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• Light scalars are very common in BSM theories: 

• (QCD) axions 
• ULDM 
• … 

• Consider generic scalar coupling to electrons 

• linear couplings are tightly constrained  impose       symmetry 

• scattering, production are strongly suppressed:  

⟹

Motivation and setup
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White Dwarfs

3

By NASA, ESA, H. Bond (STScI), and M. Barstow (University of 
Leicester) - http://www.spacetelescope.org/images/heic0516a/

Willhelm Bessel, 1841: 

Sirius has a companion
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White Dwarfs
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By NASA, ESA, H. Bond (STScI), and M. Barstow (University of 
Leicester) - http://www.spacetelescope.org/images/heic0516a/

Willhelm Bessel, 1841: 

Sirius has a companion
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Scalar sourcing
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<latexit sha1_base64="lBYoda1hmxFriGF84jkJXT5zBmc="></latexit>

L → ↑1

2
m2

ωω
2 ↑ d(2)me

2M2
pl

ω2mene

<latexit sha1_base64="vdgRlTGaruyKJu/qUip/oTgPBnQ="></latexit>

L → ↑1

2
m2

ωω
2 ↑ d(2)me

2M2
pl

ω2meε̄eεe

<latexit sha1_base64="XU/ANsw5eaJuLSwYg8Of10YQLME=">AAACC3icbVDLSgMxFM3UV62vUZdugkVwVWaKVBciBTcuK9gHdMqQSW/b0EwmJBmxDN278VfcuFDErT/gzr8xfSy09cDlHs65l+SeSHKmjed9O7mV1bX1jfxmYWt7Z3fP3T9o6CRVFOo04YlqRUQDZwLqhhkOLamAxBGHZjS8nvjNe1CaJeLOjCR0YtIXrMcoMVYK3ePLLIiIygKp2TiESQthfIUDIqVKHrAIIXSLXsmbAi8Tf06KaI5a6H4F3YSmMQhDOdG67XvSdDKiDKMcxoUg1SAJHZI+tC0VJAbdyaa3jPGJVbq4lyhbwuCp+nsjI7HWoziykzExA73oTcT/vHZqehedjAmZGhB09lAv5dgkeBIM7jIF1PCRJYQqZv+K6YAoQo2Nr2BD8BdPXiaNcsmvlCq3Z8VqeR5HHh2hY3SKfHSOqugG1VAdUfSIntErenOenBfn3fmYjeac+c4h+gPn8wdbK5s1</latexit>

< ω̄eωe >→ ne

<latexit sha1_base64="eta/9kXMw9T8sTPWw6gQHDCOUy4="></latexit>

(
me!

ω

)2
= m2

ω → (→d(2)me)

M2
pl

mene
0

[Hook, Huang, 1708.08464] 
[Balkin, Serra, Springmann, Stelzl, Weiler, 2211.02661 & 2307.14418] 
[KB, Springmann, Stelzl, Weiler: 2508.xxxxx]
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Scalar sourcing
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<latexit sha1_base64="lBYoda1hmxFriGF84jkJXT5zBmc="></latexit>
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< ω̄eωe >→ ne

<latexit sha1_base64="eta/9kXMw9T8sTPWw6gQHDCOUy4="></latexit>

(
me!

ω

)2
= m2

ω → (→d(2)me)

M2
pl

mene
0

mass can become tachyonic

[Hook, Huang, 1708.08464] 
[Balkin, Serra, Springmann, Stelzl, Weiler, 2211.02661 & 2307.14418] 
[KB, Springmann, Stelzl, Weiler: 2508.xxxxx]

<latexit sha1_base64="wl6C18MsKm/lpBdyyOmVeV45zR8="></latexit>
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↑
2Mpl

↓d(2)me

<latexit sha1_base64="i9Oy4L405VEAyJRXmnfjtV5kdUw="></latexit>
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<latexit sha1_base64="euedMoKA00ytCRbfHZP85TVKqMk="></latexit>

cω =
2M2

pl

d(2)mef
2
ε
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<latexit sha1_base64="eMQGoMNTxoN4cu3gq1vSrjOFB80="></latexit>
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ωM
2
pl

d(2)mem4
e

with

[KB, Springmann, Stelzl, Weiler: 2508.xxxxx]
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Parameter Space
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15

20 [KB, Springmann, Stelzl, 
Weiler: 2508.xxxxx] 
QCD axions: [Balkin, 
Serra, Springmann, Stelzl, 
Weiler, 2211.02661] 

[KB, Koester, Kudritzki, 
Springmann, Stelzl, 
Weiler: 2508.xxxxx]

Need to consider neutron 
stars (coupling to 
nucleons):  
[Gómez-Bañón, KB, 
Springmann, Pons, 
2408.07740] 
see also [Kumamoto, 
Huang, Drischler, 
Baryakhtar, Reddy, 
2410.21590]

Thank you!
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Backup
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Phase structure best understood by looking at energy per particle 

Scalar Induced Phase Transition
<latexit sha1_base64="ZSgjYolxh65CBICaT4q5tSGropY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEpHosePFYwdZCE8pmO2mXbnbD7qZQQsG/4sWDIl79Hd78N27bHLT1wcDjvRlm5kUpZ9p43rdTWlvf2Nwqb1d2dvf2D9zDo7aWmaLQopJL1YmIBs4EtAwzHDqpApJEHB6j0e3MfxyD0kyKBzNJIUzIQLCYUWKs1HNPglgRmgdjoiDVjEsxzcW051a9mjcHXiV+QaqoQLPnfgV9SbMEhKGcaN31vdSEOVGGUQ7TSpBpSAkdkQF0LRUkAR3m8/On+NwqfRxLZUsYPFd/T+Qk0XqSRLYzIWaol72Z+J/XzUx8E+ZMpJkBQReL4oxjI/EsC9xnCqjhE0sIVczeiumQ2DyMTaxiQ/CXX14l7cuaX6/V76+qDa+Io4xO0Rm6QD66Rg10h5qohSjK0TN6RW/Ok/PivDsfi9aSU8wcoz9wPn8AdUKWaw==</latexit> "

n

SM

NGS

FOPT

New Ground State (NGS): 

lowest      at      

 ground state of matter 

            : metastable 

⟹
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<latexit sha1_base64="ZSgjYolxh65CBICaT4q5tSGropY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEpHosePFYwdZCE8pmO2mXbnbD7qZQQsG/4sWDIl79Hd78N27bHLT1wcDjvRlm5kUpZ9p43rdTWlvf2Nwqb1d2dvf2D9zDo7aWmaLQopJL1YmIBs4EtAwzHDqpApJEHB6j0e3MfxyD0kyKBzNJIUzIQLCYUWKs1HNPglgRmgdjoiDVjEsxzcW051a9mjcHXiV+QaqoQLPnfgV9SbMEhKGcaN31vdSEOVGGUQ7TSpBpSAkdkQF0LRUkAR3m8/On+NwqfRxLZUsYPFd/T+Qk0XqSRLYzIWaol72Z+J/XzUx8E+ZMpJkBQReL4oxjI/EsC9xnCqjhE0sIVczeiumQ2DyMTaxiQ/CXX14l7cuaX6/V76+qDa+Io4xO0Rm6QD66Rg10h5qohSjK0TN6RW/Ok/PivDsfi9aSU8wcoz9wPn8AdUKWaw==</latexit> "

n
<latexit sha1_base64="6qpVMBVp/kd/KQoJETtZNIxGDUY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREpHosePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD7J/0S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhDd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfVq1dr9VaXu5nEU4QRO4Rw8uIY63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfv8Y2I</latexit>n⇤

<latexit sha1_base64="EN/OE0GVE7uoCdVvz/rsc3gZqNI=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEguLgI1lBPMByRH2NnvJkr29Y3dOCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN/c4T10bE6hGnCfcjOlIiFIyilTqK3BI1YINyxa26C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qurVqrWH60rDzeMowhmcwyV4UIcG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w9BWo7T</latexit>

n < nc

<latexit sha1_base64="AB0J5Ia2ixyipHz8xEWAXQDvnJ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ7YoFxxq+4CZJ14OalAjuag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHqjFxYZUjCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3vgZl0lqULLlojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsiF4qy+vk/ZV1atVa/fXlYabx1GEMziHS/CgDg24gya0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD0ZkjcE=</latexit>nc

<latexit sha1_base64="6qpVMBVp/kd/KQoJETtZNIxGDUY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREpHosePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD7J/0S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhDd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfVq1dr9VaXu5nEU4QRO4Rw8uIY63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfv8Y2I</latexit>n⇤

[Balkin, Serra, Springmann, Stelzl, Weiler, 2211.02661] 
[Balkin, Serra, Springmann, Stelzl, Weiler, 2307.14418]


