Outline:

1. A quick reminder of FZZ duality.

2. Target space interpretation of FZZ in the Euclidean setup of the cigar geometry.
3. Target space interpretation for BHs.

4. Discussion
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The strong coupling region can be chopped off in two ways that appear to be very different:

1- Cigar geometry.

2- Adding a Sine-Liouville wall.



Strong coupling Weak coupling
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Like in any good duality the two appear to be very different
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1. The momentum scale on the SL side is 1/Q:
V ~exp(—0/Q)

while, at least semi-classically, the only scale on the cigar side is Q.




Like in any good duality the two appear to be very different

0 O O

1. The momentum scale on the SL side is 1/Q: o \\

V ~exp(—¢/Q)

while, at least semi-classically, the only scale on the cigar side is Q.
2. The cigar ends at the tip while the SL does not: If we increase the energy we can go

deeper into the strong coupling region.



For large Q the SL is the natural description.

For small Q (large k) naively the natural description is the cigar geometry.



For small Q naively the natural description is in terms of the cigar geometry.

The situation, however, is more interesting (Giveon, NI, Kutasov) . Consider scattering

— —f




For small Q naively the natural description is in terms of the cigar geometry.

The situation, however, is more interesting (Giveon, NI, Kutasov) . Consider scattering

At the semi-classical level the

reflection coefficient gives

a phase shift that at high energies

behaves as expected from the cigar

geometry 20?2 — 1

i —2
P + O(s77).

Opert — _7‘-(1/2 + MD +




For small Q naively the natural description is in terms of the cigar geometry.

The situation, however, is more interesting (Giveon, NI, Kutasov) . Consider scattering

L
{L
At the semi-classical level the
p,?
reflection coefficient gives
X
a phase shift that at high energies e

behaves as expected from the cigar

. 2 .
geometry 202 _ Just like [?- with

Gpere = —(1/2 + 1)) + =

curvature corrections



For small Q naively the natural description is in terms of the cigar geometry.

The situation, however, is more interesting (Giveon, NI, Kutasov) . Consider scattering

L
{k
At the semi-classical level the
p,?
reflection coefficient gives
X
a phase shift that at high energies e

behaves as expected from the cigar

geometry 22 _ Just like [R° with

4s

Ope-rt — _7‘-(1/2 —+ MD + + 0(8_2).
Same with perturbative stringy correction.

curvature corrections



Non-perturbative corrections do something interesting.

The exact result is known (Teschner) and at energies larger than Q is gives

i T+ 2R
non—pert P( _ 12\/_% )

This function is a constant until we reach energies of the order of \/E then we get

a phase shift that keeps on growing indefinitely

. 2
Onon—pert = 2 \/%p log (p)



Non-perturbative corrections do something interesting.

The exact result is known (Teschner) and at energies larger than Q is gives

i T+ 2R
non—pert P( _ 12\/_% )

This function is a constant until we reach energies of the order of \/E then we get

a phase shift that keeps on growing indefinitely

~ 2 )\
Omm—pe"f‘t =2 \/% P log (p) \

This is very natural from the S-L point of view.
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Lessons:
1. For small Q (large k) the cigar geometry is the natural description in the IR.
The S-L description takes over in the UV.

8-

2. From the reflection coefficient we can basically derive the S-L dual of the cigar.



So what can we learn from the FZZ duality about actual BHs?




Unfortunately there are issues concerning the analytic continuation of the FZZ duality

that I’'m not certain if are bugs or features.



Unfortunately there are issues concerning the analytic continuation of the FZZ duality

that I’'m not certain if are bugs or features.
What is known is how to analytically continue the reflection coefficient from which

we can attempt to learn, just like in the Euclidean case, about the BH horizon and interior.
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In the rest of the talk:

1. Arelation between the reflection coefficient and the BH singularity.
2. Use it for SL(2)/U(1) BH at the GR level.

3. Use it for SL(2)/U(1) BH at the perturbative stringy level.

4. Use it for SL(2)/U(1) BH at the exact stringy level.
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The reflection coefficient and the BH singularity

Using this data we should decide if the GR intuition is correct
The only data
or maybe we have a structure at the horizon

- we have in
/

— -~ Incoming wave
string theory

Reflected wave

\N

All the pro structure argument (N.| 96, Braunstein, Pirandola

& Zyczkowski, 2009, Mathur, 2009, AMPS 2012 ...) are quantum.
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The reflection coefficient and the BH singularity

It is most convenient to use the tortoise coordinates

3 3
] r = —log
= - log(U/V),  z=_—log(UV)

In which the wave equation takes a Schrodinger form
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We would like to find a relation between the reflection coefficient and V(x)



We would like to find a relation between the reflection coefficient and V(x)

Comment: There are / corrections to this, but these are expected to

be negligible at the horizon and our goal is to check if indeed they are.



We would like to find a relation between the reflection coefficient and V(x).
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V(X) is smooth and it has hidden (and useful) symmetry. Since 1 = 4£ log(UV)
T

When we add +;/3 toxwe stay at region I.

When we add

N y
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When we add ::’ZZ to x we go from | to Il (and IV).
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At high energies the Born approximation gives pR(p) = / d:CV(:C)e%px

oo

To take advantage of the symmetry V(CC + 25/2) — V(;(;)

we consider / d.:CV(.CC)B%W with the curve
C

Im(x)
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Let'suse  pR(p) Z Reb Q&W) + BC'  forvarious cases.

Case 2: Schwarzschild BH in 4D. More interesting since the potential is known, but

not the exact reflection coefficient.
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Let'suse  pR(p) Z Reb Q&W) + BC'  forvarious cases.

Case 2: Schwarzschild BH in 4D. More interesting since the potential is known, but

not the exact reflection coefficient.

1

In fact the leading singularity is ~ _ just like in the previous case and so
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Let'suse  pR(p) = Z Res (V(.CL‘)GQ?:W) + BC' for various cases.

Case 2’: Other BH solution in GR and SUGRA (R. Basha, N.| and Lior Liram to appear).
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Indeed (DVV) instead of R ~ G—W‘/ﬂp

we have R ~ ¢ TV 2(k=2)p
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1. The horizon is smooth in GR and with perturbative stringy correction, but
not with non-perturbative stringy corrections. What happens upon coarse graining?
Is this something an infalling observer experience?
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We made an assumption that atthe UV T > 1. That is that

outside the horizon the potential is smooth.
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outside the horizon the potential is smooth.

We can relax this assumption:
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We don’t know. We

have a CFT argument

only for R.

Lr = OO
Plenty of structure that an infalling observer

u is not sensitive to. But quantum fluctuations

u dare.
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Conclusions and discussion:
1. The horizon is smooth in GR and with perturbative stringy correction, but
not with non-perturbative stringy corrections. What happens upon coarse graining?
2. How can this be? Can we write down, even in principle, a term in the effective action
that does the job? Naively, the answer is no: all terms, such as RaBW(SR&mé
are smooth, small and not sensitive to the location of the horizon.
We can, however think about terms like V,LR(X@W;V“RO‘B%' ( )

it is small and smooth, but is sensitive to the location of the horizon (flips sign there).
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we can get D5-branes via S-duality. Now the effect is quantum.



This works in spherically symmetric situations. Which is the case in 2D BH.

In fact there we have a simpler operator VM(I)VU(I) . But does not work for BHs in

higher dimension.

\ 4

4. What about other BHs?
We can get D5-branes via S-duality. Now the effect is quantum.
We can also get D3-branes = AdS5 via T-duality. So the effect in this case quantum

and non local (because of the T-duality).



—E—

Would be great to know how to Wick rotate the FZZ duality.



—E—

Would be great to know how to Wick rotate the FZZ duality.

Even if we don’t much can be learned about BHs from the

classical SL(Q}R)R,/U(U BH model.



Thank you



