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• Supersymmetry (SUSY) is a space-time symmetry: only 

coherent extension of  Poincarè algebra to include  
fermonic generators (anti-commutators) 
(Coleman-Mandula & Haag-Lopuszanski-Sohnius) 

• Relationship between bosons and fermions

For us SUSY is the perfect theoretical laboratory for 
strongly coupled gauge dynamics
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Take a step back to ordinary 
QFT 

Strong coupling dynamics, few analytical tools, no 
perturbative expansion

In SUSY (usually)

Holomorpy provides exact results in the non-perturbative 
regime

Strong/Weak dual descriptions
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Question 2

What are  
SUSY dualities?

Dualities provide different descriptions for the same 
physical dynamics

Seiberg provided the first example* of  SUSY duality

hep-th/9411149

*with minimal SUSY in 4d

SU(F − N) with F flavors

SU(N) with F flavors
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1994

http://hep-th/9411149
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Question 2

What are  
SUSY dualities?
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After Seiberg, many other dualities have been conjectured. 

Few examples in 3d are

1997

Aharony Giveon, Kutasov Benini, Closet, 
Cremonesi

 
With  flavors

U(N )
F

 
With  flavors

U(F − N )
F

 

With  flavors

U(N)k
F

 

With  flavors

U(F + k − N)−k
F

 
With chiral matter

U(N)k

 
With chiral matter

U(Ñ)−k

Kim, Park

 with  
 flavors + Adjoint

U(N)
F

 with  
 flavors + Adjoint
U(nF − N)

F

Benini, Benvenuti, 
Pasquetti

2009 2013 2011 2017

 with  
 flavors + monopoles

U(N)
F

 with  
 flavors + monopoles
U(F − N − 2)

F

2022

Amariti,Morgante 

 
Chiral matter + 2 Adjoints

U(N)k

 
Chiral matter + 2 Adjoints

U(3nF − N)−k
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Question 3

Why study 
SUSY dualities?

Some, but not all, examples are: 

• Non perturbative dynamics 

• Strong/Weak correspondence  

• Relationship between different dimensions 

• Mathematical identities

Partition functions!
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Question 4

How to 
check dualities?

Old way New way
Mapping operators 
Moduli space 
’t Hooft anomaly matching

Localization 
Partition functions

Standard paradigm: information of  QFT in path integral, evaluate them in a 
perturbative expansion. Works only at small coupling.

∫ 𝒟ϕeiS[ϕ]/ℏ → ∑
n

gn⟨ϕ1⋯ϕn⟩ g ≪ 1
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New paradigm: use SUSY and localization to get exact results on 
partition functions

∫
S3

b

𝒟ϕeiS[ϕ]/ℏ →
1

|W | ∫
rank G

∏
i=1

dσi 𝒵V (σ) ∏
I∈ℛ

𝒵I (σ, μ) e−iπ(λ Tr σ+k Tr σ2)

From infinite dimensional integral to finite dimensional integral! This is an exact non-
perturbative result!

Idea behind localization: use symmetries to reduce the dimension of  the path integral, 
semiclassical analysis is exact!
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Localization provides a tool to check dualities between two theories. 
In essence, when theory A is dual to theory B we should have that

𝒵(A) = 𝒵(B)
Partition function theory A = Partition function theory B

Mathematicians came to the rescue: many integral equalities, as well as functional 
properties, were thoroughly studied before and provided the checks needed



1 2 3 4 5

Question 1

Question 2

Question 3

Question 4

Question 5

What is  
supersymmetry?

What are 
SUSY dualities?

Why study 
SUSY dualities?

How to 
check dualities?

Why  
three dimensions?

Davide Morgante - PhD Workshop 2021/2022

Supersymmetric Dualities in three dimensions

1 2 3 4 5



Davide Morgante - PhD Workshop 2021/2022

Supersymmetric Dualities in three dimensions
Question 5

Why  
three dimensions?

• Three dimensions provide a useful playground for SUSY 
dualities. These theories are easier in many ways with respect to 
their 4d cousins. They are also richer given the necessary 
presence of  monopoles and topological terms for the gauge 
fields.   

• An example in a context other that SUSY is the use of  3d 
dualities in condensed matter physics. 

• AdS/CFT correspondence: gravity in 4d is dual to a 3d CFT
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Brief  overview of  localization: basic example

∫S2

eit cos θdVol(S2)

4π
t

sin t

Direct integration

South Pole

North Pole
 symmetryU(1)

North & South Pole are  fixed pointsU(1)

2π
it ( eitzNP

1
+

eitzSP

−1 ) =
4π
t

sin t

Localization
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Theory:    SQCD with  quarks and anti-quarks and one adjoint field 3d 𝒩 = 2 U(N) F X

𝒵U(N)(τ, μ, ν; ω) =
Γh(τ)N

N! ∫
N

∏
i=0

dσi

−ω1ω2
eiπλσi ∏

1≤i<j≤N

Γh(τ ± (σi − σj))
Γh( ± (σi − σj))

×
N

∏
i=1

F

∏
a=1

Γh(μa + σi, νa − σi)

Adjoint field

Fundamentals (Quarks), Anti-Fundamentals (anti-Quarks)


