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Variance in energy ~ N
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Length ~ N
Variance in energy ~ N Very large rotating dipole: 
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Variance in energy ~ N Very large rotating dipole: 
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Length ~ N
Variance in energy ~ N Very large rotating dipole: 
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Op = ωω

<latexit sha1_base64="Mmq81l4Z1qiLS48+SUBW4+4wrjA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUBLxtREKbnRlBfuAJpTJZNIOnWTCzKRQQj7Cjb/ixoUibl2482+cpFlo64VhDufcyz33eDGjUlnWt7GwuLS8slpZq65vbG5tmzu7bckTgUkLc8ZF10OSMBqRlqKKkW4sCAo9Rjre6DrXO2MiJOXRg5rExA3RIKIBxUhpqm8eOx5nvpyE+kudEKkhRiy9y7J+DK+gM0QqLTrSsabMmlW3ioLzwC5BDZTV7Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nVSSSJER6hAelpGKGQSDctjsrgoWZ8GHChX6Rgwf6eSFEoc9+6M7ctZ7Wc/E/rJSq4dFMaxYkiEZ4uChIGFYd5QtCngmDFJhogLKj2CvEQCYSVzrGqQ7BnT54H7ZO6fV4/uz+tNW7LOCpgHxyAI2CDC9AAN6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShn9sCfMj5/AG+mn7o=</latexit>

Op = v̂

Millicharge:
<latexit sha1_base64="IG86ldjYs+jT9P7ipuO+eazmAE0=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVZLia1lwoxupYB/QxDCZTtqhM0k6MymUkB9w46+4caGIW/fu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NgpLyyura8X10sbm1vaOubvXlFEiMGngiEWi7SNJGA1JQ1HFSDsWBHGfkZY/uJr4rRERkkbhvRrHxOWoF9KAYqS05JlHTc+CjqScDKETCITToefgPnV44t3CUZaKh2rmmWWrYk0BF4mdkzLIUffML6cb4YSTUGGGpOzYVqzcFAlFMSNZyUkkiREeoB7paBoiTqSbTr/J4LFWujCIhK5Qwan6eyJFXMox93UnR6ov572J+J/XSVRw6aY0jBNFQjxbFCQMqghOooFdKghWbKwJwoLqWyHuI52J0gGWdAj2/MuLpFmt2OeVs7vTcu0mj6MIDsAhOAE2uAA1cA3qoAEweATP4BW8GU/Gi/FufMxaC0Y+sw/+wPj8AfqQm48=</latexit>

V0 → qωµNv

r2
<latexit sha1_base64="4zgtSi7Q4F61YnucT6cJy8IrncA=">AAACFnicbVDLSgMxFM34rPU16tJNsAhuLDPiayMU3OjKCvYBnaFk0kwbmkmGJFMow3yFG3/FjQtF3Io7/8ZMOwttvRByOOde7rkniBlV2nG+rYXFpeWV1dJaeX1jc2vb3tltKpFITBpYMCHbAVKEUU4ammpG2rEkKAoYaQXD61xvjYhUVPAHPY6JH6E+pyHFSBuqax97gWA9NY7Ml3oR0gOMWHqXZd0YXkFvgPSUDcJ0ZEi74lSdScF54BagAoqqd+0vrydwEhGuMUNKdVwn1n6KpKaYkazsJYrECA9Rn3QM5Cgiyk8nZ2Xw0DA9GAppHtdwwv6eSFGkcuemM7eoZrWc/E/rJDq89FPK40QTjqeLwoRBLWCeEexRSbBmYwMQltR4hXiAJMLaJFk2IbizJ8+D5knVPa+e3Z9WardFHCWwDw7AEXDBBaiBG1AHDYDBI3gGr+DNerJerHfrY9q6YBUze+BPWZ8/Gcegnw==</latexit>

Op = v̂

Particle scattering from 
<latexit sha1_base64="bbr3aLl+5OGJ5+/pbmO1ojbhY+I=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRLxhauCG91oBZsWmhAmk2k7dJIJMxOhhPyLG3/FjQuluHHhvzhps7DVC8MczrmXe+4JEkalsqwvo7K0vLK6Vl2vbWxube+Yu3uO5KnApI0546IbIEkYjUlbUcVINxEERQEjnWB0XeidJyIk5fGjGifEi9Agpn2KkdKUb145rqQRdHzLDTgL5TjSX+ZGae7fuTjkap5GaogRy+7z3E98s241rGnBv8AuQR2U1fLNiRtynEYkVpghKXu2lSgvQ0JRzEhec1NJEoRHaEB6GsYoItLLpjfm8EgzIexzoV+s4JT9PZGhSBY2dWfhUi5qBfmf1ktV/9LLaJykisR4tqifMqg4LAKDIRUEKzbWAGFBtVeIh0ggrHSsNR2CvXjyX+CcNOzzxtnDab15W8ZRBQfgEBwDG1yAJrgBLdAGGDyDV/AOPowX482YGJ+z1opRzuyDuTK+fwDYSaZT</latexit>

V → V0µN ·Op

Rate:
<latexit sha1_base64="Qs1/ZKYIRZ3maOyR9W4svQRC/vw=">AAACB3icbVDLSgMxFM3UV62vUZeCDBbBVZ0p9bEsuFA3UsE+oDMtmTTThiaZkGSEUrpz46+4caGIW3/BnX9j2o6grQcCh3Pu5eacUFCitOt+WZmFxaXllexqbm19Y3PL3t6pqTiRCFdRTGPZCKHClHBc1URT3BASQxZSXA/7F2O/fo+lIjG/0wOBAwa7nEQEQW2ktr3vX0LGoC9kLHTs1FrFH3rTKh6X2nbeLbgTOPPES0kepKi07U+/E6OEYa4RhUo1PVfoYAilJojiUc5PFBYQ9WEXNw3lkGEVDCc5Rs6hUTpOFEvzuHYm6u+NIWRKDVhoJhnUPTXrjcX/vGaio/NgSLhINOZoeihKqGNijktxOkRipOnAEIgkMX91UA9KiLSpLmdK8GYjz5NaseCdFk5uS/nydVpHFuyBA3AEPHAGyuAKVEAVIPAAnsALeLUerWfrzXqfjmasdGcX/IH18Q2pBpiO</latexit>

! → V 2 → N2/4

[A.Arvanitaki, S. Dimopoulos, MG, arXiv:2408.04021]

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

Superradiant Interactions

<latexit sha1_base64="XwJMWK1SfyraWtK1qU/4VdZok/A="></latexit>

N∏

i=1

1→
2

(
e→i

ω0
2 t |g↑+ ei

ω0
2 t |e↑

)

2



Length ~ N
Variance in energy ~ N Very large rotating dipole: 

<latexit sha1_base64="wWXaTZAkDoySPBVgK1BA9P1ltes=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4KjPF17LQjW5KBfuAzjBk0kwbmkyGJCOUYT7Ijb8iiAuLuPU7TNtZ2NYLIYdzzuXee4KYUaVte2oVNja3tneKu6W9/YPDo/LxSUeJRGLSxoIJ2QuQIoxGpK2pZqQXS4J4wEg3GDdmeveZSEVF9KQnMfE4GkY0pBhpQ/nlhhsINlATbr7U5UnmN11FOXRDiXDazNJatuRQdMhR5mKhXMHJEPk21H65YlftecF14OSgAvJq+eV3dyBwwkmkMUNK9R071l6KpKaYkazkJorECI/RkPQNjBAnykvnx2bwwjADGAppXqThnP3bkSKuZtsaJ0d6pFa1Gfmf1k90eOelNIoTTSK8GBQmDGoBZ8nBAZUEazYxAGFJza4Qj5CJSZt8SyYEZ/XkddCpVZ2b6vXjVaX+kMdRBGfgHFwCB9yCOrgHLdAGGLyAN/AJptar9WF9Wd8La8HKe07BUlk/v1wJqh4=</latexit>

µN → N

2
ω cosω0t

CνB:
<latexit sha1_base64="ofk+IW9PZKhJtDJXnLYnD82AtLA="></latexit>

V0 → gAGF↑
2

ω(3)(xs ↓ xω)
<latexit sha1_base64="MfuwMsRgaXI2nv5z6sPfqMYzDXE=">AAACGHicbVBNS8NAEN34bf2qevSyWARPNRG/joIe9CAo2FpoSthsJ+3S3STuTsQS8jO8+Fe8eFDEqzf/jdvag1YfDDzem2FmXphKYdB1P52Jyanpmdm5+dLC4tLySnl1rW6STHOo8UQmuhEyA1LEUEOBEhqpBqZCCTdh72Tg39yBNiKJr7GfQkuxTiwiwRlaKSjv1APXN0LBLfUjzXh+55tbjbmvu0ngI9xjfnpRFEWuAhYFrAjKFbfqDkH/Em9EKmSEy6D84bcTnimIkUtmTNNzU2zlTKPgEoqSnxlIGe+xDjQtjZkC08qHjxV0yyptGiXaVox0qP6cyJkypq9C26kYds24NxD/85oZRketXMRphhDz70VRJikmdJASbQsNHGXfEsa1sLdS3mU2H7RZlmwI3vjLf0l9t+odVPev9irH56M45sgG2STbxCOH5JickUtSI5w8kCfyQl6dR+fZeXPev1snnNHMOvkF5+MLzAGhjw==</latexit>

V0 →
v
↑
ωDM

mafa
Axion:

<latexit sha1_base64="H2duzq9K8H0zmEBvoe+14bjvMls=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtREKbnRlBfuAJoTJZNIOnUzCzEQoIT/ixl9x40IRF27Ev3HSZmFbLwxzOOde7rnHTxiVyrJ+jMrS8srqWnW9trG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPrgu9+0iEpDF/UOOEuBEacBpSjJSmPPPU8WMWyHGkv8yJkBpixLK7PPcSeAVnREkHEco9h6eeWbca1qTgIrBLUAdltTzzywlinEaEK8yQlH3bSpSbIaEoZiSvOakkCcIjNCB9DTmKiHSzyXU5PNJMAMNY6McVnLB/JzIUycKj7iz8y3mtIP/T+qkKL92M8iRVhOPpojBlUMWwiAoGVBCs2FgDhAXVXiEeIoGw0oHWdAj2/MmLoHPSsM8bZ/en9eZtGUcVHIBDcAxscAGa4Aa0QBtg8ARewBt4N56NV+PD+Jy2VoxyZh/MlPH9C9+Ao64=</latexit>

Op = ωω

<latexit sha1_base64="Mmq81l4Z1qiLS48+SUBW4+4wrjA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUBLxtREKbnRlBfuAJpTJZNIOnWTCzKRQQj7Cjb/ixoUibl2482+cpFlo64VhDufcyz33eDGjUlnWt7GwuLS8slpZq65vbG5tmzu7bckTgUkLc8ZF10OSMBqRlqKKkW4sCAo9Rjre6DrXO2MiJOXRg5rExA3RIKIBxUhpqm8eOx5nvpyE+kudEKkhRiy9y7J+DK+gM0QqLTrSsabMmlW3ioLzwC5BDZTV7Jtfjs9xEpJIYYak7NlWrNwUCUUxI1nVSSSJER6hAelpGKGQSDctjsrgoWZ8GHChX6Rgwf6eSFEoc9+6M7ctZ7Wc/E/rJSq4dFMaxYkiEZ4uChIGFYd5QtCngmDFJhogLKj2CvEQCYSVzrGqQ7BnT54H7ZO6fV4/uz+tNW7LOCpgHxyAI2CDC9AAN6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShn9sCfMj5/AG+mn7o=</latexit>

Op = v̂

Millicharge:
<latexit sha1_base64="IG86ldjYs+jT9P7ipuO+eazmAE0=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVZLia1lwoxupYB/QxDCZTtqhM0k6MymUkB9w46+4caGIW/fu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NgpLyyura8X10sbm1vaOubvXlFEiMGngiEWi7SNJGA1JQ1HFSDsWBHGfkZY/uJr4rRERkkbhvRrHxOWoF9KAYqS05JlHTc+CjqScDKETCITToefgPnV44t3CUZaKh2rmmWWrYk0BF4mdkzLIUffML6cb4YSTUGGGpOzYVqzcFAlFMSNZyUkkiREeoB7paBoiTqSbTr/J4LFWujCIhK5Qwan6eyJFXMox93UnR6ov572J+J/XSVRw6aY0jBNFQjxbFCQMqghOooFdKghWbKwJwoLqWyHuI52J0gGWdAj2/MuLpFmt2OeVs7vTcu0mj6MIDsAhOAE2uAA1cA3qoAEweATP4BW8GU/Gi/FufMxaC0Y+sw/+wPj8AfqQm48=</latexit>

V0 → qωµNv

r2
<latexit sha1_base64="4zgtSi7Q4F61YnucT6cJy8IrncA=">AAACFnicbVDLSgMxFM34rPU16tJNsAhuLDPiayMU3OjKCvYBnaFk0kwbmkmGJFMow3yFG3/FjQtF3Io7/8ZMOwttvRByOOde7rkniBlV2nG+rYXFpeWV1dJaeX1jc2vb3tltKpFITBpYMCHbAVKEUU4ammpG2rEkKAoYaQXD61xvjYhUVPAHPY6JH6E+pyHFSBuqax97gWA9NY7Ml3oR0gOMWHqXZd0YXkFvgPSUDcJ0ZEi74lSdScF54BagAoqqd+0vrydwEhGuMUNKdVwn1n6KpKaYkazsJYrECA9Rn3QM5Cgiyk8nZ2Xw0DA9GAppHtdwwv6eSFGkcuemM7eoZrWc/E/rJDq89FPK40QTjqeLwoRBLWCeEexRSbBmYwMQltR4hXiAJMLaJFk2IbizJ8+D5knVPa+e3Z9WardFHCWwDw7AEXDBBaiBG1AHDYDBI3gGr+DNerJerHfrY9q6YBUze+BPWZ8/Gcegnw==</latexit>

Op = v̂

Particle scattering from 
<latexit sha1_base64="bbr3aLl+5OGJ5+/pbmO1ojbhY+I=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRLxhauCG91oBZsWmhAmk2k7dJIJMxOhhPyLG3/FjQuluHHhvzhps7DVC8MczrmXe+4JEkalsqwvo7K0vLK6Vl2vbWxube+Yu3uO5KnApI0546IbIEkYjUlbUcVINxEERQEjnWB0XeidJyIk5fGjGifEi9Agpn2KkdKUb145rqQRdHzLDTgL5TjSX+ZGae7fuTjkap5GaogRy+7z3E98s241rGnBv8AuQR2U1fLNiRtynEYkVpghKXu2lSgvQ0JRzEhec1NJEoRHaEB6GsYoItLLpjfm8EgzIexzoV+s4JT9PZGhSBY2dWfhUi5qBfmf1ktV/9LLaJykisR4tqifMqg4LAKDIRUEKzbWAGFBtVeIh0ggrHSsNR2CvXjyX+CcNOzzxtnDab15W8ZRBQfgEBwDG1yAJrgBLdAGGDyDV/AOPowX482YGJ+z1opRzuyDuTK+fwDYSaZT</latexit>

V → V0µN ·Op

Rate:
<latexit sha1_base64="Qs1/ZKYIRZ3maOyR9W4svQRC/vw=">AAACB3icbVDLSgMxFM3UV62vUZeCDBbBVZ0p9bEsuFA3UsE+oDMtmTTThiaZkGSEUrpz46+4caGIW3/BnX9j2o6grQcCh3Pu5eacUFCitOt+WZmFxaXllexqbm19Y3PL3t6pqTiRCFdRTGPZCKHClHBc1URT3BASQxZSXA/7F2O/fo+lIjG/0wOBAwa7nEQEQW2ktr3vX0LGoC9kLHTs1FrFH3rTKh6X2nbeLbgTOPPES0kepKi07U+/E6OEYa4RhUo1PVfoYAilJojiUc5PFBYQ9WEXNw3lkGEVDCc5Rs6hUTpOFEvzuHYm6u+NIWRKDVhoJhnUPTXrjcX/vGaio/NgSLhINOZoeihKqGNijktxOkRipOnAEIgkMX91UA9KiLSpLmdK8GYjz5NaseCdFk5uS/nydVpHFuyBA3AEPHAGyuAKVEAVIPAAnsALeLUerWfrzXqfjmasdGcX/IH18Q2pBpiO</latexit>

! → V 2 → N2/4

[A.Arvanitaki, S. Dimopoulos, MG, arXiv:2408.04021]

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

Superradiant Interactions

<latexit sha1_base64="XwJMWK1SfyraWtK1qU/4VdZok/A="></latexit>

N∏

i=1

1→
2

(
e→i

ω0
2 t |g↑+ ei

ω0
2 t |e↑

)
<latexit sha1_base64="lGlMMMU/gHacVEIvsImtuuDAmPc=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUnE17LgRndV7AOaUibTm3boTBJmJoUSsnTjr7hxoYhbP8Gdf+O0zUJbD1w4nHMv997jx5wp7TjfVmFpeWV1rbhe2tjc2t6xd/caKkokhTqNeCRbPlHAWQh1zTSHViyBCJ9D0x9eT/zmCKRiUfigxzF0BOmHLGCUaCN17UMvkISmXiSgT7oOvs/SUYY9DkopJrDbtctOxZkCLxI3J2WUo9a1v7xeRBMBoaacKNV2nVh3UiI1oxyykpcoiAkdkj60DQ2JANVJp49k+NgoPRxE0lSo8VT9PZESodRY+KZTED1Q895E/M9rJzq46qQsjBMNIZ0tChKOdYQnqeAek0A1HxtCqGTmVkwHxCSjTXYlE4I7//IiaZxW3IvK+d1ZuXqbx1FEB+gInSAXXaIqukE1VEcUPaJn9IrerCfrxXq3PmatBSuf2Ud/YH3+AEFmmYM=</latexit>

ω0R

v
↭ 1

<latexit sha1_base64="IRDPGsIHIV8kdU4D++TQdy0MULA=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AmDD2dStKke2borhHDkKsXf8WLB0W8+gfe/Bs7y0ETHxQ83quiql6YSGHQdb+d3NLyyupafr2wsbm1vVPc3aubONUcajyWsW6GzIAUEdRQoIRmooGpUEIjHFyN/cY9aCPi6A6HCbQV60WiKzhDKwVF6scKeixwKQY+wgNmqEfUl2CMEYp6NCiW3LI7AV0k3oyUyAzVoPjld2KeKoiQS2ZMy3MTbGdMo+ASRgU/NZAwPmA9aFkaMQWmnU0+GdEjq3RoN9a2IqQT9fdExpQxQxXaTsWwb+a9sfif10qxe9nORJSkCBGfLuqmkmJMx7HQjtDAUQ4tYVwLeyvlfaYZRxtewYbgzb+8SOonZe+8fHZ7WqrczOLIkwNySI6JRy5IhVyTKqkRTh7JM3klb86T8+K8Ox/T1pwzm9knf+B8/gDVNpnP</latexit>

ω0ttr ↭ 1 or 

2



Observables
Scattering particle sees a classical potential  V ∝ N cos ω0t

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]3



Observables
Scattering particle sees a classical potential  V ∝ N cos ω0t

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

3



Observables
Scattering particle sees a classical potential  V ∝ N cos ω0t

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]
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<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0 … …

<latexit sha1_base64="8WIPHmSZ2HuPeDz7vmiNJLA9Aqw=">AAAB8HicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0gyhJ5OTdKkl6G7RwhDvsKLB0W8+jne/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJz3KrhIwID2/V674VX8GvEyCnFRQjnqv/NXtK5oKkJZyYkwn8BMbZkRbRjlMSt3UQELoiAyg46gkAkyYzQ6e4BOn9HGstCtp8Uz9PZERYcxYRK5TEDs0i95U/M/rpDa+DjMmk9SCpPNFccqxVXj6Pe4zDdTysSOEauZuxXRINKHWZVRyIQSLLy+T5lk1uKxe3J9Xand5HEV0hI7RKQrQFaqhW1RHDUSRQM/oFb152nvx3r2PeWvBy2cO0R94nz+Mh5BH</latexit>nω0

3



Observables

<latexit sha1_base64="k8R3ijzsWVJi/2NtKaqhuk5n5v8=">AAACDXicbVC7SgNBFJ31GeNr1dJmMApWYVd8lQELtYtgHpANy93JJBkyM7vMzAbDkh+w8VdsLBSxtbfzb5w8Ck08cOFwzr3ce0+UcKaN5307C4tLyyurubX8+sbm1ra7s1vVcaoIrZCYx6oegaacSVoxzHBaTxQFEXFai3pXI7/Wp0qzWN6bQUKbAjqStRkBY6XQPQyuQQgIMznEASSJih+wDAPSZTjQrGMdifuhW/CK3hh4nvhTUkBTlEP3K2jFJBVUGsJB64bvJaaZgTKMcDrMB6mmCZAedGjDUgmC6mY2/maIj6zSwu1Y2ZIGj9XfExkIrQcisp0CTFfPeiPxP6+RmvZlM2MySQ2VZLKonXJsYjyKBreYosTwgSVAFLO3YtIFBcTYAPM2BH/25XlSPSn658Wzu9NC6XYaRw7towN0jHx0gUroBpVRBRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucPMSibqw==</latexit>

!n → nωωnvRate to exchance n quanta

Scattering particle sees a classical potential  V ∝ N cos ω0t

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="wXt29j2dj+0EjeOTvSFv8qIWY9s=">AAACCnicbVDLSgMxFM34rPVVdekmWgRXZUZ8bYSCC3VXwT6gMwx30rQNTTJDkimU0rUbf8WNC0Xc+gXu/BvTdhbaeiDkcM65JPdECWfauO63s7C4tLyymlvLr29sbm0XdnZrOk4VoVUS81g1ItCUM0mrhhlOG4miICJO61HveuzX+1RpFssHM0hoIKAjWZsRMFYKCwf+DQgB+ArL0CddhvvY16kIpb1YR0BoM0W35E6A54mXkSLKUAkLX34rJqmg0hAOWjc9NzHBEJRhhNNR3k81TYD0oEOblkoQVAfDySojfGSVFm7Hyh5p8ET9PTEEofVARDYpwHT1rDcW//OaqWlfBkMmk9RQSaYPtVOOTYzHveAWU5QYPrAEiGL2r5h0QQExtr28LcGbXXme1E5K3nnp7P60WL7L6sihfXSIjpGHLlAZ3aIKqiKCHtEzekVvzpPz4rw7H9PogpPN7KE/cD5/AK1Lma0=</latexit>

! = nωv
∑

n

ωn

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0 <latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0 … …

<latexit sha1_base64="8WIPHmSZ2HuPeDz7vmiNJLA9Aqw=">AAAB8HicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0gyhJ5OTdKkl6G7RwhDvsKLB0W8+jne/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJz3KrhIwID2/V674VX8GvEyCnFRQjnqv/NXtK5oKkJZyYkwn8BMbZkRbRjlMSt3UQELoiAyg46gkAkyYzQ6e4BOn9HGstCtp8Uz9PZERYcxYRK5TEDs0i95U/M/rpDa+DjMmk9SCpPNFccqxVXj6Pe4zDdTysSOEauZuxXRINKHWZVRyIQSLLy+T5lk1uKxe3J9Xand5HEV0hI7RKQrQFaqhW1RHDUSRQM/oFb152nvx3r2PeWvBy2cO0R94nz+Mh5BH</latexit>nω0

3



Observables

<latexit sha1_base64="k8R3ijzsWVJi/2NtKaqhuk5n5v8=">AAACDXicbVC7SgNBFJ31GeNr1dJmMApWYVd8lQELtYtgHpANy93JJBkyM7vMzAbDkh+w8VdsLBSxtbfzb5w8Ck08cOFwzr3ce0+UcKaN5307C4tLyyurubX8+sbm1ra7s1vVcaoIrZCYx6oegaacSVoxzHBaTxQFEXFai3pXI7/Wp0qzWN6bQUKbAjqStRkBY6XQPQyuQQgIMznEASSJih+wDAPSZTjQrGMdifuhW/CK3hh4nvhTUkBTlEP3K2jFJBVUGsJB64bvJaaZgTKMcDrMB6mmCZAedGjDUgmC6mY2/maIj6zSwu1Y2ZIGj9XfExkIrQcisp0CTFfPeiPxP6+RmvZlM2MySQ2VZLKonXJsYjyKBreYosTwgSVAFLO3YtIFBcTYAPM2BH/25XlSPSn658Wzu9NC6XYaRw7towN0jHx0gUroBpVRBRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucPMSibqw==</latexit>

!n → nωωnvRate to exchance n quanta

Scattering particle sees a classical potential  V ∝ N cos ω0t

Energy transfer from and to the scattering particles
<latexit sha1_base64="vqrM+0nDiJu+8UojsonuewgU75w="></latexit>

d →E↑
dt

=
∑

n

!En(nωωnv), !En = nε0

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="wXt29j2dj+0EjeOTvSFv8qIWY9s=">AAACCnicbVDLSgMxFM34rPVVdekmWgRXZUZ8bYSCC3VXwT6gMwx30rQNTTJDkimU0rUbf8WNC0Xc+gXu/BvTdhbaeiDkcM65JPdECWfauO63s7C4tLyymlvLr29sbm0XdnZrOk4VoVUS81g1ItCUM0mrhhlOG4miICJO61HveuzX+1RpFssHM0hoIKAjWZsRMFYKCwf+DQgB+ArL0CddhvvY16kIpb1YR0BoM0W35E6A54mXkSLKUAkLX34rJqmg0hAOWjc9NzHBEJRhhNNR3k81TYD0oEOblkoQVAfDySojfGSVFm7Hyh5p8ET9PTEEofVARDYpwHT1rDcW//OaqWlfBkMmk9RQSaYPtVOOTYzHveAWU5QYPrAEiGL2r5h0QQExtr28LcGbXXme1E5K3nnp7P60WL7L6sihfXSIjpGHLlAZ3aIKqiKCHtEzekVvzpPz4rw7H9PogpPN7KE/cD5/AK1Lma0=</latexit>

! = nωv
∑

n

ωn

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0 <latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0 … …

<latexit sha1_base64="8WIPHmSZ2HuPeDz7vmiNJLA9Aqw=">AAAB8HicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0gyhJ5OTdKkl6G7RwhDvsKLB0W8+jne/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJz3KrhIwID2/V674VX8GvEyCnFRQjnqv/NXtK5oKkJZyYkwn8BMbZkRbRjlMSt3UQELoiAyg46gkAkyYzQ6e4BOn9HGstCtp8Uz9PZERYcxYRK5TEDs0i95U/M/rpDa+DjMmk9SCpPNFccqxVXj6Pe4zDdTysSOEauZuxXRINKHWZVRyIQSLLy+T5lk1uKxe3J9Xand5HEV0hI7RKQrQFaqhW1RHDUSRQM/oFb152nvx3r2PeWvBy2cO0R94nz+Mh5BH</latexit>nω0

3



Observables

<latexit sha1_base64="k8R3ijzsWVJi/2NtKaqhuk5n5v8=">AAACDXicbVC7SgNBFJ31GeNr1dJmMApWYVd8lQELtYtgHpANy93JJBkyM7vMzAbDkh+w8VdsLBSxtbfzb5w8Ck08cOFwzr3ce0+UcKaN5307C4tLyyurubX8+sbm1ra7s1vVcaoIrZCYx6oegaacSVoxzHBaTxQFEXFai3pXI7/Wp0qzWN6bQUKbAjqStRkBY6XQPQyuQQgIMznEASSJih+wDAPSZTjQrGMdifuhW/CK3hh4nvhTUkBTlEP3K2jFJBVUGsJB64bvJaaZgTKMcDrMB6mmCZAedGjDUgmC6mY2/maIj6zSwu1Y2ZIGj9XfExkIrQcisp0CTFfPeiPxP6+RmvZlM2MySQ2VZLKonXJsYjyKBreYosTwgSVAFLO3YtIFBcTYAPM2BH/25XlSPSn658Wzu9NC6XYaRw7towN0jHx0gUroBpVRBRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucPMSibqw==</latexit>

!n → nωωnvRate to exchance n quanta

Scattering particle sees a classical potential  V ∝ N cos ω0t

Energy transfer from and to the scattering particles
<latexit sha1_base64="vqrM+0nDiJu+8UojsonuewgU75w="></latexit>

d →E↑
dt

=
∑

n

!En(nωωnv), !En = nε0

Energy conservation 
<latexit sha1_base64="K0Ac2FAHC7R9YZlI3iArAmKyj1Q=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIIXw674OqgEVFBPCiYGsmGZnfQmQ2YfzPQKMeRTvPgrXjwoojf9GidxD5pYMFBUVdPT5SdSaLTtT2tsfGJyanpmNjc3v7C4lF9eqeg4VRzKPJaxqvpMgxQRlFGghGqigIW+hFu/fdL3b+9AaRFHN9hJoB6yZiQCwRkaycvvu6cgkbkSAjw8c5VotvCYHtEtNw6hyTyb/g5cevdZxMsX7KI9AB0lTkYKJMOVl/9wGzFPQ4iQS6Z1zbETrHeZQsEl9HJuqiFhvM2aUDM0YiHoendwYI9uGKVBg1iZFyEdqL8nuizUuhP6JhkybOlhry/+59VSDA7qXRElKULEfxYFqaQY035btCEUcJQdQxhXwvyV8hZTjKPpNGdKcIZPHiWV7aKzV9y93imULrI6ZsgaWSebxCH7pETOyRUpE04eyBN5Ia/Wo/VsvVnvP9ExK5tZJX9gfX0DYG2iig==</latexit>

! →E↑ = ↓ω0! →Jz↑

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="wXt29j2dj+0EjeOTvSFv8qIWY9s=">AAACCnicbVDLSgMxFM34rPVVdekmWgRXZUZ8bYSCC3VXwT6gMwx30rQNTTJDkimU0rUbf8WNC0Xc+gXu/BvTdhbaeiDkcM65JPdECWfauO63s7C4tLyymlvLr29sbm0XdnZrOk4VoVUS81g1ItCUM0mrhhlOG4miICJO61HveuzX+1RpFssHM0hoIKAjWZsRMFYKCwf+DQgB+ArL0CddhvvY16kIpb1YR0BoM0W35E6A54mXkSLKUAkLX34rJqmg0hAOWjc9NzHBEJRhhNNR3k81TYD0oEOblkoQVAfDySojfGSVFm7Hyh5p8ET9PTEEofVARDYpwHT1rDcW//OaqWlfBkMmk9RQSaYPtVOOTYzHveAWU5QYPrAEiGL2r5h0QQExtr28LcGbXXme1E5K3nnp7P60WL7L6sihfXSIjpGHLlAZ3aIKqiKCHtEzekVvzpPz4rw7H9PogpPN7KE/cD5/AK1Lma0=</latexit>

! = nωv
∑

n

ωn

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0 <latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0 … …

<latexit sha1_base64="8WIPHmSZ2HuPeDz7vmiNJLA9Aqw=">AAAB8HicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0gyhJ5OTdKkl6G7RwhDvsKLB0W8+jne/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJz3KrhIwID2/V674VX8GvEyCnFRQjnqv/NXtK5oKkJZyYkwn8BMbZkRbRjlMSt3UQELoiAyg46gkAkyYzQ6e4BOn9HGstCtp8Uz9PZERYcxYRK5TEDs0i95U/M/rpDa+DjMmk9SCpPNFccqxVXj6Pe4zDdTysSOEauZuxXRINKHWZVRyIQSLLy+T5lk1uKxe3J9Xand5HEV0hI7RKQrQFaqhW1RHDUSRQM/oFb152nvx3r2PeWvBy2cO0R94nz+Mh5BH</latexit>nω0

3



Observables

<latexit sha1_base64="k8R3ijzsWVJi/2NtKaqhuk5n5v8=">AAACDXicbVC7SgNBFJ31GeNr1dJmMApWYVd8lQELtYtgHpANy93JJBkyM7vMzAbDkh+w8VdsLBSxtbfzb5w8Ck08cOFwzr3ce0+UcKaN5307C4tLyyurubX8+sbm1ra7s1vVcaoIrZCYx6oegaacSVoxzHBaTxQFEXFai3pXI7/Wp0qzWN6bQUKbAjqStRkBY6XQPQyuQQgIMznEASSJih+wDAPSZTjQrGMdifuhW/CK3hh4nvhTUkBTlEP3K2jFJBVUGsJB64bvJaaZgTKMcDrMB6mmCZAedGjDUgmC6mY2/maIj6zSwu1Y2ZIGj9XfExkIrQcisp0CTFfPeiPxP6+RmvZlM2MySQ2VZLKonXJsYjyKBreYosTwgSVAFLO3YtIFBcTYAPM2BH/25XlSPSn658Wzu9NC6XYaRw7towN0jHx0gUroBpVRBRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucPMSibqw==</latexit>

!n → nωωnvRate to exchance n quanta

Scattering particle sees a classical potential  V ∝ N cos ω0t

Energy transfer from and to the scattering particles
<latexit sha1_base64="vqrM+0nDiJu+8UojsonuewgU75w="></latexit>

d →E↑
dt

=
∑

n

!En(nωωnv), !En = nε0

Energy conservation 
<latexit sha1_base64="K0Ac2FAHC7R9YZlI3iArAmKyj1Q=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIIXw674OqgEVFBPCiYGsmGZnfQmQ2YfzPQKMeRTvPgrXjwoojf9GidxD5pYMFBUVdPT5SdSaLTtT2tsfGJyanpmNjc3v7C4lF9eqeg4VRzKPJaxqvpMgxQRlFGghGqigIW+hFu/fdL3b+9AaRFHN9hJoB6yZiQCwRkaycvvu6cgkbkSAjw8c5VotvCYHtEtNw6hyTyb/g5cevdZxMsX7KI9AB0lTkYKJMOVl/9wGzFPQ4iQS6Z1zbETrHeZQsEl9HJuqiFhvM2aUDM0YiHoendwYI9uGKVBg1iZFyEdqL8nuizUuhP6JhkybOlhry/+59VSDA7qXRElKULEfxYFqaQY035btCEUcJQdQxhXwvyV8hZTjKPpNGdKcIZPHiWV7aKzV9y93imULrI6ZsgaWSebxCH7pETOyRUpE04eyBN5Ia/Wo/VsvVnvP9ExK5tZJX9gfX0DYG2iig==</latexit>

! →E↑ = ↓ω0! →Jz↑
<latexit sha1_base64="somDSCXTmZv2f55r8PbAYLvgcF4="></latexit>

d →Jz↑
dt

= nωv
∑

n

nωn

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="wXt29j2dj+0EjeOTvSFv8qIWY9s=">AAACCnicbVDLSgMxFM34rPVVdekmWgRXZUZ8bYSCC3VXwT6gMwx30rQNTTJDkimU0rUbf8WNC0Xc+gXu/BvTdhbaeiDkcM65JPdECWfauO63s7C4tLyymlvLr29sbm0XdnZrOk4VoVUS81g1ItCUM0mrhhlOG4miICJO61HveuzX+1RpFssHM0hoIKAjWZsRMFYKCwf+DQgB+ArL0CddhvvY16kIpb1YR0BoM0W35E6A54mXkSLKUAkLX34rJqmg0hAOWjc9NzHBEJRhhNNR3k81TYD0oEOblkoQVAfDySojfGSVFm7Hyh5p8ET9PTEEofVARDYpwHT1rDcW//OaqWlfBkMmk9RQSaYPtVOOTYzHveAWU5QYPrAEiGL2r5h0QQExtr28LcGbXXme1E5K3nnp7P60WL7L6sihfXSIjpGHLlAZ3aIKqiKCHtEzekVvzpPz4rw7H9PogpPN7KE/cD5/AK1Lma0=</latexit>

! = nωv
∑

n

ωn

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0 <latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0

<latexit sha1_base64="ZDdcGqHYwvipRGZEyBo6jTjoI/k=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0AyhJ5OTdKkl7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJ7W7SsCA9PxeueJX/RnwMglyUkE56r3yV7evaCpAWsqJMZ3AT2yYEW0Z5TApdVMDCaEjMoCOo5IIMGE2u3eCT5zSx7HSrqTFM/X3REaEMWMRuU5B7NAselPxP6+T2vg6zJhMUguSzhfFKcdW4enzuM80UMvHjhCqmbsV0yHRhFoXUcmFECy+vEyaZ9Xgsnpxf16p3eVxFNEROkanKEBXqIZuUR01EEUcPaNX9OY9ei/eu/cxby14+cwh+gPv8we9Xo/P</latexit>ω0 … …

<latexit sha1_base64="8WIPHmSZ2HuPeDz7vmiNJLA9Aqw=">AAAB8HicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx40VsEs0gyhJ5OTdKkl6G7RwhDvsKLB0W8+jne/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJz3KrhIwID2/V674VX8GvEyCnFRQjnqv/NXtK5oKkJZyYkwn8BMbZkRbRjlMSt3UQELoiAyg46gkAkyYzQ6e4BOn9HGstCtp8Uz9PZERYcxYRK5TEDs0i95U/M/rpDa+DjMmk9SCpPNFccqxVXj6Pe4zDdTysSOEauZuxXRINKHWZVRyIQSLLy+T5lk1uKxe3J9Xand5HEV0hI7RKQrQFaqhW1RHDUSRQM/oFb152nvx3r2PeWvBy2cO0R94nz+Mh5BH</latexit>nω0

3



Observables (cont.)

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]4



Observables (cont.)
<latexit sha1_base64="k8R3ijzsWVJi/2NtKaqhuk5n5v8=">AAACDXicbVC7SgNBFJ31GeNr1dJmMApWYVd8lQELtYtgHpANy93JJBkyM7vMzAbDkh+w8VdsLBSxtbfzb5w8Ck08cOFwzr3ce0+UcKaN5307C4tLyyurubX8+sbm1ra7s1vVcaoIrZCYx6oegaacSVoxzHBaTxQFEXFai3pXI7/Wp0qzWN6bQUKbAjqStRkBY6XQPQyuQQgIMznEASSJih+wDAPSZTjQrGMdifuhW/CK3hh4nvhTUkBTlEP3K2jFJBVUGsJB64bvJaaZgTKMcDrMB6mmCZAedGjDUgmC6mY2/maIj6zSwu1Y2ZIGj9XfExkIrQcisp0CTFfPeiPxP6+RmvZlM2MySQ2VZLKonXJsYjyKBreYosTwgSVAFLO3YtIFBcTYAPM2BH/25XlSPSn658Wzu9NC6XYaRw7towN0jHx0gUroBpVRBRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucPMSibqw==</latexit>

!n → nωωnvRate to exchance n quanta

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]4



Observables (cont.)
<latexit sha1_base64="k8R3ijzsWVJi/2NtKaqhuk5n5v8=">AAACDXicbVC7SgNBFJ31GeNr1dJmMApWYVd8lQELtYtgHpANy93JJBkyM7vMzAbDkh+w8VdsLBSxtbfzb5w8Ck08cOFwzr3ce0+UcKaN5307C4tLyyurubX8+sbm1ra7s1vVcaoIrZCYx6oegaacSVoxzHBaTxQFEXFai3pXI7/Wp0qzWN6bQUKbAjqStRkBY6XQPQyuQQgIMznEASSJih+wDAPSZTjQrGMdifuhW/CK3hh4nvhTUkBTlEP3K2jFJBVUGsJB64bvJaaZgTKMcDrMB6mmCZAedGjDUgmC6mY2/maIj6zSwu1Y2ZIGj9XfExkIrQcisp0CTFfPeiPxP6+RmvZlM2MySQ2VZLKonXJsYjyKBreYosTwgSVAFLO3YtIFBcTYAPM2BH/25XlSPSn658Wzu9NC6XYaRw7towN0jHx0gUroBpVRBRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucPMSibqw==</latexit>

!n → nωωnvRate to exchance n quanta

<latexit sha1_base64="jbOGfhKLEyGG5+wRDE6rZ5T3/2s=">AAACGXicbVDLSgMxFM34rPU16tJNsAiuyoz4WknBje4q2Ad0hpJJM21okhmSO0Kp/Q03/oobF4q41JV/Y9rOQlsv3HA451xu7olSwQ143rezsLi0vLJaWCuub2xubbs7u3WTZJqyGk1EopsRMUxwxWrAQbBmqhmRkWCNqH811hv3TBueqDsYpCyUpKt4zCkBS7VdLxAshocgNTzQvNuDSxwYLu2TybbC1PbUoXK57Za8sjcpPA/8HJRQXtW2+xl0EppJpoAKYkzL91IIh0QDp4KNikFmWEpon3RZy0JFJDPhcHLZCB9apoPjRNtWgCfs74khkcYMZGSdkkDPzGpj8j+tlUF8EQ65SjNgik4XxZnAkOBxTLjDNaMgBhYQqrn9K6Y9ogkFG2bRhuDPnjwP6sdl/6x8entSqtzkcRTQPjpAR8hH56iCrlEV1RBFj+gZvaI358l5cd6dj6l1wcln9tCfcr5+AA1soPs=</latexit>

|ω→ ↑
∑

n

cn |n→Scattered particle wavefunction

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]4



Observables (cont.)
<latexit sha1_base64="k8R3ijzsWVJi/2NtKaqhuk5n5v8=">AAACDXicbVC7SgNBFJ31GeNr1dJmMApWYVd8lQELtYtgHpANy93JJBkyM7vMzAbDkh+w8VdsLBSxtbfzb5w8Ck08cOFwzr3ce0+UcKaN5307C4tLyyurubX8+sbm1ra7s1vVcaoIrZCYx6oegaacSVoxzHBaTxQFEXFai3pXI7/Wp0qzWN6bQUKbAjqStRkBY6XQPQyuQQgIMznEASSJih+wDAPSZTjQrGMdifuhW/CK3hh4nvhTUkBTlEP3K2jFJBVUGsJB64bvJaaZgTKMcDrMB6mmCZAedGjDUgmC6mY2/maIj6zSwu1Y2ZIGj9XfExkIrQcisp0CTFfPeiPxP6+RmvZlM2MySQ2VZLKonXJsYjyKBreYosTwgSVAFLO3YtIFBcTYAPM2BH/25XlSPSn658Wzu9NC6XYaRw7towN0jHx0gUroBpVRBRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucPMSibqw==</latexit>

!n → nωωnvRate to exchance n quanta

<latexit sha1_base64="jbOGfhKLEyGG5+wRDE6rZ5T3/2s=">AAACGXicbVDLSgMxFM34rPU16tJNsAiuyoz4WknBje4q2Ad0hpJJM21okhmSO0Kp/Q03/oobF4q41JV/Y9rOQlsv3HA451xu7olSwQ143rezsLi0vLJaWCuub2xubbs7u3WTZJqyGk1EopsRMUxwxWrAQbBmqhmRkWCNqH811hv3TBueqDsYpCyUpKt4zCkBS7VdLxAshocgNTzQvNuDSxwYLu2TybbC1PbUoXK57Za8sjcpPA/8HJRQXtW2+xl0EppJpoAKYkzL91IIh0QDp4KNikFmWEpon3RZy0JFJDPhcHLZCB9apoPjRNtWgCfs74khkcYMZGSdkkDPzGpj8j+tlUF8EQ65SjNgik4XxZnAkOBxTLjDNaMgBhYQqrn9K6Y9ogkFG2bRhuDPnjwP6sdl/6x8entSqtzkcRTQPjpAR8hH56iCrlEV1RBFj+gZvaI358l5cd6dj6l1wcln9tCfcr5+AA1soPs=</latexit>

|ω→ ↑
∑

n

cn |n→Scattered particle wavefunction

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="fFeaEcDXZDncQeCdh0hCugjoU1k=">AAAB/HicbVDLSsNAFL3xWeur2qWbYBFclaT4Whbc6K6CfUAbw2Q6aYfOTMLMRAhp/RU3LhRx64e482+ctllo64ELh3Pu5d57gphRpR3n21pZXVvf2CxsFbd3dvf2SweHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0fXUbz8SqWgk7nUaE4+jgaAhxUgbyS+Vx9gX44daT1FuasCRb9SKU3VmsJeJm5MK5Gj4pa9eP8IJJ0JjhpTquk6svQxJTTEjk2IvUSRGeIQGpGuoQJwoL5sdP7FPjNK3w0iaEtqeqb8nMsSVSnlgOjnSQ7XoTcX/vG6iwysvoyJONBF4vihMmK0je5qE3aeSYM1SQxCW1Nxq4yGSCGuTV9GE4C6+vExatap7UT2/O6vUb/M4CnAEx3AKLlxCHW6gAU3AkMIzvMKb9WS9WO/Wx7x1xcpnyvAH1ucPDUGVEQ==</latexit>

|cn|2 → ωn

4



Observables (cont.)
<latexit sha1_base64="k8R3ijzsWVJi/2NtKaqhuk5n5v8=">AAACDXicbVC7SgNBFJ31GeNr1dJmMApWYVd8lQELtYtgHpANy93JJBkyM7vMzAbDkh+w8VdsLBSxtbfzb5w8Ck08cOFwzr3ce0+UcKaN5307C4tLyyurubX8+sbm1ra7s1vVcaoIrZCYx6oegaacSVoxzHBaTxQFEXFai3pXI7/Wp0qzWN6bQUKbAjqStRkBY6XQPQyuQQgIMznEASSJih+wDAPSZTjQrGMdifuhW/CK3hh4nvhTUkBTlEP3K2jFJBVUGsJB64bvJaaZgTKMcDrMB6mmCZAedGjDUgmC6mY2/maIj6zSwu1Y2ZIGj9XfExkIrQcisp0CTFfPeiPxP6+RmvZlM2MySQ2VZLKonXJsYjyKBreYosTwgSVAFLO3YtIFBcTYAPM2BH/25XlSPSn658Wzu9NC6XYaRw7towN0jHx0gUroBpVRBRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucPMSibqw==</latexit>

!n → nωωnvRate to exchance n quanta

<latexit sha1_base64="jbOGfhKLEyGG5+wRDE6rZ5T3/2s=">AAACGXicbVDLSgMxFM34rPU16tJNsAiuyoz4WknBje4q2Ad0hpJJM21okhmSO0Kp/Q03/oobF4q41JV/Y9rOQlsv3HA451xu7olSwQ143rezsLi0vLJaWCuub2xubbs7u3WTZJqyGk1EopsRMUxwxWrAQbBmqhmRkWCNqH811hv3TBueqDsYpCyUpKt4zCkBS7VdLxAshocgNTzQvNuDSxwYLu2TybbC1PbUoXK57Za8sjcpPA/8HJRQXtW2+xl0EppJpoAKYkzL91IIh0QDp4KNikFmWEpon3RZy0JFJDPhcHLZCB9apoPjRNtWgCfs74khkcYMZGSdkkDPzGpj8j+tlUF8EQ65SjNgik4XxZnAkOBxTLjDNaMgBhYQqrn9K6Y9ogkFG2bRhuDPnjwP6sdl/6x8entSqtzkcRTQPjpAR8hH56iCrlEV1RBFj+gZvaI358l5cd6dj6l1wcln9tCfcr5+AA1soPs=</latexit>

|ω→ ↑
∑

n

cn |n→Scattered particle wavefunction

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="fFeaEcDXZDncQeCdh0hCugjoU1k=">AAAB/HicbVDLSsNAFL3xWeur2qWbYBFclaT4Whbc6K6CfUAbw2Q6aYfOTMLMRAhp/RU3LhRx64e482+ctllo64ELh3Pu5d57gphRpR3n21pZXVvf2CxsFbd3dvf2SweHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0fXUbz8SqWgk7nUaE4+jgaAhxUgbyS+Vx9gX44daT1FuasCRb9SKU3VmsJeJm5MK5Gj4pa9eP8IJJ0JjhpTquk6svQxJTTEjk2IvUSRGeIQGpGuoQJwoL5sdP7FPjNK3w0iaEtqeqb8nMsSVSnlgOjnSQ7XoTcX/vG6iwysvoyJONBF4vihMmK0je5qE3aeSYM1SQxCW1Nxq4yGSCGuTV9GE4C6+vExatap7UT2/O6vUb/M4CnAEx3AKLlxCHW6gAU3AkMIzvMKb9WS9WO/Wx7x1xcpnyvAH1ucPDUGVEQ==</latexit>

|cn|2 → ωn
<latexit sha1_base64="lpIgklszw8FQM8/XmgikIlMTQEw="></latexit>

!E
2 =

〈
H

2
p

〉
→ ↑Hp↓2 =

∑

n

|cn|2(nω0)
2

4



Observables (cont.)
<latexit sha1_base64="k8R3ijzsWVJi/2NtKaqhuk5n5v8=">AAACDXicbVC7SgNBFJ31GeNr1dJmMApWYVd8lQELtYtgHpANy93JJBkyM7vMzAbDkh+w8VdsLBSxtbfzb5w8Ck08cOFwzr3ce0+UcKaN5307C4tLyyurubX8+sbm1ra7s1vVcaoIrZCYx6oegaacSVoxzHBaTxQFEXFai3pXI7/Wp0qzWN6bQUKbAjqStRkBY6XQPQyuQQgIMznEASSJih+wDAPSZTjQrGMdifuhW/CK3hh4nvhTUkBTlEP3K2jFJBVUGsJB64bvJaaZgTKMcDrMB6mmCZAedGjDUgmC6mY2/maIj6zSwu1Y2ZIGj9XfExkIrQcisp0CTFfPeiPxP6+RmvZlM2MySQ2VZLKonXJsYjyKBreYosTwgSVAFLO3YtIFBcTYAPM2BH/25XlSPSn658Wzu9NC6XYaRw7towN0jHx0gUroBpVRBRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucPMSibqw==</latexit>

!n → nωωnvRate to exchance n quanta

<latexit sha1_base64="jbOGfhKLEyGG5+wRDE6rZ5T3/2s=">AAACGXicbVDLSgMxFM34rPU16tJNsAiuyoz4WknBje4q2Ad0hpJJM21okhmSO0Kp/Q03/oobF4q41JV/Y9rOQlsv3HA451xu7olSwQ143rezsLi0vLJaWCuub2xubbs7u3WTZJqyGk1EopsRMUxwxWrAQbBmqhmRkWCNqH811hv3TBueqDsYpCyUpKt4zCkBS7VdLxAshocgNTzQvNuDSxwYLu2TybbC1PbUoXK57Za8sjcpPA/8HJRQXtW2+xl0EppJpoAKYkzL91IIh0QDp4KNikFmWEpon3RZy0JFJDPhcHLZCB9apoPjRNtWgCfs74khkcYMZGSdkkDPzGpj8j+tlUF8EQ65SjNgik4XxZnAkOBxTLjDNaMgBhYQqrn9K6Y9ogkFG2bRhuDPnjwP6sdl/6x8entSqtzkcRTQPjpAR8hH56iCrlEV1RBFj+gZvaI358l5cd6dj6l1wcln9tCfcr5+AA1soPs=</latexit>

|ω→ ↑
∑

n

cn |n→Scattered particle wavefunction

The bath imprints the uncertainty on the target

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="fFeaEcDXZDncQeCdh0hCugjoU1k=">AAAB/HicbVDLSsNAFL3xWeur2qWbYBFclaT4Whbc6K6CfUAbw2Q6aYfOTMLMRAhp/RU3LhRx64e482+ctllo64ELh3Pu5d57gphRpR3n21pZXVvf2CxsFbd3dvf2SweHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0fXUbz8SqWgk7nUaE4+jgaAhxUgbyS+Vx9gX44daT1FuasCRb9SKU3VmsJeJm5MK5Gj4pa9eP8IJJ0JjhpTquk6svQxJTTEjk2IvUSRGeIQGpGuoQJwoL5sdP7FPjNK3w0iaEtqeqb8nMsSVSnlgOjnSQ7XoTcX/vG6iwysvoyJONBF4vihMmK0je5qE3aeSYM1SQxCW1Nxq4yGSCGuTV9GE4C6+vExatap7UT2/O6vUb/M4CnAEx3AKLlxCHW6gAU3AkMIzvMKb9WS9WO/Wx7x1xcpnyvAH1ucPDUGVEQ==</latexit>

|cn|2 → ωn
<latexit sha1_base64="lpIgklszw8FQM8/XmgikIlMTQEw="></latexit>

!E
2 =

〈
H

2
p

〉
→ ↑Hp↓2 =

∑

n

|cn|2(nω0)
2

4



Observables (cont.)
<latexit sha1_base64="k8R3ijzsWVJi/2NtKaqhuk5n5v8=">AAACDXicbVC7SgNBFJ31GeNr1dJmMApWYVd8lQELtYtgHpANy93JJBkyM7vMzAbDkh+w8VdsLBSxtbfzb5w8Ck08cOFwzr3ce0+UcKaN5307C4tLyyurubX8+sbm1ra7s1vVcaoIrZCYx6oegaacSVoxzHBaTxQFEXFai3pXI7/Wp0qzWN6bQUKbAjqStRkBY6XQPQyuQQgIMznEASSJih+wDAPSZTjQrGMdifuhW/CK3hh4nvhTUkBTlEP3K2jFJBVUGsJB64bvJaaZgTKMcDrMB6mmCZAedGjDUgmC6mY2/maIj6zSwu1Y2ZIGj9XfExkIrQcisp0CTFfPeiPxP6+RmvZlM2MySQ2VZLKonXJsYjyKBreYosTwgSVAFLO3YtIFBcTYAPM2BH/25XlSPSn658Wzu9NC6XYaRw7towN0jHx0gUroBpVRBRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucPMSibqw==</latexit>

!n → nωωnvRate to exchance n quanta

<latexit sha1_base64="jbOGfhKLEyGG5+wRDE6rZ5T3/2s=">AAACGXicbVDLSgMxFM34rPU16tJNsAiuyoz4WknBje4q2Ad0hpJJM21okhmSO0Kp/Q03/oobF4q41JV/Y9rOQlsv3HA451xu7olSwQ143rezsLi0vLJaWCuub2xubbs7u3WTZJqyGk1EopsRMUxwxWrAQbBmqhmRkWCNqH811hv3TBueqDsYpCyUpKt4zCkBS7VdLxAshocgNTzQvNuDSxwYLu2TybbC1PbUoXK57Za8sjcpPA/8HJRQXtW2+xl0EppJpoAKYkzL91IIh0QDp4KNikFmWEpon3RZy0JFJDPhcHLZCB9apoPjRNtWgCfs74khkcYMZGSdkkDPzGpj8j+tlUF8EQ65SjNgik4XxZnAkOBxTLjDNaMgBhYQqrn9K6Y9ogkFG2bRhuDPnjwP6sdl/6x8entSqtzkcRTQPjpAR8hH56iCrlEV1RBFj+gZvaI358l5cd6dj6l1wcln9tCfcr5+AA1soPs=</latexit>

|ω→ ↑
∑

n

cn |n→Scattered particle wavefunction

The bath imprints the uncertainty on the target

<latexit sha1_base64="mtTHWToXU9JB+WUsuyGzxA2Uo+w="></latexit>

d
〈
J2
z

〉

dt
= nωv

∑

n

n2ωn

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="fFeaEcDXZDncQeCdh0hCugjoU1k=">AAAB/HicbVDLSsNAFL3xWeur2qWbYBFclaT4Whbc6K6CfUAbw2Q6aYfOTMLMRAhp/RU3LhRx64e482+ctllo64ELh3Pu5d57gphRpR3n21pZXVvf2CxsFbd3dvf2SweHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0fXUbz8SqWgk7nUaE4+jgaAhxUgbyS+Vx9gX44daT1FuasCRb9SKU3VmsJeJm5MK5Gj4pa9eP8IJJ0JjhpTquk6svQxJTTEjk2IvUSRGeIQGpGuoQJwoL5sdP7FPjNK3w0iaEtqeqb8nMsSVSnlgOjnSQ7XoTcX/vG6iwysvoyJONBF4vihMmK0je5qE3aeSYM1SQxCW1Nxq4yGSCGuTV9GE4C6+vExatap7UT2/O6vUb/M4CnAEx3AKLlxCHW6gAU3AkMIzvMKb9WS9WO/Wx7x1xcpnyvAH1ucPDUGVEQ==</latexit>

|cn|2 → ωn
<latexit sha1_base64="lpIgklszw8FQM8/XmgikIlMTQEw="></latexit>

!E
2 =

〈
H

2
p

〉
→ ↑Hp↓2 =

∑

n

|cn|2(nω0)
2

4



The eikonal regime

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]5



<latexit sha1_base64="Ttk8VZIwZBX4XU7zrpb2puXyP7U="></latexit>

i
ωε

ωt
= →↑2

2m
ε + [V0 ↓J↔ cosϑ0t]ε

The eikonal regime

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]5



<latexit sha1_base64="Ttk8VZIwZBX4XU7zrpb2puXyP7U="></latexit>

i
ωε

ωt
= →↑2

2m
ε + [V0 ↓J↔ cosϑ0t]ε

Eikonal approximation ,E ≫ V
<latexit sha1_base64="RQw+5eO49hDXFP05WcOUFvyjEJo=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCAWqgTxGishJNiKRB9SEyrHdVurTmzZDqJE+QMWfoWFAYRYWdn4G5w2A7QcyfLxOffq+p5AMKq043xbM7Nz8wuLhaXi8srq2rq9sVlXPJaY1DBnXDYDpAijEalpqhlpCklQGDDSCAbnmd+4I1JRHt3ooSB+iHoR7VKMtJHa9p4nFPWQEJLfQ3KbHNALnZqbDh7S7E2hh/s0bdslp+yMAKeJm5MSyFFt219eh+M4JJHGDCnVch2h/QRJTTEjadGLFREID1CPtAyNUEiUn4z2SeGuUTqwy6U5kYYj9XdHgkKlhmFgKkOk+2rSy8T/vFasu2d+QiMRaxLh8aBuzKDmMAsHdqgkWLOhIQhLav4KcR9JhLWJsGhCcCdXnib1w7J7Uj6+PipVrvI4CmAb7IB94IJTUAGXoApqAINH8AxewZv1ZL1Y79bHuHTGynu2wB9Ynz+CCZz9</latexit>

ω → e→iEteikzeiω
<latexit sha1_base64="ti+hFkREMJb39vT7J79pfGYv/kA="></latexit>

ω → ↑1

v

∫ z

→↑
V dz↓

The eikonal regime

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]5



<latexit sha1_base64="Ttk8VZIwZBX4XU7zrpb2puXyP7U="></latexit>

i
ωε

ωt
= →↑2

2m
ε + [V0 ↓J↔ cosϑ0t]ε

Eikonal approximation ,E ≫ V
<latexit sha1_base64="RQw+5eO49hDXFP05WcOUFvyjEJo=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCAWqgTxGishJNiKRB9SEyrHdVurTmzZDqJE+QMWfoWFAYRYWdn4G5w2A7QcyfLxOffq+p5AMKq043xbM7Nz8wuLhaXi8srq2rq9sVlXPJaY1DBnXDYDpAijEalpqhlpCklQGDDSCAbnmd+4I1JRHt3ooSB+iHoR7VKMtJHa9p4nFPWQEJLfQ3KbHNALnZqbDh7S7E2hh/s0bdslp+yMAKeJm5MSyFFt219eh+M4JJHGDCnVch2h/QRJTTEjadGLFREID1CPtAyNUEiUn4z2SeGuUTqwy6U5kYYj9XdHgkKlhmFgKkOk+2rSy8T/vFasu2d+QiMRaxLh8aBuzKDmMAsHdqgkWLOhIQhLav4KcR9JhLWJsGhCcCdXnib1w7J7Uj6+PipVrvI4CmAb7IB94IJTUAGXoApqAINH8AxewZv1ZL1Y79bHuHTGynu2wB9Ynz+CCZz9</latexit>

ω → e→iEteikzeiω
<latexit sha1_base64="ti+hFkREMJb39vT7J79pfGYv/kA="></latexit>

ω → ↑1

v

∫ z

→↑
V dz↓

<latexit sha1_base64="ZCpXA2LXdT55eb6avxj63Nlv1K4=">AAACLXicbVDLSgMxFM34rPVVdekmWATdlBnxtREKulBXFawKnXHIpLdtaB5DkhFK6Q+58VdEcFERt/6GmbYLXwcCJ+ecS3JPknJmrO8Pvanpmdm5+cJCcXFpeWW1tLZ+Y1SmKdSp4krfJcQAZxLqllkOd6kGIhIOt0n3NPdvH0AbpuS17aUQCdKWrMUosU6KS2dw32ch7bDYxyFVJlQC2sRd7ACf4NBkIpaY3Ut8GcudcW4X5zPyWzIulf2KPwL+S4IJKaMJanHpJWwqmgmQlnJiTCPwUxv1ibaMchgUw8xASmiXtKHhqCQCTNQfbTvA205p4pbS7kiLR+r3iT4RxvRE4pKC2I757eXif14js63jyG2WZhYkHT/Uyji2CufV4SbTQC3vOUKoZu6vmHaIJtS6gouuhOD3yn/JzV4lOKwcXO2XqxeTOgpoE22hHRSgI1RF56iG6oiiR/SMhujNe/JevXfvYxyd8iYzG+gHvM8vjD2nIQ==</latexit>

eiω0 cosε0t =
∑

n

inJn(ω0)e
inε0t

<latexit sha1_base64="zhiwNqBzCYQ5UWDirW/LeuGrNHQ="></latexit>

cn = Jn(ω0)e
inω0t, ω0 → V0 ↑J↓R

v
↔ 1

The eikonal regime

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]5



<latexit sha1_base64="Ttk8VZIwZBX4XU7zrpb2puXyP7U="></latexit>

i
ωε

ωt
= →↑2

2m
ε + [V0 ↓J↔ cosϑ0t]ε

Eikonal approximation ,E ≫ V
<latexit sha1_base64="RQw+5eO49hDXFP05WcOUFvyjEJo=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCAWqgTxGishJNiKRB9SEyrHdVurTmzZDqJE+QMWfoWFAYRYWdn4G5w2A7QcyfLxOffq+p5AMKq043xbM7Nz8wuLhaXi8srq2rq9sVlXPJaY1DBnXDYDpAijEalpqhlpCklQGDDSCAbnmd+4I1JRHt3ooSB+iHoR7VKMtJHa9p4nFPWQEJLfQ3KbHNALnZqbDh7S7E2hh/s0bdslp+yMAKeJm5MSyFFt219eh+M4JJHGDCnVch2h/QRJTTEjadGLFREID1CPtAyNUEiUn4z2SeGuUTqwy6U5kYYj9XdHgkKlhmFgKkOk+2rSy8T/vFasu2d+QiMRaxLh8aBuzKDmMAsHdqgkWLOhIQhLav4KcR9JhLWJsGhCcCdXnib1w7J7Uj6+PipVrvI4CmAb7IB94IJTUAGXoApqAINH8AxewZv1ZL1Y79bHuHTGynu2wB9Ynz+CCZz9</latexit>

ω → e→iEteikzeiω
<latexit sha1_base64="ti+hFkREMJb39vT7J79pfGYv/kA="></latexit>

ω → ↑1

v

∫ z

→↑
V dz↓

<latexit sha1_base64="ZCpXA2LXdT55eb6avxj63Nlv1K4=">AAACLXicbVDLSgMxFM34rPVVdekmWATdlBnxtREKulBXFawKnXHIpLdtaB5DkhFK6Q+58VdEcFERt/6GmbYLXwcCJ+ecS3JPknJmrO8Pvanpmdm5+cJCcXFpeWW1tLZ+Y1SmKdSp4krfJcQAZxLqllkOd6kGIhIOt0n3NPdvH0AbpuS17aUQCdKWrMUosU6KS2dw32ch7bDYxyFVJlQC2sRd7ACf4NBkIpaY3Ut8GcudcW4X5zPyWzIulf2KPwL+S4IJKaMJanHpJWwqmgmQlnJiTCPwUxv1ibaMchgUw8xASmiXtKHhqCQCTNQfbTvA205p4pbS7kiLR+r3iT4RxvRE4pKC2I757eXif14js63jyG2WZhYkHT/Uyji2CufV4SbTQC3vOUKoZu6vmHaIJtS6gouuhOD3yn/JzV4lOKwcXO2XqxeTOgpoE22hHRSgI1RF56iG6oiiR/SMhujNe/JevXfvYxyd8iYzG+gHvM8vjD2nIQ==</latexit>

eiω0 cosε0t =
∑

n

inJn(ω0)e
inε0t

<latexit sha1_base64="zhiwNqBzCYQ5UWDirW/LeuGrNHQ="></latexit>

cn = Jn(ω0)e
inω0t, ω0 → V0 ↑J↓R

v
↔ 1

The eikonal regime

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="pN40M+mNKj+bscbnlX4bZMQ5cNM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTF10YouFFXFewD2hgm00k7dDIJM5NCCf0TNy4UceufuPNvnLZZaOuBC4dz7uXee4KEM6Ud59sqrKyurW8UN0tb2zu7e/b+QVPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfBm6rdGVCoWi0c9TqgX4b5gISNYG8m37a5KI1+ge188VdG1i3y77FScGdAycXNShhx13/7q9mKSRlRowrFSHddJtJdhqRnhdFLqpoommAxxn3YMFTiiystml0/QiVF6KIylKaHRTP09keFIqXEUmM4I64Fa9Kbif14n1eGVlzGRpJoKMl8UphzpGE1jQD0mKdF8bAgmkplbERlgiYk2YZVMCO7iy8ukWa24F5Xzh7Ny7S6PowhHcAyn4MIl1OAW6tAAAiN4hld4szLrxXq3PuatBSufOYQ/sD5/AIP6kk8=</latexit>∑

n

J2
n = 1 Cross-section capped by unitarity

5



<latexit sha1_base64="Ttk8VZIwZBX4XU7zrpb2puXyP7U="></latexit>

i
ωε

ωt
= →↑2

2m
ε + [V0 ↓J↔ cosϑ0t]ε

Eikonal approximation ,E ≫ V
<latexit sha1_base64="RQw+5eO49hDXFP05WcOUFvyjEJo=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCAWqgTxGishJNiKRB9SEyrHdVurTmzZDqJE+QMWfoWFAYRYWdn4G5w2A7QcyfLxOffq+p5AMKq043xbM7Nz8wuLhaXi8srq2rq9sVlXPJaY1DBnXDYDpAijEalpqhlpCklQGDDSCAbnmd+4I1JRHt3ooSB+iHoR7VKMtJHa9p4nFPWQEJLfQ3KbHNALnZqbDh7S7E2hh/s0bdslp+yMAKeJm5MSyFFt219eh+M4JJHGDCnVch2h/QRJTTEjadGLFREID1CPtAyNUEiUn4z2SeGuUTqwy6U5kYYj9XdHgkKlhmFgKkOk+2rSy8T/vFasu2d+QiMRaxLh8aBuzKDmMAsHdqgkWLOhIQhLav4KcR9JhLWJsGhCcCdXnib1w7J7Uj6+PipVrvI4CmAb7IB94IJTUAGXoApqAINH8AxewZv1ZL1Y79bHuHTGynu2wB9Ynz+CCZz9</latexit>

ω → e→iEteikzeiω
<latexit sha1_base64="ti+hFkREMJb39vT7J79pfGYv/kA="></latexit>

ω → ↑1

v

∫ z

→↑
V dz↓

<latexit sha1_base64="ZCpXA2LXdT55eb6avxj63Nlv1K4=">AAACLXicbVDLSgMxFM34rPVVdekmWATdlBnxtREKulBXFawKnXHIpLdtaB5DkhFK6Q+58VdEcFERt/6GmbYLXwcCJ+ecS3JPknJmrO8Pvanpmdm5+cJCcXFpeWW1tLZ+Y1SmKdSp4krfJcQAZxLqllkOd6kGIhIOt0n3NPdvH0AbpuS17aUQCdKWrMUosU6KS2dw32ch7bDYxyFVJlQC2sRd7ACf4NBkIpaY3Ut8GcudcW4X5zPyWzIulf2KPwL+S4IJKaMJanHpJWwqmgmQlnJiTCPwUxv1ibaMchgUw8xASmiXtKHhqCQCTNQfbTvA205p4pbS7kiLR+r3iT4RxvRE4pKC2I757eXif14js63jyG2WZhYkHT/Uyji2CufV4SbTQC3vOUKoZu6vmHaIJtS6gouuhOD3yn/JzV4lOKwcXO2XqxeTOgpoE22hHRSgI1RF56iG6oiiR/SMhujNe/JevXfvYxyd8iYzG+gHvM8vjD2nIQ==</latexit>

eiω0 cosε0t =
∑

n

inJn(ω0)e
inε0t

<latexit sha1_base64="zhiwNqBzCYQ5UWDirW/LeuGrNHQ="></latexit>

cn = Jn(ω0)e
inω0t, ω0 → V0 ↑J↓R

v
↔ 1

The eikonal regime

<latexit sha1_base64="6svsdmkmN8JbHPIEtNPZOs1ycqM=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpvjZCwY26qmAf0JkOmTTThiaZIckIZegHuPFX3LhQxK0f4M6/MW1noa0HEg7nnEtyTxAzqrRtf1u5peWV1bX8emFjc2t7p7i711RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF5N/NYDkYpG4l6PYuJx1Bc0pBhpI/nFkqsS7gsoulV465u77OIB9e1jeAlnrFs1KbtiTwEXiZOREshQ94tfbi/CCSdCY4aU6jh2rL0USU0xI+OCmygSIzxEfdIxVCBOlJdOlxnDI6P0YBhJc4SGU/X3RIq4UiMemCRHeqDmvYn4n9dJdHjhpVTEiSYCzx4KEwZ1BCfNwB6VBGs2MgRhSc1fIR4gibA2/RVMCc78youkWa04Z5XTu5NS7SarIw8OwCEoAwecgxq4BnXQABg8gmfwCt6sJ+vFerc+ZtGclc3sgz+wPn8ACsCZGQ==</latexit>∑

n

n2J2
n(ω0) = ω2

0 Decoherence is not capped, gets a  enhancementχ2
0 ≫ 1

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="pN40M+mNKj+bscbnlX4bZMQ5cNM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTF10YouFFXFewD2hgm00k7dDIJM5NCCf0TNy4UceufuPNvnLZZaOuBC4dz7uXee4KEM6Ud59sqrKyurW8UN0tb2zu7e/b+QVPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfBm6rdGVCoWi0c9TqgX4b5gISNYG8m37a5KI1+ge188VdG1i3y77FScGdAycXNShhx13/7q9mKSRlRowrFSHddJtJdhqRnhdFLqpoommAxxn3YMFTiiystml0/QiVF6KIylKaHRTP09keFIqXEUmM4I64Fa9Kbif14n1eGVlzGRpJoKMl8UphzpGE1jQD0mKdF8bAgmkplbERlgiYk2YZVMCO7iy8ukWa24F5Xzh7Ny7S6PowhHcAyn4MIl1OAW6tAAAiN4hld4szLrxXq3PuatBSufOYQ/sD5/AIP6kk8=</latexit>∑

n

J2
n = 1 Cross-section capped by unitarity

5



<latexit sha1_base64="Ttk8VZIwZBX4XU7zrpb2puXyP7U="></latexit>

i
ωε

ωt
= →↑2

2m
ε + [V0 ↓J↔ cosϑ0t]ε

Eikonal approximation ,E ≫ V
<latexit sha1_base64="RQw+5eO49hDXFP05WcOUFvyjEJo=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCAWqgTxGishJNiKRB9SEyrHdVurTmzZDqJE+QMWfoWFAYRYWdn4G5w2A7QcyfLxOffq+p5AMKq043xbM7Nz8wuLhaXi8srq2rq9sVlXPJaY1DBnXDYDpAijEalpqhlpCklQGDDSCAbnmd+4I1JRHt3ooSB+iHoR7VKMtJHa9p4nFPWQEJLfQ3KbHNALnZqbDh7S7E2hh/s0bdslp+yMAKeJm5MSyFFt219eh+M4JJHGDCnVch2h/QRJTTEjadGLFREID1CPtAyNUEiUn4z2SeGuUTqwy6U5kYYj9XdHgkKlhmFgKkOk+2rSy8T/vFasu2d+QiMRaxLh8aBuzKDmMAsHdqgkWLOhIQhLav4KcR9JhLWJsGhCcCdXnib1w7J7Uj6+PipVrvI4CmAb7IB94IJTUAGXoApqAINH8AxewZv1ZL1Y79bHuHTGynu2wB9Ynz+CCZz9</latexit>

ω → e→iEteikzeiω
<latexit sha1_base64="ti+hFkREMJb39vT7J79pfGYv/kA="></latexit>

ω → ↑1

v

∫ z

→↑
V dz↓

<latexit sha1_base64="ZCpXA2LXdT55eb6avxj63Nlv1K4=">AAACLXicbVDLSgMxFM34rPVVdekmWATdlBnxtREKulBXFawKnXHIpLdtaB5DkhFK6Q+58VdEcFERt/6GmbYLXwcCJ+ecS3JPknJmrO8Pvanpmdm5+cJCcXFpeWW1tLZ+Y1SmKdSp4krfJcQAZxLqllkOd6kGIhIOt0n3NPdvH0AbpuS17aUQCdKWrMUosU6KS2dw32ch7bDYxyFVJlQC2sRd7ACf4NBkIpaY3Ut8GcudcW4X5zPyWzIulf2KPwL+S4IJKaMJanHpJWwqmgmQlnJiTCPwUxv1ibaMchgUw8xASmiXtKHhqCQCTNQfbTvA205p4pbS7kiLR+r3iT4RxvRE4pKC2I757eXif14js63jyG2WZhYkHT/Uyji2CufV4SbTQC3vOUKoZu6vmHaIJtS6gouuhOD3yn/JzV4lOKwcXO2XqxeTOgpoE22hHRSgI1RF56iG6oiiR/SMhujNe/JevXfvYxyd8iYzG+gHvM8vjD2nIQ==</latexit>

eiω0 cosε0t =
∑

n

inJn(ω0)e
inε0t

<latexit sha1_base64="zhiwNqBzCYQ5UWDirW/LeuGrNHQ="></latexit>

cn = Jn(ω0)e
inω0t, ω0 → V0 ↑J↓R

v
↔ 1

The eikonal regime

<latexit sha1_base64="6svsdmkmN8JbHPIEtNPZOs1ycqM=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpvjZCwY26qmAf0JkOmTTThiaZIckIZegHuPFX3LhQxK0f4M6/MW1noa0HEg7nnEtyTxAzqrRtf1u5peWV1bX8emFjc2t7p7i711RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF5N/NYDkYpG4l6PYuJx1Bc0pBhpI/nFkqsS7gsoulV465u77OIB9e1jeAlnrFs1KbtiTwEXiZOREshQ94tfbi/CCSdCY4aU6jh2rL0USU0xI+OCmygSIzxEfdIxVCBOlJdOlxnDI6P0YBhJc4SGU/X3RIq4UiMemCRHeqDmvYn4n9dJdHjhpVTEiSYCzx4KEwZ1BCfNwB6VBGs2MgRhSc1fIR4gibA2/RVMCc78youkWa04Z5XTu5NS7SarIw8OwCEoAwecgxq4BnXQABg8gmfwCt6sJ+vFerc+ZtGclc3sgz+wPn8ACsCZGQ==</latexit>∑

n

n2J2
n(ω0) = ω2

0 Decoherence is not capped, gets a  enhancementχ2
0 ≫ 1

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="pN40M+mNKj+bscbnlX4bZMQ5cNM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTF10YouFFXFewD2hgm00k7dDIJM5NCCf0TNy4UceufuPNvnLZZaOuBC4dz7uXee4KEM6Ud59sqrKyurW8UN0tb2zu7e/b+QVPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfBm6rdGVCoWi0c9TqgX4b5gISNYG8m37a5KI1+ge188VdG1i3y77FScGdAycXNShhx13/7q9mKSRlRowrFSHddJtJdhqRnhdFLqpoommAxxn3YMFTiiystml0/QiVF6KIylKaHRTP09keFIqXEUmM4I64Fa9Kbif14n1eGVlzGRpJoKMl8UphzpGE1jQD0mKdF8bAgmkplbERlgiYk2YZVMCO7iy8ukWa24F5Xzh7Ny7S6PowhHcAyn4MIl1OAW6tAAAiN4hld4szLrxXq3PuatBSufOYQ/sD5/AIP6kk8=</latexit>∑

n

J2
n = 1 Cross-section capped by unitarity

<latexit sha1_base64="mtTHWToXU9JB+WUsuyGzxA2Uo+w="></latexit>

d
〈
J2
z

〉

dt
= nωv

∑

n

n2ωn

<latexit sha1_base64="B019H7cMAhRmsJGSF1+3V3XDykM=">AAACC3icbVA9SwNBEN3z2/gVtbRZDIJVuAt+lYKF2imYGMjFY26zMUt2b4/dOTEc6W38KzYWitj6B+z8N24+CjU+GHi8N8PMvDiVwqLvf3lT0zOzc/MLi4Wl5ZXVteL6Rs3qzDBeZVpqU4/BcikSXkWBktdTw0HFkl/H3ZOBf33HjRU6ucJeypsKbhPRFgzQSVFxO4Q0NfqehqegFEQh8nvMUWOfhqwjIv+mEhVLftkfgk6SYExKZIyLqPgZtjTLFE+QSbC2EfgpNnMwKJjk/UKYWZ4C68ItbziagOK2mQ9/6dMdp7RoWxtXCdKh+nMiB2VtT8WuUwF27F9vIP7nNTJsHzVzkaQZ8oSNFrUzSVHTQTC0JQxnKHuOADPC3UpZBwwwdPEVXAjB35cnSa1SDg7K+5d7pePzcRwLZItsk10SkENyTM7IBakSRh7IE3khr96j9+y9ee+j1ilvPLNJfsH7+AbyhJsD</latexit>

→ !totω
2
0

5



<latexit sha1_base64="Ttk8VZIwZBX4XU7zrpb2puXyP7U="></latexit>

i
ωε

ωt
= →↑2

2m
ε + [V0 ↓J↔ cosϑ0t]ε

Eikonal approximation ,E ≫ V
<latexit sha1_base64="RQw+5eO49hDXFP05WcOUFvyjEJo=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCAWqgTxGishJNiKRB9SEyrHdVurTmzZDqJE+QMWfoWFAYRYWdn4G5w2A7QcyfLxOffq+p5AMKq043xbM7Nz8wuLhaXi8srq2rq9sVlXPJaY1DBnXDYDpAijEalpqhlpCklQGDDSCAbnmd+4I1JRHt3ooSB+iHoR7VKMtJHa9p4nFPWQEJLfQ3KbHNALnZqbDh7S7E2hh/s0bdslp+yMAKeJm5MSyFFt219eh+M4JJHGDCnVch2h/QRJTTEjadGLFREID1CPtAyNUEiUn4z2SeGuUTqwy6U5kYYj9XdHgkKlhmFgKkOk+2rSy8T/vFasu2d+QiMRaxLh8aBuzKDmMAsHdqgkWLOhIQhLav4KcR9JhLWJsGhCcCdXnib1w7J7Uj6+PipVrvI4CmAb7IB94IJTUAGXoApqAINH8AxewZv1ZL1Y79bHuHTGynu2wB9Ynz+CCZz9</latexit>

ω → e→iEteikzeiω
<latexit sha1_base64="ti+hFkREMJb39vT7J79pfGYv/kA="></latexit>

ω → ↑1

v

∫ z

→↑
V dz↓

<latexit sha1_base64="ZCpXA2LXdT55eb6avxj63Nlv1K4=">AAACLXicbVDLSgMxFM34rPVVdekmWATdlBnxtREKulBXFawKnXHIpLdtaB5DkhFK6Q+58VdEcFERt/6GmbYLXwcCJ+ecS3JPknJmrO8Pvanpmdm5+cJCcXFpeWW1tLZ+Y1SmKdSp4krfJcQAZxLqllkOd6kGIhIOt0n3NPdvH0AbpuS17aUQCdKWrMUosU6KS2dw32ch7bDYxyFVJlQC2sRd7ACf4NBkIpaY3Ut8GcudcW4X5zPyWzIulf2KPwL+S4IJKaMJanHpJWwqmgmQlnJiTCPwUxv1ibaMchgUw8xASmiXtKHhqCQCTNQfbTvA205p4pbS7kiLR+r3iT4RxvRE4pKC2I757eXif14js63jyG2WZhYkHT/Uyji2CufV4SbTQC3vOUKoZu6vmHaIJtS6gouuhOD3yn/JzV4lOKwcXO2XqxeTOgpoE22hHRSgI1RF56iG6oiiR/SMhujNe/JevXfvYxyd8iYzG+gHvM8vjD2nIQ==</latexit>

eiω0 cosε0t =
∑

n

inJn(ω0)e
inε0t

<latexit sha1_base64="zhiwNqBzCYQ5UWDirW/LeuGrNHQ="></latexit>

cn = Jn(ω0)e
inω0t, ω0 → V0 ↑J↓R

v
↔ 1

The eikonal regime

<latexit sha1_base64="6svsdmkmN8JbHPIEtNPZOs1ycqM=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpvjZCwY26qmAf0JkOmTTThiaZIckIZegHuPFX3LhQxK0f4M6/MW1noa0HEg7nnEtyTxAzqrRtf1u5peWV1bX8emFjc2t7p7i711RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF5N/NYDkYpG4l6PYuJx1Bc0pBhpI/nFkqsS7gsoulV465u77OIB9e1jeAlnrFs1KbtiTwEXiZOREshQ94tfbi/CCSdCY4aU6jh2rL0USU0xI+OCmygSIzxEfdIxVCBOlJdOlxnDI6P0YBhJc4SGU/X3RIq4UiMemCRHeqDmvYn4n9dJdHjhpVTEiSYCzx4KEwZ1BCfNwB6VBGs2MgRhSc1fIR4gibA2/RVMCc78youkWa04Z5XTu5NS7SarIw8OwCEoAwecgxq4BnXQABg8gmfwCt6sJ+vFerc+ZtGclc3sgz+wPn8ACsCZGQ==</latexit>∑

n

n2J2
n(ω0) = ω2

0 Decoherence is not capped, gets a  enhancementχ2
0 ≫ 1

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

<latexit sha1_base64="pN40M+mNKj+bscbnlX4bZMQ5cNM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTF10YouFFXFewD2hgm00k7dDIJM5NCCf0TNy4UceufuPNvnLZZaOuBC4dz7uXee4KEM6Ud59sqrKyurW8UN0tb2zu7e/b+QVPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfBm6rdGVCoWi0c9TqgX4b5gISNYG8m37a5KI1+ge188VdG1i3y77FScGdAycXNShhx13/7q9mKSRlRowrFSHddJtJdhqRnhdFLqpoommAxxn3YMFTiiystml0/QiVF6KIylKaHRTP09keFIqXEUmM4I64Fa9Kbif14n1eGVlzGRpJoKMl8UphzpGE1jQD0mKdF8bAgmkplbERlgiYk2YZVMCO7iy8ukWa24F5Xzh7Ny7S6PowhHcAyn4MIl1OAW6tAAAiN4hld4szLrxXq3PuatBSufOYQ/sD5/AIP6kk8=</latexit>∑

n

J2
n = 1 Cross-section capped by unitarity

<latexit sha1_base64="mtTHWToXU9JB+WUsuyGzxA2Uo+w="></latexit>

d
〈
J2
z

〉

dt
= nωv

∑

n

n2ωn
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Example: Accumulating millicharges from cosmic rays
[A. Berlin et al., Phys.Rev.D 114 (2026) 1, 015016, arXiv:2510.25834]
See Zach’s talk later today: Cavendish Searches for Millicharged Particles
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Example: Accumulating millicharges from cosmic rays
[A. Berlin et al., Phys.Rev.D 114 (2026) 1, 015016, arXiv:2510.25834]

All figures here are from [Berlin et. al] 
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See Zach’s talk later today: Cavendish Searches for Millicharged Particles
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Energy transfer Decoherence

Assuming the nuclear spin quantum protocol of [MG et al., Phys. Rev. A 113, 063714, 2026/arXiv:2508.20520]

P r e l i m
 i n a r y

SNa SNa

CollidersColliders

MC densities from [Berlin et al. Phys.Rev.D 114 (2026) 1, 015016, arXiv:2510.25834]
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V → qωµNv

r2

[A.Arvanitaki, S. Dimopoulos, MG, D. Li arXiv:2608.xxxxx]

Example: Accumulating millicharges from cosmic rays
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Conclusions

Superradiant interactions are a new class of coherent inelastic effects
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Conclusions

Superradiant interactions are a new class of coherent inelastic effects

Non-perturbative regime  Eikonal approximation→

Richer physics than simple unitarity bounds  large decoherence→

Example: irreducible millicharge abundance from cosmic rays
Establishes nuclear spin systems as 


multi-purpose 
ultra-low-threshold  
sub-GeV-particle 

detectors
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