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Taub-NUT in GR

t has period 4/ (S° topology of constant r slices.)




Taub-NUT in GR
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Taub-NUT in String Theory




Taub-NUT in String Theory

Wish:

Embed this problem into string theory and retain computational control
over the relevant questions:

Is there a mechanism by which string theory removes CTCs, or makes them
harmless!?

Is the geometry modified by high energy effects, as suggested in GR?

Could there be other mechanisms that we can discover to achieve this?

And/or are there some contexts in which CTCs have a physical role?




Taub-NUT in String Theory

Leading order in large k ~ 1/0/
Heterotic string solution.




Taub-NUT in String Theory
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Taub-NUT in String Theory

—]1 <x<+1 X = —COST

0<x< 4 x =cosho
—o0 < x <0 —o00 < x <0



Taub-NUT in String Theory
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High Energy Corrections




The Fully Corrected Geometry
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A Special Geometry




To-do List
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To-do List

“

T-duality properties of geometry are
potentially interesting. Winding strings

condense at transition regions.... \

k = 2 CFT should be studied.



Stringy D=5 Black Holes




Stringy D=5 Black Holes
‘Supergravity solution:
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Being Careful with Charge
‘The K3 induces negative DI charge:




Area and Entropy




Area and Entropy

You can reduce the entropy by adding more D-branes!!



Violation of Second Law!?

Add brane with charges (n;,ns) :

5S? = 43132Qp (N5I’l1 -+ (N1 — 2N5)n5)




Saving the Second Law




A Microscopic Filtering Mechanism

The bound state branes
cannot approach the
horizon precisely when they
would decrease its area!

(2N5 —Nl)n5 —N5n1
(V — V*)I’l5 + V*n,y .

P> rg — gSZfV*

2
ry =10 8S? = 4:n:2Qp (Nsny + (N1 — 2Ns)ns)

They can  approach
when there is no danger.



Where to go from here...?

D-branes are
the smallest
charge carriers

The mechanism works as a microscopic filter to preserve a
macroscopic law.

This is very rare (or possibly unique?) situation in physics.

Deserves to be better understood.
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