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“Nothing in life is to be feared, it is only to be understood.”

— Maria Sktodowska-Curie
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)
O . What happens at energy

scales we can’t (yet) probe?

What are the fundamental
laws obeyed by nature?

“ O What happens when you O
(@) fall into a black hole?

3 : 3









String Theory for Dummies
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HMMM, LOOKS LIKE T
NEED TO KNOW GENERAL
RELATIVITY AND QUANTUM
FIELD THEORY TO UNDER-
STAND THIS,
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I SHOULD PROBABLY LEARN

SOME SPECIAL RELATIVITY AND

QUANTUM MECHANICS FIRST.
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STEP 4: gradual realization
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“If I have seen further, it is by standing on the
shoulders of giants.”

— |Isaac Newton




Early 1900s Juan’s public talk at Strings 23



1930s-1970s Juan’s public talk at Strings 23



Quantum Gravity ?

Juan’s public talk at Strings 23
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Standard Model of Elementary Particles

three generations of matter
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Our story starts with Strominger's
suggestion that...




..a series of separate
studies from the sixties
are secretly the same.




The relativists were
systematizing what
happens at long
distances...

L &S




The quantum field theorists
were worried about what was
going on at low energles

--\ .:‘



And, a little later, someone
remembered there was a physical
observable attached to each of
these things....



Together they formed a triangle of
traits universal enough to make new
predictions.




Asymptotic Symmetries

Soft Theorems

Memory Effects



More Symmetries = More Constraints




Celestial Holography proposes a duality between scattering in asymptotically flat spacetimes...

$

... and a CFT living on the celestial sphere.



The main motivation comes from the link between soft theorems and asymptotic symmetries and
our ability to recast operators as currents in a codimension 2 CFT.

Soft Thm. = Ward (d. IR Triangle IR Div. a¢ ASG Violation  OPE Bootstrap W 4 o0
— 2013 2015 2017 2019 202 ——
Soft Operators ag Currente Soft Hair ~ Change of Basie  Amplitude Dictionary

two kindg of infinite dimengional symmetry enhancements



The central object of study is the scattering matrix...

... which we can phrase the scattering problem in terms of boundary correlators.



This let’s us merge our understanding of asymptotic symmetries with IR behavior of the S-matrix.

Asymptotic Symmetries

b ’ .- ’
5 \ J~

Memory Effects Soft Theorems
... giving a beautiful set of connections that generalize to many examples.



Now Lorentz transformations of Minkowski space...

... act as global conformal transformations on the celestial sphere.



Celestographers like boost eigenstates because we get additional currents...

conformally soft theorems

holomorphic collinear limits

Lwj . in gravity, YM analog, ...

Holographic Symmetry Algebras

\
L gravitational phase space




Some successes from this program include...

» New soft theorems connected to ASGs

» New observable memory effects to be detected

* Rephrasing of soft dressings used to define an IR finite S-matrix
» Constraints on black hole evaporation

* Analytic features of quantum gravity in the boost-weight plane

» Collinear limits as a celestial OPE

« Towers of symmetries beyond the ASG analysis

« Connections to twistor theory

» Possible top down constructions from twisted holography
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But there are many other ventures we should be able to make more concrete contact with...

soft and collinear factorization

conformal colliders
IR finite S-matrix

detector operators

complex spin

light ray operators

... even just considering the kinematics.
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What is Strings?



Who
Whaat is Strings?
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Date of paper
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Number of authors
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10 authors or less 10,307

Exclude RPP
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Physics
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Document Type

article 9,912

published ® 7,128

Literature

Authors

10,307 results |

Citation Summary

Exclude self-citations ®

Papers
Citations

h-index ®

Citations/paper (avg)
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— Citeable Published
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Still an overestimate since this includes a lot of people entering the research pipeline....
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.... imposing an IR cutoff > 50 hep-th citations removes half



Still an overestimate since this includes a lot of people entering the research pipeline....

h=1.2k x authors with x or
| more citations

10° 101! 102 103 104 10°
Citations

.... imposing an IR cutoff > 50 hep-th citations removes half



So let’s look at these top 1.2k over the last 10 years...

filter out anyone with <1/4 hep-th
restrict to <10 author hep-th papers

AKU’[hOF 1

Author 3

weight edges by:

 number of joint papers?

* number of citations for joint papers?
« fraction of citations for joint papers?

.... and see who’s worked with who



So let’s look at these top 1.2k over the last 10 years...

can identify communities using Gephi

. holography .
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So let’s look at these top 1.2k over the last 10 years...
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