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The Dark Matter Landscape

10-22 eV10-43 GeV 1048 GeV
(MACHO)

100 eV 102 GeV 

(SM)

bosonic

Fit in galaxy

Lots of theories: WIMPs, axions, hidden photons, relaxions,…

WIMPs

10-6 eV10-15 eV
(GHz)(Hz)(yr-1)

How do we systematically make progress?

Any of these theories could be true - no overwhelming reason to 
believe a particular framework
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The Zagat’s Guide
Naturalness. Structure set by symmetries.

Spin 0 Spin 1

Axions or ultra weak coupling

Many UV theories
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Observable Effects
What can the dark matter wind do?

Dark Matter

Oscillating Dark 
Matter Field 

(just like oscillating 
EM field from CMB)

Drive circuit

Spin Precession

Exert Force

What can a classical field do?

Change Fundamental Constants

a/c effect, narrow bandwidth around dark matter mass
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Cosmic Axion Spin Precession 
Experiment (CASPEr)

PRX 4 (2014) arXiv: 1306.6089 
PRD 88 (2013) arXiv: 1306.6088  
PRD 84 (2011)  arXiv: 1101.2691
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CASPEr: Axion Effects on Spin

Neutron Neutron in 
Axion Wind

General Axions

~v

Spin rotates about 
dark matter velocity

Effective time varying
 magnetic field

Other light dark matter (e.g. dark photons) also 
induce similar spin precession

Measure Spin
Rotation, 

detect Axion
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Neutron Neutron in 
QCD Axion Dark Matter

QCD axion induces electric dipole moment
 for neutron and proton

Dipole moment 
along nuclear spin

Oscillating dipole: d ⇠ 3⇥ 10�34 cos (mat) e cm

Apply electric field, spin rotates

~E
+

-+
-+
-

QCD Axion

⇣
a
fa
GG̃

⌘

Beff / 10�16 cos (mat) T

HN � a
fa

~va.
~SN



SQUID 
pickup 
loop

�Bext
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Larmor frequency = axion mass ➔ resonant enhancement

CASPEr

axion “wind” ~va
OR ~E⇤

SQUID measures resulting transverse magnetization

NMR well established technology, noise understood, similar setup to previous experiments

Example materials: LXe, ferroelectric PbTiO3, many others

Axion affects physics of  nucleus, NMR is sensitive probe
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~ year to scan one decade of frequency

CASPEr-General Axions

magnetization noise

SN 1987A

New Force

QCD Axion
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