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The dark matter problem

WIMPs Weakly interacting massive particles 
MACHOs  Massive compact halo object
RAMBOs  Robust associations of massive baryonic objects
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Axions

Particle suggested to solve the strong CP problem:
Strong interaction does not
violate CP symmetry even though it could.

R. D. Peccei and Helen R. Quinn, Phys. Rev. Lett. 38, 1440 (1977)

Limit set by nEDM
measurements:
(10 orders of mag.)

Axion:
Very light (mass 10-12-1eV/c2)
Spin 0
Minimal interaction
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Axion experiments

e.g. CAST (Cern Axion Solar Telescope)
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Axion experiments

e.g. ADMX (Axion Dark Matter eXperiment)

"ADMX magnet installation" by Lamestlamer
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CASPEr – Electric idea
Detecting oscillating induced electric dipole moments with NMR

E

B

Larmor Frequency=Axion mass
=>Resonant enhancement

• Polarized nuclear spins
• B field 
• E field perp to B
• Axion induces EDM
• ->Oscillating torque on spins
• Pickup with SQUIDs

Cosmology: Q=106!



How to search for Axions (ALPs) ?

Axion (ALP) Interactions
Gravity

+

Gauge Fields Fermions

(CASPEr-E) (CASPEr-Wind, GNOME, QUAX)Most
Searches
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CASPEr – Wind idea
Detecting oscillating torque on nuclear spins

B

Larmor Frequency=Axion mass
=>Resonant enhancement

• Polarized nuclear spins
• B field 
• Axion gradient couples to spins
• ->Oscillating torque on spins
• Transversal magnetization
• Pickup (somehow)
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CASPEr Wind → Measurement of axion field gradient 
(Wind) with nuclear spins in magnetic field

-ultra low field (optical magnetometer)
-low field (Super conducting quantum interference devices)
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CASPER Electric – Talk at 9:36am

CASPEr-Electric @ BU

Prof. A. Sushkov

Deniz Aybas

Alex Wilchewski
(JGU Mainz)

Prof. D. Budker
(JGU Mainz)

QCD Axion < 100neV

David DeMille, John. Doyle, and Alexander Sushkov. Science 2017;357:990-994
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CASPEr Wind - Measurement of  ALP field gradients 
with nuclear spins in a magnetic field
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1. Low field (SQUID detection up to 2MHz) – Status and next 
steps

2. Ultra low field (optical magnetometer detection) 
a. Sideband results
b. Comagnetometer results

3. In General: Haloscopes looking for sub neV ALPs might need 
to relax their experimental constraints.

CASPEr Wind - Measurement of  ALP field gradients 
with nuclear spins in a magnetic field
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Axion Gradient coupling
Nuclear spins:  0.25ml liquid Xenon 129
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Coherence time T1~ 1000s 
Resonance frequency: 11.83 MHz/T

1. CASPEr Wind Low Field (hyperpolarized Xenon)
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CASPEr Wind LF status
Actively stabilized magnet
-0-1500G (up to 2-3MHz)
-superconducting shims 1ppm
-magnetically shielded

Variable temperature insert
- 160-180K

Super-conducting pick-up coils
Triple SQUID system

Delivered

On the horizon

Delivered
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• Wind LF is technically designed (90%)
• Crucial components are ordered or already there
• Limited currently by delivery times of the SQUIDS

• First measurement campaign to start in 2019

• High field magnet is designed and waits to be ordered (15.4T)
• Xenon 129: 180 MHz
• Helium 3: 490 MHz (ADMX 1: 461 MHz, PRD 69, 011101 (2004))
• Protons: 640 MHz (overlapping with ADMX)

Summary CASPEr Wind LF
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Starting 2019

Jhilik Majumdar, Hamburg

Majumdar et al. , IOP Journal of Cosmology
and Astroparticle Physics 4 048 2018



Experimental constraints and projected sensitivities of  axion 
dark-matter searches

David DeMille, John. Doyle, and Alexander Sushkov. Science 2017;357:990-994
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Starting 2019

Jhilik Majumdar, Hamburg

(ArXiv: 1801.08813)
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2a+b. CASPEr Wind @ ultralow field

John Blanchard Antoine GarconTeng Wu

Formic acid
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Looking for oscillating magnetic fields of unknown origin for ~1 day
Sensitive to B-field fluctuations!

arXiv:1902.04644

2a CASPEr Wind @ ultralow field - Sidebands
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2b. CASPEr Wind @ ultralow field - Comagnetometry

Different sample: Acetonitrile-2-13C
Measurement time: 1 month

Magnetometer signal
Comagnetometer signal
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2. CASPEr Wind ZULF results

Since May 15th 2019

Next steps:
Improve on polarization! 
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3. But: the underlying assumption of  constant 
amplitude oscillations is not justified 

Virialized lineshape results in amplitude uncertainty when tMeasurement<tCoherent
(Analogous to chaotic light)

-> Constraint relaxation of up to 1 order of magnitude
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Optical magnetometry in Germany August 2019!

https://magnetometry.org/

Sun, 11th

QSM
Bad Honnef

Mon, 12th

QSM
Bad Honnef

Tue, 13th

QSM
Bad Honnef

Wed, 14th

QSM->WOPM
BH/Mainz

Thu, 15th

WOPM
Mainz

Fr, 16th

WOPM
Mainz

Sat, 17th

GNOME
Mainz

Sun, 18th

GNOME
Mainz

REGISTRY OPEN!
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Limits!

July 28, 2018

July 14 – Aug 17,
2018



04.06.2019, PATRAS, Freiburg

Next Step: Nuclear Spin Polarization

“Thermal” spin 
polarization
at 1T, 300K:

~10-6

Possibilities:
• Dynamic Nuclear 

Polarization
• Parahydrogen-

Induced Polarization
• Other Tricks
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Coherent averaging – axion coherence time > T2



04.06.2019, PATRAS, Freiburg

Proof  of  Principle: Measure a Small AC Field
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