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ALP dark-matter search via
uItranw-fleId nuclear magnetlc resonance
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The dark matter problem

* Axion-like particles (ALPs):

- very light bosons (unknown mass)

- weakly interacting with “normal” matter
- could be dark matter
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Dark Matter : 83.8 %

WIMPs  Weakly interacting massive particles
MACHOs Massive compact halo object
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Axions

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

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

Very light (mass 10-12-1eV/c?)

Spin 0

Minimal interaction
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Axion experiments

ISN'T GOING TO

e.g. CAST (Cern Axion Solar Telescope) DARK MATTER
3 DETECT ITSELf
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Axion experiments

ISN'T GOING TO

e.g. ALPS @ DESY (Light shining through a wall) DARK MATTER
' I ' DETECT ITSELF
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Axion experiments

e.g. ADMX (Axion Dark Matter eXperiment)
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CASPEr — Electric idea

Detecting oscillating induced electric dipole moment with NMR

» Polarized nuclear spins
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uces EDM

ing torque on spins
th SQUIDs
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. ny
Larmor Frequency=Axion mass

=>Resonant enhancement

Cosmology: Q=10°!
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How to search for Axions (ALPs) ?

Axion (ALP) Interactions
Gravity

/ +\
Gauge Fields Fermions
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Most (CASPEr-E)  (CASPEr-Wind, GNOME, QUAX)

Searches



CASPEr — Wind idea

Detecting oscillating torque on nuclear spins

. d -

—Vpytys\Vy
.fﬂ'
« Polarized nuclear spins
p | ﬂ | nt couples to spins
MMM torque on spins
’ I - agnetization
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Larmor Frequency=Axion mass
=>Resonant enhancement
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CASPEr stages

CASPErnow — Analysing existing data (low frequency)

CASPErWind — 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
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David DeMille, John. Doyle, and Alexander Sushkov. Science 2017;357:990-994
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Searches for axion-nucleon QCD coupling

Axion Compton frequency (Hz)
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QCD axion

Axion QCD coupling g4 (GeV2)
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Axion mass (eV)

@ Excluded by current experiments
Future sensitivity projections

QCD Axion < 100neV
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CASPEr Wind in Mainz

Cosmic Axion Spin Precessmnﬂexperlment (CASPEr)
Hyperpolarized Xenon NMR ‘ =
driven by axion-like dark matter
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CASPEr Wind — inline Xenon polarization
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Update Flange to
1ISO 160 F ?

CASPEr Wind LF status JIBNE

Actively stabilized magnet
-0-1500G (up to 2-3MHz)
-superconducting shims 1ppm
-magnetically shielded

Ordered-> 11/18 Inner piameter <

(Intentional? This

Variable temperature insert
- 160-180K
Ordered-> 11/18

Super-conducting pick-up coils
Triple SQUID system

Ordered-> 11/18

Orange "Female Part™:
Let's increase the height (by 20 mm),
decrease the inner diameter,
and give it an inner thread (M30x3.5)
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Summary CASPEr Wind LF (+HF)

« 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
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ALP Compton frequency (Hz)
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Experimental constraints and projected sensitivities of axion
dark-matter searches

Searches for axion-photon coupling Searches for axion-nucleon QCD coupling  Searches for axion-nucleon “wind” coupling
Axion Compton frequency (Hz) Axion Compton frequency (Hz) Axion Compton frequency (Hz)
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CASPEr ZULF

« Zero-ultra low field nuclear magnetic resonance
with atomic magnetometers (SERF)
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Field Coils (Flexible
Printed Circuit)

Pulse Coils

Rb Vapor
Cell
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CASPEr ZULF

ACCEPTED MANUSCRIPT

The Cosmic Axion Spin Precession Experiment (CASPEr): a dark-matter
search with nuclear magnetic resonance.

To cite this article before publication: Antoine Garcon et al 2017 Quantum Sci. Technol. in press https://doi.org/10.1088/2058-9565/aa9861

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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Dark-matter field induces sidebands !
sidebands amplitude = B, /W

ALP
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RESEARCH

1 coherence time > T,

QUANTUM MEASUREMENT Presentation of sideband envelopes by two-dimensional
one=pulse (TOP) spectroscopy

Submillihertz magnetic spectroscopy O LR i e
oscillati performed with a nanoscale :
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ALP fi
“ quantum sensor

Simon Schmitt,’ Tuvia Gefen,” Felix M. Stiirner,' Thomas Unden,' Gerhard Wolff,"
Christoph Miiller,' Jochen Scheuer,”? Boris Naydenov,"? Matthew Markham,*
Sebastien Pezzagna,” Jan Meijer,” Tlai Schwarz,>® Martin Plenio,>® Alex Retzker,>
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Fig. 2. Qdyne detection scheme. The output state of the sensor qubit depends on the initial phase @; of the signal field. The measurement result is recorded

and synchronized with an external clock before the next measurement is performed for a second signal phase @.. This procedure is repeated for the entire

measurement time T. By heterodyning with an external clock, the NV population—and therefore the measured photon intensity—records the signal phase ﬁ H | M
evolution in time. A FFT then allows the signal frequency, with respect to local oscillator (osc.) frequency, to be determined. For Qdyne detection, the precision of
frequency estimation scales as T2,
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Simulated signal — coherent averaging

Zero-phase: coherent J-couplings
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Simulated signal — coherent averaging

Zero-phase: coherent J-couplings
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Simulated signal — coherent averaging

Zero-phase: coherent J-couplings
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Real Data — relating the noise tloor to axion parameters
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New limits

Compton Frequency [Hz]

107 10°% 10° 10" 10?

Vnﬂf'Hg*

(See Stadnik's talk)
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Parahydrogen induced polarization (PHIP)
Parahydrogen 101

ENERGY
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