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We present supersymmetric fiel d theory of el ectri c and magneti c charges 
usi ng supersymnetric dual i ty between el ectri c ity and magneti sm. 

There are two equi vale�t fonnul ati ons of quantum el ectro-magnetodynamics 
( QEMD) : the l ocal -l agrang ian fonnul ati on 1 ) and the one-potential formul ati ­
on 2 • J ) • The fi rst one has a mani fest dual symmetry , whi le the second one 

uses a smal l er number of dynami cal vari ables and has a canoni cal structure of 
the action. Both theories general i ze ordi nary quantum el ectrodynamics ( QED
to a dual i nvari ant fiel d  theory .  

There are two supersynunetri c ( SUSY) general i zati ons of tni s theory .  I n  
the fi rst  approach 4 , S ) the supersymmetri c l agrangi ans are postul ated i n  
such a way that their  component presentations contai n the correspondi ng nonsu- . 
persy0111etri c versi ons 1 ' 2 ' 3 ) . T_he second approach 6 ' 7 ) deri ves the same 

theory wi th a systematic pure superfiel d  method . Here we present the el ements 
of the second approach . 

We start wi th a brief review of SUSY QED . The action i s  

A«iEo = {· A, dxd2ew2 + { J dxd2ew2 - 2 / dxd2ed2ll'se�2a2
ev

s +

+ m ( Jdxd2ass + J dxd2iss> 
( l )  

where the gauge prepotenti al V i s a general i zation of the gauge fi el d  Vµ 

1 - Ba -
\ = - 4 (aµ) [oa ' oB] le=i=O ; ( 2) 

and the supersymmetri c fiel d  strengths 

1 -2 W = - - D D V  
a 4 a 

- 1 2 -
W = - - D D. Va 4 a (3) 
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are general i zations of the fiel d strength V 

V i ( ) B D a (- )« � - a 
= a V - a V = - { a W - a· • D. W }/8_-8_0µv µ v µ • µ 4 µv a B µv B u - -

The matter superfiel ds 

( D .  S = 0 ,  D S = 0) a a 

are general i zations of the Di rac spi nor matter fi el d , 

Here , the ti lde means transpose and �2 i s  the second Paul i matrix .  

where 

The equations of motion are given by 

OW + OW = Je ,

2 -2a2ev 
D (e S) = - 4 m S � � -2a2ev _ 

D {S e ) = - 4 m S ,

i s  a conserved el ectric supercurrent 

o2 J = i>2 J = o .e e 

and the Bi anc�i ide�ti ty· reads

DW - DW = O . 

( 4) 

( 5 )  

(6 ) 

(7 ) . 

(8) 

(9)  

( 10 ). 

( 1 1 )

We shal l refer to equations (7)  arid (U ) as the Maxwell equations for SUSY .
QED . 



The mai n  i dea i n  our presentati on i s  to supersy111T1etri ze dual trans­
fonnati on between el ectri ci ty and magneti sm and us i ng such a concept to 
derive SUSY QEMD as a dual i nvari ant genera l i zati on of SUSY· QED . 

I t  i s  wel l known that i n  nonsupersymmetri c case the Maxwel l equati ons 
in vacuum are sy11111etri c under the dual i ty transformati ons 

*
v = ..!_ £ yPO 

µv 2 µvpo 

Usi ng eq . (4 ) we can wri te 

* * ' 
( V  ) = - V .µv µv 

v + i*v = i ( a  ) B o«w6 18_,-i-_0µv µv µv a -oa.. 

* Then for supersymmetri c dual fiel d W we have a 
* 

i ( a ) Bo«'i,1
13 

l
o 

= 
*v - i V = -µv a µv µv i ( V  + i V ) = µv µv 

= ( a ) B oaw
B 

l
o µv a 

We general i se the l ast. equati on to be val i d  for every 8 

* ·  
w = - i w a a 

Now, the supersyrnmetri c  Maxwel l eqs . i n  vacuum , i . e .  

ow + ow =  0 
* -*-

0 W + D W = 0 

are synmetric under the superdual i ty transfonnations 

* w = - i w a a 
*-w. = i w.a a 

* * 
( Wa

) = - Wa 
* *- -( W�) = - W�

( 1 2 ) 

(l3) 

The SUSY QEMD i s  a general i zati on of the vacuum SUSY QED to the theory 
wi th matter whi ch preserves superdual i ty .  The correspondi ng equations of 
moti on are 
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OW + m:I = Je 
* -* 

D W + D R = J g 

where we i ntroduce conserved magneti c supercurrent Jg , 

o2J = n2J = o g g • ( l 5 )  

Our task i s  to fi nd the action for eqs . ( 14 ) i n  the presence of  cons­
erved supercurrents ( 1 0) and ( 1 5 ) . There are two poss i bi l i ties to do i t :  
fol lowi ng method of ref .  1 ) a s  i n  ref . 6 ) , and methods of . ref . 2 ' 3 ) as i n  
ref. 7 } • Here we present only the fi nal resul t ( for detai l s  of  cal cul ati ons 
see ref .  6 ' 7) ) • 

The l ocal -l agrangian two-prepotenti al theory reads 

• n • • -2a eV -2a gU 
A = f dxd4 e · { .!. �F -as � - 2 s e 2 s - 2 1r e 2 R } + QEMD 2 na 

( 16 )

where the vari abl es g ,  U ,  R ,  R,  m8 have the same meani ng for magneti sm as 
the e ,  V ,  S ,  !, m5 for el ectri ci ty ,  

2 
W = - � u2 T ( V  + iU) , 11• = (W }+ 
a 4n" a" a a a 

are fi el d-strengths , and 

1J V 
Ta = .L!!_ ( a a } a D B

n a  
µ v a 

( l7) 

We have to i ntroduce fi xed four vector n� as wel l as i n  the nonsupersym­
metri c case of QEMD 1 � 2 • 3) 

The component formul ati on of the SUSY QEMD ( l 6) presented here contai ns 
both the spi nor 1 ) and the scal ar theory J} • 
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