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e Standard model gauge group Gsy = SU(3) x SU(2) x U(1)

@ SM running coulings (one loop level, without scalar fields):
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Special orthogonal group SO(n)

Definition
If B:V x V — T is a symmetrical positive definite billinear form. Then we define
Orthogonal group

O(n,F) :={M e GL(V) : B(Mv, Mw) = B(v,w) for v,w € V},

where F = R or C. )

O(n) = {MeR™": MTM = I,}

SO(n) = O0(n)N{M € R"™" : det M =1}

@ SO(n) is connected and compact = expressed by an exponential of
generators from special orthogonal algebra so(n).

so(n) == {X e R™": XT + X =0,Tr(X) =0}
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Definition
Representation (¢, V) of a Lie algebra g is a linear map

¢:g—gl(V)
which preserves Lie bracket:
[¢(X), 6(Y)] = (X, Y])
for all X, Y € g. If (,-) is a Hermitian scalar product on V and
VX € g,vi,v2 € Vi (v1,3(X)v2) = —(d(X)v1, v2),

then (¢, V) is an unitary representation.

@ Representation of so(n) <— representation of a double cover Spin(n) +—
(single, double valued) representation of SO(n)
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Spinor representation of so0(2n)

Definition
Clifford algebra Cliff(2n,C) is an associative algebra generated by an identity 1
and vectors from an orthonormal basis of C2" satisfying

€6+ ee = 2(5,’j

for i,j € {1,...,2n}

e Witt's basis is for j € {1,...,n}
1 : _ 1 :
wj = 5 (egj-1 + iey)) Wj = S (egj-1 — iey))

o {wj,wi} ={wj, i} =0, {wj, we} =0
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o Exterior algebra
AC" =C" & A'C" @ A°C"--- @ A"C”
where AT/ is generated by
Wiy A Wi +++ A Wi = SIgn(0)Wo(ky) A Wor(ky) *** A\ Wo (k)

@ Spinor representation on exterior algebra AC" is given by an action

w; : AC" — AC"
Wig Ao N Wi, = Wi A Wi A A W,
and

w; AC" — AC"

P
Wig Ao A\ Wy, Z(sjs(—l)s-HWkl N Wiy A Wiy Nee s A W,
s=1
o dimAC" =2"
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e s0(2n) C Cliff(2n,C) is generated by
{wjwic, wjwi, V_'/J'Wk};",kzl = {le), ek]}j”,k=1

@ Action of s0(2n) preserves parity of the grades = spinor representation of
s0(2n) is reducible = decomposition into irreducible subspaces:

AC" = AevenCn o Aodd(cn

where
Aeven(cn _ (Cn D AZCn D ...

and
A°ddCr = ALC" @ A3C" ...
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@ fermionic annihilation and creation operators {7?,15- g

{F1L 6y ={f.f} =0, {f f}=dx

@ vacuum state |0): £]0) =0 for all j € {1,...,n}

o fermionic Fock space

Fermionic realization:
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Standard model representation

@ For one generation (Q = T3 + Y):

”L> — CeC?®C_: +— (1,2,-1)
er 2
uf ufup 3 2 1
(dR 46 d5’> — CeCol: «— (3,2,3)
L L L
(er) +— Ce®C®C.; +— (1,1,-1)
(vRr) +— CeC®Cy <+— (1,1,0)
(uf ug ug) +— CeCeC: +— (3,13
(df dg df) +— CeCeC.i +— (3,1,-3)
Gsw = SU(3) x SU(2) x U(1)
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@ Fermion representation of one generation:

1 1 2 1
F=(12-3)e32)eLL0elL-1)o@3.L3)eB 1 -3)

o Antifermion representation of one generation:

1, -1 _ 20
F=2)e@2-pelL0alL)eGL-3)e@EL

)
3
o Standard model representation of one fermion and antifermion generation:

FoF*

e dimF@®F*=32=25
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SO(10) in the Grand Unified Theory

o dimF & F* = 2% =dimAC®
@ spinor representation on A°94C5, AevenC5
o Left-handed Weyl spinors:

even5 ~ (5 + uf uLG UE -R =G =B
NVC® = (D) @ (e ) @ dR ® (af of wP)e
L

@ Right-handed Weyl spinors:

/\odd(CS ~ + 5 dR dG dB Elf E’E E’E
= (eg Tr) @ (dF d§ dE) @ (er)® JrR g6 g8)9
[ dr 4

®(uf ug uf) e (vr)
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: Detector characteristics
Muon Detectors Electromagnetic Calormeters Width:  44m
A \ ;l Diameter: 22m
\ < | Weight: 7000t
Solenoid . CERN AC - ATLAS V199,
Forward Calorimeters

The SO(10

End Cap Toroid
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