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1. Introduction

It has been realized in the last years [1,2,3,4] that one of the novel properties of D = 2 and
D = 3 dimensional quantum field theories is the transmutation of statistics of elementary
particles, i.e., under nontrivial interaction bosons become fermions and vice versa. Recently
Polyakov [2] has suggested that in a three-dimensional gauge CP! -model with the Chern-
Simons form for the kinetic term of the gauge field fermi-boson transmutation occurs.
To carry out the proof, Polyakov [2] has supposed that the propagator of the free Dirac
electron in D = 3 Euclidean space-time may be represented as a bosonic path integral that
turns out to coincide with the dressed soliton propagator in the gauge CP'-model in the
limit of low momenta.

Do similar phenomena exist in higher dimensions? There were attempts (5] to answer
the question in the case D = 4. The present paper is devoted to one aspect of this problem.
Namely, only the fermionic part of the problem is analyzed and the final goal of the paper
is to obtain the bosonic path integral representation for the correlation functions of Dirac
fermions in I)-dimensional Euclidean space-time.

It was Feynman [6] who first noted the possibility of the bosonic path integral represen-
tation for two-dimensional Dirac fermions. Later the bosonic path integral formalism was
used in different problems: for solution of the D = 2 Ising model {7]; the spin correlation
functions were expressed (8] as a sum over all paths on the sphere $%; the bosonic path in-
tegral representation for the propagator of the three-dimensional Dirac electron was found
(2,3,5,9).

In the present paper, the formalism of the bosonic path integrals is developed for
interacting Dirac fermions in D-dimensional Euclidean space-time.

2. Dirac fermions in D-dimensional Euclidean space-
time

Let us consider, in D-dimensional Euclidean space-time, Dirac fermions with mass M

interacting with a nonabelian gauge field A, = A3T* where T* are some generators of the

gauge (or "color”) group whose explicit form is not essential for our purposes. We define
the effective action and propagator of interacting fermions as follows:

W(A] = log det(D + M) = /d“: (z| Tr log(D + M) | )

S(z,y; A) =z [(D+ M) | y)
where D = 78, — 1gA,), Tr refers to color indices of the gauge field and spinor indices of
Dirac matrices v* in D-dimensional Euclidean space-time, p, = i8,, (z,,p.] = —igu and
(@1 y) =8%(z —y), (p1 k) = 82(p ~ k), (z | p) = (27)"P/? exp —i(pk)
Using the identity A~! = [ dT exp(—TA) one gets the expressions:
- o dT
S(z,y; A) = / AT e ™ U(z,y;T), W[A]= / Te™ /dDzTr Uz,z:T) (1)
0 o
where the function U(z,y; T') is equal to [10]

U(z,y;T) = (zleiT(ib)ly>




Let us treat this function as a matrix element of the evolution operator of a particle with
the hamiltonian H = iD. Then the function U(z,y; T) is an amplitude for a particle to go
from point y to point z in the proper time T. Following Feynman [6] one can represent
(z | €TH | y) as a path integral over the phase space of a particle {10,11]:

Ve,iT) = [ Do, Pexp (is | d12,04,00)) Aol @)

where integration is performed over all z-paths between the points z,(0) = y, and z,(T) =
z, and the functional integral over all unrestricted momentum paths is factorized

Mopl#] = /Dp,, exp (_i/: dtp(t):':(t)) Pexp (i /OT dtﬁ(t)) 3)

M p does not depend on a gauge field and the fermion mass M. It accumulates all spinor
structure of the evolution operator and is called the spinor functional.

3. Spinor functional

The spinor functional in eq.(3) is ill-defined and it must be properly regularized for large
values of momenta. One of the regularization prescriptions proposed in [11] is the insertion

of the cut-off factor r
exp (—/ﬂ dt e(t)\/;i) ,e—0

into the right-hand side of (3). To calculate the regularised spinor functional, we split the
interval [0, T] into N equal pieces T = & and define Mp[z] to be given by the following
limiting procedure

Mplz] = E(l'i)m lim  M,ep(Z8) - Moeg(22) M peg(21) (4)

—0 N—oo

where a simple but tiresome calculation yields

Meg(2)

Il

/de exp(~i(kz) + ikt — e|k|7)

(40) 5T (2 )[er +i(r + £)) (=? - 72 + 2ier®)™F +hec (5)

and 7 — 0, z; = 7&(ri) — 0 in the limit N — oo and #, =fixed. Now we perform the
limit € — 0 in the regularized expression (5) and note that as 2% # 77 M, ¢(z) x € - 0
but for z? = 7% and D # 4Z +3: M,e(z) o (1 + 2)e~ . This means that M, (z) has
a §-function singularity at z2 = 72 or 2? = [ and after it substitution into eq.(4) one gets
the following expression for the spinor functional in the limit N — oo

Mplz] = §(1 - 23} I[#], (6)
where for an arbitrary D-dimensional vector n,(t), ¢ € (0,T] we denote

1+a(Nt) 1+a(27r)14+a(r)
2 T2 2

)

fin] = Jim,

The right-hand side of this equation is an infinite product of matrices of order 2(°/% whose
calculation is quite nontrivial. Substituting eqs.(6), (2) into (1) we derive

S(z,y; A) = /;“’ dT e-T™ /Di,S (:c —y- /;T d :':) 8(1—22) I[&) P exp (ig /, d;“A“(z))
(8)

and for the effective action analogously. This relation represents the propagator of inter-
acting fermions as a sum over all paths in D-dimensional z-space between points ¢ and y
with T being the length of a path.

4. Dimensional extension

To evaluate the infinite product I{z] of Dirac matrices in eq.(7), we perform the identical
transformation of eq.(8) called the dimensional eztension

[Pa.() = [Daab(2a) ()

wherea =1,...,4d> =1, f = D + 1,...,4d? — 1, dots denote the integrand in eq.(8) and
2d = 21P/% js the dimension of the su(2d) Lie algebra. The expression # = &,¥* entering
into definition (7) of I{z] may be replaced by z,I'*, where traceless, hermitian matrices
of order 2d: {[°} = {4*, 174", ... i"yly” .. 47} g = 1,...4d® — | arc elements of the
su(2d) algebra [12].

It is well-known (12] that in the su(2d) algebra the orthogonal Cartan- Weyl basis con-
sisting of operators {H;, E,} may be chosen, where i = 1,..,2d — 1, a = {e; — ¢j|1 <
i,j < 2d} are roots and {e;} is the orthonormal basis in the space R?¢. Then an arbitrary
element z,I" of su(2d) may be decomposed as follows

£, = D(2)(u, H)D7'(2) (9)

where (v, H) = Y27 u; H; is an element of the Cartan subalgebra #, u is a vector in the
space R¥! and the unitary matrix D(z) is given by:

D(z) = exp (Z(zaEa - z},E-,,)) , Ea=2" (10)

a>0

where the sum runs over all positive roots a = {e, — ¢;|1 < 1 < j < 2d}

Eq.(9) relates 4d* — 1 variables %, to 2d — 1 variables u; and d(2d — 1) complex variables
zq. This fact is expressed as:

T = Ea(u, 24) (11)

To obtain this dependence more explicitly, one notes that I'*, H,, E, are matrices of
order 2d that act in the space of the a fundamental representation of the SU(2d) group
with dimension 2d called the minimal fundamental representation [12]. The basis in the
representation space consists of the highest weight state |1) and states |i) obtained from |1)
under the action of step operators £ _, corresponding to the negative roots. All vectors |i)
are simultaneously the eigenstates of operators from the Cartan subalgebra: H|i) = Aj}s),
i=1,2,..,2d with vectors \i = e; — Z;:, e; called weights.



After substitution of the decomposition H = Y2, X;|i)(i| into eq.(9) we get:

2d 2d
2,0° =3 (u, N)D () EID(2) = 3 wli, 2) (G, 2] (12)

i=1 i=1
where (u,A) = (u,e&;) = u; are coordinates of the vector u that lies in the subspace

orthogonal to vector ¥4, e; and the introduced states

li,2) = D(2)}i) (13)

are well-known as the coherent states for the SU(2d) group [13].
Using eq.(12) one finds the relation between variables &, and (u, 2a):

_ 1 M ©
o= o7 g u; ey (z) (14)

where the orthogonality condition for I'® matrices: Tr(I'*T*) = 2d §°* is taken into account
and the following notation is introduced:

efNz) = &, T4, 2) (15)

where i = 1,...,2d and a = 1,..,4d® — 1. As only « and z, are known, the vector , is
determined unambiguously from eq.(14). But the reverse statement is wrong. There is the
gauge ambiguity in the dependence of u and z, on vector #, and the corresponding gauge
group is the Weyl group [12]. Indeed for an arbitrary root 8 we may rewrite eq.(9) as

zal® = (D(2)56)(S5 (u, H)Sp)(D(2)S5) " = D(2,6 J(op(u), H)D Hz,g)  (16)

where S5 = exp (’—;(Eﬁ - E,ﬁ)) is an element of the Weyl group and it follows from com-
mutation relations of the Cartan-Weyl basis that

S‘;‘(u, H)Sp = (op(u), H), D(z)Ss= D(z,3)exp(i($, H))
where variables z,5 and the (2d — 1)-dimensional vector ¢ both depend on z,, u and 8. The

. u, .
linear operator og(u) = u — 2ﬂ£ﬂ g; is called the Weyl reflection. Acting on the vector

u = (uy,...,uzq), the operator g4(u), B = ¢; — e; permutes coordinates u; and u,:
Ooltn, o Uiy UG, u2d) = (U Uy Uy, Ugg), Q= € — e; an

Thus the Weyl group acts on the components of vector  as the permutation group. Com-

paring eqs.(9) and (16) one concludes that dependence (14) is invariant under discrete
transformations of variables u and z,

A 1 A o 1 2 »
Z, = ﬂ‘; u;el(z) = -2—di=21(au(u),e,»)e£')(zm) (18)

T%lis relation is fulfilled for arbitrary values u and «. Therefore assuming a = e; — ¢; and
with eq.(l?) one compares coefficients of variables u; and finds the relations between the
functions elf)(z) :

eNz) = eNz,), i>2 (19)

where z,;= z,ace, o, -

Therefore for q.(18) to have a unique solution, the gauge condition for the Weyl group
must be fixed. It follows from eq.(17) that the gauge may be chosen as
(uec,) or (mp2up 2+ 2 Upa=—uy - Ug — -+ — Uzdq) (20)
and it is in fact the definition of the fundamental Weyl chamber C,. Indeed, unless the
vector u belongs to the boundary of the Weyl chamber, the Weyl reflection ga{u) sends it
from the region (20). To fix the gauge at the boundary of the fundamental Weyl chamber,
one has to examine the action of the Weyl group on variables z4 defined in eq.(10) 2nd then
choose the gauge by imposing additional constraints on the variables z,. This program was
completed in ref.[14].
Let us express the integration measure over momenta d** =1 in terms of the variables
U, 2o and Z,. Since the functions u = u(2.), za = za(Za) and z, = Za(%a) may be found
by solving eq.(9) under gauge condition (20), the general structure of the measure is:
d*F 1z = dp(u, z) B(e € C1) (21)

where the §-function takes into account the gauge condition. The explicit form of the
measure du(u, z) was derived in ref.[14] but now it is sufficient to establish some properties
of du(u, z).
1t follows from eq.(18) that vector &, is a gauge invariant quantity and it does not de-
pend on the explicit form of the gauge condition. Hence the measure du(u, 2) is unchanged
under transformations (18) of the Weyl group:
w: d#(uvz) - du(au(u)V(Zm )) = d“(u,z) (22)

for an arbitrary root a.
Moreover it follows from eq.(9) that vector &, as well as the integration measures di,
and du(x, z) are invariant under transformations of the Cartan subalgebra

H: D(z) — D(z)exp(i(¢(z), H))
du(u2) — dulu,2) (23)

where ¢(z) is an arbitrary vector in the space R,

5. One-dimensional Wess-Zumino term

Let us consider one of the terms involved in definition (7) of the function I{z]

: T'° 2d ; 2d 1 .
sz" = H;" li, 2y, 2l = 3 %P(e“)(z"’ ) (24)

where egs.(12) and (19) are used. Then combining relations (11), (14), (21), (7) and (24)
one gets the following representation for propagator (8)

S(z,4; A) = /: dT e ™ /Du(u,z)@(u € ) 8(2a(u,2)) 6(2d — u?)
w8z -y /01 dt (u, 2))P exp (ig L dz, Au(z))

Q1! (Z P20 pea, (r)))) (25)

T =1

i=1 i=1



Let us perform the inverse Weyl transformation:
w (aiu) 2) = (v,2)

in the i-th item of the sum and take into account the gauge invariance (18) and (22) of
vector £, and the integration measure to derive, with the use of equality 0,0, = 1, the
following relation:

o 2d
Sayid) = [Tdre™ [pu(w,2) (o(uec.)+zo(a,-(u)ec,)) 8(zalu, )

j=?

x6(2d - u?) 6 (: Cy- /OT dti(u,z)) Pexp (,'g /, dz,, A,(z))
<11 (%*‘@P(e“)(z(f)))) (26)

Comparing eqs.(25) and (26) one concludes that it is the gauge invariance of the vector
i, that enables us to get rid of the sum of projection operators in the integrand of (25).
The final expression (26) for the spinor functional contains only one projection operator
onto the state |1, z), defined in eq.(13) and the sum of #-functions is really the sum over
gauge conditions. At j > 2 vector u lies in the region of the space R*™!, formed by
(2d — 1) Weyl chambers C; obtained from the fundamental Weyl chamber under reflection
transformations a,,a = e, — e;. Thus, eq.(26) determines the following region:

veR=CUCU - UCu (27)
where the Weyl chambers (’; are defined as:
Criup>ur > 2u; > XU, Cjiuj2us - 2ur >t j22

and usgy = —uy — ug — -+ — ug4_;. Thus, the infinite product matrices occurring in eq.(7)
is replaced in €q.(26) by the scalar products:

T 0)| Ii Nl T 1 i lT
L TR0 i, TTCL )it =(G - Vg

= Ty exp (- [ 1,50 )

LT (o) exp (- 38(C)) (28)

where eq.(24) is used and C denotes the path z(t),t € [0, T]. We get from eq.(13)

T d
a(C) = 72;'/0 dt (1D (2) 5 D()ID) (29)
T zz - zz
= ;/n a (30)

/e(z,z) (31)

where we denote

1 ,ife=1

GID(z)1) = N{ n ifis1 NN =(1+z2)" (32)
z = (23,23,...,24) i5 a point of the complex projective space CP?¥~! and df = 21'%21;;;1 dz;A

dz;, F(z,2) = In(1+ 2z) is the closed G = SU(2d)-invariant 2-form on the Kahler manifold
SU(2d)/U(2d - 1) ~ CP¥-1 [1315].

Eq.(31) coincides with the definition of the one-dimensional Wess-Zumino term [1,16]
but eq.(29) was rediscovered as the Berry phase [17].

After substitution of eq.(28) into eq.(26) we get for the propagator

S(z,y;A) = /;dee’TM/Dp.(u,z)G(u € N)6(2d - u?)§ (x -y - /‘;Tdt i(u,z))

< 8(a(u, 2)) |1, 2(T))(1, 2(0)| exp (7-%‘;((:)) J[us] Pexp (ig /, dz, Au(z)) (33)

where the function J[u,] is equal to

T = P00 (30)

6. Dimensional reduction

Thus, the first part of the problem is completed. The expression (33) for the propagator
was obtained where all the spinor structure that appears in the original form (8) and (7) as
an infinite product of Dirac matrices is accumulated by the one-dimensional Wess-Zumino
term (29)-(31). To this end the space-time dimension was changed from D to 2d in the
integrand of (8). Now one has to perform the inverse transformation, called the dimensional
reduction, viz. to explicitly solve (2d — D) restrictions on the variables u; and z;-") :

1 2d .
iazz—dZujef,’)(z), a=D+1,... ,4d* - 1 (35)
=1

imposed by é-functions in eq.(33) and reconstruct the integrand and integration measure
in eq.(33) on the space of solutions.

Let us find at first all the restrictions on u; following from eq.(35). Note that the
identity

=3t = (g,") = (&I = ';TiT‘(iaF")z -1

holds where 4 =1,2,..., D. After substitution into it of decomposition (12) one gets

So, it follows from eq.(35) that

u, = xu; = +1, 1#j (36)



There is an ambiguity in the sign assignment restricted by the only condition: Z?d:, u; =0.
The ambiguity disappears, however, when one recalls the definition (27) of the region (1 of
vector u.

Combining eqs.(27) and (36) we conclude that components of the vector u being solu-
tions of eq.(35) assume one of the following values:

Cit Wi=UpmemU TS UGS —Ug == U= o= —ug =1, i< d (37)

Gt Ujmurm = S u = ~Ugn = ===~ =1, 5> d (38)
All these solutions lie on the boundary of the Weyl chambers, that is, on the hyperplanes
where, as pointed out before, the residual gauge invariance of #, under transformations of
the Wcyl group appears and the additional gauge fixing performed in ref.[14] is required.
It follows from eq.(34) that function J{u;) possesses one of the following values on the

space of solutions (37)—(38)

Jlu) = 1 ,ifued,i<d
MI=Yo |ifuec;,j>d

and therefore only the first solution, (37), contributes to eq.(33). Substituting it into
€q.(35) and using the property: ;"zl el(z) = 0 one gets all restrictions on the variables

zi, i=2,...,2d in the form:
d
Y e)(z)=0, a=D+1,.,4d" -1 (39)
.=1

The properties of solutions of this equation are discussed in detail in ref.[14] but now we
restrict ourselves to formulation of the main result. It follows from eq.(39) that

e(z) = eNz), ii=1,2.0d u=1,.D (40)

Moreover, eq.(39) implies that variables z; defined in eq.(32) are restricted by n(D) =
2d— (D — 1) = 2P/) D 4 1 additional conditions ¢,(z,2) = 0, a = 1,2,..,n(D). Under
the decrease of the space-time dimension from odd to even values the total number n(D)
of constraints is increased by unity and the additional constraint is

egil(z) =0, D =even

Using eqs.(14), (37) and (40) we get

d
. u ; i
3= 55 2 ((z) - € (2) = u (), wm =1 (41)

j=1

and the explicit form (32) of the coherent state |1,z) enables one to express vector z,
in terms of the variables z;. It turns out that the number of independent variables z;
(with n(D) constraints taken into acconnt) is much larger than the number of components
of vector #,. The origin of this problem was stressed above. It is the residual gauge
invariance of the vector #, under the Weyl group gauge transformations of variables z;.
Thus, to eliminate the residual gauge ambiguity, 2(d — 1) constraints additional to eq.(20)

are 1mposed on thta variables z;, z;. Then after simple calculations [14] we derive the final
expression for the integration measure on the space of solutions of eq.(35)

N _ (D)
d”2 = dp(u,2) §(2a(n, 2)) = const. du; ul™! duo(z) I b(pa(z,2)) (42)
a=1
where
dzdz 1
dpg(z) = (2d - 1) ———— ———
o ( ) (27)* (1 + 22)™
is G-invariant measure on the manifold SU(2d)/U(2d — 1) [13,15].

After substitution‘of €qs.(41) and (42) into (33) the integral over u, is easily computed
and we get the following bosonic path representation of the propagator

Syi4) = [Tare™ | vuo(z)"ﬁ)s(%(z,z)) 5 ( —y- /DTdte“)(z))
x|1, 2(T))(1, z(0)| exp (7 %‘P(C)) P exp (ig/t dz, A‘,(r,)) (43)

where the integration contour of the P-exponential is defined as

t
z,(t) =y + /0 dt eL’)(z), z,(T) =z,
For the effective action we have the analogous relation
= dD o) 7
WAL = [T ™ [42y [oule) T eater ([ areie)
1
«(1,2(0)|1, 2(T)) exp (7@(0)) Tt Pexp (igfd:,, A“(z)) (44)

Recall that for even \.ralues -of the space-time dimension the final representations for the
propagator and eflective action differ from egs.(43) and (44) by the factor 6(egil(z)).

7. Conclusion

Eqs.(43) and (44) express the propagator and eflective action of D-dimensional interactin
fermions as sums over all paths on the complex projective space CP2-1, ’

Note that for D = 2,3 due to the isomorphism CP? ~ §? the summation in €q.(44) ma;
;un over all the paths on the sphere $? with function e{)(z) being the tangent field ia(t}),
(;lr a closed path C = {z(t.),t.e [O,T]|z(0) = z(T)}. Then ®(C) is equal to the torsion of
the curve €' and eq.(44) coincides with the analogous relation proposed in ref.[2]:

WI[A] = zc:e-ML(C)exp (_%¢(C)) Tr Pexp (ig}i dz, Aﬂ(.’:))

For D = 2 the additional condition € = 0 m ies i
= eans that curve C 1 th
therefore $(C) = 22N = 2z(v +1) (r::lod 2) or " fes in the planc and

exp (-%@(C)) = (-1



where N is the number of total rotations of the tangent vector e{!’ and v is the number of
self-intersections of the path C.

Comparing eqs.(43), (44) and (1) we conclude that all the spinor structure of the original
expressions for the propagator and effective action is absorbed by the one-dimensional
Wess-Zumino term and it is by no means accidental.

First, there exists a classical mechanics [15] on the space CP*~! ~ SU(2d)/U(2d - 1)
with the action being equal to the spin factor $(C). The Poisson bracket for this mechanics
is defined by the closed 2-form df(z, z) and in terms of the local coordinates z; it is [18]

, _ 8 4 a 4
{) Yo = 19:5(2,2) (:97_, a5 o3 Bz;)

where the metric g;;(z, Z) is inverse to the Kahler metric % %F(Z, Z). As a result, under
i 9%y

the geometrical quantization [9] the commutation relations for the variables e{!)(z) repro-
duce the commutation relations of the su(2d) Lie algebra and functions e{)(z) may be
thought of as Dirac matrices ~,,.

Secondly, the expression (44) for the effective action contains the following term

(1,201, 2T exp (- 58(C)) = 141, 201, AT exp (~2(C))

where € is a closed curve on the space CP2¢~1. Let us examine gauge invariant properties
of the effective action (44) under the action of the Cartan subgroup #. It follows from
eqs.(23) and (15) that under the action of # the integration measure and function e{!) are
both invariant but the Wess-Zumino term changes as

H: D(z) — D(z)exp(i($,H))
I1,2) 11, 2) exp(i(#, 1))
#(C) B(C) + 2(4(1), M) — 2($(0), A,) = ¥(C) + dnk,k € Z

since for closed paths C = {z(t),t € [0,1]}z(0) = z(1)} the relation |1,z(1)) = {1,2(0))
implies exp(i(#(1),A1)) = exp(i(¢$(0), A1)). Therefore the phase exponential of the action
exp(—iJ®(C))is nonmanifestly gauge invariant provided that the quantized condition 2J €
Z is fulfilled. Indeed eq.(44) implies that the spin J of the Dirac fermion is one half, J = 3.
Thus, we conclude that the consistency condition of the underlying quantized dynamics
leads to the quantized values of the spin of particles. Moreover it was demonstrated [19]
that elementary particles with the phase exponential of the action exp(—iJ®(C)) possess
the Bose statistics for integer J and the Fermi statistics for half-integer J.

Thus, it is the Wess-Zumino term that ensures all necessary properties of Dirac fermions
in the bosonic path integral representations (43) and (44) for the effective action and
propagator of interacting fermions.

l
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Kopuemckuin T'.II. E2-89-575
KBanToBas reoMeTpHsa IOHPAKOBCKHX (GepMHOHOB

Iist omHcaHHUSA OUPAKOBCKHX (bepMHOHOB, B3aHMOOENHC TBYIOUWHX
c HeabemneBbM KAJNHUOGPOBOYHBIM ToJjieM B D ~-MepHOM eBKIUOOBOM
npocTpaHCcTBe-~BpeMeHU B paboTe pasBUBaeTcsH dopMamnusM 60-
30HHBIX HHTErpaloB no nytaMm, l[lojdydyeHb npencTaBJIEHHA OJIs
5¢PeK THBHOTO [OeHCTBHA H KODPesSUHOHHbBX GYHKLHI ¢dbepMHOHOB
B BHIOE CYMMbl MO NYTAM B KOMIJIEKCHOM [IPOEKTHBHOM NpPOCTpaH-—
cre CP24-1 (d= 2L D"21-1 )y 5 xoropeix BCA chnunopHas
CTPYKTYpa mnorijouaeTcsa ogHOMepHbM udleHoM Becca-3ymuno.Hmew-
HO BeCC-3yMHHOBCKHH 4lleH ofecneuyHBaeT BCe HeOoO6xXOOgHUMble CBON-
cTBa ¢GepMHOHOB NPH KBAaHTOBAHHW: KBAHTOBAliHble 3HAYEHHA CIH-
Ha, ypaBHeHHe [Hpaka, ®epMHU-CTATHCTHKY U T.[4.

Pa6ora BbhmosiHeHa B JlaBopaTOpPHH TeopPEeTHYECKOH H3IHUKH
OUsIH,

Npenpunt O6beAMHEHHOro MHCTUTYTa AJEPHBIX ucciienoBanuii. JlyGna 1989

Korchemsky G.P. E2-89-575
Quantum Geometry of the Dirac Fermions

The bosonic path integral formalism is developed for
Dirac fermions interacting with a nonabelian gauge field
in the D-dimensional Euclidean space-time. The represen-—
tation for the effective action and correlation functions
of interacting fermions as sums over all bosonic paths on
the complex projective space CP2d-1 (24 = 2D 2l ) ig de-
rived where all the spinor structure is avsorbed by the
one-dimensional Wess-Zumino term. It is the Wess-Zumino
term that ensures all necessary properties of Dirac fer-
mions under quantization, i.e., quantized values of the
<pin, Dirac equation, Fermi statistics.

The investigation has been performed at the Laboratory
of Theoretical Physies, JINR.
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