
AdS/CFT T3
David Kubiznak

Tutorial 3: Strings and Throats

1 Nambu–Goto vs. Polyakov

In the lecture we have seen the Polyakov action for massless relativistic strings is
given by:

SP = − 1

4πα′

∫
d2ξ
√
−hhABγAB . (1)

By ‘integrating out’ the auxiliary metric hAB show that this is (classically) equivalent
to the Nambu–Goto action:

SNG = − 1

2πα′

∫
d2ξ
√
−det(γAB) . (2)

(Hint: write down the EOM for the metric hAB and plug it back to the action.)

2 Extremal black holes & near horizon limit

There exists an interesting class of black hole solutions of the Einstein–Maxwell
theory, given by the so called Majumdar–Papapetrou solution:

ds2 = − 1

H2
dt2 +H2dxidxi , Aµdx

µ = − 1

H
dt , (3)

where H obeys ∆H = 0, with ∆ being the 3-dimensional Laplace operator in the
flat space spanned by xi, i.e., H is any harmonic function.
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a) Argue, that by introducing spherical coordinates on the flat space, dxidxi =
dr2 + r2dΩ2, we can have the following special solution:

ds2 = − 1

H2
dt2 +H2(dr2 + r2dΩ2) , Aµdx

µ = − 1

H
dt , H = 1 +

M

r
. (4)

Show that this is nothing else than the extremal (M = Q) Reissner–Nordstrom
solution. Where is the horizon located in these coordinates? Where is the
infinity?

Can you guess from here what does the full solution (3) represent? (What
does the general H look like?)

b) Consider now a near horizon limit of (4), characterized by

r �M . (5)

Here we are deeply in an (infinite) throat of the extremal black hole. Intro-
ducing a new coordinate z = M2/r, show that up to an overall scale M2, the
metric now becomes a direct product of AdS2 × S2:

ds2 =
1

z2

(
−dt2 + dz2)︸ ︷︷ ︸
AdS2

+ dΩ2︸︷︷︸
S2

. (6)

This is precisely how the AdS5×S5 emerges in the AdS/CFT correspondence.
(All we have to do is to replace the ‘point-like’ extremal Reissner–Nordstrom
solution by an extended [extremal] D3-brane.)
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