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Fields and States of Hadrons Extended
in the Microscopic Finslerian Space-Time
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From a consideration of extended hadron structure in the microlocal anisotropic
Finslerian space-time, the mesonic and baryonic states with their internal quantum
numbers such as strangeness, hypercharge, baryon number are construct®dz The
baryonic multiplets of baryons with spifj ¢ 5) h are generated from tH&U; mesonic
multiplets of mesons with spiph. The meson—baryon mass differences are also de-
rived here. The composite particle field of hadrons for the macroscopic space-time are
obtained. In particular, the meson field and one particle meson state are considered
here. These one particle hadron states of the macroscopic space-time also possess the
guantum numbers (strangeness, hypercharge, etc.) which are regarded as the manifes-
tations of the anisotropic nature of the microlocal space-time. The composite fields
constructed here are usable in the reduction formulae ofStheatrix approach for

strong interaction.

KEY WORDS: hadrons; microscopic Finslerian space-time.

1. INTRODUCTION

Recently, Adler and Santiago (1999) have modified the uncertainty princi-
ple from a consideration of the gravitational interaction of the photon and the
particle. This is also a standard result of the superstring theory. It follows from
this modified gravitational uncertainty principle that there should exist an abso-
lute minimum uncertainty in the position of any particle, and it is of the order
of Planck length. Several other authors (Ng and Van Dam, 1994; and references
therein) have also discussed the intrinsic limitation to quantum measurements of
space-time distances implying an uncertainty of the space-time metric as well as a
guantum decoherence for particles heavier than Planck mass. Thus, the space-time
can only be defined as averages over local regions and has no meaning locally.
This indicates that one should treat the space-time as “quantized” below a fun-
damental length-scale. Apart from this aspect, the geometry of the space-time
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itself at the microscopic scale might be different from that at the macroscopic
scale. In De (1997) the microscopic space-time was considered as an anisotropic
Finsler space, and for this space the classical field equation was obtained from
a property of the field on the neighboring points of the autoparallel curve. The
guantum field has also been derived there for the bispinor field of a free lepton
through the quantum generalization of this Finslerian microspace below a funda-
mental length-scale. In fact, in the process of quantization, the field transforms
into a bispinor which can be decomposed as a direct product of the two spinors
depending on the position coordinates and the directional arguments, respectively.
The former spinor corresponds to the field of the macroscopic spaces (the labo-
ratory Minkowskian space-time, and the large-scale space-time of the universe)
which appear as the associated spaces of the Finslerian microspace. This spinor
was shown to satisfy the usual Dirac equation with a cosmological time-dependent
mass term. The directional variable-dependent spinor for a constituent of the ex-
tended hadron-structure in this microlocal space-time, on the other hand, can give
rise to an additional quantum number for generating the internal symmetry of
hadrons. In De (2001a,b) the electromagnetic field and its interaction with lep-
tons have been introduced in the Finsler space, and by quantum generalization
of this space-time the field equations have been obtained. The lepton current and
the continuity equations were also considered. The form-invariance of the field
equations under the general coordinate transformations of the Finsler space has
been discussed there.

In the present article, we form the mesonic and baryonic states and their
internal quantum numbers such as strangeness, hypercharge, baryon number, etc.
explicitly from the structural aspect of extended hadrons. The hadron fields of
the macroscopic space-time are constructed here from their constituent fields of
the microlocal space-time. The asymptotic condition for the composite particle
field is also considered. The composite fields constructed here for the hadrons
can be used in the reduction formulae of tBenatrix approach for the strong
interaction.

We begin, in Section 2, with the construction of hadronic states with their
internal quantum numbers. The baryonic multiplets having the internal symmetry
group SU; are shown to generate from the meso8id; multiplets. The meson—
baryon mass differences are also discussed. In Section 3, the hadron fields of
the macroscopic space-time are constructed. In particular, the meson field and the
one particle meson state are obtained. The one particle hadron states do possess
the quantum number like strangeness, baryonic charge, and hypercharge which are
actually the manifestations of anisotropic Finslerian character of the microlocal
space-time in which the hadrons are extended. In the concluding Section 4, we
make some remarks on the earlier works involving two-body nonhypercharge
exchange as well as hypercharge exchange reactions in which the field theory with
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the perturbative technique is applicable and the postulates Sfiinatrix approach
for the strong interactions are relevant.

2. MESONS AND BARYONS

In the study of the geometry of hadrons it was shown earlier in De (1997)
that the internal symmetry algebra generated from the partial reflection group can
be made to be the internal symmetry grdslp, because the constituents in the
hadron configuration are in the internal spin-half angular momentum %h)
state. This internal angular momentum was shown to arise from the directional
variable-dependent part of the separated bispinor (lepton)#fiétdy). Also, the
reflection symmetry represented by the fixed values of the third component of
internal spin &) for the particle and antiparticle configurations fixes a preferred
direction (in the tangent space). Moreover, the internal helicities corresponding
to these fixedss values of the constituents can give rise to a conserved guantum
number (a conserved “charge”), and are related to the one parameterldyoup
Consequently, one can arrive at the inter8&k symmetry group which decom-
poses int&sU, ® U;. One such a consideration has been made by Bandyopadhyay
(1989) with the assumption of an interrfa:= %h orbital angular momentum by
introducing a preferred direction such tM@VaIues% h and—%h represent particle
and antiparticle states. There, the anisotropy is introduced through the magnetic
monopole, and in this space the inernal helicity has been connected with the
fermion number with only a special choice of the value of a quantum number
= % whereu denotes the measure of anisotropy. Also, the connection between
the internal helicity and the fermion number made by Bandyopadhyay in a com-
plexified space-time is valid only for massless particles because the formula for
helicity operator used therein will not hold good when mass is “generated” by
the imaginary part of the space-time. With this postulate of half orbital angular
momentum for the constituents of a hadron, Bandyopadhyay and Ghosh (1989)
have taken a baryonic multiplet corresponding to the internal symmetry &oyip
representing baryons with spgh to arise from the mesonigU; multiplet (with
spin 0) by a spinorial constituent having the symmetry grdupAs pointed out
above, in the present consideration the preferred direction arises in a natural way,
and in fact, it is the manifestation of the property of the fields in the Finslerian mi-
croscopic space-time of extended hadrons. In this scheme, we get a baryonic state
by the introduction of a constituent spinor with a specific intesgalalue (or a
specific internal helicity) in the configuration of a meson. In fact, the two opposite
s; values for this spinorial constituent correspond to baryons and antibaryons. In
mesonic state, the two constituents of it are in the opposite internal helicity states,
and consequently bears no signature of internal spin-half angular momentum (or
anisotropy of the internal space-time) outside the configuration. Specifically, the
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baryon number is supposed to be twice the sum of integnadlues of the spino-

rial constituents which are not Majorana spinors. On the other hand, the internal
quantum number “strangeness” is the sum of intesgafalues of the Majorana
spinorial constituents in a hadron. Also, we can get the “hypercharge” of a hadron,
which is the sum of the baryon number and the strangeness of it. Thus, the ad-
ditional non-Majorana spinorial constituents appearing in the configuration of a
baryon, with fixed internads values (or internal helicities) are responsible for the
baryon number of it. Introduction of a spinor (non-Majorana) with specific internal
helicity in the configuration of a meson gives rise to a baryon, and in fact, we can
have spin%h baryons from spin 0 mesons, s@h baryons from spin one mesons
and so on. In general, spif ¢ %)h baryons are constructed from sgin mesons.

As the spinor constituents which are responsible for generating baryonic multiplet
(of baryons of spin [ + %)h) having the internal symmetry grou®U; from the
mesonicSU; multiplet (of mesons of spijh) have the symmetry groug;, we

can regard this); group to be the baryon number generating group. Thus,

SU(‘?’)baryonsC u (3) = SU(3)mesons® U; (l)

The meson-baryon mass difference can be derived in exactly the same way as
done by Bandyopadhyay and Ghosh (1989). The supermultiplets which contain the
SU; multiplets of mesons and baryons corresponding to spin (%Iamdspectively
as well as for those of spim (vector mesons) and sp%h baryons in the massless
case are being constructed. In breaking this supersymmetry the meson-baryon
mass difference is obtained. The symmetry breaking has the group structure

Us; - SLeU®U; )

This generates the mass difference of the members of different isomultiplets of
the SU; multiplet as well as a mass difference between the highest massive meson
with hypercharge and the lowest massive baryon.

The supermultiplet for pseudoscalor mesons and %spibaryons is taken as

Tt >
Kt Ko p g0

7% n 0 A 3)
Ko K™ n E-

b >

The mass splitting oK — 7 as well as those for — N(Y = A, }"), andE — Y

are governed by the decomposition 8t — SU, ® U;. The group structure

Uz — SU, ® U; ® U; relates the mass split between the highest massive meson
with the hyperchargek , and the lowest massive barybin Sincel; group appears



Fields and States of Hadrons 1295

twice in this mass splitting, once in the Gell-Mann Okubo type spliy —
SU, ® U; and anothelJ; for boson fermion distinguishibility, one can have the
mass difference as twice the mass difference generat&ilhy> SU, ® U; split
giving rise toK — 7, Y(A, >_) — N, or E — Y mass difference. Now, if we take
the mass difference fof — N as

3m m
% — my ~ 230 Mev,
it is found that
my — Mg >~ 2 x 230 Mev= 460 Mev (4)

which is in agreement with the experimental value. Similarly, one can consider the
relation of masses among the vector mesons and %pidecuplet baryons. We
can have the following relation

ma — Mg+ 2 2(My+ — My) (5)

It is also in good agreement with the experimental results. It is to be noted that a

supermultiplet is feasible only for the case of massless hadrons, and the breaking
of this supermultiplet into meson and baryon multiplets (caused by any mass term

which, in fact, destroys the conformal symmetry) suggests that the whole spectra
of hadron masses are generated dynamically.

3. HADRON FIELDS AND STATES

We shall now construct hadron fields from the constituent fields of the
anisotropic Finslerian microscopic space-time. The constituents of a composite
hadronic configuration are situated at the neighboring points of the microdomain.
Actually, these constituents are considered to lie on the autoparallel curve whose
tangent vectors result from each other by successive infinitesimal parallel displace-
ments. The neighboring points on the autoparallel curve where the constituents lie
(or the corresponding fields depend) axé&,(v¥), (x* + dx*, v* + dv#), (x* —

dx#, v —dv#), ..., wheredx* anddv* are quantized, and these differentials
are related by (Rund, 1959)
dv' =y (x, 20" dx! (6)

wherey,ij(x, v) are the Christoffel symbols of second kind.
Also, these points are “space-like” separated, that is,

N dx*dx" < 0 @)

wheren,,, = diagt-1, -1, -1, —1).



1296 De

With the quantum generalization of the space-time we have earlier (De, 1997)
obtained the quantum field equations from the equations of classical fields by using
a property that the infinitesimal change of a field along the autoparallel curve is
proportional to the field itself. For the case of space-like separation this property
is expressed as follows:

SY(X,p) = Yv(xX+dx, v+dy) — (X, p)
(dx*9, +dv'd)) ¥r(x, v) = —w(x v) ®)

whered, = ;- andd, = ;2.
Here, m appearing in the constant of proportionality is regarded as the

“inherent” mass of the particle (lepton), ardis a real parameter such that

0< € < ¢, ¢ being a fundamental length. When the quantization is admitted in

two steps, namely,

() dx* — AX* =iey™(x),
(i) dv’ — AD" = —ieyy, (X, v)v"y"(X), (using the relation (6))  (9)

where y*(x) (w=0,1,2,3) are Dirac matrices for the associated curved
(Riemannian) space of the Finsler space, we have the quantum field equation for
¥ (X, v) which now becomes a bispingr(x, v) = {¥4s(X, v)}. The field equation

is

h{vs (08,08 (X, ) — Vb () Vi (%, V"0 e (X, v)} = MCPap(x, 1) (10)

The matrices () are related to the flat space Dirac matrices through the vierbein
V/(x) as follows:

yH ) = Vo' )v* 11)

Now, for a pseudoscalar meson whose constituents are a lepton and an antilep-
ton, lety ()@ andy (D) be the creation parts of the fields for particle (lepton)
and its charge conjugate antiparticle, respectively. Heamdg denote the spin
indices for the bispinor, and the indiceandb represent the internal helicities (or
thes; values). Similarly, the destruction operators for the particle and antiparticle
are respectivelyy (@3 andy (HED) The field operatorg ()2 andy (D)
are functions of nelghbonng line support elememxts { 1dx“ v 4 ldv“) and
(x* — zdx“ i — dv“) respectively, where the dlfferentladbd‘ satlsfy (7).
Specifically, the f|eld ofr® meson is constructed from the creation parts of the
fields ofu* and ™ or from those ob, andv,,; that of 7~ from the creation parts
of the fields ofu.~ andv,,, and so on. Now, remembering the procedure of quantum
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generalization in deriving the field equation (10), we can have

1 1
e (x“ +3 dxt, v & > dv“)
1
= {1 Gien(a, — wts e | v v

1
= <1i Eemc> YA, vH) (12)
whereA = («, a) or (8, b), andm is the mass of the constituent. For the neutrino
constituentsm = 0. Then the creation part of the pion field for the macrodomain
is obtained as

6 =C / A deT x ' (v, QT OED(x, )y Sy OEN (¢, 1) x(re)  (13)

whereC is an appropriate normalization factor. Here, we have used the relation (12).
The factors (1 %emc) are absorbed intg (v, €) andy (v, €) which are, respec-
tively, a probability density (a spinor or a column vector) and its adjoint. The
probability density may depend on the parameteFhis procedure of obtaining
the pion field of macroscopic space-time is similar to that of forming a lepton
field of this space-time through an “averaging” (De, 1989, 1991, 1997). Here, the
time-ordered product is represented by the synihol

Similarly, the other hadron fields of the macroscopic space-time can be con-
structed. For example, if a hadron is composed wofn2mber of lepton and
antilepton constituents (some of them may be Majorana patrticles) then the creation
part of the hadron field is given by

6P = C / A4y deT 11 (u, QPO (y, )y Sy OBbI(x, 1)

X x (2 €)x (v, €) - e (x, )y Sy OBy, )

x x (0 )x (v, €) - @ (g, p)y Sy OB )y (v, €)  (14)
For the case of odd numben 2- 1, of constituents, the creation part of the hadron
field is given by either

o) =cC / d*v deT xf (v, )pOera)(x, p)ySyOEubd(x, vy

X x (v, €)x (v, €) -y (x, )y Sy b (x )
X (v, )xT(w, €) - - YN (x )y Sy OEnbr) (x| 1)
x x(v, €) - xT(p, )yenan(x y) (15a)
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or
oi(x)=C / d* de Ty Oera(x, p)x (v, €)x (v, €) O (x, 1)y

x Py OEP (x vY -y (v, €)x T (v, )y Oa)(x, v)y Sy (NBabal(x 1)

< x (v, €)x (v, €) - - e, )y
x w(*)(ﬁn+1xbn+l)(2‘(’ Vx (v, €) (15b)

In fact, the two fields in (15a) and (15b) correspond to the hadrons which are
charge conjugate to each other. In the above expressions for the hadron fields of
the macroscopic space-time the fields of the constituents at the neighboring line
support elements of the Finsler space are replaced by thagseatly absorbing
the factors (& %emcj) (j being the positive integers) into the probability density
function x (v, €) and its adjointy (v, €). Also, for convenience, we have used
the same notationg (A (x, v) andy ()A(x, v) for all types of constituents, that
is, for charged muons and neutrinos (Dirac or Majorana). We can repface
in the above expressions for hadron fields by some other matrices according to
the transformation properties of the resulting hadron fields in the macroscopic
space-time.

Now, we can consider the case of separable field as in De (1997). That is,
whenthe fieldy (x, v) is separated ag(x, v) = ¥ (X)¢ ' (v) wherey (x) is the field
of the macrodomain which is the Minkowskian space-time, then for the present
case we have

YO, ) = (6PW) ¥ OO(x)

or
PO ) = Y T (E%>1/z o ad® TR, (16)
p
and
yOEO(x, p) = y OO ()@ (v)
or

1 [/ m\Y? -, .
V) =3 G (£) W@ an)
g v

where the four-moment@ and p’ are on the mass shell, that ip} = ws =

VP2 + m?andp® = wy = / P2 + m?inthe natural unit = h = 1. Here,cﬁ

andd- ppare the creation operators for the particle and antiparticle, respectlvely
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We are here considering the case of discrete momenta, and for this case the anti-
commutation relations are given by

{Cﬁ,a,av Cﬁ/ o, a/} = {dpoz a’ p o a} = 5pp 'Sora Saat (18)

wherec o 2 andd; « 2 are the destruction operators for the particle and antiparticle,
respectively. All other anticommutators are equal to 0. For the continuous momenta
the summatlons in (16) and (17) are to be replaced by the integrations, 1&1{}

b [ d3p.
y 27, R
In this case the anticommutation relations (18) are
(Chmar Cly o} = (dpwar Al ) = 8B — B)ouer b (19)

For the following discussion, if we take momentumto be contlnuous thenaproblem
of normalization regarding the one particle stat S 2l0) anddﬁ /0) is to be
faced with because of the anticommutation relations (19). In fact

(01CH aar Chgal0) = (O1{Chuar Ch g 2}10) =

But the problem can be resolved by “smearing” in the momentum space. With a
square integrable functiof( ) which is “concentrated” around a peak value one
can construct a state as a linear superposition:

clal0) = [ EPI(RICh, 10 (20)

Itis to be noted thaO|C o 4, Cf «.al0) becomes finite a(p) is square integrable.
The stata:Tf «.al0) IS NOW mterpreted as the one particle state. Keeping in mind all
these prescriptions for the continuous momentum case, we now proceed here with
the discrete momenta as in (16) and (17). For the constituents with zero masses
(that is, for neutrinos) the normalizations in (16) and (17) shoulglgen places
f otz ()Y

Y Now with the use of (16) and (17) one can find the hadron fields. For pseu-

doscalar meson field the creation part of it follows from (13). It is given by

2 1/2
$4(x) = v (m ) TT(B)y v (') €PrP)

5. p EPP

Gl g [ v den! (e Y WY Wx(w,
= CTy @A (x)y Sy OED () GEP)(¢) (21)

where

— 1 m 1/2T e
T =3 G () chaal®rer 22
B p
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and
(-)(B.b) 3 1o (m\" e g
1/[ ' (2,() = Vl/z E- dp ﬁbv (p)e~ (23)
g v

are the creation parts of the fields for the constituent particle and antiparticle,
respectively, in the macroscopic space-tiB&?)(¢) is given by

G@O(¢) = / d*vdex (v, )o@ )¢® W)x (v, €) (24)

(since the range of integration feris from 0 to¢)
Similarly, the destruction part of the meson field is found to be

PP (X) = C Ty HED) (x)y Sy (D@ () GED) (p) (25)

wherey (D@a)(x) and y (DED(x) are the destruction parts of the fields for the
constituent particle and antiparticle, respectively, in the macrodomain. Thus, the
meson fieldpy (X) is given by

om(X) = i (X) + o (%) (26)

Now, the normalization factors in (21) and (25) can be specified in consistent
with the following normalization condition for the meson field:

OlpmIP) = 22 = L¢P (27a)

3 \/—\/E

or

(PlomI0) = ZH2 = L ips (27b)

3 \/—\/ﬂ

whereZ3 (nonzero) is the wave function renormalization constant. The normal-
ization condition can also be taken as follows:

(Olpm (X)IP) e 'b¥ (28)

f\/_

These normalization conditions give rise to the specific forms of the factors
C andC’, and consequently the following expressions#fr (x) ande{” (x):

1z 1Oy Sy OrDGah()

(=) gy —

W =12 2y PITYOEA0) Sy OEH OO0,
1/2 5 ()(B.b) 5 (H)(@.a) a,b

TP S GO & Ml A\ OB

V12 f20 (O[T 4 OED (0)y 5 e (0)GED () P)
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For the normalization condition (28), one has to repldgen (29) and (30) by
unity. Thus, we have

1 25/2{ Ty Oy Sy OGO (x)
VY2 J2ws | (PITy )@ (0)y Sy ()EP)(0)/0)
T (DB (x)3 By (D3 ()
(OIT y (NEB(0)y Sy (N(0)| P) }

This can be compared with the pseudoscalar mesondgiglflobtained by Haag
(1958), Zimmermann (1958), and Nishijima (1958, 1961, 1964) as

121 1 Tlﬁ_(x+%§) oy (X_‘§)
P W 205 01Ty (38)r5w (- 38) k)

The one particle meson stgfe) in the above expressions f¢b|+)(g<) andqbf\,l_)(z()
is, in fact, given by

dm(X) =

(31)

d(X) = Ilm z (32)

= 27

IP) =ch, .dl 5100 = 1B, B, p°, p° @, B, 2, b)
=|p+ @, p°+p°a B ab) (33)
That is,
IP,P% =[P+, p°+ p°a B,ab)
Here, we have taken the normalization of the state as
(PP, P,p° P°a B ab)=25s5 50p0 poipo (34)

For the continuous momenta case, the necessary smearing in the momentum space
is to be made. The statP) is, thus, the eigenstate of the momentum operator with

the eigenvalu®* = p* + p'*. This specification of one particle meson state given

in (33) ensures the normalization condition (27a,b) which can be verified explicitly

by using (22) and (23). This also follows from the property of invariance under
infinitesimal space-time translations whose generators are the opeP&tots

fact, for conservation oP* we have

JONa) () = P 5w Q) g i3
W(_)(ﬁ’b)(z() — iwa(—)(ﬁ,b)(o) e 1PX (35)
Consequently,
(PITy O (x)y Sy ONED (x)|0)
= (P|T é'.P-Xw_(—)(a,a)(o)e—if’<2sy5eiP-2$w(—)(ﬁ,b)(0) e—iJ?-)S|0>
= &8 2P| Ty A(0)), Sy OB () 0), (36)
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since|0) and|P) are eigenstates of the operat®” with eigenvalues 0 ané*
respectively. Then, the normalization condition (27b) follows by using (31).
Itshould be noted that the hadron fields and states as constructed above contain
the indicesa, b, ... representing the internal helicities. These helicities may be
regarded as the manifestation of the extended hadron structure (as composite of
the constituents) in the anisotropic Finslerian microscopic space-time. The fields
and states also contain spin indiee$, . . ., which are responsible for the spin of
the hadron. From the indiceshb, . . ., one can have the internal quantum numbers
such as strangeness, baryon number, hypercharge, etc. forthe hadron. This has been
discussed in the previous section. For the meson field or for its one particle state
IP=1p)+ P, p°+ p°, «, B, a, b), the baryon number as well as strangeness
are, in fact, 0 sinca andb have equal and opposite values for them.
We have found the pseudoscalar meson figj¢x) in (31). As an example, we
can find the neutral scalar field if we také™ @ (x) andy #-5)(x) to correspond
the operators (destruction or creation) for the partlplésa\ndu or those for,
andv,. The destruction and creation operatak%(t) andak (t) of this neutral
scalar field as well as the corresponding in and out operadr sak’vl'; M
’V'T can then be found by the standard procedure. For example, the |ncom|ng
meson fleld,b (x) is given by

pmx) =D (@ f(%, 1) +alt £7(%, 1)) (37)
k

where f; is the solution of Klein—-Gordon equation for a mads the mass of
the meson. These in and out fields are defined with the retarded and advanced
functions for this mas#. They are given by (Lue, 1968)

(%) = b (x) + / AR( — y; M)y + M2pu(y) dy
(39)
) = du(x) + f A — y; M)Ty + M2)gu(y) dy

Lurie (1968) has discussed how these incoming and outgoing fields could be
identified as the correct incoming and outgoing fields for the composite particle
(neutral meson). Also, as in the case of elementary particle fields the following
asymptotic conditions for the composite particle field:

Jim (alal! ()b) = Z3*(ala] |b) (39)
and

lim_(alag’ (t)1b) = 23 (alay, (40)

t—+o0 Out

remain valid. Hereja) and|b) are any two normalizable state vectors. In fact, as
far as asymptotic conditions and the consequent reduction formulae (that
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expresses th&matrix element in terms of time-ordered products of field op-
erators) are concerned there remains no clear distinction between elementary and
composite fields. Thus, the composite fields obtained here for the hadrons can
be used in the reduction formulae. As the asymptotic conditions and reduction
formulae have no relation with the perturbation theory, these can be applied to the
strong interactions of hadrons, in which case the usual perturbation technique does
not work. Again, since the reduction technique is independent of the detailed form
of the Lagrangian, one can use it in the strong interaction in deriving the disper-
sion relations from some general properties like Lorentz invariance, microscopic
causality, etc.

4. CONCLUDING REMARKS

Here we have presented the extended hadron as a composite structure of
constituents in the microlocal Finslerian space-time. A baryonic state is obtained by
introducing a spinor constituent of specific internal helicity into the configuration
of a meson. This internal helicity or the spin-half angular momentum arises for
the bispinor field of a lepton constituent in the anisotropic Finslerian microlocal
space-time of extended hadrons. It was, in fact, shown in De (1997) that the
part of the separable bispinor, which depends on the directional arguments of the
Finsler space could be in this internal helicity state, and also that the particle and
antiparticle configurations have opposite fixsgdsalues for them. Consequently,
the reflection symmetry represented by these fixeehlues for the particle and
antiparticle constituents gives rise to a preferred direction in the internal space (the
tangent space). There we have arrived at the inte8hllsymmetry group which
decomposesint8U, ® U;. Presently, we have formed the baryonic states and their
internal quantum number such as strangeness, hypercharge, baryonic charge, etc.
explicitly. Apart from generating baryonic multiplet (of baryons of sginy{ %)h)
having internal symmetry groupU; from the mesoni6§SU; multiplet (of mesons
of spin j h), the meson—baryon mass differences are also derived here.

Inthe present framework of composite hadrons, the hadron fields of the macro-
scopic space-time have been constructed here from their constituent fields of the
microscopic Finslerian space-time. Specifically we constructed the pseudoscalar
meson field which was seen to be strikingly similar to that obtained by Haag
(1958), Zimmermann (1958), and Nishijima (1958, 1961, 1964). The one particle
meson state has also been found here. This state contains the indices which are
actually indicating the internal quantum numbers like strangeness, baryon num-
ber, hypercharge, etc. The incoming and outgoing meson fields are also obtained
by the standard procedure using the retarded and advanced functions. Finally,
we arrive at the asymptotic condition for the composite particle field. As pointed
out above that the composite fields obtained here for the hadrons can be used in
the reduction formulae applicable for the strong interactions of hadrons. Earlier,
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we (Bandyopadhyay and De, 1973, 1975a,b; De, 1986) have investigated both
the nonhypercharge exchange and the hypercharge exchange two-body hadron
reactions. The former one is basically dependent onrtheinteraction where

the interacting pions are in the structure of the incident hadrons. These pseu-
doscalar mesons(", = ~, andn°) are composites of the lepton constituents with
particle—antiparticle relation in the configuration of hadron. Phenomenologically
one may think of a hadron to be a cluster of pions, with or without a single lep-
ton constituent (muon or neutrino). The strong interaction between the hadrons
was regarded as that between the pions in the incident hadron configurations, and
consequently the amplitude of this reaction was obtained from thénteraction
derived from the Lagrangian field theory together with a contribution from the
rearrangement of the constituents of the hadrons. The term in the amplitude due
to the rearrangement of constituents behavesdiké for the large square of the
centre-of-mass energy wherey is a parameter. This parameter has a correspon-
dence with the Regge amplitude with strongly degenerate trajeciefigsand
residueg(t) in the forward regions if one takes2y + 1 = «(t). Here,n is the
number of constituents rearranged. This gives an effecshdependent” coupling

g(s) = g-s ™, and inserting this factor for each vertex in the perturbation ex-
pansion, the final expression can be made convergent because the higher order
terms will not be large enough to contribute. Thus, no inconsistency is faced as
in the naive form of the field theory. The amplitudes obtained thus were shown to
satisfy the axioms of th&matrix theory such as crossing, analyticity, etc. Also,

the amplitude does not violate the Froissart bound at the high energies.

The hypercharge-exchange reactions, on the other hand, were suggested to be
dominated by the direct interactions such as knockout or stripping processes which
are familiarin nuclear physics (De, 1986). In the version of the rearrangement of the
constituents, that is, in the so-called “line physics,” these direct interactions can be
thought as the conservation of constituent lines in course of the reactions. Although,
inthis picture, one hasto introduce the annihilation of constituents (mesons, muons,
or neutrinos) into the vacuum or conversely, the creation of the pair of constituent
particle and antiparticle from the vacuum. In fact, in the crossed channel reactions,
some constituents annihilate into the vacuum and transfer their four-momenta into
the other constituents of the hadrons participating in the reaction. Also, the reverse
phenomenon, that is, the generation of a pair of constituents from the vacuum can
occur after gaining momenta from the other constituents which are rearranged.
As these reactions are dependent on the exchange of a spin-0 (pion) particle, the
amplitude was obtained from the one particle exchange model with a modification
by the distorted wave Born approximation (DWBA). In general, the one particle
exchange models violate the unitarity limit at sufficiently high energy, but in this
case of spin-0 exchanged particle this violation does not occur. Also, the term
due to the rearrangement of the constituents produces susldependence that
ensures the unitarity limit. The DWBA has been introduced to assure both the dip
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phenomenon where it has been observed experimentally, as well as the unitarity.
In these cases of hypercharge exchange two-body reactions the postulates of the
S-matrix theory were found to be satisfied. Thus, for both types of two-body
hadron reactions the dynamics has generated from the structural aspects of the
hadrons. The noteworthy fact is that both the field theory in its modified form so
that the perturbative expansion remains valid, an@®heatrix approach for strong
interactions become united in the general premises of the constituents character of
the hadron structure extended in the microlocal Finslerian space-time.
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