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Qutline

08. May: Intersecting Brane Worlds Models
(Chios, 2004)

| 5. May: Moduli Stabilisation and Entropy
Maximization in Type |l Calabi-Yau

compactifications
(Eurostrings Cambridge, 2006)

2|. May: String Amplitudes for the LHC in
D-brane Compactifications (Dublin, 2009)

28. May: Emergent String Geometry from
Particles Species (Corfu, 201 1)



|2. June: Strings and non-commutative/non-
associative geometry (Corfu, 2012)

| 8. June: Classical and Quantum Black Hole Hair
(Cuba, 2016)

3. July: Higher Spin Theories, AdS Distance and
the Swampland (StringPheno CERN, 2019)

| 7. July: Minimal Black Holes and Species
Thermodynamics (Harvard, 2023)



Intersecting Brane Models

. (8. May 2025)
Primary Goals:

e Derive the (supersymmetric) Standard Model
from String Compactifications.

® Derive the couplings and the low energy
effective action of the SM fields.

State of the art in 2003/2004:

e Heterotic string constructions: Calabi-Yau
compactifications, orbifolds, fermionic and
bosonic constructions.

® Effective SUGRA models, SUSY breaking by non-
perturbative gaugino condensation.



Intersecting Brane Models

(8. May 2025)
Further progress in the field:

e Moduli stabilization and SUSY breaking by fluxes
(KKLT)

e F-theory compactifications

® Swampland constraints (exclusion from bottom-
up)

Yet no fully complete derivation of the SM from
string theory.



Intersecting Brane Models

(8. May 2025)

C.~Bachas,
A Way to break supersymmetry,’'[arXiv:hep-th/9503030 [hep-th]].

R.~Blumenhagen, L.~Gorlich, B.~Kors and D.~LUst,
" "Noncommutative compactifications of type I strings on tori with magnetic background flux,’
JHEP \textbf{10} (2000), 006 [arXiv:hep-th/0007024 [hep-th]].

C.~Angelantonj, I.~Antoniadis, E.~Dudas and A.~Sagnotti,
““Type I strings on magnetized orbifolds and brane transmutation, '’
Phys. Lett. B \textbf{489} (2000), 223-232 [arXiv:hep-th/0007090 [hep-th]].

L.~E.~Ibanez, F.~Marchesano and R.~Rabadan,
" Getting just the standard model at intersecting branes,''JHEP \textbf{11} (2001), 002

[arXiv:hep-th/0105155 [hep-th]l].

R.~Blumenhagen, B.~Kors, D.~Lust and T.~0tt,
" "The standard model from stable intersecting brane world orbifolds, '’
Nucl. Phys. B \textbf{616} (2001), 3-33 [arXiv:hep-th/0107138 [hep-th]].

M.~Cvetic, G.~Shiu and A.~M.~Uranga,

""Chiral four-dimensional N=1 supersymmetric type 2A orientifolds from intersecting D6
branes,’' Nucl. Phys. B \textbf{615} (2001), 3-32

arXiv:hep-th/0107166 [hep-thl].

R.~Blumenhagen, B.~Kors, D.~LUst and S.~Stieberger,
" "Four—-dimensional String Compactifications with D-Branes, Orientifolds and Fluxes,''

Phys. Rept. \textbf{445} (2007), 1-193 [arXiv:hep-th/0610327 [hep-thl].



Moduli Stabilisation and Entropy Maximisation in
Type Il Calabi-Yau Compactifications

Primary Goals: (15. May 2025)

® Stabilization of all moduli and mass generation
for all scalar field

® Breaking of space-time supersymmetry
e Search for de Sitter vacua with a small positive
cosmological constant

State of the art in 2006:
® Construction of flux vacua for type |IB (GKP)

® Non-perturbative superpotentials (also known
from heterotic strings in the 90’s)

e KKLT anti-brane uplift (also known from DT)



Moduli Stabilisation and Entropy Maximisation in
Type |l Calabi-Yau Compactifications

Further progress in the field: (15. May 2025)

® A lot of challenges for KKLT were identified:

- Stability problems of the anti-brane uplift, tadpole
constraints, scale separation, ...

- Swampland constraints against de Sitter and scale
separation

- General quantum gravity arguments against de Sitter

® Many explicit KKLT constructions

® Swampland: the Dark Dimension scenario

Still a lot of controversial debate about KKLT and de Sitter

vacua. So after 22 years the issue is not yet settled !



Moduli Stabilisation and Entropy Maximisation in
Type |l Calabi-Yau Compactifications
T.~R.~Taylor and C.~Vafa,

(15. May 2025)
"R R flux on Calabi-Yau and partial supersymmetry breaking, '’
Phys. Lett. B \textbf{474} (2000), 130-137 [arXiv:hep-th/9912152 [hep-thl].

S.~Gukov, C.~Vafa and E.~Witten, "CFT's from Calabi-Yau four folds,''
Nucl. Phys. B \textbf{584} (2000), 69-108
[erratum: Nucl. Phys. B \textbf{608} (2001), 477-478] [arXiv:hep-th/9906070 [hep-th]].

P.~Mayr, "On supersymmetry breaking in string theory and its realization in brane worlds,''
Nucl. Phys. B \textbf{593} (2001), 99-126 [arXiv:hep-th/0003198 [hep-thl].

R.~Bousso and J.~Polchinski,
" “Quantization of four form fluxes and dynamical neutralization of the cosmological
constant,’' JHEP \textbf{06} (2000), 006 [arXiv:hep-th/0004134 [hep-th]].

G.~Curio, A.~Klemm, D.~LUst and S.~Theisen,
“0n the vacuum structure of type II string compactifications on Calabi-Yau spaces with H
fluxes, ' 'Nucl. Phys. B \textbf{609} (2001), 3-45 [arXiv:hep-th/0012213 [hep-th]].

S.~B.~Giddings, S.~Kachru and J.~Polchinski,
““Hierarchies from fluxes in string compactifications,’' Phys. Rev. D \textbf{66} (2002),
106006 [arXiv:hep-th/0105097 [hep-th]].

R.~Blumenhagen, D.~LUst and T.~R.~Taylor,
" "Moduli stabilization in chiral type IIB orientifold models with fluxes,''
Nucl. Phys. B \textbf{663} (2003), 319-342 [arXiv:hep-th/0303016 [hep-th]].

S.~Kachru, R.~Kallosh, A.~D.~Linde and S.~P.~Trivedi,
““De Sitter vacua in string theory,’' Phys. Rev. D \textbf{68} (2003), 046005
[arXiv:hep-th/0301240 [hep-thl].



String Amplitudes for the LHC

in D-brane Compactifications

. 21. May 2025
Primary Goals: (21.May 202)

e Explore the generic signatures of 4-dimensional
string vacua.

State of the art in 2009:

e LHC was not yet running: a lot of hope for
SUSY

® large extra dimension (millimeter) and
TeV string scale scenarios by ADD:
electroweak hierarchy problem

® Large volume string constructions (LVYS)



String Amplitudes for the LHC

in D-brane Compactifications
(21. May 2025)
Further progress in the field:

® | HC tookalot of data

- Higgs discovery in 2012

- No discovery of SUSY, strings or extra dimensions at
LHC

® Dark Dimension scenario with micro scale
extra dimension:
cosmological hierarchy problem



String Amplitudes for the LHC

in D-brane Compactifications
(21. May 2025)

N.~Arkani-Hamed, S.~Dimopoulos and G.~R.~Dvali,
" "The Hierarchy problem and new dimensions at a millimeter,’’'
Phys. Lett. B \textbf{429} (1998), 263-272 [arXiv:hep-ph/9803315 [hep-phl].

I.~Antoniadis, N.~Arkani-Hamed, S.~Dimopoulos and G.~R.~Dvali,
""New dimensions at a millimeter to a Fermi and superstrings at a TeV,''
Phys. Lett. B \textbf{436} (1998), 257-263, [arXiv:hep-ph/9804398 [hep-ph]].

S.~Cullen, M.~Perelstein and M.~E.~Peskin,
""TeV strings and collider probes of large extra dimensions,''
Phys. Rev. D \textbf{62} (2000), 055012, [arXiv:hep-ph/0001166 [hep—-phl]].

V.~Balasubramanian, P.~Berglund, J.~P.~Conlon and F.~Quevedo,
" "Systematics of moduli stabilisation in Calabi-Yau flux compactifications, '’

JHEP \textbf{@3} (2005), 007, [arXiv:hep-th/0502058 [hep-th]].

D.~LUst, S.~Stieberger and T.~R.~Taylor,
" "The LHC String Hunter's Companion,''
Nucl. Phys. B \textbf{808} (2009), 1-52 arXiv:0807.3333 [hep-th]].

L.~A.~Anchordoqui, H.~Goldberg, D.~Lust, S.~Nawata, S.~Stieberger and T.~R.~Taylor,

""Dijet signals for low mass strings at the LHC,''
Phys. Rev. Lett. \textbf{101} (2008), 24180, [arXiv:0808.0497 [hep-phl].



Emergent String Geometry from Particles Species

(28. May 2025)

Primary Goals:

Understanding of the quantum nature of gravity
and of space-time. Is gravity a fundamental force
or does it emerge as an effective force (in the
IR) from some underlying basic description (in
the UV)?

State of the art in 201 I;

The phenomenon of emerge was discussed in
the literature in many instances: effective gauge
theories with composite gauge bosons,
composite hadrons, statistical physics, biophysics,



Emergent String Geometry from Particles Species
(28. May 2025)
Further progress in the field:

e Swampland considerations gave a new
perspective on emergence in quantum gravity

- Integration over species

- Emergence of gauge kinetic terms

- Emergence of higher order curvature terms



Emergent String Geometry from Particles Species
(28. May 2025)

A.~D'Adda, M.~Luscher and P.~Di Vecchia,
""A 1/n Expandable Series of Nonlinear Sigma Models with Instantons,''

Nucl. Phys. B \textbf{146} (1978), 63-76

G. Dvali, " 'Black Holes and Large N Species Solution to the Hierarchy Problem,''
Fortsch. Phys. \textbf{58} (2010), 528-536 [arXiv:0706.2050 [hep-th]].

G.~Dvali and D.~Lust,
" "Evaporation of Microscopic Black Holes in String Theory and the Bound on Species, '’

Fortsch. Phys. \textbf{58} (2010), 505-527, [arXiv:0912.3167 [hep-th]].

G.~Dvali, C.~Gomez and D.~Llst, "Black Hole Quantum Mechanics in the Presence of Species, '’
Fortsch. Phys. \textbf{61} (2013), 768-778, [arXiv:1206.2365 [hep-thl].

D.~Harlow, "Wormholes, Emergent Gauge Fields, and the Weak Gravity Conjecture, '’
JHEP \textbf{01} (2016), 122, [arXiv:1510.07911 [hep-th]].

B.~Heidenreich, M.~Reece and T.~Rudelius,
" "The Weak Gravity Conjecture and Emergence from an Ultraviolet Cutoff,'!'
Eur. Phys. J. C \textbf{78} (2018) no.4, 337, [arXiv:1712.01868 [hep-thl].

T.~W.~Grimm, E.~Palti and I.~Valenzuela,
""Infinite Distances in Field Space and Massless Towers of States,''

JHEP \textbf{@8} (2018), 143, [arXiv:1802.08264 [hep-th]].

B.~Heidenreich, M.~Reece and T.~Rudelius,
% "Emergence of Weak Coupling at Large Distance in Quantum Gravity,''
Phys. Rev. Lett. \textbf{121} (2018) no.5, 051601, [arXiv:1802.08698 [hep-thl].



Emergent String Geometry from Particles Species
(28. May 2025)

A.~Castellano, \'A.~Herr\'aez and L.~E.~Ib\'a\~nez,
" "Towers and hierarchies in the Standard Model from Emergence in Quantum Gravity, '’

JHEP \textbf{10} (2023), 172, [arXiv:2302.00017 [hep-th]].

R.~Blumenhagen, N.~Cribiori, A.~Gligovic and A.~Paraskevopoulou,
" "Demystifying the Emergence Proposal,’' JHEP \textbf{04} (2024), 053

[arXiv:2309.11551 [hep-th]].

R.~Blumenhagen, N.~Cribiori, A.~Gligovic and A.~Paraskevopoulou,

" "Emergent M-theory limit, "'
Phys. Rev. D \textbf{109} (2024) no.2, L021901, [arXiv:2309.11554 [hep-th]].

R.~Blumenhagen, N.~Cribiori, A.~Gligovic and A.~Paraskevopoulou,

" “Emergence of R$"{4}$-terms in M-theory, '’
JHEP \textbf{07} (2024), 018, [arXiv:2404.01371 [hep-th]].

M.~Artime, R.~Blumenhagen and A.~Paraskevopoulou,
" "Emergence of $F*4$-couplings in Heterotic/Type IIA Dual String Theories, '’

[arXiv:2504.05392 [hep-th]].



Strings and non-commutative/non-associative

Primary Goals: Geometry (12. June 2025)

® Understanding of non-geometric backgrounds
and their effective actions in string theory

® Understanding of the quantum structure of
space for non-geometric backgrounds

State of the art in 2012;

® Formulation of non-geometric flux
compatifications

® Formulation of double field theory

e Non-commutative space for open strings with
F-flux



Strings and non-commutative/non-associative

Geometry (12. June 2025)
Further progress in the field:

e Some attempts to formulate non-associative
gravity

e Some recent discussion about non-geometric
spaces and swampland

® Not too much further progress

— Non-geometric backgrounds are still a
largely unexplored part of the landscape



Strings and non-commutative/non-associative

A.~Dabholkar and C.~Hull, "~ "Duality twists, orbifolds, and fluxes,"''
JHEP \textbf{09} (2003), 054 [arXiv:hep-th/0210209 [hep-th]].

J.~Shelton, W.~Taylor and B.~Wecht, "~ “Nongeometric flux compactifications,''
JHEP \textbf{10} (2005), 085, [arXiv:hep-th/0508133 [hep-th]].

A.~Dabholkar and C.~Hull, "~ "Duality twists, orbifolds, and fluxes,''
JHEP \textbf{09} (2003), 054 [arXiv:hep-th/0210209 [hep-th]].

C.~Hull and B.~Zwiebach, "~ "Double Field Theory, "'
JHEP \textbf{09} (2009), 099, [arXiv:0904.4664 [hep-th]].

0.~Hohm, C.~Hull and B.~Zwiebach, "~ Generalized metric formulation of double field theory,
JHEP \textbf{08} (2010), 008 [arXiv:1006.4823 [hep-th]].

R.~Blumenhagen and E.~Plauschinn, "~ “Nonassociative Gravity in String Theory?, '’
J. Phys. A \textbf{44} (2011), 015401, [arXiv:1010.1263 [hep-th]l].

D.~List, "~ "T-duality and closed string non-commutative (doubled) geometry,''
JHEP \textbf{12} (2010), 084, [arXiv:1010.1361 [hep-th]].

R.~Blumenhagen, A.~Deser, D.~Lust, E.~Plauschinn and F.~Rennecke,
" "Non-geometric Fluxes, Asymmetric Strings and Nonassociative Geometry, '’
J. Phys. A \textbf{44} (2011), 385401 [arXiv:1106.0316 [hep-th]].



Strings and non-commutative/non-associative

C.~Condeescu, I.~Florakis and D.~LUst,
" “Asymmetric Orbifolds, Non-Geometric Fluxes and Non-Commutativity in Closed String Theory,
JHEP \textbf{04} (2012), 121, [arXiv:1202.6366 [hep-th]].

D.~Andriot, 0O.~Hohm, M.~Larfors, D.~Lust and P.~Patalong,
" "Non-Geometric Fluxes in Supergravity and Double Field Theory, "'
Fortsch. Phys. \textbf{60} (2012), 1150-1186, [arXiv:1204.1979 [hep-thl].

R.~Blumenhagen, A.~Deser, E.~Plauschinn, F.~Rennecke and C.~Schmid,
" "The Intriguing Structure of Non-geometric Frames in String Theory, "'
Fortsch. Phys. \textbf{61} (2013), 893-925, [arXiv:1304.2784 [hep-th]].

I.~Bakas and D.~LUst,
" "3-Cocycles, Non-Associative Star-Products and the Magnetic Paradigm of R-Flux String
Vacua,'’, JHEP \textbf{01l} (2014), 171, [arXiv:1309.3172 [hep-th]].

R.~Blumenhagen and M.~Fuchs, "~ "Towards a Theory of Nonassociative Gravity,''
JHEP \textbf{07} (2016), 019, [arXiv:1604.03253 [hep-th]].

Z.~K.~Baykara, H.~C.~Tarazi and C.~Vafa, " "Quasicrystalline string landscape, "'
Phys. Rev. D \textbf{111} (2025) no.8, 086025, [arXiv:2406.00129 [hep-th]].

K.~Becker, M.~Rajaguru, A.~Sengupta, J.~Walcher and T.~Wrase,
" "Stabilizing massless fields with fluxes in Landau-Ginzburg models, "'
JHEP \textbf{08} (2024), 069, [arXiv:2406.03435 [hep-th]].



Classical and quantum black hole hair

Primary Goals: (18- June 2025)

® Understanding of black hole charges/hair

® Understanding of black hole information
problem

State of the art in 2016:

® No-hair theorems

® Microscopic calculation of BH entropy
(Strominger/Vafa)

® BMS transformations and the work of Hawking/
Strominger/Perry



Classical and quantum black hole hair
(18.June 2025)
Further progress in the field:

®© EFT computation of Page curve via holographic
entanglement entropy (entanglement islands)

e String embedding of entanglement islands via
Karch/Randall branes —=> massive gravity

® Resolution of information puzzle for higher-
dimensional (4d) BHs is still not completely
understood.

® |tis not clear if a UV complete theory like string
theory needs islands, resp. There is some kind of

UV/IR mixing



Classical and quantum black hole hair
(18. June 2025)

H.~Bondi, M.~G.~J.~van der Burg and A.~W.~K.~Metzner,

"“Gravitational waves in general relativity. 7. Waves from axisymmetric isolated systems, '’
Proc. Roy. Soc. Lond. A \textbf{269}, 21-52 (1962)

R.~K.~Sachs, “Gravitational waves in general relativity. 8. Waves in asymptotically flat
space-times,’"' Proc. Roy. Soc. Lond. A \textbf{270}, 103-126 (1962)

S.~W.~Hawking, "~ “Particle Creation by Black Holes, "'
Commun. Math. Phys. \textbf{43} (1975), 199-220

S.~W.~Hawking,  "Breakdown of Predictability in Gravitational Collapse, '’
Phys. Rev. D \textbf{14} (1976), 2460-2473

J.~D.~Brown and M.~Henneaux, "~ Central Charges in the Canonical Realization of Asymptotic

Symmetries: An Example from Three-Dimensional Gravity,’' Commun. Math. Phys. \textbf{104},
207-226 (1986)

D.~N.~Page, "Information in black hole radiation, '’
Phys. Rev. Lett. \textbf{71}, 3743-3746 (1993)

G. Dvali, C. Gomez, "~ "Black Hole’'s Quantum N-Portrait,’'
Fortsch. Phys. 61, 742 (2013)



Classical and quantum black hole hair
(18. June 2025)

S.~W.~Hawking, M.~J.~Perry and A.~Strominger, " Soft Hair on Black Holes, "'
Phys. Rev. Lett. \textbf{116} (2016) no.23, 231301

G.~Dvali, C.~Gomez and D.~Lust,

""Classical Limit of Black Hole Quantum N-Portrait and BMS Symmetry,''
Phys. Lett. B \textbf{753}, 173-177 (2016)

A.~Averin, G.~Dvali, C.~Gomez and D.~Lust,

"“Gravitational Black Hole Hair from Event Horizon Supertranslations, '’
JHEP \textbf{06}, 088 (2016)

D.~List, " "Supertranslations and Holography near the Horizon of Schwarzschild Black Holes, "'
Fortsch. Phys. \textbf{66}, no.2, 1800001 (2018)

A.~Almheiri, N.~Engelhardt, D.~Marolf and H.~Maxfield,

" "The entropy of bulk quantum fields and the entanglement wedge of an evaporating black
hole,’' JHEP \textbf{12}, 063 (2019)

G.~Penington, "Entanglement Wedge Reconstruction and the Information Paradox, '’
JHEP \textbf{09}, 002 (2020)

A. Karch, L. Randall, "“Locally localized gravity,’’, JHEP \textbf{05}, 008 (2001)

H. Geng and A. Karch, " “Massive Islands,’' JHEP \textbf{09}, 121 (2020)

C. Uhlmann, " “Islands and Page curves in 4d from type IIB,’' JHEP \textbf{08}, 104 (2021)

S.~Demulder, A.~Gnecchi, I.~Lavdas and D.~Liist, " "Islands and light gravitons in type IIB
string theory,’' JHEP \textbf{02}, 016 (2023)



Higher spin theories,AdS distance and the

Primary Goals:

Swampland (3. July 2025)

e Can there be a consistent EFT of higher spin theories
(coupled to gravity)?

e Cant

e Cant

Nere

Nere

be a consistent EFT of massive gravity!?

be scale separation in (A)dS vacua?

State of the art in 2019:

® Work of Vasiliev on higher spin theories

® Work on scale separation: Van Riet, KKLT, DGKT,.....

® Work on massive gravity and biometric gravity



Higher spin theories, AdS distance and the
Swampland (3. July 2025)

Further progress in the field:

® Not so much further work on massive gravity
(except in connection with entanglement islands)

® A lot of work on the question of scale
separation, but no final answer.

® [he dark dimension scenario.



Higher spin theories, AdS distance and the
Swampland (3- July 2025)

D.~G.~Boulware and S.~Deser, "~ Can gravitation have a finite range?,'!
Phys. Rev. D \textbf{6} (1972), 3368-3382

E.~S.~Fradkin and M.~A.~Vasiliev, "On the Gravitational Interaction of Massless Higher Spin
Fields,’'' Phys. Lett. B \textbf{189} (1987), 89-95

M.~A.~Vasiliev, " Consistent equation for interacting gauge fields of all spins in (3+1)-
dimensions,’' Phys. Lett. B \textbf{243} (1990), 378-382

C.~de Rham, G.~Gabadadze and A.~J.~Tolley, "~ "Resummation of Massive Gravity,''
Phys. Rev. Lett. \textbf{106} (2011), 231101, [arXiv:1011.1232 [hep-th]].

S.~F.~Hassan and R.~A.~Rosen, "Resolving the Ghost Problem in non-Linear Massive Gravity,''
Phys. Rev. Lett. \textbf{108} (2012), 041101, [arXiv:1106.3344 [hep-th]].

S.~F.~Hassan, R.~A.~Rosen and A.~Schmidt-May, "Ghost-free Massive Gravity with a General
Reference Metric,’' JHEP \textbf{02} (2012), 026, [arXiv:1109.3230 [hep-th]].

S.~F.~Hassan and R.~A.~Rosen, "~ "Bimetric Gravity from Ghost-free Massive Gravity,''
JHEP \textbf{02} (2012), 126, [arXiv:1109.3515 [hep-th]].

N.~Arkani-Hamed, L.~Motl, A.~Nicolis and C.~Vafa,
""The String landscape, black holes and gravity as the weakest force, '’
JHEP \textbf{06} (2007), 060, [arXiv:hep-th/0601001 [hep-th]].



Higher spin theories, AdS distance and the
Swampland (3- July 2025)

H.~0oguri and C.~Vafa, " "On the Geometry of the String Landscape and the Swampland, '’
Nucl. Phys. B \textbf{766} (2007), 21-33, [arXiv:hep-th/0605264 [hep-thl].

G.~0bied, H.~0Ooguri, L.~Spodyneiko and C.~Vafa, ~ De Sitter Space and the Swampland,''
[arXiv:1806.08362 [hep-th]].

H.~Ooguri, E.~Palti, G.~Shiu and C.~Vafa, " "Distance and de Sitter Conjectures on the
Swampland,’' Phys. Lett. B \textbf{788} (2019), 180-184 [arXiv:1810.05506 [hep-thl].

F.~F.~Gautason, M.~Schillo, T.~Van Riet and M.~Williams, "Remarks on scale separation in
flux vacua,’'' JHEP \textbf{03} (2016), 061, [arXiv:1512.00457 [hep-thl].

D.~Klawer, D.~List and E.~Palti, "~ A Spin-2 Conjecture on the Swampland, '’
Fortsch. Phys. \textbf{67} (2019) no.1-2, 1800102, [arXiv:1811.07908 [hep-th]].

S.~Ferrara, A.~Kehagias and D.~Llst, "Bimetric, Conformal Supergravity and its Superstring
Embedding, ' JHEP \textbf{05} (2019), 100, [arXiv:1810.08147 [hep-thl].

D.~LUst, E.~Palti and C.~Vafa, "~ AdS and the Swampland, '’
Phys. Lett. B \textbf{797} (2019), 134867, [arXiv:1906.05225 [hep-th]].

D.~Llst and E.~Palti, " "A Note on String Excitations and the Higuchi Bound, '’
Phys. Lett. B \textbf{799} (2019), 135067, [arXiv:1907.04161 [hep-th]].

D.~Llist, C.~Markou, P.~Mazloumi and S.~Stieberger, "Extracting bigravity from string
theory,’' JHEP \textbf{12} (2021), 220, [arXiv:2106.04614 [hep-th]].



Minimal Black Holes and ;7 1,1y 2025)

Species Thermodynamics
Primary Goals:

® What is the UV cutoff of an EFT coupled to gravity?

® How is the UV cutoff related to black holes?

® (Can one derive the emergent string conjecture
from the bottom-up, e.g. from black hole physics!?

State of the art in 2023:

® HP black hole - string correspondence

® |nfinite distance conjecture and emergent string
conjectures

® Work on species scale, black holes and higher
curvature corrections



Minimal Black Holes and
Species Thermodynamics  (17-July 2025)

Further progress in the field:

® Further work on bottom-up derivation of distance
and emergent string conjecture

® Further work on the species scale and the EFT
cut-off

® Further work on species thermodynamics



Minimal Black Holes and
Species Thermodynamics  (17.July 2025)

G.~T.~Horowitz and J.~Polchinski, ~ A Correspondence principle for black holes and strings, "'
Phys. Rev. D \textbf{55} (1997), 6189-6197, [arXiv:hep-th/9612146 [hep-th]].

G.~Dvali, "Black Holes and Large N Species Solution to the Hierarchy Problem, "'
Fortsch. Phys. \textbf{58} (2010), 528-536, [arXiv:0706.2050 [hep-th]].

H.~0oguri and C.~Vafa, " "On the Geometry of the String Landscape and the Swampland, '’
Nucl. Phys. B {766} (2007), 21-33, [arXiv:hep-th/0605264 [hep-th]].

S.~J.~Lee, W.~Lerche and T.~Weigand, " Emergent strings from infinite distance limits, "'
JHEP \textbf{02} (2022), 190, [arXiv:1910.01135 [hep-th]].

D.~van de Heisteeg, C.~Vafa, M.~Wiesner and D.~H.~Wu, "Moduli-dependent species scale,''
Beijing J. Pure Appl. Math. \textbf{1} (2024) no.1, 1-41, [arXiv:2212.06841 [hep-th]].

N.~Cribiori, D.~List and G.~Staudt, "Black hole entropy and moduli-dependent species scale,’
Phys. Lett. B \textbf{844} (2023), 138113, [arXiv:2212.10286 [hep-th]].

N.~Cribiori, D.~List and C.~Montella, " Species entropy and thermodynamics,''
JHEP \textbf{10} (2023), 059, [arXiv:2305.10489 [hep-th]].

J.~Calderon-Infante, A.~Castellano, A.~Herraez and L.~E.~Ibanez, "~ Entropy bounds and the
species scale distance conjecture,’' JHEP \textbf{01} (2024),039, [arXiv:2306.16450 [hep-th]].

I.~Basile, D.~List and C.~Montella, " Shedding black hole light on the emergent string
conjecture,’"' JHEP \textbf{07} (2024), 208, [arXiv:2311.12113 [hep-th]].



Minimal Black Holes and
Species Thermodynamics  (17.July 2025)

I.~Basile, N.~Cribiori, D.~List and C.~Montella, "~ "Minimal black holes and species
thermodynamics,’' JHEP \textbf{06} (2024), 127, [arXiv:2401.06851 [hep-th]].

A.~Bedroya, C.~Vafa and D.~H.~Wu, "~ "The Tale of Three Scales: the Planck, the Species, and
the Black Hole Scales,''[arXiv:2403.18005 [hep-thl].

A.~Bedroya, R.~K.~Mishra and M.~Wiesner, "~ "Density of states, black holes and the Emergent
String Conjecture,’' JHEP \textbf{01l} (2025), 144, [arXiv:2405.00083 [hep-th]].

A.~Herraez, D.~Lust, J.

~Masias and M.~Scalisi, "~ "On the Origin of Species Thermodynamics and
the Black Hole - Tower

Correspondence,’' SciPost Phys. arXiv:2406.17851 [hep-thl].

J.~Calderon-Infante, A.~Castellano and A.~Herraez, " The Double EFT Expansion in Quantum
Gravity,'' [arXiv:2501.14880 [hep-thl]].

J.~Calderon-Infante, M.~Delgado, Y.~Li, D.~List and A.~M.~Uranga, = Classical black hole
probes of UV scales,’' JHEP \textbf{06} (2025), 061, [arXiv:2502.03514 [hep-th]].

A.~Herraez, D.~List and C.~Montella, " "Black Hole Transitions, AdS and the Distance
Conjecture,’' [arXiv:2503.19958 [hep-th]].

A.~Herraez, D.~Llist, J.~Masias and C.~Montella, "~ A short overview on the Black Hole-Tower
Correspondence and Species Thermodynamics,’' [arXiv:2506.02335 [hep-th]].



