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Groups in theoretical physics.
Inner and space-time symmetries.
Supergroups.
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1. Lorentz and Poincare group.
2. Supersymmetry.
3. Symmetry breaking, topological defects.
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IF SPACE IS HOMOGENEOUS, WE HAVE ~—— KmLmes
vectonrs {. For 3D: 3 mrovamions + 3 TRAnsLATIONS.

k=17 k=-17 k=0

Positive Curvature Negative Curvature Flat Curvature




KIilLLING VECTORS PRODUCE INFINITESIMAL

TRANSFORMATIONS

xt = xt + EF6t (2)

WHERE [ 1S PARAMETER OF ONE DIMENSIONAL sUBGRoOUP G
OF THE WHOLE GROUP G, OF TRANSFORMATIONS.

LET’S DEFINE OPERATORS THAT CORRESPOND TO THESE

TRANSFORMATIONS
Xa= fg aﬂ (3)

THEN CAN BE BUILT \N-DIMENSIONAL BASIS FOR THE GhROUuP

&, (ALGEBRA AG))

[Xa, Xb] = (€50uh — £,04€%) Ov (%)




IF WE DO IT FOR SPACES WITH CONSTANT CURVATURE, WE

WILL GET THE FOLIOWING ALGEBRA

:Raa Rb

:Taa Tb

:Raa Tb

= Eabc Rc

= geabcRc 5)

= €abc 7-c

LET'S CONSIDER A FLAT SPACE AND ADD TIME TRANSILATION

(PomncArRE GRoOUP). In THIS CASE WE HAVE THE FOLLOWING

COMMUTATION RELATIONS

PE, PY] =0

(MP, P = i (Pn”T — P"n*7) (6)
MMV MPP] = | (MMnY + MYPpHe — MMPRYe — MY pP)

wuere P* = (T,, T,); R, = %eabchd K, =—M,, - noosr.




THERE CAN BE INTRODUCED OPERATORS

= % (Ra+iK3) ,J5 = % (R: — iK3), wHICH PROVIDE LOCAL

isomoremism 50(3,1) v~ SU(2) x SU(2)

:Saa Sb] == isabcsc
:Ja, Jb] — iEachc (7)
5551 =0.

THERE ARE TWo CASIMIR OPERATORS: ONE For Eacu SU(2).
ONE OF THEM IS RESPONSIBLE FOR MASS, ANOTHER FOR

SPIN OF PARTICLE.




REPRESENTATION OF POINCARE GROUP

CASIMIR OPERATORS ARE

=Pl P,

Co = WEW,,. (&)

wnere W, = %E#VMP” MP? - 1s PAuL-LIUBANSKI VECTOR.

1) MIASSIVE CASE.
Ler’s cnoosE P* = (m,0,0,0), THmeEn wE nave

Wy =0, W, = —mR,.
THATY 1S WHY THE STATE OF MASSIVE PARTICLE CAN BE
DESCRIBED BY THE FOLILOWING "kefd” vEctor 1IN HILBERT

SPACE

Imaja paaj?» > (9)




2) MASSLESS CASE.
Ler’s cnoose P = (E 0,0, E), THEN WE HAVE
Wo =—ER3, W1 = E(Ry — K2), W, = E(R, + Ki), W3 = ER3. Anp

THE FOLLOWING COMMUTATIONS

(Wi, W] =0
[Ws, Wi] = —iEW, (10)

[W3, Wa| = iEWA

IT FOorMS A LITTLE suBGrour £(2,1).
In orDER TO Avolp InFINITE RePr. W) = W), = 0. Tuen The

"ketd” VECTOR FOR MASSLESS PARTICLE

|Oa07paa)‘> (11)




Thank you for your attention!

to be continued...
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