
Technical Report 
RAL-TR-96-100 

CLRC 

Improved Lagrangian for the 
Fermionic String 

A Abdurrahman 

December 1996 

COUNCIL FOR THE CENTRAL LABORATORY OF THE RESEARCH COUNCILS 



0 Council for the Central Laboratory of the Research Councils 1996 

Enquiries about copyright, reproduction and requests for 
additional copies of this report should be addressed to: 

The Central Laboratory of the Research Councils 
Library and Information Services 
Rutherford Appleton Laboratory 
Chilton 
Didcot 
Oxfordshire 
OX1 1 OQX 
Tel: 01 235 445384 
E-mail library@rl.ac.uk 

Fax: 01 235 446403 

ISSN 1358-6254 

Neither the Council nor the Laboratory accept any responsibility for loss or 
damage arising from the use of information contained in any of their 
reports or in any communication about their tests o r  investigations. 



RAETR96 100 
October 1996 

Improved Lagrangian for the Fermionic String 

A. Abdurrahman’, J. Bordes2 

Department of Particle Physics 
Rutherford Appleton Labomtory 

Chilton DIDCOT, Oxon OX11 OQX, U.K. 
U.K. 

Abstract 

The principle of a “world sheet” local gauge invariance is applied to the 
free Lagrangian for the fermionic string. It is seen that the requirement that 
the theory be invariant under a world sheet local gauge transformation leads 
to the introduction of a world sheet gauge field interacting with the fermion 
field in a definite way. The improved expression, for the fermionic piece of 
the Lagrangian, could be interpreted as the Lagrangian for a “world sheet” 
quantum electrodynamics. 

Let us consider the Lagrangian for the fermionic string3 (say eq. (4.1.2) in 

(1) 
1 
27r 

PI 1: 
S = -- 1 da2(tlaXpa“Xp - i4ppatla+,) 

This lagrangian and its symmetries have been studied in detail. However, 
there is a new symmetry of the above Lagrangian that have not been looked at 
before. So far no one has studied phase transformation, of the first and second 
kind (global and local gauge transformation) involving the “world sheet” of the 
string and not the “space time” of the string, of the fermionic field in (1). We 
will see below that an improved Lagrangian, with much richer structure than the 
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original one, will emerge as a result of the proposed gauge transformation. The 
improved Lagrangian will bee seen to give rise to a new way for the superstring 
interaction. 

Consider the fermionic piece in (1): 

It is clear that this Lagrangian is invariant under the global gauge transformation 

Now if we demand that the Lagrangian is also invariant under local gauge trans- 
formation, that is, i9 = O(a,T), then we are forced to modify the above La- 
grangian to restore gauge invariance. This may look very familiar ; it is like 
when one imposes local gauge invariance on the free particle Dirac Lagrangian 
to get all of electrodynamics. However, the implementation is not the same; this 
is a new symmetry for the fermionic string 4,  since the transformation involves 
the world sheet of the fermionic string and not the space time of the fermionic 
string as it is the case in ordinary electrodynamics. Now the local invariant 
lagrangian is simply 

where A, is new vector field (gauge field) that transform under local gauge 
transformation according to the rule 

and 

The above form of the Lagrangian is not the whole story; we must include a free 
term for the gauge field. A good guess is the Proca type Lagrangian 

4As far as we know this is the first time local gauge invariance for the fermionic string 
Lagrangian is considered in the sense implemented here. 

6For the bosonic part, P ( o ,  T ) ,  we assume that B = 0. This is the same statement as saying 
that the charge (coupling) for the bosonic part is zero and that the charge of the string is carried 
only by the fermionic part. 
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The mass term is not invariant under the above rule therefore for the whole 
Lagrangian to be invariant the gauge field must be massless. Hence, the complete 
lagrangian is 

and the new improved superstring Lagrangian (S = SB + SF) is now 

At this point it is worth mentioning that A* is a world sheet potential analogous 
to the electromagnetic potential. The world sheet current density 

1 

(10) 

acts as a source for the gauge field (A”). Note this is a new quantity different 
from the supercurrent of the original Lagrangian eq. (l), 

(see eq. (4.1.13) in [l]). At this point there are few remarks worth making. The 
first is that as a result of the extra terms due to the requirement of local gauge 
invariance the above supercurrent as well as the energy momentum tensor (eq. 
(4.1.14) in [l]) will certainly change6. Thus one may hope that the anomaly in 
the super - Virasoro algebra changes which could modi@ the critical dimen- 
sion. The second; if we r e d  that Witten’s interaction does not work for the 
superstring; here superstrings can interact through the exchange of the gauge 
particle. The third, we can easily generalize the abelian m e  to a non-abelian 
gauge theory thus leading to a “world sheet” chromodynamics. Other aspects 
of the new Lagrangian, eq. (9), may be explored to have a better understanding 
of this symmetry [2]. Finally if we regard local gauge invariance on the world 
sheet of the string as fundamental, then this new symmetry is likely to influence 
not only superstring theory but it may be of consequences to other 2 0  theories. 
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eNote that the equations of motion (which are easily) derived from the new Lagrangian are 
different from those derived from the old one. 
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