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ULDM WIMPs PBHs
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ULDM Scalars
» Large number of possible candidates
= Treated as classical fields
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Scalar Coupling To Matter
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Scalar Coupling To Matter

= Around non-relativistic matter:
4 - 2 - 2 2
5= | d*x| 5 09)7 =5 (m? + ap)p? | + Lo
» Matter provides local shift in effective mass

0¢ + (m? + ap)p =0

= Assume homogeneous solution away from matter
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Matter Perturbs the Scalar Field
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Existing Constraints
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Cavities to Model Enclosed Environments

(0, r <R,
p(x)=<,0(;, R1<TSR2
0, r >R,

Approximate description of:
= Vacuum Chamber
= Satellite Housing

= |aboratory Walls




gl Impact of Cavity

Aluminium Cavity:

= |nternal Radius: 10 cm
= Thickness: 1cm

= Far from cavity, field has amplitude:
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Exam ple Rescaling Of Aluminium Cavity:

= |nternal Radius: 10 cm

Constraints . Thickness:  1cm
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LAGEOS-2

= ‘Disco ball’-like test mass:

» Precise trajectory from laser ranging
» Used to test GR

* Bounds placed on ‘anomalous’ pericentre
precession:

Algn ~ 3294.95 x (—1.2 x 1074 +2.10 x 1072 + 2.54 x 10~?) mas yr

Lucchesi M, Peron R, PRD. 2014 Apr 7;89(8)

Image Credit: NASA

10



Pericentre Precession

In orbit around earth LAGEOS-II Experiences a radial
acceleration:
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Constraints from LAGEOS-2
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Summary

= Scalars featuring quadratic couplings to SM fields may constitute DM

* Properties of these scalars can be constrained by laboratory and satellite
experiments

= Matter around experiments may weaken constraints at strong couplings

» Experiments such as LAGEOS-2 can still be used to place constraints at strong
couplings
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Cavities to Model Enclosed Environments

(0, r <R,
p(x) =< pPc, R, <r<R,
0, r >R,

= Without cavity/Background to cavity:
¢, (r,0) =ay + a,r cosb

* Inside cavity:
@;(r,0) = Ay + A;r cosf
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Impact of Cavity

Aluminium Cavity:

= |nternal Radius: 10 cm
=  Thickness: 1cm
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