Preprint EQU-970(20)-87

SUFPO 730

GrEUULP HP2PYUSP PLUSPSNMS
EPEBAHCKWA dUSUHECKMA UHCTUTYT
| YEREVAN PHYSICS INSTITUTE

E.Sh.EGORIAN, R.P.MANVELYAN

FIVE-DIMENSIONAL SUPERSYMMETRICAL EXPANSION
OF PIRAC AND CHIRAL ELECTRODYNAMICS

LiHAMaTtommndopm
EPEBAH — 1987



Vulvuwnpy  BH-970(20)-87

Ln. &4Nr8UU, .9, UUWLLL3VBY

Thriudtv G UplfUL LLBUSrUThullnrulutlh 2vdulie
SLrZ0UB200 SutHUr20uahg

‘Pppwlguwy b Yppw b bhwpunplwdhhuwulipp Swfwp wpwewupnod
wnwwplpwd b qlppuduppwun Suquiud pluunw)py gqnpbdanncf gncu:
Cyugnegyned £, np nlgh punwiwh ewpwdnifyniy npnauwlh abmnoy-
ghwyh nbypnud, nppuljuu b Yppuy b bjepunpusiphuubph  punncu~
qud, n; Quwunuminpywd punwzuh Pbywwujwu nhugpulubpp Jbipuwljwug-
‘uptned s Uwhwy'ys, Yppuwp /nppwlywy/ dupdpnubph  Suquzunh
whuncf Jut gnpuqrbigne yu T2 Jnunn qbip Snuwupp np wundwp £ L
Slulwpup, Suwpwynp £, np Suqupwi qnpbnanthLhn bdwnuw)p npybu
tuf pywumwypu qnpdnnneyniu Yppwy b bopunpuedplu)p punw;wd
whuncll juu Swdup s |

Lplwup Spqplijwgh huumpuncn

Uplwy 1987

@ LLeHTPaALHMi HAYHHO-HCCACAOBATEALCKNA MUCTHTYT Nndopruannn
H TEXHWKO-IKONOMNICCKNX Nccachosannl no aromnol mayne

u Texunxe (ILHHHarommnopm) 1987 r.




IpenpuaT BON-970(20)-87

ox. Ml ETOPAH, P.II.MAHBEIFH

IATYMEPHOE CYIEPCYMMETPUUHOE PACIMPEHVE
JMPAKOBO/ ¥ KMPAJEHOM SIEKTPOIMHAMIK

B padoTe mpemiaraeTcA CyHepUHBADHAHTHOE NATHMEDHOE KBAH-
TOBOe peflcTBHE IJA NMPAKOBCKO{ ¥ KUPAJNBHOE SJEKTDOIMHAMKK.
JloxasHBaeTCH, YTO IpH ONpENEJEHHO! DEIyKUME B deTHpeXMepHOe
IIPOCTPAHCTBO cTa!map'rnHé HepeTyAApHSOBAHHEHE YOTHDEXMEPHHE
PelinmanOBCKEe IMATDAMME IUDAKOBCKOR 1 KupajibHO# saexTpOEMHA-
MER BOCCTaHABIXBANTCA. OmHAKO CYNepPTOK, BXOmsumit Bo B3amMO-
nefticrEme nATEMEpHO! TeOpHM KMpANBHHX (IEPAKOBOKNX) qiepnnonos
He aHOMAJIGH M MOSTOMy IITNMEDHOE NefCTREHE BOSMOXHO MORET OXY-
XUTE XOPOmKMM KBARHTOBMM JeBCTBEEM IUA deTHpeXMepHo# Teopmx xE-
PeNIbHOR BJ6KTPONMHAMMKN. ' '

Epepatckalt ¢mamyecHal MHCTUTYT
Epesan I987



Preprint HOM-970(20)-87

E,Sh. BGORIAN, R.P. MANVELYAN

FIVE-DIMENSIONAL SUPERSYMMETRICAL EXPANSION OF
DIRAC AND CHIRAL ELECTRODYNAMICS

A superinvariant five-dimensional quantum action for Dirac
and chiral electrodynamics is proposed in this paper. It is
proved that certain reduction to & four-dimensional space will
restore fthe standard unregularized four-dimensional Feynman
diagrams of Dirac and chiral electrodynamics. But the super-
current included in the interaction of five-dimensional theo-
ry of chiral (Dirac) fermions is not anomalous, and hence, the
five~-dimensional action can possibly be a good quantum action

for the four-dimensional .theory of chiral electrodynamics.
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1. Introduction

In ref.[1] an alternative to the Neveu-West [2] second
quantized theory of a spinless relativistic particle is pro-
posed and e five-dimensional field theory with lineér super-
symmetry is obtained. The gquantum field depends not only on
the four-dimensional q% , but on additional bosonic t (dimen-
sion - 2) and Grassmenien 0, 6 (dimension - 1) coordinates
too. The Grassmanian 6,6 and bosonic -t coordinates cor-
respond to ghost, anfighost'fields and Lagrenge multiplier t
in the first quantized théory, respectively. This linear super-
symmetry corresponds to the reparametrization quantum BRST
gymmetry.

In the spin 1/2 case this linear supersymmetry arises
too [3]. |

One can suppose that an arbitrary quantum field theory
results from'the second quantization of a relativistic inva-
riant system of particles. Then the above mentioned linear
supersymmetry can be realized for all quantum field-theories.

But the particle gystems corresponding to all field-theo-
ries (in particular, to Dirac and chiral electrodynemics) is
not yet found, an& we make & hypothesis that a five-dimnensio-
nal supersymmetric quantum Lagrangian corresponding to an

arbitrary four-dimensional field theory does exist. Then, the



four-dimensional field theory results from the five-dimensional
one after reduction which concludes in an integration over
non-physical fields.

The hypothesis mentioﬁed above ig closely connected also
with the stochastic quantization scheme of Parisi-Wu., There is
hidden one-dimensional linear supersymmetry in this scheme
{4,5]. This supersymmetry becomes explicit at transition from
Langevin equation to a superfield formulation {4]. A five-di-
mensional supersymmetric theory arises in result, whicﬁ reduces
to a standard four-dimensional theory. Analogous transition
from Langevin equations to a five-dimensional supersymmetric
theory takes place also in case of the fermion theory in
external classical boson field [6]. , )

However, there are some problems in case.of the fermion
theory in a quantum electromagnetic field. For united stochas-
tic quantization of the fermion and electromagnetic fields,
one must introduce some operator R of dimension 1 into the
Langevin equation for fermions [7,8]. If &*‘i¢. (noncovariant)
is chosen, then the corresponding Langevin equations bring to
& supersymmetric¢ formulation, but when &;=L¢ (covariasnt) is
chosen, there is no supersymmetric transition.

The last example shows that the supersymmetry of a quantum
action seems not always to be the result of stochastic quanti-
zation., The supersymmetry principie seems to us to be more
fundemental than.the Langevin equation, because just the
supersymmetry provides proper reduction to a four-dimensional
space [4,9] as well as renormalization of expanded théory-

{10,11].
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After the aforesaid, it is interesting to study the ability
of our hypothesis in a nontrivial (i.e. when there is good
quantum action) case like the anomelous theory of chiral elec-
trodynemics. Here we shall put down some supersymmetricel
five-dimensional Lagrangian which on & naive level (i.e. on
the level of unregularized Feynman diagrams) is reduced to the
four-dimensional chiral electrodynamics. The interaction
supercurrent of the five-dimensionel supersymmetricsl Lagran-
gian (it does not coincide with the four-dimensional anomalous
current) on the quantum level is conserved, i.e. is not ano-
malous and hence, the five~dimensional theory is renormaliz-
able, Since a formal, naive reduction of five-dimensional
supertheory to four-dimensional chiral electrodynamics took
place, it is natural to consider the five-dimensional renormal-
ized theory as definitlon of the non-renormealizable four-
-dimensional one. But the problem of the reduction of regular-

ized and renormalized theory is still open.

2. Five-Dimensional Superexpansion

. We assume that Dirac (or chiral) fermions and the Abelian
vector field additionally depend on the bosonic (t ) and
Grassmanian (9, 5 ) coordinates, i.e. we introduce superfields
¥(u,t,8,8), P(24,t,6,8), Pul(Ty,t,6,6) . We do ot in-
troduce the index of the fermion field chirality, for our
formuleae afé correct for roth Dirac and chiral fermions. The

superfields have the following components:
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B (%,,6,8) = Apu(x,t)+ B (%,) + P(,4) 0+ §OCu(,t)
Yi(x,t,8,8) = $(x,t) +8, (x,t) + BF,(a,t) + 60w (x,t)
Y(®,t,6,6) = P(x,t) + 04, (x,1) + 0F,(x,t) + BB (=)

The first components of these superfields at fixed t, will

(1)

be physical (our theory will be firanslation-invariant over t ,
go the reduction will be independent of to and one can take
to = 0).
Let us postulate the following superinvariance of the
quantum theory:
t—t- 8¢
e—+>6+¢ (2)
8 —6+¢E
The corresponding field transitions read:

50, =(eQ+EQ)P, , §Y=(ea+EA)Y

58 - (ca + E0) ¥ ?
shere _
Q=3¢+ 69,
Q=395 (4)
{a,8}~9,

This supersymmetry is the chiral representation of & usual
one-~dimensional supersymmetry and is characteristic of the
stochastic quentization [4].

Let us write down the following supersymmetric action:
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| s®-(2®qtdodbdte  *
R 1
2P -5 @0 -y B + 5 (% G + 5 %BY *

+Pigy + DFR)'DY - DPR)' DY

where Dy =du-ie ‘P}; , K is an operator of dimension 1

(e.g., R= ﬁ,¢ ), and D,f) are supercovariant derivatives:
-ﬁ=a§-eat ) D=3, {D15}='at7
B=(D,D]

' A
The action (5) is assumed to be Euclidean over a:}. « K

must be chosen proportional to one ) -matrix in order the
last two terms in (5) do not go to zero in case of chiral
fermions. We shall discuss two possible Lorentz-covariant

A A A
variants for the operator K : K=4 and K= ; .

- A
Note, that without the gauge-fixing second term in L ()

n . .
the action (5) at K =$ is invariant under the gauge trans-
formations independent of £ , 68 , €

(P/: (3,t,6,6) = (P}' (‘x)t) e) 6) + a}l ol ()

Yl(m,t,e,é) = exp{i.d.(a:)} b ¢ (a:,t,e,5)' (6)

‘P’(a:,t,e,'é) = q'/(m,t?e,é)exp{-id(m)}

In result, the theory with the action Sﬂ , 28 we shall see

in section 4, has conserved current, that is why the action

S¥ we shall call covariant.
4 The actions ¥ and S# in e five-dimensional space
* lescribe different theories, but when reduced to a four-dimen-

sional space they bring to the same theory (Dirac or chiral

7



electrodynamics).

The fact that the theory with Sﬂ action is reduced to
electrodynamics can be proved in two ways: first - the theory
with 5’ action can be obtained from the Langevin equations
by transformation to the superfield formalizm as done in refs.
[4,6], second - the proof from r;f.[d] can be used here.

In this paper we shall prove that on the naive level the.
theory with Sq‘ action is reduced to one obtained after the

reduction of the theory with Sa .

3. Reduction

Our purpose is to prove that the producing functiopal

z(H,.,J,5)=gexp{-g[;c“-%H,.—ﬁw-?:ud‘fadtdedé}ag,zwfﬁ (7

at the following choice of sources
H;=h/,(x)565(t)7 1°=J(x)B65(t), 9°= J(x)B66(t) (8)

ig reduced to the producing functional of the four-dimensional
electrodynamics with the sources of the vector fileld hﬂ(m)

end fermion fields J@) , J )
N0 | L _‘_ 2
Z(H3, 9% 3°) = (exp{- (d*< [~ 7 £y * 22 (uflu) + ;
- - - (9) .
+ ql(x).ﬁ PY(x) + ’}u(x)ﬂy(‘”) + J@Y(x)+¥ (@) J(x)]}.‘o.ﬂ} QY0¥ § '
The choice of sources like (8) in the five-dimensional
producing functional (7) is called reduction. Thus, reduction )

means to calculate averages‘frdm'the first components of-

superfields at t = O,




fe T
PN

To prove the statement (9), let us remove nonlocality in
the eq.(7) by introducing fields X , X , N , 1 . It

will result in

z={exp{-dq +HuQ, + I +$3}00, 0¥ 092X 9X D007, (10)

where integration over 8 , 8 , X , t is supposed in the

exponent, and xa is determined by
1 1 i - .
Lo G FuvFuv* 2 QuB) + 7 QB+ Yi DY +

+Xigx + [idn + XDY + DX - 7Dy +DFN (1)

Let us prove that the vertices X#X and r'lﬂ!q
do not contribute into the reduced producing functional Z(H°,
. -1

J°, 3°). It will mean that effective contribution of [l-¢]

. -1
in the initial Legrangian coincides with [La] « Let us

‘write out all the fermion propagators

—d— = <¥(p,w,8)F (P, w,8)>=P(P+a") " [2+(p*+iw)6-0'8 +

+(p*-i0) §7-60'18 (p+Pp') 5 (w+ ')

—— a<x(1)i(1')>=p"{e_-_e'(e-e')-(pz-a@"ﬁ-meé‘-‘e']}

S(p+p) S(@+a)

=<n()ni’)>= P '{8-66-6")+(P+iw) [-1+iw66-6']

——— - —

{ '
§(p+P) (@ +a)

s, =X B(1)>= (-1 6 -8 8(p+ P') B+ o)

e, BEEORW)>= (P 1) (6-6'+ i0B(F-6)8)5(p ) S(@+w)

9



sy =< EA)> = (PPrie) (970" L6 (6-6') 8)8(p+p)S(eo+a)

i =CY(T(H)> = (P*+iw) ' 66 8(p+p) S(@+@)
KXY =<K (V)>=0
Fig.1
where Fourier transformation over & and t is done.

Now consider an arbitrary diagram in the reduced theory:
Z(H, 750 =(exp{-La *Ha B+ Tow + F3° J 09
— - - (12)
DY QY DX DX D7, .

where integration over d4$ dtdede is supposeu in

the exponent. Let us extract in such diagrams all the possible

vertices which include X , ;( ’ l'l ’ r[
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The diagrams of the theories {12) depend only on external
four-momenta, and integration over all the additional momenta
and Grassmanian coordinates €, 8  is made. Presenting
§ -functions of conservation of the additional @ momenta by
means of an exponent, one obtains the following general expres-

sion for the diagrams in Fig.2 :

S dc:, fiw:‘dcbaa - X(G)i.7Pi)EXP{1t(w1'®z*m3)}dt (13
(PP£ Loy )™ (Pg tiw,)*e

where the function X (w;,P,) corresponds to the three-vertex
subdiagram (block) and is analytical over @y , @z ; &;
in the denominator of the eq.(13) take the values O and 1

depending on particular diagram. Substituting @, -®z in (13),

one obtains

7, X(wy, Pexp{it(ey+ werapdt  (19)

" dco, dwz d.CO3
& (Pf 2iw)* (PE Fic,

Now it is easy to understand that the integral (14) turns to
zero. At £ >0 the integration contour must be closed in the
upper half-plane (due to the exponent). Then, due to oppcsite
zigns of @y and Wz in the numerator of (14), the integ-
ral over one of them turns to zero. 4t t <0 the contour
must be closed in the lower half-plane and the integral over
the other @ momentum turns to zero. So, only the vertsx
‘:558., X)"f contributes to the producing functional (12),
Sa@

i.e. the 8 part of the covariant action works

cnly in the reduction and hence, we shall have the four-dimen-

sicnal electrodynamics.

Thus, our five-dimensional "covariant supersymmetrical

11



theory after naive (unregularized) reduction gives the usual

four-dimensional quantum averages.

4. The Conserved Current

Let us make the following substitutions of variablea
§¥(x,,6,6)=ix(x)¥(x,t,6,8), 6X(x,t,6,8)= - Lol(@) X (a, t,6,8)
& ‘P(x,t, e,é) ={ot(x) E'H'(x,t,e,é), Sq(x,t,e,a.) sl'id(::)q(a:,t,e,é) (15)

52 (x,t,6,8) =i (x)X (%,t,6,6), 6 (,t,6,6)= ~ik®)F{(%1,86,6)
in the producing functional (10) at zero sources. The following

current conservation is obtained in result:
2 -
where the supercurrent Jp is determined by

RIA AF TR SR TR a7

The eq.(16) is satisfied on the quantum level too (for
both Dirac and chiral fermions), as, due to thé equality of
boson and fgrmion compopents in the superfield, the transfor-
mations (15) are not anomalous, i.e. no Fujikawa determinant
appears. Due to existence of conserved curreﬁt, the theory
with the producing functional (10) is renormalizable (the de-
tails will be published). Tﬁus, the five-dimensional supersym-
metrical theory with Lagréngian (11) is renormalizable and in
case of chiral fermions can be a good quantum Langevian for
the four-dimensional chiral electrodynamics. It should be

pointed out, that the conservation of the supercurrent Qp

12



in the quantum level does not contradict to the anomaly of the
four~dimensional chiral purrent i: o« This anomaly does not
disappear [12-1ﬂ « dust i: is no more the current of
interaction. Most likely it is an external current {like the
axial current in the Dirac electrodynamics) and that is why
does not interfere in the renormalizability.

In conclusion we want to explain how the five-dimensional
renormalizable theory (11) of chiral electrecdynamics can bring
after reduction to a non-renormalizable and non-unitary four-
-dimensional one. For this purpose, it‘is necessary to inves-
tigate the reduction of the regularized and renormalized
theory. We think, that just the anomaly of the four-dimension-
el current &: rlays the crucial role in the regularized
reduction, and non-polynomial counterterms arise after the
integration over the non-physicel fields., This brings to the
non-renormelizability of the four-dimensional theory. The
non-unitarity of the four-dimensional theory is possibly con-
nected with the non-zero transition &L*X,q on the renormalized
level. The inveétigation of the regularized and renormelized
reduction of the theory (11) is under way.

The authbrs thank S.G. Matinyan, R. ikrtchyan, A. Sedrask-

yan, A.A, Slavnov for helpful discussions.
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