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Summary. The method of removing the leading protons in order to
study the properties of multiparticle systems produced in pp inter-
actions is compared, in a direct way, with the standard method. The
experimental results show that the remarkable agreement between pp
interactions and ete~ annihilations, found by removing the leading
protons, is lost if the standard analysis iz adopted. This shows the
validity and the relevance of our method of subtracting the leading-proton
effects in order to understand the properties of multiparticle systems
produced in strong interactions. The experiment has been performed
using two values of the pp c.m. energy, (vs),, = 30 and 62 GeV.

1. — Introduciion.

The method (1) of removing the leading-proton effects, in the study of the
multiparticle systems produced in pp interactions, has provided a series of

(1) M. BasiLk, G. CaAra Romro, L. Ciraruiri, A. Contiv, G. D’Arf, P. D1 CESARE,
B. Esrosito, P. Grusti, T. MassaMm, F. PALMONARI, G. SARTORELLI, G. VALENTI and
A. Zicaicui: Phys. Lett. B, 92, 367 (1980).
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remarkable similarities (+7) with the simple and well-understood multiparticle
production mechanism of ete~ annihilation.

The purpose of the present paper is to present a straightforward comparison
of our new method (1) with the standard one. The latter method is based on
the notion that the energy in the pp c.m. system, i.e. v/s, is the basic para-
meter which characterizes the properties of our event. The new method (1)
is based on the notion that the basic parameter in a pp interaction is the
effective hadronic energy available for particle production. This is obtained
taking into account the quadrimomentum carried by the leading protouns.

2. —~ The experimental apparatus and data taking,

The experiment was performed at the CERN Intersecting Storage Rings
(ISR) using pp interactions at two c.m. energies, (V's),, = 30 GeV and
(\/ E)Dp = 62 GeV. The apparatus consisted mainly of a large-volume magnetic
field, the go-called Split-Field Magnet (SFM), coupled to a powerful system
of multiwire proportional chambers (MWPCs). A description of the apparatus
has been given elsewhere (8). The sef-up was used in the simplest possible
mode, ¢.e. the « minimum » bias trigger (17). For details on data taking we
refer the reader to our previous papers (*7).
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3. — Data analysis and resulis.

Two sets of data have been taken at two c.m. energies: (v/ 8),, = 30 GeV
and (V's),, = 62 GeV.

3'1. Data at (Vs),, = 30 GeV. ~ The number of « minimum bias» events
at (v/5),, = 80 GeV was 6473. These events have been analysed in the standard
way, i.e. the fractional momentum of a particle, produced in a pp interaction,
has been expressed by the standard variable

1) 2. = 21P]

where |p]| is the modulus of the momentum of that particle.

In order to avoid any contamination from the unidentified protons, the
inclusive: distribution has been done using only negative particles. This is in
fact the safest way to avoid aleakage of protons from the initial to the final state.

The inclusive distribution for negative particles is

1 dN(")

@ N G

where N is the number of events and dN(-) is the number of negative particles
in the interval dz,. The data are reported in fig. 1. This distribution has been.
compared with one half of the distribution for charged particles produced in
ete~ annihilation, i.e.

11 do(ete~ ->h*tanything)
20 dzp

(3) .
The factor } is there because only one sign of charge is considered. The ete~
data must, of course, be taken at the same c.m. energy, .. (V§)u.-=
= (27.4--31.6) GeV. The ete~ data (*), reported in terms of

do
(8)<a+<a' d—xR ]
have been. transformed into
1 do
o dap
using for. the ratio R the value (%)
__ o(ete” —hadrons)

= oot s pr) b

(® R. H. Wuk: DESY Report 80/124 (1980); R. BRANDELIK et al. (TASSO Corra-
BORATION): Phys. Lett. B, 89, 418 (1980):
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Fig. 1. — The inclusive fractional-momentum distributions of negative particles, for pp
interactions by using the standard analysis at (1/5),,= 30 GeV (o), by using the
method of removing the leading protons at (+/5),,=62 GeV and 2E,,,==(28 -32) GeV (e);
the ete~ data at (V@),+,~= (27.4 -31.6) GeV (a).

3'2. Data at (\/ §)pp = 62 GeV. — The number of «minimum bias » events
at (Vs),, = 62 GeV was 62270. The analysis of these data has been done
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using the method of removing the leading protons. The method has already
been deseribed in previous publications (7), where also the details about the
overall procedure concerning event selection, track selection and corrections
for detection efficiencies can be found.

The basic gquantity, in this method of analysis, is the effective hadronic
energy available for multiparticle produection, B, ,. If we call B, . the energy
of the leading proton in one hemisphere of the pp event, the quantity %, ,
is given by
(4) Bpu— Vb

1Y
- — Eleading’ .

2

The fractional-rnomenture variable is now

«_ Pl
b XTp = .
(8) 2=

The inclusive distribution for negative particles

2 dN (")

(6) N, da:

is determined in the energy range 2F, , = (28--32) GeV. This is the value
required in order to compare pp and ete~ data at equivalent energies. In
this effective hadronic energy range the number of pp events is 1471. The
factor two in (6) arises because the analysis is made in the hemisphere where
we can identify the «leading » proton, and it is a trivial normalization factor
to the full event.

The results (see fig. 1) are compared with the same distribution

11 do
@ 5 o day’
from ete~ at (Vs)..- = (27.4-31.6) GeV, already used to compare the
(Vs),, = 30 GeV pp data.

4. — Conclusions.

The results of the inclusive fractional-momentum distribution, obtained
using the standard method and our new method of analysis, are reported in
fig. 1 together with the ete— data.

The standard method of analysis, based on the c.m. energy in the pp
system, (V's),,, produces an inclusive fractional-momentum distribution which
clearly differs from the ete~ data.
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The new method of analysis, baged en the effeetive hadronie energy available
for multiparticle production, E, ,, shows a remarkable agreement. with ete~
data, at (v8)u,- = 2B,,,. This is a direet proof of the relevance and validity
of the method of subtracting the leading-preton effects in pp inberactions.

® RIASSUNTO

I1 metodo, da noi introdotto, di rimuovere i protoni «leading » nello studio delle pro-
prieth dei sistemi di particelle prodotti nelle interazioni pp & confrontato, in modo
diretto, con I’analisi ordinaria. I risultati sperimentali mostrano che il notevele acecordg,
tra interazioni pp e annichilazioni ete, che si ottiene rimuovendo i protoni «leadings,
non si ha pitt quando si esegue P'analisi ordinaria. Questo risultato mostra la validita
e Pimportanza del nostro metodo per capire: le, propriets dei sistemi di particelle pro-
dotti nelle interazioni forti. I esperimento & stato eseguito usando due valori dell’ener-
gia nel sistema c.m. pp, (v/5),, =30 ¢ 62 GeV.

CpaBHeHHe METOA2 YIAJIeHust JI/MPYIOINHX NPOTCHOB HPM NHCCIEAOBAHMM PP PeAKIpi
NpH, BHICOKHX SHEPrUAX CO CTAHJADTHLIM AHAJIH3OM,

Peatome.(*), — Meron ydanepus IHIAPYOIHEL, UPOTOHOB, UPY YCCHENOBAHMN ¢BOUCTE
MHOLOYACTHYHEIX CHCTEM, OODa30BaWHBIX B PP B3aMMOICHCTIBUAX, HEIOCPEICTBEHHQ
CpaBHUBACTCA QO CTaHIapPTHBIM METOAOM. SKCIIepI/IMeHTaJ'ILHI:Ie PE3yIbTATEL IMOKA3BIBAIOT,
YTO YIOUBHUTCIBHOC COITIACHEC MEKAYy Pp BBa‘I/]M‘OIEei/'I'C’FBI/I}TM[ﬂ u ete~ aI‘I'HI/Il=I/I:lIﬂH‘I/IeI71“,
oOHapyXeHHOE C NMOMOINEI0 METOAA YAAJICHHU JHAUPYIONMX IPOTOHOB, HCUYECSECT; €CImE
HCIONB3YeTCH; CTAHAAPTHEIE MeTOR. Jror GaxT ykassBAeT HP CUPAaBOVINBOCTE. W YMeCT-
HOCTH INPEAIOKEHHOT0 HAMH METOHA, W3BJICUCHES 5(GdeKxTOB IHINPYOIHUX IPOTOHOB
OJId HATCPIIPETALNA CBOHCTB MHOTOYaCTHYHEBIX, CUCTEM, oﬁpasox}a&mnﬂ( B CHJILHBIX B3aW-
mopeticTBuaX. IIpoBeHeH SKCIEPUMEHT C HCHOL30BAHMEM IBYX 3HAYEHWH Dp DHEPII
B CECTeMe LeHTpa Macc, (v/s),, = 30 u 62 TB.

™y ITepesedeno pedaryueii.
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