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Why are we here?



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

– Maria Skłodowska-Curie



What happens when you 
fall into a black hole?

What happens at energy
scales we can’t (yet) probe?

What are the fundamental 
laws obeyed by nature?



Theory

Experiment

Engineering





















“If I have seen further, it is by standing on the 
shoulders of giants.”

– Isaac Newton
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Classical Mechanics

Special Relativity Quantum Mechanics

General Relativity Quantum Field Theory

Quantum Gravity ?
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Asymptotic Symmetries

Memory Effects Soft Theorems



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.



The central object of study is the scattering matrix…

… which we can phrase the scattering problem in terms of boundary correlators.
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This let’s us merge our understanding of asymptotic symmetries with IR behavior of the S-matrix.

… giving a beautiful set of connections that generalize to many examples.

Asymptotic Symmetries

Memory Effects Soft Theorems



Now Lorentz transformations of Minkowski space…

… act as global conformal transformations on the celestial sphere. 



Holographic Symmetry Algebras

holomorphic collinear limits 

self-dual gravity twisted holography

conformally soft theorems 

gravitational phase space

𝐿𝑤*+, in gravity, YM analog, …

Celestographers like boost eigenstates because we get additional currents…



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
• …



But there are many other ventures we should be able to make more concrete contact with…

… even just considering the kinematics. 

conformal colliders

detector operators

soft and collinear factorization

IR finite S-matrix

complex spin

light ray operators
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What is Strings?



What is Strings?
Who





use INSPIREHEP api… ask for author 
identifiers with hepth primarch paper in 
last 3 years with <10 authors …

… merge with participant lists for major 
conferences (strings, string math, 
amplitudes, bootstrap, it from qubit …)

9.1k

9.5k



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

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



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

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

4.7k

h=1.2k x authors with x or 
more citations



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

…. and see who’s worked with who

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

Author 1

Author 2

Author 3

weight edges by:
• number of joint papers?
• number of citations for joint papers?
• fraction of citations for joint papers?

some hep-th precedents
http://www.casos.cs.cmu.edu/computational_tools/datasets/external/hep-th/index11.php (1995-1999 by M. Newman)
https://snap.stanford.edu/data/ca-HepTh.html (1993-2003 by J. Leskovec)
a recent quant-ph study
https://arxiv.org/pdf/2112.03403.pdf



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

…. and see who’s worked with who

can identify communities using Gephi

strings

holography

amplitudes/bootstrap

cosmology+



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

…. and see who’s worked with who

can identify communities using Gephi
celestial people
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