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Species  Cosmology→

The Species Scale

OUTLINE

Species  Cosmology←

Species and - Inflation R2



The Species Scale



Species scale
Dvali, Redi 2007

Dvali, 2007
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Species scale
Dvali, Redi 2007

Dvali, 2007

Perturba<ve argument

π−1(p2) = p2 [1 −
N p2

120π M2
P

log (−
p2

μ2 )]

 light species weakly coupled to gravityN

contribu8on to 
graviton propogator

tree level 1-loop
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Species scale
Dvali, Redi 2007

Dvali, 2007

Perturba<ve argument

π−1(p2) = p2 [1 −
N p2

120π M2
P

log (−
p2

μ2 )]

contribu8on to 
graviton propogator

tree level 1-loop

perturba8on theory breaks down when 
tree level = 1-loop

p ∼
MP

N
≡ Λs

 light species weakly coupled to gravityN
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Species scale
Dvali, Redi 2007

Dvali, 2007

Perturba<ve argument Non-perturba<ve argument

π−1(p2) = p2 [1 −
N p2

120π M2
P

log (−
p2

μ2 )]

Black hole with  speciesN

contribu8on to 
graviton propogator

tree level 1-loop

perturba8on theory breaks down when 
tree level = 1-loop

p ∼
MP

N
≡ Λs

What is its minimal radius?

 light species weakly coupled to gravityN
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Species scale
Dvali, Redi 2007

Dvali, 2007

Perturba<ve argument Non-perturba<ve argument

π−1(p2) = p2 [1 −
N p2

120π M2
P

log (−
p2

μ2 )]

Black hole with  speciesN

contribu8on to 
graviton propogator

tree level 1-loop

perturba8on theory breaks down when 
tree level = 1-loop

p ∼
MP

N
≡ Λs

What is its minimal radius?

RBH ≃
1

MP

SBH ≃ Rd−2
BH Md−2

P = 1

corresponds to

 light species weakly coupled to gravityN

Species Cosmology Marco Scalisi | MPP - UNICT



Species scale
Dvali, Redi 2007

Dvali, 2007

Perturba<ve argument Non-perturba<ve argument

π−1(p2) = p2 [1 −
N p2

120π M2
P

log (−
p2

μ2 )]

Black hole with  speciesN

contribu8on to 
graviton propogator

tree level 1-loop

perturba8on theory breaks down when 
tree level = 1-loop

p ∼
MP

N
≡ Λs

What is its minimal radius?

RBH ≃
1

MP

SBH ≃ Rd−2
BH Md−2

P = 1

corresponds to

Conundrum resolved if

Rmin ≃ N
1

d − 2 M−1
P = Λ−1

s

 light species weakly coupled to gravityN
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Species scale

  =Λs - scale at which gravity becomes strongly coupled 
- scale of the minimal size of BH 
- scale of higher curvature correc8ons 

 =  ΛQG

(renormaliza8on of the Planck mass)

Dvali, Redi 2007
Dvali, 2007

Species Cosmology

ΛQG =
MP

Ns
1

d − 2
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Species scale

  =Λs - scale at which gravity becomes strongly coupled 
- scale of the minimal size of BH 
- scale of higher curvature correc8ons 

 =  ΛQG

At this scale 
EFT has holographic proper<es

Cribiori, Lüst, Montella 2023 
Herraez, Lüst, Masias, MS - 2406.17851

Dvali, Redi 2007
Dvali, 2007

S ∼ Λ−(d−2)
QG

Species Cosmology

ΛQG =
MP

Ns
1

d − 2

in string theory 

Kaluza-Klein modes

String oscillator modes

Lee, Lerche, Weigand 2019
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Species thermodynamics  and its origin Herraez, Lüst, Masias, MS - 2406.17851

S ∼ NT Td−1Ld−1

Species Cosmology

T → Λs

S ∼ Λd−2
s ∼ Ns

L
Λ−1

UV = T−1 L ∼ T−1 ∼ Λ−1
s

Λs ∼
1
L
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Ooguri, Vafa 2007

m = m0 e−γΔ Δ → ∞

“Infinite scalar field varia8ons  are always associated to 

(at least) an infinite tower of states becoming exponen8ally light”

Δ

Swampland Distance Conjecture

Species Cosmology

Species and the Swampland
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Ooguri, Vafa 2007

exponen<al drop-off of the QG cut-off

 
original naive cut-off

Λ0 ≤ MPΛQG = Λ0 e−λΔ

m = m0 e−γΔ Δ → ∞

“Infinite scalar field varia8ons  are always associated to 

(at least) an infinite tower of states becoming exponen8ally light”

Δ

Swampland Distance Conjecture

Species Cosmology

Species and the Swampland
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Species Cosmology

1
(d − 1)(d − 2)

≤ λ =
Λ′ QG

ΛQG
≤

1

d − 2

van de Heisteeg, Vafa, Wiesner, Wu 2023 
Calderón-Infante, Castellano, Herráez, Ibánez 2023

van de Heisteeg, Vafa, Wiesner, 2023 
van de Heisteeg, Vafa, Wiesner, Wu 2023 
Lüst, Masias, Muntz, MS 2023

Species and the Swampland
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Main message

ΛQG ∼ e−λΔ

 Towers of states lead to a renormaliza<on of the quantum gravity cut-off

 Distance conjecture implies exponen<al drop-off in field space of ΛQG

ΛQG =
MP

N 1
d − 2

< MP



Species  Cosmology→



Focus on time-dependent cosmic acceleration

φΔφ

V
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ΛQG
Universal upper bound on  
Cosmological species produc<on

Δφ
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MS, Valenzuela 2018

consistency of EFT implicaTon of the SDC

Universal upper bound on scalar field range

H < ΛQG ≤ MP e−λΔφ

Species Cosmology Marco Scalisi | MPP - UNICT



Δφ <
1
λ

log
MP

H

upper bound on field displacement 

H < ΛQG ≤ MP e−λΔφ

MS, Valenzuela 2018Universal upper bound on scalar field range

consistency of EFT implicaTon of the SDC

van de Heisteeg, Vafa, Wiesner, Wu 2023

see also
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Δφ <
1
λ

log
MP

H

upper bound on field displacement 

Planck 2018
<latexit sha1_base64="iSd+H9Ba3tlcNCdZbuKnJE+BlLY=">AAAB+3icdVDJSgNBEO2JW4xbjEcvjUHwFHoSs92CXjxGMAskIfR0OkmTnp6hu0YShvyKFw+KePVHvPk3dhZBRR8UPN6roqqeF0phgJAPJ7GxubW9k9xN7e0fHB6ljzNNE0Sa8QYLZKDbHjVcCsUbIEDydqg59T3JW97keuG37rk2IlB3MAt5z6cjJYaCUbBSP53pAp9CXJdUsQnOE7cy76ezJEdKxWqBYJIrErdcrVpCSKlSyGPXkgWyaI16P/3eHQQs8rkCJqkxHZeE0IupBsEkn6e6keEhZRM64h1LFfW56cXL2+f43CoDPAy0LQV4qX6fiKlvzMz3bKdPYWx+ewvxL68TwbDSi4UKI+CKrRYNI4khwIsg8EBozkDOLKFMC3srZmOqKQMbV8qG8PUp/p808zmX5Nzby2ztah1HEp2iM3SBXFRGNXSD6qiBGJqiB/SEnp258+i8OK+r1oSznjlBP+C8fQJnx5QF</latexit><latexit sha1_base64="iSd+H9Ba3tlcNCdZbuKnJE+BlLY=">AAAB+3icdVDJSgNBEO2JW4xbjEcvjUHwFHoSs92CXjxGMAskIfR0OkmTnp6hu0YShvyKFw+KePVHvPk3dhZBRR8UPN6roqqeF0phgJAPJ7GxubW9k9xN7e0fHB6ljzNNE0Sa8QYLZKDbHjVcCsUbIEDydqg59T3JW97keuG37rk2IlB3MAt5z6cjJYaCUbBSP53pAp9CXJdUsQnOE7cy76ezJEdKxWqBYJIrErdcrVpCSKlSyGPXkgWyaI16P/3eHQQs8rkCJqkxHZeE0IupBsEkn6e6keEhZRM64h1LFfW56cXL2+f43CoDPAy0LQV4qX6fiKlvzMz3bKdPYWx+ewvxL68TwbDSi4UKI+CKrRYNI4khwIsg8EBozkDOLKFMC3srZmOqKQMbV8qG8PUp/p808zmX5Nzby2ztah1HEp2iM3SBXFRGNXSD6qiBGJqiB/SEnp258+i8OK+r1oSznjlBP+C8fQJnx5QF</latexit><latexit sha1_base64="iSd+H9Ba3tlcNCdZbuKnJE+BlLY=">AAAB+3icdVDJSgNBEO2JW4xbjEcvjUHwFHoSs92CXjxGMAskIfR0OkmTnp6hu0YShvyKFw+KePVHvPk3dhZBRR8UPN6roqqeF0phgJAPJ7GxubW9k9xN7e0fHB6ljzNNE0Sa8QYLZKDbHjVcCsUbIEDydqg59T3JW97keuG37rk2IlB3MAt5z6cjJYaCUbBSP53pAp9CXJdUsQnOE7cy76ezJEdKxWqBYJIrErdcrVpCSKlSyGPXkgWyaI16P/3eHQQs8rkCJqkxHZeE0IupBsEkn6e6keEhZRM64h1LFfW56cXL2+f43CoDPAy0LQV4qX6fiKlvzMz3bKdPYWx+ewvxL68TwbDSi4UKI+CKrRYNI4khwIsg8EBozkDOLKFMC3srZmOqKQMbV8qG8PUp/p808zmX5Nzby2ztah1HEp2iM3SBXFRGNXSD6qiBGJqiB/SEnp258+i8OK+r1oSznjlBP+C8fQJnx5QF</latexit><latexit sha1_base64="iSd+H9Ba3tlcNCdZbuKnJE+BlLY=">AAAB+3icdVDJSgNBEO2JW4xbjEcvjUHwFHoSs92CXjxGMAskIfR0OkmTnp6hu0YShvyKFw+KePVHvPk3dhZBRR8UPN6roqqeF0phgJAPJ7GxubW9k9xN7e0fHB6ljzNNE0Sa8QYLZKDbHjVcCsUbIEDydqg59T3JW97keuG37rk2IlB3MAt5z6cjJYaCUbBSP53pAp9CXJdUsQnOE7cy76ezJEdKxWqBYJIrErdcrVpCSKlSyGPXkgWyaI16P/3eHQQs8rkCJqkxHZeE0IupBsEkn6e6keEhZRM64h1LFfW56cXL2+f43CoDPAy0LQV4qX6fiKlvzMz3bKdPYWx+ewvxL68TwbDSi4UKI+CKrRYNI4khwIsg8EBozkDOLKFMC3srZmOqKQMbV8qG8PUp/p808zmX5Nzby2ztah1HEp2iM3SBXFRGNXSD6qiBGJqiB/SEnp258+i8OK+r1oSznjlBP+C8fQJnx5QF</latexit>

ΔφSDC ΔφLyth

0.00 0.05 0.10 0.15 0.20 0.25
r

5

10

15

20
Δφ

'2
<latexit sha1_base64="GygNgmN4t8mQ7YYHq9O+Ce8ovN4=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjJjq+2u6MZlBfuQdiyZNG1Dk8yQZApl6Fe4caGIWz/HnX9j+hBU9MCFwzn3cu89YcyZNgh9OJmV1bX1jexmbmt7Z3cvv3/Q0FGiCK2TiEeqFWJNOZO0bpjhtBUrikXIaTMcXc385pgqzSJ5ayYxDQQeSNZnBBsr3XXGWMVDdu938wXkIr9cKvoQuX4JVbyKJSXkVc6L0HPRHAWwRK2bf+/0IpIIKg3hWOu2h2ITpFgZRjid5jqJpjEmIzygbUslFlQH6fzgKTyxSg/2I2VLGjhXv0+kWGg9EaHtFNgM9W9vJv7ltRPTLwcpk3FiqCSLRf2EQxPB2fewxxQlhk8swUQxeyskQ6wwMTajnA3h61P4P2n4rnfm+jfFQvVyGUcWHIFjcAo8cAGq4BrUQB0QIMADeALPjnIenRfnddGacZYzh+AHnLdPDvGQlg==</latexit>r  0.064

<latexit sha1_base64="HpzpvihS979LHCspo24EOlB4bMM=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KjN9d1d047KCbcV2KJn0ThuayQxJRihD/8KNC0Xc+jfu/BszbQUVPRByOOde7r3HizhT2rY/rMza+sbmVnY7t7O7t3+QPzzqqjCWFDo05KG89YgCzgR0NNMcbiMJJPA49LzpZer37kEqFoobPYvADchYMJ9Roo10JwccsF20a5VhvpD+1WbZNkLVdurNZurYtUa5hB1DUhTQCu1h/n0wCmkcgNCUE6X6jh1pNyFSM8phnhvECiJCp2QMfUMFCUC5yWLjOT4zygj7oTRPaLxQv3ckJFBqFnimMiB6on57qfiX14+133ATJqJYg6DLQX7MsQ5xej4eMQlU85khhEpmdsV0QiSh2oSUMyF8XYr/J91S0SkXS9eVQutiFUcWnaBTdI4cVEctdIXaqIMoEugBPaFnS1mP1ov1uizNWKueY/QD1tsnFAWP4g==</latexit>

Δφ <
1
2λ (log

π2As

2
+ log r)

infla<on

MS, Valenzuela 2018

consistency of EFT implicaTon of the SDC

Universal upper bound on scalar field range

H < ΛQG ≤ MP e−λΔφ
van de Heisteeg, Vafa, Wiesner, Wu 2023

see also
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φΔφ

V

φ → ∞

H > ΛQG

Inflationary particle production and the Swampland Lüst, Masias, Pieroni, MS - work in progress
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φΔφ

V

φ → ∞

H > ΛQG

m ≲ H

?

MP

ΛQG

N

m

H

Species produc<on

Inflationary particle production and the Swampland Lüst, Masias, Pieroni, MS - work in progress
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Inflationary particle production and the Swampland Lüst, Masias, Pieroni, MS - work in progress

coupling 
between 

inflaton and 
other fields

produc<on 
of quanta

injec<on of 
energy 

= 
addi<onal 

fric<on

change of 
observable 
predic<ons
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Inflationary particle production and the Swampland Lüst, Masias, Pieroni, MS - work in progress

ℒ = −
1
2

(∂φ)2 − V(φ) − φ FF̃

Inflaton-gauge fields coupling

Inflaton-scalar fields coupling

Anber, Sorbo 2010

Green, Horn, Senatore, Silverstein 2009 “Trapped infla>on”

ℒ = −
1
2

(∂φ)2 − V(φ) −
1
2 ∑

n
[(∂χn)2 − g2(φ − φ0n)2 χ2

n]

coupling 
between 

inflaton and 
other fields

injec<on of 
energy 

= 
addi<onal 

fric<on

change of 
observable 
predic<ons

produc<on 
of quanta
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Inflationary particle production and the Swampland Lüst, Masias, Pieroni, MS - work in progress

mass of the SDC tower
ℒ = −

1
2

(∂φ)2 − V(φ) −
1
2 ∑

n
[(∂χn)2−m2

ne−2γφχ2
n]

m ∼ e−γφ
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Inflationary particle production and the Swampland Lüst, Masias, Pieroni, MS - work in progress

mass of the SDC tower

m ∼ e−γφ

ξ′ ′ n(τ, ⃗k ) + [k2 −
2 − δn

τ2 ] ξn(τ, ⃗k ) = 0 δn =
m2

n

H2
e−2γφ

with

ξn(τ, ⃗k ) =
−π
2

exp [ iπ
4

9 − 4δn +
iπ
4 ] −τ H(1)

1
2 9 − 4δn

(−kτ)

= Bessel funcTon of the 3rd kind (or Hankel funcTon of the 1st kind)H(1)

ξn ≡ a(τ)χn

ℒ = −
1
2

(∂φ)2 − V(φ) −
1
2 ∑

n
[(∂χn)2−m2

ne−2γφχ2
n]
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Inflationary particle production and the Swampland Lüst, Masias, Pieroni, MS - work in progress

mass of the SDC tower

m ∼ e−γφ

corrections ∝ ( H
ΛQG )

2+p

main result

ℒ = −
1
2

(∂φ)2 − V(φ) −
1
2 ∑

n
[(∂χn)2−m2

ne−2γφχ2
n]
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Inflationary particle production and the Swampland Lüst, Masias, Pieroni, MS - work in progress

Scalar power spectrum

Non Gaussiani<es

Tensor-to-scalar ra<o

r = 9.2 ⋅ 107 H2

M2
P

1 + 0.17 ( H
ΛQG )

3

Scalar spectral <lt

ns − 1 = (−2ϵ − η) 1 − ( γMP

20 )
2

( H
ΛQG )

3

− (5ϵ + 2ϵγMP) ( γMP

20 )
2

( H
ΛQG )

3

Pζ(k) = Ph
ζ + Ps

ζ =
H4

(2π)2 ·φ2
0 (1 + 0.0025

H3

Λ3
QG

γ2)

fNL,equil ≃ 0.0007
γ ·φ
H

(γMP)2 1 + 0.0025(γMP)2( H
ΛQG )

3
−2

( H
ΛQG )

3

p = 1
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Λ′ s

Λs
≤

c

r
log

108

r r
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Species scale and primordial gravitational waves

H ≤ Λs ∼ e−λΔφ

λ =
Λ′ s

Λs
≤

1
Δφ

log
MP

H

Λ′ s

Λs
≤

1
2Δφ

log
108

r

EFT consistency Distance  Conjecture

MS - 2401.09533
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Species scale and primordial gravitational waves

H ≤ Λs ∼ e−λΔφ

λ =
Λ′ s

Λs
≤

1
Δφ

log
MP

H

Λ′ s

Λs
≤

1
2Δφ

log
108

r
Δφ(r) = ?

EFT consistency Distance  Conjecture

MS - 2401.09533
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Species scale and primordial gravitational waves

ϵ(N ) =
β

Np

MS - 2401.09533
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Species scale and primordial gravitational waves

ϵ(N ) =
β

Np

MS - 2401.09533

p = 1

1 < p < 2

p = 2

p > 2

Monomial potenTals Starobinsky-like potenTals

Inverse-hilltop-like  potenTals 
(brane inflaTon)

Hilltop-like potenTals

V(φ) ∼ [1 − ( μ
φ )

n

+ …] V(φ) ∼ [1 − ( φ
μ )

n

+ …]

V(φ) ∼ φn V(φ) ∼ [1 − e−nφ + …]
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Species scale and primordial gravitational waves MS - 2401.09533

p = 1

1 < p < 2

p = 2

p > 2

Monomial potenTals Starobinsky-like potenTals

Inverse-hilltop-like  potenTals 
(brane inflaTon)

Hilltop-like potenTals

ϵ(N ) =
β

Np

Λ′ s

Λs
≲

1

(2 + n)30 2r
log

108

r

Λ′ s

Λs
≲

1

60 2r
log

108

r

Λ′ s

Λs
≲

1

30 log(60) 2r
log

108

r

Λ′ s

Λs
≲ 2

4
p − 7

2
p − 2

15
r− 1

p log
108

r
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Species scale and primordial gravitational waves

Species Cosmology

MS - 2401.09533

p = 1

p = 2

p = 3

Monomial potenTals

Starobinsky-like potenTals

Hilltop-like potenTals

Lyth bound
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Species scale and primordial gravitational waves

Species Cosmology

MS - 2401.09533

   infla<onD3 − D3

V(φ) ∼ [1 − ( μ
φ )

4

+ …]

Kachru, Kallosh, Linde, Maldacena, McAllister, Trivedi  2003 
Burgess, Quevedo 2022

e.g.

Λ′ s

Λs
≲ 0.5

(r ≲ 0.036)
plot taken from Burgess, Quevedo 2022
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 - Inflation and the species scaleR2 Lüst, Masias, Muntz, MS - 2312.13210

S = ∫ d4x −g [ M2
P

2 (R +
R2

M2 )] Starobisky 1980

Starobisky 1984

Species Cosmology
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 - Inflation and the species scaleR2 Lüst, Masias, Muntz, MS - 2312.13210

S = ∫ d4x −g [ M2
P

2 (R +
R2

M2 )]

M = 1014 GeV
fixed by CMB observa<on origin?

M = ?

Starobisky 1980

Starobisky 1984

Species Cosmology

“Quantum loop correcTons to Einstein field equaTon” 
Starobinsky 1980
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 - Inflation and the species scaleR2 Lüst, Masias, Muntz, MS - 2312.13210

S = ∫ d4x −g [ M2
P

2 (R +
R2

M2 )]

M = 1014 GeV
fixed by CMB observa<on origin?

M = ?

Starobisky 1980

Starobisky 1984

Species Cosmology

originated by quantum effects of 
towers of light species

M ≃ Λs

we argue

“Quantum loop correcTons to Einstein field equaTon” 
Starobinsky 1980
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 - Inflation and the species scaleR2

M ≃ Λs

Energy scale

but also

boundary of the EFT validity

M ≃ H Λs ≃ H

Consequences on infla<onary EFT

Lüst, Masias, Muntz, MS - 2312.13210

(in the Starobinsky model)

Species Cosmology
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 - Inflation and the species scaleR2

M ≃ Λs

Energy scale

but also

boundary of the EFT validity

M ≃ H Λs ≃ H

Consequences on infla<onary EFT

KK modes

M ≃ Λs ≃ 1014 GeV Ns ≃ 1010 mkk ≃ 104 GeV

10 orders below H

Lüst, Masias, Muntz, MS - 2312.13210

Species Cosmology
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 - Inflation and the species scaleR2

Cosmology constrains Species Scale decay rate

Consequences on infla<onary EFT

Lüst, Masias, Muntz, MS - 2312.13210

Λs = M* e−γϕ V(ϕ) =
M2

* M2
P

8
e−2γϕ (1 − e− 2

3 ϕ/MP)
2

Species Cosmology



Marco Scalisi | MPP

 - Inflation and the species scaleR2

Consequences on infla<onary EFT

Lüst, Masias, Muntz, MS - 2312.13210

Cosmology constrains Species Scale decay rate

Λs = M* e−γϕ V(ϕ) =
M2

* M2
P

8
e−2γϕ (1 − e− 2

3 ϕ/MP)
2

Species Cosmology



Marco Scalisi | MPP

 - Inflation and the species scaleR2

Cosmology constrains Species Scale decay rate

Consequences on infla<onary EFT

ns − 1 ≃ −
2
Ne

− 2γ
2
3

+ 𝒪(γ2)

r ≃
12
N2

e
− γ

8 6
Ne

+ 𝒪(γ2)

−0.001 ≤ γ ≤ 0.004
CMB data

too small

Lüst, Masias, Muntz, MS - 2312.13210

|γ | ≥
1

(d − 1)(d − 2)
=

1

6

Λs = M* e−γϕ V(ϕ) =
M2

* M2
P

8
e−2γϕ (1 − e− 2

3 ϕ/MP)
2

Species Cosmology



Conclusions



Marco Scalisi | MPP

Conclusions

Species Cosmology

species



Marco Scalisi | MPP

Conclusions

Towers of species lead to a 
renormaliza<on of the 

quantum gravity cut-off

Dvali 2007

ΛQG =
MP

N 1
d − 2

Species Cosmology

1



Marco Scalisi | MPP

Conclusions

Universal upper bound on 
the scalar field range

Δ ≲ − log H

MS, Valenzuela 2018
MS 2019

Towers of species lead to a 
renormaliza<on of the 

quantum gravity cut-off

Dvali 2007

ΛQG =
MP

N 1
d − 2

Species Cosmology

1

2



Marco Scalisi | MPP

Conclusions

Universal upper bound on 
the scalar field range

Δ ≲ − log H

MS, Valenzuela 2018
MS 2019

Towers of species lead to a 
renormaliza<on of the 

quantum gravity cut-off

Dvali 2007

ΛQG =
MP

N 1
d − 2

Species Cosmology

1

2

3

Lüst, Masias, Pieroni, MS -  work in progress

δ{ns, r, fNL} ∝ ( H
ΛQG )

2+p

φΔφ

V

φ → ∞

H > ΛQGm < H < ΛQG

Effects of species 
on infla<onary observables
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Species scale and primordial gravitational waves MS - 2401.09533
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field range



Marco Scalisi | MPP

Species scale and primordial gravitational waves

Δφ = ∫ 2ϵ dN

Species Cosmology

N

2ϵ

Δφ

Lyth bound CM
B

N*

MS - 2401.09533

ΔφLyth = 60
r
8

=
r

0.002


