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The Dark Dimension and the Swampland

Dark Dimension Gravitons as Dark Matter

Astrophysical Constraints on Decaying Dark Gravitons


https://arxiv.org/abs/2205.12293
http://arxiv.org/2209.09249

Among the most mysterious features of our universe
The two seem to be unrelated

The smallness of the dark energy

The weakness of interactions with visible sector

Quantum gravity seems unrelated to these questions



Among the most mysterious features of our universe
The two seem to be unrelated

The smallness of the dark energy
The weakness of interactions with visible sector

Quantum gravity seems unrelated to these questions
QG consistency captured by Swampland criteria sheds light.
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The Distance/Duality Conjecture = Unification of Dark Sector
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| will explain how

The Distance/Duality Conjecture = Unification of Dark Sector

A ~ 1071%? <« 1 = light tower

light tower = dark matter
Novel unexplored type of dark matter



OV, 06]



LLW,19]

(—ag): <a< b=
m ~ exp(—aq@); d_z_a_ (D — d)d—2)



[LPV,18]



Combined with observational data: Newtonian gravity valid up

to 30um [Adelberger et.al., 20] (and not too fast cooling of
neutron stars) the only option is

m~ AY* ~ 6 meV

KK tower of one mesoscopic dimension in the micron range:

(Different in motivation and predictions from LED scenario
IADD,98] which was motivated by attempting to explain EW

hierarchy  (M,, ~M,) and requires 2 or more extra
dimensions).



The Dark Dimension: One extra mesoscopic dimension

of length |
Fundamental Planck scale in 5-th dimension

V<A exp[ 20 ]

(d—=1D(d—=72)






Two potential applications in particle physics:

instability in Higgs potential at 10''!GeV: may be related to
higher Planck scale at 10'%GeV.

Neutrino physics: bulk fermions coupled to v; on the brane can

act as right-handed neutrinos [DDG,ADDM, 98]: the couplings
to SM neutrinos automatically give the active neutrinos the
expected mass thanks to dark dimension parameters.

The fact that the KK tower mass scale is close to neutrino mass

m, ~ A1/4, suggests fermionic KK tower can act as sterile

neutrino. Higgs vev is compactible with lack of higherarchy
between active and sterile neutrino mass scales.



[AAL 22,2 3]

Empty

I > 1 MeV



universal:
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IDT,11]

[
Mpp (1) ~ Mp(4H) ( fo)

~ o






m
v~ 8- % where 8§~ O(1)

5 1
My ~ A\ 28; My ~ A4

122

V ~ Azls ~ 107 28 ~ 1()_4C



but decaying DM mass cannot be too large due to



tot 1 M A 5o
Fa’ ~ H(t) ~ t = MpM ~ A ~ A28M]Z (today)
g =7V



Astrophysical bounds:



Astrophysical bounds:

20 keV < mp,, S 200 keV



New ISLE at the Conrad Observatory

10 um Tungsten fibre

T-shape extensions
For capacitive feedback with
Interferometric readout

Electromagnetic shield

Torsion pendulum Rotating Fourier Bessel
Microfabricated attractor (@ = 8 cm)
Modified Fourier-Bessel Femtosecond laser machined
pattern Pattern on this side for

visualization (not to scale)

10 um separation (not to scale)
ISLE | Vienna

ISLE core team

Markus Aspelmeyer Eric Adelberger
1QOQI Vienna & University of Vienna University of Washington

Armin Shayeghi Pietro Zito
1QOQI Vienna 1QOQI Vienna
Theory support: Cumrun Vafa (Harvard)
Microfabrication support: Michael Trupke (1QO0QI Vienna)
Control system support: Andreas Kugi (TU Vienna)

Postdocs and graduate students tba...
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ISLE | Vienna

New ISLE at the Conrad Observatory
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Main challenges for ISLE at separations = 10 um

Sensitivity to to see ultra-feeble forces Easier part
Understanding all systematic effects (spurious signals) Harder part
o Gravity gradients Can be handlec
« Magnetic impurities High-purity materials needed
 Electromagnetic shield Technological challenge
e Vibrations, Patch effects, thermal effects Major challenge!

Conrad Observatory, July 2021

ISLE | Vienna



Summary

Unification of dark sector.





