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(Dieter	Lüst,	Felix	Rudolph)

Non-Geometric	and	Massive	Supergravities

Super-gravities	in	4-dimensions	known	for	𝑁 = 1,2,3,4,5,6, 8

Graviton	is	massive!	Supersymmetry	+	massive	and	bi-metric	gravity:

Non-geometric	metric	structures:	



(Ralph	Blumenhagen,	Dieter	Lüst,	Vladislav Kupriyanov)
Max	Brinkmann,	Matthias	Traube

𝐿,- Algebras	and	Gauge	Theories

Gauge	theories	are	based	on	Lie	algebras	𝐴. = 𝐴./ 𝑡/

𝑡/, 𝑡1 = 𝑓/13𝑡3

String	Field	Theories	have	a	more	general	structure	of	𝐿,-Algebras

𝑡/, 𝑡1, … , 𝑡5 𝑡/, 𝑡1 , 𝑡3 + 𝑡3, 𝑡/ , 𝑡1 + 𝑡1, 𝑡3 , 𝑡/ ≠ 0



(Stephan	Stieberger)

Strings	on	Celestial	Sphere

New	way	to	write	particle	scattering	amplitudes	in	Minkowski space	in	
terms	of	correlators	on	the	celestial	sphere	

Application	of	the	techniques	to	String	Theory	scattering	amplitudes



Daniel	Klaewer,	Lorenz	Schlechter

Machine	Learning	Geometry

Supervised	learning	by	computer	to	
compute	difficult	algebraic	geometric	
quantities,	relevant	for	particle	physics	
model	building	in	string	theory



(Dieter	Lüst,	Ralph	Blumenhagen,	Eran	Palti)
String	Theory	Swampland

Daniel	Klaewer,	Lorenz	Schlechter,	Florian	Wolf



The	String	Theory	Swampland	has	been	a	hot	topic	this	year	



The	refined	de	Sitter	conjecture*

𝛻𝑉(𝜙) > 𝑐	𝑉 𝜙 or min(𝛻/𝛻1𝑉) ≤ − FG
HIJ
	𝑉

𝑉(𝜙)

𝜙

𝑉(𝜙)

𝜙

Cosmological	Constant	 Dynamical	Dark	Energy
(quintessence)

✓✗

*Arguments	apply	at	weak	coupling



Distance	conjecture	states	that	when	a	scalar	field	changes	its	expectation	
value	by	more	than	the	Planck	mass,	an	infinite	tower	of	states	becomes	
exponentially	light

Λ ∼ 𝑀N𝑒
PQRHI



Most	recently	proposed	a	new	Swampland	Constraint

A	massive	Spin-2	field,	with	mass	𝑚,	and	interaction	scale	𝑀T,	coupled	
to	gravity	implies	an	infinite	tower	of	states	at	the	scale

Λ ∼
𝑚	𝑀N

𝑀T

Captures	behaviour in	string	theory	of	Kaluza-
Klein/Oscillator	modes



Summary	of	2018
String	theory	is	central	to	theoretical	physics,	and	is	constantly	expanding	
its	reach
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