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Elastic WIMP Bounds

Simple Z-exchange cross section 
𝜎𝜒𝑛 ∼ 𝐺𝐹

2𝑚𝑛
2 ∼ 10−39cm2.

PandaX-4T 
[2107.13438]

Ruled out by xenon experiments!



Inelastic Dark Matter

𝑚 + δ𝑚

Need enough kinetic energy to 
make up 𝛿

𝛿max ≈
1

2
 𝑚𝐴𝑣2,

where 
𝑚𝐴 = 𝐴 𝑚𝑛

𝐴 = nuclear number
𝑚𝑛 = 1 GeV

Inelastic DM: 2 states with a mass 
splitting 𝛿 and an off-diagonal 
coupling with nucleon.



Higgsino - Last SUSY WIMP Standing

Last classic SUSY WIMP standing: Higgsinos ( ෩𝐻1,2).

Naturally realizes inelastic dark matter.

• Freeze-out mass 𝑚 ෩𝐻1
= 1.1 TeV.

• 𝑚 ෩𝐻2
= 𝑚 ෩𝐻1

+ 𝛿 where 𝛿 ≈ 𝑚𝑍
2 sin2 𝜃𝑊

𝑀෩𝐵
+

cos2 𝜃𝑊

𝑀෪𝑊
.

• 𝜎𝜒𝑛 = 10−39cm2

• If 𝛿 > 260 keV evades all current limits.



Luminous Detection

• DM upscatters with an atom in the Earth, travels a decay length,

𝑙 ෪𝐻2
= 7 km

𝑣

400 km/s

400 keV

𝛿

3
, then decays via a photon in an 

underground detector.

Eby et al. [1904.09994]

• Scatters with heavier elements in the Earth,

e.g. uranium (A=238) ≫ xenon (A=131), increasing 𝛿max ≈
1

2
𝐴 𝑚𝑛𝑣2.



Luminous Signal

Feature 1: Non-relativistic DM produces a photon line at frequency 𝛿 
with negligible Doppler shifts ⟹ line search.

Feature 2: Fastest DM appears from Cygnus, 
producing a daily modulation signal.

𝛿 ∼ 100s keV, detectable with neutrino 
detectors (e.g. JUNO, KamLAND, SNO+, 
Borexino). Larger volumes enhance 
sensitivity.

35 mJUNO



Luminous Detection

Improves 𝛿 from 260 keV to 410 keV.

Limits (or discovery!) already possible by re-analyzing current data.



Dark Matter from the Large Magellanic Cloud

The Standard Halo Model (SHM) assumes a cutoff at MW escape 
velocity 𝑣𝑒𝑠𝑐 = 760 km/s.

The LMC collided with the MW ~50 Myr ago (opposite solar motion), 
leaving behind fast DM with relative speeds up to 950 km/s. 

This fast DM has not yet 
equilibrated.

Velocity distribution from 
simulations (Smith-Orlik et al. 
[2302.04281]).



LMC Improves Current Limits

Because 𝛿max ≈
1

2
𝐴 𝑚𝑛𝑣2, larger 𝑣 immediately improves current limits.



LMC Improves Luminous Projections

Improves 𝛿 from 410 keV to 540 keV.
 

We would like to “pull down” the curve to set better limit on Higgsino.



JUNO

෪𝐻2

෪𝐻1

photon

rocks (Fe, Ca)

So far: need Higgsino to scatter with a 
rare heavy atom.

෪𝐻1

Uranium/Lead Supplement

trace uranium
( 𝑛 = 10−6𝑛solid) 



Uranium/Lead Supplement

JUNO

෪𝐻2

෪𝐻1

෪𝐻1

U/Pb supplement (𝑛solid) 

So far: need Higgsino to scatter with a 
rare heavy atom.

New proposal: Add a block of depleted 
uranium or lead near the detector for 
enhancement.

rocks (Fe, Ca)
trace uranium
( 𝑛 = 10−6𝑛solid) 

photon



Projections with Supplement

Adding (20 m)3 of depleted 
uranium improves sensitivity 
to 𝛿 = 850 keV.

Increased volume or reduced 
background saturates 
uranium sensitivity at 

𝛿 = 940 keV.



Summary

𝛿max ≈
1

2
𝐴 𝑚𝑛𝑣2

Higgsino DM, the last SUSY WIMP standing.

Increase 𝐴: 

lab’s xenon (A=131) → 
Earth’s/supplemental uranium (A=238) 

Increase 𝑣: 

fast DM from the 
LMC.

Detectors: JUNO, KamLAND, SNO+, Borexino.

𝛿: 240 keV → 940 keV 



Thank You



Back Up Slides



Luminous Detection

Within a given volume, Γluminous ≈ Γupscatter . Homogeneous Earth 
approx., upscattering and decays form an equilibrium. Independent of 
decay length.



LMC Opposite to Solar Motion

• Coincidence: the LMC’s closest approach 50 Myr ago happens to be 
opposite Sun’s motion, leaving behind DM and accelerating local DM 
in this direction with large relative velocity.

• If our planet were on the other side of MW’s disk, these speed would 
be 240 km/s slower than here.

= LMC’s current 
position & trajectory

= Sun’s motion



Elastic Scattering from Loop

• Elastic scattering from loop diagram needs to be suppressed.

• For Higgsino, this is satisfied due to accidental cancellations between 
different diagrams.



Inelastic Dark Matter

• Example from SM:



Background from Borexino
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