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Minha trajetória no CBPF 

 Início: 1998 

 Descaminho: 1999 

 Acolhimento no DCP e Mudança de rumo 

 Trabalho sob orientação do Helayël e Del 
Cima em interações de férmions no plano 

 Concurso do CBPF (tormentas...) 

 Manifesto, e-mails, discussões 

 2001: Defesa da tese 

 2002: pós-doc informal  

 2003: retorno à UFMA 

 

 



  Um pouco sobre modelos 
dotados de violação de 
Lorentz:  



Why to study Lorentz symmetry 

violation?? 

 This is an exact symmetry of nature?  

 To what extent this symmetry holds? 
It is possible to answer this question? 

 How? 

 
 Allowing the inserction of Lorentz-violating terms in 

the different sectors of the Standard Model. 

 Investigating how these terms modify the usual 
systems. 

 Comparing the new LV effects with the usual 
experiments       upper bounds on the LV terms. 

 

 

 



Why to study Lorentz symmetry 

violation?? 

 As an element for effective theories 
for describing new physics. 

 

 It may be useful in Condensed Matter 
systems; 

 Topological defects and solutions. 

 

 

 Examples: 

 



There is a theoretical framework 

for studying Lorentz symmetry?? 

              YES, There is! 

    THE STANDARD MODEL EXTENSION 

 

• Conceived by D. Colladay & A. Kostelecky as an extension 
of the Minimal Standard Model. [PRD 55,6760 (1997); PRD 
58, 116002 (1998).] 



PRD 55, 6760 (1997). 



PRD 58, 116002 (1998). 



Standard Model Extension –SME 

 The underlying theory undergoes spontaneous breaking 
of Lorentz symmetry. 

 

 Conceived as a speculation for probing a fundamental 
model for describing the Planck scale physics endowed 
with SSB of Lorentz covariance (high energy scale – 1019 

GeV). Issue relevant for Planck scale physics. 

 

 The low-energy effective model incorporates Lorentz-
violating terms in all sectors of interaction. 

 

 The renormalizability, gauge invariance and energy-
momentum conservation of the effective model are 
preserved. 

 



Key ideas of the SME 

 It embraces small LV terms as corrections to the 
usually known Lagrangians 

 

 It keeps coordinate independence (observer Lorentz 
invariance) 

 

 It introduces preferred directions – tensor anisotropy 
terms, which violate rotation symmetry. 

 

 Lorentz covariance is broken in the frame of particles 
but is preserved in the observer frame. 

 

 



Key ideas of the SME 

• Coordinate independence    Lorentz violating terms as 

“tensors” coupling to the 

physical fields. 



Key ideas of the SME 



Standard Model Extension 

Usual SM: 

Standard Model Extension: 

[Kostelecky, PRD 69, 105009 (2004)] 

- LV terms are inserted in:  
• SM Fermion sector 

• SM Photon sector 

• SM Higgs sector 



Standard Model Extension: gauge sector 

 Gauge sector: 
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Standard Model Extension: fermion sector 

 Fermion sector: 

Where: 

The modified Dirac equation is: 
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Fixed background tensors 



Standard Model Extension 

SM Higgs sector: 

Abelian Higgs sector: 

Non Abelian Higgs sector: 

Vortex 

configurations! 

   ,   Fk k   Fixed background tensors 



Violação da simetria de Lorentz no 

Brasil: trabalhos iniciais (2003) 

 hep-th/9912251: Induced Lorentz and PCT symmetry breaking 
in an external electromagnetic field, M.B. Hott, J.L. Tomazelli. 

Helayël-Neto, J.A. ; SCARPELLI, A. P. B. ; BELICH JR., H.; Boldo, J.L. . 
Aspects of Causality and Unitarity and Comments on Vortex-Like 
Configurations in an Abelian Model with Lorentz-Breaking Term. Phys. 
Rev. D, v. 67, p. 85021, 2003. 



Violação da simetria de Lorentz no 

Brasil: trabalhos iniciais (2003) 

Helayël-Neto, J.A. ; BELICH JR., H. ; FERREIRA JR., M. M. ; ORLANDO, M. 
. Dimensional Reduction of a Lorentz- and CPT-Violating Chern-Simons 
Model. Phys. Rev. D67 (2003) 125011, 2003. 



Violação da simetria de Lorentz no 

Brasil: trabalhos iniciais (2003) 

Helayël-Neto, J.A. ; BELICH JR., H. ; FERREIRA JR., M. M. ; ORLANDO, M. 
. Classical Solutions in a Lorentz-Violating Maxwell-Chern-Simons 
Electrodynamics. Phys. Rev. D68 (2003) 025005, 2003. 



Trabalhos iniciais (2003-2004) 

Helayël-Neto, J.A. ; GODINHO, C. ; SCARPELLI, A. P. B. ; CANTCHEFF, 
M. N. B. . Dual Embedding of the Lorentz-Violating Electrodynamics 
and The Batalin-Vilkovisky Quantisation. Phys. Rev. D, v. 68, p. 06502, 
2003. 

Helayël-Neto, J.A. ; BELICH JR., H. ; Boldo, J.L.; Colatto, L.P.; 
NOGUEIRA, A. L. M. A. . Supersymmetric Extension of the Lorentz- and 
CPT-Violating Maxwell-Chern-Simons Model. Phys. Rev. D, v. 68, p. 
06503, 2003. 

Helayël-Neto, J.A. ; SCARPELLI, A. P. B. ; BELICH JR., H. ; BOLDO, J. L. 
; Colatto, L.P.  ; NOGUEIRA, A. L. M. A. . Remarks on the Causality, 
Unitarity and Supersymmetric Extension of the Lorentz- and CPT-
Violating Maxwell-Chern-Simons Model. Nucl. Phys. B127 (2004) 105 
(Proc. Suppl.), 2004. 

Belich, H; Ferreira, M. M. ; Helayel-Neto, J. A. . Dimensional reduction 
of the Abelian Higgs Carroll-Field-Jackiw model. European Physical 
Journal C, Alemanha, v. 38, p. 511-519, 2005. 



Trabalhos intermediários (2005-2006) 

Belich, H; Costa-Soares, T. ; FerreiraJr., M. M. ; Helayël-Neto, J. A. . 
Non-minimal coupling to a Lorentz-violating background and 
topological implications. European Physical Journal C, v. 41, p. 421-
426, 2005. 

Belich, H; Costa-Soares, T. ; Ferreira, M. M. ; Helayël-Neto, J. A. . 
Classical solutions in a Lorentz violating scenario of Maxwell-Chern-
Simons-Proca electrodynamics. European Physical Journal C, v. 42, p. 
127-137, 2005. 



Trabalhos intermediários (2005-2006) 

Helayël-Neto, J.A. ; SCARPELLI, A. P. B. . A LORENTZ-VIOLATING SO(3)-
MODEL: DISCUSSING THE UNITARITY, CAUSALITY AND THE 'T HOOFT - 
POLYAKOV MONOPOLES. Physical Review D 73, p. 105020, 2006. 

Belich, H; COSTASOARES, T ; FERREIRAJR, M ; HELAYEL NETO, 
J; Orlando, M.; A comment on the topological phase for anti-particles in 
a Lorentz-violating environment. Physics Letters. Section B 639, p. 675-
678, 2006. 



Trabalhos posteriores (2006-2009) 

BELICH JR., H. ; Costa-Soares, T; FERREIRA JR., M. M. ; Helayël-Neto, 
J.A. ; MOUCHERECK, F. M. . LORENTZ-VIOLATING CORRECTIONS ON 
THE HYDROGEN SPECTRUM INDUCED BY A NON-MINIMAL COUPLING. 
Physical Review D, v. 74, p. 065009, 2006. 

BARRAZ JUNIOR, N. M. ; Fonseca, J.M. ; MOURA MELO, W. A. ; Helayël-
Neto, J.A. . On Dirac-like Monopoles in a Lorentz and CPT-Violating 
Electrodynamics. Physical Review D 76, p. 027701, 2007. 

BELICH JR., H. ;  Costa-Soares, T  ; FERREIRA JR., M. M. ; Helayël-
Neto, J.A. ; ORLANDO, M. . GAUGE THEORIES WITH LORENTZ-
SYMMETRY VIOLATION AND ELECTRICALLY CHARGED VORTICES IN 
THE PLANAR REGIME. International Journal of Modern Physics A, v. 
A21, p. 2415, 2006. 

BELICH JR., H. ; Colatto, L.P. ;  Costa-Soares, T; Helayël-Neto, J.A. ; 
ORLANDO, M. . Magnetic Moment Generation from non-Minimal 
Couplings in a Scenario with Lorentz-Symmetry Violation. European 
Physical Journal C, v. 62, p. 425-432, 2009. 



Trabalhos recentes (2010 -2012) 

J.L. Boldo a, J.A. Helayël-Neto , L.M. de Moraesa, C.A.G. Sasaki , V.J. 
Vásquez Otoya , Graviton excitations and Lorentz–Violating gravity 
with cosmological constant, Phys. Lett. B 689, 112 (2010) 



Trabalhos recentes (2010 -2012) 

B. Pereira-Dias et al.,  Phys. Rev. D 83, 084011 (2011) 



Trabalhos recentes (2010 -2012) 

H. Belich et al.,  Phys. Rev. D 86, 125037 (2012) 



Trabalhos disseminados pelo pais 

 Grupo da UFMG (Scarpelli, Nemes, Sampaio, Hiller): 

aspectos de esquemas de regularização da teorias de campos 
com LV, incluindo geração radiativa de termos LV. 

• SCARPELLI, A. P. Baêta ; Sampaio, Marcos ; NEMES, M. C. ; HILLER, B. 

. Gauge invariance and the CPT and Lorentz violating induced Chern-Simons-
like term in extended QED. European Physical Journal C , v. 56, p. 571-578, 
2008. 
 
• Scarpelli, A P Baêta . QED with chiral nonminimal coupling: aspects of the 
Lorentz-violating quantum corrections. Journal of Physics. G, Nuclear and 
Particle Physics , v. 39, p. 125001, 2012. 
 
• Gazzola, G ; Fargnoli, H G ; Scarpelli, A P Baêta ; Sampaio, Marcos ; 
Nemes, M C . QED with minimal and nonminimal couplings: on the quantum 
generation of Lorentz-violating terms in the pure photon sector. Journal of 
Physics. G, Nuclear and Particle Physics , v. 39, p. 035002, 2012. 



Trabalhos em LV pelo pais 

 Grupo da USP e UFPB (Petrov, Nascimento, Ferrari, Gomes): 
esquemas de regularização da teorias de campos com LV e geração 
radiativa de termos LV. 

• FERRARI, A. F. ; GOMES, M. ; NASCIMENTO, J. R. S. ; PETROV, A. ; Passos, 
E ; SILVA, A. J. . Lorentz violation in the linearized gravity. Physics Letters. 
B (Print) , v. 652, p. 174-180, 2007. 
 
• PETROV, A. ; GOMES, M. ; NASCIMENTO, J. R. S. ; Passos, E ; SILVA, A. 
J. On the induction of the fourdimensional 
Lorentz-breaking non-Abelian Chern-Simons action. Physical Review. D 76, p. 
047701, 2007. 
 
• GOMES, M. ; MARIZ, T. ; NASCIMENTO, J. R. S. ; Passos, E ; PETROV, A. ; 
SILVA, A. J. . Ambiguities in the effective action in Lorentz-violating gravity. 
Physical Review. D. 78, p. 025029, 2008. 
 
MARIZ, T. ; NASCIMENTO, J. R. S. ; PETROV, A. ; Santos, L. Y. ; SILVA, A. J. 
. Lorentz violation and the propertime method. Physics Letters. B (Print) , 
v. 661, p. 312-318, 2008. 



Trabalhos em LV pelo pais 

 Grupo da USP e UFPB 

 PETROV, A. ; GOMES, M. ; NASCIMENTO, J. R. S. ; SILVA, A. J. . 
Aetherlike Lorentz-breaking actions. Physical Review. D. 81, p. 045018, 
2010.. 
 
 PETROV, A. ; GOMES, M. ; MARIZ, T. ; NASCIMENTO, J. R. S. ; SILVA, A. 
J. ; A. F. Santos . Free energy of Lorentz-violating QED at high temperature. 
Physical Review.D 81, p. 045013, 2010. 
 
PETROV, A. ; NASCIMENTO, J. R. S. ; WOTZASEK, C. ; GUIMARAES, M. S. 
. On the duality in four-dimensional Lorentz-breaking field theories. Europhysics 
Letters (Print) , v. 95, p. 51002, 2011. 
 
PETROV, A. ; MARIZ, T. ; NASCIMENTO, J. R. S. . Perturbative generation of 
the higher-derivative Lorentzbreaking terms. Physical Review. D 85, p. 125003, 

2012. 



Trabalhos em LV pelo pais 

 Grupo da UFPB e UFCG (Petrov, Nascimento, Passos, 

Brito, Clóvis): esquemas de regularização da teorias de 
campos com LV e geração radiativa de termos LV. 

• Brito, F. A. ; NASCIMENTO, J. R. S. ; PETROV, A. ; Passos, E . Lorentz-CPT 
violation, radiative corrections and finite temperature. The Journal of High 
Energy Physics (Online) , v. 0706, p. 016, 2007. 
 
• PETROV, A. ; Passos, E ; NASCIMENTO, J. R. S. ; Brito, F. A. . The 
Ambiguity-free four-dimensional Lorentz breaking Chern-Simons action. 
Physics Letters. B (Print) , v. 664, p. 112-115, 2008. 
 
• PETROV, A. ; Passos, E . Two-dimensional Lorentz-violating Chern-
Simons-like action. Physics Letters. Section B 
, v. 662, p. 441-444, 2008. 
 
• F. Brito; Guimaraes, M. ; Passos, E. ; SAMPAIO, P. ; Wotzasek, C. . 4D-2D 
projection of Lorentz-violating Myers-Pospelov QED. Physical Review. D 86, p. 
105036, 2012. 

http://lattes.cnpq.br/4294161599213457
http://lattes.cnpq.br/5257334599729020
http://lattes.cnpq.br/5257334599729020


Trabalhos em LV pelo pais 

 Grupo da UFPB e UFCG (Petrov, Nascimento, Passos, 

Brito, Clóvis): esquemas de regularização da teorias de 
campos com LV e geração radiativa de termos LV. 

• Anacleto, M. ; F. Brito; Passos, E. . Analogue Aharonov-Bohm effect in a 
Lorentz-violating background. Physical Review. D 86, p. 125015, 2012. 
 
• F. Brito  ; Passos, E. ; Santos, P. V. . On the effective action of the vacuum 
photon splitting in Lorentz-violating QED. Europhysics Letters (Print), v. 95, p. 
51001, 2011. 
• F. Brito  ; Grigorio, L. ; Guimaraes, M. ; Eduardo Passos/E. Passos ; 
Wotzasek, C. . Induced Chern-Simons-like action in Lorentz-violating massless 
QED. Physical Review. D, Particles, Fields, Gravitation, and Cosmology, v. 78, p. 
125023, 2008. 
 
• F. Brito  ; Nascimento, Jose R ; PASSOS, E. M. R. DOS ; PETROV, A. Y. 
; Passos, Eduardo ; Brito, Francisco A ; Petrov, Albert Yu . Lorentz-CPT 
violation, radiative corrections and finite temperature. The Journal of High 
Energy Physics (Online), v. 2007, p. 016-016, 2007. 

http://lattes.cnpq.br/4694558255304400
http://lattes.cnpq.br/3951800799770483
http://lattes.cnpq.br/9047503121343291
http://lattes.cnpq.br/9047503121343291
http://lattes.cnpq.br/5257334599729020
http://lattes.cnpq.br/5257334599729020


Trabalhos em LV pelo pais 

 Grupo da UNESP (Hott, Dutra, ): defeitos topológicos 

com violação de Lorentz. 

• A. de Souza Dutra, M. Hott, and F. A. Barone, Two field BPS solutions for 
generalized Lorentz breaking models, PHYSICAL REVIEW D 74, 085030 
(2006). 
 
• de Souza Dutra, A. ; Correa, R. . Traveling solitons in Lorentz and CPT 
breaking systems. Physical Review. D, Particles, Fields, Gravitation, and 
Cosmology , v. 83, p. 105007, 2011. 
 

 
• On the Behavior of Oscillons and Breathers in Lorentz Violating 
Scenarios, de Souza Dutra, A. ; Correa, R. ;  arXiv:1212.4448 

http://arxiv.org/abs/1212.4448
http://arxiv.org/abs/1212.4448


Trabalhos em LV pelo pais 

 Grupo da UFV (Winder, Del Cima): 

• BARRAZ JUNIOR, N. M. ; W.A. MOURA-MELO; J. Fonseca ; J.A. 
Helayel-Neto. Dirac-like monopoles in a Lorentz- and CPT-violating 
electrodynamics. Physical Review. D 76, p. 027701, 2007. 
 
• J. Fonseca; GOMES, A ; W.A. MOURA-MELO . Emission and 
absorption of photons and the black-body spectrum in Lorentz-odd 
electrodynamics. Physics Letters. Section B, v. 671, p. 280-283, 2009. 
 
• Gomes, André H. ; Pereira, Afrânio R. ; Moura-Melo, Winder 
A. ; Fonseca, Jakson M. . Testing CPT- and Lorentz-odd 
electrodynamics with waveguides. The Journal of High Energy Physics 
(Online), v. 2010, p. 104-114, 2010. 

http://lattes.cnpq.br/7728823619559015
http://lattes.cnpq.br/7728823619559015
http://lattes.cnpq.br/7728823619559015
http://lattes.cnpq.br/7728823619559015
http://lattes.cnpq.br/7728823619559015
http://lattes.cnpq.br/7728823619559015
http://lattes.cnpq.br/7728823619559015
http://lattes.cnpq.br/7728823619559015
http://lattes.cnpq.br/7728823619559015
http://lattes.cnpq.br/8707266816848836
http://lattes.cnpq.br/8707266816848836
http://lattes.cnpq.br/8707266816848836
http://lattes.cnpq.br/3915676505538726
http://lattes.cnpq.br/3915676505538726
http://lattes.cnpq.br/3915676505538726
http://lattes.cnpq.br/3915676505538726
http://lattes.cnpq.br/3915676505538726
http://lattes.cnpq.br/3915676505538726


 Del Cima, O. M. ; Fonseca, Jakson M. ; Franco, Daniel H.T. 
; PIGUET, Olivier . Lorentz and CPT violation in QED 
revisited: A missing analysis. Physics Letters. B (Print), v. 
688, p. 258-262, 2010. 

 

 Del Cima, O. M. ; Fonseca, J. ; Franco, D. ; Gomes, A. ; 
Piguet, O. . All orders renormalizability of a Lorentz- and 
CPT violating quantum electrodynamics. Physical Review. 
D, Particles, Fields, Gravitation, and Cosmology, v. 85, p. 
065023, 2012. 

 Grupo da UFV (Winder, Del Cima): 

http://lattes.cnpq.br/4492351857144726
http://lattes.cnpq.br/4492351857144726
http://lattes.cnpq.br/4492351857144726


Trabalhos em LV pelo pais 

 Grupo da UFC (Carlos Alberto): 

• Maluf, R. V. ; SANTOS, V. ; CRUZ, W. T. DA ; Almeida, C.A.S. . 
Matter-gravity scattering in the presence of spontaneous Lorentz 
violation. Physical Review. D. Particles, Fields, Gravitation, and 
Cosmology (Online), v. 88, p. 025005, 2013. 
 
• SANTOS, VICTOR ; Almeida, C.A.S. . On gravity localization under 
Lorentz violation in warped scenario. Physics Letters. B (Print), v. 718, 
p. 1114-1118, 2013. 

http://lattes.cnpq.br/0297985924290253
http://lattes.cnpq.br/0297985924290253
http://lattes.cnpq.br/0297985924290253
http://lattes.cnpq.br/0297985924290253
http://lattes.cnpq.br/0297985924290253
http://lattes.cnpq.br/2873950309565170
http://lattes.cnpq.br/2873950309565170
http://lattes.cnpq.br/2873950309565170
http://lattes.cnpq.br/2873950309565170
http://lattes.cnpq.br/2873950309565170
http://lattes.cnpq.br/2873950309565170
http://lattes.cnpq.br/2873950309565170
http://lattes.cnpq.br/2873950309565170
http://lattes.cnpq.br/2873950309565170


Trabalhos em LV pelo pais 

 Grupo da UFES, UFPB, UFMA (Humberto Belich, K. 

Bakke, Edilberto Silva): 

• BELICH , H. ; Costa-Soares, T ; HELAYËL-NETO, J. A. ; ORLANDO, 
M.t.d. ; PASCHOAL, R. C. . N=1 Supersymmetric Quantum Mechanics in a 
Scenario with Lorentz-Symmetry Violation. Physics Letters A, v. 370, p. 126-
130, 2007. 
• Belich, H. ; COLATTO, L. P. ; COSTA-SOARES, T. ; HELAYËL-NETO, J. A. 
; ORLANDO, M. T. D. . Magnetic moment generation from non-minimal 
couplings in a scenario with Lorentz-symmetry violation. European Physical 
Journal C, v. 62, p. 425-432, 2009. 
•Bakke, K. ; Belich, H. ; Silva, E.O. . Relativistic Anandan quantum phase in 
the Lorentz violation background. Annalen der Physik (Leipzig), v. 523, p. n/a-
n/a, 2011. 
• Bakke, K. ; Belich, H. ; Silva, E. O. . Relativistic Landau-Aharonov-Casher 
quantization based on the Lorentz symmetry violation background. Journal of 
Mathematical Physics, v. 52, p. 063505-063505-7, 2011. 
•Bakke, K. ; Belich, H. . Quantum holonomies based on the Lorentz-violating 
tensor background. Journal of Physics G: Nuclear and Particle Physics, v. 40, p. 
065002, 2013. 

http://lattes.cnpq.br/3562894103432242
http://lattes.cnpq.br/3562894103432242
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http://lattes.cnpq.br/4676057702132305
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Trabalhos em LV pelo pais 

 Grupo da UFMA (Casana, Manoel, Adalto, Edilberto): 

eletrodinâmica CPT-par com LV, defeitos topologicos, 
sistemas planares, temperatura finita, vórtices, fases 
topologicas, sistemas fermiônicos, acoplamento não-mínimo. 

 R.Casana ; Ferreira Jr., M.M. ; HORA, Carlos Eduardo da . Classical 
solutions for the Carroll-Field-Jackiw-Proca electrodynamics. Physical Review. D, 
Particles, Fields, Gravitation, and Cosmology, v. 78, p. 025030, 2008. 
 
R. Casana;  Carlos Eduardo da  ; Ferreira Jr., M.M. . Classical solutions for 
the Lorentz-violating and CPT-even term of the standard model extension. 
Physical Review. D, Particles, Fields, Gravitation, and Cosmology, v. 78, p. 
105014, 2008. 
 
R. Casana; Ferreira, Manoel M.; Rodrigues, J.R; Lorentz-violating 
contributions of the Carroll-Field-Jackiw model to the CMB anisotropy. Physical 
Review D, Particles, Fields, Gravitation and Cosmology, v. 78, p. 125013-1-
125013-9, 2008. 



Trabalhos em LV pela UFMA 
 R.Casana  ; Ferreira, Manoel M. ; A.R. Gomes ; Pinheiro, Paulo R. D. . 

Stationary solutions for the parity-even sector of the CPT-even and 
Lorentz-covariance-violating term of the standard model extension. 
European Physical Journal C, v. 62, p. 573-578, 2009. 

 

 R.Casana; Ferreira, Manoel M. ; Rodrigues, Josberg ; Silva, Madson R. 
O. . Finite temperature behavior of the CPT-even and parity-even 
electrodynamics of the standard model extension. Physical Review. D80, 
p. 085026, 2009. 

 

 R.Casana; Ferreira Jr., M.M. ;  A.R. Gomes  ; Pinheiro, Paulo R. D. . 
Gauge propagator and physical consistency of the CPT-even part of the 
Standard Model Extension. Physical Review. D 80, p. 125040, 2009. 
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Trabalhos recentes... 
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Trabalhos recentes... 



 Esta foi uma Breve descrição de linha de 
pesquisa que começou no DCP, com 
Helayel-Neto,  e se espalhou pelo país.... 



Grupo de Física Teórica de Partículas e 

Campos do Maranhão 

 Prof. Rofolfo Casana (UFMA) 

 Prof. Edilberto O. Silva (UFMA) 

 Prof. Adalto R. Gomes (IFMA) 

 Prof. Carlos Eduardo da Hora (UFMA) 

 Prof. Manoel M. Ferreira Jr (UFMA) 

 

 Alunos:       Victor Mouchrek (Mestrado) 
                     Alexsandro Lucena (Mestrado) 
                     Andre  Cavalcante Santos (Mestrado) 
                     Edmilson  Rodrigues (Mestrado) 
                     Guillermo Lazar Mentech (Doutorado) 
                     Frederico Elias Passos dos Santos (Doutorado) 
                     Roemir Peres Machado (Doutorado) 
                     Fabiano de Carvalho Simas (Doutorado) 
 

• Dr. Lucas Sourrouille (pós-doc - PNPD/Capes) 
• Dr. Cláudio Fernando Farias (pós-doc - PNPD/Capes) 
•Dr. Cláudio Germana (pós-doc - PNPD/Capes) 
 



Finalizando... Sem finalizar... 

 A José Helayel-Neto, por ter me 
amparado num momento difícil, abrindo 
para mim as portas  do DCP; pela 
orientação competentíssima e pela total 
disponibilidade oferecidas ao longo deste 
trabalho; por ser uma pessoa ética, 
singular, generosa e destituída de 
empáfia;  por ter me proporcionado algo 
além de uma tese ou publicações: um 
aprendizado de vida.  

 

 



Grupo de Física Teórica de Partículas e 

Campos do Maranhão 

 Prof. Rofolfo Casana (UFMA) 

 Prof. Edilberto O. Silva (UFMA) 

 Prof. Adalto R. Gomes (IFMA) 

 Prof. Carlos Eduardo da Hora (UFMA) 

 Prof. Manoel M. Ferreira Jr (UFMA) 

 

 Alunos:       Victor Mouchrek (Mestrado) 
                     Alexsandro Lucena (Mestrado) 
                     Andre  Cavalcante Santos (Mestrado) 
                     Edmilson  Rodrigues (Mestrado) 
                     Guillermo Lazar Mentech (Doutorado) 
                     Frederico Elias Passos dos Santos (Doutorado) 
                     Roemir Peres Machado (Doutorado) 
                     Fabiano de Carvalho Simas (Doutorado) 
 

• Dr. Lucas Sourrouille (pós-doc - PNPD/Capes) 
• Dr. Cláudio Fernando Farias (pós-doc - PNPD/Capes) 
 



Obrigado, Helayel! 


