Magnetic monopoles in noncommutative quantum

Samuel Kovaéik (KTF FMFI)

mechanics

Samuel Kovadik

Commenius University Bratislava
(soon) Dublin Institute for Advanced Studies
arXiv:1604.05968

25.8.2016

NC QM

25.8.2016

1/

7



Magnetic monopoles
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Magnetic monopoles

# of observed magnetic monopoles &~ # of observed unicorns
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Magnetic monopoles

# of observed magnetic monopoles < # of observed unicorns
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Magnetic monopoles

Figure: Elasmotherium sibiricum, Giant Siberian Unicorn, extinct
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Magnetic monopoles

Maxwell’s equations

div E(F,t) = 4mpe(Ft),

div B(F,t) = 4mpm(F,t),
= B(F.t =

rot E(r,t) = 9 ért ) —Ardy(r, t),
= E(F t =

ot BFt) = 2 (grt )y arJi(7it).
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Magnetic monopoles

Ordinary QM
[ = Pxv—pul,
p
DQC: p = eg€Z)2,
[mi, 7] = /us’fk r , ™ are canonical momenta,

v
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Magnetic monopoles

One of the safest bets that one can make about physics not yet seen,
Polchinski 2012
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NC space

Three dimensional rotationally invariant NC space defined by A ~ Ip3,ck-
R
o xj = Aolgatag, r=Nafas+1); a,f=1,2

where o' are the Pauli matrices and the c/a operators satisfy

a)m (g+)m
[aa’ag] = 0a8, [aa,a8] = [a;r,a;g] =0,[n,m) = ( 1)n1!(nz!)_ )
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Physical states

Hilbert space H,

@ Spanned on analytic functions equipped with a norm

= ) C(myn)a™af™a a2, |V|? = 4x N Tr[Pwiv].
Special attention is paid to W,m,

K= my+ my— ny— No.

Operators in H
o FoW = 51 [at, [aa, V]|
o Lw = Llx, V], [L;,[;] = it L,
o XV =10V +wx), W =1(v+wr)
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Monopole states <> generalized states

\Il,{(e*"TaJr, eiTa) = e*"m\ll,i(aJr, a), T € R, fixed k € Z,

Comparison MM vs k states

[)?,',)A(j] =0 <« [)%,,)%j] = )\25,']/([/(,
[X,,7I'_,] ,J <~ [)%,', \7_,] = I(S,J (1 — )\2F/0) 9

A

A L X o —K Xk
[7Ti,7Tj] = I,lLE,'J‘kr—3 <~ |:V \/j] 2 €ijkm.
CAl =—qu < CAl g
N ~ 2
Co=@+ (02A(-2E) & GC=q¢+ (’;) (—2E + N2E?).

v
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W, (e7'Tat e'ma) =

Comparison MM vs « states

[)?f’ﬁj] = idj

A A . Xk
(77, 7] = e 3

Co = ¢° + (n)*(—2E)

Monopole states <> generalized states

e TPV (aT

<~

<~
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[EL2 e —KJ2€ET)2.

,a), T €R, fixed k € Z,

[Xi, Xi] = Nejucls,
(X, V] = id; (1 . )\2FIO> :

<

(’2"“) (—2E + X2E?).




Thank you for your attention.
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