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(0h)*O(SM): why ?

* Shift symmetry to protect the scalar mass
Ultralight Dark Matter: m; < eV

 Quadratic coupling : Z, symmetry

(0)*O(SM)
ScalaW RG? Wfoupling
Oscillation of fundamental constants: Lorentz violation search:
S(a,m,...) ~ 0,(h)0*(¢) ~ ppy cos(2mi) (s Ky - - ) ~ 0,(P)04D) ~ Ppyv,V,

v

Standard Model Extension

String theory?
Quantum Gravity?




Outline

* Theoretical aspects of the EFT
 Bounds from experiments

e Conclusion



The Effective Field Theory of Quadratically Coupled ULDM (QED sector):
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Renormalization Group Evolution
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Angular momentum conservation!
(MJ, Shu, Xiao, Zheng ’20)



Example of UV origin

KK-graviton 7
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KK Graviton:
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Integrating our KK graviton at tree level

UV action: Equation of Motion: Solution:
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Positivity bounds: the signs are not arbitrary !

Analyticity & Unitarity of the S-Matrix
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Bounds from Experiments

Assuming ¢ as DM:
d(t,X) = ¢, cos(my(t — VX))

Po =/ 2Ppm/ My

Oscillation of fundamental constants:

C
c,0; —> 73 pom(l — cos(2mt))F,, F*

m
—— = 2¢,pppm(1 — cos(2myt))

e

Aa
— = 2¢3ppM(1 — cos(2my)),
a




Precision Metrology Meets Cosmology: Improved Constraints on Ultralight Dark
Matter from Atom-Cavity Frequency Comparisons
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Improved limits on the coupling of ultralight bosonic dark matter to photons from
optical atomic clock comparisons
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| orentz violation search

Optical clock comparison for Lorentz symmetry

testing
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Standard Model Extension in the QED sector :
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Conclusion:

 ULDM with quadratically coupling to SM is theoretically interesting.

» The current bound is low A < keV.
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