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Why Jupiter?

— Most massive planet in the solar system: a big detector;  

— “Clean” background: not as active as a star, e.g., the Sun;  

— Relatively close to us: easier for both in situ (at Jupiter) and ex situ (away 
from Jupiter, i.e., close to the Earth) measurements. 



A lot of data for 
planetary science



Any other use? 
Dark matter? 

till 2025



GeV-scale dark matter

Lots of efforts 
to search for 
GeV and sub-
GeV scale dark 
matter



Dark mediator

Dark sector Visible sector
dark mediator: 
e.g., dark photon 

 through  . 
(Kobazarev et.al 1966; 
Okun 1982; Galison eta.al 
1984; Holdom 1986) 
Weakly-coupled 

 long-lived

γD ϵFFD

⇒



Scenario
I: DM captured by 
the gravitational 
potential well after 
elastic scattering 
with Jovian matter



Scenario

II: DM accumulates 
at the core and 
annihilate into long-
lived dark mediators



Scenario

state: DM annihilating into dark mediators, which decay into a pair of electron e� and

positron e+ outside Jupiter, as depicted in Fig. 2. Such decay channels could be present and

important if long-lived dark mediators couple to standard model fermions. One type of the

in situ measurements, which have been implemented by some Jupiter missions, such as the

Galileo probe and the Juno mission, is to profile and measure fluxes of relativistic electrons

in the Jovian magnetosphere. For the Galileo probe, its Energetic Particles Investigation

(EPI) instrument uses two totally-depleted, circular silicon surface barrier detectors. It made

omnidirectional measurements of energetic particle (electrons, protons, ↵-particles, and heavy

ions) population in the innermost regions of the Jovian magnetosphere [44]. For the Juno

mission, the Radiation Monitoring (RM) investigation analyzes the noise signatures from

penetrating radiation in the images of Juno’s cameras and science instruments [45]. Some

Juno instruments, such as the Stellar Reference Unit (SRU), could operate as a star camera

collecting sky images by the silicon charge coupled device (CCD) focal plane array. The CCD

could register impacts by penetrating charged particles as noise signals, within a cluster of

pixels around each hit. These counts could be used to infer the electron fluxes with energy

& 10 MeV at di↵erent locations in the radiation belts [46]. While the Jovian electrons as the

background of searching for new flux sources are still to be fully understood, the observed

fluxes would allow us to set conservative upper bounds on the maximum electron flux induced

by dark mediator decays. This could be translated into constraints on un- or under-explored

regions of parameter space in the dark sector models.

e−

e−

e+

e+

Figure 2: A schematic illustration of the process. Captured DM particles (solid white) anni-

hilate into a pair of dark mediators (dashed blue), which decay into e+e� (red solid) outside

Jupiter. The energetic electrons or positrons could be measured by the Jupiter missions.
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III: long-lived dark 
mediators inject hard 

 into the 
magnetosphere and 
detected by Jupiter 
missions

e−e+

Galileo probe

Juno



DM captureDM transfers energy 
to nucleons by 
scattering and slows 
down, most efficient 
when GeVmχ ∼ 1
∼ mN
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DM CDSWXUH

DM from Halo͗ϮϬϬͲϯϬϬ kmͬƐ 

DM transfers energy to 
nucleons by scattering and 
slows down

Most efficient when mȤ ~ 
1GeV, comparable
to nucleon masses

MoƐƚlǇ hǇdrogen
DM wind



DM capture
Captured when DM 
velocity drops below 
the escape velocity (~ 
60 km/s at surface). 

Single scattering 
(optically thin)

τJ ∝
σχn

σsat
≪ 1

DM wind

DM-nucleon 
scattering xsec

geometric 
saturation xsec 
∼ 10−34 cm2

� DM particle

m� DM mass

��n DM-nucleon scattering cross section

�ann DM annihilation rate

⇠ dark mediator particle

�D decay width of the mediator

� mediator boost factorQ
BR Branching fraction of e± from DM annihilations

⌘ BR(2� ! 2⇠) ⇥ BR(⇠ ! e+e�)

⇢D mediator decay rate density:

decays per unit volume per unit time

r the radius distance from the Jupiter center

B magnetic field magnitude

L McIlwain parameter of the magnetic field lines

✓p geomagnetic latitude ✓p
↵ pitch angle

↵eq equatorial pitch angle

E energy

Ī averaged injection rate of e± over their trajectories

f the electron phase space distribution

⌧E time scale of electron energy loss

⌧y time scale of pitch angle variation

⌧loss time scale of electron loss

J(L, ✓p) omnidirectional number flux of relativistic e±

integrated over the measured energy range

in the L-shell at ✓p
F geometric factor: e↵ective collecting area

K(K̃) observed (predicted) count rates:

number of electron hits recorded per unit time

Jinf(J̃inf) observed (predicted) omnidirectional fluxes

inferred from count rates

Table 1: Important notations and their meanings.

to spin-dependent DM-nucleon scattering is

g�gq
⇤2

�
�̄�µ�5�

� �
q̄�µ�

5q
�
, (3.1)

with DM � being a Dirac fermion and q the standard model quarks. This could be generated

via integrating out an axial-vector with a mass about the scale ⇤ and coupling g� (gq) to DM
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Gould 1987, 1988, 1990 

χ χ



DM annihilation



DM annihilation
CMB bound: 

Leane et.al 2018

⟨σannv⟩ ≲ 5 × 10−27

( mχ

GeV ) cm3 s−1

2 2 annihilation: 

DM DM  2 long-
lived dark mediators

→

→



DM capture DM annihilation

 through  
is suppressed by  and . 
χ̄χ → q̄q

gχgq

Λ2 (χ̄γμγ5χ) (q̄γμγ5q)
m2

χ m2
q /Λ4 (gχgq)2

χ χ



Capture and annihilation equilibrium

time

# of trapped DM particles 

Equilibrium: capture rate = 
annihilation rate/2

teq ∝ (capture rate)−1/2

For 1 GeV DM, 
, 

Jupiter lifetime.
teq ≈ 1016 s < (tJ ∼ 1017 s)

DM could leak out via exponential tails in kinematic distributions: DM lighter 
than 1 GeVcould evaporate (significantly). Gould 1990, Garani et. al 2021



Dark mediator decaysBenchmark for 
dark mediators 
(sub-GeV): dark 
photon with a small 
kinetic mixing  to 
SM photons, 

 

Elusive at lab

Go through 
Jupiter without 
being absorbed

ϵ

cτ ∼ 𝒪(104) km
⇒ ϵ ≲ 10−9



Previous studies on DM capture: signal
Most studied: gamma-rays 

— Good ex situ measurements, e.g., Fermi-LAT, HAWC; 

— Photons travel in straight lines; 

— Spectroscopy & morphology. 

Other signals: neutrinos…

Our study: electrons with non-trivial motions in the magnetic field



Previous studies on DM capture: source
Sun: 

🙂 Massive and close

😞 Higher background, higher temperature that evaporates light DM

Neutron stars: 

🙂 Massive and dense

😞 Too far away and systematics

Our study: Jupiter



Motion of  in the magnetospheree−(e+)
Magnetic bottle effect: 

trap  inside for a long time.  

 adiabatic constant; 

Total energy: 
 

conserved; 

,  till  are repelled 
from the dense field region. 

e−e+

μ =
mv2

⊥

2B

1
2

mv2
∥ +

1
2

mv2
⊥ =

1
2

mv2
∥ + μB

B ↑ v∥ ↓ e−, e+

mirrormirror



Origin of planet’s radiation belts: Van Allen radiation belts

© NASA



Three possible modes in B field
1. Gyration around field lines (  kHz) : 
Lorentz force; 

2. Bounce between two mirror points (~ 
Hz) : magnetic bottle effect, depending 
on the pitch angle; 

3. Drift in the azimuthal/longitudinal 
direction (< mHz) : gradience of the B 
field; 

Schulz and Lanzerotti, 1974

≫

Figure 4: A cartoon of the electron motions in the Jovian magnetic fields (field lines are

denoted by the black dashed curves). The dark mediator will travel outside Jupiter (blue

dashed line) and decay to a pair of e± (which we will refer to as electrons). The electrons

gyrate around the magnetic flux tube and travel along the field lines. For the electron with

a large initial pitch angle ↵, as B increases along its trajectory, its ↵ eventually reaches ⇡/2

around the mirror point and gets reflected, as demonstrated by the red trajectory. In contrast,

the electron with a small initial ↵ will hit and be absorbed by the atmosphere before reaching

the mirror point, as shown by the yellow trajectory.

adiabatically invariant along its trajectory, we have the following relation for each L-shell:

↵eq = arcsin

✓s
B(0)

B(✓p)
sin↵(✓p)

◆
, (4.1)

where ↵(✓p) and B(✓p) are the pitch angle and magnetic field at the geomagnetic latitude

angle ✓p, while B(0) is the equatorial magnetic field. As the particle travels to higher |✓p|, ↵

increases with B(✓p) and eventually the electron gets reflected around the two mirror points

where ↵ = ⇡/2. Even with the same energy and L-shell value, the trapping time scales and

spatial distributions of electrons vary when their ↵eq’s change. Moreover, all particles with

↵eq < ↵min will be absorbed by the Jovian atmosphere. Here ↵min is the minimum equatorial

pitch angle that makes sin↵(✓p) = ⇡/2 in Eq. (4.1) at the ✓p where r(L, ✓p) = RJ . Electrons

with even smaller ↵eq will have their mirror points inside Jupiter and be absorbed by the

atmosphere. Thus it is necessary to include the pitch angle distribution when deducing the

electron fluxes. We illustrate the two possible types of electron motions (↵eq > ↵min and vice

versa) in Fig. 4.

On top of the gyration around the magnetic flux tube and the bounce between mirror

points along the magnetic field lines, there is a third motion, i.e. the drift in the longitudinal

direction around the planet [85]. The drift stems from the gradient of the magnetic field and

has a much longer timescale compared to the gyration and bounce. Such a motion doesn’t
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Phase space parameters
1) Kinetic energy: 

2) Mcilwain parameter:  Mcilwain 1961         

E

L

Lines with radius in the magnetic 
equator in a dipole field             

L ×

For the time scales of hard electrons, they are limited on the same -shell.          L



3)  Equatorial pitch angle:  , angle between the electron momentum and 
the magnetic field at the magnetic equator.  

αeq

Electrons with small  : mirror points 
are inside Jupiter. Thus they hit Jupiter 
first and be absorbed. 

: loss cone. 

αeq

αeq ≤ αmin

αeq
αeq

1

2

Figure 4: A cartoon of the electron motions in the Jovian magnetic fields (field lines are

denoted by the black dashed curves). The dark mediator will travel outside Jupiter (blue

dashed line) and decay to a pair of e± (which we will refer to as electrons). The electrons

gyrate around the magnetic flux tube and travel along the field lines. For the electron with

a large initial pitch angle ↵, as B increases along its trajectory, its ↵ eventually reaches ⇡/2

around the mirror point and gets reflected, as demonstrated by the red trajectory. In contrast,

the electron with a small initial ↵ will hit and be absorbed by the atmosphere before reaching

the mirror point, as shown by the yellow trajectory.

adiabatically invariant along its trajectory, we have the following relation for each L-shell:

↵eq = arcsin

✓s
B(0)

B(✓p)
sin↵(✓p)

◆
, (4.1)

where ↵(✓p) and B(✓p) are the pitch angle and magnetic field at the geomagnetic latitude

angle ✓p, while B(0) is the equatorial magnetic field. As the particle travels to higher |✓p|, ↵

increases with B(✓p) and eventually the electron gets reflected around the two mirror points

where ↵ = ⇡/2. Even with the same energy and L-shell value, the trapping time scales and

spatial distributions of electrons vary when their ↵eq’s change. Moreover, all particles with

↵eq < ↵min will be absorbed by the Jovian atmosphere. Here ↵min is the minimum equatorial

pitch angle that makes sin↵(✓p) = ⇡/2 in Eq. (4.1) at the ✓p where r(L, ✓p) = RJ . Electrons

with even smaller ↵eq will have their mirror points inside Jupiter and be absorbed by the

atmosphere. Thus it is necessary to include the pitch angle distribution when deducing the

electron fluxes. We illustrate the two possible types of electron motions (↵eq > ↵min and vice

versa) in Fig. 4.

On top of the gyration around the magnetic flux tube and the bounce between mirror

points along the magnetic field lines, there is a third motion, i.e. the drift in the longitudinal

direction around the planet [85]. The drift stems from the gradient of the magnetic field and

has a much longer timescale compared to the gyration and bounce. Such a motion doesn’t
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Dynamics
Diffusion equation

d f(L, E, sin αeq)
dt

= ⟨I⟩trajectories

−
∂

∂E ( dE
dt

f) −
∂

∂ sin αeq (
d sin αeq

dt
f)

+τ−1
loss f + ⋯

phase space density
source term averaged over trajectories: 
injected by decays of dark mediators

friction terms: energy loss or 
 variation with time 

(electron number conservation)
αeq

Electron number loss term 
with time scale  τloss



Source term
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Figure 3: Mediator decay density rate, ⇢D, at r = 1.2RJ in unit of cm�3 s�1, as a function

of the mediator lifetime ��1
D in unit of RJ , and the boost factor �.

mass mA0 is below the 2mµ threshold but above the 2me threshold. Above the 2mµ threshold,

the decay products becomes a mixture of e+e�, µ+µ� and ⇡+⇡�, depending on mA0 [76–80].

Most non-electron final states will cascade to a pair of softer electrons and a few neutrinos,

leaving almost no other visible particles. The discussion of decay products above also applies

to axion-like particles coupling to standard model fermions. We will only consider the channel

of dark mediators decaying into e+e� in the following discussion. The density rate of e+e�

final state is then

⇢D(r)
Y

BR,
Y

BR ⌘ BR(2� ! 2⇠)⇥ BR(⇠ ! e+e�) , (3.5)

where
Q

BR is the product of the branching fractions of DM annihilating into dark mediators

and ⇠ decaying to e±.

Requiring the mediator’s decay length comparable to RJ allows us to explore the param-

eter space that is di�cult to be probed otherwise. Take the dark photon as an example. To

have a decay length of order RJ , its decay width satisfies

�D(A
0
! e+e�) =

↵

3
✏2mA0

s

1�
4m2

e

m2
A0

✓
1 +

2m2
e

m2
A0

◆
⇠ R�1

J ) ✏2 ⇠ 10�20
⇥

✓
0.1 GeV

mA0

◆
,

(3.6)

where ✏ is the kinetic mixing parameter, mA0 is the dark photon mass; me is the electron

mass; and ↵ ' 1/137 is the standard model fine structure constant. Such a small mixing

✏ does not introduce significant interactions between the mediator and the standard model,
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Mediator decay rate 
density

mediator boost

rest-frame lifetime (in 
unit of )RJ

Maximum e 
injection rates 
when  γΓ−1

D ∼ RJ

cm−3s−1

Small rate 
density, but 
large volume 
and long 
trapping time 
to compensate



Synchrotron friction
Fast energy loss/  variation dominantly 
through synchrotron radiation for hard electrons > 

 MeV (  (Gauss);  ).

αeq

𝒪(10) |B | ∼ 𝒪 E ≫ me

1.5 2.0 2.5 3.010-10

10-9

10-8

10-7

10-6

10-5

Figure 6: Time scales of synchrotron radiation with the magnetic dipole approximation.

LEFT: The energy loss rate for 20 MeV electrons with ↵eq = 70� as a function of L, the

result is compatible with the result reported in [86, 89]. RIGHT: Contours of ⌧�1
E (solid)

and ⌧�1
y (dashed) as functions of ↵eq. The five colors, from top to bottom for ⌧�1

E and from

right to left for ⌧�1
y , stand for L = 1.1, 1.2, 1.3, 1.4, and 1.5, respectively.

From Eq. (4.4), one could see that the characteristic time scale of synchrotron radiation is

⌧E |sync ⇠ O(105) s for electrons with energies of O(100) MeV. Taking the dipole approxima-

tion with the intensity from the JRM09 magnetic field model [90], we present the energy loss

rate as a function of L in the left panel of Fig 6. As ⌧E |sync / B�2 and B ⇠ L�3 in a dipole

field, ⌧�1
E |sync scales as L�6.

The synchrotron radiation also alters the electron’s pitch angle. The time scale ⌧y of the

pitch angle variation is proportional to the energy loss rate [91]:

⌧�1
y |sync ⌘

*
d sin↵eq

dt

����
sync

+
=

cos4 ↵eq

sin2 ↵eq

*
1

E

dE

dt

����
sync

+
. (4.6)

For ↵eq & ⇡/4, the timescale of pitch angle change ⌧y is longer than ⌧E . This could be

seen from the right panel of Fig 6, in which the inverse time scales ⌧�1
E |sync and ⌧�1

y |sync are

plotted. This means that for large enough ↵eq > ⇡/4, ⌧E is the more relevant time scale

compared to ⌧y. Another crucial feature shown in Fig. 6 is that as ↵eq increases, both the

friction rates become smaller, or equivalently, ⌧E and ⌧y becomes longer. From Eq. (4.4), (4.5)

and (4.6), one might expect that ⌧�1
E |sync and ⌧�1

y |sync increases as ↵eq increases. However,

with larger ↵eq, electrons tend to stay near the magnetic equator (in the limit that the initial

↵eq = ⇡/2, the electron just stays in the equatorial plane), where the magnetic field is the

weakest. Smaller ↵eq allows the electrons to travel to regions with denser magnetic field lines

near the poles. It turns out that ⌧�1
E |sync and ⌧�1

y |sync are more sensitive to variation in the

B field and thus decreases as ↵eq increases.

An electron could also lose energy due to Coulomb scattering with gas and plasma along

the trajectory. Furthermore, frequent hard scatterings transferring electron energy to gas

lead to electron absorption, which will then be better described as a loss term instead of a

friction term in Eq. (4.3). This applies to electrons diving deeply into the Jovian atmosphere.
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Time scale  s for hard 
electrons >  MeV 

τE ≳ 𝒪(105)
𝒪(10)



Electron loss
Case 1: untrapped region

Not a perfect dipole field, 
twisted by higher moments 
Connerney et.al 2018

LRVV THUP: UQWUaSSHG ScHQaULR

LLQJfeQJ LL   2207.13709 23

Field minimum very close/inside 
Jupiter: Impossible for reflection

(E[SecWed OLfeWLPe Rf eOecWURQV)

J. E. P. Connerney, S. Kotsiaros, R. J. Oliversen, J. R. 
Espley, J. L. Joergensen, P. S. Joergensen et al., 2018

Surface field twisted by higher moments

Close to the surface where field 
line minimum close to or inside 
Jupiter ( ): no reflection, 

 s. 
L ∼ 1

τloss ∼ 0.2



Case 2: quasi-trapped region

A bit further away from surface, , electrons fall in the local loss cone 
during the azimuthal drifting. 

r < 1.3RJ

Electron trapping lifetime set by the 
drift period: electrons lost before losing 
energy significantly via synchrotron 
radiation

τloss ≲
𝒪(104)

E/100 MeV
s ≪ τE |sync



Case 3: fully-trapped region

, away from the 
surface (smaller ) and away 
from the main ring, moons etc. 
(larger ). Close to the 
magnetic equator, electron loss 
not as important as 
synchrotron friction: 

.  

L ⊂ (1.3,1.5)
L

L

τloss ≳ 𝒪(105) s ≳ τE |sync

105

106

Figure 7: The spatial distribution of the omnidirectional e± flux J with an energy threshold

Eth = 10 MeV. Presented values are based on the fully-trapped scenario and in the unit of

cm�2s�1. We fix m� = 1 GeV, ��1
D = RJ , � = 3, and ��n

Q
BR = 10�39 cm2.

5 Scenarios Beyond the Dipole Approximation

In the previous section, the framework of electron flux calculation and major friction terms

are discussed, assuming a dipole magnetic field. The characteristic time scale associated

with the electron loss term is assumed to be much longer than ⌧E |sync or ⌧y|sync. However,

for measurements close to the Jovian atmosphere, the hard scattering/absorption by gas,

plasma, or small grains could introduce a non-negligible electron loss. In addition, when

r . 1.3RJ , the higher multipole components of the magnetic field become significant, leading

to a breakdown of the dipole approximation and electron loss [94]. If any of these e↵ects take

place, the loss term in Eq. (4.3) could not be ignored and is assumed to take the simplified

form:

loss term ' ⌧�1
lossf , (5.1)

where ⌧loss is the time scale of electron disappearances and could be a function of L, E, and

sin↵eq. When the electron loss is faster than the friction processes (⌧loss ⌧ ⌧E |sync), the

solution of Eq. (4.3) converges to f ' ⌧lossĪ accordingly.

Depending on the level of dipole approximation violation, we consider three simplified

scenarios of electron trapping in the Jovian magnetic field:

– 16 –

e flux

quasi-
trapping / 
untrapping

main ring



Mission overview

Galileo probe 
(1989-1995)

Juno mission 
(2011 - )



Mission overview
Galileo probe: one way trip

 Dive into the atmosphere; 

 Energetic particle investigation (EPI): 
“calorimeters”; 

 Sensitive to MeV-GeV charged particles; 

Juno: orbiter still in work

 Can be very close to the surface; 

 No specific relativistic particle detector; 

 Radiation monitoring (RM) investigation 
detects hard electron: CCD cameras. 



ReOaWe DM MRdeO ZLWh DaWa

/LQJIHQJ /L   2207.13709 29

GeV-scale electrons 
leave data with 
precise space/time 
stamps.

Hit rate (s-1) = electron 
flux (cm-2 s-1)×
effective area of 
detection (cm2) 

(never used for HEP)



Sensitivity
No precise spectroscopy: higher energy  higher penetration rate  higher sensitivity; → →

SeQVLWLYLW\
No precise spectroscopy:
Higheƌ eŶeƌgǇ ї higheƌ ƉeŶeƚƌaƚiŽŶ ƌaƚeƐ

Q. Nenon, A. Sicard, P. Kollmann, H. B. Garrett, 
S. P. A. Sauer, C. Paranicas, 2018

Juno SRU CCD image from relativistic particles
@ Perijove 1, around maximum radiation intensity

H͘N͘ BecŬeƌ͕ D͘ SaŶƚŽƐͲCŽƐƚa eƚ aů͕͘ GeŽƉhǇƐ͘ ReƐ͘ Leƚƚ͘ ϰϰ͕ ϮϬϭϳ
Nenon et.al. 2018



SeQVLWLYLW\
No precise spectroscopy:
Higheƌ eŶeƌgǇ ї higheƌ ƉeŶeƚƌaƚiŽŶ ƌaƚeƐ

Q. Nenon, A. Sicard, P. Kollmann, H. B. Garrett, 
S. P. A. Sauer, C. Paranicas, 2018

Juno SRU CCD image from relativistic particles
@ Perijove 1, around maximum radiation intensity

H͘N͘ BecŬeƌ͕ D͘ SaŶƚŽƐͲCŽƐƚa eƚ aů͕͘ GeŽƉhǇƐ͘ ReƐ͘ Leƚƚ͘ ϰϰ͕ ϮϬϭϳ

Data

Juno CCD image 
from relativistic 
particles

Becker et. al. 2017



Data

Lingfeng Li   2207.13709 30H.N. Becker, D. Santos-Costa et al., Geophys. Res. Lett. 44, 2017

H͘ M͘ Fischer͕ E͘ Pehlke͕ G͘ Wibberenz͕ L͘ J͘ 
Lanzerotti͕ J͘ D͘ Mihalov͕ Science ϮϳϮ͕ ϭϵϵϲ

JXSiWeU MiVViRQ ReadRXWV

�Galileo Probe EPI͗ ͞Calorimeters͟
�Juno RM͗ CCD cameras

Data never used for 
HEP before

Becker et.al 2017



Results
Currently only the Galileo probe data covers region where electrons could be fully-
trapped (  & close to the magnetic equator; small electron loss rate); L ⊂ (1.3,1.5)

Figure 9: Observed upper bounds on ��n ⇥
Q

Br due to the relativistic e± flux from dark

mediator decays in di↵erent trapping scenarios. LEFT: limits from the Galileo probe EPI

P1 and P2 observations in the fully trapped scenario (L ' 1.45). The band for each channel

is obtained by varying ⌧loss 2 [105, 108] s (corresponding to upper and lower ends of the

band). RIGHT: limits from the two Galileo EPI channels as well as Juno ASC and SRU

measurements in the quasi-trapped scenario at L . 1.2. Since the exact time scale of ⌧loss
in this case is unknown, we show the band from computing ⌧loss using Eq. (5.2) and (5.3)

with the constant 2 [0.01, 0.1] (leading to upper and lower band edges). The lighter (darker)

grey regions are constraints on ��n from direct detection experiments, assuming SI (SD)

scattering [101–108].

di↵erence between the two benchmarks is only induced by the injection term Ī and is minor,
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Since Jupiter is mostly made up of 
hydrogen, DM capture is 
insensitive to either spin-
independent (SI) or spin-
dependent (SD) scattering. The 
bounds apply to both. Compared 
to direct detection experiments, 
this could be a more sensitive 
probe to SD scattering.   
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Above 1 GeV:

 DM number density and 
capture efficiency drops. 

 Harder electrons: may 
improve with better 
detector knowledge. 

Below 1 GeV:

 DM number density 
increases but capture 
efficiency drops; 

 softer electrons: lower 
sensitivity;  

Evaporation rates could 
become important (not 
accounted for in the 
plot). 
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Both Galileo probe and Juno 
mission probe quasi-trapped region 
(e.g. ). 

Bounds could be stronger but also 
higher systematics; 

need more precise magnetic field 
modeling and numerical 
simulations. 

L ∼ 1.1



Summary
—  Jupiter could be a powerful capturer of GeV-scale DM; 

—  DM could annihilate into long-lived dark mediators. For a dark mediator 
with lifetime , its decays could inject hard electrons into the 
radiation belts. Such kind of model is well motivated in the context of the 
relatively new DM paradigm and the parameter space could be challenging to 
be probed via terrestrial experiments. 

— In situ limits on DM-nucleon scattering from Jupiter missions could be 
comparable to or better than direct detection limits, in particular, for SD 
scattering. 

— This only serves as a first step and an example to use the unusual dataset 
(e.g. from planetary science) to probe high energy physics! 

∼ 𝒪(0.1 − 1) s



Thank you!



Outlook

Sun

solar axion flux, 
peaked at a few KeV 

KeV X-ray! 

Only a first step to use Jupiter data, many other possibilities: X-ray emission                                                                
on the dark side of Jupiter…. 
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Only a first step to use Jupiter data, many other possibilities: X-ray emission                                                                
on the dark side of Jupiter…. 

🙂 larger magnetic field and 
large converter volume; 

😞 No in situ X-ray 
measurements yet, unknown 
background…


