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Spin® spinor bundle

M ... 3-D Riemannovska varieta

W 2-dimenzionalni komplexni vektorovy bundle nad M

se skalarnim soucinem
a izometrii o : T*M — W@ kde

V@ = {AcEnd(V) | A = A*, TrA = 0}
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Spin® spinor bundle

M ... 3-D Riemannovska varieta

W 2-dimenzionalni komplexni vektorovy bundle nad M
se skaldrnim soudinem
a izometrii o : T*M — W@ kde

V@ = {AcEnd(V) | A = A*, TrA = 0}

Skalrni sou&in na W
(Av B) = %TY[AB]
{o(a),0(B)} = 2(e, B), Yo, 5 € T*M
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Spin© konexe

VX e T.Ma ¢ nel (V)

X(&n) = (Vx&n) + (£, Vxn)
[Vx,0(a)] = o(Vxa)
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Lokalni vyjadfeni Vx

&4 ... lokdlni ONB spinori
(e1,€,€3) ... ONB na M

Pak

(Vx)e, =
. ( (el,VXeg) *(63, Vxez) — i(e3,VX61)>
—(

i
2 e3, Vxer) +i(e3, Vxer) (e1, Vxer)
1

—§oz(X)l,

kde redlnd 1-forma a(X) = i%(er,foJr) + i%(f,,vxf,).
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Magneticka 2-forma

i
B(Xv Y) = ETr[R\U(Xv Y)]
kde tenzor kFivosti je dan vztahem

Ru(X,Y)E = VxVy{—VyVxé — Vixvié
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Magneticka 2-forma

i
5(X7 Y) = ETr[R\U(Xv Y)]
kde tenzor kFivosti je dan vztahem

Ru(X,Y)E = VxVy{—VyVxé — Vixvié

Tvrzeni
Lokalng& plati § = da. J
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Diracliv operator

Véta (D je symetricky operator)
Necht &, m jsou spinorova pole, pak

| €om = @en)
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Konformni transformace

M ... metrika g, Cliffordovo nasobeni o
novd metrika go = O%g
nové Cliffordovo ndsobeni o = Qto

Zména spin® konexe na W

1
v = vx + 72 [o(X"), o(dQ)]
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Konformni transformace

M ... metrika g, Cliffordovo nasobeni o
novd metrika go = Qg
nové Cliffordovo nasobeni o = Qto

Zména Diracova operatoru na W

Q3DQ:, ve2D
Do=4"_,
Q2DQ, ve3D
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Riemannian submersion

o:M—N

Oy » TuM — T, N je &astetnd surjektivni izometrie
Zdvih spin® spinor bundlu

\UN L N... OnN

Uy =" (Wp) ={(p,m) e M x Wy |n(v)=0o(p)}
je spin spinor bundle nad M s Cliffordovym nasobenim
om(¢*w) = on(w)od , Ywe T*N
v = x¢p*(voly)
om(v) = —(ion(f)on(f)) o @, kde
fi,f, je ON frame T*N
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Riemannian submersion

¢o:M—N
Oy - TuM — T, N je &astetnd surjektivni izometrie

Wi = 6" (Wa) = {(p.m) € mx Wy | 7(v) = 6(p)}

Zdvih spin© konexe

V¥ = ¢*(VN)x — %UA/I(I/)O'M(VQ?V) — (X)) (v, *dv)om(v)

Zdvih magnetické 2-formy
Bm = "B

Zdvih Diracova operatoru

Du(€ 09) = (Du€) o 6 -+ som(sdy — 5, dw)w)ou(v) o 6
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Véta
Definujeme-Ii novou spin® konexi

i 1
vME — yM T %(*dy = E(V7 «dv)v),

kde YV je odpovidajici zdvih ¥V pomoci ¢, je odpovidajici
Diractiiv operator tvaru

Djg(€ 0 ¢) = (Dné) o ¢

pro spinory spliiujici opm(v)€ o ¢ = +£ o ¢. Specieln& pro
& e Wy nulové mody Dy se spinem

S = (& —ion(F)on(F?)E) e {+, -},

je&opeVy nulovy méd D;ﬁ"(s).

\TH



Véta (Spodni odhad na po&et nulovych médi)

Necht Wy, je spinor bundle nad 2-dimenzionaini varietou N,
VN spin® konexe a Dy Diraciiv operator. Oznaéme By
pFislusnou magnetickou 2-formu. Necht

1
¢ = o JN By a s:=sgn(®)e{+,—}

UvaZujme Riemannovské ponofeni ¢ : M — N z
3-dimenzionalini variety M a W, VM pfislusné zdvihy spinor
bundlu a spin® konexe. Necht v == x¢*(voly) a definujme
spin® konexi

N 1
vM,i — VM — 1g<*dV - E(V7 *d]/)V),

na V. Pak pro odpovidajici Diraciiv operator plati

1
— | Bl -
27T J;V N

dim kerZNDM =

\TH



Dékuji za pozornost

fIMATH



Véta (Aharonov Casher na S?)

Necht V je konexe na spin® bundlu V,, nad S* s Chernovym
Cislem n = i {3, kde B je odpovidajici 2-forma. Necht D je
odpovidajici Diraciv operdtor. Pak dim ker D = |n|. Navic
ker D < {n | o(v)n =n} pokud n> 0 a

kerD < {n | o(v)n = —n} pokud n < 0.
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Véta (Nulové médy na R3)

Bud 7 : R® — M\{p} stereografickd projekce na R® z

M = (S3, g3) bez jednoho bodu. Necht
f=71*h=v)=(hor)r*(xv) je pullback libovolné uzaviené
2-formy h+ v na SS.

Pak h = g o ¢ pro n&akou g € C*(S?) a (771) = B Ize rozsitit
na 2-formu By = (g o ¢) * v na M. Necht Dgs je Diraciiv
operator na R® s magnetickou 2-formou 3 a Dy je Diraciiv
operator na M s magnetickou 2-formou [3y;. Pak

dim ker D = dim ker Dy,
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