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ordinary matter
There are many hints that there may be >

more to gravity than meets the eye

darkmatter
| . . o 2650
[t I1s very tempting to introduce new I

oravitational physics dark energy
69%

ESA

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

L ~ ¢pmatter

What can this new physics look like?

And how can we test It/

These questions are useful In their own right, iIndependent 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

=~ % (8@5)2 — Vveff(¢) Hinterbichler & Khoury 2010

1~ meV
pirs Sl
VAM?2  Mp
The matter coupling implies a fifth force F' ~ ¢V ¢
[ L, : :
| gea>wM? |1 |0 sparse regions (with test
! particles)
< | | G F
& of | : F' = FNewton
>‘D i o < 12 M?
s e | In dense regions the fifth
| | force Is 'screeneds
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Atom interferometry Is an excellent test of screened modified
gravity Burrage, Copeland, Hinds 2015

Measure the force between
atoms and a marble-sized mass
[E@REFdCcUracy

S —10
Uatom ~ 10 JEarth

But the measurement Is
restricted to distances

d 2 mm

Which only tests symmetron
Masses

Hamilton, Jaffe, Haslinger; Muller; Khoury, Science 2015

< O 1 A BE, Khoury, Haslinger, Jaffe, Muller, PRD 2016

IU‘ ~Y : DE Jaffe, Haslinger, Xu, Hamilton, Upadhye, BE, Khoury, Muller 2017
Sabulsky, Dutta, Hinds, BE, Burrage, Copeland, PRL 2019
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Goal: to test shorter distance scales of screened modified gravity,
especially with atom interferometry!

One possibility I1s to replace the marble source mass with a
symmetron domain wall.

Recall that the symmetron has two equivalent vacua: ¢ = -

b

10

-10
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In one spatial dimension, a domain wall 1s a solution that connects
these two vacua

1.0

=
4

<
o

Field value ¢/v

-1.0

—4 -2 0 2 4
Position px

As long as the boundary values are fixed this field configuration Is
topologically stable.
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Recall that field gradients are responsible for the scalar fifth force

F ~ ¢V
So the domain wall sources the fifth force

S

3

)

=

= I

45’0 0.0

= l

L

2 -0.2

O

CL) 0.4

[BES

-4 = 0 2 4

Position px

This Is just as strong as a physical source mass!
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In 3 spatial dimensions, form domain walls in the following way:

BRGSOl two

chambers

from each other;

INcrease gas

density

above Pgas > Perit

o —

0

2) Pump out the vacuum

chambers

Pgas < Pecrit

¢%:

—V

B GbeR ine shutter
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In 3 spatial dimensions, form domain walls in the following way:

|) Cut off two chambers
from each other, gb/ °

Increase gas density 7
above Pgas = Pcrit 07>
-0.50
¢ g O 0.25
2) Pump out the vacuum 0.00
chambers Pgas < Perit -0.25
-0.50
¢ = ) 09E
-1.00

B GbeR ine shutter
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In 3 spatial dimensions, form domain walls in the following way:

|) Cut off two chambers
from each other, gb/ °

Increase gas density 7
above Pgas = Pcrit 07>
-0.50
¢ g O 0.25
2) Pump out the vacuum 0.00
chambers Pgas < Perit -0.25
-0.50
¢ = ) 09E
-1.00

B GbeR ine shutter
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In 3 spatial dimensions, form domain walls in the following way:

VWe now have a domain wall In /v
the centre of the chamber L7 Bn
-0.75
-0.50
[t Is classically stable: 0.25
0.00

Energy ~ Area o

-0.50

-0.75

.e. moving away from the waist -1.00

would require additional energy.
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In 3 spatial dimensions, form domain walls in the following way:

[he domain wall may be /v
detected with a force sensor; L4 B0
such as atom interferometry [
-0.50
Repeated cycles of vacuum to.25
bumping/measurement are 0.00
required, as the domain walls ~0.25
only form 50% of the time 050
=0. 1>
The atoms can now be ~1.00

arbitrarily close to the
geolrce’

Benjamin Elder Imperial College London



A configuration found via numerical simulation:

Simulated Particle Motion ¢ /v
0.1 - -1.00
0.075 - -0.75
0.05 - 0.50
E 0025 - 0.25
c
S 00 0.00
&
Q.
X 0.025 ~-0.25
0.05 - ~0.50
0.075 - -0.75
0.1 7 ~1.00

| | |}

0.1 0.05 00 0.05 0.1
x Position {(m)

Clements, BE, Hackermueller; Fromhold, Burrage PRD 2024
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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

U = ADE — 2.4 meV
Next steps:
 Numerical simulation of formation and evolution
* bvaluate quantum stability

* Bulld/perform the experiment!
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