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Axion Dark Matter

* Broken U1 symmetry introduced to solve Strong CP
poroblem (Peccei & Quinn)

 Boson from symmetry breaking may be Dark Matter

 Behaves as a coherent wave over distances larger
than experiment (~100m)



Axion-Photon Conversion




Vlicrowave Recelver
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Use axion induced current to drive cavity

f ~mg
Currently operating ~1GHz, R&D ~10GHz
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Single Photon Counting
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Phase space area is still
%h but is squeezed in
radial (amplitude)
direction. Phase of
wave is randomized.
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Harmonic Oscillator
+ Two Level System
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g:. cavity-qubit coupling

A = wy — we detuning

I~ Stark Shift




Experimental Procedure

Axion induced current Cavity occupation shifts

pumps cavity with photon qubit transition
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H=w.a'a+ (wq + Q%aTa)az

Excite qubit at Measure flipped qubit by
shifted frequency monitoring cavity line shift




Cavity Design

H =eala




Cavity Mode

Cavity Spectroscopy

Resonator Response (dB)
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Custom Atom

H = wy0-

Design your own
- Frequency
- Dipole Moment

Harmonic Oscillator (LC) +
nonlinearity (Josephson Junction)

wq:El—E()
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Pritzker Nanm‘ab\_ab @UChicago

< Electron Beam |,
@ |ithography

Not pictured:
-Double Angle Evap
f -Thermal Evap
Optical Direct Writer -Dicing Saw

-SEM

-Sputter Coater
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Nb optically patterned and etched to
form dipole arms and capacitive pads
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Qubits on wafer
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Electron beam junction patterning
. Scanning electron microscopy

. Josephson Junction

260nmI n

Josephson
Junction
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Mag= 25.96 K X EHT = 10.00 kv Signal A= InLens AKASH Date :15 Oct 2016 Time :12:37:45 nm Mag = 104.49 K X EHT = 5.00 kv ignal A= InLdns AKASH Date :24 Jan 2017 Time :14:35:21
Width = 11.59 pm WD = 2.7 mm Noise Reduction = Line Avg Merlin 6046 System Vacuum = 1.19e006 Torr Width = 2.881 pm WD = 2.4 mm oise|Reduction = Lne Avg Merlin-60-46 System Vacuum = 4.12e 007 Torr



Cavity + Qubit

Dipole arms + qubit
location in cavity set
qubit-cavity coupling

14



Cavity Reflection (dB)

Bare Qubit

Qubit Spectroscopy

—76.0

|
~
O
N

|
~
O
IN

|
~
o
o

|
~
o)
o

o,

Wi

9.29

9.30

9.31 0.32 9.33 9.34
Qubit Frequency (GHz)

15

9.35

9.36



Experimental Procedure

Axion induced current Cavity occupation shifts

pumps cavity with photon qubit transition

2

H=w.a'a+ (wq + Q%aTa)az

Excite qubit at Measure flipped qubit by
shifted frequency monitoring cavity line shift




Cavity Reflection (dB)

Cawty Dependent Qubit

" Qubit Spectroscopy
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Cavity occupation
shifts qubit transition
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Cavity Reflection (dB)
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Qubit Interrogation

Qubit Spectroscor
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Apply pi pulse at
shifted qubit frequency
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Resonator Response (dB)

Confirm Qubit Flip w/ Cavity

Cavity Spectroscopy
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Conclusion

Shift penalties of standard quantum limit by counting
photons rather than absorbing them

| make solid state superconducting detectors with
customizable interactions with an EM environment

| employ quantum computing techniques/devices for
dark matter cosmology experiment
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SiDet tour
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Fourth order term, Cavity

nonlinearity

Readout Mode Nonlinearity
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Qubit Rabi Oscillations
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