PO W I S .

UNIVERSIDADE DE

INSTITUTO DE FiSICA
CAIXA POSTAL 20515
01000 - SAQ PAULD - SP

~ BRASIL

IFUSE/P 415
fgéa%f?ime}§SE%¢M§

2 §IFUSP'/P—-4'!5

RN

DO QUARKS OBEY GENERAL STATISTICS?
by

M, Cattani and N.C. Fernandes

Instituto de Fisica, Universidade de S3o Paulo

Junho/1983




DO QUARKS OBEY GENERAL STATISTICS ?

By

M. Cattani and N. C. Fernandes
Instituto de Fisica, Universidade de $3o0 Paulo

C. P. 20516, Sao Paulo, Brazil

S UMMARY

Agsuming that quarks chey geheréi statistiés,_we propose a
non-relativistic approach that can describe sevéral properties of
hadrons : quark confinement, barvonic number conservation and 3-
quark saturation in béryons. In our formalism, which is_different
fror parastatistics, the assumption of three triplets of quarks

is not necessary.




(1-3 )deduced within a

About four decades ago, Gentile
thermeodynanical context, a general guantun statistical distribu-
ticn function for a system of M identical particles. He assumned
that the guantum states of an individual particle can be occupied
by a finite arbitrary number, g, of particles. The Fernmi and Bose
statistics would correspond to d = 1 and d == , respectively.

4
e have shown (4,5 ),

using the irreducible representations
of the symmetric gréup Sy in Hilbert space that, besides the usual

one-dimensional hoson ( ¥, ) and ferrmion ( Y, } states, also gene-
. =4 . -

.PL
ral intermediate states { ¥ )}, corresponding to subspaces with @i-
mensions going from 22 up to ( ¥ - 1 )2 } are compatible with the
postulates of Quantum mechanics. There was established a one-to-

one cerrespondence between the Young shapes and the wavefunctions

with well defined symmetries in Hilbert space. The first to note

the need of extending the definition of the one-dimensional wave-—

(6

functions was Okayama However, he has obtained multi-dimen-
sional wavefunctions where the over-all irmplied syrmmetries are not

clearly displaved. Irproving their results, we have written, in a

T -dimensicnal subspace, the state vector ¥, as an orthonormalized

T —vector. Thus, there is a quantization of the system for each

shape. For these subspaces there is a Geometric Superselection Rule

(70,

(GS8R) transitions between different irreducible sub-

spaces are forbidden ". Then, by adopting a somewhat new second

quantization procedurs, it was also established that -

1) Boson and fermion creation and annihilation cperators cbey the

.2 .
usual bilinear commutation relations.
2) For the general states, the commutation relations have a multi-
linéar matricial forr governed by matrices depending on the structure
of the irreducible manifolds. These relations indicate that N parti-
cles described by Y states are strongly correlated, forming a single
cluster.

3) The state vector Y does not have a pure fermionic or bosonic beha-
viour, but it is a fermion~boson hybrid. The cccupation number d for
Y states runs from 2 up to N - 1.

_The quantum mechanical and field theoretical approaches are
known to be eguivalent in the case of Bose and Fermi fields €71
We are not aware, at the moment, of a method for extending cur gene-
ral states appreoach to the study of relativistic phenomena. Anyway,
we must expect that, in a non-relativistic limit, the gquantum field
theoretical results should be reproduced in terms of our wavefunc-
tions and commutation relations. Nevertheless, if we try to transia-
(8)

te the usual parastatistics field theoretical results into

our quantum mechanical language, we verify that, from a symmetric

group point of view, it would be hard to accept (53

the parabo-
sen and parafermion concepts in gquantum mechanics.

At this point a natural questicn arises : the remaining sha-
pes associated to the hybrid states Y correspond to what kind of
particles ( by particles we mean a particle or a gquasi-particle )} ?

In this note, particles represented by Y states, will be na-

med gentileons. Although there is a wide collection of possible in-

termediate states, many internal quantun numbers. such as.spin, iso-



£

.3 .

SPin and others arising from internal symmetries or dynamical argu-

‘ments can be used to drastically reduce the available number of

states ( 9'). These selection rules would depend on the specific

gentileons constituting the system. If we have only N = 3 gentj-~
lecns, there is only one intermediate four-dimensional state, which
was carefully analysed in our previous work ( 4,5 ). For M = 2

!

there is no intermediate state and the system is represented by YA

or YS .

Let us consider now the collision preoblem of two systems with
gentilionic internal structures. System 1 is composed by Nl genti-
)

1
whereas the system 2, corposed by Hy gentileons, is characterized

leons with internal symmetries defined by the Young shape Sp (N

by the Young shape Sq { Hz ). The gentileons are assumed to be identi-

" cal and their total number ¥ = H, + M, is conserved during the col-

lision. By taking into account the Geometric Superselection Rule

{ Gs R), we verify that the symmetries of the internal states are

. conserved :

-
S, (M) 45 (N) & s, (u

1 ) q ' 2 )

The ensuing consequences follow from this symmetry conservation law:
two systems cannot coalesce and a free gentileon cannot be absorbed
or emitted by a system. This suggests that, at least in a non-relati-
vistic approach, gentileons cannot escape from a system. They couid

be, for instance, dynamical entities as guantum collective states or

particles so strongly correlated that they would be unable to appear

- freely. Anyway, they could be understood as " confined entities *

and it is with this spirit that we pursue this note. This would ex-

. 4.

plain why only bosons an&.fermions have been ohserved in_laborato—
ries ané why gentilecns have never been detected as free elementary
particles in the physical world. It is implied that, if we héve a
set of identical systems, each one consisting of ¥ gentileons, and
if we identify the evolution space with the group itself with res-
pect to which the systems are elementary ¢ 10 ), only two descrip=-
tions are possible : bosonie or fermionic.

As an application of the geometric reasoning developed above;
let us consider now.the standard SU( 3 ) model of strongly interac-
ting particles in a non-relativistic approximation for the internal

dynamics t1nn ).

If we assume that the fundamental triplet ( n P A}
associated with a baryon is constituted by spin-~half gentileons des-—,
cribed by a four-dimensional hybrid Y defined on SU( 3 ) space, se-
veral interesting possibilitieé are suggested. Naturally, since ¥

is not necessarily symmetric or antisymmetric vnder permutations, no
specific symmetrisation is required for its radial pa;t. Also, by
adopting a Y state for the description of { np & ) in SU{ 3 ) spa-
(4, 5)

ce, it is easy to see that we get the possibility of acco-

modating twoe identical particles in the same gquantum state, without

assuming parastatistics t12)

(13 )

or the existence of three triplets

of guarks
It is worthwhile to note that according to GSR, this choice

for ¥ could automatically account for :

( a ) baryonic number conservation

{ b ) quark confinement and

{ ¢ } 3-quark saturation in baryons.




. 5.

Summarizing; we see that in a non-relativistic épproach, se~
versl fﬁndamental properties of barycns weould thus be ascribed to
the impossibility of transitions between equivalence classes defined
by the action of the symmétric group on SU{ 3 } components.

Hext, wé:want to spécialize the preceding discussion to mesons.
Te this effect, we point out that the set of accessible states of a
system composed of 3 gentileons is completely_inequivaleht to the
set which corresponds to a System compoéed’by 2 gentileons. This
extrenmely strong conditicn is the basis cof the entire discussion on
meson states. Structural differences between baryon and meson quark
contents are expected to occur. The mesons could not be constructed
with two flavours coming from the baryonic set ( np » ). Thus we
would be compelled to construct a ﬁéson by introducing a new set of
states. This new set: is naturally generated by the 3 representation
of sU{ 3 ). It is worthy to observe that quark confinement in me-
sons. should also be a conseguence of GER.

As a final remark, it must be emphasized that our general

results are not modified when the syrmmetry is extended to SU({ 6 J.

9

10 )

11 )

12}
13}
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