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Is the singularity an artifact of an
incomplete description?

example Fermi theory of β-decay

E > mW

My research is driven by:

▶ Can we resolve the singularity?

▶ Effects on the notion of space and time,
the fabric of cosmos?

▶ What are observable consequences?
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Smaller and smaller and smaller. . .Smaller and smaller and smaller. . .

M87∗

length [m]1013 10−10 10−15 10−35

Planck scale

point particles

spacetime geometry

strings

string geometry

What do we learn from this new paradigm?
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Enough to keep physicists busy for the last 50 years and many more to come. . .Enough to keep physicists busy for the last 50 years and many more to come. . .

Four subfields are relevant for our purpose.
They are intricately interconnected by

Generalised Homogeneous Space,

I introduced over the last seven years.

One ring GHS to
rule them all,

one ring GHS to
find them,

. . .
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Abelian T-dualityAbelian T-duality
Duality

point particle

R , En ∼
n2

R

only works for circles and flat tori

string

R ≫ ℓs
ℓ2S
R

=
T-duality

Enm ∼
n2

R
+

m2R
ℓ2S
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A more general version of T-duality: Poisson-Lie T-dualityA more general version of T-duality: Poisson-Lie T-duality
Duality

phase space of the string,
a Drinfeld double D

configuration space

string on H\D dual string on H̃\D
canonical transformation

H̃=H\D and H=H̃\D are dual Poisson-Lie groups
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R9,1

SNS =

∫
d10x
√

ge−2ϕ
(
R + 4∂µϕ∂µϕ −

1
12

HµνρHµνρ
)

Hµνρ = 3∂[µBνρ]

D , 4 compactification required!

▶ closed strings in flat space

▶ truncate all massive excitations

▶ match scattering amplitudes with EFT

gµν ϕ Bµν
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action S truncated action Sred

solution of S solution of Sred

δSred = 0δS = 0 consistent ansatz

SUGRA

ℓ

φ1

m1

ℓ
φ2

m2

k

E φ2 = 0

✓ m2 = ∞ and φ2 = 0

✓ m1 = m2 and φ1 = φ2
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gauge &

generalised
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homogeneous space G/Hsynthesis of
geometry
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lift to
generalised
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GHS H2\G/H1

implements dual backgrounds
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2016 2017

framework that unifies
PL T-duality, geometry,
consistent truncations
[FH 2017]

2018

connection to
integrability

2019

dressing cosets

2020

quantum
corrections

▶ ∼ 25 publications building
directly on this idea

▶ Poisson-Lie U-duality
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α′(=ℓ2s )

1990

Poisson-Lie group quantum group0 ℏ

deformation quantisation

▶ σ-model loop corrections

=

higher derivative corrections in spacetime

▶ [FH, Thomas Rochais 20]2:
α′-corrected Poisson-Lie T-duality

▶ Higher orders in α′? Even all orders?
Most likely quantum GHS!

▶ Should resolve singularities!



21/21

Integration into the Division of Theoretical Physics of the RBIIntegration into the Division of Theoretical Physics of the RBI

Particle Physics and
Cosmology Group

Condensed Mat-
ter and Statis-
tical Physics

Quantum Grav-
ity and Mathe-
matical Physics

Group

▶ various opportunities for
synergies

▶ I bring new fields of research
and their int’l. communities

▶ application for funding
ERC-2022-STG



21/21

Integration into the Division of Theoretical Physics of the RBIIntegration into the Division of Theoretical Physics of the RBI

Supergravity Geometry

Integrability Duality

GHS

Particle Physics and
Cosmology Group

Condensed Mat-
ter and Statis-
tical Physics

Quantum Grav-
ity and Mathe-
matical Physics

Group

▶ various opportunities for
synergies

▶ I bring new fields of research
and their int’l. communities

▶ application for funding
ERC-2022-STG



21/21

Integration into the Division of Theoretical Physics of the RBIIntegration into the Division of Theoretical Physics of the RBI

Supergravity Geometry

Integrability Duality

GHS

AdS/CFT NCG

BHsInformation

Particle Physics and
Cosmology Group

Condensed Mat-
ter and Statis-
tical Physics

Quantum Grav-
ity and Mathe-
matical Physics

Group

▶ various opportunities for
synergies

▶ I bring new fields of research
and their int’l. communities

▶ application for funding
ERC-2022-STG



21/21

Integration into the Division of Theoretical Physics of the RBIIntegration into the Division of Theoretical Physics of the RBI

Supergravity Geometry

Integrability Duality

GHS

AdS/CFT NCG

BHsInformation

Particle Physics and
Cosmology Group

Condensed Mat-
ter and Statis-
tical Physics

Quantum Grav-
ity and Mathe-
matical Physics

Group

▶ various opportunities for
synergies

▶ I bring new fields of research
and their int’l. communities

▶ application for funding
ERC-2022-STG

Let’s explore the fabric of cosmos together!
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Quantum corrections

▶ loop corrections on fixed genus g wordsheets
for correlator ⟨Φ1Φ2⟩

α′-corrections

Φ1

Φ2

▶ string path integral genus expansion

+ + + . . .

gs-corrections

1. requires knowledge about global properties of the worldsheet
2. relevant for branes if considering S-/U-duality
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S- and T-duality

M-theory

SO(32) heteroticType I

Type IIA

Type IIB

E8 × E8 heterotic

T

T

S

S S

S

T = T-duality

S = S-duality
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AdS/CFT correspondence
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Integrable deformations

β-deformation

AdS5×S5λ-deformation η-deformation

non-abelian T-dual

NATD

TsT

Poisson-Lie T-duality
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