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Consider for m > 0 in L?(R; C?) the free Dirac operator
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Perturbed Dirac: Hy + V with matrix potential
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Does Hy + V have eigenvalues? ~~ H. = Hy + V.
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What are the algebraic multiplicities of z,(¢)?

Algebraic multiplicities for W : Q — B(H) analytic
{ker W(zy) # {0}, W(z,) Fredholm

20 € onW) <=\ W21 e BH) Yz e Di(zo)\ {20}

ma(zo; W / w'(z)Ww )

Special case: W(z) =z/- A

2y € op(A) isolated Riesz-projection P,

ma(zo; W /(zl dz = dimran Py,
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Eigenvalues of operator functions

Theorem
Suppose

= Q) C C open.

= T:Q— L(H,G), S:Q— L(G,H) analytic.
Then:

VzeQ: zeou(l-TS) < zecon(l— ST),

in which case
Ma(Zo; | — TS) = ma(zo; | — ST).

Applied to our situation:
Ma(2o; 21 — He) = my(2p; | — A.B) = ma(zp; | — BA.).
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z € op(H:) N p(Hy) <= 0 € op(l— BA(2))
< detF(z)=0.
Special structure of Dirac:

det F(z) =14 etr(UT(2)) + 0(1), U, T(z) e C?*2

Rouche .
24 3 simple root zp of det F. Moreover:

Ma(2o; 2l — He) = ma(2p; F)
o 1 ! =—1
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Outlines of the proofs

Proof

Set WTS =1—TSand WST =/-ST.

Step 1: o(Wrs) = on(Wsr).
Wrs Fredholm / bdd. inv. < W(gr Fredholm / bdd. inv.
Wg! € B(H) = Wrd =1+ TWg'S

Step 2: ma(zo; 1 — TS) = ma(zo; | — ST)
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def 1 1
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