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What to expect in this talk

- Current status of dark matter searches

- Celestial bodies as laboratories for DM physics

- Conclusions

- Multi-scatter capture and evaporation of low mass 
DM in Earth

- Discuss improved direct detection & Earth heating  
constraints
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We know dark matter exists
Astronomy & Cosmology tell us 

1. Rotation Curves 2. Gravitational Lensing 3. CMB Acoustic Peaks

4. Large Scale Structure 5. Galaxy/Cluster Collisions 6. Matter Power Spectrum

Images: adapted from K. Mack
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Current status of dark matter searches

Very little parameter space left in traditional WIMP mass range (1 GeV - 100 TeV)
Larger detectors gives us more sensitivity, but “Neutrino Floor/fog” may be challenging

Akerib et al, arXiv: 2203.08084Dark matter mass [GeV/c2]
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US Cosmic Visions Report, arXiv:1707.04591

Looking towards lower dark matter masses
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Dark matter mass [GeV/c2]
Parameter space opens up in the sub-GeV region
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US Cosmic Visions Report, arXiv:1707.04591

Seems like many opportunities to explore here

Who lives here?
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Sub-GeV DM searches are:

e.g. low mass DM coupled through hidden sector mediator presents 
a good target to understanding DM production in the early universe 

1. Complementary to WIMP searches

2. Very well motivated: 

! !

e-/p e-/p

New force?

- Thermal freeze-out - Freeze-in - Asymmetric …

mailto:gmohlabe@uci.edu
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Many nuclear recoil experiments have ~ keV recoil thresholds

To probe lower masses need very low threshold nuclear recoil detectors

Big stumbling block: light DM is invisible to current WIMP 
searches

Recoil energy caused by galactic DM with v ~ 10-3 c

Enr ⇠ µ2
xNv2

mN

⇠ 19 eV
⇣ m�

500 MeV

⌘2
✓
100 GeV

mN

◆

≪ keV

New range of detection strategies
or

mailto:gmohlabe@uci.edu
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Essig et al, arXiv: 2203.08297

Current searches include: - Large volume noble liquid detectors
- Small scale semi-conductor detectors

Obvious direction: dark matter-electron scattering

Dark matter mass [MeV] Dark matter mass [MeV]

mailto:gmohlabe@uci.edu
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What about nuclear/nucleon scattering?
Build new detectors that can reduce thresholds & probe lower masses

Das et al, arXiv: 2210.09313

e.g. Single Quasiparticle Devices
e.g. Molecular excitations

Require new detector R&D and are for the future

Essig et al: Phys.Rev. Research 1, (2019) 033105  

mailto:gmohlabe@uci.edu
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Can also probe lower masses by considering accelerated DM
Fast moving, low mass DM can deposit energy larger than 

detector threshold in existing experiments

Cappiello, Beacom : Phys.Rev. D100 (2019) 10, 103011  Alvey et al: JHEP 01 (2023) 123  

E.g. Cosmic ray - up scattered DM

Usually depend on flux of fast moving SM particles

mailto:gmohlabe@uci.edu
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Astrophysical objects can also be laboratories for DM

White dwarfs Neutron Stars

Planets
Brown dwarfs 

main sequence stars

Other 
compact 
objects
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Why compact object searches for low mass DM?

- Great for attracting and accreting DM ⟹ higher DM densities

- Higher flux of DM annihilation products ⟹ more 

experimental sensitivity

E.g. DM capture in stars or planets and accumulation over lifetime of 
the  body

E.g. DM annihilation into SM or new physics & detection on Earth

- Statistics: large number of astrophysical bodies, higher chance 
of DM accumulation

E.g. DM capture & annihilation in exoplanets

- Used to set constraints
E.g. Stellar cooling & planetary heating

mailto:gmohlabe@uci.edu
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Standard framework for DM capture and evaporation in 
bodies like the Sun

!

<latexit sha1_base64="yASf1RsFGhudy2w4s95Kcwf9KiA=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFc1aTYqruiG5cV7AOaECbTSTt0Jgkzk0IJEdz4K25cKOLWj3Dn3zhtI1TRAxcO59zLvff4MaNSWdansbS8srq2Xtgobm5t7+yae/ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fijq6nfGRMhaRTeqklMXI4GIQ0oRkpLnlkae6mDhzSDjqQcVqvWnSN4OuInMvPMslWxZoALpGbZF3Ub2rlSBjmanvnh9COccBIqzJCUPduKlZsioShmJCs6iSQxwiM0ID1NQ8SJdNPZExk80kofBpHQFSo4UxcnUsSlnHBfd3KkhvK3NxX/8nqJCs7dlIZxokiI54uChEEVwWkisE8FwYpNNEFYUH0rxEMkEFY6t6IO4ftT+D9pVyt2vVK7OS03LvM4CqAEDsExsMEZaIBr0AQtgME9eATP4MV4MJ6MV+Nt3rpk5DMH4AeM9y86kpfa</latexit>

v� ⇠ 220 km/s

DM captured by scattering 
with solar material and

<latexit sha1_base64="tKdwhgEYyeDXt4zt8URvDtySdgo=">AAACCXicdZBNS8MwGMfT+TbnW9Wjl+AQPI1W3ZwgMvDicYJ7ga2WNEu3sLQpSToYpTt68at48aCIV7+BN7+NWTdBRf8Q+Of3PA/J8/ciRqWyrA8jt7C4tLySXy2srW9sbpnbO03JY4FJA3PGRdtDkjAakoaiipF2JAgKPEZa3vByWm+NiJCUhzdqHBEnQP2Q+hQjpZFrwpGbdPGApreJn8LJOZxoQCTW9y7vcZW6ZtEqlS37rGJBq2RlykzVPrahPSdFMFfdNd+7PY7jgIQKMyRlx7Yi5SRIKIoZSQvdWJII4SHqk462IQqIdJJskxQeaNKDPhf6hApm9PtEggIpx4GnOwOkBvJ3bQr/qnVi5VedhIZRrEiIZw/5MYOKw2kssEcFwYqNtUFYUP1XiAdIIKx0eAUdwtem8H/TPCrZlVL5+qRYu5jHkQd7YB8cAhucghq4AnXQABjcgQfwBJ6Ne+PReDFeZ605Yz6zC37IePsE1r2bFA==</latexit>

vf� < v�esc

SM particles with solar 
thermal motion scatter with 
DM causing evaporation

<latexit sha1_base64="AFIDzGnwT/rzzBJ86NxqI6Oypl8=">AAACCXicdZBNS8MwGMfT+Tbn29Sjl+AQPJVW3ZyXMfDicYJ7ga2WNEu3sLQpSToYpTt68at48aCIV7+BN7+N2VZBRf8Q+Of3PA/J8/ciRqWyrA8jt7S8srqWXy9sbG5t7xR391qSxwKTJuaMi46HJGE0JE1FFSOdSBAUeIy0vdHlrN4eEyEpD2/UJCJOgAYh9SlGSiO3CMdu0sNDmt4mfgqnNTjVgEis7z3e5yp1iyXLLFv2RcWClmnNNTdV+9SGdkZKIFPDLb73+hzHAQkVZkjKrm1FykmQUBQzkhZ6sSQRwiM0IF1tQxQQ6STzTVJ4pEkf+lzoEyo4p98nEhRIOQk83RkgNZS/azP4V60bK7/qJDSMYkVCvHjIjxlUHM5igX0qCFZsog3Cguq/QjxEAmGlwyvoEL42hf+b1olpV8zy9VmpXsviyIMDcAiOgQ3OQR1cgQZoAgzuwAN4As/GvfFovBivi9ackc3sgx8y3j4B2eebFg==</latexit>

vf� > v�esc

mailto:gmohlabe@uci.edu
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Assuming thermal equilibrium, over Sun’s lifetime DM has 
accumulated in solar core resulting in high number densities

!

<latexit sha1_base64="yASf1RsFGhudy2w4s95Kcwf9KiA=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFc1aTYqruiG5cV7AOaECbTSTt0Jgkzk0IJEdz4K25cKOLWj3Dn3zhtI1TRAxcO59zLvff4MaNSWdansbS8srq2Xtgobm5t7+yae/ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fijq6nfGRMhaRTeqklMXI4GIQ0oRkpLnlkae6mDhzSDjqQcVqvWnSN4OuInMvPMslWxZoALpGbZF3Ub2rlSBjmanvnh9COccBIqzJCUPduKlZsioShmJCs6iSQxwiM0ID1NQ8SJdNPZExk80kofBpHQFSo4UxcnUsSlnHBfd3KkhvK3NxX/8nqJCs7dlIZxokiI54uChEEVwWkisE8FwYpNNEFYUH0rxEMkEFY6t6IO4ftT+D9pVyt2vVK7OS03LvM4CqAEDsExsMEZaIBr0AQtgME9eATP4MV4MJ6MV+Nt3rpk5DMH4AeM9y86kpfa</latexit>

v� ⇠ 220 km/s

High flux of DM 
annihilation products 

travel to detector on Earth

Detector

<latexit sha1_base64="OLMPRXE3kpxpdynHq6X4z4F+G5E="></latexit>

dN�

dt
= Cc � CeN� � CaN

2
�

DM number 
density

Capture rate Evaporation rate Annihilation rate

mailto:gmohlabe@uci.edu
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Very large body of work
Sun

No self

Min

Max

1 5 10 50 100 500 1000
1032

1034

1036

1038

1040

1042

mA HGeVL

N
Aeq

NA
eq: mB=0.2 GeV, mX=20 MeV, e=10-4, gX=0.5

Kong, Mohlabeng & Park: Phys. Lett. B 743 (2015)  

WIMPs, Gould: Astrophys. J. 321 (1987) 560

WIMPs with self interaction, Zentner: Phys. Rev. D80 (2009) 063501

Annihilation to dark photons, Feng et al: Phys. Rev. D93 (2016) 115036

Multi-component boosted DM in the Sun

+  many others

<latexit sha1_base64="gAOCU+YgO1jYoLgen/M68VYBEzM="></latexit>

dN�

dt
= Cc + (Cs � Ce)N� � (Cse + Ca)N

2
�

self-interactions

0.1 cm2/g <
�AA

mA
< 1.25 cm2/g

min max

mailto:gmohlabe@uci.edu
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Earth & other Planets

Dark photons from Earth center, Feng et al: Phys. Rev. D93 (2016) 015014

WIMPs in the Earth, Gould: Phys. Lett. B 671 (2009)

Exoplanet search for Sub-GeV DM

+  many others

Leane & Smirnov: Phys. Rev. Lett. 126 (2021)

DM in Uranus & Jupiter-like planets, Adler: Phys. Lett. B 671 (2009)

mailto:gmohlabe@uci.edu
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Other compact Objects
Capture in Neutron stars, Guver et al: JCAP 05 (2014) 013

Relativistic DM capture in Neutron stars, Joglekaar et al: Phys. Rev. D 102 (2020) 123002

DM capture in white dwarfs, Bell et al: JCAP 10 (2021) 083

 DM trigger for white dwarf explosion, Smirnov et al: arXiv 2211.00013 +  many others

General evaporation from celestial bodies

Garani & Palomarez-Ruiz: JCAP 05 (2022) 042

mailto:gmohlabe@uci.edu
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- Many of the existing studies expand on WIMP DM capture

- Main assumption: weak interactions ⟹ single scatter 

capture/evaporation

⟹ Optically thin limit

- Also due to current 
direct detection 

constraints in WIMP 
mass region

US Cosmic Visions Report, arXiv:1707.04591

mailto:gmohlabe@uci.edu
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Away from the WIMP region, large cross-sections not ruled 
out ⟹ multi-scatter capture/evaporation is possible

We call this the Optically thick regime

!

<latexit sha1_base64="yASf1RsFGhudy2w4s95Kcwf9KiA=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFc1aTYqruiG5cV7AOaECbTSTt0Jgkzk0IJEdz4K25cKOLWj3Dn3zhtI1TRAxcO59zLvff4MaNSWdansbS8srq2Xtgobm5t7+yae/ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fijq6nfGRMhaRTeqklMXI4GIQ0oRkpLnlkae6mDhzSDjqQcVqvWnSN4OuInMvPMslWxZoALpGbZF3Ub2rlSBjmanvnh9COccBIqzJCUPduKlZsioShmJCs6iSQxwiM0ID1NQ8SJdNPZExk80kofBpHQFSo4UxcnUsSlnHBfd3KkhvK3NxX/8nqJCs7dlIZxokiI54uChEEVwWkisE8FwYpNNEFYUH0rxEMkEFY6t6IO4ftT+D9pVyt2vVK7OS03LvM4CqAEDsExsMEZaIBr0AQtgME9eATP4MV4MJ6MV+Nt3rpk5DMH4AeM9y86kpfa</latexit>

v� ⇠ 220 km/s

<latexit sha1_base64="tKdwhgEYyeDXt4zt8URvDtySdgo=">AAACCXicdZBNS8MwGMfT+TbnW9Wjl+AQPI1W3ZwgMvDicYJ7ga2WNEu3sLQpSToYpTt68at48aCIV7+BN7+NWTdBRf8Q+Of3PA/J8/ciRqWyrA8jt7C4tLySXy2srW9sbpnbO03JY4FJA3PGRdtDkjAakoaiipF2JAgKPEZa3vByWm+NiJCUhzdqHBEnQP2Q+hQjpZFrwpGbdPGApreJn8LJOZxoQCTW9y7vcZW6ZtEqlS37rGJBq2RlykzVPrahPSdFMFfdNd+7PY7jgIQKMyRlx7Yi5SRIKIoZSQvdWJII4SHqk462IQqIdJJskxQeaNKDPhf6hApm9PtEggIpx4GnOwOkBvJ3bQr/qnVi5VedhIZRrEiIZw/5MYOKw2kssEcFwYqNtUFYUP1XiAdIIKx0eAUdwtem8H/TPCrZlVL5+qRYu5jHkQd7YB8cAhucghq4AnXQABjcgQfwBJ6Ne+PReDFeZ605Yz6zC37IePsE1r2bFA==</latexit>

vf� < v�esc

Earth, Gould: Astrophys. J. 387 (1992) 21 Stars, Bramante et al: Phys. Rev. D 96 (2017) 063002

White dwarfs, Dasgupta et al: JCAP 08 (2019) 018Sun, Garani & Palomarez-Ruiz: JCAP 05 (2017) 007

Baum et al: Phys. Rev. D 95 (2017) 043007
+ others

mailto:gmohlabe@uci.edu
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Focus of this talk is revisiting multi-scatter capture 
in Earth

- Focus on low mass DM

- Revisit Earth heating limit in the optically thick regime

- More detailed Monte Carlo simulation for multi-scatter 
capture in the Earth

- Improved bounds on low mass DM-nucleus/nucleon 
scattering for spin (in)dependent scattering

mailto:gmohlabe@uci.edu
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DM number density in Earth

<latexit sha1_base64="CvDibOnIIaCkt2fZhymCuAcNfJk="></latexit>

dN�

dt
= C� �

✓
E�
N�

◆
N� �A�N

2
�

Solve differential equation for DM number:

Total DM annihilation rate:
<latexit sha1_base64="j/szRjnRzzsn4nwyUg4PQBf/e9o="></latexit>

�� = (1/2)A�N�(t)
2

- DM captured through multiple interactions with nuclei

- Captured DM thermalizes with SM and is in local thermal 
equilibrium

- DM in LTE evaporates from earth or annihilates

mailto:gmohlabe@uci.edu
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DM Capture in Earth

Analytical approximation:

Interpolation between single scatter capture rate and Earth’s 
geometric capture rate 

Full analytic multi-scatter capture rate calculation doesn’t exist

<latexit sha1_base64="uvL4NLZdegE0IxoaylHMRxKUvso="></latexit>

Cgeom
� = ⇡R2

�,atm

r
8

3⇡

⇢�vd
m�

✓
1 +

3v2e(R�,atm)

v2d

◆
⇠

Single scatter capture 
<latexit sha1_base64="8h/pKKfcxLBhG/5UEY23sMbZqeY="></latexit>

Cweak
� =

X

j

⇢�
m�

Z R�

0
4⇡r2

Z 1

0
du�f(u�)

w(r)

u�

Z ve(r)

0
R�

j (w ! v)|Fj(q)|2dv

Multi scatter capture (approximation)
<latexit sha1_base64="/QsjrosNpF/WTwSig2IMtJdjXHk="></latexit>

C� = Cweak
� (1� exp(�Cgeom

� /Cweak
� ))

Garani & Palomarez-Ruiz: JCAP 05 (2017) 007

Baum et al: Phys. Rev. D 95 (2017) 043007

mailto:gmohlabe@uci.edu
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Monte-Carlo Simulation:

- If DM heavier or lighter than nuclei, kinetic energy in scatter is 
small & DM can scatter multiple times before getting captured

- Light DM can change direction & velocity after scattering, 
leading to a Ping-Pong effect, capture is not guaranteed

- Even if light DM interacts very strongly with nuclei, it may 
still be reflected away & not captured → suppressed capture

We simulate particles by drawing from DM velocity distribution, 
including escape velocity from Earth & Sun

<latexit sha1_base64="6vpTCxfMtROvx5fB/5J9tFKMs0w="></latexit>

vi� =
q

u2
� + v2e(R�,atm) + v2s

mailto:gmohlabe@uci.edu
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We calculate scattering probability given mean free path through 
length L in Earth

!

<latexit sha1_base64="yASf1RsFGhudy2w4s95Kcwf9KiA=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFc1aTYqruiG5cV7AOaECbTSTt0Jgkzk0IJEdz4K25cKOLWj3Dn3zhtI1TRAxcO59zLvff4MaNSWdansbS8srq2Xtgobm5t7+yae/ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fijq6nfGRMhaRTeqklMXI4GIQ0oRkpLnlkae6mDhzSDjqQcVqvWnSN4OuInMvPMslWxZoALpGbZF3Ub2rlSBjmanvnh9COccBIqzJCUPduKlZsioShmJCs6iSQxwiM0ID1NQ8SJdNPZExk80kofBpHQFSo4UxcnUsSlnHBfd3KkhvK3NxX/8nqJCs7dlIZxokiI54uChEEVwWkisE8FwYpNNEFYUH0rxEMkEFY6t6IO4ftT+D9pVyt2vVK7OS03LvM4CqAEDsExsMEZaIBr0AQtgME9eATP4MV4MJ6MV+Nt3rpk5DMH4AeM9y86kpfa</latexit>

v� ⇠ 220 km/s

Earth

<latexit sha1_base64="9eRP9UwOdlxrE60LmRwRh/kL0Wc="></latexit>

P = 1� exp(�
Z L

0
dx/�(x))

Determine final velocity 
of particle after scattering

<latexit sha1_base64="YEaQWk0vsDPse2YwDP6vnDRtBXs="></latexit>

vf� < ve(R�,atm) Captured
<latexit sha1_base64="Qw5AOlDm8BXSpoOciXIRuIjSL4E="></latexit>

vf� > ve(R�,atm) Not Captured

Properly model all the different layers in the Earth

DaMaSCUS-EarthCapture code
https://github.com/songningqiang/DaMaSCUS-EarthCapture

DaMaSCUS
Emken & Kouvaris: JCAP 10 (2017) 031

mailto:gmohlabe@uci.edu
https://github.com/songningqiang/DaMaSCUS-EarthCapture
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Monte-Carlo vs Analytic approx

Bramante, Kumar, Mohlabeng, Raj & Song, arXiv: 2210.01812

Garani & Ruiz: JCAP 05 (2017) 007

Baum et al: Phys. Rev. D 95 (2017) 043007

<latexit sha1_base64="S3YHfFYfaiEebkW+hNQLgkIUS2k=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCq5iUtupCKbhxWcE+oA1hMp20Q2eSMDMplFjBX3HjQhG3/oY7/8ZpG6GKHrhwOOde7r3HjxmVyrY/jYXFpeWV1dxafn1jc2vb3NltyCgRmNRxxCLR8pEkjIakrqhipBULgrjPSNMfXE385pAISaPwVo1i4nLUC2lAMVJa8sz9oZfKMbyApaJVhPcdweGAn0jPLNiWPQWcI2XbOa840MmUAshQ88yPTjfCCSehwgxJ2XbsWLkpEopiRsb5TiJJjPAA9Uhb0xBxIt10ev8YHmmlC4NI6AoVnKrzEyniUo64rzs5Un3525uIf3ntRAVnbkrDOFEkxLNFQcKgiuAkDNilgmDFRpogLKi+FeI+EggrHVleh/D9KfyfNIqWU7HKN6VC9TKLIwcOwCE4Bg44BVVwDWqgDjC4A4/gGbwYD8aT8Wq8zVoXjGxmD/yA8f4FqgmUmQ==</latexit>

vs = 42.2 km/s

Solar escape 
velocity

<latexit sha1_base64="8h/pKKfcxLBhG/5UEY23sMbZqeY="></latexit>

Cweak
� =

X

j

⇢�
m�

Z R�

0
4⇡r2

Z 1

0
du�f(u�)

w(r)

u�

Z ve(r)

0
R�

j (w ! v)|Fj(q)|2dv

mailto:gmohlabe@uci.edu
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DM Capture rate in the Earth

Bramante, Kumar, Mohlabeng, Raj & Song, arXiv: 2210.01812

Capture saturates at Earth geometric cross-section & suppressed 
for smaller cross-sections

Spin Independent Spin Dependent

mailto:gmohlabe@uci.edu
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DM Capture fraction from MC

Bramante, Kumar, Mohlabeng, Raj & Song, arXiv: 2210.01812

mailto:gmohlabe@uci.edu
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DM Capture fraction from MC

Summing all DM 
trajectories

Bramante, Kumar, Mohlabeng, Raj & Song, arXiv: 2210.01812

mailto:gmohlabe@uci.edu
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DM profile in Earth from multi scattering capture

Bramante, Kumar, Mohlabeng, Raj & Song, arXiv: 2210.01812

Heavier DM

Normalized distribution assuming local thermal equilibrium

Heavier DM 
sinks to center, 
while lighter 
DM floats

Atmosphere

mailto:gmohlabe@uci.edu
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DM Evaporation from the Earth

- Due to thermal motion of nuclei, DM scattering with nuclei can 
evaporate from Earth 

<latexit sha1_base64="RX2FXfNnR4FaB5jHrMoAQ8xwIA0="></latexit>

E� =
X

j

Z R�

0
4⇡r2n�(r)s(r)dr

Z ve(r)

0
4⇡u2

�f�(u�, r)du�

Z 1

ve(r)
R+

j (u� ! v)dv

- DM may not evaporate after scattering multiple times on its way 
out

<latexit sha1_base64="Mjgr62qkGs87vEsmVQAIrVMBieg=">AAACFXicdVBNSwMxFMzWr1q/qh69BItQQcuu2KoHpeDFo4JVoS3lbZq2odnskrwVy9I/4cW/4sWDIl4Fb/4b07qCig4Ehpl5vLzxIykMuu67k5mYnJqeyc7m5uYXFpfyyysXJow14zUWylBf+WC4FIrXUKDkV5HmEPiSX/r945F/ec21EaE6x0HEmwF0legIBmilVn7LFPUmPaQNjtBKQHWHKQ1iiSN+ExW3GwixjW228gW35I5Bv5Gy6x1UPOqlSoGkOG3l3xrtkMUBV8gkGFP33AibCWgUTPJhrhEbHgHrQ5fXLVUQcNNMxlcN6YZV2rQTavsU0rH6fSKBwJhB4NtkANgzv72R+JdXj7Gz30yEimLkin0u6sSSYkhHFdG20JyhHFgCTAv7V8p6oIGhLTJnS/i6lP5PLnZKXqVUPtstVI/SOrJkjayTIvHIHqmSE3JKaoSRW3JPHsmTc+c8OM/Oy2c046Qzq+QHnNcPjV6d1A==</latexit>

s(r) = ⌘ang⌘mult exp(�⌧(r))

Angular trajectory of particle Optical depth 
through Earth

mailto:gmohlabe@uci.edu
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Bramante, Kumar, Mohlabeng, Raj & Song, arXiv: 2210.01812

DM Evaporation from the Earth
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DM Annihilation & Earth heating

After enough DM has accumulated, it will annihilate
<latexit sha1_base64="g54DD116HWe2OZ9tLmrmygPxBgg="></latexit>

A� = h�vi��
Z R�

0
n2
�4⇡r

2dr

 Z R�

0
4⇡r2dr

!�2

<latexit sha1_base64="jo4sydfjH+Bk6vd0YAoWGtSKdzw="></latexit>

h�vi�� = 3⇥ 10�26cm3/s

Total annihilation rate:
<latexit sha1_base64="j/szRjnRzzsn4nwyUg4PQBf/e9o="></latexit>

�� = (1/2)A�N�(t)
2

DM annihilating to SM final states can contribute to Earth 
heating

Total power produced by Earth  ≤  44 TW
Beardsmore & Cull, Cambridge University Press, 2001
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Power produced from DM annihilation must be smaller than 
44 TW

Places limit on DM-nucleus scattering cross-section

Bramante, Kumar, Mohlabeng, Raj & Song, arXiv: 2210.01812

Evaporation 
dominates

mailto:gmohlabe@uci.edu


35

Direct detection constraints

Bramante, Kumar, Mohlabeng, Raj & Song, arXiv: 2210.01812

Spin-Independent

100% DM density 5% DM density
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Spin-Dependent

Bramante, Kumar, Mohlabeng, Raj & Song, arXiv: 2210.01812

Direct detection constraints

100% DM density 5% DM density
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Direct detection constraints

Bramante, Kumar, Mohlabeng, Raj & Song, arXiv: 2210.01812

Spin-Dependent neutron only

100% DM density 5% DM density
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Conclusions

- Search for DM is ramping up

- Many opportunities in low mass DM region

- Celestial bodies are good laboratories for low mass DM

- We focussed on capture/evaporation in strong interaction 
limit 

- After careful treatment in the Earth, we recast DD and Earth 
heating limits on DM - nucleus/nucleon scattering cross-

section
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Thank you
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Back Up
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DM Capture fraction from MC

Bramante, Kumar, Mohlabeng, Raj & Song, arXiv: 2210.01812

<latexit sha1_base64="S45kDUuBJNCeUIX9/0O/2X6CB8A=">AAACE3icdZDLSgMxFIYzXmu9jbp0EyyCuCgzYqsulEI3boQK9gJtHTJppg3NJEOSEcow7+DGV3HjQhG3btz5NqbtCFX0QMjP959Dcn4/YlRpx/m05uYXFpeWcyv51bX1jU17a7uhRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Q+rY795R6Sigt/oUUS6IepzGlCMtEGefVj1ko6IWKzS2+SqmsJzGHiJuWd5n4gwhZ5dcIrOpOCMKDnuWdmFbkYKIKuaZ390egLHIeEaM6RU23Ui3U2Q1BQzkuY7sSIRwkPUJ20jOQqJ6iaTnVK4b0gPBkKawzWc0NmJBIVKjULfdIZID9Rvbwz/8tqxDk67CeVRrAnH04eCmEEt4Dgg2KOSYM1GRiAsqfkrxAMkEdYmxrwJ4XtT+L9oHBXdcrF0fVyoXGRx5MAu2AMHwAUnoAIuQQ3UAQb34BE8gxfrwXqyXq23aeuclc3sgB9lvX8BLc+eXg==</latexit>

CMC
� = fCC

geom
�
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