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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?
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what is supersymmetry it?
e s on field
What ahout

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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what is supersymmetry it?

acts on field
WVhat about su Ids?

Let try find super Lie algebra

What about of Coleman-Manduli "no-go” theorem?
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what is supersymmetry it?

Let try find super Lie algebra

What about of Coleman-Manduli "no-go” theorem?

Super Lie algebra include anti-commutation relation
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Look for super Lie algebra
what is supersymmetry it? Extended Li

What about superfields?

Few important information

Q is generator of transformation call the Supercharge
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What about superfields?

Few important information

Q is generator of transformation call the Supercharge
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what is supersymmetry it? Extended Li

What about superfields?

Few important information

Q is generator of transformation call the Supercharge
@ Q - must be operator
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Look for super Lie algebra
what is supersymmetry it? L

What about superfields?

Few important information

Q is generator of transformation call the Supercharge
@ Q - must be operator

@ Q - must be spinor

What is spinor it?
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra
How superck acts on field
What about fields?

Few important information

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
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

Few important information

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

o 1/}/11 - Naﬁ¢ﬁ
o X = (N, "x;
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

Extended Lie algebra

ur Lie algebra is
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

Extended Lie algebra

Our Lie algebra is

o [P P =0
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

Extended Lie algebra

Our Lie algebra is
e [PH P"]=0
o [MH, PP] = i(s? P — npeP)
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

Extended Lie algebra

o [P, P]=0
o [Mr, PeY = i(n?P* — 0" P")
o [MH MP?| = i(MHIRP 4 MPPlo — MHPYYT — MYTpke)
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

Extended Lie algebra

[P*,P"] =0

[M#, Pe] = i(n? P — 0 P")

[M# MPo| = i(MHEonP 4 MYPRhe — MEPyYe — MPopHe)
[Qa, P¥] =0
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

Extended Lie algebra

o [PH,P]=0

o [Mr, PeY = i(n?P* — 0" P")

° [/\/]/w7 /\/]pa] — i(l\/l“"n”” + MvepHe — Mrepre — /\/]VUUMJ)
o [Q., P*] =0

o [Qu, M¥] = (6"),” Qs
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

Extended Lie algebra

o [P, P] =0

o [Mr, PeY = i(n?P* — 0" P")

° [/\/]/w7 /\/]pa] — i(l\/l“"n”” + Mvephe — MEepre — /\/]VUUMJ)
o [Qu,P"] =0

o [Qu, M¥] = (6"),” Qs

o {Q., Qﬁ} =0
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

Extended Lie algebra

o [P, P] =0

o [Mr, PeY = i(n?P* — 0" P")

° [/\/]/w7 /\/]pa] — i(l\/l“"n”” + Mvephe — MEepre — /\/]VUUMJ)
o [Qu,P"] =0

o [Qu, M¥] = (6"),” Qs

o {Q,,Q°}=0

o {Qu, Qz} = 2(0"),5Ps
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra
e s on field

One example

How show that extended try?
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

One example

How show that extended try?
for example [Q., M*] = (o) P Qs
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what is supersymmetry it?
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field
What about superfields?

Supercharge transform like spinor

Qo = (e729°™) P Qs = (I — £wwo™),P Qs

Supercharge transform like operator

Qo = UTQuU
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Look for super Lie algebra
Extended Lie algebra

How supercharge acts on field
What about superfields?

what is supersymmetry it?

Supercharge transform like spinor
Q1o = (e727™) P Qg ~ (1= Jwn0™), Qg

| \

Supercharge transform like operator

Qo = UTQ.U

where U = (e™ 29w M) ~ (I — LW, MM
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

Supercharge transform like spinor
Q1o = (e727™) P Qg ~ (1= Jwn0™), Qg

| \

Supercharge transform like operator

Qo = UTQ.U

where U = (e_éwﬂ”MW) ~ (- iwuuMW)

2

If we compare two Q/,

W
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what is supersymmetry it?

Supercharge transform like spinor
Q1o = (e727™) P Qg ~ (1= Jwn0™), Qg

Supercharge transform like operator
Qla = UTQuU

where U = (e™ 29w M) ~ (I —

i Wy /\/]/W)

2

If we compare two Q/,

Qu — 30 (0"),° Qs = Qu — S, (QuMH” — MH” Q) + O(w?)
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Look for super Lie
what is supersymmetry it? Extended Lie algebra
g ts on field
What about superfields

After vanishing we have
[Qa, M) = ("), Qs
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

After vanishing we have

[Qa, M) = ("), Qs

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

[@°, M) = (), Q"

A
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

How supercharge acts on field?

Few definition
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

How supercharge acts on field?

Few definition
@ S - scalar field
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Look for super Lie algebra
what is supersymmetry it? Extended Lie alge

How supercharge acts on field

What about superfields?

How supercharge acts on field?

Few definition
@ S - scalar field

@ P - pseudoscalar field
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what is supersymmetry it?

Look for super Lie algebra
Extended Lie algebra

How supercharge acts on field
What about superfields?

How supercharge acts on field?

Few definition
@ S - scalar field
@ P - pseudoscalar field
@ 1), - spinorial field
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what is supersymmetry it? Extended Lie alge
How supercharge acts on field
What about superfields?

How supercharge acts on field?

@ S - scalar field
@ P - pseudoscalar field
@ 1), - spinorial field
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

How supercharge acts on field?

@ S - scalar field
@ P - pseudoscalar field
@ 1), - spinorial field

o Qas :¢a
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

How supercharge acts on field?

@ S - scalar field
@ P - pseudoscalar field
@ 1), - spinorial field

o Qas :¢a

° QaP:75¢a

Jet
\J#7/ Wroctawski

Alaksiej Kacanovic Introduce to Supersymmetry



Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

How supercharge acts on field?

@ S - scalar field
@ P - pseudoscalar field
@ 1), - spinorial field

o Qas :¢a

° QaP = 75¢a
° Qawﬁ = _(7#)a58u5 + (7“75)01,86“"3 Jet
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

How supercharge acts on field?

@ S - scalar field
@ P - pseudoscalar field
@ 1), - spinorial field

o Qas :¢a
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What about superfields?

What about superfields?

We must have super-Poincare transformation
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what is supersymmetry it?

What about superfields?

What about superfields?

We must have super-Poincare transformation

Usp = exp(i(w, M™ + 3,P" +6°Q, + 0:Q"))
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what is supersymmetry it?

What about superfields?

What about superfields?

We must have super-Poincare transformation

Usp = exp(i(w, M™ + 2,P" +6°Q, + 0:Q"))

where 6 and 6 is Grassmann parameters.
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

What about superfields?

We must have super-Poincare transformation

Usp = exp(i(w, M™ + 2,P" +6°Q, + 0:Q"))

where 6 and 6 is Grassmann parameters.

How look like that superfield?
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

What about superfields?

We must have super-Poincare transformation

Usp = exp(i(w, M™ + 2,P" +6°Q, + 0:Q"))

where 6 and 6 is Grassmann parameters.

How look like that superfield?

S(x,0%,05) = @(x) + 0(x) + Ox(x) + 0OM(x) + OIN(x) +
(0*0)V,, + 000X (x) + 000p(x) + 0660 D(x)
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Look for super Lie algebra
what is supersymmetry it? Extended Lie algebra

How supercharge acts on field

What about superfields?

What about superfields?

We must have super-Poincare transformation

Usp = exp(i(w, M™ + 2,P" +6°Q, + 0:Q"))

where 6 and 6 is Grassmann parameters.

How look like that superfield?
S(x*, 0, 02) = p(x) + 0 (x) + gi()i%— 0OM(x) + 0ON(x) +
(0*0)V,, + 000X (x) + 000p(x) + 0660 D(x)
where
e o(x), M(x), N(x), D(x) - scalar fields
o V,(x) - vector field et
® Y(x), X, X(x), p(x) - spinorial field ki
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Where we can use supersymmetry?

Conclusions

Where we can use supersymmetry?
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Where we can use supersymmetry?
?

Is it supersymmetry t

Conclusions p
Why supersymmetry

Where we can use supersymmetry?

anywhere

Example 1. Yang-Mills

We can modify Yang-Mills Lagrangian for supersymmetry
invariants

%lg@ Uniwersytet

4/ Wroctawski

Alaksiej Kacanovic Introduce to Supersymmetry



Where we can use supersymmetry7
Is it supersymmet
Why supersymme

Conclusions

Where we can use supersymmetry?

anywhere

Example 1. Yang-Mills
We can modify Yang-Mills Lagrangian for supersymmetry

invariants .
£5YM = —%Ter,F‘“V — %\U@\U
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Where we can use supersymmetry?

anywhere

Example 1. Yang-Mills
We can modify Yang-Mills Lagrangian for supersymmetry

invariants .
£5YM = —L—llTer,F‘Lw — %W@W

Example 2. Quantum mechanics
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Conclusions

Where we can use supersymmetry?

anywhere

Example 1. Yang-Mills

We can modify Yang-Mills Lagrangian for supersymmetry
invariants .
£5YM = —L—llTer,F‘Lw — %W@W

Example 2. Quantum mechanics

We can use supersymmetric transformation on the state in non
relativistic case
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Where we can use supersymmetry?
Is it supersymmetry try?
Why supersymmetry is good?

Conclusions

Where we can use supersymmetry?

anywhere

Example 1. Yang-Mills

We can modify Yang-Mills Lagrangian for supersymmetry
invariants

Lsym = —LTrF,, F* — LWDpw

Example 2. Quantum mechanics

We can use supersymmetric transformation on the state in non
relativistic case

QIB) ~ |F) »
Q|F) ~|B) ki
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Where we can use supersymmetry?
Is it supersymmetry try?

Conclusions ‘ 5
Why supersymmetry is good?

s it supersymmetry try?
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can use supersymmetry?
mmetry try?

Conclusions 2 .
Why supersymmetry is good?

s it supersymmetry try?

We have corroboration supersymmetry in quantum mechanics
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Where we can use supersymmetry?
Is it supersymmetry try?
Why supersymmetry is good?

Conclusions

s it supersymmetry try?

We have corroboration supersymmetry in quantum mechanics

What about Standard Model?
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Where we can use supersymmetry?
Is it supersymmetry try?
Why supersymmetry is good?

Conclusions

s it supersymmetry try?

We have corroboration supersymmetry in quantum mechanics

What about Standard Model?

we don't know...
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W an use supersymmetry?
Is it supersymmetry try?

Conclusions Why supersymmetry is good?
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Is it supersymmetry ?

Conclusions Why supersymmetry is good?

Why supersymmetry is good?
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Conclusions

Why supersymmetry is good?
@ Grand unification
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Conclusions

Why supersymmetry is good?
@ Grand unification

@ String theory
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Conclusions

Why supersymmetry is good?
@ Grand unification
@ String theory

@ Divergence
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Conclusions

Why supersymmetry is good?
@ Grand unification
@ String theory
@ Divergence

@ Dark matter
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can use supersymmetry?

Conclusions

Why supersymmetry is good?

Thank you for attention! J
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Is it etr 7

Conclusions Why supersymmet}y is good?
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