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The three-dimensional Abelian Chern-Simons theory coupled to a scalar and a fermionic field of
arbitrary charge is considered in order to study conformal symmetry breakdown and the effective potential
stability. We present an improved effective potential computation based on two-loop calculations and the
renormalization group equation: The latter allows us to sum up series of terms in the effective potential
where the power of the logarithms are one, two, and three units smaller than the total power of coupling
constants (i.e., leading, next-to-leading, and next-to-next-to-leading logarithms). For the sake of this
computation we determined the beta function of the fermion-fermion-scalar-scalar interaction and the
anomalous dimension of the scalar field. We show that the improved effective potential provides a much
more precise determination of the properties of the theory in the broken phase, compared to the standard
effective potential obtained directly from the loop calculations. This happens because the region of the
parameter space where dynamical symmetry breaking occurs is drastically reduced by the improvement
discussed here.
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The classical action in ' =1 superspace of a Chern-Simons superfield coupled to N
massless scalars superfields, with a quartic self-interaction,

- 1 l— A —
S = [ d=]—-TW, - -Vad,Vad, + - (T.0.)° (1)
2 2 N
where We = 1D8pT, vo = (Df" i rﬂ') and a =1, .N .
A.C. Lehum and A.J. da Silva. Phys Lett., B693:393-398, 2010, by = 1 (Z +vVNo, + ,‘H) _
S. J. Gates, Marcus T. Grisaru, M. Rocek, and W. Siegel. Front. Phys., 58:1-548, 1983. ’ \/§ “
Component form of Eq. (1)
S= [ &=z EAHEMNP@WAP — EE)ME O a + i, ~M Oy — 1 g Ay | O
oM ] 2 PaUM Pa a’) ] \/F a

—_— Al 1 2 _ 1 1 _ B 1 A 2 )
_ \/%faa Aﬂf@“adnwa — ﬁgﬂﬂz{pa% -+ N (592 + /\) U, U, 0op0p — 5 (E) (%%)3} |

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,
E}:QQ

Sar+Fp :fd z [——(-ﬁ_") +cD%c+ 29 ootc +2—\/F

O CL C,] : (2)

with Fo = (D“Fa | ﬂw— chH)

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

Sp = f 4= {_%rﬂm — MpI? — 4iD'-”EFﬂ,D-BFﬁ +3; [D* + My, | ®; + %2 [D? + My ¥
¥ .

1 __
+ 511 [D* 4+ Mp| T+ & [D? + aMr] ¢ ‘.39 _ ([D®;] Ta®; + ®,TaD®;)
g° A e 2
o 2 2 2
2-\/_ NT,E+1T,DY) — \f¢)+z+n]r + (%;2;)
A , . A g2 a )
+E(EE+H2) (EQ+H9)<I) D+ —=out |80+ X° 411 - }‘Fg—kﬁggacgcc

A
+\/j\'_T)\Ug£Z -+ i\'TZgiE -+ ‘ECE} 3 |
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Gap equation and Effective superpotential

Propagators

D%~ My

(T2 (k, 01) 2 (=, 02)]) = —i 75 M2 6t 07y = 0% (01 — 62)
(T ®; (k,0y) ®, (—k, 0)|) = —i Jfg;:j%z 5

(I TH(k, 6,) T (—k, B5)[) = —i fz ;;{5512

T La (k. 01) I's (k. 0)]) = _% {J?; E}zt "E)) Dals f;? ifgﬂj ﬂ;"i'r%)) D'BDH} &

where

2
My = %ggg, Mg, = A%, My =3\o2,

fl;f.'_rc — ﬂi“lrf]__' P ﬂr.frn — )\J E{ — iﬂlr':fc .
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. 3 ,
e @ 3)
a b
;o with o4 = o1 — 6%,
R T % Imposing S}/, = 0, one verifies that the
¢ ¢ one-loop correction is not sufficient to

| o | ensure a nontrivial solution to the gap
Figure 1: One-loop contribution to the one point vertex

function. The Y superfield is represented by the dotted equation, i.e., the only solution is g4 = 0.

line, the @; superfield by double line, the I1 by dashed Therefore, there is not DSB in the first |OOp
line and the T', by the wave line. .
correction.
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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 Ti‘"f US{ fp a0y (p.0).

D1 — 2 () A3 D9 —3 (1) A* D17 — (N —-1)X3¢ D25 —g5¢

D2 2 (1z) Ag® D10 —3 (p=r) A® D18 —54 3¢ D26 —2 (N —1)Ag*¢
D3 =3 (o2 ) A° D11 —2(N-1)X° D19 (-3 Ag*—A*¢*) ¢ D27 TAg¢C

D4 —6(35=) (N —1)N° DI12 L (sk=) Ag? D20 —6A3¢ D28 _54N3¢

D5 —4()(N-1)*A* Di3 3 (1e=r) A g D21 —3(N —1)23¢ D29 —10(N —1)A3¢
D6 -3 (1s) (N —1)A* D14 (1) (N —1)Ag* D22 L(N-1)Ag'¢ D30 —10A3¢

D7 — (tm=7) (N = 1) D15 (to=z) Ag* D23 SAg%¢ D31 (3Ag*+32¢°)¢
D8 1 (3m=) (N —1)Ag* D16 —4N3¢ D24 (=2X%g%2-3)g%) ¢

1 1 1
Sg()wi)t = oy N/ [4 N A+ — A2 ((; As + 162 Ag) + A4] /p d*0% (p.0), (4)

where g . 5., [51 1 L1,
Ay = [Q—I— \])‘-.Q—l——, AQZ—[114—|—144NT])\ —T)\g + | — = =N )\g +—-g°,
4 2 8 2 2
Ay= (5 AN —aN?) 2 (242 N) A
2 4 .

A. F. Ferrari. Comput. Phys. Commun., 176:334-346, 2007.
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1 (1 ., 1 o2
¢ = 35,2 { —|—]11[4’re }}_lﬁﬁgln[g}’

The unimproved Kéahlerian effective superpotential

(04+142)1  7-(0)1 (1+2}£ (O+142)1
Kepp 7 = Kopp + Kogg 0o ey (5)
where
o+1+20 _ | N 1 ; 1 1 1 ;
Serr = [ 1 Tonnie M T Gamenae 2 (2 L)+ saenam 3]

with L = [ Cf/lu]

10
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B and y functions

)
Propagators in symmetric phase (|T @y (k,01) ®; (—k,02)|) = —i by JE? 2
1
(IT T (k,61) T (=, 62)]) = 575 { DaDp — @ DsDa} 67y,

Table II: Divergent parts of the diagrams appearing in Flg 3 E } i ; E : :! S

omitting an overall factor of agf d’0 @, (—p.60) D? @, (p.b) .

DI 0 Di —Lg' D7 —1INg' D10 0 @ ﬁ} @F Afé}
D2 0 D5 0 D8 —1g* D11 0 D5 D6 D7 D8
D3 —lg' D6 —lg' D9 8N2A? % @ @

\ D9 D10 D11 %DIZ%

Figure 3: Two-loop contribution to two-point vertex function of
the @, superfield.

S@ = HQ g{gNﬂ,\?_%(uN) }+%@5@]/pdﬂe@ﬂ(_p,e)j}?&aa(p,a), (6)

11
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Figure 6: Two-loop contribution to four-point vertex function.

12
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Table V: Divergent parts of the diagrams appearing in Fig. 6, omitting an overall factor of

18 P, 3,1 d*0 Py (p,0) ‘i’u f‘-' 0) P, (1, 8) ‘i)u (—p—s—1.0).

D1 2\ gt D7 0 D13 —8N A2¢2 D19 0 D25  8Ag*
D2 0 D8 8 A g? D14 —24° D20 2 q° D26 N g°
D3 -2\ g* D9 —g° D15 16N A g? D21 —-2NXg* D27 —4N\g*
D4 0 D10 —64N2)3 D16 24° D22 —24" D28 g°

D5 —64N A2g? D11 —Ag? D17 64N A?g* D23 1INg® D29 2\ ¢g*
D6 12N Xg* D12 —5;¢°  DIS N g° D24 5 9°

(2) 1 0y
Spbad o = [m%Cﬂ +1F]/

dgﬂq’a (p,0) ®, (5,0) ®, (1,0) ®, (—p—s—1,0), (7)
[

where Fy = —64N2 X3 + 8N A2 g% + (17 + 6N)A g* + 5 (1 +5N) ¢°.

13
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B and y functions

The counterterms in the minimal The relation between bare quantities
subtraction scheme as (labeled by subscript zero) and
| renormalized ones are,
: 212 ATy 4 1
0p = — BQszgf{lﬁx A (‘3—#4\')9}: i’aD:Z(f,i’ag
5y = b1 F Ao (Pa0Pa ::1)2 = 1% (A +5)) (@ai}a)z ,
A 972N2 e
Where Zt]} — (1 + é{[}) .
d 3
Br=ngd= B, 8)
12 1 1
= A - Ay — —— (11 +4N) A y° 1+ 5N
3 2 2 YT RN (11 +4N) Ay 16 m2 N2 { )Y
where ¥ = QE.
d d
Bg =p——g=0, (9) —_2%r —o (10)
L. Avdeev, G. Grigorev, and D. Kazakov, Nucl.Phys. B382, 561 (1992). 14

S. R. Coleman and B. R. Hill, Phys.Lett. B159, 184 (1985).
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(11)
Now, using the RGE and the B functions
1 ) _ﬁfTS “\I,T /\.F 4 (12)
soeNa 2 T AT N A og =0,
where
1 1 1 1
r__ / / /
N =AM T e (5 N L) T TN B

For convenience, we solve (13) for 7o assuming \ £ 0 as wellas y < A < 1, in which
case )\ ~ A With this approximation, we obtain

1 1 1 1 51 1
— A2 = P B 51 o )
Yo=Y = {16N5r’2 [57+7N]+3}A +ﬂ2{ AN [4 N] e (11—|—4N)}y
1 5 1 1 1 1 .
—
15
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s, 7, o .
[—2 (1 + F]"r:r) E + SAE - TGUEEE] Iieff = 0. (13)

Kpp =0gSers Ay, L(o(n),p))

The contributions to Sess according to the relation between the aggregate powers of
coupling constants and the power of the logarithm L,

NLIL ZWLL
Sﬂff — eff+Seff —l_S

— Z CTIIM;LH /\,\n.yan—i—m—l_l_ Z Cr"'-.LL AT an—I—m 2

7,771

n,m Jm
(n4+m=1) (n4+m=>=2)

n Z Cg";nLL A" an—I—m 3—|—....
(ntm>3)

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

SO On. 16
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Renormalization group equation

The unimproved potential in function of C constants [ E$: 2 = KO ¢ KU = o4 5O+
SE(_?}_I—I_QH _ C LL A+ C"» LI }‘2 + CY"\.LL 2 4 (‘*2'\. LL )\3 4+ Cé:}LL /\,‘2 + CE"\.LL ,),_lyﬂ
+ CRNEL 43 4 [ONEL N3 4 ONEL A2y + CNEE N2 4 CNEL ] L, (14)
where . .
OLL — N oNLL _ 9+ N
Lo 4’ 720 T 6aN1/2’
. 114 + 14N . 1 103
WNLL _ 2NLL _ 11N — AN2
C30" = Gamner 30 6472 N3/2 ( y v ) |
JNLL — 5 CQNLL _ 5
> 7 12872N3/27 T2 256m2N3/2’
. 1 . 1 51
NLL _ _ NLL _ _ N
Coz sNa Gl 12872N3/2 Lt N] ’
, 1 143 : 1
ONLL _ r NLL _
“i27 = G ( 16 H\“) - Cos 12872 N3/2

CQ\LL 1

2562 N3/2°

17
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The renormalization group equation is given by

0 2(3) 0 2 5.9 GNLL
oL Sﬂff [‘BA o\ [} SEff_ oL ¢! T
9 [3} 0 NLL f} 2NLL
Terms of order AnymLntm—2
_ 9 — SLL —, (n—l—m—l)@é’__‘;‘n:{], (n+m=>1).

oL “ell

There are not leading logarithms
— (LL LL _ _ * _ )
‘ erf = Croh- \ Cim =0 m+m22  o,hections at higher loop orders.

That complies with the general picture that supersymmetric models have less
divergences and have simpler Renormalization properties.

18
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Terms of order Anym[n+m=3 {

3) 0 d
B o5 — 498 ] St —25r SN =0 (e

with

— 9! .
CNLL — n+m — 2] { [384N2 (n—3)—

TN 114 + 14&-]] CLL

n—2.m

N2

T 1 ) 1 [51 .
- [3%- (n—2)+ lezml CHy ey — [(44+ 16N) (n = 1) = <73 [2 —m” cLL _,

i 1
-2 [(1 -+ 5;&-) (T?-) — m] Cn—|-1 m— 3}

The solution associate to this order

Sff.};L CNLL/\Q—I—CNLL 2 [CNLL /"t3—|—CNLL}\2 _I_Cl NLL l’y _I_CNLL 3} L}

Again there are not new corrections.
19
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Terms of order \nym[ntm—4

0 3) 0 2 NLL 0 ONLL
{[ QF}J)@L] Sf‘ff_l_ [SA 5—4”};,[,)] Seff — dLSEff — (0 (17)

with
Chim " = ‘32;2 N? { ( wi 7 |14+ 1N] + 96N €y,
pghg {1 + 35 N”g( 1 +5N) Cn+1 m— 3) +
+5 Lntm—3)! ( [384&'*2 (n—3)— mjl 75 (114 + 14 T]] cN
- [BQN (n—2)+ ;E,g] Coim—1 = [(44 +16N) (n—1) — % [% - %“*” Crm=2
1

) [(1 +5N)n - <573

NLL J(n+m =4
C‘n—l—l nm— 3)} ( }
20



& Programa de Pos Graduacdo em Fisica M

UFABC
Renormalization group equation

SEEJ{?LL CQNLL )\3 4 CQNLL )\2 y + CQNLL A\ yi 4 CQNLL y?'—l—

[CEENLL )\5 4+ CENLL }\4‘y 4+ CBENLL )\3 ,yﬂ 4+ CQENLL )\2 yE 1 CIENLLAy-i 4 CENLL 5} LE.

Here, in this order there are new contribution to C values:

Cxi CQ“»LL C:Q"'»LL CQ‘\.LL CEELL 0,
CNEL = L ljog N3 1 (114 4 14N] CHFE
0 T 3N [T N1/2 ‘ *
ON 1 1 5 :
2NLL __ 72 T f'% LL T NLL
CQI"I."LL - ]‘ 1 [114 _|_ 14 I‘.\I"'] Cf"'l.LL 8 NT 5 C\“'l. LL
327 T 3272NZ | N1/2 ~ 2N

1 AT I |51 1 NLL
+[2 (44+16M+N1f9[8 2%”( }

21
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9N 1 | r 5)
ONLL _ 72 1| oNLL NLL
C53™" = EETY NG {[96 N=+ N1 114 + 14N ]] Co's™ + SN Cis
~ 51 . . 1
[ (44 + 16N) — [g——w ]C“*LL [(1+5N) W:!]C‘*LL};
oA 1 5) 1 bl 1
ONLL _ _SN|NEL o _ Ly | oNLL
CLiT = 5o {[QNW M] N v [ 8 2‘““] “i2
! 7 1 NLL
oN 1 1 1 5l 1 . 1 :
2NLL __ T T NLL NLL
Cos = 392\2 { [ (44 + 16N) + ~N1/2 [— §h” Cog™ + SN2 CTg } ;
while other values C2Y* are zero.

22
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The improved Kéahlerian effective superpotential

e_ff (0at) = oy { _ff + SéﬁL + SgﬁfLL +p}. (18)

The component version of the improved Kahlerian effective superpotential

. 2
o
20 11 _ g _
The renormalization constant p is fixed using ilx;”( ) — gl i)\z (20)
the renormalization condition. do? o?=p
This equation is used to
d Eff (o1) =0. (21) determine the value of A
doy o2=p as a function of the free
parameters y and N.
2 - .
My, = ﬂvﬁff (o1) >0. (22) Minimum of the potential.
71 gil?:# 23
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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 A = 0.0242 for the unimproved
effective potential and L' = 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. 24
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« We had to calculate perturbative corrections to the vertex functions up to the two-
loop level, finding the renormalization group g and y functions.

« With theses function, together with the RGE, was possible to compute Iifff and,
from this, we found improved component effective potential VE”

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

« 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 T o] = f d°2 K (04) + f &2 F (04, Daoa, D*ay) ).

25
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THANKS!
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Integrals (Apendix A)

Il (mhm%mg) - / dﬂkdﬂ dﬂq — Hfde‘—fq.
@)™ ((g+ k) +m3) (qﬂ + mﬂ) (k2 +m3)

> 1 mq + mo + may
SRR, N |

1672
dPkdPq 2(k-q)
(2m)*" (('-‘I +k)* + m1) 2 + m2) (k2 + m32)

IE (mla ma, mﬂ) =

— (—m? B m% &l m%) 7, (M) ol F [m2m3 - TRl — mlmH]
y — dPkdPq (k- q)°
3 3 20
@m™ ((a+ k) +md) (a2 +m3) (k2 + m3)
1
= — 13 {m (mams + myms — myms)

— 1My (Sm% + Sm% + mgmg + QOg) + (m% + m%) mgmg}

1
4l 1 (4m2m3 — (—m% + m% o m%))gzl (M) ’ 27
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Superfileds conventions (Apendix B)

d(z,0) = o (z) 4+ 0%V, (z) — O?F (z), @) =20, F(z)=D*®(x,0)|.
Uy (z) = Da® (z,0)],
We (,0) = pa () + 0° fpa (x) — i0°0, pg (),

pa(z) = Wa (z,0)], fpa(z) =

ié‘fpﬁ (ﬂ?) » DEWCE (mr H)l )

(Qﬂpﬂpu + aﬂﬂAPﬁ) = DgW, (z,0)],

b | =

Ca (2,0) = Xa () — 0aB (2) + i0° Aag (z) — 67 |2pa (=) + i05ax” (=)
xa (@) = Ta (z,0), B(2) = 5 DT (2,6)].

Aag (z) = —% [Dal's (z,0) + Dgl'a (2, 0)]] 200 (2) + 10gax” (z) = DTy (z,0)|.
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