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ABRACADABRA, A Broadband/Resonant Approach 
to Cosmic Axion Detection with an Amplifying B-field 
Ring Apparatus, is an experiment that searches for 
ultra-light axion and axion-like dark matter in the mass 
range 10−14 −10−6 eV. It uses a toroidal magnet to 
source an oscillating effective electric current from 
interactions with the axion field. This current is then 
detected and amplified with a SQUID magnetometer. 
Axions' tiny electromagnetic coupling means that the 
experiment must be highly sensitive and have minimal 
background noise. This poster presents the current 
status of the first generation of the experiment, 
ABRACADABRA-10cm.
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ABRACADABRA-10CM

ABRACADABRA-75CM

Ø Model-dependent couplings
• DFSZ and KSVZ models predict different 

strengths of coupling to photons, 
Ø The existence of axions modifies Ampere’s Law:

Ø Mass not well-constrained, so must search across 
several orders of magnitude
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Ø QCD conserves CP symmetry:

Ø Why is                    so small? ⟶ strong CP problem
• Peccei and Quinn, 1977:     is replaced to 

include a dynamical axion field,

Ø Axion-like particles (ALPs) are also predicted by 
BSM theories including string theory, although they 
do not have to solve the strong CP problem
Ø Axions and ALPs are cold dark matter candidates
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Ø Ultralight axion dark matter can be treated as a 
coherent classical field,

Ø Toroidal magnet sources an oscillating, parallel 
effective electric current from the axion field:

Ø This in turn sources an oscillating B-field through 
the center of the toroid

Ø Changing magnetic flux detected with a pickup 
loop connected to a SQUID magnetometer

• Highly sensitive—can detect fractions of a 
flux quantum

Ø Two methods of readout:

Ø Take time series data and then Fourier transform
• An axion signal appears as a peak in 

frequency space (fake data):

Ø Method proposed in Kahn, Safdi, and Thaler, 2016
Ø Main challenge is noise reduction
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What do we look for?

The Detector

Current Status
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Ø PQ symmetry breaking can happen before or after 
inflation at energy scale 
Ø Symmetry breaking before inflation can create 
axions via the misalignment mechanism:

Injected axion signal

Background noise

Ø Resonant curves shown above are with a 
pessimistic scan strategy

Ø ABRACADABRA is a complementary experiment to 
higher-mass searches such as ADMX

Ø ABRACADABRA-10cm will set world-leading limits 
with its first run

NbTi toroidal magnet 
inside superconducting 
shield

Pickup loop leads

Shield thermalized to 
coldest plate

SQUID magnetometers

Dilution system

Magnet leads

Suspension system for 
vibration isolation

Experiment hangs in 
dilution refrigerator

Ø Plan to take a staged approach to increase 
sensitivity:

Ø ABRACADABRA-75cm will be able to begin 
probing well into the favored QCD axion space

• Meter-scale experiment
Ø May lead into larger ABRACADABRA-QCD

• CMS-scale experiment
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Ø Improve vibration isolation
Ø Identify and eliminate ground loops
Ø Take data!
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Ø Currently commissioning the system and reducing 
background noise
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Special thanks to my collaborators on ABRACADABRA.  
This work was sponsored by NSF Award Number PHY-
1658693. The ABRACADABRA-10cm magnet was 
constructed by Superconducting Systems Inc. with 
additional engineering support from the Bates 
Research and Engineering Center.

ABRACADABRA-10cm

ABRACADABRA-75cm

ABRACADABRA-QCD
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