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What is dysprosium?
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• state lifetimes

•dipole matrix element

• isotope shifts and hyperfine 
coefficients
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The Dy parity violation experiment

also
PRD 90, 096005 (2014)



Experimental details



Atomic beam apparatus

a) oven chamber
b) gate valve
c) interaction-region chamber
d) Dy oven
e) vacuum chokes
f) laser access/in-vacuum polarizer

g) magnetic-field coils
h) light pipe
i) rf electrodes
j) light-collection mirrors
k) two-layer magnetic shielding

A. Cingoz, et. al., Phys. Rev. A 72, 063409 (2005)

http://link.aps.org/abstract/PRA/v72/e063409


Atomic beam apparatus
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Sensitivity



variation of
constants

Lorentz
symmetry tests

atomic parity 
violation

DM constraints



Why look for variation?

• Astrophysics evidence 

• There is no reason to expect parameters of 
our theories to be constant.

10  billion year time scale



How do we look?

• Direct methods

• Indirect methods



Method: Direct measurement

• Precise measurement at 
0.5 ppb level by electron g-
factor

• We can do better!

yr/105 10−×≤α
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• Look for relative shift of atomic transition 
energies

Method: Indirect measurement
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V. A. Dzuba et. al., Phys. Rev. A 68, 022506 (2003)

Requires theory input



• Every frequency measurement is a ratio

• Look for fractional changes of ratio

• Any comparison can be written

Laboratory searches
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Laboratory searches
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• Short time scale, high precision • Controlled environment

Laboratory searches

Single ion clocks

Al+,Yb+,Hg+….

Optical frequency

∆𝝊𝝊
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~ 𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏

Optical lattice clocks (ensemble)

Sr, Yb, Hg

Optical frequency

∆𝝊𝝊
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Atomic fountain clocks

Rb, Cs

Microwave frequency
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𝝊𝝊

~ 𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏

Dysprosium thermal beam

Radio-frequency
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Results
Isotope Comparison

Systematics Limited!



Summary of results

New Yb+/Cs dataPRL 113, 210801 (2014)
PRL 113, 210802 (2014)



Test of Lorentz symmetry
Special relativity: laws of physics are 
invariant under Lorentz transformations.

1) Anisotropy of speed of light

2) Anisotropy of maximum speed in particle 
Lorentz transformation

Michelson-Morley experiments

kinematic constraints, Hughes-Drever experiments



Test of Lorentz symmetry for electrons

modified electron Lagrangian

modified maximum speed of electron

For a bound electron



Test of Lorentz symmetry for electrons
For a bound electron

A B A B

energy shift of anisotropic electron orbital
depends on alignment of quantization axis

look for oscillations of transition
frequencies at sidereal day

atomic calculations



Best limit
at time



Improved constraints
on LV for electrons by up to 
two orders of magnitude
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PRD 91 015015 (2015)
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Summary and Outlook
• With a single experiment we have placed 

constraints on a wide range of ‘new’ physics

• Results are applicable for any metrological 
spectroscopy

• We did not foresee 2/3 of results presented 
here

• With large model space for DM/DE, 
documenting and storing data is extremely 
important
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Why look for variation?
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Dirac, 1937, Large Numbers Hypothesis

Ruled out by lunar laser-ranging:



Absorption features in quasar spectra encode local 
value of α throughout the universe M.T. Murphy

Astrophysics searches

ααα



Absorption features in quasar spectra encode local 
value of α throughout the universe

Astrophysics searches

10  billion year time scale



VLT

KECK

• Conflicting data come from different telescopes, 
observing different regions of the sky

revisited in 2011

Astrophysical searches



Analysis of absorption lines in north 
and south hemispheres

J. K. Webb, et. al. (2011) Phys. 
Rev. Lett.

Movement of Sun relative to CMB

J. C. Berengut and V. V. Flambaum (2012) Euro. Phys. Lett.

Spatial variation?



• 1976:  Y. Petrov and A. Shlyakhter 
propose using isotopic abundances 
to search for α variation

• Resonance energy of reaction is       
97.3 meV

➡ Neutron capture cross section 
very sensitive to changes in 
resonance energy, i.e. changes in 
α and αS

➡ Cancellation of strong nuclear 
force by coulomb interaction

Oklo natural reactor



• Isotopic abundances of strong vs 
weak absorbers to calculate cross 
sections

• Dependence of cross section on 
energy shift

• Model dependent, large uncertainties 
due to reactor models

2  billion year time scale

Y.V. Petrov, et. al., 
arXiv:hep-
ph/0506186v3 (2005)

Oklo natural reactor



Search in dysprosium



Atomic beam apparatus
oven 5 layer, Ta heat shield

thermocouple

Mo oven tube
Ta heater coil

beam flag

sweep electrode

water cooled jacket



rf electrodes

A. Cingoz

Atomic beam apparatus

polished Al light
collector



Atomic beam apparatus

lin. polarizer rotating lin. polarizer

removable L/4 plate

magnetic shielding

light collection region

Cu ‘cold fingers’



Lock-in detection
••First harmonic, H1, is odd function of detuning
around resonance

••variable detection phase for characterizing
systematics1st harmonic 2nd harmonic
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