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• DM waves : Light scalar DM’s effect can be collectively 
enhanced to astronomical size. 
 
          “perturbed chirping of GW” from NS inspirals.


• PBH :  No ways to probe light PBHs.  
 
          “Lensing Parallax of GRB”
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Gravity probes of two extremes 



• GW era!  
- What can we see?


• “seeing” = extracting encoded information. 
GW waveform evolution — chirping — is a key property. 


• What “Dark Matter” info can be encoded & extracted?
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GW lifetime curve
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Spending long time at low frequency, gradually chirping.
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Mid-frequency band
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Is mid-frequency just an interpolation btwn LIGO and LISA?
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Mid-frequency band
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No!  Forming a highest-frequency band with year-long 
measurement,,,
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DM wave
• Lightest possible spin-0 DM 10^-23 eV.

• Although light, their effects are astronomically enhanced 
and time-oscillating. 

• GW is again an exciting lab to probe them.
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DM wave
• Lightest possible spin-0 DM 10^-23 eV.

• Although light, their effects are astronomically enhanced 
and time-oscillating. 
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~ 1 yr for 10^-22 eV,   1 min  for 10^-16 eV
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DM wave
• Lightest possible spin-0 DM 10^-23 eV.

• Although light, their effects are astronomically enhanced 
and time-oscillating. 
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Second DM quanta with “same Compton frequency” 

but with “different phase” is added.
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DM wave
• Lightest possible spin-0 DM 10^-23 eV.

• Although light, their effects are astronomically enhanced 
and time-oscillating. 
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Resulting DM wave added but not exactly twice.
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DM waves and PBH



DM wave
• Lightest possible spin-0 DM 10^-23 eV.

• Although light, their effects are astronomically enhanced 
and time-oscillating. 
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Adding N DM quanta is a “N-random walk”.       

DM wave (density) is collectively enhanced to astronomical size  
and oscillating in time!

DM waves and PBH



DM wave
• Lightest possible spin-0 DM 10^-23 eV.

• Although light, their effects are astronomically enhanced 
and time-oscillating. 
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Precisely speaking, DM particle has energy dispersion.

But DM wave coherence is kept for long time (million periods).
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Neutron mass-shift
• If such scalar DM interacts with the neutron,  

the neutron-star mass shifts and oscillates in time.  

~ 1 yr for 10^-22 eV,   1 min  for 10^-16 eV
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GW inherently sensitive to 
mass-shift
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GW exquisitely sensitive to 
mass-shift

• GW evolution is governed by the binary masses.  
 

→ A tiny phase-shift due to mass-shift in each GW cycle 
accumulates over millions of GW cycles!
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<latexit sha1_base64="IuwbTkj4h/X6LvTH9kQ1/duUqX4=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwoXWmCHYlBbtwIVIffUCnDpk004YmM0OSEcowv+LGX3HjQpHuxJ8xfSxq64HkHs65l+QeL2JUKsv6NjJLyyura9n13Mbm1vaOubtXl2EsMKnhkIWi6SFJGA1ITVHFSDMSBHGPkYbXvxr5jWciJA2DRzWISJujbkB9ipHSkmuWnAphCsGKewPPxrdzAh1J+agmjuDw4fY+nRVt6yk5LaaumbcK1hhwkdhTkgdTVF1z6HRCHHMSKMyQlC3bilQ7QUJRzEiac2JJIoT7qEtamgaIE9lOxhum8EgrHeiHQp9AwbE6O5EgLuWAe7qTI9WT895I/M9rxcovtRMaRLEiAZ485McMqhCO4oIdKghWbKAJwoLqv0LcQwJhpUPN6RDs+ZUXSb1YsK2CfXeeL19O48iCA3AIjoENLkAZXIMqqAEMXsAb+ACfxqvxbnwZw0lrxpjO7IM/MH5+AWUxn1A=</latexit><latexit sha1_base64="IuwbTkj4h/X6LvTH9kQ1/duUqX4=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwoXWmCHYlBbtwIVIffUCnDpk004YmM0OSEcowv+LGX3HjQpHuxJ8xfSxq64HkHs65l+QeL2JUKsv6NjJLyyura9n13Mbm1vaOubtXl2EsMKnhkIWi6SFJGA1ITVHFSDMSBHGPkYbXvxr5jWciJA2DRzWISJujbkB9ipHSkmuWnAphCsGKewPPxrdzAh1J+agmjuDw4fY+nRVt6yk5LaaumbcK1hhwkdhTkgdTVF1z6HRCHHMSKMyQlC3bilQ7QUJRzEiac2JJIoT7qEtamgaIE9lOxhum8EgrHeiHQp9AwbE6O5EgLuWAe7qTI9WT895I/M9rxcovtRMaRLEiAZ485McMqhCO4oIdKghWbKAJwoLqv0LcQwJhpUPN6RDs+ZUXSb1YsK2CfXeeL19O48iCA3AIjoENLkAZXIMqqAEMXsAb+ACfxqvxbnwZw0lrxpjO7IM/MH5+AWUxn1A=</latexit><latexit sha1_base64="IuwbTkj4h/X6LvTH9kQ1/duUqX4=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwoXWmCHYlBbtwIVIffUCnDpk004YmM0OSEcowv+LGX3HjQpHuxJ8xfSxq64HkHs65l+QeL2JUKsv6NjJLyyura9n13Mbm1vaOubtXl2EsMKnhkIWi6SFJGA1ITVHFSDMSBHGPkYbXvxr5jWciJA2DRzWISJujbkB9ipHSkmuWnAphCsGKewPPxrdzAh1J+agmjuDw4fY+nRVt6yk5LaaumbcK1hhwkdhTkgdTVF1z6HRCHHMSKMyQlC3bilQ7QUJRzEiac2JJIoT7qEtamgaIE9lOxhum8EgrHeiHQp9AwbE6O5EgLuWAe7qTI9WT895I/M9rxcovtRMaRLEiAZ485McMqhCO4oIdKghWbKAJwoLqv0LcQwJhpUPN6RDs+ZUXSb1YsK2CfXeeL19O48iCA3AIjoENLkAZXIMqqAEMXsAb+ACfxqvxbnwZw0lrxpjO7IM/MH5+AWUxn1A=</latexit><latexit sha1_base64="IuwbTkj4h/X6LvTH9kQ1/duUqX4=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwoXWmCHYlBbtwIVIffUCnDpk004YmM0OSEcowv+LGX3HjQpHuxJ8xfSxq64HkHs65l+QeL2JUKsv6NjJLyyura9n13Mbm1vaOubtXl2EsMKnhkIWi6SFJGA1ITVHFSDMSBHGPkYbXvxr5jWciJA2DRzWISJujbkB9ipHSkmuWnAphCsGKewPPxrdzAh1J+agmjuDw4fY+nRVt6yk5LaaumbcK1hhwkdhTkgdTVF1z6HRCHHMSKMyQlC3bilQ7QUJRzEiac2JJIoT7qEtamgaIE9lOxhum8EgrHeiHQp9AwbE6O5EgLuWAe7qTI9WT895I/M9rxcovtRMaRLEiAZ485McMqhCO4oIdKghWbKAJwoLqv0LcQwJhpUPN6RDs+ZUXSb1YsK2CfXeeL19O48iCA3AIjoENLkAZXIMqqAEMXsAb+ACfxqvxbnwZw0lrxpjO7IM/MH5+AWUxn1A=</latexit>

• Ncyc is max for highest-freq long-time measurement.

DM waves and PBH
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New idea on PBH DM search

!23 Sunghoon Jung (SNU)

microlensing

DM waves and PBH



New idea on PBH DM search

!24 Sunghoon Jung (SNU)

• No possible (lensing) probe of lightest possible PBH DM.

DM waves and PBH



New idea on PBH DM search

!25 Sunghoon Jung (SNU)

• Two inherent difficulties with “microlensing of nearby stars”:


• 1. Nearby stars appear large > nearby PBH r_E is small. 
2. IR/optical wavelength is long > PBH R_sch is small.

DM waves and PBH



New idea on PBH DM search

!26 Sunghoon Jung (SNU)

• GRB can overcome both: 
 
1. At cosmo distance, GRB appears small < PBH r_E large. 
2. Gamma-ray wavelength is small < PBH r_Sch.

DM waves and PBH
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• GRB can overcome both: 
 
1. At cosmo distance, GRB appears small < PBH r_E large. 
2. Gamma-ray wavelength is small < PBH r_Sch.
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New idea on PBH DM search

!28 Sunghoon Jung (SNU)

• But GRB is a short pulse. How can we tell it’s lensed?!


• The Einstein radius of this mass range happens to be the 
astrophysical scale accessible to us :  r_Earth ~ AU !

1908.00078, S.Jung and T.H.Kim
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New idea on PBH DM search

!29 Sunghoon Jung (SNU)

• But GRB is a short pulse. How can we tell it’s lensed?!


• The Einstein radius of this mass range happens to be the 
astrophysical scale accessible to us :  r_Earth ~ AU !

1908.00078, S.Jung and T.H.Kim

DM waves and PBH

r_Earth

AU/10



Lensing parallax of GRB

!30 Sunghoon Jung (SNU)

• GRB pulses observed by spatially separated detectors 
can measure different lensing magnifications.

PBH DM

Einstein radius 
r_Earth ~AU

1908.00078, S.Jung and T.H.Kim
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GRB lensing parallax

!31 Sunghoon Jung (SNU)

1908.00078, S.Jung and T.H.Kim
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• Workshop on GW, DM, particle astro como. 
(bridge btwn those fields)


• 2020, January 4-6 (Sat-Mon)  @ Seoul National University


• Open soon.  
(Let me know if you are interested in: sunghoonj@snu.ac.kr) 
 
 
  Organizers: Sunghoon Jung, Seung J. Lee, Yue Zhao 
  LOC: Chunglee Kim, Chan Park

Dark Odyssey 2020

!32 Sunghoon Jung (SNU)

Gravitational-Wave Probes of Dark Universe

DM waves and PBH

mailto:sunghoonj@snu.ac.kr


back up
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1908.00078, S.Jung and T.H.Kim

GRB lensing parallax
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Weak EP violation

DM waves and PBH


