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What if an ultra light scalar exists, 
but it is not DM?

Or what if DM is made of several 
subcomponents?

The infamous “why not”?

…

AxionLimits, C. O'Hare

What if the local DM density is small?



Transient Signals

“How do you know if you ran through a wall?” 
M. Pospelov et al.  (1205.6260)
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Signals

Periodic
Transient

Some interesting studies in the literature:

Passage of a domain wall

Bosenova
“Detection of Bosenovae with Quantum Sensors 

on Earth and in Space?” 
J. Arakawa, V. Takhistov et al.  (2306.16468)

Binary mergers
“Quantum sensor networks as exotic field 

telescopes for multi-messenger astronomy” 
C. Dailey et al.  (2002.04352)

(non-exhaustive list)
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New Mechanism

A. de Giorgi, J. Jaeckel [2408.10296]
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New Mechanism

A. de Giorgi, J. Jaeckel [2408.10296]
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*not in scale

Transient Signal from BH Formation

New Mechanism

A. de Giorgi, J. Jaeckel [2408.10296]
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<latexit sha1_base64="5Lozgjo36ayl02xHSg3bsxtBHpM=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEVyWxaW13RUFcVrEPaEKZTCft0MmDmYlQQsBfceNCEbd+hzv/xkkbQUUPXDiccy/33uNGjAppGB9aYWl5ZXWtuF7a2Nza3tF397oijDkmHRyykPddJAijAelIKhnpR5wg32Wk504vMr93R7igYXArZxFxfDQOqEcxkkoa6geXdsTDSIbQ9jjCiZkm/CYd6mWj0qxZVqMBjYoxR0aqzVrVgmaulEGO9lB/t0chjn0SSMyQEAPTiKSTIC4pZiQt2bEgEcJTNCYDRQPkE+Ek8/NTeKyUEfRCriqQcK5+n0iQL8TMd1Wnj+RE/PYy8S9vEEuv4SQ0iGJJArxY5MUMqm+zLOCIcoIlmymCMKfqVognSMUgVWIlFcLXp/B/0j2tmPVK/doqt87zOIrgEByBE2CCM9ACV6ANOgCDBDyAJ/Cs3WuP2ov2umgtaPnMPvgB7e0TwSuWCQ==</latexit>

F / 1

rR

enhancement!
<latexit sha1_base64="41CjAb6pKfC9POLDpjPcqev3UbY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ac0oWy2m3bpZrPsboQS8je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8UHKmjet+O6W19Y3NrfJ2ZWd3b/+genjU0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3M787hNVmiXi0UwlDWI8EixiBBsr+ciPFCaZyrOHfFCtuXV3DrRKvILUoEBrUP3yhwlJYyoM4VjrvudKE2RYGUY4zSt+qqnEZIJHtG+pwDHVQTa/OUdnVhmiKFG2hEFz9fdEhmOtp3FoO2NsxnrZm4n/ef3URNdBxoRMDRVksShKOTIJmgWAhkxRYvjUEkwUs7ciMsY2BWNjqtgQvOWXV0nnou416o37y1rzpoijDCdwCufgwRU04Q5a0AYCEp7hFd6c1Hlx3p2PRWvJKWaO4Q+czx8n4ZHJ</latexit> r

R

<latexit sha1_base64="K4o34ZlJaHC5mNIwIZLaiZSdP7w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqqH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4LONAQ==</latexit>r
10

*not in scale

<latexit sha1_base64="Gt2/FyqD0SFcByQbw/5As2MeNs8=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURqR6LXjxWsB/QhLDZTtqlu0nY3QglFLz4V7x4UMSrf8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kNiQLOYmhppjl0UwlEhBw64ehm6nceQCqWxPd6nIIvyCBmEaNEGymwj0TgpUPmcVBKMYG9SBKau5NcTgK76tScGfAycQtSRQWagf3l9ROaCYg15USpnuuk2s+J1IxymFS8TEFK6IgMoGdoTAQoP5/9MMGnRunjKJGmYo1n6u+JnAilxiI0nYLooVr0puJ/Xi/T0ZWfszjNNMR0vijKONYJngaC+0wC1XxsCKGSmVsxHRKTgjaxVUwI7uLLy6R9XnPrtfrdRbVxXcRRRsfoBJ0hF12iBrpFTdRCFD2iZ/SK3qwn68V6tz7mrSWrmDlEf2B9/gCdlJgq</latexit>

m� . 1

r
avoid signal dilution!

Transient Signal from BH Formation

New Mechanism
<latexit sha1_base64="PHw6go5tv+QUu3Q+m83H6bKAchI=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolKdVl0I7ipYB/Q1DKZTtqhM0mYuRFLiDs3/oobF4q49RPc+TdOHwttPXDhcM693HuPHwuuwXG+rbn5hcWl5dxKfnVtfWPT3tqu6ShRlFVpJCLV8IlmgoesChwEa8SKEekLVvf7F0O/fseU5lF4A4OYtSTphjzglICR2vaeB+weUjHIPM0ldp3b1D3OHsbqlczadsEpOiPgWeJOSAFNUGnbX14noolkIVBBtG66TgytlCjgVLAs7yWaxYT2SZc1DQ2JZLqVjh7J8IFROjiIlKkQ8Ej9PZESqfVA+qZTEujpaW8o/uc1EwjOWikP4wRYSMeLgkRgiPAwFdzhilEQA0MIVdzcimmPKELBZJc3IbjTL8+S2lHRLRVL1yeF8vkkjhzaRfvoELnoFJXRJaqgKqLoET2jV/RmPVkv1rv1MW6dsyYzO+gPrM8fMKWaGQ==</latexit>

ly → 1013 Km

A. de Giorgi, J. Jaeckel [2408.10296]



Sources

11

Accretion Merger

A. de Giorgi, J. Jaeckel [2408.10296]



Red-giant, SN candidateMost famous supernova Closest Neutron Star

Sources

11

Accretion Merger

<latexit sha1_base64="yRAu38t+17EA8dlr4m31YLYuJRE=">AAACDXicbVC7SgNBFJ31GeMramkzGAWrsBs0ahe0EWyimAckMcxOZpMhs7PLzF1JWNYPsPFXbCwUsbW382+cPApNPHDhcM693HuPGwquwba/rbn5hcWl5dRKenVtfWMzs7Vd0UGkKCvTQASq5hLNBJesDBwEq4WKEd8VrOr2LoZ+9Z4pzQN5C4OQNX3SkdzjlICRWpn9m5a+awDrQ6wjmTRIGKqgj/O5s+OHsXzlJ61M1s7ZI+BZ4kxIFk1QamW+Gu2ARj6TQAXRuu7YITRjooBTwZJ0I9IsJLRHOqxuqCQ+08149E2CD4zSxl6gTEnAI/X3REx8rQe+azp9Al097Q3F/7x6BN5pM+YyjIBJOl7kRQJDgIfR4DZXjIIYGEKo4uZWTLtEEQomwLQJwZl+eZZU8jmnkCtcH2WL55M4UmgX7aFD5KATVESXqITKiKJH9Ixe0Zv1ZL1Y79bHuHXOmszsoD+wPn8AKLecQg==</latexit>

Rsun
s → 2.95 Km

<latexit sha1_base64="WxJ+ZUZvQsxNfceKyTibCljU3Ec=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR6DHvQiRDEPSJYwO+lNhsw+MjMbCCHf4cWDIl79GG/+jZNkD5pY0FBUddPd5cWCK23b31ZmbX1jcyu7ndvZ3ds/yB8e1VWUSIY1FolINj2qUPAQa5prgc1YIg08gQ1vcDPzGyOUikfhkx7H6Aa0F3KfM6qN5D52VBuHCR+R0u19J1+wi/YcZJU4KSlAimon/9XuRiwJMNRMUKVajh1rd0Kl5kzgNNdOFMaUDWgPW4aGNEDlTuZHT8mZUbrEj6SpUJO5+ntiQgOlxoFnOgOq+2rZm4n/ea1E+1fuhIdxojFki0V+IoiOyCwB0uUSmRZjQyiT3NxKWJ9KyrTJKWdCcJZfXiX1UtEpF8sPF4XKdRpHFk7gFM7BgUuowB1UoQYMhvAMr/BmjawX6936WLRmrHTmGP7A+vwB92uRlw==</latexit>

Rs → 2GM
A. de Giorgi, J. Jaeckel [2408.10296]



Red-giant, SN candidateMost famous supernova Closest Neutron Star

Sources

11

Accretion Merger

Very different 
frequencies

<latexit sha1_base64="yRAu38t+17EA8dlr4m31YLYuJRE=">AAACDXicbVC7SgNBFJ31GeMramkzGAWrsBs0ahe0EWyimAckMcxOZpMhs7PLzF1JWNYPsPFXbCwUsbW382+cPApNPHDhcM693HuPGwquwba/rbn5hcWl5dRKenVtfWMzs7Vd0UGkKCvTQASq5hLNBJesDBwEq4WKEd8VrOr2LoZ+9Z4pzQN5C4OQNX3SkdzjlICRWpn9m5a+awDrQ6wjmTRIGKqgj/O5s+OHsXzlJ61M1s7ZI+BZ4kxIFk1QamW+Gu2ARj6TQAXRuu7YITRjooBTwZJ0I9IsJLRHOqxuqCQ+08149E2CD4zSxl6gTEnAI/X3REx8rQe+azp9Al097Q3F/7x6BN5pM+YyjIBJOl7kRQJDgIfR4DZXjIIYGEKo4uZWTLtEEQomwLQJwZl+eZZU8jmnkCtcH2WL55M4UmgX7aFD5KATVESXqITKiKJH9Ixe0Zv1ZL1Y79bHuHXOmszsoD+wPn8AKLecQg==</latexit>

Rsun
s → 2.95 Km

<latexit sha1_base64="WxJ+ZUZvQsxNfceKyTibCljU3Ec=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR6DHvQiRDEPSJYwO+lNhsw+MjMbCCHf4cWDIl79GG/+jZNkD5pY0FBUddPd5cWCK23b31ZmbX1jcyu7ndvZ3ds/yB8e1VWUSIY1FolINj2qUPAQa5prgc1YIg08gQ1vcDPzGyOUikfhkx7H6Aa0F3KfM6qN5D52VBuHCR+R0u19J1+wi/YcZJU4KSlAimon/9XuRiwJMNRMUKVajh1rd0Kl5kzgNNdOFMaUDWgPW4aGNEDlTuZHT8mZUbrEj6SpUJO5+ntiQgOlxoFnOgOq+2rZm4n/ea1E+1fuhIdxojFki0V+IoiOyCwB0uUSmRZjQyiT3NxKWJ9KyrTJKWdCcJZfXiX1UtEpF8sPF4XKdRpHFk7gFM7BgUuowB1UoQYMhvAMr/BmjawX6936WLRmrHTmGP7A+vwB92uRlw==</latexit>

Rs → 2GM
A. de Giorgi, J. Jaeckel [2408.10296]



12

Where to start?

A. de Giorgi, J. Jaeckel [2408.10296]



12

Where to start?

problem

first time you think 
about it

A. de Giorgi, J. Jaeckel [2408.10296]



12

Where to start?

problem

first time you think 
about it

“spherical cow”
A. de Giorgi, J. Jaeckel [2408.10296]



12

Where to start?

Ultra-simplified approach: 

1. BH formation is instantaneous 

2. Neglect BH remnant effects

“spherical cow”
A. de Giorgi, J. Jaeckel [2408.10296]



13

Couplings

Haloscope: DMRadio-m3

We considered some case studies: 

Interferometer: LISA Pathfinder

Optical Magnetometry: GNOME

Torsion Pendulum

[2305.01785]

[2204.13781]

[2310.06017, 2109.08822]

A. de Giorgi, J. Jaeckel [2408.10296]



13

Couplings

Haloscope: DMRadio-m3

We considered some case studies: 

Optical Magnetometry: GNOME

Peaked 

Torsion Pendulum
Interferometer: LISA Pathfinder

[2305.01785]

[2204.13781]

[2310.06017, 2109.08822]

Credit: ESA
A. de Giorgi, J. Jaeckel [2408.10296]
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Signal VS Noise

Yukawa-like Compact Source

Background

Neutron star

Supernova

Red giant

Interferometer: LISA Pathfinder 

A. de Giorgi, J. Jaeckel [2408.10296]



14

Signal VS Noise

Yukawa-like Compact Source

Background

Neutron star

Supernova

Red giant

Peaked spectra

Interferometer: LISA Pathfinder 

A. de Giorgi, J. Jaeckel [2408.10296]



Sensitivities comparable to current bounds

15(similarly for photons)

Scalar Pseudo-scalar

A. de Giorgi, J. Jaeckel [2408.10296]



?

16

A. de Giorgi, J. Jaeckel [2408.10296]



Summary and future directions

New mechanism: BSM transients from BH formation  

Frequency  ~ size of the source - Neutron Star: kHz range−1

17

Searches for periodic and transient signals are complementary

 need to characterise most-likely frequency ranges⇒

The BH remnant will affect the signal!



Summary and future directions

New mechanism: BSM transients from BH formation  

Frequency  ~ size of the source - Neutron Star: kHz range−1

17

Searches for periodic and transient signals are complementary

 need to characterise most-likely frequency ranges⇒

Work in progress (25XX.YYYYY)  

with J. Jaeckel (U. Heidelberg) and Y. Garcia del Castillo (New South Wales U.)  

The BH remnant will affect the signal!



Thanks

2408.10296 (EPJC)

Arturo de Giorgi               22nd July 2025

25XX.YYYYY



Initial Field Configuration

2) What if the field had some tiny self-interactions? “Compact Source”

1) Yukawa-type source

Example:

[fixed energy E] 19



Mass-Dilution Effect

20

If massive, different Fourier modes propagate at a different speed  dilution⇒



Mass-Dilution Effect

20

<latexit sha1_base64="6btBnx0U5mcHv9pKKvJ6dskHIs4=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAgWEnZFomVQC8so5gHZEGYnN8mQ2Qczd4NhSW3jr9hYKGLrF9j5N04ehSYeGDiccy537vFjKTQ6zre1sLi0vLKaWcuub2xubds7uxUdJYpDmUcyUjWfaZAihDIKlFCLFbDAl1D1e1cjv9oHpUUU3uMghkbAOqFoC87QSE37wLsGiYz2mx7CA6YmM/ROqPIkaK1FQO+ads7JO2PQeeJOSY5MUWraX14r4kkAIXLJtK67ToyNlCkUXMIw6yUaYsZ7rAN1Q0MWgG6k41OG9MgoLdqOlHkh0rH6eyJlgdaDwDfJgGFXz3oj8T+vnmD7opGKME4QQj5Z1E4kxYiOeqEtoYCjHBjCuBLmr5R3mWIcTXtZU4I7e/I8qZzm3UK+cHuWK15O68iQfXJIjolLzkmR3JASKRNOHskzeSVv1pP1Yr1bH5PogjWd2SN/YH3+ADKimpk=</latexit>

�vtyp r . R
<latexit sha1_base64="OUYcINW7im9BusdmHmUAOufoeI4=">AAACLnicbVDLSgMxFM3Ud31VXboJFsFVmRFRl+IDXFaxrdApQya904YmM0NyRyxDv8iNv6ILQUXc+hmmj0V9HAgczjmXm3vCVAqDrvvqFGZm5+YXFpeKyyura+uljc26STLNocYTmejbkBmQIoYaCpRwm2pgKpTQCHtnQ79xB9qIJL7BfgotxTqxiARnaKWgdOGfg0RG7wIf4R5zmxn4RijqR5rxXAV+2hWD3E8UdNhUZhwa2/Q6KJXdijsC/Uu8CSmTCapB6dlvJzxTECOXzJim56bYyplGwSUMin5mIGW8xzrQtDRmCkwrH507oLtWadMo0fbFSEfq9ETOlDF9FdqkYtg1v72h+J/XzDA6buUiTjOEmI8XRZmkmNBhd7QtNHCUfUsY18L+lfIusz2hbbhoS/B+n/yX1Pcr3mHl8OqgfHI6qWORbJMdskc8ckROyCWpkhrh5IE8kTfy7jw6L86H8zmOFpzJzBb5AefrGyIMqwk=</latexit>

�vtyp ⇠ m�

!typ
⇠ m�R

<latexit sha1_base64="Gt2/FyqD0SFcByQbw/5As2MeNs8=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURqR6LXjxWsB/QhLDZTtqlu0nY3QglFLz4V7x4UMSrf8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kNiQLOYmhppjl0UwlEhBw64ehm6nceQCqWxPd6nIIvyCBmEaNEGymwj0TgpUPmcVBKMYG9SBKau5NcTgK76tScGfAycQtSRQWagf3l9ROaCYg15USpnuuk2s+J1IxymFS8TEFK6IgMoGdoTAQoP5/9MMGnRunjKJGmYo1n6u+JnAilxiI0nYLooVr0puJ/Xi/T0ZWfszjNNMR0vijKONYJngaC+0wC1XxsCKGSmVsxHRKTgjaxVUwI7uLLy6R9XnPrtfrdRbVxXcRRRsfoBJ0hF12iBrpFTdRCFD2iZ/SK3qwn68V6tz7mrSWrmDlEf2B9/gCdlJgq</latexit>

m� . 1

r

<latexit sha1_base64="r8hSxCroPXhhCTLWOsJv74vw9/g=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99iI2VAlPTb9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqrX7y0r9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8akJCg</latexit>M
<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>)

typical velocity

If massive, different Fourier modes propagate at a different speed  dilution⇒



Mass-Dilution Effect

20

<latexit sha1_base64="6btBnx0U5mcHv9pKKvJ6dskHIs4=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAgWEnZFomVQC8so5gHZEGYnN8mQ2Qczd4NhSW3jr9hYKGLrF9j5N04ehSYeGDiccy537vFjKTQ6zre1sLi0vLKaWcuub2xubds7uxUdJYpDmUcyUjWfaZAihDIKlFCLFbDAl1D1e1cjv9oHpUUU3uMghkbAOqFoC87QSE37wLsGiYz2mx7CA6YmM/ROqPIkaK1FQO+ads7JO2PQeeJOSY5MUWraX14r4kkAIXLJtK67ToyNlCkUXMIw6yUaYsZ7rAN1Q0MWgG6k41OG9MgoLdqOlHkh0rH6eyJlgdaDwDfJgGFXz3oj8T+vnmD7opGKME4QQj5Z1E4kxYiOeqEtoYCjHBjCuBLmr5R3mWIcTXtZU4I7e/I8qZzm3UK+cHuWK15O68iQfXJIjolLzkmR3JASKRNOHskzeSVv1pP1Yr1bH5PogjWd2SN/YH3+ADKimpk=</latexit>

�vtyp r . R
<latexit sha1_base64="OUYcINW7im9BusdmHmUAOufoeI4=">AAACLnicbVDLSgMxFM3Ud31VXboJFsFVmRFRl+IDXFaxrdApQya904YmM0NyRyxDv8iNv6ILQUXc+hmmj0V9HAgczjmXm3vCVAqDrvvqFGZm5+YXFpeKyyura+uljc26STLNocYTmejbkBmQIoYaCpRwm2pgKpTQCHtnQ79xB9qIJL7BfgotxTqxiARnaKWgdOGfg0RG7wIf4R5zmxn4RijqR5rxXAV+2hWD3E8UdNhUZhwa2/Q6KJXdijsC/Uu8CSmTCapB6dlvJzxTECOXzJim56bYyplGwSUMin5mIGW8xzrQtDRmCkwrH507oLtWadMo0fbFSEfq9ETOlDF9FdqkYtg1v72h+J/XzDA6buUiTjOEmI8XRZmkmNBhd7QtNHCUfUsY18L+lfIusz2hbbhoS/B+n/yX1Pcr3mHl8OqgfHI6qWORbJMdskc8ckROyCWpkhrh5IE8kTfy7jw6L86H8zmOFpzJzBb5AefrGyIMqwk=</latexit>

�vtyp ⇠ m�

!typ
⇠ m�R

<latexit sha1_base64="Gt2/FyqD0SFcByQbw/5As2MeNs8=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURqR6LXjxWsB/QhLDZTtqlu0nY3QglFLz4V7x4UMSrf8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kNiQLOYmhppjl0UwlEhBw64ehm6nceQCqWxPd6nIIvyCBmEaNEGymwj0TgpUPmcVBKMYG9SBKau5NcTgK76tScGfAycQtSRQWagf3l9ROaCYg15USpnuuk2s+J1IxymFS8TEFK6IgMoGdoTAQoP5/9MMGnRunjKJGmYo1n6u+JnAilxiI0nYLooVr0puJ/Xi/T0ZWfszjNNMR0vijKONYJngaC+0wC1XxsCKGSmVsxHRKTgjaxVUwI7uLLy6R9XnPrtfrdRbVxXcRRRsfoBJ0hF12iBrpFTdRCFD2iZ/SK3qwn68V6tz7mrSWrmDlEf2B9/gCdlJgq</latexit>

m� . 1

r

<latexit sha1_base64="r8hSxCroPXhhCTLWOsJv74vw9/g=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99iI2VAlPTb9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqrX7y0r9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8akJCg</latexit>M
<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>)

typical velocity

If massive, different Fourier modes propagate at a different speed  dilution⇒

<latexit sha1_base64="51G7y9HvhhBGKZ8UdV2+2HxwDUg=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARWtCSSKluhKIblxXsBZoYJtNJO3QyCTMToYQ+gxtfxY0LRdy6cufbOGmz0OqBgY//P4cz5/djRqWyrC+jsLS8srpWXC9tbG5t75i7ex0ZJQKTNo5YJHo+koRRTtqKKkZ6sSAo9Bnp+uOrzO/eEyFpxG/VJCZuiIacBhQjpSXPrDrxiFbEsVV14AV0AoFwSu7Sk9DLDCim07TuxBl4ZtmqWbOCf8HOoQzyannmpzOIcBISrjBDUvZtK1ZuioSimJFpyUkkiREeoyHpa+QoJNJNZydN4ZFWBjCIhH5cwZn6cyJFoZST0NedIVIjuehl4n9eP1HBuZtSHieKcDxfFCQMqghm+cABFQQrNtGAsKD6rxCPkI5F6RRLOgR78eS/0Dmt2Y1a46Zebl7mcRTBATgEFWCDM9AE16AF2gCDB/AEXsCr8Wg8G2/G+7y1YOQz++BXGR/fTJacqw==</latexit>

�(r, 0) =
e�m�r

4⇡r
[natural units]

<latexit sha1_base64="LXtjynSh7PHQ0klukbKHe7grQoI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC+BoBePEcwDkyXMTnqTIbOzy8ysEEL+wosHRbz6N978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWemTV7jCgilS9XrHklt05yCrxMlKCDPVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/OLp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzN4nfa6QGTG2hDLF7a2EDamizNiQCjYEb/nlVdK8KHuVcuX+slS7yeLIwwmcwjl4cAU1uIM6NICBhGd4hTdHOy/Ou/OxaM052cwx/IHz+QNXRZAQ</latexit>

c = ~ = 1

[dashed]
<latexit sha1_base64="HAMaZ46LcMGvi6ycGteU0lbLr/Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdI9Xbr9ccavuHOQv8XJSgRyNfvmzN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkxCoDEsbalkIyV39OZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLf0nrrOrVqrW780r9Oo+jCEdwDKfgwQXU4RYa0AQGQ3iCF3h1pPPsvDnvi9aCk88cwi84H9/T7Y2E</latexit>

t = 0
<latexit sha1_base64="h+uPqKvSPnC2PMIM8HM4HxBBLTc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVaXsRil48VrAf0C4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7rdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML1b+N0nqjSL5KOZxdQXeCxZyAg2mXTTcIflilt1M6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ9mt87RhVVGKIyULWlQpv6eSLHQeiYC2ymwmehVbyH+5/UTEzb8lMk4MVSS5aIw4chEaPE4GjFFieEzSzBRzN6KyAQrTIyNp2RD8FZfXiedq6pXq9YerivN2zyOIpzBOVyCB3Vowj20oA0EJvAMr/DmCOfFeXc+lq0FJ585hT9wPn8ATq2Nxg==</latexit>

t = 80 [solid]
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[natural units]
<latexit sha1_base64="LXtjynSh7PHQ0klukbKHe7grQoI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC+BoBePEcwDkyXMTnqTIbOzy8ysEEL+wosHRbz6N978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWemTV7jCgilS9XrHklt05yCrxMlKCDPVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/OLp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzN4nfa6QGTG2hDLF7a2EDamizNiQCjYEb/nlVdK8KHuVcuX+slS7yeLIwwmcwjl4cAU1uIM6NICBhGd4hTdHOy/Ou/OxaM052cwx/IHz+QNXRZAQ</latexit>

c = ~ = 1

[dashed]
<latexit sha1_base64="HAMaZ46LcMGvi6ycGteU0lbLr/Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdI9Xbr9ccavuHOQv8XJSgRyNfvmzN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkxCoDEsbalkIyV39OZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLf0nrrOrVqrW780r9Oo+jCEdwDKfgwQXU4RYa0AQGQ3iCF3h1pPPsvDnvi9aCk88cwi84H9/T7Y2E</latexit>

t = 0
<latexit sha1_base64="h+uPqKvSPnC2PMIM8HM4HxBBLTc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVaXsRil48VrAf0C4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7rdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML1b+N0nqjSL5KOZxdQXeCxZyAg2mXTTcIflilt1M6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ9mt87RhVVGKIyULWlQpv6eSLHQeiYC2ymwmehVbyH+5/UTEzb8lMk4MVSS5aIw4chEaPE4GjFFieEzSzBRzN6KyAQrTIyNp2RD8FZfXiedq6pXq9YerivN2zyOIpzBOVyCB3Vowj20oA0EJvAMr/DmCOfFeXc+lq0FJ585hT9wPn8ATq2Nxg==</latexit>

t = 80 [solid]
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Crude estimate:
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Crude estimate:

<latexit sha1_base64="BRKcu7IbOtTkKl9rUPDQbcAvdf4=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUqR6LXjxWsB/QhLLZbtqlm03Y3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+7jaVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvZ37vUcqFYvFg54l1I/wWLCQEayNNLSrnmYRVcgLJSaZm2eNfGjXnLqzAFonbkFqUKA9tL+8UUzSiApNOFZq4DqJ9jMsNSOc5hUvVTTBZIrHdGCowGahny1uz9G5UUYojKUpodFC/T2R4UipWRSYzgjriVr15uJ/3iDV4bWfMZGkmgqyXBSmHOkYzYNAIyYp0XxmCCaSmVsRmWCTgjZxVUwI7urL66TbqLvNevP+sta6KeIowymcwQW4cAUtuIM2dIDAEzzDK7xZufVivVsfy9aSVcycwB9Ynz/U95RT</latexit>

→1

2



How much energy is left?

almost no impact for Neutron Stars - huge impact on larger objects
22

Crude estimate:

<latexit sha1_base64="BRKcu7IbOtTkKl9rUPDQbcAvdf4=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUqR6LXjxWsB/QhLLZbtqlm03Y3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+7jaVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvZ37vUcqFYvFg54l1I/wWLCQEayNNLSrnmYRVcgLJSaZm2eNfGjXnLqzAFonbkFqUKA9tL+8UUzSiApNOFZq4DqJ9jMsNSOc5hUvVTTBZIrHdGCowGahny1uz9G5UUYojKUpodFC/T2R4UipWRSYzgjriVr15uJ/3iDV4bWfMZGkmgqyXBSmHOkYzYNAIyYp0XxmCCaSmVsRmWCTgjZxVUwI7urL66TbqLvNevP+sta6KeIowymcwQW4cAUtuIM2dIDAEzzDK7xZufVivVsfy9aSVcycwB9Ynz/U95RT</latexit>

→1

2


