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Exoplanets in the Galaxy -
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Some Facts

e 300 Billion expected

Exoplanets in the Galaxy
e fistimated 100 Billion rogue

planets o ——

e 4k Confirmed Exoplanets

» 6k Candidates awaiting gy o

confirmation
e New Infrared Telescopes:
JWST 2022 and Roman 2026
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* 6.5 m Mirror diameter

e 18 Hexagonal Segments

 Near-Infrared Imager and
olitless Spectrometer
(NIRISS) for T > 500 K

e Mid-Infrared Instrument
(MIRI) forT:100-500K
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Phys.Rev.Lett. 125 (2020) 13; J. Smirnov, J. Beacom (OSU)
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Temperature Evolution
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Article \ Open Access \ Published: 13 September 2018

Less absorbed solar energy and more internal heat for

Jupiter

Liming Li&, X. Jiang, R. A. West, P.

J. Gierasch, S. Perez-Hoyos, A. Sanchez-Lavega, L. N. Fletcher, J.

J. Fortney, B. Knowles, C. C. Porco, K. H. Baines, P. M. Fry, A. Mallama, R. K. Achterberg, A. A. Simon,

C. A. Nixon, G. S. Orton, U. A. Dyudi

Previous: F' =

New: F' = 7.5 4

na, S. P. Ewald & R. W. Schmude Jr.

5.4 4+ 0.4 Watt/m?
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What about Jupiter®

Article \ Open Access \ Published: 13 September 2018

P .
T~ T Les§ absorbed solar energy and more internal heat for
.‘;-')*,.“ws* Juplter
-~ - o . " B | - ‘ Q3

Liming Li &, X. Jiang, R. A. West, P. J. Gierasch, S. Perez-Hoyos, A. Sanchez-Lavega, L. N. Fletcher, J.
- J. Fortney, B. Knowles, C. C. Porco, K. H. Baines, P. M. Fry, A. Mallama, R. K. Achterberg, A. A. Simon,

C. A. Nixon, G. S. Orton, U. A. Dyudina, S. P. Ewald & R. W. Schmude Jr.

Previous: F' = 5.4 + 0.4 Watt/m?
New: F'=7.510.2 Watt/m2

Expected w/o heating: F' ~ 4 Watt/m~
Expected with heating: F' ~ 8 Watt/m?
AF ~1— 1.5 Watt/m?
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DM Profile Dependence

Intermediate-Mass Brown Dwarfs
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Search Limitations

Interstellar Dust

Stars per Pixel

at 1° off the Galactic Plane i.e. 0.1 kpc form GC:
JWST: 20% populated pixels
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Modeling Our Galaxy

CENTRAL BLACK HOLE

MOLECULAR CLOUDS

GALACTIC BULGE g | ~— SPIRAL ARMS
- "

Vo a ~ STAR-FORMING

" 'y""..‘ - S ;-':"
- ik nY REGIONS
' 4 ) ) - -
S R . g

THE SUN

Work in progress: M. Benito, R. K. Leane, S. Podar, J. Smirnov

+ Old population in the Bulge:
t > few Gyr
+ E& Bulge Profile (astro-ph/

0605162)

4+ Power law Mass function

dNBD |

dM M«
a =~ 0.0
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Modeling Our Galaxy

CENTRAL BLACK HOLE + Old pOpUl&thIl in the BU].ge

MOLECULAR CLOUDS

t > few Gyr

GALACTIC BULGE ’ ~— SPIRAL ARMS
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+ E& Bulge Profile (astro-ph/

0605162)

v, aF STAR-FORMING

PEERE. v o g REGIONS + Power law Mass function
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THE SUN

Work in progress: M. Benito, R. K. Leane, S. Podar, J. Smirnov
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Modeling Our Galaxy

CENTRAL BLACK HOLE + Old pOpUl&thIl in the BU].ge

MOLECULAR CLOUDS

t > few Gyr
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+ E& Bulge Profile (astro-ph/
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Add DM Profile
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Work in progress: M. Benito, R. K. Leane, S. Podar, J. Smirnov
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Work in progress:
R. K. Leane (SLAOQC),
M. Benito, S. Podar (Tartu),

J. Smirnov

FSE y

00 01 02 03 04 05 06 0.7 08 0.9

N =103, 0=10% N =103, 0;/=20% N =103 0,=30%

10 15 20 5 10 15 20 5 10 15 20
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FSE y

S

00 01 02 03 04 05 06 07 08 0.9

N =10, 0;=30%

N =10° 0;=30%

Work in progress:

R. K. Leane (SLAC), |

M. Benito, S. Podar (Tartu), 5 10 15 20 5 10 15 20 5 10 15 20
J. Smirnov re [kpc] rs [kpc] re [kpc]
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N =103, 0;=10%

N=10, 0;=10% N=10% 0;=10%

N =103, 6;=30%

N =10, 0;=30% N =102, 6;=30%
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5 10 15 Solar (received and returned) 170,000 TW
S | Internal (measured 442 £+ 1 TW

logm_[GeV] & {mesared)
X g (DM annihilation (opaque Earth) 3330 TW
J. Beacom (OSU) et al. 2007 | |DM annihilation (our assumptions) 3260 TW
DM kinetic heating ~ 3000 x 107° TW

Juri Smirnov, juri.smirnov@liverpool.ac.uk; London, 08/03/23
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Incoming
WIMP

scattered
vy WIMP
[

M

n

target
nucleus recoiling

nucleus

a) Target kinematics b) Ratio between Potential and Temperature
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? Long Lived Mediators: Jovians/BDs

-Umed < OZ S
heating

Tmed > 0.2 8
indirect | Hadd -
signals Ll L R
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heating

-Bmed > 02 S
indirect
signals
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Ccap
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Brown Dwart Local

001 0.1
mpw [G@V]
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Reflection Correction Possible
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Retlection Correction Possible
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Retlection Correction Possible
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Simulation and Analytic Result

0.1

UR = MpMm/MsMm

Juri Smirnov, juri.smirnov@liverpool.ac.uk; London, 08/03/23
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Resulting Capture Fractions

Spin-Dependent, Local DM Velocity
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Resulting Capture Fractions
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2) Captured Dark Matter Profile

V(TLXT> f rav (7“)
My 1 += fh
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2) Captured Dark Matter P

V(TLXT> f rav (7“)
My 1 += fh

Hydrostatic equilibrium:
Isothermal DM

Ref: Effect of hypothetical, weakly
iInteracting, massive particles on energy

transport in the solar interior
D.N. Spergel and W.H. Press in 1984

Juri Smirnov, juri.smirnov@liverpool.ac.uk; London, 08/03/23
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DM Diffusion in a Brown Dw

2

Brown Dwart: o = 10 cm
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Brown Dwarf

DM surface
3

density in cm™

0.1
mpm [G@V]
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Evaporation from Jupiter

Jupiter
DM surface

density in cm™

ek
-

mpm [GGV]

arXiv: 2010.00015; R. K. Leane, J. Smirnov arXiv: 2209.09834:; R. K. Leane, J. Smirnov
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Vithermal ~

Vescape

Jupiter
DM surface

density in cm™

1
mpm [GGV]

ek
-

arXiv: 2010.00015; R. K. Leane, J. Smirnov arXiv: 2209.09834:; R. K. Leane, J. Smirnov
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Model Dependence of Evaporation

\+//

N

e
. .
; 7/;%:

/f1\\\ /fT\<\

Gravity Only Evaporation Barrier

FIG. 1. Schematic representation of the evaporation barrier.
Left: Gravity only (previous assumption). Evaporation of
upscattered light DM particles is not suppressed. Right: The
evaporation barrier blocks evaporation (this work).

arXiv: 2303:01516 ; J. Acevedo, R. K. Leane, J. Smirnov
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¢barrier (

¢barrier (7“) = =~ 9
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Dark Long Range Force Space

RG Stars

Torsion BalanpCe
Geophysics /

/4

— Sun

— Brown Dwarf

— Jupiter

Earth

o . . . 1079
arXiv: 2303: 2303:01516; 10-13 10~ 1072 10-7 10=° 10=3 0.1 10 103

J. Acevedo, R. K. Leane, d.
Smirnov M leV]
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Model Dependence of Evaporation

Brown Dwart

gravity
only
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arXiv: 8303: 8303:01516;
J. Acevedo, R. K. Leane, J.
Smirnov
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Further Implications

* Accumulated high surface density of

DM particles
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Spin-Dependent, GC DM Velocity
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Further Implications

* Accumulated high surface density of
DM particles
e Earth: boosted Sensitivity of Direct

Detection, once threshold is reached

Juri Smirnov, juri.smirnov@liverpool.ac.uk; London, 08/03/23
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Further Implications

* Accumulated high surface density of
DM particles

e Earth: boosted Sensitivity of Direct
Detection, once threshold is reached

e Distribution can affect stellar heat

transport and Solar abundance
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Spin-Dependent, GC DM Velocity
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Further Implications

* Accumulated high surface density of
DM particles

e Earth: boosted Sensitivity of Direct
Detection, once threshold is reached

e Distribution can affect stellar heat
transport and Solar abundance

e Distribution affects the long-lived

mediator signals
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Spin-Dependent, GC DM Velocity
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Editors' Suggestion

thSicsworld “ Magazine | Latest¥ | People ¥ | In

Exoplanets could be used as dark-matter detectors

08 May 2021

P s
- URE GEAR IDEAS SCIENCE SECURITY SIGN IN SUBSCRIBE Q

ACCINE APPOINTMENT BEST FACE MASKS COVID-19 FAQ NEWSLETTER LATEST NEWS

Matter? Look for Suspiciously Warm

Arim mavkialan il lhadtvaus dhhAaiv lacnadiam wsidlh lhaad Ta vavaura i ‘lkﬁ'y’ll need the most

E JAILY

portal to space

Accueil / Sciences / Actualités

DARK MATTER MIGHT HEAT EX[IFlANS ENOUGH s as dark matter

O BAD
ASTRONOMY

e know that dark matter exists, but, irritatingly, we don’t know what it is.

[ye Phil Plait
One way to figure that out is to look for signs of it here on Earth, using subatomic particle LTR

detectors. But a new idea just published in a scientific journal is that we need to go bigger. A lot

bigger: Using entire exoplanets as detectors.
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Thanks!
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Emissivity Impact
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Ongoing work: R. K. Leane (SLAC), B. Macintosh (Stanford), J. Smirnov
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Realistic Atmospheres

Wavelength Dependent Emissivity
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An Analytic Example

n—+1

P=Kkp»

, 1 d (gjzde(x)) — —f(x)"

x? dx dx
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P=Kkp»

o1 d

2 dx

€

An Analytic Example

»d6(x)

dx

n—+1

sin(x)

n=1= 0=
X

) = —0(x)"
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An Analytic Example

n+1 - ($) P = Pc Q(T)

IIIII

LTE "p(RY] (@=3/2) I R ) Ry (@320 —RyTe TT(R)] YA
WTE(R) _ [T(R) o | [ L0 4] < [T )]
0
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nLTE (R)

An Analytic Example
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Model Dependence

~ ~ 9
Ebarrier ~ 3 ~ « 10 - eV
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Model Dependence

~ ~ 9
Ebarrier ~ 3 ~ « 10 - eV
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Model Dependence
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Dominates:

my ~ 107 eV = a > 1074
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How Dense is too Dense?

Exoplanet Temperatures
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DM-Proton Scattering (local)

Spin-Dependent, Local DM Velocity

arXiv: 2010.00015; R. K. Leane, J. Smirnov
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Evaporation from Brown Dwarfs
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Evaporation from Brown Dwarfs
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