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6 Sections:
EMP Hadron structure
SPECF Hadron spectroscopy
MAM Matter Antimatter Asymmetry
SHE Super heavy elements
ACID Accelerator design
THFL Theory
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MAM Section September 2014

HIM Foyer 03.2015
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MAM Section 2015
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MAM Section January 2017
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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)



28.11.2018, Axion Workshop, Stockholm

Axion experiments

e.g. ALPS @ DESY (Light shining through a wall)
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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 moment 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 now → Analysing existing data (low frequency)

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)

-high field (inductive pick-up)

CASPEr Electric → Applying additional electric field

Alex Sushkov et al @ Boston university

CASPEr stages
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CASPER Electric

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



28.11.2018, Axion Workshop, Stockholm

Cosmic Axion Spin Precession experiment (CASPEr)
Hyperpolarized Xenon NMR
driven by axion-like dark matter

CASPEr Wind in Mainz
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Nuclear spins:  0.25ml liquid Xenon 129

Hyperpolarization P=1

Population coherence time T1~ 1000s 

Resonance frequency: 11.83 MHz/T

CASPEr Wind – inline Xenon polarization
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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

Ordered->08/18

Ordered->08/18

Ordered->08/18

11/18

11/18

11/18
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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 2018

• High field magnet is designed and waits to be ordered

Summary CASPEr Wind LF (+HF)
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Starting 2018

Jhilik Majumdar, Hamburg

(ArXiv: 1801.08813)



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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• Zero-ultra low field nuclear magnetic resonance 
with atomic magnetometers (SERF)

CASPEr ZULF
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CASPEr ZULF

https://arxiv.org/abs/1707.05312

Suggestion:
Sideband detection using ZULF NMR
(zero-to-ultralow field)
Very light ALP dark matter
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Coherent averaging – axion coherence time > T2
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Simulated signal – coherent averaging
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Simulated signal – coherent averaging
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Simulated signal – coherent averaging
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Real Data – relating the noise floor to axion parameters
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New limits

+CASPEr Wind device ready 2018!





Parahydrogen induced polarization  (PHIP) 
Parahydrogen 101

41

Odd J Even J
http://en.wikipedia.org28.11.2018 Axion workshop, 
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51% para @  77K

99.9% para @ 4K
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