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Dark Photon Dark Matter (DPDM)
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Dark Photon Dark Matter
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Electron Penning trap

5



Electron Penning trap
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Electron Penning trap

motion

5



Electron Penning trap

monitor the cyclotron state by quantizing axial shift

motion
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Background-free detection

Quantization of states 

One single jump is detectable 

Noise reduced at low T

Proof-of-principle experiment:  Background-free over 7.4 days!

[S. Peiland G. Gabrielse, Phys.Rev.Lett.83(1999)7]
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Resonance & Selection Rule
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Resonance & Selection Rule

Selection Rule: only one jump at a time. 

Due to the small coupling with dark matter 

First-order perturbation theory applied 7



Resonance & Selection Rule

Selection Rule: only one jump at a time. 

Due to the small coupling with dark matter 

First-order perturbation theory applied

The transition rate is enhanced by 

the dark matter width 
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Focusing—Effect of Cavity
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Focusing—Effect of Cavity
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Focusing—Effect of Cavity

[Horns et al., 1212.2970]
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Focusing—Effect of Cavity
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Global Optimization

smaller ε/
Larger signel 
(Same total 

time)

Larger Γ

Larger κ

Larger R

Smaller R

Larger 
signal

Better 
Foucusing

Larger B

…
!

More 
electrons?

Higher V
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“Preliminary”
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Conclusion

Try to Detect meV Dark Matter  

Using Electron Trap as a Detector 

Background-free Over 7.4 Days 

Results Enhanced by Focusing 

Increase the Result by Optimizing Some Parameters 
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Thank You

12

Questions?


