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What are black holes made of?

In GR the answer is: nothing.  The BH is empty.

There is a simple argument why we expect this

to be the answer in quantum gravity (whatever that is):

everything falls to the BH.
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In this talk I will argue that this is not the case in string theory:

1. Black NS5-branes are filled with folded strings. 

2. We’ll see why they don’t fall to the BH.



Our starting point is an observation due to Maldacena about long strings in 

linear dilaton backgrounds (his motivation was a different aspect of BH physics).  



Let’s start by considering a 2D linear dilaton background:



Let’s start by considering a 2D linear dilaton background:

1. The string coupling blows up when                              . 



Let’s start by considering a 2D linear dilaton background:

1. The string coupling blows up when                              . 

2. The dimension of perturbative states with momentum        is shifted from

to                               



Let’s start by considering a 2D linear dilaton background:

1. The string coupling blows up when                              . 

2. The dimension of perturbative states with momentum        is shifted from

to

To see this we use the fact that this is one of the simplest CFT we have: r is a free scalar 

field                                
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1. The string coupling blows up when                              . 

2. The dimension of perturbative states with momentum        is shifted from

to

To see this we use the fact that this is one of the simplest CFT we have: r is a free scalar 

field                                                                                   only with a non standard energy 

momentum tensor
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• The string can fold (for 

large k) only away from 

the BH. 
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What happens beyond the horizon?

We have a time like linear dilaton

Now the classical solutions is 

A closed (folded) string is created

at a certain point in space-time. 

Very different than standard 

spontaneous creation.
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Comparison to the Schwinger mechanism

• Classical solution in Min. space        no tunneling          no exp. suppression.

• No suppression in the string coupling constant either.  

• The point where the string folds is traveling faster than light. 
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So we have a lot of these folded strings, but what can we say about them?

Since they are created at a certain point in space-time their total energy (and momentum)

must vanish. Indeed

and    E=0 .



Normally when the total

energy vanishes we have 

nothing. 

But this is clearly something. 

Total energy vanishes                                                           
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What do they do, these folded strings to the BH interior?

In short: they violate the ANEC.  

They do so in the right way (as if they know they have to solve the BH info puzzle).
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Two minutes about the Averaged Null Energy Condition (ANEC):

It is the statement that 

Useful in QFT (where it can be proved) and is sufficient to prove various fundamental 

properties of BH and Cosmology. For example that the BH is empty.
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U-V

So we go back in time!

Can we have a closed

time-like curve? 
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Yes we can

• Clear tension with causality. 

• In fact also with unitarity. 
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There are, however, non-perturbative corrections (again in         ) that allow the string to

fold towards the BH also outside the BH.  

Far from the BH the amplitudes goes  like                     . 

This is due to a non-trivial operator (Gerasimov, Marshakov, Morozov, Olshanetsky 

and Shatashvili, 1990) that is invariant under the SL(2,R) symmetry.  

So again something that looks like nothing. 
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And what about Cosmology?   

Objects that violate the ANEC can completely change the rules of the game

in Cosmology. 



Thank you


