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Real Estate for a high-mass Axion search

3x10-6 Acres!
Goals

•	Explore	higher	frequencies
•	Investigate	new	techniques
•	Make	it	scalable
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Cavity Design 
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Motors on Test Cavity
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Motors on Test Cavity
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Actual Cavity made at LLNL

Thanks	GP!
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Sidecar Receiver
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Receiver
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Figure 4.8: Left: The configuration for the network analyzer to measure the transfer function
of the cavity. The network analyzer sends a tone to the minor port, through the cavity, and
back to the network analyzer. The network analyzer measures the transmitted power across
a range of frequencies, generating the transfer function of a cavity mode. The simplified plot
shows the expected Lorentzian shape of the cavity mode. Right: The configuration for the
network analyzer to determine if the major port is critically coupled. The network analyzer
sends a tone to a directional coupler, which sends the tone towards the cavity’s major port.
O↵ resonance, all of this power is reflected o↵ the cavity and towards the network analyzer.
On resonance, when the probe is critically coupled, all of the incident power is deposited in
the cavity’s walls. The simplified plot shows the sharp drop in reflected power on resonance.
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Motors Mounted on Cavity
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Sidecar in Insert
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Piezo Tuning + Mode Map
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Warm Practice Data Taken on the TM020

July	2016
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Initial Run Plan
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Run Plan (TM020)

Rod	Angle

7.17	– 7.20	GHz

TM020 Simulation
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Run Plan (TM010)
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Analysis



Single	Scan	Analysis

Grand	Analysis

Get/re-package	next	scan

s11

s21

Quality	Cuts

Analysis Block Diagram



Analysis Block Diagram

Single	Scan	Analysis

Grand	Analysis
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Data Scan Example: Scan 81445

Center	Frequency	:	
5699.0928863979	MHz

Q:	
2327.2494653124

Resolution:	381.4697265625	Hz
Span:	781.25	kHz
Integration	Time:	100.07609344	Seconds
Average	Digitized	Power:	-41.554075686011	dBm

Scan	Number:	81445
Timestamp:	2016-09-03	23:40:20
Rod	Angle:	172.287°
Antenna	Depth:	0.004867	𝜇m
Magnet	Current:	46.64473	A
Temperature	Sensor:	0.412163	K

Mode	Data

Digitization	Data

Meta	Data
Single	Scan	Analysis

Grand	Analysis

Package	Scan

Quality	Cuts

Raw	Data	Example:	Scan	81445

Freq	:	 5699.0928864	MHz
Q:	 2327.2494653124

Resolution:	381.4697265625	Hz
Span:	781.25	kHz
Integration	Time:	100.07609344	Seconds
Average	Digitized	Power:	-41.554075686011	dBm

Scan	Number:	81445
Timestamp:	2016-09-03	23:40:20
Temperature	Sensor:	0.412163	K
Antenna	Depth:	0.004867	!m
Magnet	Current:	46.64473	A
Rod	Angle:	172.287°

Mode	Data

Digitization	Data

Meta	Data
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Single Scan Analysis: 
Remove Receiver Response

Single	Scan	Analysis

Grand	Analysis

Package	Scan

Quality	Cuts
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Correct	raw	data	with	Average	Receiver	Response	and	Savizky-Golay fit

Residual	data
Histogram	of	Residual	after	Receiver	Structure	Removal
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Stage	1	=	raw	data/mean(raw	data)

Stage	2	=	Stage	1/(Averaged	Response)

Stage	3	= Stage	2/(Polynomial	Fit)

Raw	data



Single Scan Analysis: Expected Power

P ∝ (g𝛾2 𝜌a) (V	f	QL)	(B2 fmnl 𝞳 )(𝞰)expected

Form	Factor	Simulation
Simulation	from	K.	Patel

Form factor: 0.552
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Identifying	Mode-Crossings	
Cross	Referenced	Single	ScanMode	Frequency	vs	Scan	Number

Large	Mode-Crossing

Not	a	crossing:	Aaron	Chou	requested	5	kHz	step	size	test	8-16-16

Very	narrow	intruding	mode

Quality Control: Manual Cuts
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Encoders were Unplugged during TM020 Run

Need	to	Compare	Data	(green)	with	Simulation
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Data assigned approximate rod positions based on 
commands sent to the piezo controller
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Data from different timestamps allowed to 
compress or expand to match reference map 
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TM020 Science Data

TM020 Science	Data

Good	data

Bad	data
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Submitted Paper to PRL Yesterday 
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Limits
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Stay	tuned	for	Nathan’s	

Future	of	Sidecar
Talk

Next Up:



The										End


