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What is supersymmetry it?

Supersymmetry is expanded symmetry

We hope find a some operator which will be transform
fermions to bosons and bosons to fermions

Will we have a new form of fields?

In supersymmetry field theory we can have separately bosons
and fermions fields or composition of that fields which call
superfield
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Q is generator of transformation call the Supercharge

Q - must be operator

Q - must be spinor

What is spinor it?

Spinor is object which transform by SL(2,C) representation

ψ′α = N β
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χ′α̇ = (N∗) β̇
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Extended Lie algebra

Our Lie algebra is

[Pµ,Pν ] = 0

[Mµν ,Pρ] = i(ηνρPµ − ηµρPν)

[Mµν ,Mρσ] = i(Mµσηνρ + Mνρηµσ −Mµρηνσ −Mνσηµρ)

[Qα,P
µ] = 0

[Qα,M
µν ] = (σµν) β

α Qβ

{Qα,Q
β} = 0

{Qα,Q β̇} = 2(σµ)αβ̇Pµ
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Supercharge transform like spinor

Q′α = (e−
i
2
ωµνσµν

) β
α Qβ ≈ (I− i

2
ωµνσ

µν) β
α Qβ

Supercharge transform like operator

Q′α = U†QαU
where U = (e−

i
2
ωµνMµν

) ≈ (I− i
2
ωµνM

µν)

If we compare two Q′α
Qα− i

2
ωµν(σµν) β

α Qβ = Qα− i
2
ωµν(QαM

µν−MµνQα) +O(ω2)
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After vanishing we have

[Qα,M
µν ] = (σµν) β

α Qβ

... and for conjugate representation this we can show same

[Q
α̇
,Mµν ] = (σµν)α̇

β̇
Q
β̇
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How supercharge acts on field?

Few definition

S - scalar field

P - pseudoscalar field

ψa - spinorial field

What we have?

QαS = ψα

QαP = γ5ψα

Qαψβ = −(γµ)αβ∂µS + (γµγ5)αβ∂µP
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What about superfields?

We must have super-Poincare transformation

USP = exp(i(ωµνM
µν + aµP

µ + θαQα + θα̇Q
α̇

))
where θ and θ is Grassmann parameters.

How look like that superfield?

S(xµ, θα, θα̇) = ϕ(x) + θψ(x) + θχ(x) + θθM(x) + θθN(x) +
(θσµθ)Vµ + θθθλ(x) + θθθρ(x) + θθθθD(x)
where

ϕ(x), M(x), N(x), D(x) - scalar fields

Vµ(x) - vector field

ψ(x), χ, λ(x), ρ(x) - spinorial field
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Where we can use supersymmetry?

anywhere

Example 1. Yang-Mills

We can modify Yang-Mills Lagrangian for supersymmetry
invariants
LSYM = −1

4
TrFµνF

µν − 1
2
ΨD/ Ψ

Example 2. Quantum mechanics

We can use supersymmetric transformation on the state in non
relativistic case
Q|B〉 ∼ |F 〉
Q|F 〉 ∼ |B〉
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We have corroboration supersymmetry in quantum mechanics

What about Standard Model?

we don’t know...
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Grand unification

String theory

Divergence

Dark matter
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Thank you for attention!
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