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Direct Detection

Current results: Hugh’s talk on Monda
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Direct Detection

The common strategy for heavy WIMP

XENON10 XENON100

2005 - 2007 2008 - 2016

~15 kg ~62 KQg
15 cm 30 cm
~10-% cme

~10-4% cm?
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XENON1T

2012 - 2018
~2 t
Tm

~10-47 cm¢?

XENONNT

2019 - 2023
~591
1.0m

~10-% cme

DARWIN

2025 -

40 t
2.0m

~10-4° cm?




The Sun as Natural Dark Matter Detector

Large Exposure from the Heaven!

ENQNnT; 5 The Sun

« /000 kg ¢ 3 x 1030 kg
» /00 days

A '2x1010days
5x10 kgday 6X1O4Okgday
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The Sun as Natural Dark Matter Detector

Large Exposure from the Heaven!

The Sun:
« /000 kg ¢ 3 x 1030 kg
» /00 days

» 2 x 10"V days
6 x 10*Y kg day
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Dark Matter Capture in The Sun

A novel idea first proposed by Press and Spergel, 1985

Thong Nguyen, Stockholm University

DM scattering with nucleons
and electrons inside the Sun

Lose Kinetic Energy.

DM Velocity below the Sun’s
Escape Velocity!

Being captured! Enhance the
DM density inside the Sun

DM annihilation in the Sun:
Indirect detection signals



Indirect Detection signals

Gamma-ray and neutrinos
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Super-Kamiokande

lceCube
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An Active Research Direction

Experimental Results: gamma-ray

PICO-60 2017
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An Active Research Direction

Experimental Results: neutrinos
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Super K (2016)
IceCube (2025)
mafpe= [ceCube Upgrade 3 Years (This work)
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Dark Matter Evaporation

DARK ~ DARK MATTER |
MATTER CAPTURE &, EVAPORATION |




Dark Matter evaporation in the Sun

A ctant « g o — 5D — ST _ 40 2
constant: o, =0, 5=0,,=10""cm

* Fast electrons/nucleons in the Sun
can up-scatter captured DM. Garani and Palomares-Ruiz, 1702.02768

* The up-scattered DM can exceed
the Sun’s escape velocity.

* Light DM can “evaporate” from the

Electrons:v. =,

S U n . - = Electrons:v,=0.9v,

Nucleons-SD:v. =,
= Nucleons-SD: v, =0.9wv,

* Previous results: DM below 4 GeV R
s fully evaporated from the Sun

Thong Nguyen, Stockholm University



Dark Matter Evaporation Mass
For Objects in the Solar system (Garani and Palomares-Ruiz, 2104.12757)

Here come the Sun! Jupiter

4 GeV 1 GeV

Nucleon + electron .
. Nucleon Scattering
Scattering

Assuming targets (electron/nucleons) follow the Boltzmann distribution!
Thong Nguyen, Stockholm University 10
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Realistic Jupiter Model
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Realistic Jupiter Model

Metallic Hydrogen Layer Wikinedia

https://en.wikipedia.org » wiki > Metallic_hydrogen

Metallic hydrogen

Metallic hydrogen is a phase of hydrogen in which it behaves like an electrical
conductor. This phase was predicted in 1935 on theoretical grounds.

Solid hydrogen Supersolid Diamond anvil cell

Thong Nguyen, Stockholm University 12



Realistic Jupiter
Metallic Hydrogen Layer

Thong Nguyen, Stockholm University

Model

Wikipedia
https://en.wikipedia.org » wiki > Metallic_hydrogen :
Metallic hydrogen

Metallic hydrogen is a phase of hydrogen in which it behaves like an electrical

conductor. This phase was predicted in 1935 on theoretical grounds.

Solid hydrogen Supersolid Diamond anvil cell

* Jupiter’s high pressure stripped electrons out from
their Hydrogen Molecules.

* Electrons move freely in the metallic layer!

* Electrons fill out all possible energy states that are
bounded by the Fermi Sphere of Metallic
Hydrogen!

e Electrons follow the Fermi-Dirac Distribution!
12



Realistic Jupiter Model
Rocky/lcy Core

High pressure ices

Andreas Hermann?, N. W. Ashcroft>', and Roald Hoffmann*'

‘Department of Chemistry and Chemical Biology, Cornell University, Ithaca, NY 14853; and °Laboratory of Atomic and Solid State Physics,
Cornell University, Ithaca, NY 14853

Contributed by Roald Hoffmann, November 16, 2011 (sent for review September 9, 2011)

 Low Core Temperature (20,000 K) and high
pressure (1-5 TPa) create an icy/rocky core.

* [he core acts as an insulator with a Fermi energy
bandgap.

e Electrons also follow Fermi-Dirac distribution!

Thong Nguyen, Stockholm University 13



Dark Matter Capture and Evaporation in Jupiter
Electron Scattering with Fermi-Dirac Distribution and Pauli Blocking

Jupiter

— 1N—40 2
Tye = 10 cm
Feloud = 0.9 H]

 1n—40 .92\
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Fermi-Dirac
Feore = 0.2 Rj
reore = 0.4 Rj reore = 0.4 Ry
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TTQN, Blanco, Leane, Linden, In Prep.
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Dark Matter Evaporation Mass In Jupiter

The minimum mass for DM to be safe from Evaporation: O(10) MeV
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Jupiter Constraints on the MeV leptophilic DM

Dark Matter-Electron Cross Section (Preliminary Results)

10—37
| (New Horizons) _ Jupiter

Direct
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Jupiter Constraints on the MeV leptophilic DM

Dark Matter-Electron Cross Section (Preliminary Results)
10—37
Jupiter

(New Horizons)

Direct
Detection

LI L |
100
50

10
-10F

.50}

O
U

-100f .
1 1
0.01 0.02 0.03

o o
S

Super-Jupiter Teore = 0.2

roiected) === Diluted Core

Leane and Linden -

10 100 ¢ 2104.02068
Dark matter mass My [1\-”16\/] | 4+ 4 Jupiter Flux |

©
Ul

E2 dN/dE (10 ®* GeVcm 2 s 1)

Ll 1 - ]
0.1 1 10
Energy (GeV)

Thong Nguyen, Stockholm University




Jupiter Constraints on the MeV leptophilic DM

Dark Matter-Electron Cross Section (Preliminary Results)
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Conclusion

» Jupiter is cool! (Pun intended)

* There could be a lot of MeV
Leptophilic Dark Matter
particles trapped inside
Jupiter.

* \We need new strategies for
Investigating these Dark Matter.

Thong Nguyen, Stockholm University



Thank you!
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Here is a Dog-Matter!
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Jupiter Model

Jovian J11-4a Interior Model
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Fermi-Dirac Suppression

Compare to Maxwell-Bolzmann

POCC(E) Aﬁnal(E — w) dE

4.92 MeV

e~ galns energy
(upscattering) :
<
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— MB (classical gas
= Fermi Gas : Fermi gas (FD)
Fermi Gas X fi, (3.73e-01) % FD X fin (fin =3.7x 1071)
Ice (VB + CB) . e loses energy { Ice (VB + CB)
_E¢ (gap threshold) . (downscattering) e~“/*sT (analytic cliff)

— MB Gas

Phase-space proxy I' /T'vs

—9 0 10
Energy Transfer w (eV) Dark matter mass m, (MeV/c?)




Consider different core models

Same suppression behaviour at O(10) MeV

Evaporation cliff: varying temperature (E, =6 eV) Evaporation cliff: varying ice band gap (7'= 20000 K)

. T

MB (classical gas, no Pauli blocking)
Ice (Fermi-Dirac + band gap)

FD x f, (proxy for ice)

Band gap:

MB (classical gas, no Pauli blocking)
Ice (Fermi-Dirac + band gap)

FD x fa. (proxy for ice)
Temperature:

T=8000 K

T'=10000 K

7T=20000 K
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E, =9 eV (wide gap)

® &(m,)=1 (suppression onset) k(m,) =1 (suppression onset)
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