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Species scale Dvali, 2007

Dvali, Redi 2007

Perturbative argument

N light species weakly coupled to gravity

/ \ contribution to

\ ! graviton propogator
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Species scale Dvali, 2007

Dvali, Redi 2007

Perturbative argument

N light species weakly coupled to gravity

/ \ contribution to

\ ! graviton propogator

T T

tree level 1-loop

perturbation theory breaks down when
tree level = 1-loop

p~ =A
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Species scale Dvali, 2007
Dvali, Redi 2007

Perturbative argument Non-perturbative argument

N light species weakly coupled to gravity Black hole with N species

What is its minimal radius?

/ \ contribution to

\ ! graviton propogator

--------------------------------

T T

tree level 1-loop

corresponds to
: o pd=214d—2 _ :
' Spu = Rgy Mp ™~ =1 :

perturbation theory breaks down when
tree level = 1-loop

p~ =A
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Species scale Dvali, 2007

Dvali, Redi 2007

Perturbative argument Non-perturbative argument

N light species weakly coupled to gravity Black hole with N species

What is its minimal radius?

/ \ contribution to

\ ! graviton propogator

--------------------------------

T T

tree level 1-loop

corresponds to
: o pd=2aqd=2 _ !
' Spn = Ry Mp ™~ =1 :

perturbation theory breaks down when l

tree level = 1-loo :
P Conundrum resolved if

pr—= = A Roin = NTTM5! = A7

Mp
JN
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Species scale Dvali, 2007
Dvali, Redi 2007

As = - scale at which gravity becomes strongly coupled = AQG

- scale of the minimal size of BH
- scale of higher curvature corrections

>
Q
Q

|

(renormalization of the Planck mass)
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Species scale Dvali, 2007
Dvali, Redi 2007

AS = - scale at which gravity becomes strongly coupled = AQG
- scale of the minimal size of BH
- scale of higher curvature corrections
A Mp
et QG 1
¢' : d— 2 | ~5
4 2 S I 2 3
& b o ] I 3\
in string theory At this scale
: EFT has holographic properties
Kaluza-Klein modes graphic prop
Stri ill d S ~ A~@-2)
tring oscillator modes 0G
Lee, Lerche, Weigand 2019 Cribiori, Liist, Montella 2023

Herraez, Lust, Masias, MS - 2406.17851
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Species thermodynamics and its origin Herraez, Liist, Masias, MS - 2406.17851

. . L~T1!~A7
Agy =T
S ~ Ny Td-lyd-1 ~ ceeeeeeeeees > S ~ Ag_z ~ N,
T — A,
1
AS g z
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Species and the Swampland Ooguri, Vafa 2007

Swampland Distance Conjecture

P E R E EEEEEEEEEEEEEEEE®E®EEEEEEEEEEEEEEEEEEEEEEEEE®EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE®ESEE= == I

“Infinite scalar field variations A are always associated to

(at least) an infinite tower of states becoming exponentially light”
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Species and the Swampland Ooguri, Vafa 2007

Swampland Distance Conjecture

P E R E EEEEEEEEEEEEEEEE®E®EEEEEEEEEEEEEEEEEEEEEEEEE®EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE®ESEE= == I

“Infinite scalar field variations A are always associated to

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

exponential drop-off of the QG cut-off

Ay < M,

original naive cut-off

_ —JA
Ao =Ng €
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Species and the Swampland

1 Nqg 1
<A=|——| <L
v (d—1)(d-2) Aqe d—2
van de Heisteeg, Vafa, Wiesner, Wu 2023 van de Heisteeg, Vafa, Wiesner, 2023
Calderon-Infante, Castellano, Herraez, Ibanez 2023 van de Heisteeg, Vafa, Wiesner, Wu 2023

Lust, Masias, Muntz, MS 2023
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Main message

2 Towers of states lead to a renormalization of the quantum gravity cut-off

Mp

1

Na—=2

& Distance conjecture implies exponential drop-off in field space of AQG

—AA
AQG ~ @






Focus on time-dependent cosmic acceleration
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2 Universal upper bound on Ag

» Cosmological species production
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Universal upper bound on scalar field range MS, Valenzuela 2018

—2A
H<Apg < Mp e™77

¥ P
consistency of EFT implication of the SDC
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Universal upper bound on scalar field range MS, Valenzuela 2018

see also

van de Heisteeg, Vafa, Wiesner, Wu 2023

—2A
H<Apg < Mp e™77

¥ P
consistency of EFT implication of the SDC

<----

upper bound on field displacement

A<11 My
_O_
Y T

Species Cosmology Marco Scalisi | MPP - UNICT



Universal upper bound on scalar field range MS, Valenzuela 2018

see also

van de Heisteeg, Vafa, Wiesner, Wu 2023

—2A
H<Apg < Mp e™77

¥ X inflation
consistency of EFT implication of the SDC
| 1 A,
: Ap < —| log + log r
v 24
upper bound on field displacement Ag
20~ '
1 M. Planck 2018 E )
A§0 < — log i S e > “I <006 : * ¥
A H | :
10} : —_—
5[
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|nﬂat|0nary partiCIe pl'OdllCtiOl'l and the Swampland List, Masias, Pieroni, MS - work in progress
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V a Vv
H>A
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|nﬂat|0nary pal'tide pl'OdllCtiOl'l and the Swampland List, Masias, Pieroni, MS - work in progress

, injection of
coupling
_ energy change of
between production
_ --—— --—— = -===3 observable
inflaton and of quanta . o
, additional predictions
other fields o
friction
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|nﬂat|0nary pal'tide pl'OdllCtiOl'l and the Swampland List, Masias, Pieroni, MS - work in progress

, injection of
coupling
_ energy change of
between production
_ --—— --—— = -===3 observable
inflaton and of quanta . o
, additional predictions
other fields o
friction

B Inflaton-gauge fields coupling Anber, Sorbo 2010

1 -
L = - 5(@60)2 - Vip)— o IF

p Inflaton-scalar fields coupling Green, Horn, Senatore, Silverstein 2009 “Trapped inflation”

1 1
& == 0p) = Vip) - D 00> = 8% — 0023

n
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|nﬂat|0nary partiCIQ pl'OdllCtiOl'l and the Swampland List, Masias, Pieroni, MS - work in progress

1 1
g — _ 5(6@)2 . V((ﬂ) —_ 5 Z [(a)(n)z m, 6 ZV(P)(n]

n mass of the SDC tower

E ..................... > nm ~ e—}’(ﬂ
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|nﬂat|0nary partiCIQ pYOdIICtiOI'I and the Swampland List, Masias, Pieroni, MS - work in progress

1 1
g — _ 5(6@)2 . V((ﬂ) —_ 5 Z [(a)(n)z m, 6 2V(P)(n]

______________________ > mNe_y(p
2

£, k) + (K= —— (2, k) =0 5 =M -2
e T N " H?2

2

£ (7, k) = ﬁH(ll\)/W( kr)

exp [%Z\/ 9—45 + l4
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|nﬂat|0nary partiCIQ pYOdIICtiOI'I and the Swampland List, Masias, Pieroni, MS - work in progress

P = —(a¢)2 V(p) — — Z (0, )*—me ”%]

mass of the SDC tower

E ..................... > nm ~ e—}’(ﬂ

4

main result

2+p

, H
corrections o« | ——

AQG
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|nﬂat|0nary partiCIQ pYOdIICtiOI'I and the Swampland List, Masias, Pieroni, MS - work in progress

B Scalar power spectrum

P.(k)= P!+ P} = i 1 4+ 0.0025 H* 2 R :
TN T e\ Mg

B Non Gaussianities

3
f H
NL.equil = A
q AQG

p» Tensor-to-scalar ratio

3
H? H
r=92-10"— [1+0.17| —
M?2 A

P

B Scalar spectral tilt

3 3
B yMp\°( H v\ H
n-t=c2e-n - (57) <g> - (se+vEnm) (%) <g>
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Species scale and primordial gravitational waves MS - 240109533
EFT consistency H < As ~ e_)“Ag” Distance Conjecture
|

A 1 M,
A=|—| £L—log—
A Ay H

!

Al 1 10°
S 2A@ r
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Species scale and primordial gravitational waves MS - 240109533
EFT consistency H < As ~ e_)“Ag” Distance Conjecture
|

A 1 M,
A=|—| £L—log—
A Ay H

!

Al 1 10°
— | < log — Ap(r) =7
S 2A@ r
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Species scale and primordial gravitational waves MS - 240109533
P
e(N) = ﬁ
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Species scale and primordial gravitational waves MS - 240109533

Monomial potentials Starobinsky-like potentials
V(p) ~ ¢" V(p) ~ [1 —e " + ]
(\\ /7
( NP
L/ \\>
l<p<?2 p>2
Inverse-hilltop-like potentials Hilltop-like potentials

(brane inflation)

V(g) ~ [1 - <ﬁ>n+ ] Vig) ~ [1 - (%>+ }

P
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Species scale and primordial gravitational waves MS - 240109533

p=1 p=2
Monomial potentials Starobinsky-like potentials
, 8 Al 1 10®
‘ Sl log A 301 (6001/2 08
s 604/2 r : 0g r
' (\\ /7
e(N) = s
NP
L/ \\>
l<p<?2 p>2
Inverse-hilltop-like potentials Hilltop-like potentials
(brane inflation)
A -2 10°
Aé 1 108 _5 S 2%_%19 r_% log -
S log — A 15 r
As| (24 n)304/2r r
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Species scale and primordial gravitational waves MS - 240109533

AS

Ns =1

12 p
Monomial potentials

10

“ Lyth bound
8| p = 2
6| Starobinsky-like potentials
_ p=3

Hilltop-like potentials

0.00 o 0.01 T 0.02 T 0.03 | | 0.04 r
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Species scale and primordial gravitational waves MS - 240109533

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

1.5

(r £0.036)

plot taken from Burgess, Quevedo 2022
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R? - Inflation and the species scale List, Masias, Muntz, MS - 2312.13210

0254 Planck TT,TE,EE+lowE+lensing
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R? - Inflation and the species scale List, Masias, Muntz, MS - 2312.13210

02549 - Planck TT,TE,EE+lowE+lensing
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R? - Inflation and the species scale List, Masias, Muntz, MS - 2312.13210

02549 - Planck TT,TE,EE+lowE+lensing
— ) ) - Gk +BK18+BAO
L%
M R : N
. 4 P Starobisky 1980 0204 N P
2 M Starobisky 1984 e
B i 0.15 i
g $o, A
8' \ COOC:@: v \\
| 010 T \\\'\ Y. \\_ \\ \\
y gl .
; N \\\
\ 4 0.05 S AN
PLEN
y .. \\\\\\‘\\\\
0.00 -

M — 1014 GeV > M — f) 0.95 0.96 0.9:15 0.98 0.99 1.00

fixed by CMB observation origin? “«
Y g Quantym loop
CO/’/’eclenS to
I Einstein Jielg
e y V]
. We argue . uation
v tarobinsky 1980

originated by quantum effects of
towers of light species

Species Cosmology Marco Scalisi | MPP



R? - Inflation and the species scale List, Masias, Muntz, MS - 231213210

Consequences on inflationary EFT

> Energy scale

M ~ As but also M~H —_— As ~ H

(in the Starobinsky model)

boundary of the EFT validity
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R? - Inflation and the species scale List, Masias, Muntz, MS - 231213210

Consequences on inflationary EFT

> Energy scale
M ~ As but also M~H —_— As ~ H

boundary of the EFT validity

B KK modes

M~A;~10"GeV —> N, ~ 100 —>  my ~ 10* GeV

10 orders below H
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R? - Inflation and the species scale List, Masias, Muntz, MS - 231213210

Consequences on inflationary EFT

» Cosmology constrains Species Scale decay rate

2 2 . 9)
As = M. A4 —_ V() = M*8MP6_27/¢ <1 . e—\/;gb/MP)
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R? - Inflation and the species scale List, Masias, Muntz, MS - 231213210

Consequences on inflationary EFT

» Cosmology constrains Species Scale decay rate

2 2 . 9)
As = M. A4 —_ V() = M*8MP6_27/¢ <1 . e—\/;gb/MP)

0.15.] """""""""""" ] " Planck TT,TE,EE+lowE +lensing
0.100 + , Bk 18+BAO
0.10 [
V(¢> 0.010 |
-\ . _
2 2
MzMp vos| :
' 0.001 |
0.00} |
094 0.96 098 100
ns
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R? - Inflation and the species scale List, Masias, Muntz, MS - 231213210

Consequences on inflationary EFT

» Cosmology constrains Species Scale decay rate

M? M3 /2 2
AS = M. e_ﬂb a V(¢) = : Pe—Zﬂb <1 —e 3¢/MP>

| P \F+ 0(r?)
Ng—1=—=——=2V\|% Y
Ne 3 CMB data

12 8/6

S —0.001 <y <0.004 = A\

re~y——y + @(yz) too small

N2 "N
] |

yl 2 =
Vd-1Dd=-2) /6
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Conclusions

Towers of species lead to a
renormalization of the
quantum gravity cut-off

M
Apps = ——
QG — 1
Na—>2
Dvali 2007
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Conclusions

Towers of species lead to a
renormalization of the
guantum gravity cut-off

M

Ay = — L
QG — 1
Na-2

Dvali 2007

Universal upper bound on
the scalar field range

MS, Valenzuela 2018
MS 2019

I
I
I
I
I
: AS—logH
I
I
I
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_ oin,r, fy } &< | ——
A< —logH 2 Reog
MS, Valenzuela 2018

MS 2019 List, Masias, Pieroni, MS - work in progress

Conclusions

I_ ——————————————— 1 r—-— - """"-"—-"—"="—=-"—=-"=—=-"=-"'=-" == = = 1
1 ,  Towers of species lead to a 3 Effects of species |
| renormalization of the | | : : |
| quantum gravity cut-off | | on inflationary observables |
I | I

|
I | I
: AQG= MP I | Vi m<H<AQG H>AQG I
I Nﬁ : | \ 4 @ — © :

| =22

|
|l Dvali 2007 : : A :
________________ i | § |
2 I B A(} S I
Universal upper bound on | / L
: , |
the scalar field range | 2 |
| H |
| |
| I
| |
| I
| |
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Conclusions

Detection of PGWs sets upper
bound on decay rate of Ay

As

0.00 0.01 0.02 0.03 0.04 r
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AQG \/;- r
MS 2024
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Conclusions

R?-inflation
(generated by species)
in the Swampland

Detection of PGWs sets upper
bound on decay rate of Ay

As
Ns
12

§ ..

== 101* GeV

my, ~ 10* GeV

Y too small

0.00 0.01 0.02 0.03 0.04 r

Lust, Masias, Muntz, MS - 2312.13210
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Conclusions

R?-inflation
(generated by species)
in the Swampland

Detection of PGWs sets upper
bound on decay rate of Ay

Ay

0.00 0.01 0.02 0.03 0.04 r

== 101* GeV

my, ~ 10* GeV

Y too small

Lust, Masias, Muntz, MS - 2312.13210

A/ 8 —————————————————
2061 ¢ 10
AQG \/;- r
thanks!
MS 2024 PP
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Species scale and primordial gravitational waves MS - 2401.09533
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Species scale and primordial gravitational waves MS - 240109533

Agp = J\/Z_e dN

Lyth bound

N. N
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