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Extra Dimensions

» Kaluza-Klein 1921 attempt to unify Gravity with Electromagnetism
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Kaluza Miracle!

For one extra dimension and only one scale (Planck) R~10"-33 cm,
KK excitations are inaccessible |/R~10719 GeV



Large Extra Dimensions

» Arkani-Hamed, Dimopoulos Dvali 1998: addressing the hierarchy problem
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gravitons propagate in extra dimensions R

example: n=2 with M*~10TeV requires R<2 um

for distances above R, ordinary gravity

for distances below R, F ~ 1
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 Eot-Wash Torsion Pendulum experiment

Constraints

R<44 um
for 2 extra dimensions, M*~2.3 TeV

Collider Constraints

At the CERN LHC, gravitons can disappear into the bulk.
Typical signatures are dimensions

. - 2 8-10 TeV
* Jjet + missing energy,

« photon + missing energy, 3 7-9 TeV
- modifications of Drell-Yan scattering,

- virtual KK graviton exchange. 4-6 6-8 TeV

Supernova SN987A

Inside a supernova core NN —>NN+KK

KK gravitons are emitted that propagate in the bulk removing
energy from the 3d brane. The neutrino signal from SN1987A
lasted long enough that excessive energy loss is escluded.

For n=2, M*>30-100 TeV

Stellar cooling red giants, white dwarfs, horizontal branch stars

C05m0|08)’ KK gravitons can overproduce DM, their decays can spoil BBN predictions and cause CMB distortions

Black Hole production at LHC, microscopic BH should have been produced. Their absence sets M*>5-10 TeV



Astrophysical Observations of Compact
Stars

WIMP annihilation and Cooling of Stars

WIMP annihilation as a heating mechanism for

*neutron stars (CK ’07, CK Tinyakov ’10, Lavallaz Fairbairn ’ |0, Baryakhtar Bramante Li Linden Raj ‘17)
*white dwarfs (Bertone Fairbairn 07, McCullough ’10)

WIMP collapse to a Black Hole

WIMPs can be trapped inside stars and later collapse forming a black hole that destroys the star
(Goldman Nussinov '89, CK Tinyakov "10,°l 1,13 McDermott Yu Zurek 'l 1, CK’| 1,12

Guver Erkoca Reno Sarcevic ’12, Fan Yang Chang ’12, Bell Melatos Petraki ’| 3, Bramante Fukushima Kumar Stopnitzky ’13,
Bramante Linden ’14, Autzen CK ‘14)

Pulsar slowing down

WIMPs can slow down the rotation of a pulsar (Perez-Garcia,CK ’14)

Triggering Supernovae la

WIMPs can trigger the collapse in masses lower than the Chandrasekhar limit (Bramante ‘15)

Triggering Neutron Star explosions

WIMPs can trigger the explosion of neutron stars with stranglets (Silk Perez-Garcia 'l 1,12)

Affecting the neutrino production in Supernovae explosions

Unparticles can shorten neutrino bursts (Hannestad, Raffelt, Wong ‘07)



Dark Extra Dimensions

Asymmetric Dark Matter

Dark Matter propagating in the extra dimensions

Dark Matter accretion into a neutron star can destabilize the star
by softening the EoS

Black Hole formation

Eventual destruction of the star



Converting Neutron Stars to Black
Holes





























































How many particles are needed to
collapse!?
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Conditions for Black Hole Fermation
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Softening the EoS

For one extra-dimension of size R,
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Evolution of y as a function of density
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Evolution of y as a function of density

Ideal gas
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Evolution of y as a function of density

Ideal gas
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So dense that quantum effects kick in



Evolution of y as a function of density
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Evolution of y as a function of density

Ideal gas
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Evolution of y as a function of density
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Evolution of y as a function of density
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Evolution of y as a function of density
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Evolution of y as a function of density
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Equilibrium Configurations

P=K p7 EoS
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Mass-Radius Relations

case |: condition for self-gravitation is
fulfilled first and then the condition for
populating the extra dimension(s).

case ll: first populating extra-dimension(s)




Perturbations about equilibrium

d*¢ Ap

p—> = — VP + VAP + pv, A0 =0
dr? p
jr( P——(r2£)) - igﬁi w’pt =0

j(;R{l‘lP—rl—z[%(rzf)] 4r£2dP} r

Jo&%r? dr

W' =

[T, Pr#dr

= critical value 4/3
o Predr

1



Constraining Extra-Dimensions
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Figure 3: Constraints from old NS for scenarios with three Xdims. In the red regions, the dark matter cloud is
destabilized by propagation in Xdims, forming a BH that consumes the NS. Green regions correspond to BHs light
enough to evaporate within Gyrs. Solid yellow curves show current LZ limits [35], while dashed yellow lines indicate
the neutrino fog [36]. White regions are unconstrained, either because collapse criteria are not met or DM does
not thermalize with neutron matter. Region I corresponds to self-gravitating NR collapse; Region II corresponds to
perturbatively unstable configurations but does not necessarily lead to collapse; and region III to relativistic collapse.
Left panel: DM—neutron cross section vs DM mass for d =3 and R, = 1 fm. Right panel: For saturation cross section
and d = 3, constraints on R, vs. DM mass; black shading marks parameters for which the DM cloud is unstable

before onset of degeneracy.



Conclusions

Dark Matter and Gravitons can propagate in extra-dimensions

Fermionic Asymmetric Dark Matter can be accreted into neutron stars
Populating the extra-dimensions can significantly soften the EoS

Dark Matter can collapse forming a mini-black hole that can destroy the star

New constraints can be drawn based on the existence of old neutron stars



