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GigaBREAD

» GigaBREAD is the GHz BREAD pilot designed to look for axions and dark
photons in the 10-15 GHz range

» In the GHz regime, the reflector can be coupled to a microwave horn antenna
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The QCD Axion

» The strong force is expected to violate CP symmetry via
the following term in the QCD Lagrangian:
0g% -~
A —— GG
QD 2 35
» This would be observable through a neutron EDM, but
neutron EDM experiments constrain 6 to be very small.

» A solution, proposed by Helen Quinn and Roberto
Peccei, promotes 6 to a quantum field which becomes
the axion.

» Couplings between the axion and standard model
particles can be feeble, making it a good dark matter
candidate.
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The BREAD Reflector Concept

» Axion field modifies Maxwell's
equations such that photons are
emitted perpendicular to the walls of
the outer cylinder in the presence of a
strong B-field.

» A parabolic reflector is placed in the
middle of the cylinder to focus the
photons onto a point.

Coupling through

Axion induced Primakoff Effect:
E-field: ~
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The BREAD Reflector Concept

» Geometry of the reflector is not very
frequency dependent and thus can be
in broadband dark photon and axion
searches

» Volume of the detector is not as
frequency-dependent as for resonant
cavity searches which makes BREAD
particularly compelling for higher mass
axion searches.

Image from Stefan Knirck
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BREAD in Optical and RF Frequency Regimes

Optical Ray-Tracing

RF Simulation

See Christina Wang's talk for more
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A Reflector Designed to Fit Inside Large Solenoid Magnets
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Reflector Surface Characterization with CMM
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Matching Antenna to the Reflector Beam Shape

» In order to get the best performance, we look for an antenna with a near-field
pattern similar to that of the reflector.
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Coaxial Antenna

» Coaxial horn design to be used for GigaBREAD
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Far-Field Measurement Setup

Vector Network

» Horns are mounted on robotic arms in Analyzer (VNA)
the RF isolation chamber.

» The robotic arms can be made to
rotate together as shown on the right
which allows us to determine the
far-field transmission at different
angles.

Image from Stefan Knirck
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Far-Field Measurement Setup
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Far-Field Measurement Results
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Horn Efficiency

Power Received by Coaxial Antenna
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Horn Position Calibration

Horn Efficiency with Horn as Receiver

Axion Power at Different Horn Displacements from the Focus
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Horn Position Calibration

Horn Reflection with Horn as Emitter

Reflection at Different Horn Displacements from the Focus
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DAQ

» The signal from the antenna (10-15 GHz) is amplified and mixed down to the 0-3
GHz range used by the Xilinx RFSOC ZCU-111 board.

» FFT and averaging implemented in FPGA firmware with a python interface

- 4

Amplifier chain Band pass Low pass filters

Horn antenna
Signal generator
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Dark Photon Sensitivity
» The dark photon kinetically mixes with the standard model photon.

» The GigaBREAD detector should be sensitive to the dark photon at room
temperature without any magnet.
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cajohare.github.io/axionlimits

Axion Sensitivity
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Free Space Coupling

» Free space coupling of the horns were measured by pointing each horn toward the
foam absorbers in the RF isolation chamber.

» With an impedance mismatch added between the horn and the connector in
simulation, the simulated data resembles what we measure more closely.

Antenna Reflection in Free Space
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Axion Parameter Space
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DAQ Firmware Deadtime

New Firmware Runtime
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DAQ Firmware Signal Injection

Board Power Display at Various Input Powers
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