obtain a meson
than three quarks (antiquarks) to obtain a baryon (antibaryon). In fig. 12a)
we show, for comparison, the values of F(x) vs. @, of different hadron beams
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Fig. 12. - a) @y distribution in the beam zg-region (vp> 0) for nt, K* and P incident
particles on the target protons.

on & proton target. The fits are superimpoged on the same figure so as to com-
pare the shape in the @, > 0 region. The curves are obtained from the data
of fig. 5 and 7. For n~, =t and K* mesons the contributions from centrally
produced mesons have been subtracted using, respectively, the w+, =~ and K~
distributions. For these particles in fact the « leading » effect in not present,
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and they provide a good check for the « standard'» production mechanism.
We have computed the value of the «leading » quantity « L » for the different
beam. particles excluding, as usual, the region below x, = 0.20 (dominated
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e T - 100 GeVie
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Fig. 12. — b) @y distribution for the target proton in the reactions (mp), (Kp), (PP).

by the central production) and above x, = 0.80 (to eliminate diffractive pro-
duction). The results are given in the first five rows of table II.

Figure 12b) shows a comparison of the «leading» pfoton in the target
r -region in reactions initiated by different beam particles.. The corresponding
« I » values, computed in the same x,-region as discussed -above, are reported
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TaBLE I1. — Value of the «leading » quantity « L » measured for various types of hadron

beams, i.e. nt, =, K*, p, P.

Reaction wp Tegion «L»

©tp —nt J-any >0 2.6+ 0.3
7p —> - +any >0 2.5+ 0.3
K*™p—K*+any >0 1.5 4 0.2
pp —>p -any >0 5 405
Pp —P +any >0 4.5 4 0.5
Pp —p Fany <0 4 +05
K*p—p +any <0 4 405
©p —p -+any <0 3 404

in the last three rows of table II. These data show that, no matter the nature
of the incident particle, the proton keeps its «leading» effect, as expected.
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Fig. 13. — The leading quantity (0.2, 0.4, 0.8) for various final-state hadrons in pp
collisions at ISR energies ((25--62) GeV) is plotted vs. the number of propagating quarks
from the incoming into the final-state hadrons. The dashed line is obtained by using a
parametrization of the single-particle inclusive cross-section, as described in the text,
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Tinally, 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 proton, a v+ remains a w*, ete. In the next subgection 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 ineident hadron which transforms itself into another
type of hadron? For example, a proton which becomes a A°? There is definite
evidence 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 ini-
tial-state hadron, the more the «leading » effect is present. As mentioned in
sect. 2, the quantity « L » scales in the ISR energy range. Therefore, the clean-
est way of studying the « leading » effect when a hadron changes its nature,
is to measure the quantity « I » for the various baryons produced in (pp) interac-
tions at the ISR (224), As discussed at the beginning of this section, the
reactions investigated were

(1]  pp — p-anything,
[2] pp — n-+tanything,
[3]  pp — A-anything,
[4]  pp —> X*+anything,
[5]  pp — X tanything,
(6]  pp — ptanything,

[Y]  pp — A-tanything.

Figure 13 shows the values of L for different hadrons produced in proton-
proton colligions in the ISR energy range from 25 to 62 GeV. The dashed line
is obtained using for I the functional form

P(@) = (1L —a)=,

where # is the number of quarks that need to be changed in order to give rise
to the final wanted hadron (¢-38). This allows a comparison of our «leading»

(%) D. DexearI, C. Cocurr, M. A. JaBror, C. LEwiN, L. Mosca, M. L. Faccini-
TURLUER,; D. ViLaxova, L. BEcker, U. GExscH, M. Barry, E. A. pE WoLr, M. GYSEN,
M. Vax Immerseern, C. Poirer, R. WiNnDMOLDERS, 1. V. AJINENKO, YU, ARESTOV,
A. A, Borovigov, P. V. Curraexrkov, V. V. Kniazev, E. A. KozrLovsxy, M. N,
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gquantity L with old parametrization methods where the F(z) was parametrized
as given above. The agreement is excellent. In table IIT the values of L shown
in fig. 13 are reported, together with the number of « propagating » quarks
corresponding to the final-state hadron studied. In fig. 13 the final states have
been grouped aecording to the number of quarks propagating from the initial
to the final state. For example, if we start with a proton, whose quark composi-
tion is (udu), and look at the A°® whose quark composition is (uds), the propa-
gating quarks are two (ud).

TasLe III. — ISR (pp) processes.

Initial state: proton (udu)

Final-state particle  Quark composition Propagating quarks L

1Y (udu) (udu) : 3.2 4+0.2
n (udd) (ud) 1.92 + 0.05
Al (uds) (ud) 1.02 4- 0.10
z+ (usu) (ua) 1.15 + 0.17
z- (dds) (d) 0.53 4 0.15
P (udu) nothing 0.30 4 0.05
Ao (usd) nothing 0.10 + 0.02

The regults shown in fig. 3, 6, 8 and 9, 11 and 13, have a common trend,
characterized by the number of propagating quarks: the value of I is the same
when the number of propagating quarks is the same.

Recent studies on heavy-flavoured baryon production in (pp) collisions (10-14)
clearly show the leading effect to be present also in A* and A production.

The presence of the «leading » effect, connected to the number of propa-
gating quarks, is clearly shown also by the investigation of the reactions

[23] K™p — ¢+tanything ,

[24] TP — ¢--anything .

UxHANOV, E. V. Viasov, H. DisoN and M. MarkyTax: Phys, Leit. B, 98, 127 (1981),
and references therein,

(*) D. Currs, R. 8. DuLupe, R. E. Laxovu jr., J. T. Massimo, R. MEUNIER, A. E.
BrenNER, D. C. Carey, J. E. ELias, P. H. GarBiNorus, G. MIKENBERG, V. A. PoLy-
CHRONAKOS, M. D. CurarATIA, C. DEMArzo, C. Favuzzi, G. GBRMINARIO, L. GUER-
RIERO, P. LaVora, G. Mage1, F. Posa, G. Senvacai, P. SpINELLI, F. WALDNER,
W. A1TKENHEAD, D, 8. BarRTON, G. W, BRANDENBURG, W. Busza, T. DOBROWOLSKI,.
J. I. Friepman, H. W. Kexpary, T. Lyons, B. NeLson, L. Rosexsox, W. Toy,
R. Verpier and L. Vorra: Phys. Rev. Lett., 43, 319 (1979). i
(%) J. 8. Gunion: Phys. Leit. B, 88, 150 (1979)..
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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~(su). Only one quark
propagates in this case. For reaction [24] there is no quark propagation when
going from a wt(ud) to a gp-meson (ss). The data (32) of fig. 14 clearly show a
« leading » effect for the ¢ produced in reaction [23]. The value of Lis L, ~ 4.5.
The «leading» effect is not present in ¢ production from reaction [24], as ex-
pected. The value of L is L,~ 1. It should be noticed that the value of L
increases with decresing energy of the incident hadron. This has a straight-
forward interpretation. At lower energy the « central » production is depressed.
This produces & smaller denominator in our definition of L. The purpose of the
analysis of reactions [23] and. [24] was to see if even at this extreme low energy
there was a clear difference in the I values for different numbers of propagating
quarks.

0.6 ) l ] ' ’ ¥ I ¥ T
®K p 10 GeV/c
XK'p 16 GeV/c
C(@ar*p 16 GeVic i

da

Sy
[mb / uni:{FXf.- ] % }% |
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-08 -0

4 00

04 08

Fig. 14. — Centre-of-mass wp distribution for inclusive production of ¢-mesons in-XK™p
and wtp interactions (ref. (32)).

5. — The «leading» hadron in leptom-hadron collisions.

In lepton-hadron reactions, ¢.e. (ep}, (up) and (vp) deep ineldstic scattering,
the energy available for hadron production is not the total centre-of-mass energy,
but only the energy lost by the lepton. According to the standard formalism,
we call (E — ') the energy lost by the lepton, @* the square of the four-mo-
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mentum transfer (changed in sign) and W the invariant mass of the final-
state hadronic system recoiling against the lepton.

Experimental results on the production c¢f hadrons from (up) deep inelastic
scattering experiments and from high-energy (vp)interactions are at present avail-
able——although not always with good particle identification. For our study we
haveused data on hadron production in (vp) and (Vp) charged-current events (29:49).
The data refer to exposures of the Fermilab 15 ft bubble chamber to broad-
band v and ¥ beams. The x, distributions of positive (h*) and negative (h7)
hadrons are measured both in the forward and in the backward hemispheres.
In the h+ sample, protons can be identified, either by ionization or by kine-
matical fitting to the final states, and their #, distribution can be derived.
The most significant data refer to the reaction Ip — p*--p-anything, at
W ~5 GeV (4°). These are reported in fig. 15. The ht distribution, as a func-
tion of x,, shows a flat behaviour in the recoil hemisphere (z, < 0), which
is not present in the h™ case. Such an effect can be explained in terms of the
presence of «leading » protons. In fact, for protons identified in the h* sample,
the a, distribution shows a plateau in the , < 0 region, thus providing direct
evidence of the «leading »-proton effect in (¥p) interactions. The value of L,
derived from the data of fig. 15, is L = 3.2 4 0.5. Similar features are
shown by (vp) charged-current events, as deseribed in ref. (®°).

The «leading »-baryon effect is also present in the inclusive x, distribu-
tion of the A® baryon produced both in electromagnetic and weak interactions.
As we have seen in subsect. 4’4, the A° is as «leading » as & 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 (vp) interactions:
the o, distributions have been normalized so as to compare their shape.
The A° exhibits a clear «leading» effect in electromagnetic (ep), and weak (vp)

(*®) J. BeLy, C. T. Corrin, R. N. Diamoxpo, H. T. FreExcH, W. C. Louis, B. P. Roz,
R. T. Ross, A. A. SEIpL, J. C. VANDER VELDE, E. WaANg, J. P. BEraE, D. V. BOGERT,
F. A. DiB1axca, R. Exporr, R. Hanrr, C. Kocuowskr, J. A. MaLko, G. I. MOFFATT,
F. A. Nezr1CcK, W. G. ScorT, W. SMART, R. J. CeENCE, F. A. Hargris, M. JonES, M. W.
PEeTERS, V. Z. PETERSON, V. J. STENGER, G. R. Ly~ncw, J. P. MarriNER and M. L.
STEVENSON: Phys. Rev. D, 19, 1 (1979).

(#*) M. DERRICK, P. GREGORY, F'. LOPINTO, B. MUSGRAVE, J. SCHLERETH, P. SCHREINER,
R. SinGER, S. J. BarisH, R. Brock, A. ExcLEr, T. Kigucui, R. W. KRAEMER,
F. Mzessing, B. J. Stacey, M. TaBax, V. E. Barxzes, T. S. CaArmaN, D. D. CARMONTY,
E. FERNANDEZ, A. F'. GARFINKEL and A, T. LAASANEN: Phys. Rev. D, 24, 1071 (1981).
(') V. Ammosov, A. AMrakuov, A, DENisov, P. ErMorov, V. GariEnko, V. KLyU-
KHIN, V. Koresaev, P. PirurHIN, V. SiroTENKO, E. SLOBODYUK, V. ZanTz, J. P.
Beree, D. Bocert, R. HaNFT, J. MaLKO, G. HarigerL, G. Morrar, ¥. NEZRICE,
J. WorLrsoxn, V. EFREMENKO, A. Feporov, P. Goricuev, V. Karranov, G. KLIGER,
V. Korgavov, S. KrurcminiN, M. Kusanrskev, I. MARHLYUEVA, V. SHEKELJAN,
V. SaevcuENKO, J. BELL, C. T. Corrin, W. Louis, B. P. Rog, R. T. Ross, D. SINCLAIR
and E, Wa~a: Nuel. Phys. B, 162, 205 (1980), and references therein.
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Fig. 15. — Inclusive production of hadrons in (¥p) charged-current interactions. The
centre-of-mass #, distributions for positive-charge particles (h*), for negative-charge
particles (h™), and for identified protons (ref. (19)).

and (9p), interactions. The best data for measuring L, are those for the
reaction

(28] N —> A°f-anything ,

referring to Fermilab 15 ft bubble chamber data at W~4.5GeV. However,
L,. can also be determined from data taken in a streamer chamber experi-
ment at Cornell for the process

[29] ep - A°’+tanything,
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at the energy W=~3 GeV. The values of I,, are reported in fig. 17. As men-
tioned above, the data show that the «leading» effect in A° production,
first observed in purely hadronic interactions, is also present in electromag-
netic and weak interactions. In fact, the A° production corresponds to a

0.1

=zl 11y
xlz‘%Hw

001

IR 0 1

Fig.. 16 — Inclusive production of the A® baryon m (N, (vp) and (ep) interactions.
Datd“from tef. (4‘) dre normalized to the same crogs-section.

SR AN s Froa

proton which transforms into a A? via the propagation of two quarks. The
value of L,, is as expected when the number of propagating quarks is two.

It is interesting to remark that also the energy dependence of L, follows
the trend already observed for the proton case (see subsect. 4'1). At ISR
energies, the value of L scales. At Fermilab energies, down to the energy -of
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reaction [29], the behaviour of L can be summarized as follows: the lower
is the energy available, the higher is the value of L.

® I-p W=4S5 GeV
O e-p w=3 GeV
ND 3k -
(n° of T
pro;ﬁaguﬁng 7 -
quaks) 2 | s
// AO
I8
/
;
1 /
!
‘Y
/
!
0!
0 1 2 3 L 5
L(.2,.4,.8)

Fig. 17. - L(0.2, 0.4, 0.8) for A9 productions in (¥p) and (ep) reactions. The dashed
line is the same as that described for fig. 13.

6. — Conclusions.

Thanks to the use of the «leading » effect it has been possible to compare (*?)
the production of multihadron systems in (pp) interactions and (e*e”) annihila-
tion. So far, the main trend had been that only high-transverse-momentum
hadronic interactions could be a source of comparison with (ete~) 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 inte the very
interesting domain of comparison with (ete~) and DIS.

- The study reported in the present paper shows that, when a hadron inter-
acks Wlth another pgui“jt_icie }J_éjdronicaaﬁlyf, efectfomagﬁetically, or weakly, a very
distinet feature emerges: the hadron, which is present in the initial state, keeps
a privileged role in the energy sharing with the other hadrons produced. This

11 — I1 Nuovo Cimento A,



162 M. BASILE, G. CARA ROMEO, L. CIFARELLI, A. CONTIN, G. D’ALf, ETC.

distinetive feature is measured by the «leading » quantity « L». Tt is found
that the value of this quantity is L ~ 3, when the number of propagating quarks
is 3. If the number of propagating quarks is 2, the value of L is L ~ 1.5. If
only one quark propagates from the initial to the final state, the value of L
is L ~ 0.5. When there is no quark propagation from the initial to the final
state, the particle produced has a value of the leading quantity L < 0.5. This
value of L holds true, also, when a hadron is procuced in (e*e~) annihilation.
Here no hadron has a privileged energy-sharing, .. there is no « leading »
hadron. In fact, in (ete~) annihilation, in the initial state, there ig 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, J%¢, ete. It is this quantum number
« flow » which generates the «leading » phenomencn. Even when the incident
particle changes its nature (for example, a proton becomes a neutron, or a A°,
or a AY), i.e. when the initial-state quantum numbers are not fully carried by
the final-state particle, the «leading » effect is still present.

The «leading » phenomenon, therefore, remains the cleanest effect, even in
brocesses in which 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 gpite of all
this, the «leading » effect shows up as a clear signature of simplifying unity.

For example, in deep inelastic lepton-hadron Scatbering, the target hadron
keeps a large fraction of the available energy. This is currently attributed to
the gluons, but it is simply a « leading »-baryon effect, whose significance in
terms of gluons is a matter of theoretical speculation, as the quantum number
« flow » mentioned above.

The use of the «leading » effect should be extended to the study of all ha-
dronic phenomena. Its application to the analysis of multiparticle hadronie
states produced in high-energy interactions will draw a more clear and more
uniform picture in the study of processes induced by different particles at
different energies.

® RIASSUNTO

Si presenta una rassegna mondiale dell’effetto di particella «leading » in fisica adronica.
Processi del tipo barione-barione, barione-antibarione, mesone-barione e fotone-barione
sono studiati e confrontati con la produzione di adroni da uno stato iniziale che non
contiene adroni. In quest’ultimo tipo di processi non & presente I'effetto «leading ».
8i dimostra che l’effetto di particella « leading » & sicuramente presente anche nelle
interazioni iniziate da neutrini con adroni nello stato finale. 8i discute infine I’impor-
tanza dell’effetto «leading » nella fisica adronica.
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SddexT « MaupyIomeil » uacTHbI B AAPOHNON drsHKe,

Pesiome (). — IIposomurcsa aHammz »ddexra « IEAEUpYIOmEit » YacTHIBI B aapOHHON
tuznxe, Mccnenyrores GaproH-Gapuommble, 6aprOH-aHTHOAPHOHEEE, Me30H-0apHOHHEEIS
M TpPOTOH-OApHOHHEIE IPONECChl. IIPOBOIMTCA CpABHEHHE C HPOIEccOM 06pazoBaHUSA
aApOHA H3 HAYAJIEHOIO COCTOSHWS, KOTOPOE HE COIEPKUT ampoHa. B 3TOM mociaemHeM
cnyiae 30GexT « IMEEPYOME » ¥acTHmBl OTCYTCTBYeT. ITokasbiBaerTcs, 4TO sddexT
« TAAMPYIOMIEH » YaCTHIIEI HMEET MECTO B aJPOHHBIX B3aHMOEHCTBUIX, HHUITUMPOBAHHEIX
HedTpuHo. OO6CyxmaeTcsa BaxHOCTH 3(pexTa « IMAMPYIOIIEH » YacTHOBI B aFPOHHOM
dusuxe.

(*) Iepesedeno pedaxyueii.
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