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What will this talk be about?

We will describe a set of tools to compute String Theory scattering
amplitudes on flat and curved space-times.

Why scattering amplitudes?

Scattering amplitudes allow to test the predictions of our theory.

They can teach us much about its structures/symmetries.

Why string theory?
The most promising theory of quantum gravity but still poorly
understood.

Computations are super hard :(
Essentially no progress on curved-backgrounds :(

A fundamental question, essential for applications of string theory to
quantum gravity, cosmology, black holes, ...

Surprising connections to number theory make progress possible :)
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Scattering amplitudes

Scattering Amplitudes

Probability that two particles colliding (with momenta p1, p2) result into
two other particles (with momenta p3, p4).
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P4

= A(g , s, t, u)

A(g , s, t, u) depends on many things:
Which particles you are scattering (their masses, charges, etc)
The parameters/coupling constants of your model g .
The momenta of the particles being scattered:

s = −(p1 + p2)2, t = −(p1 − p3)2, u = −(p1 − p4)2

s + t + u = 0 for massless scattering
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Scattering amplitudes via Feynman diagrams

No general methods to compute amplitudes for finite coupling g

Feynman recipe

Amplitudes around g = 0 → Feynman diagrams
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<latexit sha1_base64="zCTT4BtcpZKrDXzbRAJ+MGOzIIA="></latexit>

A(g) = g2A0 + g4A1 + g6A2 + · · ·

Lagrangian: fundamental particles + interactions among them →
which diagrams we should draw.

To each diagram corresponds an integral (Feynman integral) which
we should do.
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Scattering amplitudes in Einstein’s gravity

General Relativity

Fundamental particles: Gravitons

<latexit sha1_base64="qM8TECfDxJGr0Y1MrYnCT3RNXfs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjaRfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LqXVW9xmWldp/HUYQTOIVz8OAaanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8f362NBg==</latexit>p Massless particles, moving at the speed of light.

Interactions among them: Einstein Hilbert Lagrangian

LEH = (∂h)2 +
√

GNh(∂h)2 + ...

The standard recipe leads to divergent integrals!

∼
∫∞

0 d4p p6

(p2)4 → divergent! (for large p/UV)

Reason: The gravitons get too close to each other!
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String theory and UV divergences

Replace point gravitons by closed strings of finite length
√
α′

Point particles Strings

VS

At low energies p2 � 1/α′ and we recover GR

GR as an effective field theory

L = (∂h)2 +
√
GN


h(∂h)2 + α′1/2h2(∂h)2 + α′h(∂h)3 + · · ·︸ ︷︷ ︸

stringy corrections




At high energies stringy corrections start kicking-in, and make the
amplitudes finite.

We say string theory gives a UV completion of GR.
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String theory scattering amplitudes

In string theory we have two parameters
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↵0<latexit sha1_base64="/7cUPcOx5HtBIL+R02qJGTgi+IM=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgYyURTAwkR9jb7CVLdvfO3TkhhPwJGwtFbP07dv4bN8kVmvhg4PHeDDPzolQKi77/7RVWVtfWN4qbpa3tnd298v5B0yaZYbzBEpmYVkQtl0LzBgqUvJUaTlUk+UM0vJ76D0/cWJHoexylPFS0r0UsGEUntTpWKNLv2m654lf9GcgyCXJSgRz1bvmr00tYprhGJqm17cBPMRxTg4JJPil1MstTyoa0z9uOaqq4DcezeyfkxCk9EifGlUYyU39PjKmydqQi16koDuyiNxX/89oZxlfhWOg0Q67ZfFGcSYIJmT5PesJwhnLkCGVGuFsJG1BDGbqISi6EYPHlZdI8qwYX1eDuvFK7zeMowhEcwykEcAk1uIE6NICBhGd4hTfv0Xvx3r2PeWvBy2cO4Q+8zx/MGo/a</latexit>⇠ gs

We would like to compute scattering amplitudes

+ + ...+= A(gs , α
′, s, t)
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String theory scattering amplitudes

The computation organises in a genus expansion

+ + ...+

A(genus 0)(α′, s, t)︸ ︷︷ ︸
We focus on this

+g2
s A

(genus 1)(α′, s, t)+g4
s A

(genus 2)(α′, s, t)+· · ·

In flat space A(genus 0)(α′, s, t) follows from World-sheet theory
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<latexit sha1_base64="wsGyWw0cQCY04XPUfH77XqgoyEY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKDbdfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LqXVW9xmWldp/HUYQTOIVz8OAaanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8ffq2Mxg==</latexit>

0
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1
<latexit sha1_base64="P/Z9vyBr/H4A9htaJSSFR7Evkpo=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa8eJIK9gPaUDbbTbt2sxt2J0II/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+nZXVtfWNzdJWeXtnd2+/cnDYMirVlDWpEkp3QmKY4JI1kaNgnUQzEoeCtcPxzdRvPzFtuJIPmCUsiMlQ8ohTglZq9biMMOtXql7Nm8FdJn5BqlCg0a989QaKpjGTSAUxput7CQY50cipYJNyLzUsIXRMhqxrqSQxM0E+u3binlpl4EZK25LoztTfEzmJjcni0HbGBEdm0ZuK/3ndFKPrIOcySZFJOl8UpcJF5U5fdwdcM4ois4RQze2tLh0RTSjagMo2BH/x5WXSOq/5lzX//qJavyviKMExnMAZ+HAFdbiFBjSBwiM8wyu8Ocp5cd6dj3nrilPMHMEfOJ8/x8OPTg==</latexit>1

<latexit sha1_base64="GdYVd3XCXYfC/KCxhogmb14cgZ8="></latexit>

=

Z

C

|z|�2↵0s

|z|2
|1� z|�2↵0t

|1� z|2 d2z
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Four-graviton amplitude - Flat space

Genus 0

Aflat(α′, s, t) = α′3
Γ(−α′s)Γ(−α′t)Γ(−α′u)

Γ(1 + α′s)Γ(1 + α′t)Γ(1 + α′u)

Crossing symmetric (s + t + u = 0)
Poles due to the exchange of particles of mass m =

√
n/α′

<latexit sha1_base64="J2xEnQjcEXMSzd1YoX3j6PMVOK8=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQPIVdEfUYEMSLEME8IAlhdtJJhszOLjO9wbAE8itePCji1e/w5t84eRw0saChqOru6akglsKg5307mZXVtfWN7GZua3tnd8/dP6iYKNEcyjySka4FzIAUCsooUEIt1sDCQEI16N9M/OoAtBGResRhDM2QdZXoCM7QSi33qIHwhOk9M0YMgBrUQnVHLTfvFbwp6DLx5yRP5ii13K9GO+JJCAq5tLvqvhdjM2UaBZcwyjUSAzHjfdaFuqWKhWCa6fT8ET21Spt2Im1LIZ2qvydSFhozDAPbGTLsmUVvIv7n1RPsXDdToeIEQfHZQ51EUozoJAvaFho4yqEljGthb6W8xzTjaBPL2RD8xS8vk8p5wb8s+A8X+eLteBZHlhyTE3JGfHJFiuSOlEiZcJKSZ/JK3pyx8+K8Ox+z1owzj/CQ/IHz+QMrLpav</latexit>

Massive string

<latexit sha1_base64="GfoBVD1cyyhX6Q82JblXuUh8/8Q=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmRNRlQRCXFewD2qFk0rQNzWSG5E6xDgX/hxsXirj1p7jz35g+Ftp6IPBxzg25OWEihUHP+3ZWVtfWNzZzW/ntnd29grt/UDNxqhmvsljGuhFSw6VQvIoCJW8kmtMolLweDq4neX3ItRGxusdRwoOI9pToCkbRWm230EL+gFlP06HAWI3bbtEreVORZfDnUIS5Km33q9WJWRpxhUxSY5q+l2CQUY2CST7Ot1LDE8oGtMebFhWNuAmy6eJjcmKdDunG2h6FZOr+vpHRyJhRFNrJiGLfLGYT87+smWL3KsiESlLkis0e6qaSYEwmLZCO0JyhHFmgTAu7K2F9qilD21XeluAvfnkZamcl/6Lk350XyzdPszpycATHcAo+XEIZbqECVWCQwjO8wpvz6Lw4787HbHTFmVd4CH/kfP4A4omUTg==</latexit>

graviton
<latexit sha1_base64="GfoBVD1cyyhX6Q82JblXuUh8/8Q=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmRNRlQRCXFewD2qFk0rQNzWSG5E6xDgX/hxsXirj1p7jz35g+Ftp6IPBxzg25OWEihUHP+3ZWVtfWNzZzW/ntnd29grt/UDNxqhmvsljGuhFSw6VQvIoCJW8kmtMolLweDq4neX3ItRGxusdRwoOI9pToCkbRWm230EL+gFlP06HAWI3bbtEreVORZfDnUIS5Km33q9WJWRpxhUxSY5q+l2CQUY2CST7Ot1LDE8oGtMebFhWNuAmy6eJjcmKdDunG2h6FZOr+vpHRyJhRFNrJiGLfLGYT87+smWL3KsiESlLkis0e6qaSYEwmLZCO0JyhHFmgTAu7K2F9qilD21XeluAvfnkZamcl/6Lk350XyzdPszpycATHcAo+XEIZbqECVWCQwjO8wpvz6Lw4787HbHTFmVd4CH/kfP4A4omUTg==</latexit>

graviton

<latexit sha1_base64="GfoBVD1cyyhX6Q82JblXuUh8/8Q=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmRNRlQRCXFewD2qFk0rQNzWSG5E6xDgX/hxsXirj1p7jz35g+Ftp6IPBxzg25OWEihUHP+3ZWVtfWNzZzW/ntnd29grt/UDNxqhmvsljGuhFSw6VQvIoCJW8kmtMolLweDq4neX3ItRGxusdRwoOI9pToCkbRWm230EL+gFlP06HAWI3bbtEreVORZfDnUIS5Km33q9WJWRpxhUxSY5q+l2CQUY2CST7Ot1LDE8oGtMebFhWNuAmy6eJjcmKdDunG2h6FZOr+vpHRyJhRFNrJiGLfLGYT87+smWL3KsiESlLkis0e6qaSYEwmLZCO0JyhHFmgTAu7K2F9qilD21XeluAvfnkZamcl/6Lk350XyzdPszpycATHcAo+XEIZbqECVWCQwjO8wpvz6Lw4787HbHTFmVd4CH/kfP4A4omUTg==</latexit>

graviton<latexit sha1_base64="GfoBVD1cyyhX6Q82JblXuUh8/8Q=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmRNRlQRCXFewD2qFk0rQNzWSG5E6xDgX/hxsXirj1p7jz35g+Ftp6IPBxzg25OWEihUHP+3ZWVtfWNzZzW/ntnd29grt/UDNxqhmvsljGuhFSw6VQvIoCJW8kmtMolLweDq4neX3ItRGxusdRwoOI9pToCkbRWm230EL+gFlP06HAWI3bbtEreVORZfDnUIS5Km33q9WJWRpxhUxSY5q+l2CQUY2CST7Ot1LDE8oGtMebFhWNuAmy6eJjcmKdDunG2h6FZOr+vpHRyJhRFNrJiGLfLGYT87+smWL3KsiESlLkis0e6qaSYEwmLZCO0JyhHFmgTAu7K2F9qilD21XeluAvfnkZamcl/6Lk350XyzdPszpycATHcAo+XEIZbqECVWCQwjO8wpvz6Lw4787HbHTFmVd4CH/kfP4A4omUTg==</latexit>

graviton

<latexit sha1_base64="1wtNJiPMyX6qjB18NcfHE/tUQaU=">AAACG3icbVBNS8NAEN34bf2qevSyWMQKWpIi6lHx4kkqWBWaGibbjV26m4TdiVBC/ocX/4oXD4p4Ejz4b9zWHvx6MPB4b4aZeWEqhUHX/XDGxicmp6ZnZktz8wuLS+XllQuTZJrxJktkoq9CMFyKmDdRoORXqeagQskvw97xwL+85dqIJD7HfsrbCm5iEQkGaKWgXD8K8kgCFlUfZNqFzW2zjVvUN0JRP9LA8kbgcymruFXkZkdd14ugXHFr7hD0L/FGpEJGaATlN7+TsEzxGJkEY1qem2I7B42CSV6U/MzwFFgPbnjL0hgUN+18+FtBN6zSoVGibcVIh+r3iRyUMX0V2k4F2DW/vYH4n9fKMDpo5yJOM+Qx+1oUZZJiQgdB0Y7QnKHsWwJMC3srZV2wiaCNs2RD8H6//Jdc1GveXs07260cno7imCFrZJ1UiUf2ySE5IQ3SJIzckQfyRJ6de+fReXFev1rHnNHMKvkB5/0TflyggA==</latexit>

Aflat(↵
0, s, t) ⇠ P`(t)

s�m2

α′ expansion (low energy expansion)

Aflat(α′, s, t) ∼ 1

s t u︸︷︷︸
gravity

+ 2ζ(3)α′3 + 2ζ(5)α′5(s2 + t2 + u2) + · · ·︸ ︷︷ ︸
stringy corrections
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String amplitudes and number theory

Beautiful connection to number theory

We see the appearance of zeta values ζ(n) =
∑∞

k=1
1

kn .

Even ζ-values can be written in terms of π:

ζ(2) =
∞∑

k=1

1

k2
=
π2

6
, ζ(4) =

∞∑

k=1

1

k4
=
π4

90
, · · ·

Odd ζ-values are independent

ζ(3) =
∞∑

k=1

1

k3
, ζ(5) =

∞∑

k=1

1

k5
, · · ·

The α′ expansion of the string amplitude contains only odd zeta values.

Quite deep from a mathematical perspective!
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Single-valued zetas

Zeta values can be defined in terms of sums

ζ(n) =
∞∑

k=1

1

kn

Or in terms of polylogarithms evaluated at z = 1

Lin(z) =
∑

k=1

zk

kn
→ Lin(1) = ζ(n)

While these series converge for |z | < 1, polylogarithms can be
analytically continued to the whole complex plane:

Li1(z) = − log(1− z), Lin(z) =

∫ z

0
Lin−1(t)

dt

t

However these functions are not single-valued!
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Single-valued polylogarithms

Single-valued version of polylogarithms

Lin(z)→ Ln(z , z̄)

When you evaluate polylogarithms at z = 1 you get zeta values. What
if you evaluate their single-valued version at z = z̄ = 1?

Lin(1)→ ζ(2), ζ(3), ζ(4), ζ(5), · · ·

Ln(1)→ ���HHHζ(2) , ζ(3),��
�HHHζ(4) , ζ(5), · · ·

Punchline

ζ(3), ζ(5), · · · are special!

The α′ expansion of the graviton string amplitude in flat space
contains only these special zeta values!
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String amplitudes on AdS

Can we compute string amplitudes on curved space-time?

One of the biggest challenges of string theory.

No world-sheet theory to help us.

Idea

Amplitudes in flat space were originally found from their properties
(pre world-sheet theory) in what it was the birth of string theory!

Can we do the same for curved backgrounds?

We will consider string theory on AdS5 × S5 (sorry! we need D = 10)

Compute the (four-point) graviton amplitude for strings on AdS5 × S5.
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AdS5 × S5

<latexit sha1_base64="JoY33UemBywq5aQlv5Kw22+n1m4=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSIKQklifWyEghtXUsW+aNMwmU7aoZNJmJkIJfQT3Pgrblwo4talO//GaZqFtl6Yw+Gce7lzjxdRIqRpfmu5hcWl5ZX8amFtfWNzS9/eqYsw5gjXUEhD3vSgwJQwXJNEUtyMOIaBR3HDG15N/MYD5oKE7F6OIuwEsM+ITxCUSnL1w5Zrdu3jlmulaKd4kmI5xdOufXnXtV29aJbMtIx5YmWkCLKquvpXpxeiOMBMIgqFaFtmJJ0EckkQxeNCJxY4gmgI+7itKIMBFk6SHjQ2DpTSM/yQq8ekkaq/JxIYCDEKPNUZQDkQs95E/M9rx9K/cBLColhihqaL/JgaMjQm6Rg9wjGSdKQIRJyovxpoADlEUmVYUCFYsyfPk7pdss5K1m25WLnJ4siDPbAPjoAFzkEFXIMqqAEEHsEzeAVv2pP2or1rH9PWnJbN7II/pX3+AGslmRg=</latexit>

Y 2
0 + Y 2

1 + Y 2
2 + Y 2

3 + Y 2
4 + Y 2

5 = R2

<latexit sha1_base64="F8Muc6PGRBbMc5a7dzfNQjD32Oc=">AAACEXicbVDLSsNAFJ34rPUVdekmWISCWJJYHxuh4MaVVLFtoE3CZDpph04mYWYilNBfcOOvuHGhiFt37vwbp2kX2nphDodz7uXOPUFCiZCm+a0tLC4tr6wW1orrG5tb2/rOblPEKUe4gWIacyeAAlPCcEMSSbGTcAyjgOJWMLga+60HzAWJ2b0cJtiNYI+RkCAoleTr5WPHNz37yPGtHO0cT3KserZyTz378s6zfb1kVsy8jHliTUkJTKvu61+dbozSCDOJKBSibZmJdDPIJUEUj4qdVOAEogHs4baiDEZYuFl+0cg4VErXCGOuHpNGrv6eyGAkxDAKVGcEZV/MemPxP6+dyvDCzQhLUokZmiwKU2rI2BjHY3QJx0jSoSIQcaL+aqA+5BBJFWJRhWDNnjxPmnbFOqtYt9VS7WYaRwHsgwNQBhY4BzVwDeqgARB4BM/gFbxpT9qL9q59TFoXtOnMHvhT2ucP1PuZSw==</latexit>

�X2
0 + X2

1 + X2
2 + X2

3 + X2
4 �X2

5 = R2

<latexit sha1_base64="AOkT/xrAcVyzRRfYEj7m21o1f4o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAiyeJxDwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZKtdrjRbdYcsvuDGSZeBkpQYZqt/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/tp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0zsreZdm7Py9V7rI48nAEx3AKHlxBBW6hCnVgMIBneIU3RzgvzrvzMW/NOdnMIfyB8/kD3WKNkA==</latexit>

S5

<latexit sha1_base64="rLGqCK4FXwVnvCIgslYs8SkiNN4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PFiyepaNpCG8pms2mX7m7C7kYoob/BiwdFvPqDvPlv3LY5aPXBwOO9GWbmhSln2rjul1NaWl5ZXSuvVzY2t7Z3qrt7LZ1kilCfJDxRnRBrypmkvmGG006qKBYhp+1wdD31249UaZbIBzNOaSDwQLKYEWys5F9F9/2zfrXm1t0Z0F/iFaQGBZr96mcvSkgmqDSEY627npuaIMfKMMLppNLLNE0xGeEB7VoqsaA6yGfHTtCRVSIUJ8qWNGim/pzIsdB6LELbKbAZ6kVvKv7ndTMTXwY5k2lmqCTzRXHGkUnQ9HMUMUWJ4WNLMFHM3orIECtMjM2nYkPwFl/+S1onde+87t2d1hq3RRxlOIBDOAYPLqABN9AEHwgweIIXeHWk8+y8Oe/z1pJTzOzDLzgf3yUbjko=</latexit>

AdS5

<latexit sha1_base64="ZNfclmoT2iQBa7W9aEv9gltj31A=">AAACCXicbVA9T8MwFHT4pnwFGFksWiSmKkEIGItYmBAgWpCaqnLcF7DqOJH9AlRRVxb+CgsDCLHyD9j4N7htBqCcZOl0956e78JUCoOe9+VMTE5Nz8zOzZcWFpeWV9zVtYZJMs2hzhOZ6KuQGZBCQR0FSrhKNbA4lHAZdo8G/uUtaCMSdYG9FFoxu1YiEpyhldouDRDuMT809A4osi7QyrnVEhoIFWGv0m+7Za/qDUHHiV+QMilw2nY/g07CsxgUcsmMafpeiq2caRRcQr8UZAZSxrvsGpqWKhaDaeXDJH26ZZUOjRJtn0I6VH9u5Cw2pheHdjJmeGP+egPxP6+ZYXTQyoVKMwTFR4eiTFKbdFAL7QgNHGXPEsa1sH+l/IZpxtGWV7Il+H8jj5PGTtXfq/pnu+XaSVHHHNkgm2Sb+GSf1MgxOSV1wskDeSIv5NV5dJ6dN+d9NDrhFDvr5Becj2/+4JlK</latexit>

As we take R!1
<latexit sha1_base64="i+R1xfAIjiZvPhc75gU8pa5lZ/c=">AAACBXicbVDJSgNBEO1xjXGLetRDYxA8hRkx6jEgiCeJaBZIxtDTU0ma9Cx014hhyMWLv+LFgyJe/Qdv/o2d5aCJDwoe71VVdz0vlkKjbX9bc/MLi0vLmZXs6tr6xmZua7uqo0RxqPBIRqruMQ1ShFBBgRLqsQIWeBJqXu986NfuQWkRhbfYj8ENWCcUbcEZGqmV27u5K9ImRqbgAdMLyZAWfapjxmHQyuXtgj0CnSXOhOTJBOVW7qvpRzwJIEQumdYNx47RTZlCwSUMss1Eg9ncYx1oGBqyALSbjq4Y0AOj+LQdKVMh0pH6eyJlgdb9wDOdAcOunvaG4n9eI8H2mZuKME4QQj5+qJ1Iaq4eRkJ9oYCj7BvCuBLmr5R3mWIcTXBZE4IzffIsqR4VnJOCc32cL11N4siQXbJPDolDTkmJXJIyqRBOHskzeSVv1pP1Yr1bH+PWOWsys0P+wPr8AR69l78=</latexit>

S5 ! Flat 5d space

<latexit sha1_base64="XrZiLc1Fq38EdEINnHbDPvt76j8=">AAACDHicbVDJSgNBEO1xjXGLevTSGAQvhhkx6jEiiCeJaBZIhtDTU0ma9Cx014hhyAd48Ve8eFDEqx/gzb+xsxw08UHB472q6q7nxVJotO1va25+YXFpObOSXV1b39jMbW1XdZQoDhUeyUjVPaZBihAqKFBCPVbAAk9CzetdDP3aPSgtovAO+zG4AeuEoi04QyO1cvlz/7ZVpE2MTMEDppeSIS36VMeMwyGKAAamyy7YI9BZ4kxInkxQbuW+mn7EkwBC5JJp3XDsGN2UKRRcwiDbTDSY9T3WgYahIQtAu+nomAHdN4pP25EyFSIdqb8nUhZo3Q880xkw7Oppbyj+5zUSbJ+5qQjjBCHk44faiaTm9GEy1BcKOMq+IYwrYf5KeZcpxtHklzUhONMnz5LqUcE5KTg3x/nS9SSODNkle+SAOOSUlMgVKZMK4eSRPJNX8mY9WS/Wu/Uxbp2zJjM75A+szx86upqH</latexit>

AdS5 ! Flat 5d space-time

<latexit sha1_base64="NOHtAfv4tiUgiGo2o//sLfyb6J4=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF49RTAwkS5idzCZDZmeWmV4hLAE/wIsHRbz6R978GyePgyYWNBRV3XR3RakUFn3/2yusrK6tbxQ3S1vbO7t75f2DptWZYbzBtNSmFVHLpVC8gQIlb6WG0ySS/CEaXk/8h0durNDqHkcpDxPaVyIWjKKT7jp5t1zxq/4UZJkEc1KBOerd8lenp1mWcIVMUmvbgZ9imFODgkk+LnUyy1PKhrTP244qmnAb5tNLx+TEKT0Sa+NKIZmqvydymlg7SiLXmVAc2EVvIv7ntTOMr8JcqDRDrthsUZxJgppM3iY9YThDOXKEMiPcrYQNqKEMXTglF0Kw+PIyaZ5Vg4tqcHteqcVPsziKcATHcAoBXEINbqAODWAQwzO8wps39F68d+9j1lrw5hEewh94nz/OUI4P</latexit>{
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AdS/CFT

<latexit sha1_base64="gBfR2W3RgaCyAw/nleNlM1QX3wQ=">AAACB3icbVA9SwNBEN3z2/gVtRRkMQhW4U5ELQOCWEmExASSEPY2k2TJ3u6xOyeGI52Nf8XGQhFb/4Kd/8a9mEITHww83pthZl4YS2HR97+8ufmFxaXlldXc2vrG5lZ+e+fW6sRwqHIttamHzIIUCqooUEI9NsCiUEItHFxkfu0OjBVaVXAYQytiPSW6gjN0Uju/30S4x/RCq642EZP0UoDs0EoftBmOcu18wS/6Y9BZEkxIgUxQbuc/mx3NkwgUcsmsbQR+jK2UGRRcwijXTCzEjA9YDxqOKhaBbaXjP0b00Ckd6g5xpZCO1d8TKYusHUah64wY9u20l4n/eY0Eu+etVKg4QVD8Z1E3kRQ1zUKhHWGAoxw6wrgR7lbK+8wwji66LIRg+uVZcntcDE6Lwc1JoXQ9iWOF7JEDckQCckZK5IqUSZVw8kCeyAt59R69Z+/Ne/9pnfMmM7vkD7yPb8+KmUw=</latexit>

Conformal Field Theory
<latexit sha1_base64="AmdiF9vSGqbLZGc4rgplYmPWwxg=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSiKjHghdPUsHWQhvKZjNpl242YXciltCLf8WLB0W8+jO8+W9M2xy09cHA470ZZub5iRQGHefbKi0tr6yuldcrG5tb2zv27l7LxKnm0OSxjHXbZwakUNBEgRLaiQYW+RLu/eHVxL9/AG1ErO5wlIAXsb4SoeAMc6lnH3QRHjFjSHEA1I9TFTA9Gld6dtWpOVPQReIWpEoKNHr2VzeIeRqBQi6ZMR3XSdDLmEbBJYwr3dRAwviQ9aGTU8UiMF42fWBMj3MloGGs81JIp+rviYxFxowiP++MGA7MvDcR//M6KYaXXiZUkiIoPlsUppJiTCdp0EBo4ChHOWFci/xWygdMM455ZpMQ3PmXF0nrtOae19zbs2r9poijTA7JETkhLrkgdXJNGqRJOBmTZ/JK3qwn68V6tz5mrSWrmNknf2B9/gCwY5aA</latexit>

at the boundary

<latexit sha1_base64="OYSTcj/7bwnKZRfnXsgRDUB/baI=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRUY8BL54kYjZIQujpVJImPT1Dd40Yh+CvePGgiFf/w5t/Y2c5aOKDgsd7VVTVC2IpDHret5NZWl5ZXcuu5zY2t7Z33N29qokSzaHCIxnpesAMSKGgggIl1GMNLAwk1ILB1div3YM2IlJlHMbQCllPia7gDK3Udg+aCA+Y3qEWqkfLfYj0cNR2817Bm4AuEn9G8mSGUtv9anYinoSgkEtmTMP3YmylTKPgEka5ZmIgZnzAetCwVLEQTCudXD+ix1bp0G6kbSmkE/X3RMpCY4ZhYDtDhn0z743F/7xGgt3LVipUnCAoPl3UTSTFiI6joB2hgaMcWsK4FvZWyvtMM442sJwNwZ9/eZFUTwv+ecG/PcsXb2ZxZMkhOSInxCcXpEiuSYlUCCeP5Jm8kjfnyXlx3p2PaWvGmc3skz9wPn8AHC2VsA==</latexit>

String Theory
<latexit sha1_base64="SimP5+CfvIrmnYHPjqElgPNqX6M=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8Ug2BjuRNQyYGMlEc0HJCHsbSbJkr29Y3dODEds/Cs2ForY+i/s/Ddukis08cHA470ZZub5kRQGXffbySwsLi2vZFdza+sbm1v57Z2qCWPNocJDGeq6zwxIoaCCAiXUIw0s8CXU/MHl2K/dgzYiVHc4jKAVsJ4SXcEZWqmd32siPGASKsoUiuMO0FuBCHrUzhfcojsBnSdeSgokRbmd/2p2Qh4HoJBLZkzDcyNsJUyj4BJGuWZsIGJ8wHrQsFSxAEwrmXwwoodW6dBuqG0ppBP190TCAmOGgW87A4Z9M+uNxf+8Rozdi1YiVBQjKD5d1I0lxZCO46AdoYGjHFrCuBb2Vsr7TDNuMzA5G4I3+/I8qZ4UvbOid3NaKF2ncWTJPjkgR8Qj56RErkiZVAgnj+SZvJI358l5cd6dj2lrxklndskfOJ8/j9uXAA==</latexit>

on anti-de Sitter

CFTs: very special theories with scale invariance.
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Conformal Field Theories

Special set of local operators

<latexit sha1_base64="9YzvklUVRjoAAIwp91a/bBYffZk=">AAACHHicbVDLSgMxFM3UV62vUZdugkVoF5YZFXUjFHThSivYB3RquZOmbWjmQZKRlqEf4sZfceNCETcuBP/GtB1EWw8ETs65h+QeN+RMKsv6MlJz8wuLS+nlzMrq2vqGublVkUEkCC2TgAei5oKknPm0rJjitBYKCp7LadXtnY/86j0VkgX+rRqEtOFBx2dtRkBpqWkexg4Bjq+HOYfrVAtwP4/PcHK5i/edC8oVDPHPXD/fNLNWwRoDzxI7IVmUoNQ0P5xWQCKP+opwkLJuW6FqxCAUI5wOM04kaQikBx1a19QHj8pGPF5uiPe00sLtQOjjKzxWfydi8KQceK6e9EB15bQ3Ev/z6pFqnzZi5oeRoj6ZPNSOOFYBHjWFW0xQovhAEyCC6b9i0gUBROk+M7oEe3rlWVI5KNjHBfvmKFu8SupIox20i3LIRieoiC5RCZURQQ/oCb2gV+PReDbejPfJaMpIMtvoD4zPbyN3oDM=</latexit>

O(�x) = ���O(x)

<latexit sha1_base64="/RyUMy8Q2E4WfSVA+1+DBpFXNFw=">AAAB+XicbVDLSsNAFJ3UV62vqEs3wSK4KomIuiy4cSUV7APaUCaTm3boZBJmbool9E/cuFDErX/izr9x2mahrQcGDuecy71zglRwja77bZXW1jc2t8rblZ3dvf0D+/CopZNMMWiyRCSqE1ANgktoIkcBnVQBjQMB7WB0O/PbY1CaJ/IRJyn4MR1IHnFG0Uh92+4hPGEe8hjkLDTt21W35s7hrBKvIFVSoNG3v3phwjIzj0xQrbuem6KfU4WcCZhWepmGlLIRHUDXUElj0H4+v3zqnBkldKJEmSfRmau/J3Iaaz2JA5OMKQ71sjcT//O6GUY3fs5lmiFItlgUZcLBxJnV4IRcAUMxMYQyxc2tDhtSRRmasiqmBG/5y6ukdVHzrmrew2W1fl/UUSYn5JScE49ckzq5Iw3SJIyMyTN5JW9Wbr1Y79bHIlqyiplj8gfW5w91k5Q8</latexit>

dimension

Infinite such operators O∆(x), each with their own dimension.

∆↔ energy levels in QM

Hard to compute and functions of the coupling of the theory ∆i (g).
Conformal symmetry severely restricts correlation functions

<latexit sha1_base64="ibCJToRW6B0SZSnOftX8NKWOIeM="></latexit>

hO(x1)O(x2)i =
1

|x1 � x2|2�

<latexit sha1_base64="XFfgoTCeP/mOZpBXII01Zp3I3hc="></latexit>

U =
x2

12x
2
34

x2
13x

2
24

, V =
x2

14x
2
23

x2
13x

2
24

<latexit sha1_base64="rfsHDBfww7+oFYg9s7IoSI7MlGA="></latexit>hO(x1)O(x2)O(x3)i = also fixed

<latexit sha1_base64="Q2roOGadAQKKf9LTo6K9mv4pG3o="></latexit>hO(x1)O(x2)O(x3)O(x4)i = G(U, V )
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AdS/CFT

String amplitudes on
AdS5 × S5, radius R

↔ Correlators in planar MSYM
w/coupling g (large N QCD - like)

<latexit sha1_base64="+ewe5t9sSWmlqYVeMDC0EI+xlRM=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJliEuikzIuqy4MadLdgHtEPJpLdtaCYzJpliGQr+CzcuFHHrj3HnvzF9LLT1QODjnBtyc4JYcG1c99tZWV1b39jMbGW3d3b39nMHhzUdJYphlUUiUo2AahRcYtVwI7ARK6RhILAeDG4meX2ISvNI3ptRjH5Ie5J3OaPGWn7aYlSQu3Hhse2dtXN5t+hORZbBm0Me5iq3c1+tTsSSEKVhgmrd9NzY+ClVhjOB42wr0RhTNqA9bFqUNETtp9Olx+TUOh3SjZQ90pCp+/tGSkOtR2FgJ0Nq+noxm5j/Zc3EdK/9lMs4MSjZ7KFuIoiJyKQB0uEKmREjC5QpbnclrE8VZcb2lLUleItfXobaedG7LHqVi3yp8jSrIwPHcAIF8OAKSnALZagCgwd4hld4c4bOi/PufMxGV5x5hUfwR87nD7gxkd0=</latexit>O(x1)

<latexit sha1_base64="+aklUrw0fVX0psdcd1z4akyulNg=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZKaIuC27c2YJ9QDuUTJppQ5PMmGSKZSj4L9y4UMStP8ad/8b0sdDWA4GPc27IzQlizrRx3W8ns7a+sbmV3c7t7O7tH+QPjxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsObad4cUaVZJO/NOKa+wH3JQkawsZafdgjm6G5SfOyWz7v5gltyZ0Kr4C2gAAtVu/mvTi8iiaDSEI61bntubPwUK8MIp5NcJ9E0xmSI+7RtUWJBtZ/Olp6gM+v0UBgpe6RBM/f3jRQLrccisJMCm4Fezqbmf1k7MeG1nzIZJ4ZKMn8oTDgyEZo2gHpMUWL42AImitldERlghYmxPeVsCd7yl1ehUS55lyWvdlGo1J7mdWThBE6hCB5cQQVuoQp1IPAAz/AKb87IeXHenY/5aMZZVHgMf+R8/gC5tpHe</latexit>O(x2)

<latexit sha1_base64="8Jqlf9Qw/uDEVAVdXVxRW2SLfxc=">AAAB9HicbZBLSwMxFIVv6qvWV9Wlm2AR6qbMqKjLght3tmAf0A4lk2ba0ExmTDLFMhT8F25cKOLWH+POf2P6WGjrgcDHOTfk5vix4No4zjfKrKyurW9kN3Nb2zu7e/n9g7qOEkVZjUYiUk2faCa4ZDXDjWDNWDES+oI1/MHNJG8MmdI8kvdmFDMvJD3JA06JsZaXtikR+G5cfOycn3byBafkTIWXwZ1DAeaqdPJf7W5Ek5BJQwXRuuU6sfFSogyngo1z7USzmNAB6bGWRUlCpr10uvQYn1ini4NI2SMNnrq/b6Qk1HoU+nYyJKavF7OJ+V/WSkxw7aVcxolhks4eChKBTYQnDeAuV4waMbJAqOJ2V0z7RBFqbE85W4K7+OVlqJ+V3MuSW70olKtPszqycATHUAQXrqAMt1CBGlB4gGd4hTc0RC/oHX3MRjNoXuEh/BH6/AG7O5Hf</latexit>O(x3)

<latexit sha1_base64="G4Ij5Z1DfMFl5nTkFP3AFHdx5pQ=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZkaIuC27c2YJ9QDuUTJppQzPJmGSKZSj4L9y4UMStP8ad/8b0sdDWA4GPc27IzQlizrRx3W8ns7a+sbmV3c7t7O7tH+QPjxpaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwfBmmjdHVGkmxb0Zx9SPcF+wkBFsrOWnHYI5upsUH7vl826+4JbcmdAqeAsowELVbv6r05MkiagwhGOt254bGz/FyjDC6STXSTSNMRniPm1bFDii2k9nS0/QmXV6KJTKHmHQzP19I8WR1uMosJMRNgO9nE3N/7J2YsJrP2UiTgwVZP5QmHBkJJo2gHpMUWL42AImitldERlghYmxPeVsCd7yl1ehcVHyLkterVyo1J7mdWThBE6hCB5cQQVuoQp1IPAAz/AKb87IeXHenY/5aMZZVHgMf+R8/gC8wJHg</latexit>O(x4)

AAdS (s, t)
integral transform←−−−−−−−−−→ 〈O(x1)O(x2)O(x3)O(x4)〉

R2

α′
= g
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String amplitude on AdS

AAdS (s, t) - properties

1 Crossing symmetric in s, t, u.

2 Poles corresponding to the exchange of intermediate strings

<latexit sha1_base64="J2xEnQjcEXMSzd1YoX3j6PMVOK8=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQPIVdEfUYEMSLEME8IAlhdtJJhszOLjO9wbAE8itePCji1e/w5t84eRw0saChqOru6akglsKg5307mZXVtfWN7GZua3tnd8/dP6iYKNEcyjySka4FzIAUCsooUEIt1sDCQEI16N9M/OoAtBGResRhDM2QdZXoCM7QSi33qIHwhOk9M0YMgBrUQnVHLTfvFbwp6DLx5yRP5ii13K9GO+JJCAq5tLvqvhdjM2UaBZcwyjUSAzHjfdaFuqWKhWCa6fT8ET21Spt2Im1LIZ2qvydSFhozDAPbGTLsmUVvIv7n1RPsXDdToeIEQfHZQ51EUozoJAvaFho4yqEljGthb6W8xzTjaBPL2RD8xS8vk8p5wb8s+A8X+eLteBZHlhyTE3JGfHJFiuSOlEiZcJKSZ/JK3pyx8+K8Ox+z1owzj/CQ/IHz+QMrLpav</latexit>

Massive string

<latexit sha1_base64="GfoBVD1cyyhX6Q82JblXuUh8/8Q=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmRNRlQRCXFewD2qFk0rQNzWSG5E6xDgX/hxsXirj1p7jz35g+Ftp6IPBxzg25OWEihUHP+3ZWVtfWNzZzW/ntnd29grt/UDNxqhmvsljGuhFSw6VQvIoCJW8kmtMolLweDq4neX3ItRGxusdRwoOI9pToCkbRWm230EL+gFlP06HAWI3bbtEreVORZfDnUIS5Km33q9WJWRpxhUxSY5q+l2CQUY2CST7Ot1LDE8oGtMebFhWNuAmy6eJjcmKdDunG2h6FZOr+vpHRyJhRFNrJiGLfLGYT87+smWL3KsiESlLkis0e6qaSYEwmLZCO0JyhHFmgTAu7K2F9qilD21XeluAvfnkZamcl/6Lk350XyzdPszpycATHcAo+XEIZbqECVWCQwjO8wpvz6Lw4787HbHTFmVd4CH/kfP4A4omUTg==</latexit>

graviton
<latexit sha1_base64="GfoBVD1cyyhX6Q82JblXuUh8/8Q=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmRNRlQRCXFewD2qFk0rQNzWSG5E6xDgX/hxsXirj1p7jz35g+Ftp6IPBxzg25OWEihUHP+3ZWVtfWNzZzW/ntnd29grt/UDNxqhmvsljGuhFSw6VQvIoCJW8kmtMolLweDq4neX3ItRGxusdRwoOI9pToCkbRWm230EL+gFlP06HAWI3bbtEreVORZfDnUIS5Km33q9WJWRpxhUxSY5q+l2CQUY2CST7Ot1LDE8oGtMebFhWNuAmy6eJjcmKdDunG2h6FZOr+vpHRyJhRFNrJiGLfLGYT87+smWL3KsiESlLkis0e6qaSYEwmLZCO0JyhHFmgTAu7K2F9qilD21XeluAvfnkZamcl/6Lk350XyzdPszpycATHcAo+XEIZbqECVWCQwjO8wpvz6Lw4787HbHTFmVd4CH/kfP4A4omUTg==</latexit>

graviton

<latexit sha1_base64="GfoBVD1cyyhX6Q82JblXuUh8/8Q=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmRNRlQRCXFewD2qFk0rQNzWSG5E6xDgX/hxsXirj1p7jz35g+Ftp6IPBxzg25OWEihUHP+3ZWVtfWNzZzW/ntnd29grt/UDNxqhmvsljGuhFSw6VQvIoCJW8kmtMolLweDq4neX3ItRGxusdRwoOI9pToCkbRWm230EL+gFlP06HAWI3bbtEreVORZfDnUIS5Km33q9WJWRpxhUxSY5q+l2CQUY2CST7Ot1LDE8oGtMebFhWNuAmy6eJjcmKdDunG2h6FZOr+vpHRyJhRFNrJiGLfLGYT87+smWL3KsiESlLkis0e6qaSYEwmLZCO0JyhHFmgTAu7K2F9qilD21XeluAvfnkZamcl/6Lk350XyzdPszpycATHcAo+XEIZbqECVWCQwjO8wpvz6Lw4787HbHTFmVd4CH/kfP4A4omUTg==</latexit>

graviton<latexit sha1_base64="GfoBVD1cyyhX6Q82JblXuUh8/8Q=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmRNRlQRCXFewD2qFk0rQNzWSG5E6xDgX/hxsXirj1p7jz35g+Ftp6IPBxzg25OWEihUHP+3ZWVtfWNzZzW/ntnd29grt/UDNxqhmvsljGuhFSw6VQvIoCJW8kmtMolLweDq4neX3ItRGxusdRwoOI9pToCkbRWm230EL+gFlP06HAWI3bbtEreVORZfDnUIS5Km33q9WJWRpxhUxSY5q+l2CQUY2CST7Ot1LDE8oGtMebFhWNuAmy6eJjcmKdDunG2h6FZOr+vpHRyJhRFNrJiGLfLGYT87+smWL3KsiESlLkis0e6qaSYEwmLZCO0JyhHFmgTAu7K2F9qilD21XeluAvfnkZamcl/6Lk350XyzdPszpycATHcAo+XEIZbqECVWCQwjO8wpvz6Lw4787HbHTFmVd4CH/kfP4A4omUTg==</latexit>

graviton

<latexit sha1_base64="CHPhC9S5pDDyy42xnG/K0cJwMxY=">AAACEnicbZDNS8MwGMbT+T2/qh69BIewgY5WRD1OvHic6HSw1pJmqYYlbUneCqP0b/Div+LFgyJePXnzvzH7OOjmA4GH53lD8v7CVHANjvNtlWZm5+YXFpfKyyura+v2xua1TjJFWYsmIlHtkGgmeMxawEGwdqoYkaFgN2HvbNDfPDCleRJfQT9lviR3MY84JWCiwK6dBvlp97Ko6j2oYU9zib1IEZpfBB4Togq1Itf78vagCOyKU3eGwtPGHZsKGqsZ2F9eN6GZZDFQQbTuuE4Kfk4UcCpYUfYyzVJCe+SOdYyNiWTaz4crFXjXJF0cJcqcGPAw/X0jJ1LrvgzNpCRwrye7Qfhf18kgOvFzHqcZsJiOHooygSHBAz64yxWjIPrGEKq4+Sum98QQAUOxbCC4kytPm+uDuntUdy8OK41mY4RjEW2jHVRFLjpGDXSOmqiFKHpEz+gVvVlP1ov1bn2MRkvWGOEW+iPr8weFfZ0F</latexit>

AAdS(s, t) ⇠ Q`(t)

s�m2

3 Admits an expansion around flat space

AAdS (s, t) = Aflat(s, t)︸ ︷︷ ︸
Amplitude in flat space

+
α′

R2
A(1)(s, t) +

α′2

R4
A(2)(s, t) + · · ·

︸ ︷︷ ︸
curvature corrections
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Spectrum of strings in AdS?

Aflat(s, t) ∼ P`(t)

s −m2
flat

vs AAdS (s, t) ∼ Q`(t)

s −m2
AdS

While the massive spectrum is very simple in flat space

mflat =

√
n

α′
, n = 1, 2, 3, · · ·

In AdS it is currently unknown. However, thanks to AdS/CFT :

mAdS (R) ↔ ∆i (g)

Spectrum of masses in AdS ↔ Dimensions of ops in planar MSYM

Good news: much is known about ∆i (g) from integrability!

From integrability results we can fix the location of the first few poles of
AAdS (s, t). Very useful! but still not nearly enough...we need more...

Luis Fernando Alday Scattering Strings on flat and curved space-times



String amplitude on AdS

AAdS (s, t)

1 Crossing symmetry in s, t, u.

2 Exchanged strings lead to simple poles:

AAdS (s, t) ∼ Q`(t)

s −m2

3 Admits an expansion around flat space.

AAdS (s, t) = Aflat(s, t) +
α′

R2
A(1)(s, t) +

α′2

R4
A(2)(s, t) + · · ·

4 Extra condition: the low energy expansion of AAdS (s, t) contains
only the special zeta values!

The last condition becomes incredibly powerful when combined with the
other three! → It allows to compute AAdS (s, t) around flat space!
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String amplitudes on AdS

World-sheet integral for amplitudes on AdS

At present we don’t have a World-sheet theory for strings on AdS ...

But! a World-sheet picture emerges from our results :)

Proposal order by order

Aflat(s, t) =

∫
d2z |z |−2α′s−2|1− z |−2α′t−2

A(1)(s, t) =

∫
d2z |z |−2α′s−2|1− z |−2α′t−2 L3(z , z̄)︸ ︷︷ ︸

SV polylogs of weight 3

A(2)(s, t) =

∫
d2z |z |−2α′s−2|1− z |−2α′t−2 L6(z , z̄)︸ ︷︷ ︸

SV polylogs of weight 6

...
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Conclusions

A beautiful world-sheet picture emerges for string amplitudes on
curved backgrounds.

Surprising connections to number theory.

Can we understand this from first principles?

This will pave the way to a deeper understanding of string theory on
curved backgrounds, essential for connecting string theory to
”real-world” physics, specially in the fields of quantum gravity,
cosmology, black holes, ...
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