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HADRON JETS IN DEEP-INELASTIC UN INTERACTIONS
AND UNIVERSALITY OF THE JET PROPERTIES IN RELATIVE
FOUR-VELOCITY SPACE

A.M.Baldin, L.A.Didenko, V G.Grishin, A.A.Kuznetsov,
G.M.Maneva, Z2.V. Metreveli” , P.P.Temnikov

A new definition of the jets as clusters in the
four-velocity space has been used to make an invariant
analysis of the jet production processes in ¥N colli-
sions for the three energy intervals of the hadron
system: <W> = 3.5; 4.9; 8.0 GeV. The obtained results
are compared with the characteristics of the four-
d1mensxonal jets in various types of interactions:
PP, PP» # P 7 C, pC and pTa at energies from 6 to
205 GeV. The characterlstlcs of the four-dimensional
jets in soft and hard interactions are shown to be
universal, i.e., independent of neither the type of
the fragmenting system (p, p, 7, C, Q@ ), nor the col-
lision energy for Py, > 22 GeV/c (vﬁ* =W > 6 GeV).
The obtained result means that the hadronization of
the colour charges is determined by the dynamics of
their interaction with vacuum.

The investigation has b=zen performed at the Labo-
ratory of High Energies, JINR.

Ctpyn agpoHoe B rnyBokoHeynpyrux PN-B3auMmogencTenAx
M YHUBEPCAMNbBHOCTb MX XapakKTEpUCTUK B NpOCTpaHCcTBe
L4-mMepHLIX OTHOCUTENbHEIX CKOPOCTEM

AM.BanouH ¥ Op.

Ha ocHoOBe HOBOr'Oo oOIpefejieHHsa CTpYy# KaK KilacTepoB
B YETHPEXMEpPHOM HpOCTPAHCTBE OTHOCHTEJIBHHX CKOPOCTEeN
NPOBOOHTCS MHBAPHAHTHLIL aHANMHM3 CTPYHHOT'O POXOEHHA
anpouoB B VN ~CTONKHOBEHHSX [JIS TPeX HHTEpPBajioB SHEp—
ruu W agpouHoit cucremsrs <W>= 3,53 4,93 8,0 I'sB, lony-
YeHHbIE DesyiAbTaTh CPABHUBAKTCsa C XapakTepuCTHKaMH
YeTHPEXMEPHBIX CTPYH B DP4sMHUYHBX THIIAX B3aUMOOEHCTBHH:
pp, Pp, 7w p, 7 C,pTa, pC B ob6nacTu sHepruit oT 6 10
205 I'sB. TlokasaHo, 4UTO XapaKTEPHCTHKU UYeThpeXMEpPHbIX
CTPYH B MAI'KHX H XECTKHX B3aHMOJEHCTBHAX YHHUBEPCAIJIbHBI,
T.e. He 3aBHCAT HH OT THna ¢parMeHTHpYIOreH CHCTEMbl
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(p ,; s7,C, q), HH OT mepBHUHON SHeprum ans Prag >
>22 IaB/c (VS =W >6 I'sB). MNosryuennsri Pe3yIbTaT
O3HaYaeT, YTO AAPOHH3AUHA UBETHBIX 3apANOB ONpeHesIs—
€TCA HHHAMHKOH HX B3aUMOOEHCTBHA C BaKYyMOM.

Pabora BhnoHeHa B JlaBopaTopun BHICOKMX SHeprui
OUAH.

A new relativistic invariant method was suggested in
refs. 123/ 5 obtain the characteristics of the hadron
jets in soft hadron-hadron (*"p, pp, pp ) and hadron-
nucleus (#C, pC, pTa ) jinteractions in an energy range
of 6+ 205 GeV.

In this method the multiple particle production pro-
cesses

I +II~>1+2+3.... (&D)

are considered in the space the points of which are the
four-velocities u, =P, /m,, where P, are the four-momenta
of the particles divided by their masses m 3. The positive
invariant quantities having the meaning of the squared
distances in this space,

bﬂ = —(u i -.uk)2 = 2[(uiuk) -11, (2)

where i,k = I, II, 1,2,3..., are basic variables describing
the relative particle motion.

The idea of introducing the by, variables consists in
that the cross section of processes (1) have the following
properties: in definite domains of these variables the by
distributions decrease monotonously and rather rapid£¥
with increasing by . These properties are formulated "!’as
the correlation depletion principle (CDP), which results
in the fact that the distributions describing multiple
particle processes are factorized in the four-velocity
space blk, i.e. decay into factors assigned to different
clusters in this space.

In the present paper CDP has just been used to formu-
late a new approach to hadron jets: the jet is considered
as a cluster with relatively small b,y values in the re-
lative velocity space. The jet axis is determined as a
single four-vector V that is extracted from the condition
of minimum of the quantity:

Ib =-2(V ~u ). (3)
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Summation is performed over the particles belonging to
a separated group of particles. Quantity (3) is minimal
for

V=3 s u)?. 4
S 0y /V (2 ) (%)

In the pp, pp, #°p, » C, pC and pTa interactions the
hadron jets produced in the beam and target fragmentation
regions were selected using the relativistic invariant
method, and the DBy distributions of different particles
in the jets were studied.

The results of this analysis have shown that the pro-
perties of the four-dimensional jets are independent of
neither the type of the fragmentating system (=, p, P,0)
nor the collision energy for E > 22 GeV. These experimen-
tal facts have pointed out that the hadronization of
quarks, diquarks and multiquark systems at high energies
is identical in these variables and determined by the in-
teraction dynamics of colour charges with vacuum. In this
connection it is particularly important to apply the sug-
gested method to the processes in which, as is generally
agreed, the jets are produced due to the hadronization of
colour objects in vacuum. It is interesting to analyse the
properties of the hadron jets in deep inelastic lepton-
nucleon collisions in which, according to the presently
existing ideas, an "isolated" (knocked-out) quark and
a diquark the hadronization of which is similar to the
soft hadronization of quarks and diquarks in hadron colli-
sions (fig. 1) are produced.

To this end, we have analysed the hadron jet properties
using the experimental material on VN interactions obtai-
ned by the IHEP, ITEP, FNAL and Michigan State Uniservity
Collaboration.

The data on VN interactions were obtained with the aid
of a 15-foot bubble chamber filled with a neon-hydrogen
mixture (647 of Ne atoms) at the FNAL accelerator. The
chamber was exposed to a beam of muon antineutrinos with

-(+)
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Fig.1. The diagrams of vp interaction.
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a broad energy spectrum. A total of about 8000 interac-—
tions of the type

v +No-puty 3 hy
H

in which Eﬁ 2 4 GeV and Ex 210 GeV, in this case <E;:>=
= 35 Gev’4 » were measured. The events with Q%=-q2 3
21 (GeV/c)? and

1 =Q%eMy > 04, (5)

where q is the four-momentum transfer; M, the nucleon
mass; and v =EI;—-Eu+ » the energy of hadrons in the la-
boratory system, were selected to separate deep inelastic
UN collisions with valent u-quarks. To separate the mul-
tiple particle production region W was required to be w2 >
>9 Gev? (W is the total hadron energy in the c.m.s.).
According to these criteria, 2383 interactions were se-
lected. The conditions %Ze;= 0 or -1 and ne<l (e; is

the charge of secondary particles and n N the number of
secondary nucleons in the interaction) were used to ex-
clude nuclear effects which are due to cascade nucleon
reproduction in the nucleus. As a result, we had selected
about 1000 events of deep inelastic collisions with
valent u-quarks and W2 >9 GeV 2

It is generally accepted that in the PNcollisions the
particles with yf:>0, where yr is the hadron rapidity in
the c.m.s., are attributed to the knocked~out quark jet
and the particles with y*<0 to the jet of the diquark
spectrator. For the pion Jets selected in such a way (pro-
tons were not considered in this analysis)the jet axis was
found by formula (4) and the by distribution (3) of n~ -
mesons was obtained by analogy with the hadron-hadron and
hadron-nucleus collisions considered earlier. In order to
clear up the energy dependence of the pion by distribu-
tions in the »N collisions, the latter were divided into
three energy intervals: 1) W= 3+4 GeV, 2) W=4+6 Ggev
and 3) W > 6 Gev. Figure 2 shows the bkdistributions of
ntmesons (the »* and 7 by distributions are the same) in
the jets produced in the fragmentation of the knocked-out

tervals of the hadron system. In the by 22 region all the
distributions have an exponential character.

The average <b,> values and B slope distributions ob-
tained by approximation
dN/db, = Aexp(—bk/B) (6)
are given in Table |.
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Fig.2. The b, distributions of a* mesons in
N collisions in the fragmentation region

of current and target in different W energy
intervals. The solid lines shows the results
of approximating data by the exponential

dependence.
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Table 1

The average <by> values and B slope for nmesons
in VN collisions

W, GeV Current Fragmnetation Target Fragmentation

<bk> B <b > B
334 2.8 0.1 2.5 +0.3 2,54+0.12 2.22+0.26
4:6 3.22%£0.09 2.71x0.20 2.9140.13 2.58+40,26
<6 3.71+0.12 3.52+0.26 3.47+0,17 3.95%0.66

As is seen from the table, the average <b,> and B va-
lues are identical within the experimental errors for
the quark and diquark fragmentation at the same W energy
and grow with increasing W. In this case the average size
of the jet is equal to <by>= 3+4, In order to make a mo-
re exact comparison with the data on hadron-hadron and
hadron-nucleus collisions, the jets in the YN collisions
were selected by a cut off with respect to the variable
X in just the same way as this was done in soft hadron-
hadron and hadron-nucleus collisions. We denote the jet
production process in the®N collisions as follows:

u+N+Jq+JQQ, @))
where J ¢ is the knocked-out quark jet and Jgq the diquark

spectrator jet. The particles belonging to one or another
jet were selected with the aid of the invariant variables:

k
xg=(Paq-Py) /(B P ) 204, (8)
xb =@ P/ P ) >0, G

where Py =xPy+q, Puq=Q -x)Py. Here Py, Py are the
four-momenta of a nucleon and a k-th particle, the indi-
ces q(QQ show that the particle belongs to the jet of
either the knocked-out quark or diquark spectrator. In
addition, in order to separate the hadrons in the jet
overlap region, an auxiliary condition was used: yy2>0
for the quark fragmentation and y:~<0 for the diquark
fragmentation. The by values for 7 mesons thus obtained
for the three energy intervals are presented in Table 2.
The <by(n”)> values for the "N interactions are seen to
-coincide, within one standard deviation, with the <béﬂ’)>
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Table 2

Typc.o? Piap » (GeV/ce) Fragme?tation <b (r7)>*

collision W, GeV region
pp ZOSCJ§-=19.7) target fragment. 4.5 *0.1
7P 40(yS = 8.7) beam fragment. 4.21%0.03
7 C 40 beam fragment. 4,19+0.04
vN <W>=8 current fragment. 4.12+0,17
TP 40(¢§_= 8.7) target fragment. 4,0610.04
7 C 40 target fragment. 4.360.04
7N <W>= 8 target fragment. 4.16%0.30
Pp 22.4(yS = 6.6) target fragment. 3.95:0.03
N <W>= 4.9 current fragment. 3.6810.11
%] <W>= 3.5 current fragment. 3.17%0.11
vN W>= 4.9 target fragment. 3.4540.19

p(C3Hg)+pTa 10 target fragment. 2.1320.04
P 12(vS = 4.9) target fragment. 3.53%0.01
PP 5.7(¢E?= 3.6) target fragment. 3.21%0.01
wN <W>=.3,5 target fragment. 2,75%0.15

*Statistical errors are presented in the Table. The
systematic errors that are due to the incorrect identifi-
cation of positive particles are 5:10Z.

values for the soft jets in hadron-hadron and hadron-nu-
cleus collisions at equal energies vS = W in the c.m.s.

Figure 3 shows the main results of this analysis: the
average <b,> values pp, »p, »C, pp, pC,pTa and ¥N pro-
cesses are plotted against the energy VS W in the c.m.s.
The figure also presents the <b,>calculations obtained by
the LUND model’%/ for n~ mesons ipn_the beam target frag-—
mentation for 40 and 360 GeV/c (VS = 8.7,26 GeV) 7P colli-
sions which satisfactorily describe one-particle distri-
butions in the experimentalﬂ‘Pdata’w/. The average <b,>
values are seen to grow w1th 1ncreas1ng V8 = W, and for
V8> 6 Gev (b1132 = (VJ1 - ) > 10) they reach the

asymptotic The aVerage size of the pion jet is
<b,>=4,

regime.
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Fig. 3. The dependence of the average <by> values
of n” mesons in jets of various processes on \/S =W
in the c.m.s.

This analysis has shown that the b, distributions of
hadrons in the jets have a universal character in both
soft and hard particle collisions which is independent of
neither the type of a fragmenting system (N, ~,p,C,q),
nor the collision energy for P, > 22 GeV/c (v§ = W >
> 6 GeV).

Thus, we can conclude that the hadronization of the
quarks and diquarks in soft and hard particle interac—
tions in the 4-velocity space is universal, that is inde-
pendent of neither the origin, nor the properties of the
colour quark system. It seems to us that this universali-
ty is due to the interaction properties of colour charges
with vacuum and means that the colour charge hadronization
in vacuum is independent of the production process. The
asymptotic regime sets in at Eq(Eq ) > 3 GeV.

The QCD calculation of these digkributions as universal
parameters of strong interaction physics is of particular
interest.
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