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Gravitational Bound states — The idea
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Gravitational Bound states — The experiment
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~10-12 cm

eEffective (vertical) temperature of neutrons is ~20 nK
sBackground suppression is a factor of ~103-10°

*Absolute horizontal leveling precision is ~106 rad

sParallelism of the bottom mirror and the absorber/scatterer is ~10-6



Calibration of the Absorber Height

Resonance Frequency [kHz]
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Uncertainty in Ah:
Reached: 1-1.6 um
Possible: < 0.5 um

Tools:

* Capacitors (To be calibrated)
* Long-Range Microsocope (%)
» Wire Spacers (@)

* Micrometric Screw (O)
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count rate [Hz]

How does an absorber work?

% rough copper absorber/scatterer

O rough gadolinium absorber/scatterer

0,01

0,001

Absorber Height Ak [pum]

Lesson: It’s the roughness which absorbs neutrons. A high imaginary

part of the potential doesn’t, since the neutron cannot enter.
(see A. Yu. Voronin et al., PRD 73, 44029 (2006))

Bottom mirrors

Roughness (2002):
e Standard Deviation: 0,7 pm

e Correlation length: ~ 5 pym




The tunneling model
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15 mm

Picture of developed detector with tracks

Plastic (CR39) 2*U (or !°B)

Incoming
neutrons

~0.5 um



Neutron counts

Results with the Position-Sensitive Detector

0 10 20 30 40 50 60 70

Height above the mirror [pum ]

Position-
sensitive
I detector
?—-——’H SESss=s=sss==g Py
I ‘ Bottom| mirrors




Motivation for the Axion

Original Proposal: F. Wilczek, 1978
Solution to the “Strong CP Problem”: The electrical dipole moment d,, of the neutron is ...

« Latest experimental limit: Id | < 2.9x102°ecm (90% C.L.)

e Prediction from the Standard Model, perturbative: Id | = 10-3!..103? ecm

e Prediction from QCD, non-perturbative: Id | = ®-10"1® ecm (+ perturbative terms)
A slightly more constraining result can be derived from atomic EDMs

If there were an Axion, then ® = 0.

Modern interest:

Axion is a candidate for dark matter. All couplings are weak.



Possible experimental signatures

Incomplete List:
e Astronomy und Cosmology
* Particle accelerators (additional decay modes)

» Conversion of Galactic Axions in a magnet field into microwave photons:

o
—————————— Y
g/ f
v (external magnetic field)
e Light shining through walls:
wall
LASER PM

magn. field



Three Macroscopic Potentials

scalar-scalar:  V(r) = —gslgsz %exp (— r/?u)
r

Allowed range: A =20 pum ... 200 mm (corresponding to m, = 102 eV .. 10° eV)

Looks like 5™ force (see Hartmut‘s talk).

o, r|1 1
scalar-pseudoscalar:  V(r) = —gslgl,,2 g 27 [ A +— }exp(— r/?»)
Tm,c| rh 1

Most often done with electrons as polarized particle. Coupling Constants are not equal.

1 A A
pseudoscalar-pseudoscalar: V() =—g,' g, [((51 .0,) f(r)+(o,-7)(o,F) g(r)]
l6mtm m,c

Disappears for an unpolarized source



Effect on Gravitationally Bound States

Integration of 2% potential over mirror:
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Extraction of our Limit

Why can we use unpolarized neutrons?
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Exclusion Plot
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Summary

e Gravitationally Bound Quantum States detected with
Ultracold Neutrons

e Characteristic size 1s ~ um
e Interaction with Axion would change potential
* Bound State Size 1s expected from Standard Gravitation

= Exclusion of a strong Axion potential



