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display some of his main (but by far not all) 
scientific contributions, those interested will find 
relevant information on the site of the French 
Academy of Sciences (that Brézin presided in 
2005-2006) : 

www.academie-
sciences.fr/academie/membre/Brezin_Edouard.htm

Preliminary remark



J. Zinn-Justin, IRFU,CEA,Paris-Saclay  University                                             Rutgers, May 11, 2015 
  

3

i r f u

saclay

General remark

But for more isolated contributions, even it they are 
important, Brézin’s scientific work can be grouped 
into two main themes 

Critical phenomena and renormalization group

and

Random matrix theory in the large size limit

on which I will thus concentrate.

Moreover, this short presentation will, I believe, 
illustrate several characteristics of his work, depth, 
thoroughness and persistency: in each of these two 
themes he has tried to explore systematically the 
main important physical (mathematical) aspects.
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The first steps

(A solvable N-body problem)

(An article with an unfortunate fate)
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The first steps

Pair Production in Vacuum by an Alternating Field, 
E. Brézin and C. Itzykson, Phys. Rev. D 2 (1970) 1191.

(Still relevant: The high-intensity lasers are slowly 
approaching the threshold of pair production)

Relativistic Balmer Formula Including
Recoil Effects, 
E. Brézin, C. Itzykson and J. Zinn-Justin,
Phys. Rev. D 1 (1970)  2349.

(The relativistic eikonal approximation)

Itzykson
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Critical phenomena and renormalization group

Following Wilson’s major RG breakthrough, a theme that 
will motivate Brézin’s activities for more than a decade

Feynman-Graph Expansion for the Equation of State 
near the Critical Point (Ising-like Case), 
E. Brézin, D. J. Wallace, and K. G. Wilson, Phys. Rev. 
Lett. 29 (1972).
Feynman-Graph Expansion for the Equation of State 
near the Critical Point, 
E. Brézin, D. J. Wallace, and K. G. Wilson, Phys. Rev. B7 
(1973) 232. 
Critical Behavior of a Classical Heisenberg 
Ferromagnet with Many Degrees of Freedom, 
E. Brézin and D. J. Wallace, Phys. Rev. B 7 (1973) 1967.
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Les Houches summer school 1975

Wilson
Brézin

Coleman
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Critical phenomena and renormalization group:
Introducing the methods of renormalized 

quantum field theory (systematic and efficient)

Wilson's Theory of Critical Phenomena and Callan-
Symanzik Equations in 4−ε Dimensions, 
E. Brézin, J. C. Le Guillou, and J. Zinn-Justin, Phys. Rev. 
D 8 (1973) 434.
Approach to Scaling in Renormalized Perturbation 
Theory, 
E. Brézin, J. C. Le Guillou, and J. Zinn-Justin, Phys. Rev. 
D 8 (1973) 2418. 
Universal ratios of critical amplitudes near four 
dimensions, 
E. Brézin, J. C. Le Guillou, and J. Zinn-Justin, Physics 
Letters A 47 (1974) 285–287.
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Critical phenomena and renormalization group:
Exploiting the methods of quantum field 

theory

Higher order contributions to critical exponents,  
E. Brézin, J.C. Le Guillou, J. Zinn-Justin, B.G.Nickel, 
Physics Letters A44 (1973) 227–228.
Discussion of critical phenomena for general n-vector 
models, 
E. Brézin, J. C. Le Guillou, and J. Zinn-Justin, Phys. Rev. 
B 10 (1974) 892.
Field theoretical approach to critical phenomena,  
E. Brézin, J. C. Le Guillou, and J. Zinn-Justin,  in Phase 
transitions and critical phenomena, vol. 6, p.127-247 
C.Domb and M.S. Green Eds. (Academic New York 
1976).
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Les Houches summer school 1975

Le Guillou
Zuber
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Critical phenomena and renormalization group:
From the 4-ε to the 2+ε expansion

Renormalization of the Nonlinear σ Model in 2+ε 
Dimensions—Application to the Heisenberg 
Ferromagnets, 
E. Brézin and J. Zinn-Justin, Phys. Rev. Lett. 36 (1976) 
691.
Spontaneous breakdown of continuous symmetries 
near two dimensions, 
E. Brézin and J. Zinn-Justin, Phys. Rev. B 14 (1976) 
3110. 
Generalized non-linear σ-models with gauge invariance, 
E. Brézin, S. Hikami, J. Zinn-Justin, Nuclear Physics 
B165 (1980) 528–544.
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On the way to Shelter Island (June 83)

Critical wetting
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Critical Dynamics

Field-theoretic techniques and critical dynamics. I. 
Ginzburg-Landau stochastic models without energy 
conservation, 
C. De Dominicis, E. Brézin, and J. Zinn-Justin, Phys. 
Rev. B 12 (1975) 4945. 

Field-theoretic 
techniques and critical
dynamics. II. Ginzburg-
Landau stochastic models 
with energy conservation, 
E. Brézin and C. De 
Dominicis, Phys. Rev. B
12 (1975).   

De Dominicis
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Two-dimensional Physics

Three-loop calculations in the two-dimensional non-
linear σ model, 
S. Hikami and E. Brézin, J. Phys. A: Math. Gen. 11 
(1978) 1141.

Remarks about the existence of non-local charges in 
two-dimensional models, 
E. Brézin, C. Itzykson, J. Zinn-Justin, J.-B. Zuber, 
Physics Letters B 82 (1979) 442–444.
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Finite size effects in phase transitions (in the 
critical domain)

An investigation of finite size scaling, 
E. Brézin, J. Phys. France 43 (1982). 
Finite size effects in phase transitions, 
E. Brézin, J. Zinn-Justin,  Nuclear Physics B 257 (1985) 
867–893. 

Critical wetting
Critical wetting : the domain of validity of mean field 
theory, 
E. Brézin, B.I. Halperin et S. Leibler, J. Phys. France 44 
(1983) 775-783.
Critical Wetting in Three Dimensions, 
E. Brézin, B. I. Halperin, and S. Leibler, Phys. Rev. 
Lett. 50 (1983) 1387. 
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Large order behaviour of perturbation theory
(quantum mechanics and quantum field theory)

Perturbation theory at large order:  I. The φ2N interaction,

E. Brézin, J. C. Le Guillou, and J. Zinn-Justin, Phys. 
Rev. D 15, (1977) 1544; 
II. Role of the vacuum instability, 
ibidem, Phys. Rev. D 15 (1977) 1558.
Perturbation theory at large orders for 
a potential with degenerate minima, 
E. Brézin, G. Parisi, and J. Zinn-Justin, 
Phys. Rev. D 16 (1977) 408.
Critical exponents and large order 
behavior, 
E. Brézin and G. Parisi,  Journal of 
Statistical Physics, 19 (1978) 269-292.  
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Random matrices of large size and applications:
(The main theme of Brézin’s work after 1990)

Planar Diagrams, (or random matrices in the large size 
limit)
E Brézin, C. Itzykson, G. Parisi, J.B. Zuber,  Commun. 
Math. Phys. 59 (1978) 35-51. 
The external field problem in the large N limit of QCD, 
E. Brézin, D. J. Gross, Physics Letters B97 (1980) 120–
124.
Toys models for 2D quantum gravity and string theory: 
topological expansion to all orders: the double scaling 
limit
Exactly solvable field theories of closed strings, 
E. Brézin, V.A. Kazakov, Physics Letters B  236 (1990) 
144–150. 
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Les Houches schools of physics: 1975/1998

D Gross

Witten

C deWitt
StoraZuber
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Scaling violation in a field theory of closed strings in 
one physical dimension, 

E. Brézin, V.A. Kazakov, Al.B. Zamolodchikov, Nuclear 
Physics B33 (1990) 673–688.

The ising model coupled to 2D gravity. A 
nonperturbative analysis, 

E. Brézin, M. R. Douglas, V. Kazakov, S. H. Shenker, 
Physics Letters B237 (1990) 43–46.

Universality of the correlations between eigenvalues of 
large random matrices, 

E. Brézin, A. Zee, Nuclear Physics B 402, (1993)  613–
627., 

Renormalization group approach to matrix models,
E. Brézin, J. Zinn-Justin J., Phys. Lett. B288 (1992) 

54-58. 

Random matrices of large size and applications
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Les Houches school of physics 1998

Zee

Balian
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Les Houches summer school 1988
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Correlations of nearby levels induced by a random 
potential, 
E. Brézin, S. Hikami, Nuclear Physics B479 (1996) 697–
706. 
Universal singularity at the closure of a gap in a random 
matrix theory, 
E. Brézin and S. Hikami, Phys. Rev. E 57 (1998) 4140.

Characteristic polynomials of random matrices, 
E. Brézin, S. Hikami,  Commun. Math. Phys. 214  (2000) 
111 – 135. 

Random matrices of large size and applications
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Hikami:Tokyo 2005

Hikami
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Characteristic Polynomials of Real Symmetric Random 
Matrices, 
E. Brézin, S. Hikami, Commun. Math. Phys. 223 (2001)  
363 – 382.
New correlation functions for random matrices and 
integrals over supergroups,
E. Brézin and S. Hikami, J. Phys. A: Math. Gen. 36 
(2003) 711.
Vertices from replica in a random matrix theory, 
E. Brézin and S. Hikami, J. Phys. A: Math. 
Theor. 40 (2007) 13545.

…

Random matrices of large size and applications
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