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THE EMERGENCE PROPOSAL IN STRING THEORY 

AND THE SPECIES SCALE



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

The Emergence Proposal
In a theory of QG all light particles in a perturbative regime have no kinetic terms in 
the UV. The required kinetic terms appear as an IR effect after integrating out a tower 

of light states up to the species scale
[Harlow ’15] [Grimm, Palti, Valenzuela ’18]  [Heidenreich, Reece, Rudelius ’18] [Ooguri, Palti, Shiu, Vafa ’18] [Palti ’19]
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• Emergent infinite distances in moduli space   Infinite distances appear as a 
consequence of an infinite tower of particles becoming light (related to the SDC)

gIR
ϕϕ ∼ gUV

ϕϕ + gtower
ϕϕSkin = ∫ gϕϕ dϕ ∧ ⋆dϕ
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gϕϕ = 0 fp = 0
V = 0

gϕϕ ≠ 0 fp ≠ 0V ≠ 0
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In a theory of QG all light particles in a perturbative regime have no kinetic terms in 
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Recipe to obtain your own Emergent Kinetic 
Term 

1. Identify the states of the tower(s) that becomes 
massless. 

2. Compute  the cut-off   and the # of light species. 

3. Find their coupling(s) to the scalars/p-forms with 
emergent kinetic terms. 

4. Sum the contribution of the full tower to the 
propagator.

ΛQG
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The species Scale
• Quantum Gravity cut-off in the presence of  light speciesN

MPl,d ΛQG =
MPl,d

N 1
d − 2

[Arkani-Hamed, Dimopoulos, Kachru ’05]   
[Distler, Varadarajan ’05] 
[Dimopoulos, Kachru, McGreevy, Wacker ’05]  
[Dvali ’07]    [Dvali, Reedi ’08] 
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The species Scale
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• Non-perturbative arguments: Smallest semi-classical BHs have size   
since, in the presence of  species, its decay time can be estimated  as 

N
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(log corrections roughly amount to )N → N log N
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• Quantum Gravity cut-off in the presence of  light species

• -dimensional EFT coming from -dim theory compactified (for simplicity) 
on a   torus of radius 

N

d (d + k)
k RM−1

Pl, (d+k)

ΛQG =
MPl,d

N 1
d − 2

The species Scale
-Dimensional Reduction-
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The species Scale
-Dimensional Reduction-

• Quantum Gravity cut-off in the presence of  light species

• -dimensional EFT coming from -dim theory compactified (for simplicity) 
on a   torus of radius 

N
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R

Md−2
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The Species Scale of the d-dim EFT =  of the full theoryΛQG
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Emergence
-Loop corrections-

gIR
ϕϕ ∼ gUV

ϕϕ + gtower
ϕϕ

p

q � p

q
p

gn
ϕϕ ∼ −

λ2
n

2 ∫
ddℓ

(2π)d

1
(ℓ2 + m2

n)3

λn = 2mn(∂ϕmn)

ϕ ϕ

ψ

ψ
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ϕϕ + gtower
ϕϕ
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q
p

gn
ϕϕ ∼ −

λ2
n

2 ∫
ddℓ

(2π)d

1
(ℓ2 + m2

n)3

d > 6

d = 6

d < 6
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λ2

n

2
Λd

m6
n

2ℱ1 (3,d /2; d /2 + 1; − Λ2/m2
n)

λn = 2mn(∂ϕmn)

ϕ ϕ

ψ
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g2
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∼ m1/α α =
D − 2 + p
2p(D − 1)

|qn | = mn = n1/pm

[Castellano, AH, Ibáñez ’21] 
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Emergence

gϕϕ = 0 fp = 0
V = 0

gϕϕ ≠ 0 fp ≠ 0V ≠ 0

p

q � p

q
p

UV

IR

Topological phase?

Recipe to obtain your own Emergent Kinetic Term 

1. Identify the states of the tower(s) that becomes massless. 

2. Compute  the cut-off   and the # of light species. 

3. Find their coupling(s) to the scalars/p-forms with emergent 
kinetic terms. 

4. Sum the contribution of the full tower to the propagator.

ΛQG
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Emergence
-Type IIA in 10d-

• 1 dimensional moduli space     ( )ϕ gs = eϕ

S10
IIA =

1
2κ2

10 ∫ d10x −G (R −
1
2

(∂ϕ)2) −
1

4κ2
10 ∫ e−ϕ̃H3 ∧ ⋆H3

−
e2ϕ0

4κ2
10 ∫ [e

3
2 ϕ̃F2 ∧ ⋆F2 + e

1
2 ϕ̃F̃4 ∧ ⋆F̃4 + B2 ∧ F4 ∧ F4] ϕ → + ∞

ϕ → − ∞

Infinite distance points
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(1) Strong coupling point (Dual to decompactification limit of M-theory on )                

Tower of D0s   

S1

mD0 =
Ms

2πeϕ
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Emergent Potentials
-Type II on a CY threefold-

• Dual formulation for flux-potential       with     V =
1
2

ZABQAQB S4d ⊃
1

4κ2
4 ∫ ZAB FA

4 ∧ ⋆F4
B

[Bielleman, Ibáñez, Valenzuela ’15]  [Carta, Marchesano, Staessens, Zoccarato ’16]  [AH, Ibáñez, Marchesano, Zoccarato ´18] 
[(Bandos,) Farakos, Lanza, Martucci, Sorokin ’17-’19] [Grimm, Li, Valenzuela ’19] 



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• Dual formulation for flux-potential       with     

• Emergent potential = Emergent kinetic form for a -form in  dimensions

V =
1
2

ZABQAQB S4d ⊃
1

4κ2
4 ∫ ZAB FA

4 ∧ ⋆F4
B

(d − 1) d

[Bielleman, Ibáñez, Valenzuela ’15]  [Carta, Marchesano, Staessens, Zoccarato ’16]  [AH, Ibáñez, Marchesano, Zoccarato ´18] 
[(Bandos,) Farakos, Lanza, Martucci, Sorokin ’17-’19] [Grimm, Li, Valenzuela ’19] 



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• Dual formulation for flux-potential       with     

• Emergent potential = Emergent kinetic form for a -form in  dimensions

• 4d EFT:  

V =
1
2

ZABQAQB S4d ⊃
1

4κ2
4 ∫ ZAB FA

4 ∧ ⋆F4
B

(d − 1) d

S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 + 4 gab Fa

4 ∧ ⋆Fb
4)

[Bielleman, Ibáñez, Valenzuela ’15]  [Carta, Marchesano, Staessens, Zoccarato ’16]  [AH, Ibáñez, Marchesano, Zoccarato ´18] 
[(Bandos,) Farakos, Lanza, Martucci, Sorokin ’17-’19] [Grimm, Li, Valenzuela ’19] 

eϕ4 =
eϕ

𝒱



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• Dual formulation for flux-potential       with     

• Emergent potential = Emergent kinetic form for a -form in  dimensions

• 4d EFT:  

V =
1
2

ZABQAQB S4d ⊃
1

4κ2
4 ∫ ZAB FA

4 ∧ ⋆F4
B

(d − 1) d

S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 + 4 gab Fa

4 ∧ ⋆Fb
4)

[Bielleman, Ibáñez, Valenzuela ’15]  [Carta, Marchesano, Staessens, Zoccarato ’16]  [AH, Ibáñez, Marchesano, Zoccarato ´18] 
[(Bandos,) Farakos, Lanza, Martucci, Sorokin ’17-’19] [Grimm, Li, Valenzuela ’19] 

4d	type	IIA

C0
3

Ca
3

eϕ4 =
eϕ

𝒱



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• Dual formulation for flux-potential       with     

• Emergent potential = Emergent kinetic form for a -form in  dimensions

• 4d EFT:  

V =
1
2

ZABQAQB S4d ⊃
1

4κ2
4 ∫ ZAB FA

4 ∧ ⋆F4
B

(d − 1) d

S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 + 4 gab Fa

4 ∧ ⋆Fb
4)

[Bielleman, Ibáñez, Valenzuela ’15]  [Carta, Marchesano, Staessens, Zoccarato ’16]  [AH, Ibáñez, Marchesano, Zoccarato ´18] 
[(Bandos,) Farakos, Lanza, Martucci, Sorokin ’17-’19] [Grimm, Li, Valenzuela ’19] 

5d	M-th 4d	type	IIA

C3

C4

C0
3

Ca
3

S1

ψ(nS1)
3/2

S1

eϕ4 =
eϕ

𝒱



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• Dual formulation for flux-potential       with     

• Emergent potential = Emergent kinetic form for a -form in  dimensions

• 4d EFT:  

V =
1
2

ZABQAQB S4d ⊃
1

4κ2
4 ∫ ZAB FA

4 ∧ ⋆F4
B

(d − 1) d

S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 + 4 gab Fa

4 ∧ ⋆Fb
4)

[Bielleman, Ibáñez, Valenzuela ’15]  [Carta, Marchesano, Staessens, Zoccarato ’16]  [AH, Ibáñez, Marchesano, Zoccarato ´18] 
[(Bandos,) Farakos, Lanza, Martucci, Sorokin ’17-’19] [Grimm, Li, Valenzuela ’19] 

11d	M-th	 5d	M-th 4d	type	IIA

C3

C6

C3

C4

C0
3

Ca
3

[ωa] S1

ψ(nX3)
3/2Tower: ψ(nS1)

3/2

X3 S1

eϕ4 =
eϕ

𝒱



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• 4d EFT:  S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 + 4 gab Fa

4 ∧ ⋆Fb
4) eϕ4 =

eϕ

𝒱

S5d ⊃
1

4κ2
4 ∫ 𝒱2

5 (F0
4 ∧ ⋆F0

4 + Gab Fa
5 ∧ ⋆Fb

5) Gab ≠ Gab(𝒱)

11d	M-th	 5d	M-th

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

X3



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• 4d EFT:  S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 + 4 gab Fa

4 ∧ ⋆Fb
4) eϕ4 =

eϕ

𝒱

S5d ⊃
1

4κ2
4 ∫ 𝒱2

5 (F0
4 ∧ ⋆F0

4 + Fa
5 ∧ ⋆Fa

5)

11d	M-th	 5d	M-th

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

X3



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• 4d EFT:  S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 + 4 gab Fa

4 ∧ ⋆Fb
4) eϕ4 =

eϕ

𝒱

S5d ⊃
1

4κ2
4 ∫ 𝒱2

5 (F0
4 ∧ ⋆F0

4 + Fa
5 ∧ ⋆Fa

5)

11d	M-th	 5d	M-th

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

X3

C6 C4
[ωa]

ψ(nX3)
3/2Tower:

  

Ca
4

ψ n
3/2

ψ−n
3/2

C0
3

ψ n
3/2

ψ−n
3/2

S11d ⊃
1

2κ2
11 ∫ d11x e

1
192

F4, MNPQ ψ̄R Γ[R| ΓMNPQ Γ|S] ψS S11d ⊃
1

2κ2
11 ∫ d11x e

1
960

F5, MNPQR ψ̄S Γ[S| ΓMNPQ Γ|T ] ψT

∼ 𝒱5 ∼ 𝒱5
(Independent of )n (Independent of )n

X3 X3



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• 4d EFT:  S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 + 4 gab Fa

4 ∧ ⋆Fb
4)

11d	M-th	 5d	M-th

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

X3

eϕ4 =
eϕ

𝒱

S5d ⊃
1

4κ2
5 ∫ 𝒱2

5 (F0
4 ∧ ⋆F0

4 + Fa
5 ∧ ⋆Fa

5)

1
g2

C3,4

∼ − 𝒱2
5Λ3

QG

N

∑
i=1

1 ∼ − 𝒱2
5 NΛ3

QG ∼ −
1
κ2

5
𝒱2

5



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• 4d EFT:  S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 + 4 gab Fa

4 ∧ ⋆Fb
4) eϕ4 =

eϕ

𝒱

S5d ⊃
1

4κ2
5 ∫ 𝒱2

5 (F0
4 ∧ ⋆F0

4 + Fa
5 ∧ ⋆Fa

5)

1
g2

C3,4

∼ − 𝒱2
5Λ3

QG

N

∑
i=1

1 ∼ − 𝒱2
5 NΛ3

QG ∼ −
1
κ2

5
𝒱2

5

11d	M-th	 5d	M-th

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

X3



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• 4d EFT:  S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 + 4 gab Fa

4 ∧ ⋆Fb
4) eϕ4 =

eϕ

𝒱

S5d ⊃
1

4κ2
5 ∫ 𝒱2

5 (F0
4 ∧ ⋆F0

4 + Fa
5 ∧ ⋆Fa

5)

1
g2

C3,4

∼ − 𝒱2
5Λ3

QG

N

∑
i=1

1 ∼ − 𝒱2
5 NΛ3

QG ∼ −
1
κ2

5
e−ϕ4

11d	M-th	 5d	M-th

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

X3



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• 4d EFT:  S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 + 4 gab Fa

4 ∧ ⋆Fb
4) eϕ4 =

eϕ

𝒱

S5d ⊃
1

4κ2
5 ∫ 𝒱2

5 (F0
4 ∧ ⋆F0

4 + Fa
5 ∧ ⋆Fa

5)

11d	M-th	 5d	M-th

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

X3 4d	type	IIA

C0
3

Ca
3

S1

ψ(nS1)
3/2

S1

R5 = 𝒱1/3



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

eϕ4 =
eϕ

𝒱

S5d ⊃
1

4κ2
5 ∫ 𝒱2

5 (F0
4 ∧ ⋆F0

4 + Fa
5 ∧ ⋆Fa

5)

11d	M-th	 5d	M-th

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

X3 4d	type	IIA

C0
3

Ca
3

S1

ψ(nS1)
3/2

S1

• 4d EFT:  S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 +

1
𝒱2/3

Fa
4 ∧ ⋆Fb

4)
R5 = 𝒱1/3



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

• 4d EFT:  S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 +

1
𝒱2/3

Fa
4 ∧ ⋆Fb

4) eϕ4 =
eϕ

𝒱

S5d ⊃
1

4κ2
5 ∫ 𝒱2

5 (F0
4 ∧ ⋆F0

4 + Fa
5 ∧ ⋆Fa

5)

11d	M-th	 5d	M-th

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

X3 4d	type	IIA

C0
3

Ca
3

S1

ψ(nS1)
3/2

S1

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

C6 C4
[ωa]

ψ(nX3)
3/2Tower:

  

Ca
3

ψ n
3/2

ψ−n
3/2

C0
3

ψ n
3/2

ψ−n
3/2

S11d ⊃
1

2κ2
11 ∫ d11x e

1
192

F4, MNPQ ψ̄R Γ[R| ΓMNPQ Γ|S] ψS S11d ⊃
1

2κ2
11 ∫ d11x e

1
960

F5, MNPQR ψ̄S Γ[S| ΓMNPQ Γ|T ] ψT

∼ 𝒱1/2
∼ 𝒱1/6

(Independent of )n (Independent of )n

R5 = 𝒱1/3

S1 S1



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

eϕ4 =
eϕ

𝒱

S5d ⊃
1

4κ2
5 ∫ 𝒱2

5 (F0
4 ∧ ⋆F0

4 + Fa
5 ∧ ⋆Fa

5)

11d	M-th	 5d	M-th

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

X3 4d	type	IIA

C0
3

Ca
3

S1

ψ(nS1)
3/2

S1

1
g2

C0
3

∼ − 𝒱Λ2
QG

N

∑
i=1

1 ∼ − 𝒱 NΛ2
QG ∼ −

1
κ2

4
𝒱

• 4d EFT:  S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 +

1
𝒱2/3

Fa
4 ∧ ⋆Fb

4)
R5 = 𝒱1/3



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Emergent Potentials
-Type II on a CY threefold-

eϕ4 =
eϕ

𝒱

S5d ⊃
1

4κ2
5 ∫ 𝒱2

5 (F0
4 ∧ ⋆F0

4 + Fa
5 ∧ ⋆Fa

5)

11d	M-th	 5d	M-th

C3

C6

C3

C4
[ωa]

ψ(nX3)
3/2Tower:

X3 4d	type	IIA

C0
3

Ca
3

S1

ψ(nS1)
3/2

S1

1
g2

C0
3

∼ − 𝒱Λ2
QG

N

∑
i=1

1 ∼ − 𝒱 NΛ2
QG ∼ −

1
κ2

4
𝒱

1
g2

Ca
3

∼ − 𝒱1/3Λ2
QG

N

∑
i=1

1 ∼ − 𝒱1/3 NΛ2
QG ∼ −

1
κ2

4
𝒱1/3

• 4d EFT:  S4d ⊃
1

4κ2
4 ∫ e−4ϕ4 𝒱 (F0

4 ∧ ⋆F0
4 +

1
𝒱2/3

Fa
4 ∧ ⋆Fb

4)
R5 = 𝒱1/3



 The Emergence Proposal in String Theory and the Species Scale Back to the Swamp, IFT Madrid, September 2022 

Other Results 
• Computations of species scale in all other 10d string theories   Emergent dilaton metrics for 

stringy tower

• 6d F-theory on elliptically fibered  Emergent  gauge kinetic function from emergent 
string limit (D3 on 2-cycle dual to weakly coupled heterotic string)

CY3

[Lee, Lerche, Weigand ’18] 
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stringy tower

• 6d F-theory on elliptically fibered  Emergent  gauge kinetic function from emergent 
string limit (D3 on 2-cycle dual to weakly coupled heterotic string)

• Species scale as QG cutoff  Need to characterize all the towers in the EFT

• Careful analysis of light objects and their corresponding field content

• Emergent kinetic terms obtained for scalars and also p-forms (including (d-1)-forms  
Potentials)
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