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Most Serene Prince,

Galileo Galilei most humbly prostrates himself before Your Highness, watching carefully, and with all spirit
of willingness, not only to satisfy what concerns the reading of mathematics in the study of Padua, but to
write of having decided to present to Your Highness a telescope ("Occhiale") that will be a great help in
maritime and land enterprises. I assure you I shall keep this new invention a great secret and show it only
to Your Highness. The telescope was made for the most accurate study of distances. This telescope has the
advantage of discovering the ships of the enemy two hours before they can be seen with the natural vision
and to distinguish the number and quality of the ships and to judge their strength and be ready to chase
them, to fight them, or to flee from them; or, in the open country to see all details and to distinguish every
movement and preparation.

January 1610
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Beware of fake news!



¨ Following Galileo:
Ø New instrumentation and techniques
Ø New ideas 
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5Witek Krasny
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7Witek Krasny
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My        is gamma factory!
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Fundamental 
Constants?

New particles?

Nuclear 
(nucleon) masses 

and radii

CP Physics, 
EDMs

Gravity, 
equivalence

Dark matter, 
dark energy

Antimatter 
spectroscopy 
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Marianna Safronova with Erwin L. 
Hahn and the Budker Group, 

Berkeley, 2006
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• Main Source: Z exchange
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Rotational Invariant: 
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Yb atomic beam apparatus
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SM: QW ≈ − N+Z(1 − 4sin2θW) → 1% change per neutron around N=103

Observation: 0.96(15) % change per neutron 

0.5% single isotope accuracy 

arXiv:1804.05747

First observation of isotopic variation of atomic PV

https://arxiv.org/abs/1804.05747


Implication for light mediators 
(V.V. Flambaum)
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D. Antypas, A. Fabricant, J.E. Stalnaker, K. Tsigutkin, 
V. V. Flambaum, and D. Budker 

Isotopic variation of parity violation in atomic ytterbium
arXiv:1804.05747; accepted to Nature Physics

https://arxiv.org/abs/1804.05747


D. Antypas       A. Fabricant      J. Stalnaker      K. Tsigutkin

❧ Measured PV on a chain of isotopes
❧ 0.5% accuracy per isotope
❧ Next stop: anapole moments of 171Yb& 171Yb   
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¨ A gross misunderstanding of gravity (MOND, …) L?
¨ Proca MHD (finite photon mass)            ?
¨ Black holes, dark planets, interstellar gas, … L

¨ WIMPS    J

¨ Ultralight bosonic particles
¡ Axions (pseudoscalar) J

¡ ALPs (pseudoscalar) J

¡ Dilatons (scalar) J

¡ Vector  particles J

¡ Tensor particles ??? 
21



¨ Galactic DM density: ~0.4 GeV/cm3 (10 GeV/cm3 d.g.)
¨ Has to be nonrelativistic: v/c ~ 10-3 (cold DM)
¨ Has to be bosonic if  m < ~ 20 eV (1 keV dwarf galaxies)
¨ ”Bosonic Oscillator” with Q ~ (v/c)-2 ~ 106

¨ Cannot be lighter than ~ 10-22 eV
¨ … (e.g., BEC ?)               
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Axion (ALP) Interactions
Gravity

+

Gauge Fields Fermions

(CASPEr-E) (CASPEr-Wind, GNOME, QUAX)Most
Searches
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Key Ideas:
• Dark Matter could be a “classical” field
• Not screened by shielding
• Oscillating at frequency: mc2/h
• Relatively narrow line: Δ!/ ! ~10-6

➟ Cosmic Axion Spin-Precession Experiment(s)
CASPEr
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Resonance:

Nuclear Magnetic Resonance (NMR)



26

SQUID
pickup
loop

Larmor frequency = axion mass � resonant enhancement

CASPEr

axion “wind”
OR

SQUID measures resulting transverse magnetization

Example materials: liquid 129Xe, ferroelectric PbTiO3
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¨ BSM vs. BBSM physics
¨ Merger of particle physics, astronomy, cosmology,... in 

non-collider physics
¨ Discoveries are around the corner!
¨ Adopt new technologies or perish
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My        is gamma factory!

Parity Violation 
in Yb

ALPs search 
with CASPEr


