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Motivation

¢ The motivation for this work comes
from a combination of observations
and Swampland ideas.

For Swampland reviews see: [Brennan, Carta, Vafa "18], [Palti "19]
| Van Beest, Calderon-Infante, Mirfendereski, Valenzuela '21]

o We will explore one possible
connection between

o the cosmological hierarchy
problem and

o the nature of DM in our universe
Image Credit: JWST



Outhne

¢ (A)dS Distance Conjecture

¢ Application to our Universe:
¢ Model
o Cosmology
o Observational constraints

o Conclusion



A)dS Distance Conjecture

o Statement: Consider a theory of QG on (A)dS
with a cosmological constant A. Then, there

exists an infinite tower of states that becomes
light in the limit | A| — 0 with

m~ il

where a ~ O(1) and positive.
|[List, Palti, Vafa '19]




Application to our Universe

¢ In our Universe, we measured a very small dark energy density:

[Riess et al. "98]
[Perlmutter et al. "99]

Ax7x1072M8 ~ (2 meV)?!

Could there be a tower of particles with spacing m ~ A%?
[Liist, Palti Vafa: 19



Application to our Universe
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Yes!

| |[Montero, Vafa, Valenzuela '22]
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o TIn oy The following is the unique scenario that is not ruled out by |
| experiments: o
‘* er et al. ’99]
| 1 . ‘
1. a= 7 (genericity, implies mg ~ meV) i
h lti, Vafa "19]
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2. KK tower (not a string tower)
‘ [Lee et al. "20]
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The Model
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Cosmology
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[] Initial conditions: thermal bath of SM

KK graviton sector

particles at temperature 7. ~ GeV with
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[A Initial conditions: thermal bath of SM

KK graviton sector

particles at temperature 7. ~ GeV with
no KK gravitons

[J KK graviton production: interactions 3 10

between SM particles produce KK S5 4o
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[A Initial conditions: thermal bath of SM KK graviton sector
particles at temperature 7. ~ GeV with

no KK gravitons

[/ KK graviton production: interactions
between SM particles produce KK
gravitons
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[A Initial conditions: thermal bath of SM KK graviton sector
particles at temperature 7. ~ GeV with

no KK gravitons

[/ KK graviton production: interactions
between SM particles produce KK
gravitons

[] KK graviton decay: heavy KK
gravitons decay to lighter ones in the
tower (and sub-dominantly to SM
particles)
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Observational Constraints

¢ KK gravitons with mass m 10y

can decay to yy and e*e” (and

Excluded by CMB

other SM particles):
3
m
[~ ,12M2 | -

Pl ~ 01 OOE'

¢ With O(1) couplings, we have | Viable region [
with O(1) couplings
e P < g5 0.010% =
keV Excluded by

¢ and the extra dimension has 0001 CMB_’ LSS, fifth force

length; 10 20 50 100 200 500
mpeak,today (kGV)

S 3 5 [ S 30 {1 [Work in progress]



(onclusions

o Considering the AdS distance conjecture and various observations, one is
led to a model for our universe which has a tower of massive particles with
~10 meV spacing.

o This tower is in an interesting region of parameter space and is on the verge
of being detected / ruled out.

o These particles constitute a Dark Matter candidate and can have detectable
signals in cosmology.

o Importantly, these ideas link the cosmological hierarchy problem and the
nature of DM.



Thank you!



