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There are many hints that there may be 
more to gravity than meets the eye

ESA

It is very tempting to introduce new 
gravitational physics

What can this new physics look like?
And how can we test it?

e.g. a new particle with a low-energy universal 
coupling to matter

<latexit sha1_base64="CgZxiEDPAe/f6xrtIuBn+MP8RoM=">AAACEHicbVC7TsMwFHV4lvIKMLJYVAimKkG8xgoWBoYi0YfURJHjOq1V24lsB6mK8gks/AoLAwixMrLxNzhtBmg5kuWjc+7VvfeECaNKO863tbC4tLyyWlmrrm9sbm3bO7ttFacSkxaOWSy7IVKEUUFammpGuokkiIeMdMLRdeF3HohUNBb3epwQn6OBoBHFSBspsI8yDyMGb3PoKcqhlwwp9OQwDjyO9FDyzHyayDywa07dmQDOE7ckNVCiGdhfXj/GKSdCY4aU6rlOov0MSU0xI3nVSxVJEB6hAekZKhAnys8mB+Xw0Ch9GMXSPKHhRP3dkSGu1JiHprJYU816hfif10t1dOlnVCSpJgJPB0UpgzqGRTqwTyXBmo0NQVhSsyvEQyQRNhmoqgnBnT15nrRP6u55/ezutNa4KuOogH1wAI6BCy5AA9yAJmgBDB7BM3gFb9aT9WK9Wx/T0gWr7NkDf2B9/gD55Z07</latexit>

L ⇠ �⇢matter

These questions are useful in their own right, independent of 
cosmological scenarios or specific high-energy theories
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The symmetron is one example of a simple (but highly nontrivial) 
modification to gravity
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<latexit sha1_base64="sGVOLlXKcyANZD6OV/lQ8oCe+mc=">AAACFXicbVDLSsNAFJ3UV62vqBtBkcEiuCqJ4GNZdOOyBfuAJpTJdNIOnUnCzERaQt35Df6AW113407cuvYH3PgTThoXtvXAwOGce7lnjhcxKpVlfRq5hcWl5ZX8amFtfWNzy9zeqcswFpjUcMhC0fSQJIwGpKaoYqQZCYK4x0jD61+nfuOOCEnD4FYNI+Jy1A2oTzFSWmqbew6PoYOiSIQD6HCkeoInnNRHbbNolawJ4Dyxf0mxfDCufj8cjitt88vphDjmJFCYISlbthUpN0FCUczIqODEkkQI91GXtDQNECfSTSY/GMFjrXSgHwr9AgUn6t+NBHEph9zTk2lGOeul4n9eK1b+pZvQIIoVCXB2yI8ZVCFM64AdKghWbKgJwoLqrBD3kEBY6dKmrgyyqAVdjD1bwzypn5bs89JZVTd0BTLkwT44AifABhegDG5ABdQABvfgCTyDF+PReDXejPdsNGf87uyCKRgfP9m2o0s=</latexit>

µ ⇡ meV
<latexit sha1_base64="Gi+WamOsJRgSZZMC8RHp7BrUINk="></latexit>
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⇢m < µ2M2

⇢m > µ2M2
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Hinterbichler & Khoury 2010

The matter coupling implies a fifth force
<latexit sha1_base64="FfzxEWbrCWKFf4Bza4Ll0atZcHc=">AAACHnicbZDLSsNAFIYn9VbrLepSkdEiuCqJ4GVZFMRlC/YCTSiT6bQdOpmEmUmxhC7F1/AF3GqfwJ241Rdw40s4TbqwrT8M/HznHM6Z3wsZlcqyvozMwuLS8kp2Nbe2vrG5ZW7vVGUQCUwqOGCBqHtIEkY5qSiqGKmHgiDfY6Tm9a7H9VqfCEkDfqcGIXF91OG0TTFSGjXNQ6dPMLyBjqQ+dMIuhQlwOPIYSkDTzFsFKxGcN/bE5Iv7o/LPw8Go1DS/nVaAI59whRmSsmFboXJjJBTFjAxzTiRJiHAPdUhDW458It04+coQHmvSgu1A6McVTOjfiRj5Ug58T3f6SHXlbG0M/6s1ItW+dGPKw0gRjtNF7YhBFcBxLrBFBcGKDbRBWFB9K8RdJBBWOr2pLffpqTkdjD0bw7ypnhbs88JZWSd0BVJlwR44AifABhegCG5BCVQABo/gGbyAV+PJeDPejY+0NWNMZnbBlIzPX5orpZ8=</latexit>

~F ⇠ �~r�

In sparse regions (with test 
particles)

<latexit sha1_base64="eKtWwS73kWgUBmpJBLkJUnmHBcg=">AAACDnicbVDLSgMxFM34rPU16tJNsBRclRnxtSwK4koq2Ad0Ssmkt21oJhmSTLUM/QI3/oobF4q4de3OvzF9LLT1QODknHu5954w5kwbz/t2FhaXlldWM2vZ9Y3NrW13Z7eiZaIolKnkUtVCooEzAWXDDIdarIBEIYdq2Lsc+dU+KM2kuDODGBoR6QjWZpQYKzXdfNAHiq9wQOJYyQc8+TaDiJiuitIbuDdSDJtuzit4Y+B54k9JDk1RarpfQUvSJAJhKCda130vNo2UKMMoh2E2SDTEhPZIB+qWChKBbqTjc4Y4b5UWbktlnzB4rP7uSEmk9SAKbeVoTT3rjcT/vHpi2ueNlIk4MSDoZFA74dhIPMoGt5gCavjAEkIVs7ti2iWKUGMTzNoQ/NmT50nlqOCfFk5uj3PFi2kcGbSPDtAh8tEZKqJrVEJlRNEjekav6M15cl6cd+djUrrgTHv20B84nz/tC5wU</latexit>

~F ⇡ ~FNewton

In dense regions the fifth 
force is “screened”

<latexit sha1_base64="90EXrIYKtp9/Ql7ZA4DEWhuvL/o=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVX8egIB4jmAdklzA76SRDZmeHmdlgWPInXjwo4tU/8ebfOEn2oIkFDUVVN91dkeRMG8/7dgorq2vrG8XN0tb2zu6eu3/Q0EmqKNRpwhPViogGzgTUDTMcWlIBiSMOzWh4O/WbI1CaJeLRjCWEMekL1mOUGCt1XDcYAcV3OCBSquQJex237FW8GfAy8XNSRjlqHfcr6CY0jUEYyonWbd+TJsyIMoxymJSCVIMkdEj60LZUkBh0mM0un+ATq3RxL1G2hMEz9fdERmKtx3FkO2NiBnrRm4r/ee3U9K7DjAmZGhB0vqiXcmwSPI0Bd5kCavjYEkIVs7diOiCKUGPDKtkQ/MWXl0njrOJfVi4ezsvVmzyOIjpCx+gU+egKVdE9qqE6omiEntErenMy58V5dz7mrQUnnzlEf+B8/gAuLZK7</latexit>

~F ⇡ 0
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Burrage, Copeland, Hinds 2015
Atom interferometry is an excellent test of screened modified 
gravity

Measure the force between 
atoms and a marble-sized mass 
to an accuracy

<latexit sha1_base64="yTEHZ3S0IJT3ankk4pl2PoG4m8E="></latexit>

aatom ⇡ 10�10gEarth

Hamilton, Jaffe, Haslinger, Muller, Khoury, Science 2015
BE, Khoury, Haslinger, Jaffe, Muller, PRD 2016

Jaffe, Haslinger, Xu, Hamilton, Upadhye, BE, Khoury, Muller 2017
Sabulsky, Dutta, Hinds, BE, Burrage, Copeland, PRL 2019

<latexit sha1_base64="mJzEVt5N7v6QAwjp3fkkOxFWtvg=">AAACCXicbVC7SgNBFL0bXzG+ooKNzWAQrMKu4KMMsbFMwDwgiWF2MpsMmdldZmbFsOQL/AFb7S3sxFZ/wsbS73A2m8IkHrhwOOde7uG4IWdK2/aXlVlaXlldy67nNja3tnfyu3t1FUSS0BoJeCCbLlaUM5/WNNOcNkNJsXA5bbjDq8Rv3FGpWODf6FFIOwL3feYxgrWRbkW3LbAeSBErScbdfMEu2hOgReJMSaF0UP1mL+XPSjf/0+4FJBLU14RjpVqOHepOjKVmhNNxrh0pGmIyxH3aMtTHgqpOPEk9RsdG6SEvkGZ8jSbq34sYC6VGwjWbSUY17yXif14r0t5lJ2Z+GGnqk/SRF3GkA5RUgHpMUqL5yBBMJDNZERlgiYk2Rc18uU+j5kwxznwNi6R+WnTOi2dV01AZUmThEI7gBBy4gBJcQwVqQEDCIzzBs/VgvVpv1nu6mrGmN/swA+vjF/cmnyQ=</latexit>msrc

<latexit sha1_base64="4usEY6VNysDSo4Soc6cVkIrgsqU=">AAACDHicbVDLSsNAFJ3UV62PRgU3boJFcFUSwcey1I3LFuwD2hIm00k7dCYJMzdiCf0Ff8CtLt25E3fiP7hx6Xc4abqwrQcuHM65l3s4XsSZAtv+MnIrq2vrG/nNwtb2zm7R3NtvqjCWhDZIyEPZ9rCinAW0AQw4bUeSYuFx2vJG16nfuqNSsTC4hXFEewIPAuYzgkFLrlkUbldgGEqRAFUwcc2SXbansJaJMyOlymH9m71UP2qu+dPthyQWNADCsVIdx46gl2AJjHA6KXRjRSNMRnhAO5oGWFDVS6bBJ9aJVvqWH0o9AVhT9e9FgoVSY+HpzTSkWvRS8T+vE4N/1UtYEMVAA5I98mNuQWilLVh9JikBPtYEE8l0VosMscQEdFdzX+6zqAVdjLNYwzJpnpWdi/J5XTdURRny6Agdo1PkoEtUQTeohhqIoBg9oif0bDwYr8ab8Z6t5ozZzQGag/H5C1ucn9c=</latexit>mtestBut the measurement is 
restricted to distances 

<latexit sha1_base64="TN7Kig35phph3C+ZrIGk8slxgm4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURX8uiG5cVrC00oUwmk3boTBJmboQSCv6KGxeKuPU73Pk3TtostPXAwOGce7lnTpAKrsFxvq3K0vLK6lp1vbaxubW9Y+/uPegkU5S1aSIS1Q2IZoLHrA0cBOumihEZCNYJRjeF33lkSvMkvodxynxJBjGPOCVgpL59EGJvAMaX2JMEhkrmUk76dt1pOFPgReKWpI5KtPr2lxcmNJMsBiqI1j3XScHPiQJOBZvUvEyzlNARGbCeoTGRTPv5NP4EHxslxFGizIsBT9XfGzmRWo9lYCaLiHreK8T/vF4G0ZWf8zjNgMV0dijKBIYEF13gkCtGQYwNIVRxkxXTIVGEgmmsZkpw57+8SB5OG+5F4/zurN68LuuookN0hE6Qiy5RE92iFmojinL0jF7Rm/VkvVjv1sdstGKVO/voD6zPH3M3ldQ=</latexit>

d & mm

Which only tests symmetron 
masses

<latexit sha1_base64="P3XNfDbt0Z600uigGFPkjlS26aE=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwFRLxtSw+wIWLCvYBTQiTybQdOpOEmYlQQv0AN/6KGxeKuHXvzr9x0mahrQcGDufcw9x7goRRqWz72yjNzS8sLpWXKyura+sb5uZWU8apwKSBYxaLdoAkYTQiDUUVI+1EEMQDRlrB4CL3W/dESBpHd2qYEI+jXkS7FCOlJd/cc3kKXUaklJRD23Ie3BudDpHvcqT6gmeXVyPfrNqWPQacJU5BqqBA3Te/3DDGKSeRwgxJ2XHsRHkZEopiRkYVN5UkQXiAeqSjaYQ4kV42vmYE97USwm4s9IsUHKu/ExniUg55oCfzFeW0l4v/eZ1Udc+8jEZJqkiEJx91UwZVDPNqYEgFwYoNNUFYUL0rxH0kEFa6wIouwZk+eZY0Dy3nxDq+ParWzos6ymAH7IID4IBTUAPXoA4aAINH8AxewZvxZLwY78bHZLRkFJlt8AfG5w/FSptm</latexit>

µ . 0.1 ⇤DE
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Goal: to test shorter distance scales of screened modified gravity, 
especially with atom interferometry!

One possibility is to replace the marble source mass with a 
symmetron domain wall.

Recall that the symmetron has two equivalent vacua:
<latexit sha1_base64="HSZYWO8XyBAYJhT6Nz49ZOj6tGE=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmKkG8FqQKFsYi0YfURJXjOK1V2wm2U6mKMrPwKywMIMTKF7DxN7htBmg50pWOzrnXvvcECaNKO863tbC4tLyyWlorr29sbm3bO7tNFacSkwaOWSzbAVKEUUEammpG2okkiAeMtILBzdhvDYlUNBb3epQQn6OeoBHFSBupax8M4RX0Eg69SCKceTzNM089SA09Zl4JUd61K07VmQDOE7cgFVCg3rW/vDDGKSdCY4aU6rhOov0MSU0xI3nZSxVJEB6gHukYKhAnys8mp+TwyCghjGJpSmg4UX9PZIgrNeKB6eRI99WsNxb/8zqpji79jIok1UTg6UdRyqCO4TgXGFJJsGYjQxCW1OwKcR+ZTLRJr2xCcGdPnifNk6p7Xj27O63Uros4SmAfHIJj4IILUAO3oA4aAINH8AxewZv1ZL1Y79bHtHXBKmb2wB9Ynz/s8Zp0</latexit>
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In one spatial dimension, a domain wall is a solution that connects 
these two vacua

As long as the boundary values are fixed this field configuration is 
topologically stable.

Position <latexit sha1_base64="NgJ4Zf2HHCVGo+WYa9qDLwFTw6U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKpi20oWy2m3bp7ibsbsQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dkorq2vrG+XNytb2zu5edf+gpeNUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwcZKfk+k6Klfrbl1dwa0TLyC1KBAs1/96g1ikgoqDeFY667nJibIsDKMcDqt9FJNE0zGeEi7lkosqA6y2bFTdGKVAYpiZUsaNFN/T2RYaD0Roe0U2Iz0opeL/3nd1ETXQcZkkhoqyXxRlHJkYpR/jgZMUWL4xBJMFLO3IjLCChNj86nYELzFl5dJ66zuXdYv7s9rjZsijjIcwTGcggdX0IA7aIIPBBg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fk3uOjA==</latexit>µx

<latexit sha1_base64="7t/CKighjt2KIDi2RVnkW7Bn2JY=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxhLvG15HoxSMm8kiAkNmhFybMzq4zsyRkw0948aAxXv0db/6NA+xBwUo6qVR1p7vLjwXXxnW/ndzK6tr6Rn6zsLW9s7tX3D+o6yhRDGssEpFq+lSj4BJrhhuBzVghDX2BDX94N/UbI1SaR/LRjGPshLQvecAZNVZqtuMBJ2dk1C2W3LI7A1kmXkZKkKHaLX61exFLQpSGCap1y3Nj00mpMpwJnBTaicaYsiHtY8tSSUPUnXR274ScWKVHgkjZkobM1N8TKQ21Hoe+7QypGehFbyr+57USE9x0Ui7jxKBk80VBIoiJyPR50uMKmRFjSyhT3N5K2IAqyoyNqGBD8BZfXib187J3Vb58uChVbrM48nAEx3AKHlxDBe6hCjVgIOAZXuHNeXJenHfnY96ac7KZQ/gD5/MHDQCPVg==</latexit> �
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Recall that field gradients are responsible for the scalar fifth force
<latexit sha1_base64="FfzxEWbrCWKFf4Bza4Ll0atZcHc=">AAACHnicbZDLSsNAFIYn9VbrLepSkdEiuCqJ4GVZFMRlC/YCTSiT6bQdOpmEmUmxhC7F1/AF3GqfwJ241Rdw40s4TbqwrT8M/HznHM6Z3wsZlcqyvozMwuLS8kp2Nbe2vrG5ZW7vVGUQCUwqOGCBqHtIEkY5qSiqGKmHgiDfY6Tm9a7H9VqfCEkDfqcGIXF91OG0TTFSGjXNQ6dPMLyBjqQ+dMIuhQlwOPIYSkDTzFsFKxGcN/bE5Iv7o/LPw8Go1DS/nVaAI59whRmSsmFboXJjJBTFjAxzTiRJiHAPdUhDW458It04+coQHmvSgu1A6McVTOjfiRj5Ug58T3f6SHXlbG0M/6s1ItW+dGPKw0gRjtNF7YhBFcBxLrBFBcGKDbRBWFB9K8RdJBBWOr2pLffpqTkdjD0bw7ypnhbs88JZWSd0BVJlwR44AifABhegCG5BCVQABo/gGbyAV+PJeDPejY+0NWNMZnbBlIzPX5orpZ8=</latexit>

~F ⇠ �~r�

So the domain wall sources the fifth force
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<latexit sha1_base64="gSI9Ypmyhe56UnfJaYQUmV86m3k=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASLUDd1pnhbFt24ESrYC0zHkkkzbWiSGZJMoQ7FV3HjQhG3voc738a0nYVWfwh8/OcczskfxIwq7ThfVm5hcWl5Jb9aWFvf2Nyyt3caKkokJnUcsUi2AqQIo4LUNdWMtGJJEA8YaQaDq0m9OSRS0Ujc6VFMfI56goYUI22sjr3nweF9BR7DEmzzBN4YPvI7dtEpO1PBv+BmUASZah37s92NcMKJ0JghpTzXibWfIqkpZmRcaCeKxAgPUI94BgXiRPnp9PoxPDROF4aRNE9oOHV/TqSIKzXigenkSPfVfG1i/lfzEh1e+CkVcaKJwLNFYcKgjuAkCtilkmDNRgYQltTcCnEfSYS1CaxgQnDnv/wXGpWye1Y+vT0pVi+zOPJgHxyAEnDBOaiCa1ADdYDBA3gCL+DVerSerTfrfdaas7KZXfBL1sc3VYOSlg==</latexit> [v
2
/(
µ
M

2
)]

This is just as strong as a physical source mass!



Benjamin Elder Imperial College London

In 3 spatial dimensions, form domain walls in the following way:

<latexit sha1_base64="i342dO88/oYdAFnDBO1b7ylOjzI=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVQniNaEKFsYi0YfURJHjuq1Vx45sB6mK8gcs/AoLAwixsrLxNzhtBtpyJEtH59yr63PCmFGlHefHKi0tr6yuldcrG5tb2zv27l5LiURi0sSCCdkJkSKMctLUVDPSiSVBUchIOxzd5n77kUhFBX/Q45j4ERpw2qcYaSMF9rEnhyLwIqSHMkoHSGXwGs5oWFKdBXbVqTkTwEXiFqQKCjQC+9vrCZxEhGvMkFJd14m1nyKpKWYkq3iJIjHCIzQgXUM5iojy00meDB4ZpQf7QprHNZyofzdSFCk1jkIzmX9SzXu5+J/XTXT/yk8pjxNNOJ4e6icMagHzcmCPSoI1GxuC8twUQzxEEmFtKqyYEtz5yIukdVpzL2rn92fV+k1RRxkcgENwAlxwCergDjRAE2DwBF7AG3i3nq1X68P6nI6WrGJnH8zA+voFHtudXg==</latexit>

⇢gas > ⇢crit
<latexit sha1_base64="ejWCZ3rShRmtHjvzt20qf6ctQTU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oGdoWTStA3NZIbkjlCG/oUbF4q49W/c+Tem7Sy09UDgcM695J4TJlIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJk414w0Wy1i3Q2q4FIo3UKDk7URzGoWSt8LR7dRvPXFtRKwecJzwIKIDJfqCUbTSo58MBfExJm63XHGr7gxkmXg5qUCOerf85fdilkZcIZPUmI7nJhhkVKNgkk9Kfmp4QtmIDnjHUkUjboJsdvGEnFilR/qxtk8hmam/NzIaGTOOQjsZURyaRW8q/ud1UuxfB5lQSYpcsflH/VQSG3Ean/SE5gzl2BLKtLC3EjakmjK0JZVsCd5i5GXSPKt6l9WL+/NK7SavowhHcAyn4MEV1OAO6tAABgqe4RXeHOO8OO/Ox3y04OQ7h/AHzucPj+OQNA==</latexit>

� ! 0

<latexit sha1_base64="+z6SbsvXgtrYA07OpWqqYyf9TAU=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVQniNTBUsDAWiT6kJooc122tOnZkO0hVlD9g4VdYGECIlZWNv8FpM9CWI1k6OudeXZ8Txowq7Tg/VmlpeWV1rbxe2djc2t6xd/daSiQSkyYWTMhOiBRhlJOmppqRTiwJikJG2uHoNvfbj0QqKviDHsfEj9CA0z7FSBspsI89ORSBFyE9lFE6QCqD13BGw5LqLLCrTs2ZAC4StyBVUKAR2N9eT+AkIlxjhpTquk6s/RRJTTEjWcVLFIkRHqEB6RrKUUSUn07yZPDIKD3YF9I8ruFE/buRokipcRSayfyTat7Lxf+8bqL7V35KeZxowvH0UD9hUAuYlwN7VBKs2dgQlOemGOIhkghrU2HFlODOR14krdOae1E7vz+r1m+KOsrgAByCE+CCS1AHd6ABmgCDJ/AC3sC79Wy9Wh/W53S0ZBU7+2AG1tcvG62dXA==</latexit>

⇢gas < ⇢crit

<latexit sha1_base64="8LD8INboehpHTZ1/vwZJy2B0YoY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZNcxOZpMhM7vDzGwkLPkPLx4U8eq/ePNvnCR70MSChqKqm+6uUHKmjet+O4WV1bX1jeJmaWt7Z3evvH/Q1EmqCG2QhCeqHWJNOYtpwzDDaVsqikXIaSsc3k791ogqzZL4wYwlDQTuxyxiBBsrPfpywJBvEuRLgUbdcsWtujOgZeLlpAI56t3yl99LSCpobAjHWnc8V5ogw8owwumk5KeaSkyGuE87lsZYUB1ks6sn6MQqPRQlylZs0Ez9PZFhofVYhLZTYDPQi95U/M/rpCa6DjIWy9TQmMwXRSlH9s1pBKjHFCWGjy3BRDF7KyIDrDAxNqiSDcFbfHmZNM+q3mX14v68UrvJ4yjCERzDKXhwBTW4gzo0gICCZ3iFN+fJeXHenY95a8HJZw7hD5zPH6kakfs=</latexit>

� ! ±v

1) Cut off two chambers 
from each other, 
increase gas density  
above 
 

2) Pump out the vacuum 
chambers 
 
 

3) Open the shutter

<latexit sha1_base64="7t/CKighjt2KIDi2RVnkW7Bn2JY=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxhLvG15HoxSMm8kiAkNmhFybMzq4zsyRkw0948aAxXv0db/6NA+xBwUo6qVR1p7vLjwXXxnW/ndzK6tr6Rn6zsLW9s7tX3D+o6yhRDGssEpFq+lSj4BJrhhuBzVghDX2BDX94N/UbI1SaR/LRjGPshLQvecAZNVZqtuMBJ2dk1C2W3LI7A1kmXkZKkKHaLX61exFLQpSGCap1y3Nj00mpMpwJnBTaicaYsiHtY8tSSUPUnXR274ScWKVHgkjZkobM1N8TKQ21Hoe+7QypGehFbyr+57USE9x0Ui7jxKBk80VBIoiJyPR50uMKmRFjSyhT3N5K2IAqyoyNqGBD8BZfXib187J3Vb58uChVbrM48nAEx3AKHlxDBe6hCjVgIOAZXuHNeXJenHfnY96ac7KZQ/gD5/MHDQCPVg==</latexit>

�/v



Benjamin Elder Imperial College London

In 3 spatial dimensions, form domain walls in the following way:

<latexit sha1_base64="i342dO88/oYdAFnDBO1b7ylOjzI=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVQniNaEKFsYi0YfURJHjuq1Vx45sB6mK8gcs/AoLAwixsrLxNzhtBtpyJEtH59yr63PCmFGlHefHKi0tr6yuldcrG5tb2zv27l5LiURi0sSCCdkJkSKMctLUVDPSiSVBUchIOxzd5n77kUhFBX/Q45j4ERpw2qcYaSMF9rEnhyLwIqSHMkoHSGXwGs5oWFKdBXbVqTkTwEXiFqQKCjQC+9vrCZxEhGvMkFJd14m1nyKpKWYkq3iJIjHCIzQgXUM5iojy00meDB4ZpQf7QprHNZyofzdSFCk1jkIzmX9SzXu5+J/XTXT/yk8pjxNNOJ4e6icMagHzcmCPSoI1GxuC8twUQzxEEmFtKqyYEtz5yIukdVpzL2rn92fV+k1RRxkcgENwAlxwCergDjRAE2DwBF7AG3i3nq1X68P6nI6WrGJnH8zA+voFHtudXg==</latexit>

⇢gas > ⇢crit
<latexit sha1_base64="ejWCZ3rShRmtHjvzt20qf6ctQTU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oGdoWTStA3NZIbkjlCG/oUbF4q49W/c+Tem7Sy09UDgcM695J4TJlIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJk414w0Wy1i3Q2q4FIo3UKDk7URzGoWSt8LR7dRvPXFtRKwecJzwIKIDJfqCUbTSo58MBfExJm63XHGr7gxkmXg5qUCOerf85fdilkZcIZPUmI7nJhhkVKNgkk9Kfmp4QtmIDnjHUkUjboJsdvGEnFilR/qxtk8hmam/NzIaGTOOQjsZURyaRW8q/ud1UuxfB5lQSYpcsflH/VQSG3Ean/SE5gzl2BLKtLC3EjakmjK0JZVsCd5i5GXSPKt6l9WL+/NK7SavowhHcAyn4MEV1OAO6tAABgqe4RXeHOO8OO/Ox3y04OQ7h/AHzucPj+OQNA==</latexit>

� ! 0

<latexit sha1_base64="+z6SbsvXgtrYA07OpWqqYyf9TAU=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVQniNTBUsDAWiT6kJooc122tOnZkO0hVlD9g4VdYGECIlZWNv8FpM9CWI1k6OudeXZ8Txowq7Tg/VmlpeWV1rbxe2djc2t6xd/daSiQSkyYWTMhOiBRhlJOmppqRTiwJikJG2uHoNvfbj0QqKviDHsfEj9CA0z7FSBspsI89ORSBFyE9lFE6QCqD13BGw5LqLLCrTs2ZAC4StyBVUKAR2N9eT+AkIlxjhpTquk6s/RRJTTEjWcVLFIkRHqEB6RrKUUSUn07yZPDIKD3YF9I8ruFE/buRokipcRSayfyTat7Lxf+8bqL7V35KeZxowvH0UD9hUAuYlwN7VBKs2dgQlOemGOIhkghrU2HFlODOR14krdOae1E7vz+r1m+KOsrgAByCE+CCS1AHd6ABmgCDJ/AC3sC79Wy9Wh/W53S0ZBU7+2AG1tcvG62dXA==</latexit>

⇢gas < ⇢crit

<latexit sha1_base64="8LD8INboehpHTZ1/vwZJy2B0YoY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZNcxOZpMhM7vDzGwkLPkPLx4U8eq/ePNvnCR70MSChqKqm+6uUHKmjet+O4WV1bX1jeJmaWt7Z3evvH/Q1EmqCG2QhCeqHWJNOYtpwzDDaVsqikXIaSsc3k791ogqzZL4wYwlDQTuxyxiBBsrPfpywJBvEuRLgUbdcsWtujOgZeLlpAI56t3yl99LSCpobAjHWnc8V5ogw8owwumk5KeaSkyGuE87lsZYUB1ks6sn6MQqPRQlylZs0Ez9PZFhofVYhLZTYDPQi95U/M/rpCa6DjIWy9TQmMwXRSlH9s1pBKjHFCWGjy3BRDF7KyIDrDAxNqiSDcFbfHmZNM+q3mX14v68UrvJ4yjCERzDKXhwBTW4gzo0gICCZ3iFN+fJeXHenY95a8HJZw7hD5zPH6kakfs=</latexit>

� ! ±v

1) Cut off two chambers 
from each other, 
increase gas density  
above 
 

2) Pump out the vacuum 
chambers 
 
 

3) Open the shutter

<latexit sha1_base64="7t/CKighjt2KIDi2RVnkW7Bn2JY=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxhLvG15HoxSMm8kiAkNmhFybMzq4zsyRkw0948aAxXv0db/6NA+xBwUo6qVR1p7vLjwXXxnW/ndzK6tr6Rn6zsLW9s7tX3D+o6yhRDGssEpFq+lSj4BJrhhuBzVghDX2BDX94N/UbI1SaR/LRjGPshLQvecAZNVZqtuMBJ2dk1C2W3LI7A1kmXkZKkKHaLX61exFLQpSGCap1y3Nj00mpMpwJnBTaicaYsiHtY8tSSUPUnXR274ScWKVHgkjZkobM1N8TKQ21Hoe+7QypGehFbyr+57USE9x0Ui7jxKBk80VBIoiJyPR50uMKmRFjSyhT3N5K2IAqyoyNqGBD8BZfXib187J3Vb58uChVbrM48nAEx3AKHlxDBe6hCjVgIOAZXuHNeXJenHfnY96ac7KZQ/gD5/MHDQCPVg==</latexit>

�/v



Benjamin Elder Imperial College London

In 3 spatial dimensions, form domain walls in the following way:

<latexit sha1_base64="i342dO88/oYdAFnDBO1b7ylOjzI=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVQniNaEKFsYi0YfURJHjuq1Vx45sB6mK8gcs/AoLAwixsrLxNzhtBtpyJEtH59yr63PCmFGlHefHKi0tr6yuldcrG5tb2zv27l5LiURi0sSCCdkJkSKMctLUVDPSiSVBUchIOxzd5n77kUhFBX/Q45j4ERpw2qcYaSMF9rEnhyLwIqSHMkoHSGXwGs5oWFKdBXbVqTkTwEXiFqQKCjQC+9vrCZxEhGvMkFJd14m1nyKpKWYkq3iJIjHCIzQgXUM5iojy00meDB4ZpQf7QprHNZyofzdSFCk1jkIzmX9SzXu5+J/XTXT/yk8pjxNNOJ4e6icMagHzcmCPSoI1GxuC8twUQzxEEmFtKqyYEtz5yIukdVpzL2rn92fV+k1RRxkcgENwAlxwCergDjRAE2DwBF7AG3i3nq1X68P6nI6WrGJnH8zA+voFHtudXg==</latexit>

⇢gas > ⇢crit
<latexit sha1_base64="ejWCZ3rShRmtHjvzt20qf6ctQTU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oGdoWTStA3NZIbkjlCG/oUbF4q49W/c+Tem7Sy09UDgcM695J4TJlIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJk414w0Wy1i3Q2q4FIo3UKDk7URzGoWSt8LR7dRvPXFtRKwecJzwIKIDJfqCUbTSo58MBfExJm63XHGr7gxkmXg5qUCOerf85fdilkZcIZPUmI7nJhhkVKNgkk9Kfmp4QtmIDnjHUkUjboJsdvGEnFilR/qxtk8hmam/NzIaGTOOQjsZURyaRW8q/ud1UuxfB5lQSYpcsflH/VQSG3Ean/SE5gzl2BLKtLC3EjakmjK0JZVsCd5i5GXSPKt6l9WL+/NK7SavowhHcAyn4MEV1OAO6tAABgqe4RXeHOO8OO/Ox3y04OQ7h/AHzucPj+OQNA==</latexit>

� ! 0

<latexit sha1_base64="+z6SbsvXgtrYA07OpWqqYyf9TAU=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVQniNTBUsDAWiT6kJooc122tOnZkO0hVlD9g4VdYGECIlZWNv8FpM9CWI1k6OudeXZ8Txowq7Tg/VmlpeWV1rbxe2djc2t6xd/daSiQSkyYWTMhOiBRhlJOmppqRTiwJikJG2uHoNvfbj0QqKviDHsfEj9CA0z7FSBspsI89ORSBFyE9lFE6QCqD13BGw5LqLLCrTs2ZAC4StyBVUKAR2N9eT+AkIlxjhpTquk6s/RRJTTEjWcVLFIkRHqEB6RrKUUSUn07yZPDIKD3YF9I8ruFE/buRokipcRSayfyTat7Lxf+8bqL7V35KeZxowvH0UD9hUAuYlwN7VBKs2dgQlOemGOIhkghrU2HFlODOR14krdOae1E7vz+r1m+KOsrgAByCE+CCS1AHd6ABmgCDJ/AC3sC79Wy9Wh/W53S0ZBU7+2AG1tcvG62dXA==</latexit>

⇢gas < ⇢crit

<latexit sha1_base64="8LD8INboehpHTZ1/vwZJy2B0YoY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZNcxOZpMhM7vDzGwkLPkPLx4U8eq/ePNvnCR70MSChqKqm+6uUHKmjet+O4WV1bX1jeJmaWt7Z3evvH/Q1EmqCG2QhCeqHWJNOYtpwzDDaVsqikXIaSsc3k791ogqzZL4wYwlDQTuxyxiBBsrPfpywJBvEuRLgUbdcsWtujOgZeLlpAI56t3yl99LSCpobAjHWnc8V5ogw8owwumk5KeaSkyGuE87lsZYUB1ks6sn6MQqPRQlylZs0Ez9PZFhofVYhLZTYDPQi95U/M/rpCa6DjIWy9TQmMwXRSlH9s1pBKjHFCWGjy3BRDF7KyIDrDAxNqiSDcFbfHmZNM+q3mX14v68UrvJ4yjCERzDKXhwBTW4gzo0gICCZ3iFN+fJeXHenY95a8HJZw7hD5zPH6kakfs=</latexit>

� ! ±v

1) Cut off two chambers 
from each other, 
increase gas density  
above 
 

2) Pump out the vacuum 
chambers 
 
 

3) Open the shutter

<latexit sha1_base64="7t/CKighjt2KIDi2RVnkW7Bn2JY=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxhLvG15HoxSMm8kiAkNmhFybMzq4zsyRkw0948aAxXv0db/6NA+xBwUo6qVR1p7vLjwXXxnW/ndzK6tr6Rn6zsLW9s7tX3D+o6yhRDGssEpFq+lSj4BJrhhuBzVghDX2BDX94N/UbI1SaR/LRjGPshLQvecAZNVZqtuMBJ2dk1C2W3LI7A1kmXkZKkKHaLX61exFLQpSGCap1y3Nj00mpMpwJnBTaicaYsiHtY8tSSUPUnXR274ScWKVHgkjZkobM1N8TKQ21Hoe+7QypGehFbyr+57USE9x0Ui7jxKBk80VBIoiJyPR50uMKmRFjSyhT3N5K2IAqyoyNqGBD8BZfXib187J3Vb58uChVbrM48nAEx3AKHlxDBe6hCjVgIOAZXuHNeXJenHfnY96ac7KZQ/gD5/MHDQCPVg==</latexit>

�/v



Benjamin Elder Imperial College London

In 3 spatial dimensions, form domain walls in the following way:

We now have a domain wall in 
the centre of the chamber

It is classically stable:

<latexit sha1_base64="zb0xvpCCPzRxvmw5wjHnGZtXoLg=">AAACC3icbVDLSgMxFM3UV62vUZduQovgqsyIr2VVBJcV7AM6Q8mkmTY0yQxJRhiG7t34K25cKOLWH3Dn35hpR9DqgcDhnHtv7j1BzKjSjvNplRYWl5ZXyquVtfWNzS17e6etokRi0sIRi2Q3QIowKkhLU81IN5YE8YCRTjC+zP3OHZGKRuJWpzHxORoKGlKMtJH6dtXjSI8kz64EkcN0Aj1FOfwWz82oSd+uOXVnCviXuAWpgQLNvv3hDSKccCI0ZkipnuvE2s+Q1BQzMql4iSIxwmM0JD1DBeJE+dn0lgncN8oAhpE0T2g4VX92ZIgrlfLAVOZLqnkvF//zeokOz/yMijjRRODZR2HCoI5gHgwcUEmwZqkhCEtqdoV4hCTC2sRXMSG48yf/Je3DuntSP745qjUuijjKYA9UwQFwwSlogGvQBC2AwT14BM/gxXqwnqxX621WWrKKnl3wC9b7F8zVm4s=</latexit>

Energy ⇠ Area

i.e. moving away from the waist 
would require additional energy.

<latexit sha1_base64="7t/CKighjt2KIDi2RVnkW7Bn2JY=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxhLvG15HoxSMm8kiAkNmhFybMzq4zsyRkw0948aAxXv0db/6NA+xBwUo6qVR1p7vLjwXXxnW/ndzK6tr6Rn6zsLW9s7tX3D+o6yhRDGssEpFq+lSj4BJrhhuBzVghDX2BDX94N/UbI1SaR/LRjGPshLQvecAZNVZqtuMBJ2dk1C2W3LI7A1kmXkZKkKHaLX61exFLQpSGCap1y3Nj00mpMpwJnBTaicaYsiHtY8tSSUPUnXR274ScWKVHgkjZkobM1N8TKQ21Hoe+7QypGehFbyr+57USE9x0Ui7jxKBk80VBIoiJyPR50uMKmRFjSyhT3N5K2IAqyoyNqGBD8BZfXib187J3Vb58uChVbrM48nAEx3AKHlxDBe6hCjVgIOAZXuHNeXJenHfnY96ac7KZQ/gD5/MHDQCPVg==</latexit>

�/v



Benjamin Elder Imperial College London

In 3 spatial dimensions, form domain walls in the following way:

The domain wall may be 
detected with a force sensor, 
such as atom interferometry

Repeated cycles of vacuum 
pumping/measurement are 
required, as the domain walls 
only form 50% of the time

<latexit sha1_base64="amAFiVqwDiY+P9pXOn/bmnH1+VE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQEI8RzAOSJcxOOsmY2dllZjYQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXEAuujet+O7mV1bX1jfxmYWt7Z3evuH9Q11GiGNZYJCLVDKhGwSXWDDcCm7FCGgYCG8Hwduo3Rqg0j+SjGcfoh7QveY8zaqxUb4+QkbtOseSW3RnIMvEyUoIM1U7xq92NWBKiNExQrVueGxs/pcpwJnBSaCcaY8qGtI8tSyUNUfvp7NoJObFKl/QiZUsaMlN/T6Q01HocBrYzpGagF72p+J/XSkzv2k+5jBODks0X9RJBTESmr5MuV8iMGFtCmeL2VsIGVFFmbEAFG4K3+PIyqZ+VvcvyxcN5qXKTxZGHIziGU/DgCipwD1WoAYMneIZXeHMi58V5dz7mrTknmzmEP3A+fwD6B47A</latexit>

~F

The atoms can now be 
arbitrarily close to the 
“source"

<latexit sha1_base64="7t/CKighjt2KIDi2RVnkW7Bn2JY=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxhLvG15HoxSMm8kiAkNmhFybMzq4zsyRkw0948aAxXv0db/6NA+xBwUo6qVR1p7vLjwXXxnW/ndzK6tr6Rn6zsLW9s7tX3D+o6yhRDGssEpFq+lSj4BJrhhuBzVghDX2BDX94N/UbI1SaR/LRjGPshLQvecAZNVZqtuMBJ2dk1C2W3LI7A1kmXkZKkKHaLX61exFLQpSGCap1y3Nj00mpMpwJnBTaicaYsiHtY8tSSUPUnXR274ScWKVHgkjZkobM1N8TKQ21Hoe+7QypGehFbyr+57USE9x0Ui7jxKBk80VBIoiJyPR50uMKmRFjSyhT3N5K2IAqyoyNqGBD8BZfXib187J3Vb58uChVbrM48nAEx3AKHlxDBe6hCjVgIOAZXuHNeXJenHfnY96ac7KZQ/gD5/MHDQCPVg==</latexit>
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A configuration found via numerical simulation:

Clements, BE, Hackermueller, Fromhold, Burrage PRD 2024 

<latexit sha1_base64="7t/CKighjt2KIDi2RVnkW7Bn2JY=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxhLvG15HoxSMm8kiAkNmhFybMzq4zsyRkw0948aAxXv0db/6NA+xBwUo6qVR1p7vLjwXXxnW/ndzK6tr6Rn6zsLW9s7tX3D+o6yhRDGssEpFq+lSj4BJrhhuBzVghDX2BDX94N/UbI1SaR/LRjGPshLQvecAZNVZqtuMBJ2dk1C2W3LI7A1kmXkZKkKHaLX61exFLQpSGCap1y3Nj00mpMpwJnBTaicaYsiHtY8tSSUPUnXR274ScWKVHgkjZkobM1N8TKQ21Hoe+7QypGehFbyr+57USE9x0Ui7jxKBk80VBIoiJyPR50uMKmRFjSyhT3N5K2IAqyoyNqGBD8BZfXib187J3Vb58uChVbrM48nAEx3AKHlxDBe6hCjVgIOAZXuHNeXJenHfnY96ac7KZQ/gD5/MHDQCPVg==</latexit>
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• Numerical simulation of formation and evolution 

• Evaluate quantum stability 

• Build/perform the experiment?

We’ve seen how symmetron domain walls may be formed and 
stabilised inside vacuum chambers

This enables existing force sensors, like atom interferometers, to 
test the dark energy scale

<latexit sha1_base64="F2jyr4Jdzm4VdegKTufVpnGkxO0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISUp9bERig9w4aKCfUATymQyaYfOJGFmIpRQP8KNv+LGhSJuBXf+jZO2grYeGDiccw9z7/FiRqWyrC8jNze/sLiUXy6srK6tb5ibWw0ZJQKTOo5YJFoekoTRkNQVVYy0YkEQ9xhpev3zzG/eESFpFN6qQUxcjrohDShGSksd88DhCTyFzrWO+KjjcKR6gqcXl0OtlkuV+x+Fk8awYxatkjUCnCX2hBTBBLWO+en4EU44CRVmSMq2bcXKTZFQFDMyLDiJJDHCfdQlbU1DxIl009FVQ7inFR8GkdAvVHCk/k6kiEs54J6ezHaU014m/ue1ExWcuCkN40SREI8/ChIGVQSziqBPBcGKDTRBWFC9K8Q9JBBWusiCLsGePnmWNMol+6h0eFMpVs8mdeTBDtgF+8AGx6AKrkAN1AEGD+AJvIBX49F4Nt6M9/FozphktsEfGB/f+GueHg==</latexit>

µ = ⇤DE = 2.4 meV

Next steps:


