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The classical action in            superspace of a Chern-Simons superfield coupled to N 

massless scalars superfields, with a quartic self-interaction, 

(1) 

where , and . 

A.C. Lehum and A.J. da Silva. Phys.Lett., B693:393–398, 2010. 

S. J. Gates, Marcus T. Grisaru, M. Rocek, and W. Siegel. Front. Phys., 58:1–548, 1983. 

Component form of Eq. (1) 

Alex G. Dias, M. Gomes, and A. J. da Silva. Phys. Rev., D69:065011, 2004. 

A.G. Dias and A.F. Ferrari. Phys.Rev., D82:085006, 2010. 
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Using an appropriate gauge fixing and Faddeev-Popov terms,  

with , 

We may write the regularized action for this model as follows, 

(2) 
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Propagators 

where 
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Figure 1: One-loop contribution to the one point vertex 

function. The ∑ superfield is represented by the dotted 

line, the Φj superfield by double line, the Π by dashed 

line and the Γα by the wave line. 

Imposing 

one-loop correction is not sufficient to 

ensure a nontrivial solution to the gap 

equation, i.e., the only solution is              . 

Therefore, there is not DSB in the first loop 

correction. 

, one verifies that the  

with 

(3) 
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Figure 2: Two-loops contribution to the one-point vertex function. The countertem is represented by a cross line. 
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Table I: The result of the diagrams appearing in Fig. 2, omitting an overall factor of 

where 

(4) 

A. F. Ferrari. Comput. Phys. Commun., 176:334–346, 2007. 
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The unimproved Kählerian effective superpotential 

where 

with                       . 

(5) 
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Propagators in symmetric phase 

(6) 

Figure 3: Two-loop contribution to two-point vertex function of 

the Φ  superfield. 

Table II: Divergent parts of the diagrams appearing in Fig. 3 

omitting an overall factor of 
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Figure 6: Two-loop contribution to four-point vertex function. 
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(7) 

where 

Table V: Divergent parts of the diagrams appearing in Fig. 6, omitting an overall factor of 



where . 

The relation between bare quantities 

(labeled by subscript zero) and 

renormalized ones are, 

The counterterms in the minimal 

subtraction scheme as 
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where . 

(8) 

(9) (10) 

L. Avdeev, G. Grigorev, and D. Kazakov, Nucl.Phys. B382, 561 (1992). 

S. R. Coleman and B. R. Hill, Phys.Lett. B159, 184 (1985). 
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(11) 

Now, using the RGE and the β functions  

(12) 

For convenience, we solve (13) for       assuming           as well as                   in which 

case             With this approximation, we obtain 

where 
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The contributions to        according to the relation between the aggregate powers of 

coupling constants and the power of the logarithm L, 

Hereafter, LL stands for Leading Logarithms, NLL for Next-to-Leading Logarithms, and 

so on. 

(13) 
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The unimproved potential in function of C constants 

where 

(14) 
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Terms of order 

There are not leading logarithms 

corrections at higher loop orders.  

That complies with the general picture that supersymmetric models have less 

divergences and have simpler Renormalization properties. 

(15) 

The renormalization group equation is given by 
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Again there are not new corrections. 

Terms of order 

with 

(16) 

The solution associate to this order 
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Terms of order 

with 

(17) 
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Here, in this order there are new contribution to C values: 
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while other values              are zero.   
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This equation is used to 

determine the value of  λ 

as a function of the free 

parameters y and N. 

Minimum of the potential. 

The renormalization constant ρ is fixed using 

the renormalization condition. 

The component version of the improved Kählerian effective superpotential 

The improved Kählerian effective superpotential 

(18) 

(19) 

(20) 

(21) 

(22) 
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Figure 7: Comparison of the unimproved (continuous line) and improved (dashed line) potentials, with the same numerical values 

of  y, N and  as the example in the text. 

Example: Choosing g = 𝟎. 𝟔 and N = 1, we found that  λ = 0.0242 for the unimproved 

effective potential and λI = 0.0269 for its improved version. We see that the enforcement 

of the RGE on the calculation of the effective potential provides only a quantitative 

improvement on the parameters of the DSB. 



25 

 

• We had to calculate perturbative corrections to the vertex functions up to the two-

loop level, finding the renormalization group β and γ functions. 

 

• With theses function, together with the RGE, was possible to compute         and, 

from this, we found improved component effective potential        .  

 

• This potential was used to study DSB in our model, and compared it with        . 

 

• The end result was that DSB is operational for all reasonable values of the free 

parameters, and that the RGE improvement produces only a small quantitative 

change in the properties of the model. In this particular model, the effects of the 

improvement in the phase structure of the model were not so dramatic as in 

its non supersymmetric counterpart, however the question remains whether 

the same might happen in different models. 

 

• A future work we going to study for the calculation of the auxiliary field effective 

superpotential F              (                                                   ). 
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